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very day, NC State faculty, staff and students focus
on solutions. They address societal needs in challenging
economic times — and produce results felt across the state
and well beyond. In this issue, we share a sampling of our
success and a peek at what is on the horizon.

We have a proud tradition of using our expertise and worldclass facilities to nurture new businesses and help North
Carolina’s existing companies grow. Some businesses and
products launched from our campus are now industry leaders,
providing jobs here and worldwide. Think LipoScience, Cree
and SmartFresh. Our annual report for the Office of Research,
Innovation and Economic Development also identifies 10 new
startups based on NC State technology.
NC State is an entrepreneurial ecosystem, where we
encourage everyone to collaborate with our partners to
move ideas to the marketplace, or into action by agencies
and communities. The second round of the Chancellor’s
Innovation Fund will hasten the journey of seven new
projects. Check out the variety of topics this year, and know
that the selection was difficult with so many great ideas
submitted by NC State researchers.
We are especially excited about announcements that made
national news recently. We have a new strategic partnership
with Eastman Chemical Company. After working with
Eastman officials during visits here and at their headquarters
in Tennessee, I see a great path for advancements that
benefit the university, the company and society.

We are focused on making NC State the university that
works best with industry partners. To this end, we have
updated our staff organization and are implementing the
Springboard Innovation Center. Eastman recognized those
efforts and our new partnership is a direct result.

LEFT: Bob Clemens, Eastman vice president of corporate
technology, and NC State Vice Chancellor Terri Lomax sign
the master research agreement. Looking on are, from left,
Yong Li, corporate technology portfolio director, and Stewart
Witzeman, who will be the director of the Eastman Innovation
Center based at NC State’s Centennial Campus.

We also expect groundbreaking results from the new
ASSIST Center in which researchers and industry partners
will advance the form and function of small, wearable
health monitors. NC State leads this next generation
Engineering Research Center for the National Science
Foundation. That makes NC State the only university
leading two active NSF ERCs. Our Centennial Campus also
is home to the FREEDM Center that is developing smart
grid talent and technology.
I invite you to read about the internationally recognized
osseointegration research and demonstrations forged by
strong collaborations between the College of Veterinary
Medicine and the College of Engineering. Lessons learned
on cats and dogs are critical early steps to understanding
how procedures might work on humans. The story focuses
on the leading investigators, but also check the entire team
listing — a network that includes academic colleagues,
businesses and students.
NC State’s Virtual Computing Laboratory also is a story
of identifying a problem, creating a solution, and sharing
it not only across campus but also with schools and
community colleges in the state. The model has been
replicated nationally — and is another example of an
industry partner, this time with IBM.
All these stories reinforce themes in NC State’s ongoing
125th anniversary celebrations. We are building a promising
future based on strong traditions. We invite you to join us
in transforming society today through our shared vision of
tomorrow.
TERRI L. LOMAX
Vice Chancellor for Research,
Innovation & Economic Development
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The Transformers
The Transformers

O

Engineering meets medicine at NC State
where a high-tech team is replacing missing bones,
limbs and joints in dogs and cats.

n the inside, the gleaming, expansive and
antiseptically clean Terry Center on the campus of North
Carolina State University looks much like any other worldclass teaching hospital. The $72 million facility, which
opened last year, has some of the most advanced medical
equipment available, including a linear accelerator for
cancer treatment, a 64-slice CT scanner for high-resolution
diagnostic imaging and a biplane fluoroscopy unit for
better visualization of congenital heart defects.

“Creating a treatment plan
for a new patient is like the
first 20 minutes of an action
movie where they have to pull
together a team of mercenaries.
We need a specialist for this
and a specialist for that.”

The enormous stone sculpture of a
golden retriever out front is the first
clue that the 110,000-square-foot
medical center treats a different
mix of clients than the Mayo Clinic.
The facility’s full name gives it
away. This is the Randall B. Terry,
Jr. Companion Animal Veterinary
Medical Center, home to the hightech future of veterinary medicine.
In fact, if you still think of veterinary
care along the lines of the 1980s
TV show, “All Creatures Great and
Small,” think again. At NC State,
veterinary medicine meets engineering, and the results are
nothing short of groundbreaking.
Denis Marcellin-Little is a professor of orthopedic surgery
and an expert in osteogenesis, the formation of bone tissue.
His understanding of the field goes far beyond the theoretical.
Under his leadership, the university has achieved remarkable
success developing implants that fuse with an animal’s
existing bone to replace damaged or missing limbs and joints.
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By David Hunt
team of mercenaries. We need a specialist for this and a
specialist for that.”

GLOBAL COLLABORATION
In fact, Marcellin-Little’s undoubted skill as a surgeon
is surpassed only by his ability to wrangle large,
multidisciplinary teams to create custom implants for his
small patients. A recent project, the world’s first fully
functioning feline knee replacement,
developed for a 10-year-old tabby
named Cyrano, involved more
than a dozen collaborators in both
medicine and manufacturing on two
continents.
His main collaborator, and the
one indispensable member of the
team, works out of an office across
campus in Daniels Hall, an older
and imposing brick structure built in
1926. Like their work environments,
the men are a study in contrasts.
Swedish-born Ola Harrysson,
associate professor of industrial
and systems engineering, works with electron beams, 3-D
models and an array of alloys. He led the effort to design,
fabricate and finish Cyrano’s sophisticated knee replacement.
French-born Marcellin-Little is more at home working with
tendons than titanium. But the professors have learned from
each other. “The language of medicine and engineering are
different,” Marcellin-Little says.

He thinks his work at the medical center more closely
resembles a big-budget adventure film than a BBC series
about country doctors.

“When we began working together 10 years ago, we
only understood each other’s disciplines a little bit,” adds
Harrysson. “Today, he knows a lot more about engineering
and I know a lot more about medicine.”

“It’s kind of dorky to say this,” he jokes, “but creating a
treatment plan for a new patient is like the first 20 minutes
of an action movie where they have to pull together a

Their ability to bridge the divide has paid dividends in the
operating room. It was especially important when they
began working on the knee replacement for Cyrano.

“When you’re done, you have a
big box full of powder,” Harrysson
explains. “Then you just reach in
and pull out your finished part.”
For a custom implant, the first
step is to use the technology
to create a perfectly replicated
three-dimensional model of the
animal’s limb. Marcellin-Little then
uses the model to practice the
surgical procedure and suggests
adjustments to Harrysson and
the engineering team to ensure
a perfect fit. The actual implant
and prosthesis are then created to
match specifications.
TOP: In a diagnostic lab in the new Terry
Center, Ola Harrysson, left, and Denis
Marcellin-Little review a model of the
world’s first fully functioning feline knee

“It was a state-of-the-art engineering
project and a state-of-the-art surgical
project,” Marcellin-Little says. “It’s easy to
be very good in one area, but it’s hard to
overachieve in multiple categories.”

replacement.
BOTTOM: Some of the many models of
Cyrano’s implant used by the team to
practice the surgery.
OPPOSITE PAGE: At NC State, colleagues in
engineering and veterinary medicine have

In the end, after a six-month design and
development phase and a six-hour surgery,
Cyrano returned home to his Virginia farm
with a new knee fashioned out of cobalt
chromium. His prognosis is excellent, says
Marcellin-Little, although the farm’s mouse population may
not fare as well.

MANUFACTURING MIRACLE
If Marcellin-Little and his team make it look easy, that’s
because they have a lot of practice. Cyrano was the seventh
animal they’ve fitted with a custom prosthesis since 2005.
The hallmark of their work is the use of an innovative
process called rapid prototyping to create custom bones
and joints. The process, commonly called 3-D printing, uses
an electron beam to melt layer after layer of a powdered
resin or metal alloy to create a product — anything from a
hammer to a toy soldier — from the ground up.

combined to design, build and demonstrate
new technology that may be transferrable
to human medicine. This post-operative
image shows the knee implant for Cyrano.

The finished metal part isn’t solid, but honeycombed with
a porous latticework that allows the animal’s bone to grow
into it. As a result of this free-form fabrication, it behaves
more like a natural limb.
In the beginning of the rapid prototyping industry, in
the early 2000s, the focus was on creating tools, like
wrenches and screwdrivers, out of steel. Harrysson
was one of the first to see the potential for medical
applications.
“In 2002 I attended a big rapid prototyping conference in
Austin and I heard a couple of guys speaking Swedish, so I
went over and introduced myself,” he says.
It was a lucky coincidence. Harrysson told the men,

To an observer, it looks like magic.

continued
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executives with a company called Arcam
AB, that they could make more money if
their machines used titanium alloy.
TOP: Marcellin-Little, left, prepares
Cyrano for surgery in the Terry Center, one
of the nation’s largest veterinary hospitals.

“Who wants a hammer made out of titanium,” one asked.
Harrysson smiled and quickly sketched out the dimensions
of the market for prosthetic implants.

“In our research, we try to pair up engineering students with
veterinary students,” Harrysson says. “The vet students teach
the engineering students to do dissection. Some vet students
spend their whole summer in the engineering lab working
with materials.”

Three months later, the company’s CEO and sales manager
dropped by Harrysson’s office in Daniels Hall and showed
him titanium products created by Arcam’s new rapid
prototyping machine. At Harrysson’s urging, NC State
bought the first one.

For his part, Marcellin-Little sees the collaboration as making
a difference where it counts the most. “At the end of the day,
my entire job is about helping patients,” he says.

BOTTOM: Cyrano arrives at the
Terry Center the day before surgery.
Researchers Ola Harrysson, left,
and Denis Marcellin-Little discuss the
design and fabrication of the knee
replacement with reporters.
OPPOSITE PAGE: Zeus, a Siberian husky,
was the first patient to receive an
implant for a front limb. He was fitted
with an artificial foot.

Today, Arcam has 80 installations worldwide and is a
leading manufacturer of rapid prototyping technology for the
medical and aerospace industries. And they’re not alone.
Total annual revenue for the industry now exceeds $1 billion
and is expected to nearly quadruple by 2019.

SHARING SKILLS
“At the end of the day, my entire job
is about helping patients.”

With the growth of the industry, new educational
opportunities have opened up for students in both
engineering and medicine.
“I just redesigned one of my manufacturing courses,”
Harrysson says. “We used to spend two weeks on rapid
prototyping. Now the entire course is about product
development and prototyping.”
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The collaboration between the two professors has led to crossdisciplinary partnerships between their students, as well.

He doesn’t mean just cats and dogs. The work he’s done with
Harrysson over the past decade has made them both pioneers
in the field of transdermal osseointegration, the direct skeletal
connection between living bone and a load-bearing implant.
The implications for human orthopedic treatment are exciting.
“All the progress we make in free-form fabrication very quickly
gets translated to human prosthetic research,” he says. “Freeform transdermal osseointegration will cross over at some
point to human patients.”
Still, there’s work to do perfecting the process, especially to
reduce the rehabilitation time and guard against infection.
Marcellin-Little is proud of the progress that’s been made at
NC State, but he’ll wait to take a bow.
“I’m a long-distance runner,” he says.” I’m not interested in
getting a medal two days after surgery.”

GLOBAL TEAMWORK
DRIVES INNOVATION
Meet the team assembled by NC State experts Denis
Marcellin-Little and Ola Harrysson to develop the world’s
first fully functioning feline knee replacement. More details
are online at research.ncsu.edu. Follow the Results link.
•

•

Caroline Webster
Undergraduate in biomedical engineering at NC State

PIONEERS IN
OSSEOINTEGRATION

•

EOS (EOS GmbH - Electro Optical Systems)
Krailling, Germany

NC State leads the world in the

•

Anke Langenbach, Diplomate of the
American College of Veterinary Surgeons
The Hope Center, Vienna, Va.
•

•

Steve Withrow, Diplomate of the American 		
College of Veterinary Surgeons
Director of the Animal Cancer Center,
Colorado State University

•

•

Tim Horn
Ph.D. candidate at NC State
Christopher Sidebotham, President
Greg Van Der Meulen, Director of research and 		
development
BioMedtrix LLC, Boonton, N.J.
Bill Liska, Diplomate of the American College of 		
Veterinary Surgeons
Gulf Coast Veterinary Specialists, Houston, Texas

Simon Roe, Diplomate of the American College
of Veterinary Surgeons
Orthopedic surgeon and professor of orthopedic surgery
at NC State

osseointegration, the direct skeletal
connection between living bone
and a load-bearing implant. These
pioneering patients have been
treated in recent years:
•

2005 — George Bailey, a cat

born without the lower half of his
hind legs, is fitted with a titanium
post connected to an artificial limb.

•
•

Duncan Lascelles, Diplomate of the American 		
College of Veterinary Surgeons
Orthopedic surgeon and professor of surgery and pain
management at NC State

development of transdermal

Nancy Doyle, MPT
Gulf Coast Veterinary Specialists, Houston, Texas

•

2007 — Pez, a dog with a large

hole in the roof of his mouth, is
•

Toni Kwan
Senior resident, Small Animal Surgery at NC State

•

Joanne Tuohy
Resident, Small Animal Surgery at NC State

•

Jonathan Hash
Technician, NC State Orthopedic Research Laboratory

fitted with a custom implant.
•

•

Dawn Kaplan
Clinical technician at NC State

2008 — Mr. Franz, a cat, is

fitted with a custom foot implant.
•

2008 — Cassidy, a three-legged

German shepherd mix, receives a
new limb.
•

2009 — A dog, whose owner

does not want publicity, receives a
custom implant.
•

2011 — Zeus, a Siberian husky

with a missing foot, is fitted with an
artificial foot. He is the first patient
to receive an implant for a front
limb.
•

2012 — Cyrano, a cat, receives

the world’s first fully functioning
feline total knee replacement.
•

2012 — Jack, an American

Staffordshire terrier mix, is fitted
with bilateral implants for his
missing hind legs.
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CLOUD
Ahead in the Clouds

How NC State launched the cloud computing revolution,
improved educational opportunity and
eased the pressure on school budgets.
ABOVE: NC State is a national leader in
sharing computing resources
through virtual networks,
also known as cloud computing.
OPPOSITE PAGE, top: Distance learning
director Mike Clendenen at PCC,
where NC State’s Virtual Computing Lab is

P

eople still work with their hands in Pitt County, a largely
agricultural community midway between North Carolina’s
capital city and the Atlantic coast. Manufacturing plants
dot the landscape, from the 1.5-million-square-foot DMS
pharmaceutical facility in populous Greenville to the modest
Package Craft corrugated box plant in Bethel, a crossroads
village once said to be 16 miles from everywhere.

helping train health care workers
for a growing job market.
OPPOSITE PAGE, bottom: Members of the
VCL development team inside

But jobs are hard to come by in this fast growing county,
where a 25 percent surge in population over the past decade
has far outpaced economic opportunity.

a data center at NC State.
From left, Josh Thompson, Mladen Vouk,
Andy Kurth and Aaron Peeler.
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“We’ve seen a lot of textile mills and manufacturing plants
go away over the past few years,” says Mike Clendenen, a
resident since 1965.

By David Hunt
With the unemployment rate stuck at more than 10 percent
for the past three years, life in the area can be a struggle,
despite a mix of positive factors that landed Greenville —
the county seat — on this year’s Forbes list of the best small
places for business and careers.
Clendenen wants to make that distinction a reality in every
corner of the county. In his office on the campus of Pitt
Community College, or PCC, in Winterville, where he’s
director of distance learning and instructional technology,
Clendenen plays a key role in helping students acquire new
skills for a changing job market. It’s challenging work.
But thanks to cloud computing technology developed at
North Carolina State University, students in one high-tech

Computing
training program now have access to advanced software
that would have been out of reach for many just a few
years ago.

the database. Health providers nationwide must implement
similar systems by 2015 to avoid penalties and qualify for
Medicare incentives.

GOLDEN OPPORTUNITY

That makes the job possibilities bright. When the federal
government set up a community college consortium to
spearhead a nationwide training effort called the Health
Information Technology (HIT) program, PCC went all in.
By the fall of 2010, PCC was leading the southern region,
stretching from North Carolina to New Mexico, with a goal
of training more than 10,000 workers a year.

PCC is a regional leader in a federally funded project to train
thousands of health information technology professionals.
The intensive six-month training program, offered entirely
online, will help cure a shortfall of 50,000 IT workers
needed by health care providers in the coming years as they
introduce electronic medical records systems.
It’s a great match for Pitt County, where the largest employer
is Vidant Medical Center, the teaching hospital for the
Brody School of Medicine at East Carolina University. With
a workforce of more than 6,000, the medical center treats
more than 33,000 inpatients and 266,000 outpatients a year.
Vidant launched its electronic health records system in 2007
and has since connected nine of its 10 medical centers to

TROUBLE ON THE GROUND
The HIT program was a no-brainer, says Clendenen, then
the lead technology professional on the project. The cost
was modest and students were given a tuition refund if they
completed the course of study. The only problem was giving
students access to the training software.

Thanks to cloud computing

Among the 12 gigabytes of content provided by the
government was an advanced simulation program that
allows students to work on an actual electronic records
database, the Veteran Administration’s VistA system. But,
Clendenen quickly realized, the college had no practical
way of getting the hefty program loaded onto students’
computers and no way of ensuring they’d have enough
computing power to run it.

students in one high-tech training

technology developed at
North Carolina State University,

program now have access to
advanced software that would
have been out of reach for many
just a few years ago.

“After a couple of weeks, I said this is going to be a support
nightmare,” Clendenen recalls. “Every time I tried to find a
way around, it fell through for one reason or another.”
With just a few months to go before the launch of the
training courses, Clendenen had a chance encounter with an
NC State professor at an educational conference and found
the solution to his dilemma. Rather than loading a copy
of the VistA program on every student’s computer, Henry
Schaffer told him, he could give students access over the
Internet through a pioneering cloud computing system called
the Virtual Computing Lab, or VCL.
Schaffer, professor emeritus of genetics and biomathematics
at NC State, coordinates special information technology
projects for the university. In the past few years he’s become
an evangelist of sorts for the VCL, working with schools
across the nation to either give them access to NC State’s
network or help them set up one of their own.
continued
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HEAVEN SENT
Cloud computing is fast becoming the default method for
remotely storing computer files that can then be easily
accessed from a laptop, smartphone, tablet or virtually any
Web-connected device.
NC State’s VCL is not only one of the first cloud computing
systems ever developed, it’s also cloud computing on
steroids, enabling users to run software programs and
operating systems that aren’t even installed on their
computers.

The enthusiasm for the VCL
is understandable. Not only
does the system promise to
revolutionize distance education by

Schaffer likes to demonstrate the power of the VCL by
logging on with a 10-year-old Apple Macintosh computer.
After entering his user name and password, Schaffer orders
up a statistical analysis program called SAS/STAT running on
Windows. In seconds, the familiar Windows start-up chime
rings and the Windows logo appears on the Mac screen.
From inside Windows, Schaffer opens the statistical program
and begins entering numbers.

allowing schools to offer
highly advanced online courses —
like the HIT program at PCC —
it also frees up space at on-campus
computer labs as more students
move to virtual labs.

“Now the demo gets boring,” he says. “Now it can do what
any computer can do.”
Even though SAS/STAT doesn’t come in a Mac-native version,
it appears to run effortlessly on the Mac workstation. It
doesn’t conflict with the Apple operating system because it
isn’t actually running on the Mac, it’s running on a remote
server somewhere deep inside a data center on campus.
At PCC, Clendenen found the system worked just as well
with the VistA program that had given him so much trouble.
“I don’t notice much difference between running the program
on the VCL and running it off my computer’s hard drive,” he
says.
For PCC, the VCL proved heaven sent. “We didn’t have to
spend a dime to take advantage of the system,” he notes.
For the 350 students enrolled in the program at any given
time through the community college, it allows them hands-on
access to a very sophisticated software program without the
worry of troubleshooting program compatibility issues.

BORN OF NECESSITY
At NC State, those same issues drove the development of
the VCL in 2004.
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Josh Thompson, Andy Kurth and Aaron Peeler of the
university’s Advanced Academic Computing Initiatives,
and Mladen Vouk, associate vice provost for information
technology and head of the Department of Computer Science,
designed the system to help solve a problem in the College of
Engineering.
“In the engineering labs they had about 60 different programs
loaded onto every computer and everything was conflicting
with everything else,” Schaffer explains. “We didn’t have
high-flying dreams, we just did what was needed.”
The team took some IBM computers and put them in racks.
Then they wrote computer code to enable engineering students
and faculty to use the computers, called blades, remotely over
an Internet connection. The blades automatically load only the
programs needed for each session, thus avoiding software
conflicts. When a session is over, the blade is wiped clean so
it’s ready for the next client. Students save work to a hard drive
or flash drive, then log in for another session when they’re
ready to continue working.
Almost immediately, the team realized they’d developed a
system that could be scaled up to work across campus and
across the state. They launched a pilot program to test whether
all the university’s undergraduates, graduate students and
faculty researchers could share a system without overloading it
— they can — and then invited other universities to try it out.
Word of the innovation spread, sparking interest in the
computer industry. In 2006, the university partnered with the
IBM Software Group in Research Triangle Park to launch the
Virtual Computing Initiative. The project made it possible to
expand the network beyond the NC State campus, to create
a multi-institutional community of universities, community
colleges, K-12 schools and business partners.

algebra and geometry. “If you get through those, you’ll go
further in math,” she says. “If you do something well, you’ll
feel better about doing it again.”

OPPOSITE PAGE: Sarah Stein and Henry
Schaffer take a break during a conference
at the Friday Institute for Educational
Innovation at NC State. They lead efforts to

The university launched the project in four rural North Carolina
school districts that are also served by state initiatives to
improve broadband connectivity and increase the availability
of laptop computers for K-12 students: Green, Chatham,
Edgecombe and Mooresville Graded.

bring the VCL to schools worldwide.
THIS PAGE: Math teacher Kevin McDaniel
says advanced software programs help
engage his high school students in tough
subjects like algebra and geometry.

“It’s hard enough for universities and colleges to maintain
computer labs,” Stein notes. “When you go down to the K-12
level, resources are pretty thin.”
At about the same time, other pioneering cloud systems were
under development, including efforts at Amazon and Google.
Schaffer recalls a campus visit in 2009 by an industry
professional who was working on a cloud computing system
for the higher education market. After he saw the VCL in
action, the man looked up at the NC State team and said,
“My goodness, you’re already doing it.”

At Northwood High School in Chatham County, math teacher
Kevin McDaniel says technology-rich tools are the key to
engaging students in tough subjects like the Algebra 2 course
he teaches. “Something like this will engage them,” he says,
pointing to a laptop running a data simulation program called
Fathom. “This program is dynamic. You can predict outcomes;
you can load data sets and see every single scenario. Students
want that kind of interactivity.”

The professor responded, “We’ve been doing it for five years.”

LEVELING THE FIELD
The enthusiasm for the VCL is understandable. Not only does
the system promise to revolutionize distance education by
allowing schools to offer highly advanced online courses
— like the HIT program at PCC — it also frees up space at
on-campus computer labs as more students move to virtual
labs.
Since its modest beginnings, the NC State network has
grown to accommodate use by other schools in the University
of North Carolina system, including UNC Pembroke, North
Carolina Central and ECU. The state’s community colleges
have also jumped on board, kicking in funds to purchase
more blades and to cover some of the maintenance and
administrative costs.
In 2009, the National Science Foundation awarded $1.8
million to NC State to underwrite a project to bring dynamic
mathematics software to rural, underserved high schools in
North Carolina via the VCL.
Sarah Stein, associate professor of communication and a selfdescribed “non-geek,” leads that project. She says the goal
is to hook youngsters on math and science early, especially

By using the VCL, high schools in underserved areas can
take advantage of industry standard software in science,
technology, engineering and math, the STEM disciplines that
often lead to high paying careers. Students in poor and rural
districts need not be left behind simply because they can’t
afford top-of-the-line computers loaded with lots of memory,
processing power and software.

Since its modest beginnings,

OPEN SOURCE SOLUTION

University of North Carolina

But schools don’t have to partner with NC State to take
advantage of the technology. The VCL code base has been
accepted by the Apache Software Foundation as a top-level
project, making it freely available for developers to download
and adapt.

system, including UNC Pembroke,

the NC State network has
grown to accommodate
use by other schools in the

North Carolina Central and ECU.

On the West Coast, the California State University system has
tailored the software to serve students and faculty on a halfdozen campuses. In an era of tight budgets, the network has
helped California’s cash-strapped colleges save money without
restricting student access to advanced computer programs.
That, Schaffer says, is the beauty of the mission of a landgrant university. “When we saw that we had something that
worked, our first thought was to share it,” he says. “Our first
thought was for the larger world.”
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MIND TO
Marketplace
Moving from MIND
to MARKETPLACE

New Perspective
for Industry
Partnerships

N

orth Carolina State University has
a grand tradition of working with —
and spurring new — businesses and
industry. Building upon that expertise,
the university has new, streamlined
processes to establish even more
strategic collaborations regarding
intellectual property.

“Industry is increasingly interested in
forming deeper relationships that build
long-term value for both partners,”
explains Vice Chancellor Terri Lomax.
“NC State has aligned our dynamic
innovation ecosystem to cultivate
these industry relationships and speed
innovation.”
Billy Houghteling, executive director
of the Office of Technology Transfer,
notes the university is responding to
changes in the broader economy. “We
have opportunities to fill some of the
research and development gaps that
industry partners have.”
The new partnership model retains the
university’s intellectual property rights,
as well as those of faculty, staff, and
students working on projects. “Our
goal is to allow our industry partners
to benefit from new inventions while
ensuring that consumers get access to
new products and services,” he adds.
A first step is the ease of access for
interested companies. The Concierge
that has worked well in the past year
will have a new home with OTT, the
Centennial Campus Partnership Office,
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and several other programs in the
same building to provide easier
interaction with each other and with
new partners. “NC State’s Springboard
Innovation Center will advance our
partnership goals,” Houghteling notes.

Another approach is to remove
ambiguity as potential partners
begin to explore working with NC
State, especially in early stages of
development of new inventions and
processes. “We have established
preset terms and conditions relating
to future license agreements,” he says.
“We can start the discussion with a
partner based on terms that are more
industry friendly than they have been
historically.”

“Industry is increasingly interested
in forming deeper relationships
that build long-term value for
both partners. NC State has

and agree on the royalty to
come back to NC State if
the initial product and any
follow-up inventions are
commercialized.

partnerships based on transactions
toward one based on mutual benefit is
a better model for all involved.”
Initial response from industry partners
has been positive. In fact, it is a “winwin situation,” according to Andrew
Prokopetz, patent counsel for Bayer
CropScience LP, who is among those
who have reviewed the updates with
Houghteling and other university
officials.

aligned our dynamic innovation
ecosystem to cultivate these

“Industry gets a product out to market
— and the university gets royalties,”
he explains.

industry relationships and

”

speed innovation.

Having those intellectual property
parameters and initial costs presented
up front will attract new partners who
have not engaged universities previously.
“Our mission and goals are distinct from
those of a partner, but they are still
compatible and complimentary in many
ways,” he adds. “Moving away from

The quick start-up is better
than spending many hours
writing a detailed agreement
in advance, when, in many cases,
the research may not result in the
marketable product that was initially
envisioned.
While the new process will be in place
for research sponsored by industry,
there are other mechanisms that
advance early-stage inventions,
Houghteling notes.
For example, when the National Science
Foundation funds a center with multiple
university and industry partners, the
intellectual property rights related to
research results and new discoveries
are distinctly spelled out in the center
agreements.

A potential example would be if his
company has a new active ingredient.
Before moving to production, additional
research is needed regarding application
rates and potential effects, both positive
and negative. “The industry partner
doesn’t want to lose control over a
patent portfolio,” Prokopetz adds.

NC State will continue to file for patents
on faculty inventions that are developed
using federal or state funding. These
patents will then be available for either
licensing to existing companies or for
start-up company formation.

The company could use the standard
guidelines to contract with the university

Learn more online at: research.ncsu.
edu/ott.

OPPOSITE PAGE: NC State research partnerships with industry will be enhanced
with new streamlined processes regarding intellectual property developed in the
collaborations.
THIS PAGE:The new NSF-funded ASSIST Center will develop wearable health monitors,
under the leadership of Veena Misra and John Muth. Both are professors of electrical
and computer engineering.

Read more about ASSIST in NC State Engineering magazine.

Eastman Innovation
Center Planned

T

he opening of the Eastman Innovation
Center in early 2013 will mark a novel
approach to interdisciplinary research on
NC State’s Centennial Campus.

After a national search for a university
partner, Eastman Chemical Company
has signed a multiyear agreement
with NC State to conduct joint, cuttingedge research in chemistry, materials
science, design and other disciplines.
Eastman will provide $10 million in
grants to NC State researchers over
six years in support of the Eastman
Chemical Center of Excellence and its
new laboratory.
“This agreement demonstrates NC
State’s commitment to working with
corporate partners on transformative
research projects to solve the grand
challenges of society,” says Chancellor
Randy Woodson. “It also provides NC
State researchers — and their graduate
and undergraduate students — with a
number of exciting new opportunities to
pursue their specific interests.”
Greg Nelson, chief technology officer
at Eastman agrees. “Our partnership
launches a world-class, open innovation
collaboration with a leading university.
That relationship will help us bring

differentiated new ideas, technologies
and materials from early stage research
to the market more quickly than
traditional approaches.”
The university sought to ease the
collaborative process, says Vice
Chancellor Terri Lomax. “From the very
beginning, we want to demonstrate that
collaborating with NC State is unlike
working with any other university.”

At least 30 industry partners will work
with the National Science Foundation
Nanosystems Engineering Research
Center (ERC) for Advanced Self-Powered
Systems of Integrated Sensors and
Technologies (ASSIST).

“Texas Instruments is very excited about
the research and commercialization
prospects for the ASSIST ERC,” notes
R. Allen Bowling, manager of research
and consortia for analog technology
Bob Clemens, Eastman’s vice president
development at the company. “Progress
of corporate technology, says the
in integrated sensor technologies,
pre-established costs and intellectual
including ultra-low power systems and
property agreements will encourage new self-powered systems, will enable a
projects and easy interactions.
great leap forward in the application of
electronics for enhanced healthcare and
At least six colleges across NC State will security.”
participate in interdisciplinary research
projects, initially to be selected by a
The devices could be worn on the chest
steering team with an equal number
like a patch, on the wrist like a watch,
of Eastman and NC State researchers.
as a cap that fits over a tooth, or in
Departments involved include: chemistry; other ways, depending on the biological
chemical and biomolecular engineering;
system that’s being monitored.
textile engineering, chemistry and
science; forest biomaterials; and graphic “Currently there are many devices out
and industrial design.
there that monitor health in different
ways,” explains ASSIST Director Veena
Misra, an engineering professor. “What’s
unique about our technologies is the
fact that they are powered by the human
body, so they don’t require battery
he tiniest of materials will be the
charging.”
key to wearable, self-powered, health
monitoring sensors and devices to be
An initial five-year, $18.5 million NSF
developed in a new national center
grant will fund research, education and
based at NC State.

Health Monitors
on the Go

T

outreach programs. The center will be
headquartered on Centennial Campus
in the Larry K. Monteith Engineering
Research Center.
The center will have faculty and
facilities at three partner institutions:
Florida International University,
Pennsylvania State University and
the University of Virginia. Additional
researchers are at affiliated
universities, such as UNC-Chapel Hill
and the University of Michigan, and
in Australia, South Korea and Japan.
With the addition of ASSIST, NC
State holds the distinction of being
the only university currently leading
two active NSF ERCs, among the
largest and most prestigious grants
made by the engineering directorate
of the federal agency. The NSF
FREEDM Systems Center is also led
by NC State.
ASSIST will offer an undergraduate
concentration and a master’s
certificate program in nanotechnology,
as well as a personalized
professional-development program
for graduate students.
Schools in North Carolina, Virginia,
Florida and Pennsylvania, will bring
nanosystems engineering into
classrooms and allows teens to
participate in ASSIST research.
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Innovation Fund

Taking the Next Step

Chan cellor’s Innovatio n Fund 2012

S

even great ideas from across NC State are moving
forward, thanks to the Chancellor’s Innovation Fund, or CIF.
From protecting soldiers in the field, to stopping the spread
of food-borne illnesses and improving smart phones, each
project already has a targeted problem — and its solution.

Each researcher or team will
work closely with the Office of

Each researcher or team will work closely with the Office
of Technology Transfer to enhance the commercial value
and market potential of research innovations, explains Billy
Houghteling, OTT executive director.

Technology Transfer to enhance
the commercial value and market
potential of research innovations.
Of the four projects selected

The selected researchers also will receive ongoing support
from the Accelerating the Commercialization of Technology
program, known as ACT, in the Poole College of Management,
on strategies to achieve industry-relevant commercialization
milestones. In fact, the ACT program participates in the front
end as well, making recommendations on marketability of
applications received by the fund each year.

in 2011... two have moved forward
to form start-up companies and two
are still in the development phase.

Of four projects selected in the first year of CIF, two have
resulted in startup companies and two are still in the
development phase. Learn more about CIF at research.ncsu.
edu/ott.

IMPROVING EMPLOYMENT TESTS
Psychologist Adam Meade dislikes the conventional
personality tests liberally used in the private sector. He
believes these tests, typically used for cognitive ability and
employment testing, can be easily faked.
“Any reasonably competent job applicant will agree with items
asking about meeting deadlines, regardless of whether this
truly describes them or not,” he says.
To counter this, Meade has developed a personality test
based on response time to computer-prompted stimuli —
to help ensure that test-takers are telling the truth.
“It takes time to think ‘OK, what does the employer want to
hear.’ When you force people to respond quickly, they have
less time to be dishonest.”
Meade is creating an online version of his software, and
conducting more research to prove those who do well on his
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test also do well in their jobs. Eventually, he plans to license
his product to a testing provider. “This could be a new era in
employment testing,” he says.

DETECTING DEADLY NOROVIRUSES
When a bout of severe vomiting and diarrhea strikes a whole
family, school or other group — one person after another —
a highly contagious norovirus is probably to blame.
Noroviruses are now recognized as the most common cause
of acute gastroenteritis worldwide, sickening millions of
people every year and killing hundreds. People are exposed
to noroviruses in lots of ways, but contaminated food is an
important route.
Microbiologist Lee-Ann Jaykus, a food science professor and
national leader on norovirus research is developing innovative
technologies for commercially reliable methods to detect
noroviruses in water, food and individual patients.
Oysters are just one example. “It would be great if we had an
assay where we could detect the virus in water that overlays
oysters and then that would be a better way of protecting the
supply of shellfish,” she explains. “The same can be said for
irrigation water, for example, for fresh produce.”

“It will send a heartbeat signal saying everything’s
fine, everything’s fine,” Azab explains. Unless there’s
a problem, of course. Then, HyperSentry goes into
action, quickly alerting the network administrator.

ABOVE: Students in the Human PoWeR
(Physiology of Wearable Robotics) Lab work
on technology to help people with impaired
mobility due to strokes or injuries.
LEFT: Peng Ning pauses front of a bank of

The team is in final stages of testing a prototype
this year and will move the product to market.

computer servers on Centennial Campus.
OPPOSITE PAGE: Lee-Ann Jaykus
discusses research work with a grad

PUTTING SWING IN A STEP

PROTECTING DATA CLOUDS
At the heart of cloud computing is the hypervisor, software
that allows multiple users to run programs concurrently on
a host computer. If a malicious program gains access to
the hypervisor, the data of every user in the cloud could be
stolen or modified.
Now, NC State computer scientists Peng Ning and Ahmed
Azab have a solution. They’ve developed a new security
mechanism called HyperSentry that is isolated and
protected from the hypervisor, yet has enough privileges to
access the hypervisor code and data to look for viruses and
other malware.

student in her lab.

It’s no walk in the park for victims of stroke,
spinal-cord injury or traumatic brain injury. These
maladies can reduce human lower leg muscle strength and
coordination and disrupt the ability to walk. The graying of
the baby-boom generation and the return of thousands of
wounded veterans are bringing the realities home for many
families and communities.
Biomedical engineer Greg Sawicki and members of his
Human PoWeR (Physiology of Wearable Robotics) Lab have
an answer: a “smart” walking aid that doesn’t require motors
or external power. Based upon a keen understanding of the
interplay between the human calf muscles and the Achilles’
tendon, Sawicki and team devised a lightweight, wearable
boot with a spring that propels wearers forward after proper
engagement of the device’s “clutch.”
continued
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TOP: Afsaneh Rabiei checks on metallic
foam created in her lab.
BOTTOM: Michael Dickey has used
liquid gallium to create an antenna in a
flexible piece of plastic.

Besides its use as an assistive or
rehabilitation aid for those who have
trouble walking, Sawicki believes the
device can be used as a performance
enhancer for weekend warriors or
soldiers who need extra springs in their
steps.

MAKING ARMOR
STRONGER
“The support of the Chancellor’s
Innovation Fund gives us the
resources we need to complete our
proof-of-concept research

A mechanical and aerospace
engineering professor, Afsaneh Rabiei
is working to improve safety for
soldiers. She developed a composite
metal foam that is simultaneously
lighter and stronger than the materials
currently in use in body and vehicle
armors.

and optimize the technology
before taking it to market.”

This foam has the additional advantage
of absorbing impact energy from
projectiles or blasts, decreasing the risk
of bodily injury or vehicle damage from
high-velocity bullets or explosions.
“The Chancellor’s Innovation Fund
money will allow us to test our armors not only against
bullets for body armors, but also against blast damage for
vehicle armor,” Rabiei says.

ENSURING DATA EFFICIENCY

SHIFTING SHAPES OF ANTENNAS

Daily data needs are increasing for folks on the go — be it
downloading that updated business brief or a critical video of
a grandchild going in for a goal.

A reliable connection is key to mobile networks today —
and more so for the devices of tomorrow.

As the data explosion continues, consumers will benefit as
computer scientists Injong Rhee and Kyunghan Lee ponder
protocol — transmission control protocol or TCP.
Mobile computing devices utilize so-called TCP stacks,
software programs that send and receive packets of
data between the device and the network. Rhee and Lee
developed a new algorithm, called the “cellular TCP,” that
reduces the delay in retrieving data. In other words, the user
experience is better.
The team now is quantifying that improved efficiency on
various wireless network providers, and using various device
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brands, in order to market the new program. Along with
the technology, they are developing their business strategy,
initially for U.S. markets, and then expanding to Asia.

Engineer Michael Dickey’s research team is developing
shape-shifting antennas for use in electronic devices, such
as smartphones, tablets and laptop computers.
These adaptable antennas will give electronics more reliable
access to cellular networks. Because they are made of soft
materials, these new antennas also could be incorporated
into emerging technologies such as stretchable or wearable
electronics.
“The support of the Chancellor’s Innovation Fund gives us
the resources we need to complete our proof-of-concept
research and optimize the technology before taking it to
market,” Dickey says.

125 YEARS

A TRADITION OF VISION AND ACTION

N

orth Carolina State University’s 125th anniversary
encourages the campus community, alumni and partners to
take a proud look at the past — and imagine discoveries
ahead.

“We can set our goals a little higher, reach a little further
than we have in the past, and have some fun doing it,” says
Vice Chancellor Nevin Kessler, co-chair of the 125th planning
committee.

NC State was founded in 1887 to fulfill the land-grant
university mission: to open the doors of higher education to
all of North Carolina, and to transform the state, initially by
developing and teaching agricultural and mechanical sciences.

In September, NC State hosted a symposium focusing on its
strong military connections. The event included many alumni
in leadership positions representing all the service branches,
and a video welcome from retired Gen. H. Hugh Shelton,
former chairman of the Joint Chiefs of Staff. Over the years,
NC State has graduated more students who went on to
achieve general or flag officer rank than any other institution
of higher learning, other than the military academies. More
than 40 of them are still living.

From the first class of 72 students that enrolled in 1889, and
through a few name changes over the years, NC State has
grown into one of the nation’s top research institutions, and
an engine for educational innovation and economic growth.
Throughout 125 years of groundbreaking work in fields
ranging from engineering to economics, genetics to graphic
design, soil science to social work, NC State has changed
lives here and around the globe. NC State always has focused
on real-world solutions, with research discoveries that have
led to new techniques, companies and products.
The anniversary celebrations began in the spring and continue
through March 2013 — providing a wide range of campus
and community events, including a block party on Hillsborough
Street called Packapalooza that opened the fall semester.

•

GETTING THEM STARTED

Throughout 125 years of
groundbreaking work in fields
ranging from engineering to
economics, genetics to graphic
design, soil science to social work,
NC State has changed lives here

Another strong tradition is NC State’s tally of more than
90 startup companies, representing more than $1.5 billion in
venture capital investment and 3,250 jobs in North Carolina,
from industry giants such as Cree to promising new startups
listed on page 24.

and around the globe.

The university is particularly proud that the rate of new
companies is increasing, with 10 new startup companies spun
out of NC State research in the 2011-12 fiscal year.
continued
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CLOCKWISE FROM TOP LEFT:
County agent demonstrating difference in
cotton to club members, 1927.
•  Engineering

research facility from

the 1950s.  •  Ceramic engineering testing

“We met our goal of more than doubling the annual number
of startups,” says Vice Chancellor Terri Lomax, who leads the
Office of Research, Innovation and Economic Development.
“We have a strong network to nurture these young
businesses.”

laboratory from 1950.  •  Electronic analog
computer from a College of Engineering
research lab in 1950.  •  The university’s
first freshman class in 1889.
•  Elton

Whitley, pig club member,

demonstrating points of his pig, 1927.

The network includes not only the Office of Technology
Transfer but also a broad range of programs that support
entrepreneurial efforts. The new businesses have many
models of success — others that started with NC State
research. Here are just a few examples of current industry
leaders:

(Historic photos are courtesy of the
Special Collections Research Center,

•

LIPOSCIENCE

North Carolina State University Libraries.
See more at http://historicalstate.lib.ncsu.edu.)

Heart disease is cited as the leading killer of Americans, and
half of those who have heart attacks report having “normal”
cholesterol numbers.
More than 20 years ago, NC State researcher James
D. Otvos wanted to find a way to provide patients and
physicians with a more complete picture of heart health.
He filed an invention disclosure with the university in 1991,
based on research funded by the National Institutes of
Health. By 1994, he had a federal patent on his test that
uses nuclear magnetic resonance to measure cholesterol
and lipoproteins — LDL particles — in blood samples. LDL
particles are linked to heart disease because they carry and
deposit cholesterol, which turns into plaque, into arteries.
This condition is also known as hardening of the arteries.
By 1997, Otvos had worked with NC State’s HI-TEC program
to develop a business plan. LipoMed, later to become
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LipoScience, was founded that same year. Just four years later,
the company already had 100 employees.
The NMR LipoProfile — which directly measures the number
of LDL and other lipoprotein particles for a more complete
picture of cardiovascular risk — received clearance as a
diagnostic test from the federal Food and Drug Administration
in 2008. LipoScience performed its eight millionth NMR
LipoProfile test earlier this year.
In September, LipoScience’s automated clinical analyzer,
Vantera, was cleared by the FDA and will be placed with
national and regional clinical laboratories.
“LipoScience is pioneering a new field of personalized
diagnostics based on NMR technology,” says Rick Brajer,
president and CEO. “We value our relationship with NC State.
With the 501(k) clearance of the Vantera Clinical Analyzer, we
can build upon technology that had its roots in Raleigh, and
dream of serving the world.”
Otvos is chief scientific officer for the Raleigh company that
completed 2011 with $46 million in revenues. LipoScience
has 200 employees, including NC State alumni in a range of
disciplines and degrees.
•

CREE

From the Bird’s Nest Stadium in Beijing to the Shimmer Wall
here in Raleigh, Cree, Inc., has made its mark on the world.
While its lighting has inspired beauty and imagination, it
has also created technologies that are energy-efficient and
economically beneficial.

The founders developed innovative materials technologies
at NC State with a silicon carbide platform material that has
been perfected over 25 years to create a lighting revolution.

bruised, or avocados that are spoiled? Research from
NC State has resulted in technology that literally preserves
produce and reduces food waste: SmartFresh.

Invention disclosures were filed with NC State in 1987,
based on work by Robert Davis’ materials science and
engineering team, funded by the Office of Naval Research.
Cree was founded that year.

In fact, in 2009, the United Nations’ Food and Agriculture
Organization cited SmartFresh technology as the global
standard for product quality and safety. It works by managing
ethylene, a chemical that occurs naturally and triggers ripening
in many fruits and vegetables. The SmartFresh system simply
and safely puts the ripening process on hold while produce is
packed and shipped, extending its life on supermarket shelves.

CLOCKWISE FROM TOP LEFT:
LipoScience provided this image of its
North Carolina facility that conducts
detailed, state-of-the-art, and blood

The company operates its main factory with almost one
million square feet in Durham, and an additional 230,000square-foot engineering and production facility in Research
Triangle Park that opened in 2006. Cree has more than 5,500
employees worldwide, half of whom are in North Carolina.
“We are very gratified that the early work we did at
NCSU, and that the subsequent licensing we did with the
Office of Technology Transfer has led to such a vibrant and
growing business for the State of North Carolina,” states
John Palmour, a Cree co-founder along with Calvin Carter,
Jr., John Edmond, Eric Hunter, Neal Hunter and Thomas
Coleman.
LEDs are now used in radar, indoor and outdoor lighting,
video and decorative displays. Cree also manufactures
semiconductors for power conversion and wireless
communications, and products to improve reliability/
efficiency in power switching.
•

SMARTFRESH

We all know that fruits and vegetables are good for us. But
who wants to buy apples that are mushy, tomatoes that are

testing.  •  Apples and other produce sold
in stories worldwide use the SmartFresh
technology developed at NC State.
•  The

News & Observer shared this

image of Cree’s Shimmer Wall at the
Raleigh Convention Center.

SmartFresh has received approval by the U.S. Environmental
Protection Agency and the European Union and earned
numerous global awards. It improves quality management
practices, enhances marketing flexibility, minimizes losses
and delivers a superior product to consumers.
It can be traced to 1993, when NC State researchers —
biochemist Edward Sisler and horticulturalist Sylvia Blankenship — filed their first disclosure related to the compound
identified officially as 1-MCP. Original research was funded
by the U.S. Department of Agriculture.

“We met our goal of more than

By 1996, the federal patent had been approved and NC State
had reached a license agreement with the company
Biotechnologies for Horticulture, which later became AgroFresh, a subsidiary of Rohm and Haas. AgroFresh was
acquired by Dow Chemical Company, which has developed
and marketed new applications for 1-MCP.

to nurture these young businesses.”

doubling the annual number of
startups. We have a strong network

NC State researchers continue to look at new ways
SmartFresh can benefit small growers.
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KUDOS
Kudos

Gould Receives
Gardner Award
ABOVE: The 2012 Gardner Award
winner, Fred Gould also leads the NSFfunded Integrated Graduate Education
and Research Traineeship at NC State.
OPPOSITE PAGE, top: Lisa Eberhart was
recognized by the state of North Carolina
for her innovative work to reduce obesity.

F

red Gould is the 2012 recipient of the
O. Max Gardner Award — the most
significant honor given to faculty by the
University of North Carolina System
Board of Governors. He is William Neal
Reynolds Distinguished Professor of
Entomology at NC State.

OPPOSITE PAGE, bottom left: Doctoral
student Sina Bahram received a White
House honor for Champions of Change.
OPPOSITE PAGE, bottom right:
Professor B. Jayant Baliga will receive
the North Carolina Award for scientific
achievements in electronics engineering.

The annual award to a faculty member
from one of the system’s 17 campuses
recognizes achievement that has “made
the greatest contribution to the welfare
of the human race.” Gould is the 10th
faculty member from NC State to win
the honor since 1996.
An elected member of the National
Academy of Sciences, Gould studies the
ecology and genetics of insect pests
to improve food production and human
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and environmental health. One of his
research projects involves genetically
modified mosquitoes that have reduced
capacity to carry and spread dengue
fever. He has received funding from the
National Science Foundation, the Bill
and Melinda Gates Foundation and the
National Institutes of Health, among
others.
In 2007, he won the George Bugliarello
Prize from Sigma Xi for his article on
genetic manipulation of pests for control
of human disease vectors. In 2004, he
received the Alexander von Humboldt
Award, presented annually to the person
judged to have made the most significant contribution to American agriculture
during the previous five years. In 2011,
he received NC State’s Holladay Medal.
Gould is a member of the Entomological
Society of America, the Society for the

Study of Evolution and Sigma Xi. 		
He joined NC State in 1978.

Eberhart Wins
Innovation Honor

L

isa Eberhart’s focus on healthy eating
has earned her the highest honor a state
employee can receive. A registered
dietitian for NC State’s University Dining,
Eberhart clinched a Governor’s Award for
Excellence in the innovation category.
Her work shows that the university’s
efforts to reduce obesity in North
Carolina begin right at home.
The award recognizes Eberhart’s
commitment to boost the Wolfpack
community by helping transform how
and what people eat, says Eberhart’s
supervisor, Randy M. Lait, director of
dining services.

work with diabetes. She
hosts nutrition forums and
feels deeply fulfilled seeing
staff and students transform
themselves through weight
loss.
Eberhart will join other
award recipients and the
chancellor at the Governor’s
Awards for Excellence
reception Nov. 27 at the
North Carolina Museum
of History.

“When I began working on my Ph.D., I
realized I had an opportunity to affect
the kinds of changes I wished existed
when I was younger and struggling to
learn STEM topics,” he says. “With
TIKISI, I’m hoping to give low-income
and under-privileged people access to
these educational tools.”
President Obama recognized Bahram
at a White House ceremony May 7.

as Champions of Change are
“The leaders we’ve selected as
Champions of Change are proving
that when the playing field is level,
people with disabilities can excel in
STEM, develop new products, create
scientific inventions, open successful
businesses, and contribute equally to
the economic and educational future
of our country,” says Kareem Dale,
special assistant to the president for
disability policy.

Baliga Chosen
for NC Award

B.

When Eberhart first began consulting
at NC State 10 years ago, the food
was “very Southern.” Today’s fare still
includes fried chicken but has less
butter and more fruits and vegetables,
she says.
To counter growing food allergies,
Eberhart’s team documents all
ingredients online and on posters
in the dining halls. She has also
implemented online food allergen
information stations in all dining
halls accessible via smartphones and
tablets. So, by scanning a bar code
diners receive nutritional data.
The award also highlights Eberhart’s

White House
Names Champion

NC

State doctoral student
Sina Bahram recently earned the
White House’s “Champions of Change”
award for his efforts to make science,
technology, engineering and math —
the STEM disciplines — more
accessible to people with disabilities.
Bahram developed a prototype system
called “Touch It, Key It, Speak It,” or
TIKISI, that makes Google Maps usable
for blind people. The product is part of
his doctoral research in computer science. But TIKISI is more than a scholarly
project for Bahram, who is blind.

“The leaders we’ve selected

Jayant Baliga, professor of
electrical and computer engineering,
will receive the North Carolina
Award from the state’s Department
of Cultural Resources this fall.
Baliga joins five other distinguished
honorees who have made significant
contributions to the state. He
was selected for his scientific
achievements.

proving that when the playing field
is level, people with disabilities
can excel in STEM, develop
new products, create scientific
inventions, open successful
businesses, and contribute equally
to the economic and educational

”

future of our country.

Baliga is internationally recognized for
his groundbreaking work in electronics
engineering and was named among
“Eight Heroes of the Semiconductor
Revolution” by Scientific American.
His work has saved consumers more
than $15 trillion dollars worldwide,
and now helps form the basis for
the emerging smart grid. Last year,
Baliga received a National Medal of
Technology and Innovation.
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QUICK TAKES
Quick Takes

@MANUFACTURING
WORKS: IEI THEME
Over the next year, the Institute for
Emerging Issues at NC State will
examine how communities can
take advantage of the state’s new
manufacturing opportunities.
The theme, @Manufacturing Works, is
not only for the 28th annual Emerging
Issues Forum, to be held Feb. 11-12
at the Raleigh Convention Center, but
also for ongoing discussions, explains
Anita Brown-Graham, institute director.
“The new trends toward higher paying,
more skilled manufacturing jobs have
the potential of doing great things for
North Carolina — if we make the right
investments.”
Innovative new processes — including
many developed and/or adapted by NC
State researchers and alumni — are
bringing offshore jobs back to the state,
and creating highly skilled, high-wage
jobs associated with manufacturing.
The February forum will feature Chris
Anderson, of Wired Magazine and
author of the upcoming book Makers:
The New Industrial Revolution. Earlier
events will include the BB&T Emerging
Leaders Discovery Forum on Nov. 13
as part of Triangle Entrepreneurship
Week.
IEI also offers the third annual Prize
for Innovations. Applications are due
Nov. 16 for high school and college
teams to design a product or tool that
will benefit their community. Winning
teams will receive $5,000 to put
towards making their idea a reality,
as well as a consultation with Louis
Foreman, founder of Enventys and CEO
of Edison Nation.
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MAPPING AGGRESSION
A roadmap to areas of the brain
associated with affective aggression
— impulsive violent displays without
prior planning or deliberation — in mice
may help identify therapies for humans
suffering from disorders that lead to
impulsive violence.
Affective aggression is thought to be
caused by aberrant perceptions of, and
consequent responses to, threat. Unlike
defensive aggression or premeditated
aggression used by predators, it could be
considered maladaptive.
NC State neurobiologist Troy Ghashghaei
in the College of Veterinary Medicine
used mice that had been specially bred
for affective aggression by his research
associate Derrick L. Nehrenberg,
Ghashghaei and former undergraduate
student Atif Sheikh located regions
in the mouse brain that either were
switched on or off when the mice
displayed affective aggression.
“The brain works by using clusters
of neurons that cross-communicate
at extremely rapid rates, much like a
computer,” Ghashghaei explains. “One
region will process a stimulus, and then
that region sends messages to other
clusters within the brain, like circuits
within a computer. We looked at how
the switches flipped in the brains
of aggressive mice, and compared
that with the brains of completely
nonaggressive mice in the same setting,
to see how the two processed the
situation differently.”
The regions of the brain that were
involved in affective aggression in the
mice are similar across all mammalian
species.

“With the brain, just knowing
where to start looking is
huge,” Ghashghaei says of
the finding published online in
Brain Structure and Function.

ROACHES TO
THE RESCUE
A miniature robot would be perfect
for dangerous jobs like searching a
disaster site for survivors. But building
small-scale robots that can perform
in such uncertain, dynamic conditions
is extremely difficult, says NC State
electrical engineer Alper Bozhurt.
So Bozhurt and his colleagues have
developed a technique that uses
an electronic interface to remotely
control, or steer, cockroaches.
The new technique works by
embedding a low-cost, lightweight,
commercially available chip with a
wireless receiver and transmitter onto
each roach. They used Madagascar
hissing cockroaches.
Weighing less than a gram, the
cockroach backpack also contains
a microcontroller that monitors the
interface between the implanted
electrodes and the tissue to avoid
potential neural damage.

The microcontroller serves as
electronic reins, injecting small
charges into the roach’s neural tissue.
The charges trick the roach to think
that its antennae are in contact with a
physical barrier, thus steering it in the
opposite direction. See for yourself at:
go.ncsu.edu/roachbiobot.

RODENT ROBBERS
SPREAD SEEDS
There’s no honor among thieves when
it comes to rodent robbers — a good
thing for tropical trees.
Results of a yearlong study in Panama,
published online in Proceedings of
the National Academy of Sciences,
suggest that thieving rodents helped
the black palm tree survive by taking
over the seed-spreading role of the
mighty mastodon and other extinct
elephant-like creatures that are
thought to have eaten these large
seeds.

OPPOSITE PAGE, top: NC State has developed techniques for mass customization in
the textile industry. OPPOSITE PAGE, bottom: Cockroaches may become sentinels
of safety, using NC State technology. THIS PAGE: Rodents raiding neighbors’ seed
caches have helped black palm trees survive.

happening at home leaves much more
time for problem-solving and practice
during class,” she says. “When
lessons are flipped, you have time for
group activities, problems that explore
deeper concepts, and mathematical
discussions.”
Students enjoy the new classroom
style too: “The homework in the
classroom was nice because you
could work with other people and the
teacher was nearby if you needed
help.”

CHANGES IN
THE COLLEGES
NC State has new leadership at
several colleges this year, and plans
for a new College of Sciences in
2013. Three new deans arrived in
2012:
“The question is how this tree managed
to survive for 10,000 years if its seed
dispersers are extinct,” says zoologist
Roland Kays, of NC State and the
N.C. Museum of Natural Sciences.
The international team found that
agoutis, rainforest rodents, repeatedly
stole from neighbors’ underground seed
caches. That pilfering moved some black
palm seeds far enough from the mother
tree to create favorable conditions for
germination.
“We knew that these rodents would
bury the seeds, but we had no idea that
there would be this constant digging
up of the seed, moving it and burying
it, over and over again,” says Kays, a
member of the Smithsonian Tropical
Research Institute.
Funded by the National Science
Foundation, the study used tags on
agoutis, video surveillance of seed
caches and tiny motion-activated
transmitters attached to seeds.

HOMEWORK:
WATCH A VIDEO
Curriculum specialist Lodge
McCammon at the Friday Institute for
Educational Innovation at NC State
is helping middle- and high-school
teachers to replace classroom lectures
with engaging activities.
Teachers videotape lectures. Students
can watch as many times as they
need, in lieu of traditional homework.
McCammon points out that the
teaching program, which he calls the
FIZZ learning framework, where the
FI stands for Friday Institute, leads to
higher-ordered thinking skills.
Award-winning teacher Meredith
Cheetham at Exploris Middle School in
Raleigh is among those who learned
the technique from McCammon.
“Having the majority of lecture

College of Natural Resources Dean
Mary Catherine Watzin is former
dean of the Rubenstein School of
Environment and Natural Resources
at the University of Vermont.
College of Veterinary Medicine Dean
D. Paul Lunn is former head of the
Department of Clinical Sciences at
Colorado State University’s College of
Veterinary Medicine and Biomedical
Sciences.
College of Agriculture and Life
Sciences Dean Richard Linton is
former chair of the Department of
Food Science and Technology at The
Ohio State University.
The new College of Sciences is set to
replace the College of Physical and
Mathematical Sciences in July. The
new college will encompass physical/
chemical sciences, mathematical
and statistical sciences, biological
sciences, and earth system sciences.

MEASURING UP
TO DISCOVERY
Picture a turtle the size of a Smart car,
with a shell large enough to double as a
kiddie pool. Paleontologists at NC State
have found just such a specimen — the
fossilized remains of a 60-million-year-old
South American giant that lived in what
is now Colombia.
The turtle, Carbonemys cofrinii, or “coal
turtle,” is part of a group of side-necked
turtles known as pelomedusoides. The
fossil was discovered in a coal mine that
was part of northern Colombia’s Cerrejon
formation. The specimen’s skull measures
24 centimeters, roughly the size of an
NFL football, and the shell measures 172
centimeters, or about 5 feet 7 inches.
That’s the height of Edwin Cadena, the
doctoral student who discovered the
fossil.
In addition to the turtle’s huge size, the
fossil also shows that this turtle had
massive jaws that would have enabled
the omnivore to eat anything nearby —
from mollusks to smaller turtles or even
crocodiles.
The paleontologists’ findings appear in
the Journal of Systematic Palaeontology.
Carlos Jaramillo from the Smithsonian
Tropical Research Institute in Panama
and Jonathan Bloch from the Florida
Museum of Natural History contributed
to the work. The research was funded by
grants from the Smithsonian Institute and
the National Science Foundation.

RESPONDING TO
CARBON CHANGES
In a surprising finding, NC State
researchers have shown that certain
underground organisms thought to
promote chemical interactions that make
the soil store carbon actually play a more
continued
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complex, dual role when atmospheric
carbon levels rise.
In findings published in Science, the
researchers show that important and
common soil microscopic organisms,
arbuscular mycorrhizal fungi (AMF), play
a role in sequestering carbon below
ground, trapping it from escaping into
the atmosphere as a greenhouse gas.
The study also shows, elevated levels
of atmospheric carbon dioxide increase
a number of underground decomposing
interactions that cause carbon to be
released back into the atmosphere
as a greenhouse gas. This release
essentially offsets any carbon sink
benefits.
“We showed that the fungi previously
thought to control carbon in the soil
can increase carbon decomposition
when atmospheric carbon dioxide
levels are elevated,” says NC
State plant pathologist Shuijin Hu,
corresponding author of the paper. “But
if we effectively manage the nitrogen
transformation process in the soil,
we have a chance to manage carbon
sequestration in the soil.”
The study was funded by the U.S.
Department of Agriculture.

HOSTING SCIENCE
WRITERS
Five NC State experts are among a
national lineup for the New Horizons in
Science briefing of the Council for the
Advancement of Science Writing.
The Research Triangle — including
universities, agencies and research
centers — is hosting Science Writers
2012 from Oct. 26 to 30. The event also
includes the National Association of
Science Writers conference.
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“North Carolina is working hard
to turn its research into products,
technologies and jobs, and so you’ll
see much applied science on the
New Horizons program,” explains
Rosalind Reid, program director.
NC State researchers invited to
present briefings are: Elizabeth
Loboa on using fat-derived stem
cells to build bone and tissue;
Fred Gould on evolution-based
genetic pest control; Anne Collins
McLaughlin on using games to keep
brains healthy; Matthew Breen
on how studies with dogs are
accelerating human cancer research;
and Joseph DeSimone on making
new nanotherapeutics. Loboa and
DeSimone have dual appointments
with UNC-Chapel Hill.
In addition to overall co-sponsorship,
NC State is hosting tours and a
session on Centennial Campus,
where small groups will share meals
with researchers from NC State,
UNC-CH, Duke, RTI International and
other partners. For the full agenda,
check www.sciencewriters2012.org.
Also, the Science Online annual
meeting will return to NC State in
2013. The gathering draws bloggers,
researchers, citizen scientists,
authors and journalists. Details are
at www.scienceonlinenow.org.

WOOD FORMATION
REGULATED
NC State researchers studying
molecular changes inside tree cells
as wood is formed have discovered a
new phenomenon in plants.
Vincent Chiang, co-director of NC
State’s Forest Biotechnology Group,
describes the finding as the long-

sought path to understanding the
regulation of wood formation.
The team found that one member of a
family of proteins called transcription
factors took control of a cascade of
genes involved in forming wood, which
includes a substance called lignin that
binds fibers together and gives wood
its strength. The controller protein
regulated gene expression on multiple
levels, preventing abnormal or stunted
plant growth. It did so in a novel way.
“This is nothing that’s been observed
before in plants,” Chiang says. His
team first produced a transgenic tree
with reduced lignin. High lignin levels
are desirable for lumber, but lignin
is removed when making paper or
manufacturing biofuels.
The research was funded by the U.S.
Department of Energy. The findings
were published online in Proceedings
of the National Academy of Sciences.

COGNITIVE BENEFIT
FROM VIDEO GAMING

SIMULATING
A SUPERNOVA
John Blondin’s simulation of a
core-collapse supernova illustrated
Mysteries of Astronomy articles
in Science magazine’s June 2012
issue. He heads the NC State
Department of Physics. In the
image, the tubes represent the
paths of gases falling into the
supernova as they are deflected by
an accretion shockwave. The colors
are indicative of gas velocity.
VISUALIZATION BY HONGFENG YU AND
KWAN-LIU MA, OF THE UNIVERSITY OF

For some older adults, the online video
game World of Warcraft, or WoW,
may provide more than just escapist
adventure. NC State researchers have
found that playing WoW boosted
cognitive functioning for older adults
— particularly those adults who had
scored poorly on cognitive ability tests
before playing the game.
“We chose World of Warcraft because
it has attributes we felt may produce
benefits. It is a cognitively challenging
game in a socially interactive
environment that presents users with
novel situations,” says psychologist
Anne McLaughlin, co-author of a paper
on the study. “We found there were
improvements, but it depended on

CALIFORNIA-DAVIS.

each participant’s baseline cognitive
functioning level.”
“We saw significant improvement
in both spatial ability and focus for
participants who scored low on the
initial baseline tests,” she added.
Pre- and post-game testing showed no
change for participants on memory.
Lead author of the paper is Laura
Whitlock, an NC State doctoral
student. The research was supported
by NC State’s College of Humanities
and Social Sciences.

ANNUAL Report
FY12 Key Accomplishments in Research,
Innovation and Economic Development
NC STATE
RESEARCHERS
HONORED

Dr.

Joseph M. DeSimone was
recently elected to the National Academy
of Sciences, where he joins nine other
faculty members previously elected to this
prestigious group: Drs. David E. Aspnes,
Ellis B. Cowling, Major M. Goodman,
Fred Gould, Todd R. Klaenhammer,
C.S. Levings, Thomas F. Malone, Trudy
Mackay, and Ronald R. Sederoff.

NC State has 10 members of the National Academy of Engineering: Drs. B.
Jayant Baliga, Donald L. Blitzer, Jerome J. Cuomo, Joseph M. DeSimone,
Keith E. Gubbins, Carol K. Hall, Thom Joel Hodgson, R. Wayne Skaggs,
James A. Trainham, III, and Paul Zia. Baliga is also a recipient of the
President’s National Medal of Technology and Innovation, and Cuomo is
also a recipient of the previously-named President’s National Medal of
Technology.
Drs. Harald Ade, Jerzy Bernholc, Edward A. Foegeding, and Fred Gould were
elected as new Fellows of the American Association for the Advancement
of Science in 2011. There are now more than 50 NC State faculty members
who hold this honor.
Drs. Michael Escuti, Jason Haugh, Carla Mattos, and Veena Misra are
recipients of the Presidential Early Career Award for Scientists and
Engineers (PECASE).
Drs. Reza Ghiladi, Xiaohui Gu, Douglas L. Irving, Davide Lazzati, Huixia
Wang, Gavin Williams, and Yaroslava Yingling are recent recipients of the
National Science Foundation’s Faculty Early Career Development program.
Dozens of NC State faculty have received this recognition. Chih-Hao Chang
is a recipient of NASA’s inaugural Early Career Faculty award.
The American Academy of Arts and Sciences is represented with Drs.
William R. Atchley, Joseph M. DeSimone, and Trudy Mackay. Mackay is
also a member of The Royal Society.
NC State has three winners of Presidential Awards for Excellence in
Science, Mathematics and Engineering Mentoring (PAESMEM): Drs. Laura
Bottomley, Christine Grant, and Winser E. Alexander.

SUCCESS ABOUNDS AT NC STATE
• New Venture Services was established as part of the Springboard Innovation Center
and supports the NC State Fast 15, a designation for our most promising
commercialization opportunities.
• NC State met its goal of more than doubling its five-year average of four startup
companies per year. The 10 startups in 2011-12 brings the university’s total count to
more than 90 startups.
• More than 240 products have been commercialized based on NC State inventions.
The Office of Technology Transfer’s startup survey indicates that our startups have
created more than 3,250 jobs in North Carolina and more than 6,500 worldwide,
and raised $1.46 billion in investments. The majority of NC State’s active startups are
headquartered in North Carolina, further contributing to the economic development of
our state.
• Eight new partners joined Centennial Campus: MingYang, New Mind Edu, ABB Smart
Grid Center, First Choice Labs, Wake NC State STEM Early College High School,
Oryx Bio, the North Carolina Military Foundation, and MC Dean.
• NC State received a $25 million grant from the U.S. Department of Agriculture to
strengthen food safety by studying human noroviruses across the food supply chain in
an effort to design effective control measures and reduce the number of virus-caused
food-borne illnesses.
• The Centennial Mesh project — a highly programmable, extensible, open testbed
to support research and education on the design of wireless mesh networks — was
implemented on Centennial Campus. CentMesh will enable IT systems and applications
using open source code built by NC State students and faculty and re-use of other open
source code.
• NC State initiated the Chancellor’s Faculty Excellence Program, a faculty-hiring program
to bring individual scholars or small groups of scholars (clusters of up to 3 faculty
members) to campus in strategically important areas. A total of 38 faculty positions have
been created to enhance the following areas: bioinformatics, data-driven science,
digital transformation of education, environmental health science, forensic sciences,
genetic engineering and society, geospatial analytics, global environmental change and
human well-being, innovation and design, personalized medicine, synthetic and systems
biology, and translational regenerative medicine.
• Projects for the second year of the Chancellor’s Innovation Fund were selected: better
tests for Norovirus; safer cloud computing; lighter, stronger armor for soldiers; robotics
that put a spring in your step; faster download speeds for smartphones; more reliable
access to cellular networks; and new psychological tests for job applicants. This
technology development funding is available to faculty, staff, and students in support of
innovation and entrepreneurship.
• NC State hosted President Obama’s Job Summit on Centennial Campus and Ginni
Rometty, CEO of IBM.
• The College of Veterinary Medicine is ranked third in the nation by U.S. News & World
Report.
research.ncsu.edu
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AWARDS BY FEDERAL AGENCIES, FY12

AWARDS BY SOURCE, FY12

DOD/DHS:
$24.8M

Other: $2.7M

$300M

DOT: $3.3M

NSF: $56.1M

$250M

SBA: $5.4M
$200M

DOE:
$23.6M
NIH/DHHS:
$29.5M
EPA: $2.0M

DED:
$22.9M
DOI: $5.0M

NASA: $2.1M

USDA: $40.2M

DOC: $18.5M

$150M
$100M
$50M
$0M
FY08

AWARDS BY NC STATE UNIT, FY12
Provost: $26.8M

OTHER

Other: $1.0M
Research,
Innovation &
Economic
Development:
$29.9M
Agriculture
& Life
Sciences:
$77.3M

Veterinary
Medicine:
$9.9M
Textiles:
$4.0M
Physical
& Mathematical
Sciences:
$29.9M
Natural
Resources: $15.3M
Management: $0.5M

INDUSTRY

FY11

STATE

		
•

Education:
$10.2M

•

Humanities & Social Sciences: $7.8M

FY10

FY12

FEDERAL

TECHNOLOGY TRANSFER & INNOVATION
IMPACTS
			
FY08-12

Design:
$1.3M

Engineering:
$72.2M

FY09

•

•
•
•
•

Intellectual Property Disclosures
Patents Filed
U.S. Patents Issued
Foreign Patents Issued
Commercialization Agreements
Startups Launched
License Revenue Received

FY12

TOTAL

274
141
42
78
59
10
$ 6.4M

841
683
199
199
400
28
$ 25.1M

				
CENTENNIAL CAMPUS BUILDS FOR FUTURE
Centennial Campus continues to expand with new buildings:
•   the James B. Hunt, Jr. Library, a 200,000-square-foot, state-of-the-art
university library, set to open in early 2013;
•   a student-housing complex, which eventually will have nearly 1,200
bed spaces, set to open in Fall 2013;
•   an apartment complex, which will have 300 housing units available to
the public;
•   the chancellor’s residence, known as “The Point,” located adjacent to
the Park Alumni Center; and
• the Alliance Center, a 145,000-square-foot, privately financed office
building, scheduled to open in 2014.
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NC STATE STARTUPS, FY12
•
•
•
•
•

GridBridge
VaporPulse
Oryx Bio
DiscoverLit
Huffines Design

•
•
•
•
•

Spitter Spatter
Leiva Strings
KnowIt
Wright Foods
SPARKmoto

It’s great news when innovative technology, developed right here in
North Carolina, translates into jobs for our people and investments in
our communities.
— Gov. Beverly Perdue,
at opening of Wright Foods in Montgomery County

Creative State
Student Film Wows Hollywood

T

“ he Strong One,” written by NC State students Nicholas Sailer,
Josh Bielick and Tim Reavis, won best picture and best director
awards at the Campus MovieFest International Grand Finale in
Hollywood over the summer.
The film previously won best picture, best directing and the
audience choice award at the NC State Campus MovieFest
premiere. It was featured at the Cannes Film Festival in May, and
then premiered at the International Grand Finale in June. The film
is based on a poem, “Jurassic Parking Lot,” written by Tim Reavis.
Sailer, an aspiring filmmaker, writer and director, introduced
himself to Bielick, the Windhover audio editor and passionate
photographer. The two had the same interest in mind:
collaboration. As they set out to plan production and screenwriting
for the February competition, Bielick became captivated by poetry
readings by Reavis at a literary arts open mic.
“I’ve got to see this poem come to life,” he thought to himself.
See the results for yourself at http://thestrongonefilm.com.

Campus Watches
Green Project Grow

W

hile the NC State Brickyard was crowded with groups
promoting products for sustainable living on Earth Day,
landscape architect Andy Fox was busy putting the finishing
touches on an ambitious project to convert the space between
two residence halls into a green oasis. But he didn’t mind
missing the Brickyard events.

“Every day is Earth Day,” he says.
Fox is helping to transform campus by incorporating real
sustainable construction projects into the curriculum. Students
in landscape architecture and related fields get credit for taking
part in these design/build studios.

TOP: A scene from “The Strong One,” an awarding-winning student film. MIDDLE, left: NC State student
filmmakers, from left, Tim Reavis, Josh Bielick and Nicholas Sailer. MIDDLE, right: Andy Fox leads students
from concept to design to construction of rain gardens and other sustainable projects. BOTTOM: Landscape
architecture students have created an environmentally friendly corridor between Turlington Hall and Owens Hall.

The spring semester’s project was the second phase of a
three-year effort to create an environmentally friendly corridor
between Turlington Hall and Owens Hall. The area now has a
cistern that collects rainwater off the roof and diverts it into
a nearby rain garden, drought-resistant plants to reduce the
university’s landscape maintenance budget, and permeable
bricks in the walkways that help filter water bound for the
storm drains.
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The Library of the Future
In the new James B. Hunt Jr. Library, it will be very difficult for either books or people to get lost in the
stacks. The ultra-modern facility, set to open on NC State’s Centennial Campus in January, uses highdensity shelving to store more than two million books in a fraction of the space required by a traditional
library. But patrons won’t have to squeeze into tight spaces to find a book. That’s the job of the bookBot,
a robotic crane that automatically finds and retrieves volumes with the touch of a button.
The new library will be the heart of Centennial Campus, anchoring the research park’s academic oval.
The university expects it to be the best learning and collaboration space in the nation, and a major factor
in attracting faculty, students and corporate partners. The building also will house the Institute for
Emerging Issues. Learn more in the next issue of Results.

NC State commits itself to positive action to
secure equal opportunity regardless of race,
color, creed, national origin, religion, sex, age,
or disability. In addition, NC State welcomes all
persons without regard to sexual orientation.
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