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ith each issue of Currents 
Magazine, our intent is to 
share with you how Michigan 

State University is engineering 
a healthier, safer, and more 
sustainable world.

The college has recently em-
barked on a number of initiatives 
designed to ensure our leader-

ship in many new and exciting 
areas of research and education, in 
response to the National Academy 
of Engineering's “Grand Challenges 

for the 21st Century.”
A significant number of our faculty are engaged in 

making our world a healthier place to live. A multidisci-
plinary team of MSU researchers was recently awarded 
a grant to develop accurate clinical research tools for 
studying osteopathic manipulative medicine, a hands-on 
approach to the diagnosis and treatment of musculoskel-
etal disorders. In another area, researchers are developing 
tools that could lead to new prostheses and therapies for 
those with neural injuries and diseases. Another faculty 
member is working on developing a nanoparticle-based 
DNA biosensor for rapidly detecting tuberculosis, a dis-
ease that annually takes the lives of almost two million 
people worldwide. Other researchers are developing new 
treatments for cancer, HIV, Alzheimer’s, and diabetes.

The college is home to BEACON, an NSF Science and 
Technology Center for the Study of Evolution in Action. 
BEACON serves as a resource for academics, educators, 
and industry. Basic research performed here helps create 
new technologies for solving real-world problems. 
Faculty and students are busy constructing elaborate 
environments that enable them to evolve creatures in a 
computer, synthesize them using a 3-D printer, and study 
them as they swim, crawl, and fly on their own. These 
mobile robots could be used, some day, in both civilian 
and military capacities to assist humans with remote, 
difficult, or dangerous tasks.

Norbert Müller and his research team, supported by 
a grant from the U.S. Department of Energy Advanced 
Research Projects Agency-Energy (ARPA-E), continue de-
velopment of the wave disk engine. This technology uses 
turbo combustion to convert liquid fuel or compressed 
natural gas or hydrogen into electrical power. The goal is 
to increase fuel efficiency for hybrid vehicles by five times 

compared to internal combustion engine vehicles on the 
road today, while reducing costs by 30 percent.

In our Pattern Recognition and Image Processing 
(PRIP) Lab, researchers continue to work to make our 
world a safer place. They have developed a method for 
matching forensic sketches to the mug shots stored in law 
enforcement databases, which will speed the work of law 
enforcement agencies in apprehending suspects. Other 
projects in the lab include latent fingerprint matching, 
face recognition in surveillance video, tattoo matching, 
and detection of altered fingerprints.

We are very proud of all of our faculty and the 
recognition they receive for their many significant eff orts. 
Within the past two years, nine of our faculty members 
have received NSF CAREER Awards. You will read about 
our two most recent winners—Lixin Dong and Wen 
Li—in this issue of Currents. In addition, Tonghun Lee 
received a Naval Research Young Investigator Award, and 
two faculty members—Steven Shaw and Ning Xi—have 
just been named University Distinguished Professors.

We also welcomed several new faculty into our ranks 
this fall; read about them and their work on pages 38–39 
of this issue of Currents. 

At the same time, we say goodbye to Professor Ronald 
Harichandran, long-time chairperson of the Department 
of Civil and Environmental Engineering (CEE), who has 
departed to take a position as dean of the University of 
New Haven’s Tagliatela College of Engineering. We will 
miss him, and we wish him all the best. Professor Neeraj 
Buch is serving as interim chair of our CEE department.

This past spring, I had the opportunity to spend a few 
days in Tanzania to get a first-hand look at how the work 
we do here at MSU touches the lives of people around 
the globe. Students and faculty from several colleges are 
partnering with local schools to provide access to com-
puting facilities in some of the most underserved parts of 
Africa. It was an incredibly humbling experience to watch 
teachers and children who have never seen computers in 
their lives master the intricacies of computing and access-
ing information from sources that we all take for granted.

My experience in Tanzania is unforgettable. It has 
helped me build a deeper connection with the true roots 
and values of our university—values that give us the 
impetus to make the world a better place to live.

SATISH UDPA
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the Wave of the Future

y design principle has always been to take a challenge 

that you have to overcome and turn that challenge into 

a benefit.”

  So explains Norbert Müller, associate professor of 

mechanical engineering at Michigan State University, as he 

describes his path toward developing a new engine design 

that could revolutionize automobile fuel efficiency.

His concept for a wave disk engine, using shock wave 

compression together with internal combustion and 

turbine propulsion, has recently caught the interest of a broad 

range of scientific publications and blogs.

It also caught the interest of U.S. Secretary of Energy Steven 

Chu during a VIP tour of the 2011 ARPA-E Energy Innovation 

Summit at which Müller had been invited to showcase his work.
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an old idea, revisited

Early in his career Müller had consid-
ered the potential for wave energy in 
turbomachinery. While developing 
his doctoral thesis he had toyed with 
the concept of using shock waves 
to build a compressor. He put that 
idea on hold, however, aft er being 
discouraged for the moment by the 
professor who advised him that such 
a compressor could not work using 
only shock waves.

“He was an excellent old-school 
turbomachinery person,” Müller 
explains. “By trade, I’m also a 
turbomachinery person. Turboma-
chinery people typically don’t like 
shock waves—as they mostly cause 
problems.”

Problems, Müller later decided, 
were just opportunities in work 
clothes.

Aft er completing his PhD in 
mechanical engineering in 1999 at 
Technische Universität in Dresden, 
Germany (from which he also holds 
BS and MS degrees), conducting 
post-doctorate work, and establishing 
the teaching of turbomachinery at 
Columbia University, Müller joined 
the faculty of the MSU College of 
Engineering in 2001.
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He took a second look at shock 
waves when his first graduate 
student, Pejman Akbari, reintroduced 
him to the concept of wave ma-
chines. Müller was excited to initiate 
research using principles of unsteady 
waves. Fully supported by Müller, 
Akbari’s doctoral work focused on a 
preliminary design for wave rotors to 
improve the performance of a variety 
of engines and machinery using new 
thermodynamic cycles. A wave rotor 
using compression and expansion 
waves to exchange energy between 
fluids with diff erent pressures held 
promise for improving efficiency 
compared to existing internal 
combustion and turbine engines.

Müller began considering the 
potential for shock waves as a means 
to overcome general limitations 
in turbomachinery and to achieve 
very fast localized compression. Fast 
shock compression can result in 
greater energy efficiency than that 
which is typically utilized in various 
machines such as aircraft  engines, 
power plant turbines, or piston 
engines, like those used in auto-
mobiles, lawn mowers, and chain 
saws. Müller’s lab began working 
with pressure-exchange wave rotors 
capable of enhancing the power of a 

broad array of turbomachinery.
In the ensuing years, many 

graduate students have worked 
with Müller, both learning from and 
contributing to the design process. 
Müller recognizes the importance of 
his students to the work of his lab 
and encourages their contributions.

Current doctoral student Pablo 
Parraga-Ramirez was drawn to work 
with Müller through his interest in 
green energy and engine mechanics.

“I was used to working with fewer 
resources; Dr. Müller makes sure that 
everything is there to help you do 
your job properly,” Parraga-Ramirez 
notes. “He allows me do what I feel is 
necessary for my research, encourag-
ing independent thinking.”

As time permits, Müller’s former 
graduate student Pejman Akbari 
(who later joined the faculty of 
Columbia University) continues to 
visit MSU and works on the device 
supporting the ongoing research. 
Müller is also quick to note the 
contributions of Janusz R. Piechna of 
the Warsaw University of Technology 
as the co-inventor of the wave disk 
engine. A good friend of Müller’s, 
Piechna travels from Europe to spend 
as much time working with the MSU 
lab as his time allows.

pistons, superchargers, 
and wave disks

In the past, wave rotors have been 
used in automobiles as pressure-
wave superchargers for internal 
combustion engines. Supercharged 
engines were available as early as 
the 1950s from auto companies 
such as Opel, Volkswagen, and 
Mazda. The Mazda 626 diesel 2-litre 
engine continued to be available 
into the 1990s. By the turn of the 
century, however, turbochargers had 
become dirt cheap and wave rotor 
superchargers fell out of favor as 
fewer resources were invested in 
their development.

Müller conceived of a design that 
incorporated internal combustion 
(like that of a piston engine) with 
the extraction of energy as is done 
in turbomachinery where high-
pressure, high-velocity gas turns the 
turbine blades.

As Müller describes it, internal 
combustion engines and gas turbine 
engines each have their advantages 
and limitations. The confined 
combustion of the IC engine is 
more efficient than the steady state, 
theoretically constant-pressure 
combustion turbine engine. In the 

We have the combination 
of confi ned combustion 
and complete expansion
—which leads us to 
higher effi  ciencies 
from the get-go.

 MICHIGAN STATE UNIVERSITY COLLEGE OF ENGINEERING 05



turbine, the combustor remains 
open to both intake and exhaust, so 
the flow goes through continuously, 
and there is actually a pressure loss 
in the combustor.

The IC engine is a pressure 
gain combustor, providing higher 
efficiency for the cycle. However, the 
IC engine is limited by the piston 
traveling length and the work cycle 
is truncated. That means that not all 
of the work available from the burnt 
hot gases is utilized in the engine 
as the gasses are not completely 
expanded. In fact, a car equipped 
with an IC engine typically uses only 
15 percent of its fuel for propulsion. 
The gas turbine allows for complete 
expansion, but does not achieve a 
pressure gain in the combustor.

“We combine both the confined 
combustion of the internal combus-
tion Otto Cycle engine with the 
complete expansion of the Brayton 
Cycle in a turbomachinery engine,” 
Müller explains. “To that, we added 
shock waves for internal energy 

transferal. The result is this so-called 
Humphrey Cycle, where we have the 
combination of confined combustion 
and complete expansion—which 
leads us to higher efficiencies from 
the get-go.”

The resulting wave disk engine 
can be a more efficient engine. 
When used in a serial electric hybrid 
car with regenerative braking, there 
is a potential that 60 percent of 
the fuel would actually be used for 
propulsion. It would also be much 
smaller and lighter weight than 
currently available engines, with 
only one moving part.

The wave disk engine has a rotor 
with curved channels that house a 
mixture of air and fuel as the rotor 
spins. The mixture can enter through 
central inlets; as the rotor spins, it 
blocks their exit through an outlet 
port. The sudden buildup of pres-
sure produced by closing the exit 
end causes a shock wave to form, 
compressing the mixture. It is then 
ignited, the rotor continues spinning, 
and the hot gases leave at high 
speed through the outlet port; then 
the process repeats. The exhaust gas 
pushes against the curved channels, 

turbine, the combustor remains
open to both intake and exhaust, so 
the flow goes through continuously,
and there is actually a pressure loss
in the combustor.

The IC engine is a pressure
gain combustor, providing higher
efficiency for the cycle However the

transferal. The result is this so-called
Humphrey Cycle, where we have the 
combination of confined combustion 
and complete expansion—which
leads us to higher efficiencies from
the get-go.”

The resulting wave disk engine
can be a more efficient engine.
When used in a serial electric hybrid
car with regenerative braking, there
is a potential that 60 percent of 
the fuel would actually be used for
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keeping the rotor spinning and 
producing torque.

In application, this engine 
wouldn’t directly power the wheels 
of an automobile; instead it would 
drive an electric generator, which in 
turn charges the battery in a hybrid 
car or other device.

the wave disk advantage

As Müller sees it, there is much to 
like about this engine design. “The 
wave disk engine has a very simple 
geometry, it’s easy to manufacture, 
lower cost and lighter weight, and 
on top of this it actually has the 
potential of higher efficiency.”

The wave disk design eliminates 
many of the components of a 
conventional IC engine; there are 
no valves, pistons, or crankshaft . 
The engine also requires no cooling 
system, transmission, or fluids, 
meaning that maintenance costs 
are greatly reduced. The design is 
about the size of a large cooking 
pot—much smaller and lighter than 
an existing engine. With fewer parts, 
the wave disk engine would be 
much less expensive to produce than 
a traditional internal combustion 

engine, and it could be made to run 
on a variety of fuels.

Fuel economy comes from both 
the improved efficiency of the en-
gine and the reduced weight of the 
automobile. Müller’s team estimated 
that a car fitted with the wave disk 
engine could be up to 20 percent 
lighter overall. Environmental 
advantages would be available both 
from the reduced fuel consumption 
and up to a 90 percent reduction 
in emissions in comparison to 
typical internal combustion engines 
currently on the road.

federal funding— 
and a larger stage

The concept caught the interest of 
the U.S. Department of Energy (DOE). 
In 2009, Müller’s team received a 
$2.5 million federal stimulus grant to 
build a prototype wave disk engine. 
It was among 37 energy research 
projects chosen in the first round of 
Advanced Research Projects Agency-
Energy (ARPA-E) funding by the DOE.

More than 3,600 initial concept 
papers had been submitted to the 
DOE’s rigorous review process, 
which included input from multiple 

review panels composed of leading 
U.S. energy science and technology 
experts, and ARPA-E’s program 
managers. The chosen projects 
were selected for their potential to 
accelerate innovation in clean energy 
technologies, increase America’s 
competitiveness, and create jobs.

“We are one of the few universi-
ties receiving first-round funding that 
got such a project granted without 
any industry partnership—just one 
single university. That was not com-
mon in the first round,” Müller says. 
“It was said that this has been the 
most innovative project in automo-
tive applications they have found in 
a long time.”

Müller was also invited to 
participate in both the 2010 and 2011 
ARPA-E Energy Innovation Summits 
in Washington, DC. He presented a 
prototype of his engine at the 2011 
ARPA-E Energy Innovation Summit 
Technology Showcase in late 
February.

“There were more than 250 
exhibitors at the energy summit, 
all chosen by ARPA-E to be the 
most significant energy projects in 
the country to be funded (by DOE) 
as high-risk/high-payoff  projects,” 
Müller notes. “At the ARPA-E 

Problems, 
Müller decided, 

were just 
opportunities 
in work clothes.
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Summit, U.S. Secretary of Energy 
Steven Chu decided to have a special 
tour before the general opening and 
he asked to see a showcase of about 
10 exhibitors. MSU was chosen to be 
included in this VIP tour and I had 
the pleasure to talk with Secretary 
Chu and his advisors about the 
prospects of this program.”

The visit was later featured in the 
DOE’s energy blog (http://blog.energy.
gov/blog/2011/03/01/arpa-e-technology 
-showcase-project-spotlight).

Müller’s connection to ARPA-E has 
garnered a fair amount of attention in 
national science media. His work was 
featured prominently in an article in 
the February 2011 edition of Popular 
Science profiling the director of ARPA-E, 
Arun Majumdar. Since then, Müller’s 
wave disk engine project has been 
the subject of popular publications in 
print such as Scientific American, New 
Scientist, and The New York Times, 
on TV (CNN, Discovery, PNR), radio 
(WJR, WKAR), and online (Physorg: 
www.physorg.com). It is among 
the nominees for the 2011 Katerva 
Awards for the very best sustainability 
initiatives on the planet (www.katerva.
org). A Google search brings up several 
hundred mentions of Müller’s work 
(http://goo.gl/fUuAV).

the future

While this research is very promising, 
it may be a while before you see a 
wave disk engine automobile in your 
garage. A lab bench model is still a 
long way from a production-ready 
design. A lot more research is needed 
to develop a device that will work 
reliably under a broad variety of field 
conditions.

“The theory has been tested,” 
Müller says. “We have tested our 
model; it fired; it rotates. We have 
combustion within narrow, high-
speed rotating channels. That is the 
first, most important thing.”

Next, Müller’s team will be 
working on increasing power and 
efficiency. Having built a small proto-
type, he works toward a 25-kilowatt 
version by the end of this year.

 “If we are lucky, and have all 
of the support that we need, we 
could think that it is feasible to have 
a device that goes into a first test 
application within a year or two,” 
Müller says. “But I have to emphasize 
that that is very optimistic and that 
is counting on continued support 
moving forward.”

Ultimately, Müller sees a future 
in which the wave disk engine could 

be put to many uses. As a power 
generator, it could be used in any 
application in which engines are 
used today. The possibilities appear 
almost limitless.

“One of the easiest market 
entries seems to be stationary power 
generation,” Müller notes. “The wave 
disk engine could be used for back-
up power, mobile power, or to power 
small households.

“We haven’t seen limits in scaling, 
yet,” he says. “Originally, this concept 
was envisioned at the microscale 
level—manufacturing a gas turbine/
wave disk engine on a chip to power 
a laptop battery. Today, for lab 
convenience, and for educational and 
existing applications, we are looking 
at a range between 1–30 kilowatts 
power generation because this 
seems to be the highest demand.”

A 1–30 kilowatt generator would 
be sufficient to supply energy to the 
battery of hybrid vehicles ranging 
from motor scooters, to SUVs, to boats 
and light aircraft . Müller foresees 
wave disk engines used in everything 
from electronics to power plants once 
design challenges resolve.

From where he sits, Norbert 
Müller sees the wave disk engine as 
a challenge with endless benefits. e

It was said that this has 
been the most innovative 
project in automotive 
applications they have 
found in a long time.
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ou are about to enter another dimension, 

a journey into a land where robotic 

animals evolve before your eyes. As these 

new creatures come marching, swarming, 

swimming, and crawling toward you, you 

may feel like you’ve stepped into an episode 

of the old TV show The Twilight Zone. But you 

are in the evolutionary robotics laboratory in 

Michigan State University’s Engineering Build-

ing, where Professor Philip McKinley and his 

team are at work on a research project that is 

multidisciplinary and truly multidimensional—

3-D to be exact.

You’ve just crossed over into Evolution Park: 

An Evolutionary Robotics Habitat for the Study 

of Crawling, Swimming, and Flying Creatures, 

supported by a $305,000 grant from the 

National Science Foundation. P
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Xiaobo Tan (left ) and Philip McKinley

by Laura Luptowski Seeley

EVOLUTION PARK

 a 

 journey

into 

  a 

new

 dimension
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The centerpiece of this two-year 
grant, which was awarded this 
spring, is a 3-D printer that can print 
out robotic animals as well as other 
parts and assemblies more typically 
seen in manufacturing. Indeed, 
3-D printing technology is spread-
ing rapidly in many fields, from 
engineering, to medicine, to arts 
and entertainment.

“This grant enables us to build 
an infrastructure that will support 
a broad range of research projects,” 
says McKinley. “MSU is a perfect place 
to have this kind of facility because 
we already have an entire com-
munity of users—within the college 
and across the university—who will 
be able to take advantage of it.”

Evolution Park project researchers 
are McKinley, principal investigator 
and professor of computer science 
and engineering; co-principal 
investigator Xiaobo Tan, associate 
professor of electrical and computer 
engineering; and co-principal inves-
tigator Janette Boughman, associate 

professor of zoology. Boughman is an 
expert on stickleback fish, Tan’s work 
focuses on robotic fish, and McKinley 
is interested in evolutionary computa-
tion and building systems that can be 
sent out into the world to do a specific 
job. Together, they are constructing an 
elaborate environment for evolving 
creatures in a computer, printing 
them out using the 3-D printer, and 
studying them as they swim, crawl, 
and fly on their own. 

“Our collaboration is built on 
biomutualism, or the idea that 
biology can inform engineering and 
robotics, and in turn, engineering 
and robotics can be used to under-
stand biology,” says Boughman. Her 
role will be to conduct experiments 
with real stickleback fish—threespine 
stickleback (Gasterosteus aculeatus 
complex)—to understand their 
social behavior, collective decision 
making, and social learning. She will 
also conduct experiments to better 
understand how the fish manage to 
swim so efficiently, by focusing on 

Janette Boughman

Our collaboration is built on 
biomutualism, or the idea that 
biology can inform engineering 
and robotics, and in turn, 
engineering and robotics can be 
used to understand biology.
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their body and fin shape and how 
that aids movements such as start-
ing, stopping, turning, and station 
keeping (holding a position even 
when a current is flowing past them). 

An earlier NSF grant in 2008 
established the evolutionary robotics 
laboratory, which includes a compute 
cluster, several computers for simula-
tions, a swarm of micro-robots, and 
a tank that holds 18 tons of water. 
The tank provides an environment 
for experiments with robotic fish. 
In addition to the 3-D printer, this 
new grant will be used to purchase 
additional computers for high-fidelity 
simulations, as well as several smaller 
tanks equipped with instrumentation 
for monitoring purposes.

“Evolution Park, an extension of 
a previous testbed, is a project that 
will provide a facility for studying 
autonomous systems, in particular 
those related to evolutionary design,” 
says Tan.

“Evolution has done a great job 
in the natural world. Now we are 

exploring what it can do with robotic 
systems,” says McKinley.

evolutionary computing 

Evolutionary robotics, or using 
evolutionary computation to “design” 
the behavior of a robot and possibly 
its morphology, has been an area of 
interest for the past 20 years, accord-
ing to McKinley.

But recently, across the country 
and right here at MSU, there is an 
increasing interest in evolutionary 
computing—evidenced by the 
establishment last year of BEACON 
(Bio/computational Evolution in 
Action CONsortium), an NSF Science 
and Technology Center for the Study 
of Evolution in Action. Located in the 
Biomedical and Physical Sciences 
Building on the MSU campus, 
BEACON serves as a resource for 
academics, educators, and industry, 
performing basic research while 
helping create new technologies to 

solve real-world problems, ranging 
from the development of safer, more 
efficient cars, to systems that detect 
computer intrusions, to medical ap-
plications. This consortium includes 
four other universities: North Carolina 
A&T State University, the University 
of Idaho, the University of Texas 
at Austin, and the University of 
Washington. 

McKinley refers to the “three 
pillars of BEACON”—biological 
evolution, evolution harnessed for 
engineering, and then applying this 
artificial life technology to help better 
understand the evolutionary process 
in general.

“We’ve reached a point where 
computing can really serve us in this 
new area of engineering—evolution-
ary design,” says McKinley.

gone fishing

The initial step for the Evolution Park 
researchers will be to study the basic 

Stickleback fishStickleback fish
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locomotion and other behaviors 
of a natural organism, using the 
stickleback fish as a model.

Boughman explains why the 
stickleback, a small fish that averages 
6 cm in size, is the perfect vertebrate 
system for studying evolution in 
action. “There is a wealth of informa-
tion on their evolution, behavior, 
and ecology, as well as good genetic 
tools, so they are a model system 
for understanding the evolution of 
many traits, including social behavior, 
morphology, and speciation. They 
are also amendable to lab and field 
experiments. But probably the most 
important reason is that they adapt 
very, very rapidly to novel evolution-
ary pressures, giving us a window on 
the process of evolution.”

“The goal of the new project,” 
says McKinley, “is to produce very 
small swimming robots, similar to 
sticklebacks in size and appearance, 
which will intermingle with live fish 
in order to help understand various 
behaviors and how they evolved. In 

turn, this knowledge will feed back 
into the development of robots that 
can adapt to adverse and dynamic 
conditions.”

The engineering researchers will 
design robotic fish in the computer 
using evolutionary computation and 
physics-based simulators, as well as 
SolidWorks 3D CAD soft ware. “Using 
evolutionary algorithms, we will 
evolve the controllers for these robots, 
as well as the bodies of the robots 
themselves, in a computer. Evolution 
will enable us to find the best com-
binations of materials, shapes, and 
behaviors,” McKinley says. He notes 
that they will be able to evaluate 
thousands of generations in a day. 

 “When we have a design that 
seems like it’s performing pretty well 
in the simulated world, we will print 
it out for testing in our real tanks.”

The 3-D printer uses materials 
that range from extremely hard 
plastic to extremely flexible plastic—
and everything else in between. 

While their initial focus is on 

swimming robots, the system will 
also be used to produce crawling 
and flying robots. Since the printer is 
capable of printing multiple materials 
at the same time, the researchers 
will be able to produce complex 
structures, such as fins and wings 
that comprise rigid struts and more 
pliable inner membranes. “However, 
for some studies, the robots do not 
necessarily need to mimic any living 
creature,” says McKinley. “Rather, 
the evolutionary process might 
discover entirely new structures and 
behaviors that match the properties 
of the materials and mechanisms for 
locomotion.”

Typically, a 3-D printer like the 
one in MSU’s evolutionary robotics 
lab would be used to create a model, 
from which a mold would be made. 
The final product would then be 
manufactured out of metal or some 
other material. “But for us, what we 
print out—these robots—these are 
the end products,” McKinley says.

“Having our own 3-D printer 

The engineering researchers will design 

robotic fish in the computer, then print 

them out using the 3-D printer.
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inches 1 2 3 4

The project’s initial focus is on swimming 

robots, but the system will also be used 

to produce crawling and flying robots. 

Researchers will be able to produce 

complex structures, such as fins and 

wings. Shown are early prototypes.
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is a huge advantage. Instead of 
having to send our designs off  to 
be manufactured somewhere else, 
we just print them out right here 
and test them on the same day. If it 
doesn’t work the way the simulation 
indicated it would, we try to figure 
out why. We refine it and try again,” 
says McKinley. “We could also print 
many diff erent possibilities at the 
same time and have them compete 
against each other to see how they 
work in the real world.”

The “creatures” that come out of 
the printer are mostly passive de-
vices, although they may also contain 
gears and other physical mecha-
nisms, printed in place. But they 
don’t contain electronics. So there 
is one more step. Aft er printing, the 
researchers will need to couple the 
passive parts of the robots with active 
elements, such as microcontrollers, 
electroactive polymers (also known 
as artificial muscles), small servo mo-
tors, or other compact mechanisms 
to actuate the devices, enabling them 
to move and maneuver.

During the evolutionary computa-
tion phase, the robots evolve to 
use simulated versions of these 
active elements. Aft er printing, the 
researchers simply insert the actual 
devices into their respective places in 
the printed bodies.

Once complete, the new robotic 
fish will be tested in the tanks in the 
lab, or taken out to natural bodies 
of water to be tested under realistic 
conditions. 

The Evolution Park grant also 
provides instrumentation for the 
testing tanks so lighting conditions 
and turbulence conditions in the 
water can be changed. “This allows 
us to study how robotic fish, as well 
as real fish, adapt to environmental 
variations,” says Tan.

 MICHIGAN STATE UNIVERSITY COLLEGE OF ENGINEERING 15



Tracking systems and special 
cameras on the tanks will also allow 
the researchers to analyze the motion 
of both the robotic fish and the real 
fish in their respective tanks, so that 
individual behaviors and collective 
behaviors may be observed. In some 
cases, the researchers will place 
live fish and robotic fish together 
in the same tank and observe their 
interactions.

“There have been studies where 
researchers have used very simple 
robots to elicit behaviors from natural 
organisms. But we can take that to 
a completely new level with these 
extremely high-fidelity robotic fish,” 
says McKinley.

“This project is a real meeting 
of the minds, requiring concerted 
and collaborative research eff ort in 
biology, robotics, and computing,” 
says Boughman. “Evolutionary 
computing will enable the design 
of realistic robotic fish and the 
exploration of important evolutionary 
questions. The insight from biology 
will be exploited to enable adaptive 
behavior for autonomous robotic 
systems, and the use of robots will 
give us unprecedented flexibility to 
test behavioral hypotheses.”

applying the evolutionary 
process to solve 
engineering problems

There are many promising applica-
tions, both civilian and military, for 
these new generations of robots. 

“Mobile robots, working alone or 
in groups, are increasingly viewed as 
means to assist humans in remote, 
difficult, or dangerous tasks,” says 

McKinley. “However, since human 
oversight may be limited or tempo-
rarily unavailable in these situations, 
such robotic systems must exhibit a 
high degree of autonomy.”

Civilian applications could include 
disaster relief, victim recovery, and 
search and rescue. In the case of 
natural disasters, large swarms 
of flying robots could be sent out 
to locate survivors. Many times, 
firefighters lose their lives when they 
enter a burning building to look 
for victims who may have already 
gotten out. Firefighting teams could 
instead have a whole collection of 
robots trained and ready to send into 
a burning building.

Marine biologists could use 
automated systems for monitoring 
water quality and homeland security 
could use swimming robots to 
patrol our waterways. The army 
is already using robots—mostly 
remote-controlled—for detecting 
and disarming explosive devices in 
Iraq and Afghanistan. 

The engineering research team (from left ) Xiaobo Tan, 

associate professor of electrical and computer engineering; 

Jianxun Wang (back), PhD student; Sanaz Behbahani 

(front), PhD student; Brian Wright (in back), research/

instructional equipment technician; Philip McKinley, 

professor of computer science and engineering; and 

Anthony Clark, PhD student.

wever, si

 16 CURRENTS MAGAZINE 201 1–2012  .  WWW.EGR.MSU.EDU



The more autonomous these 
robots are, and the more capable 
they are of operating eff ectively 
under adverse conditions, the better. 
But how can soft ware be designed 
to adapt to situations that can’t be 
anticipated? That’s the difficult part, 
says McKinley.

“We need to combine evolution-
ary computation with rigorous 
soft ware engineering techniques 
to build very robust, but adaptable, 
soft ware systems. These are the 
types of systems these robots will 
need,” McKinley says.

“Evolution is a wonderful search 
process in natural organisms. It finds 
solutions to complex problems. Now, 
we have enough power in a com-
puter, in a cluster of computers, to 
truly evolve systems,” says McKinley. 
“Let’s use that great search capacity 
of the evolutionary process to help 
us engineer solutions—solutions 
we could never come up with on 
our own—to some really difficult 
problems.” e
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Now, we have 
enough power 
in a computer 
to truly evolve 
systems.

BEACON center for the study of evolution in action

The BEACON Center for the Study of Evolution in Action approaches 

evolution in an innovative way, bringing together biologists, computer 

scientists, and engineers to study evolution as it happens and apply 

this knowledge to solve real-world problems. Established in 2010, 

BEACON is an NSF Science and Technology Center, headquartered at 

Michigan State University.

More than 30 faculty researchers in MSU’s College of Engineering, 

College of Natural Science, College of Agriculture & Natural Resources, 

and Lyman Briggs College are involved in the project. MSU is also part-

nering with North Carolina A&T State University, the University of Idaho, 

the University of Texas at Austin, and the University of Washington.

“BEACON is multidisciplinary to its core, and in addition to making 

discoveries in basic science and applications, it will prepare a new 

generation of researchers with the insight that comes from first-hand 

experimentation with evolution in the lab and in the computer,” says 

Erik Goodman, director of BEACON and professor of electrical and 

computer engineering. “Recognizing the commonality of evolutionary 

dynamics in both contexts will enable studies and applications that 

could not be done in isolation in either biology or engineering.”

To learn more about BEACON, go to http://beacon-center.org/.

 MICHIGAN STATE UNIVERSITY COLLEGE OF ENGINEERING 17



Engineeri

 18 CURRENTS MAGAZINE 201 1–2012  .  WWW.EGR.MSU.EDU



by Jane L. DePriest

improving

and

saving lives

through

biomedical

research

ng a Healthier World

ust a few millimeters beneath the skin that cov-

ers the patient’s skull lies a miniscule implanted 

chip that contains microelectrodes and tiny 

LEDs that can be wirelessly controlled. Light, 

versus an electric pulse, stimulates the patient’s 

brain, causing the cells to fire with millisecond 

precision. The patient, who suff ered a spinal 

cord injury 10 years ago, takes her first step in a 

decade. 

That scenario is just one of many medical 

“miracles” that could play out within the next 

few years, thanks to the work of biomedical 

researchers in MSU’s College of Engineering.

More than 30 faculty members are currently 

at work in their labs developing new tools and 

technologies that hold promise for those around 

the world who live with medical conditions and 

diseases such as spinal cord injuries, Parkinson’s 

disease, epilepsy, cancer, musculoskeletal 

disorders, diabetes, cardiovascular disease, 

tuberculosis, and medical implants.
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the quest: conversing 
with the brain

Karim G. Oweiss, associate 
professor of electrical and computer 
engineering and an active research 
and training faculty member in the 
Neuroscience Program at MSU, is re-
searching new tools and techniques 
to advance the understanding of 
how the nervous system works and 
to translate this understanding to 
clinical applications of brain-ma-
chine interfaces (BMIs). These BMIs, 
which off er a direct communication 
pathway between the brain and an 
external device, are oft en aimed at 
assisting, augmenting, or repairing 
human cognitive or sensory-motor 
functions. 

In short, says Oweiss about his 
research team’s quest to study the 
brain: “We engineer the tools and 
techniques to fix it if it breaks.”

Oweiss and his team of 
researchers are currently working on 
a number of projects. The focus of 

one of the projects, funded by the 
National Institute of Neurological 
Disorders and Stroke, is the phe-
nomenological aspects of neural 
plasticity that underlies the ability 
of the brain to learn, memorize, or 
recover from injury. The research 
team is especially interested in the 
way neurons respond to sensory 
stimuli and instruct muscles to 
perform voluntary movements. 
The wiring between these neurons 
is known to undergo significant 
changes during development, but 
more interestingly, it undergoes 
change during brain-machine 
interface experiments, where one or 
more brain-derived neural signals 
involved in a movement, or a series 
of movements, can be decoded 
to control a machine, such as a 
prosthetic arm.

When operating in a closed loop, 
brain-machine interfaces can also 
provide artificial sensory feedback 
to the subject, for example, by 
stimulating brain areas responsible 

We selectively manipulate 
the activity of neurons 

involved in tasks using light, 
hoping to identify their role 

in the computations they 
perform at millisecond 

temporal resolution.
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Karim Oweiss, Ali Mohebi, and John Daly
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for the sense of “touch.” The re-
search team is specifically focusing 
on mechanisms of coordinated 
signaling between many simultane-
ously observed neurons, and ways 
to control their firing patterns in a 
desired way.

“We use microelectrode arrays 
implanted in selected brain areas 
to simultaneously record the spike 
trains of ensembles of neurons 
during task execution,” says Oweiss. 
“We also use optogenetic techniques 
from microbiology to selectively 
manipulate the activity of neurons 
involved in these tasks using light, 
hoping to identify their role in 
the computations they perform at 
millisecond temporal resolution.” 
[Optogenetics is an emerging field 
that combines optics and genetics to 
probe neural circuits.]

Oweiss and his team are also 
building miniaturized electronic 
chips that can be fully implanted in 
the brain and programmed wire-
lessly from the outside to optimize 
the bi-directional communication 

between the brain and the machine. 
His latest project, totaling more 
than $2.5 million and funded by the 
Defense Advanced Research Projects 
Agency (DARPA), aims at building 
a clinically viable BMI to move this 
exciting technology from benchside 
to bedside, to help people with 
severe sensory, cognitive, and motor 
deficits improve their lifestyles. The 
project focuses primarily on neural 
decoding—the ability to translate 
brain signals into useful motor 
commands for dexterous control 
of artificial limbs in a variety of 
contexts, such as reaching to grasp 
and manipulate external objects. 

“The value of what we’re doing 
will not be appreciated unless we 
get human patients to use these 
BMIs in a versatile and safe way, 
and I believe we’re on the right path 
to achieve this goal,” says Oweiss, 
who is the editor and co-author 
of Statistical Signal Processing for 
Neuroscience and Neurotechnology, 
published by Academic Press in 
2010.

a faster way of 
sensing disease 

Evangelyn “Vangie” Alocilja, professor 
of biosystems and agricultural 
engineering, is working on nano-
structured biosensors that can detect 
the presence of specific pathogens, 
including tuberculosis. “Our goal is to 
protect lives through point-of-care 
field-operable nanostructured 
biosensors for the rapid diagnosis of 
infectious disease agents that are of 
concern to public health, homeland 
defense, food supply chain, and eco-
nomic infrastructures,” says Alocilja.

By immobilizing the bioreceptors 
on nanoparticles and semi-conductor 
thin film sensors and attaching the 
sensor to a computer, researchers 
can observe in real time when the 
receptors bind to the target pathogen 
and send an electrical signal to the 
computer that alerts them that the 
pathogen is present.

Detection using traditional cultur-
ing techniques can take from two to 
seven days to get results. “For TB, it’s 

ster wa

Vangie Alocilja (right) with students
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Understanding neural 
responses to localized 
magnetic fields will lay 
the foundation for new 
neural-machine interfaces 
in neurophysiology and 
clinical neurology.

Wen Li

Our goal is 
to protect lives 
through rapid 
diagnosis of 
infectious 
disease agents.

Understan
ponses to

etic fields
dation for 

hine inte
siology an

eurology.

even longer,” says Alocilja. “Culturing 
the tuberculosis bacterium takes at 
least six weeks. Our DNA sensor for 
TB has results in two to six hours 
(depending on the complexity of the 
sample preparation), so people can 
start treatment much faster.” Alocilja 
explains why that is so important.

Annually, nearly 2 million people 
die of this highly infectious disease, 
which particularly aff ects the world’s 
poorest populations. There are 
almost 9 million new cases every 
year. TB is a curable disease, but 
the diagnosis takes so long that 
infected individuals have already 
infected many others before they 
themselves are diagnosed and 
treated. Furthermore, the rise in drug 
resistant TB and TB-HIV co-infection 
are emerging global challenges.

Alocilja works at the nano level—
one nanometer is one-billionth 
of a meter—using extremely tiny 
nanoparticles, nanowires, nano-
magnets, and nanopores to build her 
sensors. “Moving to the nanoscale 
level is like going from a ten-lane 

highway to a one-lane road,” she says.
In addition to the sensor for 

tuberculosis, Alocilja and her team 
have developed and applied for 
patents on biosensors including 
mechanisms to detect E. coli, Salmo-
nella, Mycobacterium species, and
Bacillus anthracis, the bacterium that 
causes anthrax, as well as sensors 
that can detect viruses, including the 
influenza virus. 

“In developing countries, where 
people may have to travel for several 
hours to get to a medical clinic,” says 
Alocilja, “being able to have results 
without a second trip to the clinic 
may mean that many more people 
get treatment, which can be the 
diff erence between life and death.”

nanotechnology moves 
medical research forward

Wen Li, assistant professor of electri-
cal and computer engineering, also 
sees the possibilities for using micro/

nanotechnology. She received an NSF 
CAREER Award to support the devel-
opment of biocompatible systems 
that permit seamless interfacing 
with nervous systems for studying 
and treating neural injuries and/or 
diseases. Funding for this five-year 
$400,000 grant began March 1, 2011. 

Li is researching many aspects of 
micro/nano sciences and technolo-
gies, including microstructures and 
systems, microsensors and actuators, 
biomimetic devices and systems, 
microfluidics and lab-on-chip 
systems, microelectromechanical 
(MEMS) systems materials, integra-
tion and packaging technologies, and 
other relevant fields. “In particular, 
we are interested in using the bio-
compatible polymer MEMS platform 
to develop novel miniaturized devices 
for fundamental scientific research, 
chemical sensing and detecting, 
biomedical diagnostics, and therapy,” 
says Li.

She believes that the invention 
of new biomedical implants capable 

P
H

O
TO

 B
Y 

K
U

R
T 

ST
EP

N
IT

Z
P

H
O

TO
 B

Y 
H

A
R

LE
Y 

J.
 S

EE
LE

Y

 MICHIGAN STATE UNIVERSITY COLLEGE OF ENGINEERING 23



of monitoring and manipulating 
localized bio-electromagnetic 
fields will help reveal unknown 
cause-eff ect relationships between 
electrical and magnetic signals 
in biological systems. “In-depth 
understanding of neural responses to 
localized magnetic fields will lay the 
foundation for new neural-machine 
interfaces in neurophysiology and 
clinical neurology,” says Li. Ultimately 
this could mean neural implants that 
provide bi-directional electromag-
netic guidance cues to enable neural 
circuit re-growth and lost neural 
function restoration. 

“There are a lot of uncertainties 
with this project, things that have 
not been done before. So there are 
challenges. But at the same time, it is 
exciting,” says Li. Her research could 
lead to the development of valuable 
tools to advance neuroscience and 
lead to new neural prostheses and 
therapies. This could mean the 
reduction of national healthcare costs 

and life quality improvement for 
patients suff ering neural injuries and 
diseases.

multidisciplinary team 
engineers treatment for 
musculoskeletal disorders

Two mechanical engineering faculty 
members, Jongeun Choi and Clark 
Radcliff e, are part of a multidisci-
plinary team of MSU researchers who 
recently were awarded a five-year, 
$4.2 million grant from the National 
Institutes of Health (NIH) to develop 
accurate clinical research tools for 
studying osteopathic manipulative 
medicine (OMM), a hands-on 
approach to the diagnosis and treat-
ment of musculoskeletal disorders. 
The goal is to improve patient 
function and mobility.

What is unique is the team’s use 
of systems science, a branch of engi-
neering that studies complex systems 

in a way that not only includes their 
parts but also how the parts interact 
to aff ect the entire system. 

Applying engineering concepts 
and systems science to osteopathic 
treatments provides an excellent 
framework for investigating the mus-
culoskeletal system’s performance, 
says Choi. 

“The challenge is to develop 
methods that can measure changes 
in the body, are accurate, and are 
safe when applied on patients,” adds 
Radcliff e.

The grant involves three projects. 
Choi is the co-project leader of 
Project 1 and the project leader of 
Project 3. Radcliff e is the co-project 
leader of Project 2.

PROJECT 1: OSTEOPATHIC MANIPULATIVE 

MEDICINE AND POSTURAL CONTROL

Preliminary studies suggest OMM 
improves postural control in 
patients; however, the mechanisms 

a bra
udies compl

Applying engineering 
concepts and systems 
science to osteopathic 
treatments provides 
an excellent framework 
for investigating the 
musculoskeletal system.

Jongeun Choi
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Clark Radcliff e

The challenge is to 
develop methods that 
can measure changes 
in the body, are accurate, 
and are safe when 
applied on patients.

responsible are unknown. MSU 
researchers hypothesize OMM targets 
impaired functions of the neuromus-
culoskeletal system that arise from a 
dysfunction in the muscle spindles; 
they will study that process.

PROJECT 2: OMM’S EFFECT ON SUDDEN 

EVENTS CAUSING LOW BACK PAIN

Sudden, unexpected loading to the 
spine results in severe and costly 
back injuries. While appropriate 
postural control can spare the spine 
from harm, people with low back 
pain have impaired postural control, 
which suggests they are more likely 
to re-injure themselves. If osteopathic 
manipulative medicine can eff ectively 
reduce dysfunction and pain, then 
improvements in postural control, 
including faster responses of trunk 
muscles, should be realized, MSU 
researchers hypothesize. This im-
provement in postural control should 
then mitigate any adverse eff ects 
from an unexpected event. To test the 

hypothesis, researchers will develop 
objective performance measures of 
the postural control system.

PROJECT 3: EFFECTS OF OSTEOPATHIC 

MANIPULATIVE MEDICINE ON 

NEUROMUSCULAR CONTROL OF 

THE HEAD-NECK SYSTEM

Neck pain is one of the three most 
frequently reported musculoskeletal 
complaints, aff ecting 70 percent of 
individuals. OMM appears to be 
eff ective in relieving musculoskeletal 
pain in the head-neck area. However, 
the measures used to support those 
findings have been limited to subjec-
tive tests such as survey statements 
provided by patients. The overall 
goal of the project is to develop 
objective clinical research tools for 
the assessment of motor control of 
the head-neck system. 

The NIH projects began in September 
2010. During the first two years 
(planning years), the research group 
is focusing on the development 

and optimization of the objective 
measurement systems for the three 
projects. In particular, two robotic 
platforms will be purchased and 
modified to serve as measurement 
systems for Projects 1 and 2. This 
human-in-the-loop robotics 
system will be developed using an 
integrated technology that builds 
on a synergetic combination of 
biomechanics, dynamics, control, 
mechatronics, and robotics.

signal processing leads 
the way to better 
cardiovascular monitoring

Ramakrishna Mukkamala, associate 
professor of electrical and computer 
engineering, directs the Physiologic 
Signal Processing & Modeling Labo-
ratory. “Our mission is to decipher 
the hidden information in biomedical 
measurements through signal 
processing and modeling in order to 
advance the basic understanding of 
physiology and establish improved P
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patient monitoring systems,” says 
Mukkamala. 

Current research in the lab 
focuses on the investigation of 
advanced techniques for monitoring 
cardio vascular function. “Our general 
approach is to measure readily 
available physiologic signals and 
to analyze them based on novel 
combinations of system identification, 
parameter estimation, and physio-
logic modeling,” says Mukkamala. “In 
this way, in contrast to conventional 
cardiovascular monitoring, important 
and specific cardiovascular variables 
may be automatically monitored with 
a level of invasiveness suitable for 
regular use.

“We are developing techniques 
to quantify various aspects of 
hemodynamic performance and 
cardiovascular regulation,” he 
explains. Together with physiologists 
and clinicians from the MSU College 
of Veterinary Medicine, the Wayne 
State University School of Medicine, 
the U. S. Army, and Massachusetts 
General Hospital, Mukkamala and his 

students are experimentally evaluat-
ing the techniques in animal and 
human models of disease as well as 
in patients.

Current sponsors of Mukkamala’s 
research include the National Science 
Foundation, the U. S. Army, and the 
Michigan Universities Commercializa-
tion Initiative. 

Mukkamala has the long-term 
significance of this research firmly in 
mind. “Ultimately, these techniques 
may facilitate the understanding of 
cardiovascular pathophysiology and 
allow for more eff ective monitoring 
of cardiovascular disease in various 
inpatient and outpatient settings, 
at home, with implanted devices, 
and even during combat and civilian 
casualty care.”

potential medical 
applications for fuel cells

Thinking outside the box has led to 
many modern innovations including 

Our mission is to decipher 
the hidden information in 
biomedical measurements 
through signal processing 
and modeling for improved 
patient monitoring.

Ramakrishna Mukkamala

continued on pg. 29
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Scott Calabrese Barton and Hao Wen
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hand-held device offers low-cost method 
for detecting cancer markers and pathogens

Syed Hashsham, professor of civil 
and environmental engineering at 
MSU, has developed the Gene-Z 
device, which is operated using an 
iPod Touch or Android-based tablet 
and performs genetic analysis on 
microRNAs and other genetic mark-
ers. MicroRNAs are single-stranded 
molecules that regulate genes; 
changes in certain microRNAs have 
been linked to cancer and other 
health-related issues.

The device was developed 
using a grant from the Michigan 
Economic Development Corporation 
to MSU and AquaBioChip, a startup 
company. Hashsham was the lead 
investigator; co-PIs were James Tiedje, 
director of MSU’s Center for Microbial 
Ecology and University Distinguished 
Professor of microbiology and 
molecular genetics and of crop and 
soil sciences; and Erdogan Gulari, 

professor of chemical engineering at 
the University of Michigan.

Hashsham demonstrated the po-
tential of the Gene-Z at the National 
Institutes of Health’s first Cancer 
Detection and Diagnostics Conference. 
The conference, held recently in 
Bethesda, Md., was sponsored by the 
Fogarty International Center and the 
National Cancer Institute.

“Gene-Z has the capability to 
screen for established markers of 
cancer at extremely low costs in the 
field,” Hashsham says. “Because it 
is a hand-held device operated by 
a battery and chargeable by solar 
energy, it is extremely useful in 
limited-resource settings.” 

In  addition to cancer detection, 
the Gene-Z device can be used to 
screen for dozens of pathogens in 
food, plants, animals, and humans 
and is also being developed to 

diagnose routine tuberculosis and 
drug-resistant TB, determine HIV 
virus levels during treatment, and 
monitor overall antibiotic resistance.

“Demonstrating the performance 
of Gene-Z in the field and in clinical 
settings is the critical next step,” 
Hashsham says. He is establishing key 
collaborations with a number of orga-
nizations and experts to demonstrate 
the usefulness of the device. The goal 
is to meet most of the requirements 
dictated by ASSURED criteria (aff ord-
able; sensitive; specific; user-friendly, 
i.e., simple to perform in a few steps 
with minimal training; robust and 
rapid; equipment free; deliverable to 
those who need the test). 

Hashsham is working with Reza 
Nassiri, director of MSU’s Institute of 
International Health and assistant 
dean in the College of Osteopathic 
Medicine, on the medical capabilities 
for the device and establishing con-
nections with physicians worldwide.

Since cancer diagnostics and 

, MSU engineering professor Syed Hashsham 

(right) talks with conference delegates about 

his diagnostic development project Gene-Z, 

which has the potential to off er low-cost cancer 

detection technology to resource-poor countries.
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rapid screening methods currently 
are not suitable for low-income 
and resource-limited countries, 
Nassiri said a concentrated eff ort 
should be made to develop more 
appropriate and cost-eff ective 
technologies such as the one 
developed by Hashsham for 
widespread global use.

Working with Hashsham in the 
development of the Gene-Z device 
was a team of graduate students 
from MSU’s Department of Civil 
and Environmental Engineering. 
Robert Stedtfeld, now a post-doc, 
was the development team 
leader. Other team members were 
Farhan Ahmad and Greg Seyrig, 
who are currently completing 
their PhDs; and Dieter Tourlousse, 
who recently completed his PhD 
degree. The cancer marker work 
related to microRNA for Gene-Z 
was done by Maggie Kronlein, an 
undergraduate researcher.

> JASON CODY and JANE L. DEPRIEST

medical advances. So while working 
on research projects, ideas for 
applications may surface and later 
be explored. For example, Scott 
Calabrese Barton, associate professor 
in the Department of Chemical 
Engineering and Materials Science, 
has been working with enzymes 
as electrocatalysts for fuel cells, to 
take advantage of their low cost and 
ability to catalyze reactions involving 
sugars and oxygen. In addition, he 
is thinking ahead to the medical ap-
plications these fuel cells may have, 
including possibilities for continuous 
glucose monitoring, or using fuel 
cells to power pacemakers or other 
medical implants.

“These are challenging applica-
tions that may have potential. The 
idea is to use compounds present 
in the human body, such as glucose 
and other small sugars and oxygen, 
to produce electric power using fuel 
cells,” says Barton who, along with 
a multi-university research group, is 
completing a project on enzymatic 
fuel cells funded by the U.S. Air Force. 

A fuel cell converts chemical 
energy from a fuel into electrical 
energy. Unlike a battery, a fuel cell 
does not need to be recharged, but 
will produce energy as long as fuel 
is supplied. Another advantage of 
enzymatic fuel cells is that they are 

compatible with water in the body. 
“You wouldn’t need a protective case 
as with a lithium or zinc battery,” he 
says. The case itself can become a big 
part of the package, which can pres-
ent a problem. “With an enzyme fuel 
cell, you keep it small and simple.”

These fuel cells could be applied 
in two basic ways. One way would 
be just under the skin, so a glucose 
sensor, for example, could be self 
powered. “For a diabetic, this could 
enable continuous glucose monitor-
ing. It might also be possible to use 
fuel cells to replace the traditional 
batteries needed to run pacemakers,” 
says Barton. However, he points out 
that putting fuel cells into the blood 
or veins is not as simple as under the 
skin. “That’s complicated surgery and 
the details increase the complexity, 
so all of those problems would have 
to be overcome.”

For now, Barton and others 
researchers in the college are 
working to perfect enzymatic fuel 
cells by improving the durability 
as well as improving the amount 
of power they can produce, so that 
these applications could become 
a reality in the future. “Creating 
new, inexpensive catalysts for fuel 
cells enables a whole range of new 
applications, including power for 
medical devices.” e

continued from pg. 26
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chemical engineering 
and materials science

Melissa Baumann, Associate 
Professor, and Associate Dean, 
Honors College, is investigating 
how the mechanisms involved in 
bone repair aft er a fracture may be 
simulated in artificial hydroxyapatite 
(HA)-based biomaterials for bone 
tissue engineering applications. She 
works as part of a multidisciplinary 
team with Professor Eldon Case, an 
expert in fracture in ceramics, and 
Professor Laura McCabe with the 
MSU College of Human Medicine, 
who brings expertise in bone cell 
physiology. This multidisciplinary 
team has established that a fractured 
HA scaff old actually stimulates bone 
mineral formation.

Associate Professor Carl Boehlert 
focuses on the development of non-
toxic biomedical implant alloys that 
can replace existing implant alloys; 
characterizing fatigue behavior, wear 
resistance, and biocompatibility.

Christina Chan, George W. Bissell 
Professor, focuses on the mechanistic 
understanding of diseases, combin-
ing mathematical modeling and 
molecular biology techniques to 
identify potential targets for which her 

research group then develops novel 
drug delivery systems to modulate 
these pathways. Her group is also 
developing therapies using stem cells 
to treat neurodegenerative diseases.

Associate Professor Ilsoon Lee stud-
ies how nanoparticles influence the 
mechanical (or thermal) wrinkling (or 
buckling) of thin films, and develops 
such wrinkle-free films for biomedi-
cal and cosmetic applications.

Associate Professor S. Patrick 
Walton is focused on analysis and 
application of nucleic acid–based 
technologies. His goals are to 
understand critical biophysical and 
biochemical parameters involved in 
these processes and, in turn, the tun-
ing of these parameters to achieve 
improved technology. In all projects, 
his lab seeks to provide improved 
therapeutics and diagnostics for bio-
medical applications. One example is 
the study of the mechanism of RNA 
interference for shutting down the 
expression of target genes.

Professor R. Mark Worden develops 
nanostructured interfaces that 
measure the activities of medically 
relevant proteins, such as ion chan-
nels and enzymes. These interfaces 
have applications in biosensors and 
high-throughput drug screening sys-
tems. He has two grants through the 
National Institute of Environmental 
Health Sciences. One is to study the 
mechanisms of nanoparticles toxicity, 
involving electrical and computer 
engineering professor Andrew Mason 
and other MSU faculty. The other is 
to study the mechanisms by which 
certain microbes use electrically 

conductive nanowires in uranium 
bioremediation.

civil and environmental 
engineering

Professor Syed Hashsham has devel-
oped a hand-held device to rapidly 
screen for dozens of pathogens in 
food, plants, animals, and humans as 
well as markers for diseases of global 
importance such as HIV, cancer, and 
diabetes. It is simple to use and assay 
cost is only 1/100th of the cost of 
currently available technologies. The 
device is operated by smart phones 
or iPod Touch with GPS and can be 
charged with solar power, making it 
suitable for use in limited-resource 
settings. (Read more about this device 
on page 28 of this publication.)

Associate Professor Phanikumar 
Mantha, Professor Thomas C. Voice, 
and Assistant Professor Irene 
Xagoraraki are studying the fate and 
transport of pollutants in the environ-
ment in order to understand how 
human exposure occurs, quantify the 
health risks that result from exposure, 
and develop eff ective strategies to 
reduce exposure and the resulting 
human and ecological impacts.

Voice is also co-director, along with 
David Long, professor of geological 
sciences, on an NIH-funded project 
coordinated under the Institute of 
International Health at MSU. Research-
ers are working with physicians and 
biomedical researchers in Bulgaria, 
Serbia, Romania, Croatia, Macedonia, 
and Montenegro to investigate specific 
environmental health problems. 
One study focuses on identifying the 

biomedical research projects
 highlight variety of new advances

The MSU Board of Trustees recently approved a 
measure authorizing MSU officials to begin planning 
for a bioengineering facility on the MSU campus. The 
proposed facility, which will promote the develop-
ment of bioengineering and engineering health sci-
ences at MSU, will bring together research teams from 
engineering, human medicine, osteopathic medicine, 
nursing, natural science, and veterinary medicine.n
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causative agent and exposure path-
ways for the environmental disease 
Balkan endemic nephropathy.

Associate Professor Volodymyr 
Tarabara develops advanced 
membrane technologies that ensure 
drinking water safety by removing 
and detecting chemical toxins and 
pathogenic microorganisms. These 
next generation membranes have 
the potential to improve human 
health through implementation in 
water treatment systems ranging 
from small point-of-use units to 
large-scale plants.

computer science 
and engineering

Assistant Professor C. Titus Brown 
works with computational systems 
to guide experiments in vertebrate 
development, and is building gene 
network models to help understand 
early chick embryogenesis.

Associate Professor Rong Jin applies 
machine learning to infer gene regula-
tory networks from expression data.

Professor and Department 
Chairperson Matt Mutka develops 
supermedia enabled systems, includ-
ing new approaches to transport and 
synchronize multiple telemedicine 
data stream types for applications 
with real-time constraints.

Associate Professor Charles Ofria 
conducts studies of the evolution 
of pathogens and host-parasite co-
evolution using model populations of 
E. coli and self-replicating computer 
programs called “digital organisms.” 
This research is in collaboration with 
Richard Lenski, the Hannah Professor 
of Microbial Ecology. 

electrical and computer 
engineering

Assistant Professor Lixin Dong is 
developing hands and tools for future 
nanosized robots and the present 
nanorobotic manipulators to be used 
doing surgery on a cell, delivering 
drugs to a targeted place, or putting 
atoms together to make molecules 
mechanically.

Associate Professor Robert McGough 
develops therapeutic and diagnostic 
ultrasound phased array systems and 
numerical models for these systems.

Professor Lalita Udpa and Satish 
Udpa, Professor and Dean of the 
College of Engineering, are developing 
noninvasive imaging and therapy 
methods using electromagnetic, 
microwave, and terahertz radiation.

University Distinguished Professor 
Ning Xi develops robotic and 
automation technology to enable 
sub-cellular and molecular 
manipulation and sensing for studies 
of biological systems with the 
application being the development 
of  diagnostics and medicine for the 
cure of human diseases. 

mechanical engineering

Assistant Professor Seungik Baek 
develops mathematical models 
incorporating the chemical kinetics of 
collagen turnover and elastin degra-
dation to study growth and stability 
in cardiovascular malformations, 
such as abdominal aortic aneurysms. 
He uses multiaxial, finite elasticity 
measurements to obtain parameters 
for the models.

Associate Professor Giles Brereton 

develops theoretical and computa-
tional models of pulsatile bioflows. 
These models provide a physical basis 
for simulations used in individualized 
computer-planned vascular surgeries 
and for non-invasive diagnostics of 
vascular flows, which are relevant to 
the onset of heart attack and stroke,  
and the progression of blood diseases 
like diabetes.

Assistant Professor Tamara Reid 
Bush quantifies, models, and 
evaluates the motions and forces 
generated between people and 
various mechanical devices. These 
evaluations include automotive, 
office and medical seating, sports 
biomechanics, hand function, and 
cervical spine assessment. 

University Distinguished Professor 
Roger Haut does studies on 
acute sports injuries to the lower 
extremities and longer-term studies 
of post-traumatic osteoarthritis. His 
team also integrates information 
from biomechanical studies in 
the laboratory with field data to 
understand mechanisms of injury for 
injury prevention investigations.

L. Guy Raguin, Adjunct Professor, 
College of Engineering and Adjunct 
Professor, MSU Department of 
Radiology, develops quantitative 
diff usion and molecular MRI protocols 
for diagnostics of neurological and 
vascular diseases or injuries through 
the modeling of flow and mass trans-
port processes in the central nervous 
system and circulatory system.

Associate Professor Neil T. Wright 
measures the response of cells and 
soft  tissue to supraphysiological tem-
peratures. This includes the kinetics 
of cell survival and the shrinkage of 
collagen following heating. e
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face recognition 
technology matches 
forensic sketches 
to mug shots

Face recognition technology is mov-
ing forward at a fast pace to address 
several requirements in security and 
law enforcement domains. Research 
in MSU’s Pattern Recognition 
and Image Processing (PRIP) Lab 
in the Department of Computer 
Science and Engineering (CSE) is 
helping to make that happen. The 
recent research of CSE PhD student 
Brendan Klare and colleagues is a 
good example. 

Klare, working with Zhifeng 
Li, a post-doc, and University 
Distinguished Professor Anil Jain, 
developed algorithms and created 
soft ware to help automatically match 
hand-drawn facial sketches to mug 
shot photos stored in law enforce-
ment databases. “State-of-the-art 
commercial face recognition soft ware 
is not designed to match sketches to 

photographs,” says Klare. “They are 
designed to match photographs to 
photographs.” 

The sketches used in this project 
are called forensic sketches, drawn by 
police sketch artists by interviewing a 
witness to obtain a description of the 
suspect. Traditionally, these forensic 
sketches are posted in prominent 
public places in hopes that someone 
will recognize the suspect and 
contact authorities. The reason that 
the sketches typically cannot be 
matched to the photos is that the 
sketches contain diff erent textures 
compared to the photographs that 
they are being matched against. 
Further, the accuracy of the forensic 
sketches depends on the details and 
preciseness of the verbal description 
of the suspect’s face provided by the 
witness. Being able to match a sketch 
to a mug shot in a database will 
speed the work of law enforcement 
agencies in apprehending suspects.

This project is the first large-scale 
experiment on matching operational 
forensic sketches—and the results 
have been impressive. “We improved 
significantly on one of the top com-
mercial face recognition systems,” 
says Klare. “Using a database of 
more than 10,000 mug shot photos, 
45 percent of the time we had the 
correct person in the top 50.” All the 
sketches fed to the matching system 
were from real crimes where the 
person was later identified; a race 
and gender filter also was used to 
improve the matching accuracy and 
to speed up the search. This research 
project and its results were published 
in the March 2011 issue of the 
prestigious journal IEEE Transactions 
on Pattern Analysis and Machine 
Intelligence.

Klare is the first to say that more 
work needs to be done in this area. re
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“This is a step in the right direction 
in an important area of pattern 
recognition,” says Klare. “A system 
specifically designed for this problem 
is what is needed. With more eff ort 
this could be a very valuable tool for 
law enforcement.”

Future stages of the project are 
planned to improve its accuracy and 
user interface. Several law enforce-
ment agencies have agreed to deploy 
the system developed by Klare in 
order to try it in real-world situations. 

Klare’s bachelor’s and master’s 
degrees were in computer science. As 
he was deciding what area to pursue 
for a doctorate degree, Klare became 
fascinated with pattern recognition 
and computer vision. “We are trying 
to get computers to replicate some of 
the common things we do, like see-
ing things,” he says. He is enjoying 
the opportunity to work under Jain, 
one of the leading experts in not 
only face recognition, but biometric 
technology in general.

Klare hopes to complete his 
dissertation soon, and then he would 
like to continue with biometrics 
research, probably with the federal 
government. 

“Sketch recognition is one of 
several exciting projects related to 
law enforcement currently being 
investigated in the PRIP Lab,” says 
Jain. “Other projects deal with latent 
fingerprint matching; latent palm 
print matching; face recognition 
in surveillance video; use of scars, 
marks and tattoos (SMT); and 
detection of fingerprint obfuscation. 
We are grateful to the Michigan State 
Police, the FBI Biometrics Center 
of Excellence, and the National 
Institute of Justice for supporting our 
research.” 

PRIP Lab project descriptions 
and publications can be accessed at 

http://biometrics.cse.msu.edu.
To view the IEEE Transactions 

on Pattern Analysis and Machine 
Intelligence article, go to http://
biometrics.cse.msu.edu/Publications/
Face/KlareLiJain_MatchingForensicS-
ketchesMugshotPhotos_PAMI10.pdf.

> JANE L. DEPRIEST

msu spinoff XG Sciences 
partners with korean 
corporation

Michigan State University spinoff  XG 
Sciences has entered into a series of 
agreements with POSCO, a Korean 
corporation and one of the world’s 
largest steel producers, to create a 
strategic partnership for the advance-
ment of graphene manufacturing and 
product development based on XG 
Sciences’ proprietary technologies.

XG Sciences, Inc., a private 
company headquartered in Lansing, 
Michigan, manufactures xGnP® Gra-
phene Nanoplatelets, an inexpensive 
material that can be used to improve 
the strength and performance 
properties of materials ranging from 
plastics to electronic components 
and batteries.

Under the agreements, POSCO 
will purchase a 20 percent share of 
XG Sciences, Inc., and will obtain 
production licenses to manufacture 
and sell xGnP® Graphene Nanoplate-
lets. The two companies will also col-
laborate on product development for 
energy storage, advanced materials, 
and electronics product applications.

“We are honored that POSCO 
chose XG Sciences as a partner to 
help expand their off erings in ad-
vanced materials,” says Michael Knox, 
CEO of XG Sciences. “POSCO is one of 
the top materials companies in the 
world. Our partnership will benefit 

both companies; POSCO will obtain 
the best technology in our field 
and we will expand our worldwide 
capabilities. Together with our other 
strategic partner in Asia—Hanwha 
Chemical—our relationship with 
POSCO will enable us to work closely 
with some of the top electronics, 
automotive, and manufacturing 
companies in the Asian region and 
will provide our customers with 
a source for locally manufactured 
graphene products in Asia.”

When XG Sciences’ products 
were first introduced in late 2007, 
they received a Nano 50 Award 

from NanoTech Briefs, an online 
magazine that explores engineering 
achievements in nanotechnology and 
microelectromechanical systems. The 
Nano 50 awards recognize the top 50 
technologies, products, and innova-
tors that have made, or are expected 
to make, a significant impact in 
the nanotechnology industry. XG 
Sciences was also recognized by Frost 
& Sullivan, a growth partnership 
company, with a 2009 North Ameri-
can Product Innovation Award. For 
more information about XG Sciences 
visit www.xgsciences.com.

POSCO, in addition to being one 
of the world’s largest steel producers, 
operates a worldwide network of 
subsidiaries in energy, construction, 
logistics, mining, and materials 
markets. POSCO was recently named 
the most admired company in its cat-
egory in the annual FORTUNE survey, 
and it recently announced a planned 
$30 billion capital investment 
program as part of an expansion in 
its overseas operations. e
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NSF CAREER awards support advances 
in nanotechnology

Lixin Dong and Wen Li, both 
assistant professors in the Depart-
ment of Electrical and Computer 
Engineering (ECE), recently received 
NSF CAREER Awards. They join seven 
other College of Engineering faculty 
members who have been named 
NSF CAREER Award winners within 
the past two years.

The prestigious CAREER Awards 
support early career-development 
activities of teacher-scholars who 
most eff ectively integrate research 
and education within the context 
of the mission of their organization. 
The goal is that these activities 
should build a firm foundation for a 
lifetime of integrated contributions to 
research and education. 

Dong received his CAREER Award 
for research in nanorobotics, nano-
electromechanical systems (NEMS), 
and enabling nanomanufacturing 
technologies for fluidic, photonic, 
biomedical, and other nanosystems. 
Funding from this five-year, $499,000 
grant, which began January 15, 2011, 
will support the development of new 
nanotechnology for nanorobotics, 
leading to new tools for manufactur-
ing and other technology fields, such 
as the electronics and microscopy 
industries.

“The CAREER project is focused 
on the development of the hands 
and tools for the future nanosized 
robots and the present nanorobotic 
manipulators that typically have 

larger sizes but nanoscale resolu-
tion. These tiny hands and tools 
are called end-eff ectors. They will 
be equipped with sensors that can 
detect a force or a displacement 
at an extremely small scale,” says 
Dong. “Nanorobots are designed for 
doing surgery on a cell, delivering 
drugs to a targeted place, and 
putting atoms together to make 
molecules mechanically.”

Dong has worked in this field 
since 1999. Before coming to MSU 
in 2008, Dong was with the Swiss 
Federal Institute of Technology in 
Zurich, where he led the Nanorobot-
ics Group in the Institute of Robotics 
and Intelligent Systems. He is the 
author or co-author of more than 170 
peer-reviewed journal articles, book 
chapters, and international confer-
ence papers. He is a senior member 
of IEEE and serves as an associate 
editor of IEEE Transactions on Nano-
technology and IEEE Transactions on 
Automation Science & Engineering. 
He earned his BS and MS degrees 
in mechanical engineering from 
Xi’an University of Technology (XUT) 
in 1989 and 1992, respectively, and 
his PhD degree in microsystems 
engineering from Nagoya University 
in 2003.

Li’s CAREER Award will support 
the development of biocompat-
ible systems that permit seamless 
interfacing with nervous systems 
for studying and treating neural fa
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injuries and/or diseases. Funding for 
her five-year $400,000 grant began 
March 1, 2011.

Li joined the ECE department in 
January 2009 aft er completing her 
PhD degree (2008) and MS degree 
(2004) in electrical engineering at 
the California Institute of Technology. 
Prior to that, she studied in Tsinghua 
University and received an MS degree 
in microelectronics (2003) and a BS 

degree in material science and engi-
neering (2001). She chose MSU and 
the ECE department because “the 
university has an interdisciplinary 
group of researchers to collaborate 
with and the department is sup-
portive of the type of research I want 
to do,” says Li.

For more about Li’s research, see 
page 23 of this publication.

> JANE L. DEPRIEST

two earn university distinguished professor designation

 Steven W. Shaw, a professor in the 
Department of Mechanical Engineer-
ing, and Ning Xi, a professor in the 
Department of Electrical and Com-
puter Engineering and director of the 
Robotics and Automation Laboratory, 
were named University Distinguished 
Professors in recognition of achieve-
ments in the classroom, laboratory, 
and community.

They were among 10 Michigan 
State University professors recom-
mended for this designation by MSU 
President Lou Anna K. Simon and ap-
proved by the MSU Board of Trustees 
at its June meeting.

This is among the highest 
honors that can be bestowed on a 
faculty member by the university. 
Those selected for the title have 
been recognized nationally and 
internationally for the importance of 
their teaching, research, and outreach 
achievements.

Shaw is recognized internationally 
for his research in nonlinear dynamics. 

Shaw

Xi

His eclectic suite of contributions 
ranges from the extremely theoretical 
to the pragmatic. Valued by both the 
scholarly community and industry, 
his research has made fundamental 
and original contributions to the 
understanding of systems undergoing 
chaotic dynamics and nonlinear vibra-
tions. His seminal works on dynamic 
vibration absorbers have been 
translated into contemporary practice 
in the automobile industry. 

He is known for his excellent 
leadership of his department’s 
mechanical systems group and 
his mentorship of undergraduate 
and graduate students. In 2002, he 
received the Withrow Distinguished 
Senior Scholar/Researcher Award 
from the MSU College of Engineering. 
His current research focuses on ex-
ploiting nonlinear behavior in MEMS 
for sensor and signal processing 
applications, and the development 
of order-tuned vibration absorbers 
for variable displacement automotive 
engines. He is a fellow in the Ameri-
can Society of Mechanical Engineers.

Xi’s pioneering work on Internet-
based telerobotics has laid the 
foundation for integrating robotics 
with information technology. He was 
named an IEEE fellow in 2007 for 
his contributions to the field of nano-
robotic manipulation and assembly.

His research interests include 
robotics, manufacturing automation, 
micro/nano systems, and intelligent 
control and systems. Since coming to 
MSU, he has attracted more than $7 
million of external research funding. 
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His major research contributions 
include the development of a 
nanorobotic manipulation and 
assembly system that enables 
people to visualize and manipulate 
nano-scale objects in real time. The 
system has been successfully applied 
to manufacturing nanosensors and 
electronic devices, and to biomedical 
investigation. His publications in-
clude more than 300 technical papers 
in reviewed archival professional 

journals and conference proceedings. 
He holds eight patents. 

He is a consummate educator, 
providing students with an education 
that extends beyond the curriculum. 
He has mentored numerous doctoral 
students who are enjoying successful 
careers in academia and industry, 
and he played a major role in estab-
lishing the College of Engineering’s 
manufacturing program.

> compiled by JANE L. DEPRIEST

assistant professor named ONR young investigator 

Tonghun Lee, assistant professor of 
mechanical engineering, has received 
a grant from the Office of Naval 
Research (ONR) Young Investigator 

Program (YIP) for his proposal titled 
“Ignition and Oxidation of Bio-
derived Future Navy Fuels.”

The Department of the Navy 

announced the award of $10.8 
million to 21 scientists and 
engineers; each will receive 
approximately $170,000 in annual 
research grants over three years. The 
YIP award identifies and supports 
academic scientists and engineers 
who have obtained their doctorate, 
or equivalent degrees, and tenure-
track positions within the past five 
years.

“The Young Investigator Program 
is an important part of the Depart-
ment of the Navy’s science, technol-
ogy, engineering, and mathematics 
(STEM) outreach programs,” said 
Secretary of the Navy Ray Mabus in 
the official announcement. “To our 
benefit, it attracts outstanding new 
faculty researchers to naval-relevant 
research. The program also plays a 
major role in the Navy’s outreach 
eff orts by supporting diverse faculty 
at a critical point in their careers.”

Lee earned his PhD (’06) and MS 
(’02) in mechanical engineering from 
Stanford University and his BS (’00) 
in mechanical engineering from Yon-
sei University in South Korea. Prior to 
coming to MSU in 2006, he worked 
as a graduate research assistant in 
the High Temperature Gasdynamics 
Laboratory at Stanford University. fa
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His research interests include laser 
spectroscopic imaging of advanced 
propulsion and energy conversion 
systems. In 2008, Lee received a YIP 
award from the Air Force Office of 
Scientific Research.

He participates in numerous 

high-profile research projects, includ-
ing two $2.5 million projects with 
the U.S. Department of Energy for 
the formulation of next-generation 
biofuels and the development of a 
novel energy conversion system.

> LAURA LUPTOWSKI SEELEY

ronald harichandran is new dean of university 
of new haven’s college of engineering

Ronald S. Harichandran, who served 
as chairperson of MSU’s Department 
of Civil and Environmental Engineer-
ing (CEE) from 1995 through the 
summer of 2011, is the new dean of 
the Tagliatela College of Engineering 
at the University of New Haven.

Harichandran had taught at 
Michigan State University since 
1984. While serving as chair of the 
CEE department, he established a 
mentoring program for untenured 
faculty, created a strategic plan 
for the department, guided 
accreditation, assisted with the 
planning and construction of new 
facilities, launched new study abroad 
programs, raised millions of dollars 
in support of departmental and 
college endeavors, and strengthened 
relations with alumni. A civil 

engineer, Harichandran specializes 
in structural engineering, random 
vibration, and engineering reliability 
and their application to problems in 
earthquake, pavement, bridge, and 
fire engineering. He earned his PhD 
and MS in civil engineering from the 
Massachusetts Institute of Technol-
ogy and his bachelor’s degree, also in 
civil engineering, from the University 
of Canterbury in New Zealand.

He has held visiting appointments 
at the University of New South Wales 
in Sydney, Australia; Columbia Uni-
versity; and Auckland University, New 
Zealand. Prior to joining MSU, he was 
a research assistant in the Department 
of Civil Engineering at MIT.

Harichandran is a fellow of the 
American Society of Civil Engineers. 
He has chaired the ASCE Department 

Heads Council Executive Committee 
and served on the ASCE committee 
charged with refining the body of 
knowledge for future civil engineers, 
as well as on the ASCE Committee on 
Academic Prerequisites for Profes-
sional Practice. He also serves on the 
Dynamics and Probabilistic Methods 
technical committees of the ASCE 
Engineering Mechanics Institute.

The University of New Haven, 
a leader in experiential education,  
provides its students with a valuable 
combination of solid liberal arts and 
real-world, hands-on professional 
training. Founded in 1920, UNH is a 
private, top-tier comprehensive uni-
versity with an 80-acre main campus. 
The university has an enrollment of 
more than 5,900: approximately 1,700 
graduate students and more than 
4,200 undergraduates. The university 
off ers more than 80 undergraduate 
degrees and more than 25 graduate 
degrees. e

Harichandran
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The MSU College of Engineering welcomes its new faculty 

members, who will strengthen the goals of the college 

and add to its interdisciplinary research focus.

Nicholas J. Gianaris is the 
new director of the Composite 
Vehicle Research Center (CVRC). 
Most recently Gianaris was a senior 
engineering specialist for advanced 
structures technology development 
at General Dynamics Land Systems 
(GDLS), which specializes in armored 
ground vehicles.

Gianaris received his BS degree 
in metallurgical engineering and 
materials science from Carnegie 
Mellon University in 1985, and his 
doctorate in materials science and 
engineering from Johns Hopkins 
University in 1996. He is credited 
with five U.S. and German patents 
for pioneering work in various areas 
of materials design, characterization, 
and processing. His awards include 
fellow of ASM, U.S. Senate Congres-
sional Recognition Award, Tau 
Beta Pi, Sigma Xi, Alpha Sigma Mu 
Metallurgical Honors Society, GWC 
Whiting Fellowship, and Who’s Who 
recognitions.

The CVRC is a center for the 
design and testing of composite 
structures for light-weight, 
environment-friendly, durable, and 
safe vehicles with both military and 
civilian applications. The advanced 
composite materials research for 
air and ground vehicles done at the 
center is supported by $2.84 million 
from the Office of Naval Research 
(ONR); $1.85 million from the U.S. 
Army Tank Automotive Research, 
Development and Engineering 

Center (TARDEC) in Warren, 
Michigan; and $1.4 million from the 
Army Research Laboratory.

S. Ratnajeevan H. Hoole joined 
the Department of Electrical and 
Computer Engineering in August. 
Prior to coming to MSU, he was 
professor of engineering and science 
at Rensselaer Polytechnic Institute 
in Hartford, Conn. Hoole has a PhD 
from Carnegie Mellon University 
(1982) and a doctorate of science 
from the University of London (1993). 
He is an IEEE fellow and a chartered 
engineer (Sri Lanka). He is the author 
of four books on computation and 
engineering, including IT for Teachers, 
published by Cambridge University 
Press (New Delhi) in 2005.

Hoole’s research interests include 
computational methods, especially 
computing electromagnetic fields by 
the finite element method. 

Richard Lunt joined the Department 
of Chemical Engineering and Materi-
als Science in August. He received his 
bachelor’s degree from the University 
of Delaware in 2004 and his PhD from 
Princeton University in 2010. Just prior 
to arriving at MSU he worked as a 
postdoctoral associate at the Mas-
sachusetts Institute of Technology.

He was recently recognized for 
his contributions to a new photocell 
that is transparent. This technology 
facilitates using transparent windows 
for generating electricity. A benefit of 

the new technology is that windows 
are already large flat surfaces that are 
manually assembled during building 
construction. Instead of separate 
installation of separate photocells, 
the incremental cost of a “photocell” 
window would be less than the 
cost of a separate photocell panel. 
The new transparent panels have 
efficiencies similar to their reference 
opaque organic solar panels. A 
paper by Lunt and an MIT researcher 
describing their new system was 
published in the journal Applied 
Physics Letters.

Lunt’s research focus is on 
inorganic and organic excitonic 
materials for solar energy production 
and utilization.  In 2009, he received 
the Global Photonic Energy Corpora-
tion (GPEC) Solar Energy Innovation 
Award from Princeton University. He 
has more than 10 patents issued or 
pending.

Nelson Sepúlveda joined the De-
partment of Electrical and Computer 
Engineering faculty in August. He 
completed his undergraduate work in 
electrical and computer engineering 
at the University of Puerto Rico, 
Mayaguez Campus, in 2001, and then 
came to MSU where he earned his 
MS (2002) and PhD (2005) degrees in 
electrical and computer engineering. 
During the last eight months of 
graduate school, Sepúlveda attended 
Sandia National Laboratories as 
part of a fellowship from the Micro-
systems and Engineering Sciences 
Applications (MESA) program. 

Since 2006, Sepúlveda has been 
an electrical and computer engineer-
ing faculty member at the University 
of Puerto Rico, Mayaguez Campus, n
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where he has been recognized as 
a distinguished professor twice. 
While in that position, Sepúlveda 
participated in summer research 
experiences at the Air Force Research 
Laboratories, National Nanotechnol-
ogy Infrastructure Network, and the 
Cornell Center for Materials Research. 
In 2010 Sepúlveda received an NSF 
CAREER award. His current research 
interests are in micrometer-sized 
smart materials and transducers, 
and he is currently an active member 
of IEEE.

Rodney Tabaczynski joined the 
Department of Mechanical Engineer-
ing this fall. Tabaczynski is a world 
authority on engines, engine model-
ing, and engine system performance. 
He was director of Ford Powertrain 
and Vehicle Research Laboratory 
and a Ford Technical Fellow until his 
retirement in 2002. During his career 
at Ford, he played a major role in 
transferring fundamental knowledge 
into engine designs and design 
processes.  

In 2002, he was elected to the Na-
tional Academy of Engineering, the 
most prestigious recognition off ered 
to engineering leaders in the United 
States. Tabaczynski is also a fellow of 
the Society of Automotive Engineers 
and a member of Sigma Xi and the 
American Society of Mechanical En-
gineers. He received his BS degree in 
aerospace engineering from the State 
University of New York at Buff alo in 
1962 and his MS and PhD degrees 
in mechanical engineering from the 
Massachusetts Institute of Technol-
ogy in 1967 and 1971, respectively. He 
has 14 U.S. patents.

Tabaczynski will play an active 

role in the development of research 
programs in both the mechanical 
engineering department and the 
College of Engineering.

Elisa Toulson worked as a research 
associate in the Energy & Automotive 
Research Laboratories at MSU before 
becoming an assistant professor 
in the Department of Mechanical 
Engineering.

Toulson has a BS in chemical en-
gineering (2002) from the University 
of California, San Diego, and an MS 
in energy studies (2004) and a PhD in 
mechanical engineering (2008) from 
the University of Melbourne. Her 
research interests include alternative 
energy systems, combustion, and 
thermodynamics.  Toulson’s research 
also includes chemical kinetics mod-
eling for renewable fuel combustion. 
Biodiesel oxidation chemistry is 
complicated to model directly and 
existing surrogate kinetic models are 
very large, making them computa-
tionally expensive. Reduced chemical 
kinetic models of biofuels, like what 
Toulson is researching, may be one 
way forward in enabling simulation 
of renewable fuel combustion.

John P. Verboncoeur has joined 
the Department of Electrical and 
Computing Engineering (ECE) faculty. 
He came to MSU from the Depart-
ment of Nuclear Engineering and 
the Electronics Research Laboratory 
at the University of California, 
Berkeley, where he was a Professor-
in-Residence. He also received his 
PhD in nuclear engineering from UC, 
Berkeley. Verboncoeur is a Senior 
Member of IEEE, and is a member 
of the American Physical Society and 

the International Plasma Chemistry 
Society. He is the principal author or 
co-author of the Berkeley plasma 
code suite that is used by more 
than 1,000 researchers in academia, 
government labs, and industry 
worldwide. This suite has been in-
strumental in more than 350 journal 
publications in the past decade. 

Verboncoeur’s research interests 
include computational plasma 
physics; electromagnetics; beam 
physics; high field eff ects including 
sheath formation, field emission, 
multipactor, and breakdown; laser-
plasma interactions; plasma edge 
eff ects; transport; numerical methods; 
and object-oriented techniques 
applied to scientific computing. He 
will expand on these areas in the 
ECE department and teach related 
subjects involving plasma physics, 
electromagnetics, and computation. 

Timothy A. Whitehead is the newest 
faculty member of the Department of 
Chemical Engineering and Materials 
Science. He was a senior fellow 
in the laboratory of David Baker 
(biochemistry) at the University 
of Washington before coming to 
MSU. Whitehead earned his PhD in 
chemical engineering in 2008 at the 
University of California, Berkeley, and 
his bachelor’s degree from Vanderbilt 
University in 2001.

Whitehead’s research interests 
include protein engineering, 
biomolecular recognition, energy 
production, and synthetic biology 
as well as biochemical engineering. 
He has three patents pending and 
has published more than 10 peer-
reviewed journal articles including a 
recent article in Science. e

Sepúlveda Tabaczynski Toulson Verboncoeur Whitehead
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materials science student 
named goldwater scholar

Kaitlin Tyler, a materials science 
and engineering student and an 
Honors College member, is one of 275 
undergraduates in the United States 
to be named a Gold water Scholar for 
the 2011–12 academic year. This year’s 
scholars were selected on the basis of 
academic merit from a field of 1,095 
mathematics, science, and engineer-
ing students who were nominated 
by the faculties of colleges and 
universities nationwide.

Tyler, who is from Apple Valley, 
Minn., was a professorial assistant 
during her first two years at MSU and 
is studying the significance of micro-
cracks on bone-forming osteoblasts 
on hydroxyapatite in the laboratory 
of Melissa Baumann, associate 
professor of chemical engineering 
and materials science, and associate 
dean of MSU’s Honors College. Tyler 
is an active member of Tau Beta Pi 
and was involved with the Society of 
Women Engineers as the secretary 
for the 2010–11 school year. She 
plans to pursue a PhD in biomedical 
materials science and engineering 
and conduct research with implants 
and other medical devices. 

The Goldwater Scholarship, the 
premier undergraduate award of its 
type in these fields, was established 
in 1986 to honor Senator Barry 
M. Goldwater. The purpose of the 
Barry M. Goldwater Scholarship and 
Excellence in Education Foundation 
is to provide a continuing source 
of highly qualified scientists, st
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mathematicians, and engineers by 
awarding scholarships to college 
students who intend to pursue 
careers in these fields. To date, the 
Foundation has awarded more 
than 6,600 scholarships worth 
approximately $50 million. The one- 
and two-year scholarships cover 
the cost of tuition, fees, books, and 
room and board up to a maximum 
of $7,500 per year.

Within the past 10 years, MSU’s 
College of Engineering has produced 
nine Goldwater Scholars, two 
Churchill Scholars, and a Gates 
Cambridge Scholar.
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msu solar car team competes for the first time

For the first time in its history, a 
Michigan State University team 
successfully designed, built, and 
raced a solar car.

Five members of the MSU 
Solar Car Racing Team competed 
in May in the 2011 Formula Sun 
Grand Prix held at the Indianapolis 
Motor Speedway. Their car, named 
Brasidius II, completed 207 laps over 
two days, totaling 186.3 miles. The 
MSU team tied for 7th place with 
Western Michigan University, out of 
ten teams. 

The Formula Sun Grand Prix is a 
track style event that provides teams 
the opportunity to test and compete 
off  the open road.

The MSU team is currently 
modifying, testing, and document-
ing the systems of Brasidius II in 
preparation to compete in July in the 
2012 American Solar Challenge. This 
race involves driving cross-country 
1,200 to 1,500 miles.

The team is also in the midst of 
a two-year build cycle for their new 
vehicle, Archidamus I, or “Archie.” 

They intend to race Archie at the 
2013 Formula Sun Grand Prix.

“Many of the team’s members 
graduated last spring, so this year 
we are looking for the next genera-
tion of solar car leadership from not 
only engineering, but a cross section 
of majors,” says James Miller, a 
mechanical engineering junior and 
project manager for the MSU Solar 
Car Racing Team.

Norbert Müller, associate profes-
sor of mechanical engineering, is 
the team’s adviser. e
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