VCU School of Engineering

The new Health and Life Science
Engineering building is scheduled to begin
construction this fall and will adjoin the
existing School of Engineering. The 25,000
square foot addition will provide a state of
the art collaborative research environment
connecting multiple University programs.

Non-profit org.
U.S. Postage Paid
Permit No. 869

Virginia Commonwealth University

601 West Main Street
PO. Box 843068
Richmond, VA 23284-3068

Richmond, Virginia

www.egr.vcu.edu




FROM THE DEAN
VCU School of Engineering

Dean Russ Jamison is pictured
in the new da Vinci Center for
Innovation in Product Design and

Development. The Center will be
part of the School of Engineering
Phase || expansion, scheduled to
open for classes in January 2008.

Published by

Virginia Commonwealth University
School of Engineering

PO. Box 843068

Richmond, Virginia 23284-3068
Phone: (804) 828-3925
www.egr.veu.edu

©2007 All rights reserved.

Editor:
Georgia Esposito

Graphic Design:
Steven Longstaff Creative

Photography:
Doug Buerlein

O CTa N

10
12
14
15
16
17
18
20
25

CONTENTS

The Bioinformatics and Bioengineering Summer Institute
Eyes on Parkinson Disease

Battlefield Bandage

Developing Economically Viable Biofuels
Stem-Cell Transitions

Genomics

Spintronics

4D Computed Tomography

Let it Shine-Vertical Cavity Surface Emitting Lasers
A Wearable Wireless Health Monitoring System
Electrospinning Aligned

Understanding Smooth Muscle Behavior

Faculty

Board of Trustees

~
M~
o
o
o
()
e |
(73]
w
®
)
e
=
®
§E
©
c
o
®
&
35
o
=

7




Bloengineering and
Bioinformatics

The Bioinformatics and Bioengineering Summer Institute (BBSI)
hosted by Virginia Commonwealth University is a collaboration
between Biomedical Engineering and the Center for Biological
Complexity. The Institute is co-directed by Dr. Gerald Miller,
Chairman of Biomedical Engineering and Dr. Greg Buck, Director
of the Center for Biological Complexity. The NSF and NIH funded
Institute attracts students from both VCU and numerous other
universities. The students attend lectures in both bioengineering
and bioinformatics and work in research laboratories with
faculty mentors. The Institute receives over $800,000 in funding
for four years and the students spend two consecutive summers
in this program, during which they work with a faculty advisor
at their home institution during the intervening school years
between the two summers in the Institute. BBSI was recently

renewed for another four years of support, with VCU one of only

three universities to have their support renewed. In the five year
existence of BBSI, over 100 students have completed their studies
and research at VCU as part of the Institute.

VCU Biomedical Engineering student, Justin Owen, is
working under the direction of his faculty mentor, Dr. Dianne
Pawluk. Dr. Pawluk’s research involves the development of
devices and systems to aid the blind and visually impaired. Justin
is working on the development of a method for blind individuals
to be warned of the approach of a hybrid vehicle. Those who are
blind normally can hear automobiles approaching and know not
to proceed into an intersection. However, the proliferation of
quieter hybrid vehicles is a danger to the blind pedestrian, as they
cannot hear the approach of such vehicles. Justin and Dr. Pawluk
are working on a means of warning the blind via either a device
worn by the blind pedestrian or a sensor placed on hybrid vehicles.
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Justin Owen, VCU Biomedical Engineering Student and
Dr. Gerald Miller, Chairman, Biomedical Engineering




Dr. Paul A. Wetzel
Assaciate Professor, Department
of Biomedical Engineering

Parkinson disease (PD) is a progressive neurological movement disorder with no
known cure or preventative treatment presently available. Symptoms resulting
from PD are the result of reduced levels of dopamine, a vital chemical produced in
the brain whose loss leads to difficulties with motor control in the form of tremor,
limb stiffness and jerkiness of motion. As the disease progresses, it can also af-
fect cognitive abilities as well as sensory and additional motor functions such as
changes in postural reflexes, gait, speech, facial gesturing, visual and perceptual
factors and eye movements. Present treatments include the initial use of medica-
tions which are designed to increase the level of dopamine within the brain and
later surgical procedures such as deep brain stimulation which may be considered
when medications become less effective or cause intolerable side effects.

To effectively acquire and extract visual information requires a coordinated
relationship between eye and head position resulting in periods of stable fixation.
The stabilization and control of eye movements during fixation is critical for the
acquisition of visual information. Individuals with PD frequently report diffi-
culty with visual tasks that require stable fixation such as reading or other visual
activities. Although movement manifestations of PD are the most widely re-
ported symptoms, impairment of eye movement control and function are a com-
mon problem that can limit a person’s ability to perform everyday visually related
quality of life activities. Surprisingly, visual impairments in PD can be difficult
to detect and can be easily overlooked during clinical examination. Further, the
specific deficits and their implications have not been adequately studied.

In collaboration with other neurologists we are currently interested in the
early detection, assessment, affects and treatment of PD on eye movement con-
trol. 'This is accomplished by objectively measuring the patients eye and head
movements during fixation and other visual tasks. The stability and behavior
of eye and head position is then analyzed and compared to those of similar age
without the disease. To date, our results show that PD disrupts the normal sta-
bility of eye movements during periods of fixation. We have also found that
even at the earliest disease stages and before administration of treatment medica-
tions, patients with PD often show subtle but measurable unstable, non-rhythmic
eye movement behavior which can affect their ability to see clearly. Eye tremor
becomes more prominent as the disease becomes more severe. We have yet to
establish a direct relationship between eye movement behavior and clinical mea-
sures of disease severity but this distinction may be due to differences in patho-
physiology or an ineffective response to targeting medications. Eye and head
measurement offers a rather simple, rapid, non-invasive means to define eye
movement abnormalities and monitor medication effects in the clinic. If specific
abnormalities can be consistently demonstrated near the onset of clinical disease,
these techniques might also serve as an early, sensitive indicator of PD and assist

in the continuing treatment and assessment of the disease,

VCU School of Engineering

Dr. Gary L. Bowlin
Associate Professor, Department of Biomedical Engineering

The overall goal of tissue engineering is to apply the foundations and innovations of biology, medicine, and engineering to develop and
manipulate viable, three-dimensional physiologic substitutes that are capable of reinstating, sustaining, or recovering the function of
tissues and organs. Tissue engineers historically have used some formulation of cells, scaffolds, and chemical and/or mechanical con-
ditioning in attempts to fabricate the desired product. Since its inception, the field of tissue engineering has been pursuing the holy grail
of an “ideal” scaffold in terms of production method, composition, and performance. Scaffold selection with regard to biomaterial choice
and structure is an essential instrument and template utilized by a tissue engineer. To this end, Dr. Gary Bowlin has been a pioneer in the
utilization of the electrospinning process to develop novel nano- and micro-fibrous scaffolds that mimic the native structural architecture
and composition of various tissues including skin, blood vessels, cartilage, and liver. These advanced scaffolds will allow cells to be
placed or migrate into a three-dimensional environment containing the necessary molecular cues in a physiologic temporal and spatial
manner allowing tissue/organ regeneration and improving the quality of life of patients in need. Dr. Bowlin holds five U.S. patents and is
a co-founding inventor of NanoMatrix, Inc. based on the electrospinning tissue engineering scaffold technology.

The development of a hemostatic agent, which can stop uncontrolled arterial bleeding, has been an interest to Dr. Bowlin and his
collaborators for many years. This is due to the overriding fact that uncontrollable blood loss is the leading cause of death in a military
conflict and the second leading cause of death in civilian trauma cases. This tremendous need has placed a great importance on the
development of an effective hemostatic product. In collaboration with colleagues in Emergency Medicine and Biochemistry, Dr. Bowlin
has helped develop a granular, mineral product which when placed in an incompressible, hemorrhaging wound bed can develop a seal
to stop rapid blood loss. In a recently published study, this product has been successful in quickly stopping traumatic bleeding in pre-
clinical trials, thereby demonstrating the potential to save countless lives threatened by traumatic injuries.
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Current gasolme consumptmn in the U.S. is approximately 140
billion gallons’”nually Itis projected that the'U.S. rate of gasoline
consumption will double in lessthan b0years. Withthe combination
of increased demand and rising prices, viable gasoline alternatives
are being sought. Biofuels are renewable energy sources that are
made from converting organic matter into a combustible fuel and
thus ean potentially supplemen¥ or replace gasoline.
Commercially, biofuel production typically" involves
pretreatment, hydrolysis, fermentation, and distillation processing
steps.  Large-scale production of, biofuels is hindered by
inefficiencies at the various processing steps, especially at the
pretreatment and fermentation stages. Ongoing research is
ffocused on improving the pretreatmentste/p. This initial step begins
with raw, unprocessed feedstock (cnﬁstover, grass clippings,
newspaper, etc.) and attempts to extract all of the usable sugars
(cellulose and hemi-cellulose) from the feedstock. For different
feedstocks, different processing conditions net different yields of
usable sugar. Pretreatment parameters are being optimized for a
variety of feedstocks in relation to feedstock composition through
variations in chemical, temperature, and pressure parameters
using a specialized high-temperature, high-pressure reactor.
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In parallel with this prnjecF'é, 1 bio-based app{oach to biofuel

broduction through engineering microbesis being developed.
Micro-organisms contain diverse metabo!ifc capabilities and

At should be possible to engineer an organism to eﬁ[ciently

‘produce biofuel. Initially, two bacteria are being studied that are
capable of producing high yields of ethanol, Zﬁnomonas mobilis
and Clostridium thermocellum. By constru‘t;ting computational
metabolic models of these arganisms baééd upon genetic
information;we are able to quickly evaluate the affect of different
design strategies on ethanol yield. Following these compufﬁrﬁzl
simulations, designed strains are constructed that use moMiar
biology techniques for genetic modification and test the funetion
of the generated designed strains. The Iong(—term goalisto ncﬁ only
increase the ethanol yield (fermentation stepT, butto also improve
the capabilities of these organisms to, process cellulose, hemi-
cellulose, and raw feedstocks. Inthe future, engineered organisms
might be viewed as biorefineries, where the pretreatment,
hydrolysis, and fermentation steps aIIInccur simultaneously inside
a microbial cell.

VCU School of Engineering
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Genomics

Dr. Yuan Gao
Assistant Professor, Computer Science

Itis well-known that VCU is a national leader in gene sequencing.
Now, VCU's capabilities will increase by an order of magnitude or
more with the addition of the lllumina® Genome Analyzer by Dr.
Yuan Gao, a new Assistant Professor of Computer Science and Life
Sciences.

Dr. Gao was recruited to the VCU School of Engineering and
VCU Life Sciences from Dr. George Church’s renowned genetic
sequencing lab at Harvard Medical School.

The development and application of high throughput tech-
nologies and computational methods to the study of genomics and
systems biology is an area of focus that is growing exponentially.
Specifically, Dr. Gao’s lah is developing reliable, simple and mul-
tiplex methods to identify sequence variations in whole human
genome, certain regions of a genome, or a set of specific sites in
a genome.

Genetic sequencing is regarded as the "Gold Standard”
to identify disease-causing mutations. The advent of a new

generationofsequencingtechnologies atVCUwill giveresearchers
unprecedented opportunity for large scale sequencing study
of genetic diseases such as cancer and neurological diseases.
Currently, work with the new lllumina® Genome Analyzer is
ongoing in identifying mutations in human head, neck, and lung
cancer. Similar studies of Down’s syndrome, Alzheimer's disease

and Autism are projected for the near future.




By Dr. Supriyo Bandyopadhyay

Professor,
Electrical and Computer
Engineering
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Traditional electronics has always been
concerned with encoding information in
electric charge. Information in the digital
world (e.g. digital TV, computers, cell
phones, etc.) is always encoded in a string
of two digits: 0 and 1. These two digits are
called “binary bits” When a broadband
internet connection is downloading
information at the rate of 30 megabits
per second (30 Mbps), it is actually
downloading 30 million bits of either 0 or
1 every second.

In almost any electronic gadget extant
today, the bits 0 and 1 are physically
represented by different amounts of
electric charge stored in a tiny device called
a “transistor”. The bit 0 is represented by a
small amount of stored charge, and the
bit 1 is represented by a large amount of
charge. Whenever we switch from bit 0

to 1, or vice versa, we have to change the

A

amount of charge stored in the transistor.
This would require moving charge in and
out of the device causing a current to flow.
It takes energy to drive a current and this
energy is dissipated as heat. In today’s
transistors, the amount of energy that is
dissipated when we change bits is about 0.1
femto-Joule, or one tenth of 1 quadrillionth
of a Joule. However, this energy is
dissipated over a very small duration of
time, typically 10 picoseconds, which is
just 10 times larger than one trillionth of
a second. Therefore, the rate at which this
energy is dissipated, which is called the
“power’, is quite high, about 10 microwatts
or ten times larger than one-millionth of a
watt. That does not sound too bad, except
that there are at least 10 million transistors
in every square centimeter of an electronic
chip like the Pentium IV. Therefore, the
power dissipated per unit area is about 100

VCU School of Engineering
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watts per square centimeter. If that does
not sound like much, consider the fact
that a good toaster oven dissipates about
that much power when it is toasting bread.
So, then why does the computer chip not
fry? The answer is that we have excellent
heat removal technology that can quickly
remove all the accumulated heat from
the chip and ensure that its temperature
does not rise too much above room
temperature.

All this appears reassuring, but there
is a looming problem. The economics of
the electronics industry is driven by an
empirical law promulgated by Gordon
Moore, one of the founders of Intel. This
law posits that the density of transistors
on a chip should double every 18 months
for the electronics industry to maintain
its current growth trend, meaning that we
should be able to cram an ever increasing
number of transistors in every square
centimeter. Soon, we will require 1 billion
transistors per square centimeter if we
wish to keep up with Moore’s law. Unless
we can reduce power dissipation, each
of these transistors will be dissipating
10 microwatts. That will cause a power
dissipation of 10 kilowatts per square
centimeter on the chip (i.e. the heat
generated by 100 toaster ovens squeezed
within an area of 1 square centimeter),
and our current heat removal technologies
could never cope with that. Therefore, we
must reduce the power dissipation in every
transistor. Today, this is one of the primary
challenges facing electronics.

It is difficult to reduce power
dissipation if we stick to the paradigm
of switching bits by causing current flow.
As long as we use charge to represent
information, there is no way out of this.
In 1994, Supriyo Bandyopadhyay, then
a faculty member at University of Notre
Dame, and two of his colleagues proposed
a radically different idea. Electric charge
is carried by sub-atomic particles known
as electrons. An electron not only carries
charge, but it also acts like a tiny magnet
with a miniscule magnetic moment. This
moment is associated with a quantum
mechanical property called “spin” If an
electron is placed in an external magnetic

field, the spin can assume only two
orientations - parallel or anti-parallel to
the external field. These two orientations
could represent the bits 0 and 1. Switching
bits, encoded in spin, would merely require
flipping the spin, without physically
moving the electron in space and causing
a current flow. This strategy of eliminating
current flow can reduce power dissipation
by a factor of 1000 or more.
Bandyopadhyay and his collaborators
have proposed and analyzed many
electronic circuits that can be realized with
spin. They showed in 1994 thatany arbitrary
computing circuit can be implemented
using spins of single electrons housed
in ultrasmall semiconductor structures
known as “quantum dots” The idea of
using spin to store, encode, process and
transmit information has burgeoned into
a serious engineering and technological
enterprise known as Spintronics. There
are challenges in Spintrenics too, and
one of the more difficult ones has to do
with fidelity of information. The spin of a
single electron in a quantum dot can flip
spontaneously causing loss of information.
Any time this happens, the circuit
encounters an error. If this error builds up,
the circuit can malfunction. The average
time between spin flip events is called the
‘spin relaxation time. The longer it is, the
lower the probability of data corruption
caused by spontaneous spin flips. In most
materials known until recently, the spin
flip time was one billionth to one millionth
of a second. That is not long enough. Last
year Bandyopadhyay and his collaborator
Prof. Marc Cahay from University of
Cincinnati studied organic nanostructures
and measured the spin relaxation time
in these materials. They found that the
relaxation time was nearly one second
at a temperature above the temperature
of liquid nitrogen. This is extremely
encouraging since it heralds the advent of
spin based computers that can operate with
an error probability of 1/10,000,000,000
and yet cram 1000 times more bits per
unit area than present day electronic chips
can, because they dissipate 1000 times less
energy per bit flip. These computers will be
made out of organic materials which can
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be flexible unlike inorganic semiconductor
chips. That is the icing on the cake. They
will probably have to be cooled with liquid
nitrogen, but this is a small price to pay.
Many high performance computers today
require liquid nitrogen cooling, and this is
certainly not a major inconvenience.
Stefano Sanvito, a noted spintronics
researcher from the Trinity College,
Dublin, Ireland while commenting on
Bandyopadhyays work writes in the
journal Nature Nanotechnology, Vol. 2,
page 204, 2007: “The electron spin is the
ultimate information bit because its orien-
tation is quantized and can only point up or
down... The work of Bandyopadhyay and
coworkers is an important step forward in
this fairly young field as it demonstrates
that spins in organic semiconductors
remember their initial state over extremely
long times.” Perhaps, in not too distant a
future, long spin relaxation times will be
demonstrated even at room temperature,
portending a quantum leap in computing

technology.

Accompanying figure: The background
shows a porous ceramic matrix containing 50
nanometer sized pores. 1 nanometer is 100,000
times smaller than the diameter of a typical
human hair. A layer of nickel, a layer of organic
known as Alg3 and finally a layer of cobalt
were deposited inside the pores using a variety
of technigues. This resulted in a “spin-valve”
structure shown in the foreground. This struc-
ture was used to extract the spin relaxation
time in the organic Alg3. The spin relaxation
time was found to be nearly 1 second at a
temperature of 100 K, which is above that of

liquid nitrogen.
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Volumetric medical imaging has advanced to the point that highly
detailed three-dimensional images of human anatomy can be
constructed using the techniques of computed tomography (CT),
magnetic resonance (MR), and ultrasound (US). These images
are essential to the planning and delivery of radiation therapy
treatments. However, a conventional 3D image is by necessity
a static “snapshot” of the anatomy, while the patient is a living
subject exhibiting breathing, heartbeat, muscle movement, and
tissue deformation. 'The next frontier in medical imaging is the
development of four-dimensional images that can portray time-

ing volumetric image data. These images will be used to
design and deliver time-dependent radiation treatments that adapt
to a patient’s moving anatomy.

The Department of Radiation Oncology at VCU has recently
installed a cone-beam computed tomography s A cone-beam
CT device rotates a two-dimensional projection x-ray imaging
system around the patient, acquiring a complete set of volumetric
data in a single rotation. In its conventional implementation, cone-

beam CT reconstructs a static 3D image from the projections,

using the established principles of computed tomography.

However, given its imaging rate of 30 frames per second, a cone-

Dr. Alen Docef
Assaciate Professor,
Electrical and Computer
Engineering

4D Computed
Tomography

The New Frontier

beam system essentially records an x-ray fluoroscopy video that
captures internal breathing and other motion effects while the
imaging viewpoint rotates. By combining the principles of 3D CT
with motion tracking in 2D x-ray fluoroscopy images it becomes
possible in principle to construct a time-dependent 3D CT of the
patient —i.e., a 4D CT - with a time resolution of 1/30 of a second.

A novel 4D CT reconstruction technique is being developed
to exploit the high time resolution of a sequence of cone-beam

projection images. This method creates a sequence of simulated

cone-beam CT projections from a time-dependent 3D model of

the patient. The patient model, which is initially derived from a

entional CT, is iteratively deformed such that the sequence
of simulated projections matches the actual CT projection data
acquired during the scan. By incorporating a time coordinate into
the anatomical deformation model, the process can track anatomy
that moves while the cone-beam CT projections are acquired. By
tracking motion frame-by-frame, this method of constructing a 4D
CT will make a factor-of-ten improvement over the time resolution
of present-day 4D CT technique. The research is supported
by the National Cancer Institute as part of grant number
ROI CA 123299.

VCU school of Engineering

Let It Shine

Dr. Hadis Morkoc
Founders Professor, Electrical and Computer Engineering

Current lab initiatives encompass synthesis of semiconductor and complex oxide systems with
the long term goal of enhancing device performance, reducing size and weight, increasing ef-
ficiency and finding new paradigms to replace the old and cumbersome approaches. Among
the semiconductors GaN based and Zn0 based heterostructures and devices based on them
are investigated. Among the oxides, two groups are under investigation, one exhibiting high

piezoelectric coefficient and one with high magnetic permeability with large magnetic stricture j
coefficient. The concept here is to bring these two in atomic contact to allow for electrically tun- B
able microwave passive components for a whole host of communications and ranging systems
such as in particular portable phased array antenna.
The semiconductor GaN is continually penetrating the market place by providing bright
red and green emitters which are used for signage in general and traffic lights in particu-
lar for better visibility, and energy and manpower savings. In the last few years, lasers based
on this material began their debut in recording and reading high density disk as the anes used in the
Playstation®3. What is gigantic is the application of blue LEDs to white
light generation wherein the LED pumps a yellow dye. Bright

white light generated by this phosphor LED combination is = ...
being pushed to its limits in the race to produce the most e *
efficient and brightest light source for general illumination. @ ¢ ®
Already these sources are much brighter than fluorescent ® ® @
light bulbs and definitely much brighter than newer com- N g

pact fluorescent light bulbs. Besides, LEDs can be dropped,
they do not mind being turned on and off as many times as
deemed necessary, they do not mind being cold, and pointedly
they do not pollute the earth with mercury.

Despite the progress, however, the efficiency is limited to about half of
what it could possibly be. The main limitation has to do with the efficiency of
LEDs although tremendous strides have been and are heing made to extract
just about every single photon generated. To get over this hump requires
more efficient sources. One very attractive option is the use of vertical
cavity surface emitting lasers (VCSELs) which challenge the deposition .
and fabrication technologies, particularly in light of the fact that GaN \
does not enjoy the presence of an affordable lattice matched substrate.

.

.
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Novel deposition and fabrication methodologies are being employed in

the lab to bring about electrically injected surface emitting lasers which

are very likely to be the pump sources used for white light with very high
efficiency. One step further is the use of polariton laser concept constructed

of GaN or better yet Zn0 which has more than twice the excition binding energy as
compared to GaN as the active region of the device. In polariton laser, the cavity and excition
polariton modes interact to produce lasing which is not based on population inversion and thus
very low threshold lasing can be obtained for high efficiency pump sources for white light gen-
eration in addition to optical communication.




A Wearable Wireless

Health Monitoring System

Dr. Esther Hughes
Assistant Professor
Department of Electrical and
Computer Engineering
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Dr. Esther Hughes is currently engaged in the design and implementation of a wireless medical
prototype for monitoring various vital signs including skin temperature, core body temperature,
metabolic heart rate, carbon dioxide (CO2) levels and blood oxygenation levels.

Her involvement with the sensor suite design began a few years ago when she began work-
ing with Drs. Azhar Rafiq and Ronald Merrell of the NASA Research Partnership/MITAC on
a tethered version of a similar system. The former design was tailored to monitoring an astro-
naut’s vital signs while she is engaged in extravehicular activity (EVA), ie., activity outside of
the space vehicle. Currently, Dr. Hughes, along with her collaborators and several graduate stu-
dents, is engaged in designing and implementing a wireless VMote (VCU mote) system based
on the Crossbow MicaZ mote. A mote is defined as a low-power processor with a radio link
that monitors one or more sensors. The custom device combines a microcontroller and digital
spread-spectrum radio with multiple commercial off-the-shelf medical sensors integrated into a
custom data acquisition prototype board. For the wireless prototype, the sensors are embedded
into the rim of a baseball cap to be worn by the subject during data collection. As such, itis easy
to don. The current system provides critical readings in real time.

Main contributions of the VMote system include: a means to analyze data online, as com-
pared to other offline data analysis systems; the capability of acquiring and interpreting data
from both analog and digital devices thus making the system compatible with analog and digital
sensors; the capability of processing large amounts of data which directly facilitates the integra-
tion of more physiological sensors and variables; and the ability to support multiple, networked
users thus allowing the healthcare provider access to a group of patients instead of data from a
single individual.

Additional areas of application include the monitoring of athlete physiological conditions,
sleep pattern research, and healthcare for residents of rural or remote areas. Similarly, the
system could be used to remotely monitor the elderly as well as members of the disabled popula-
tion. Additionally, these efforts propose the development of a patient-centric semi-autonomous
monitoring system as a model for local area monitoring of patients with disabilities. More spe-
cifically, it will serve as a model for monitoring children with disabilities such as autism and ce-
rebral palsy in a classroom environment. Oftentimes these children are unable to communicate
their physiological deviations prior to onset of self-destructive behaviors. Future considerations
include enabling preventive alerts that forecast medical events as opposed to solely monitoring
them. Due to the sensitive nature of medical information, various data encryption techniques
are currently being investigated for incorporation into the system.

VCU School of Engineering

Electrospinning
Aligned

Dr. Gary Tepper
Professor, Mechanical Engineering
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A VCU Mechanical Engineering team has invented a new
process for the creation of polymer-based materials consisting
of aligned arrays of nanofibers.

The new method, dubbed “Biased AC Electrospinning” is
describedinthe May 2007, issue of the journal Macromolecular
Rapid Communications, by Professor Gary C. Tepper and his
graduate student Soumayajit Sarkar.

Electrospinning is a technique that is being used
throughoutthe worldto produce polymernanofibersforvarious
applications. However, until now it has been impossible to
control the structure of electrospun materials because the
electrically charged fibers are inherently unstable and whip
around randomly during production.

Thenewmethod invented by Tepperand Sarkar completely
eliminates the inherent fiber instability in the electrospinning
process and opens the door for the creation of a host of new
nanostructured polymeric materials for applications ranging
from air filtration, tissue engineering, sensing and medicine.

17
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Understanding Bl TR

Have you ever blown up a rubber balloon, released the air, and found it
much easier to blow up the balloon a second time? If so, you have observed
strain softening, which is an essentially irreversible loss of stiffness at a
lesser strain due to a previously greater strain. Dr. John Speich and his
colleagues recently discovered that bladder (detrusor) smooth muscle
{DSM) also exhibits this property, and that structures within the muscle
cells can reestablish the lost stiffness, effectively enabling them to adjust
the bladder’s stiffness'~. The bladder dilates slowly to accommodate urine
during filling and constricts quickly to eliminate stored urine during
voiding. Failure to appropriately or adequately perform this function
can lead to chronic bladder contractile disorders, such as overactive
bladder which affects millions in the U.S. and throughout the world.
These disorders can not yet be effectively treated because our knowledge
of bladder physiology remains surprisingly incomplete. At VCU, our
multidisciplinary research team from the departments of Mechanical
Engineering, Biochemistry, Pediatrics and Surgery is seeking to more
fully understand the regulation of the mechanical behavior of DSM
and to gain knowledge essential to the discovery of novel treatments to
specifically target bladder contractile disorders.

Bladder constriction is produced by DSM cells that contract when
myosin motors are activated and cyclically attach as crossbridges to actin
filaments. The “rowing” action of the actomyosin crossbridges causes
relative sliding of actin and myosin filaments, which shortens the cells
and develops tension (T). The level of active tension (Ta) produced is
dependent on the number of active crossbridges producing positive
work, which is dependent on muscle cell length (L). Muscle cells do not
have a “reverse” motor to re-lengthen them after they have shortened, so
hollow organs utilize filling pressure to re-lengthen the relaxed, passive
muscle cells. Re-lengthening to a specific muscle length that is optimum
for a subsequent contraction is controlled by the degree of passive tension
(Tp) that accommodates or resists the load exerted by filling pressure.
In striated muscles such as the heart, the passive length-tension (L-Tp)
curve is exponential and generally considered to be “fixed” over the
short-term (i.e., there is a single steady-state Tp value for each length).
Most importantly, there is a single very narrow length range, termed the
optimum length (Lo), where Ta is maximum (To). Ta is weaker at shorter
and longer muscle lengths, forming a parabolic L-Ta curve, A “fixed”
L-Tp curve permits accurate coordination between passive muscle cell
re-lengthening and the strength of Ta upon muscle activation. Thus, the
L-Tp curve can function to “reset” muscle cells to Lo such that the next
contraction occurs at To.

Recent research on airway smooth muscle has shown that Ta and Tp
can adapt to ambient muscle length relatively quickly and has challenged
the paradigm of “fixed” L-T curves in smooth muscle. Our recently
published studies of rabbit DSM show that steady-state Tp maintained at

a given muscle length in a Ca**-free (i.e., passive) condition is reduced as

-
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Dr.John E. Speich
Assistant Professor, Mechanical Engineering

a result of strain to a longer length, revealing strain softening
behavior, and is increased upon muscle activation with KCl
at short muscle lengths', Thus, DSM is both strain-history
and activation-history dependent, and there is not a single Tp
value for a given muscle length. Our work demonstrates that
within the physiological working length range of the bladder
there exists a variable L-Tp curve displayed as a family of L-
Tp curves, and we have termed this phenomenon adjustable
passive stiffness (APS)°. Furthermore, we have found that APS
is regulated by rhoA coiled coil kinase (ROCK), indicating
that the structures responsible for APS are intracellular’.
Moreover, we have shown that APS can modulate steady-state
total tension (Ta+1Tp) at a given muscle length with relatively
little change in Ta, which suggests that structures responsible
for APS act in parallel with the contractile apparatus because
adjustable Tp and tonic Ta appear additive'.

VCU School of Engineering

Q:

-
s

The significance of passive stiffness in smooth muscle,
including our identification of APS, was the focus of a recent
editorial by Ford and Gilbert in the Journal of Applied Physiology".
Passive stiffness during bladder filling is critical, because it directly
affects the signals responsible for urgency and positions the
crossbridges in preparation for voiding. Tp maintains the bladder’s
shape, which is important because for a given bladder volume, a
change in shape can cause a significant change in surface area, and
therefore cell length and crossbridge spacing, just as squeezing a
spherical water balloon increases its surface area and wall tension.
In the bladder, APS may function to maintain spacing between actin
and myosin filaments to enable efficient Ta generation throughout
a broad range of bladder volumes. Our objective is to gain a precise
understanding of the molecular mechanisms responsible for APS
in the bladder, how APS adjusts Tp during filling, and how Tp

affects Ta during voiding. We hope to provide information essential
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for the timely discovery of therapies targeting bladder contractile

disorders, such as overactive bladder that involves involuntary
contractions during bladder filling, interstitial cystitis that involves
increased urgency and voiding frequency, and underactive bladder
that causes incomplete bladder emptying. Furthermore, we are
investigating smooth muscles found in the stomach, airways, and
arteries to determine if APS is present and if it plays a significant

role in these tissues.

1. Speich JE, Dosier C, Borgsmiller L, Quintero K, Koo HP, Ratz PH. Adjustable
passive length-tension curve in rabbit detrusor smooth muscle. J App! Physiol.
2007;102:1746-55,

2. Speich JE, Quintero K, Dasier C, Borgsmiller L, Koo HP, Ratz PH. A mechanical model
for adjustable passive stiffness in rabbit detrusor. J App! Physiol. 2006;101:1189-98.

3. Speich JE, Borgsmiller L, Call C, Mohr R, Ratz PH. ROK-induced cross-link formation
stiffens passive muscle: reversible strain-induced stress softening in rabbit
detrusor. Am J Physiol Celf Physiol. 2005,289:C12-21.

4. Ford LE, Gilbert SH. The significance of variable passive compliance in smooth
muscle. J Appl Physiol. 2007;102:1735-6.

19



20

T e
e

/CU School of Engineering FAC U LTY

BIOMEDICAL
Dr. Ou Bai

Assistant Professor, Department of

Biomedical Engineering

Phone: (804) 828-7956

Fax: (804) 828-4454

Research Topics

e Algorithms and systems development of
brain-computer interface

e Human motor control physiology

® Pevelopment of brain-computer interface-
based device for patients with movement
disorders

® System development of motor imagery-based
motor learning for stroke rehabilitation

* Development of algorithms and graphic-user
interface for investigating brain neuronal
connectivity

* Development of algorithms and systems for
computer-aided diagnosis

e Algorithm development of neurophysiological
signal processing and classification

» Multi-medal functional neural imaging

Dr. Gary L. Bowlin

Associate Professor, Department of

Biomedical Engineering

Harris Exceptional Scholar Professorship

Assistant Chair/Graduate Coordinator

Director, Tissue Engineering Laboratory

E-mail: glbowlin@veu.edu

Phone: (804) 828-2592

Fax: (804) 828-4454

Website: http://www.people.vcu.
edu/%7Eglbowlin

Research Topics

e Development of novel tissue engineering
scaffolds via electrospinning

e Electrostatic endothelial cell seeding tech-
nigues and transplantation/transfection

Dr. Ding-Yu Fei

Associate Professor, Department of

Biomedical Engineering

E-mail: dfei@vcu.edu

Phone: (804) 828-2664

Fax: (804) 828-4454

Wehbsite: http://www.egrvcu.edu/
FacultyDetail.aspx?facid=15

Research Topics

 Ultrasonic imaging techniques for studies of
cardiovascular dynamics

¢ Magnetic resonance imaging (MRI) tech-
niques for studies of vessel properties and
vascular hemodynamics

e Telemedicine

Dr. Tom Haas

Professor, Department of

Biomedical Engineering

E-mail: twhaas@vcu.edu

Phone: (804) 827-0446

Website: http://www.egr.vcu.edu/
FacultyDetail aspx?facid=23

Dr. Russell D. Jamison

Professor, Department of

Biomedical Engineering

E-mail: rjamison@vcu.edu

Phone: (804) 828-0190

Fax: (804) 828-9866

Website: http://www.egr.vcu.edu/FacultyDe-
tail.aspx?facid=32

fesearch Topics

e Tissue engineering of bone

Dr. Martin L. Lenhardt

Professor, Department of

Biomedical Engineering

E-mail: mllenhar@vcu.edu

Phone: (804) 828-9687

Fax: (804) 828-4454

Website: http://www.egr.vcu.edu/
FacultyDetail aspx?facid=39

Research Topics

¢ Animal bioacoustics

e Tinnitus

* Speech perception

* Hearing and balance

Dr. Gerald E. Miller

Chair, Department of Biomedical Engineering

E-mail: gemiller@vcu.edu

Phone: (804) 828-7263

Fax: (804) 827-0290

Website: http://www.egr.vcu.edu/
FacultyDetail.aspx?facid=49

Research Topics

e Artificial hearts - analysis and design of a
multiple disk centrifugal blood pump

e Man-machine interfacing - analysis and
design of voice recognition systems

¢ Rehabilitation engineering - analysis and
design of devices to aid the disabled

Dr. Dianne T.V. Pawluk

Assistant Professor, Department of

Biomedical Engineering

E-mail: dtpawluk@vcu.edu

Phone: (804} 828-9491

Fax: (804) 828-4454

Website: http://www.egr.vcu.edu/
FacultyDetail .aspx?facid=56

flesearch Topics

e Haptic displays for blind and visually
impaired individuals.

® Human factors analysis during minimally
invasive surgery and telesurgery.

e Tissue modeling for surgical simulators,
development of simulators.

= Application of tactile feedback for pros-
thesis design.

e se of haptic devices for rehabilitation.

Dr. Jennifer S. Wayne

Professor, Department of

Biomedical Engineering

E-mail: jswayne@vcu.edu

Phone: (804) 828-2595

Fax: (804) 828-4454

Website: http://www.people.vcu.
edu/%7Ejwayne/jwayne.htm

Research Topics

e Articular Cartilage: Normal Function,
Reparative Technigues, Tissue Engineering

e Experimental and Computational Modeling
of Diarthrodial Joint Function

* |igament and Tendon Mechanics

e Structural Stability of Fixation Constructs

Dr. Paul A. Wetzel

Associate Professor, Department of

Biomedical Engineering

E-mail: pawetzel@vcu.edu

Phone: (804) 827-0487

Fax: (804) 828-4454

Website: http://www.egr.vcu.edu/
FacultyDetail.aspx?facid=78

Research Topics

e Primary research emphasis is the develop-
ment of Human—Machine Interfaces based
on eye movement and visual analysis

Dr. Hu Yang

Assistant Professor, Department of

Biomedical Engineering

E-mail: hyang2@vcu.edu

Phone: (804) 828-5459

Fax: (804) 827-0290

Website: http://www.people vcu.edu/~hyang?

Research Topics

e Polymer Synthesis, Characterization, and
Biofunctionalization

* Tissue Regeneration

® Nanomedicine

® Dendrimer-based Drug Delivery, Controlled
Release, and Gene Transfer

* Brain-targeted Drug Delivery and Gene
Therapy

= Bioactive and Environment-responsive
Surfaces for Pharmaceutical and Biomedical
Applications

VCU school of Engineering

CHEMICAL AND LIFE SCIENCE

Dr. Stephen S. Fong

Assistant Professor, Department of
Chemical and Life Science Engineering
E-mail: ssfong@vcu edu

Phone: (804) 827-7038

Fax: (804) 828-3846

Website: htto://www.engineering.vcu.edu/fong-lab
Research Topics

® Systems biology

e Evolutionary biology

» Metabolic engineering

* Molecular engineering

® Molecular evolution

o Computational modeling

Dr. 0zge Guney-Altay

Research associate and instructor

Phone: (804) 827-7000, ext. 412

Fax: (804) 828-3846

E-mail: oguneya@vcu.edu

Website: http://www.egrvcu.edu/clse/
faculty-staff/guney-altay.htm|

Research Topics

e Advanced polymer coatings for highly selec-
tive membranes and sensors

e Preparation of nano-structured materials using
supercritical fluid technology

e Controlled and targeted delivery of therapeutic
agents

® Processing biomaterials for improved biocom-
patibility

Dr. Gary S. Huvard

Assaciate professor, Department of

Chemical and Life Science Engineering

E-mail: gshuvard@vcu.edu

Phone: (804) 827-7000 x413

Fax: (509) 472-9835

Website: http://www.egr.vcu.edu/clse/
faculty-staff/huvard.html

Research Topics

e Diffusion in polymers and devolatilization
processes

¢ Chemical kinetics and reaction engineering,
especially polymerization reaction engineering

= High temperature degradation of organic
solvents

e Supercritical fluid processing, especially
supercritical fluid swelling of and infusion into
glassy polymers

e Chemical process synthesis, modeling and
simulation, especially dynamic modeling and
stochastic simulation of batch processes

Dr. Russell D. Jamison

Professor, Department of

Chemical and Life Science Engineering

E-mail: rjamison@vcu.edu

Phone: (804) 828-0190

Fax: {804) 828-9866

Website: http://www.egr.vcu.edu/FacultyDetail.
aspx?facid=32

Aesearch Topics

e Tissue engineering of hone

Dr. Henry A. McGee Jr.

Founding dean, dean emeritus and professor,

Department of Chemical and Life Science

Engineering

E-mail; hmcgee@vcu.edu

Phone: {804) 828-3636

Fax: (B04) 828-3846

Website: http://www.egrvcu.edu/clse/
faculty-staff/megee.html

Dr. Mark A. McHugh

Professor, Department of

Chemical and Life Science Engineering

E-mail: mmchugh@veu.edu

Phone: {804) 827-7031

Fax: (804) 828-3846

Website: http://www.egrvcu.edu/clse/
faculty-staff/mchugh.htm!

Research Topics:

e Polymer solution behavior at high pressures

® Scattering phenomena in polymer solutions
at high pressures

e Supercritical fluid solvent technology

Dr. Michael H. Peters

Professor and Chair, Department of

Chemical and Life Science Engineering

E-mail: mpeters@vcu.edu

Phone: (804) 828-7789

Fax: (804) 828-3846

Website: http://www.egrvcu.edu/clse/
faculty-staff/peters.html

Research Topics

® |mproving vascular graft efficacies using
locally delivered novel promoter factors

e Pathway discovery via microimaging NMR
for delivery of local chemotherapeutic
agents in the treatment of skin cancers

Dr. Raj R. Rao

Assistant Professor, Department of

Chemical and Life Science Enginegring

E-mail: rrran@vcu.edu

Phone: (804) 828-4268

Fax: (804) 828-3846

Website: http://www.engineering.vcu.edu/
rao-lab

Research Topics

s Stem cells

® Regenerative Medicine

Cellular/tissue engineering

® (Genomics

® Biomaterials

® Biosensors

Dr. Kenneth J. Wynne

Professor, Department of Chemical and

Life Science Engineering

E-mail: kjwynne@vcu.edu

Phone: (804) 828-9303

Fax: (804) B28-3846

Website: www.engineering.veu.edu/wynne-lab
Research Topics

* Polymer surface science
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e Fluoropolymer science

 Silicone science

® Functional polymer surfaces including biocidal
polymers

® “Green” processing and synthesis in super-
critical CO2

= Nonlithographic patterning of functional inor-
ganic and polymeric materials

Dr. Vamsi Yadavalli

Assistant Professor, Department of
Chemical and Life Science Engineering
E-mail: vyadavalli@vcu.edu

Phone: 804-827-7000, x461

Fax: (804) 3846

fResearch Topics

* Single molecule protein biophysics
e (Optical hiosensors

e Functional biomaterials

® Surface science

® Micro- and nanofabricated devices

CONMPUTER SCIENGE

Dr. James E. Ames IV

Associate Professor, Department of

Computer Science

E-mail: j.ames@vcu.edu

Phone: (804) 440-6716

Fax: (804) 828-2771

Website: http://www.people.vcu.edu/%7Ejames/ =

Research Topics

e Medical applications, database, networks, -
graphics, performance evaluation, simulations

Dr. Susan S. Brilliant

Assaciate Professor, Department of

Computer Science

E-mail: ssbrilli@vcu.edu

Phone: (804) 440-6719

Fax: (804) 828-2771

Website: http://www.egrvcu.edu/FacultyDetail.
aspx?facid=7

Research Topics

= Software engineering

® User interface design and specification

Dr. Chao-Kun Cheng

Associate Professor, Department of

Computer Science

E-mail: ccheng@vcu.edu

Phone: {804) 827-4008

Fax: (804) 828-2771

Website: http://www.egr.vcu.edu/FacultyDetail.
aspx?facid=9

Research Topics

¢ Compilers, functional programming, logic
programming and expert systems

e Consultant to IBM Kingston
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COMPUTER SCIENCE
Dr. Hongsik Choi

Assistant Professor, Department of

Computer Science

E-mail: hchoi@veu.edu

Phone: (804) 440-6723

Fax: (804) 828-2771

Website: http://www.people.vcu.
edu/%7Ehchoi/

Research Topics

e Optical networks, high speed networks,
network congestion control

® (graph theory

» Combinatorics

Dr. Krzyzstof Cios

Chair, Department of Computer Science
E-mail: kcios@veu.edu

Phone: (804) 828-9671

Fax: (804) 828-2771

Research Topics

e Biomedical informatics

e [ata mining

e |earning algorithms

Dr. Yuan Gao

Assistant Professor, Department of

Computer Science

E-mail: ygao@vcu.edu

Phone: (804) 440-6725

Fax: (804) 828-2771

Website: http://www.engineering.vcu.edu/
fac/gao/

Research Topics

® Computational Biology

e (Genome Sequencing

® Algorithm design and analysis

e Data Mining

» Computer and Biological Networks

Dr. Branson Murrill

Associate Professor, Department of

Computer Science

E-mail: bmurrill@veu.edu

Phone: (804) 440-6721

Fax: (804) 828-2771

Website: http://www.people.vcu.
adu/%7Ebmurrill/

Research Topics

e Software Analysis, Testing and Verification
(ATV)

Dr. Kayvan Najarian

Assistant Professor, Department of

Computer Science

E-mail: knajarian@vcu.edu

Phone: (804) 828-9731

Fax: (804) 828-2771

Research Topics

e Biomedical signal processing and medical
informatics

¢ The use of advanced signal processing
methods to extract diagnostically useful
information from large medical databases.

Dr. Lorraine M. Parker

Associate Professor, Department of

Computer Science

E-mail: Imparker@vcu.edu

Phone: (804} 440-6718

Fax: (804) 828-2771

Wehbsite: http://www.people.vcu.
edu/%7Elparker/

Research Topics

e Database systems, operating systems and
concurrency

Dr. David Primeaux

Associate Professor, Department of

Computer Science

E-mail: dprimeau@vcu.edu

Phone: (804) 440-6722

Fax: (804) 828-2771

Website: http://www.people.vcu.
edu/%7Edprimeau/

Research Topics

¢ Artificial neural networks,

e Machine learning

e Knowledge-based systems

e Parallel algorithms

e Ethics

Dr. Dan Resler

Associate Professor, Department of
Computer Science

E-mail: dresler@vcu.edu

Phone: (804) 828-0575

Fax: (804) 828-2771

Website: http://liberty.egr.vcu.edu/%7Eresler/
Research Topics

® Programming languages

e Compiler design

* Automatic generation of software

Dr. Ju Wang

Assistant Professor, Department of

Computer Science

E-mail: jwang3@vcu.edu

Phone: {804) 440-6729

Fax: (804) 828-2771

Website: http://www.people.vcu.
edu/%7Ejwang3/

Research Topics

* Multimedia systems

e Computer networking

* Wireless networks

* [igital image/video processing

ELECTRICAL / COMPUTER

Dr. Gary M. Atkinson

Associate Professor, Department of

Electrical and Computer Engineering

E-mail: gmatkins@vcu.edu

Phone: (804) 827-0185

Fax: (804) 828-4269

Website: http://www.egr.vcu.edu/FacultyDe-
tail.aspx?facid=3

Research Topics

» Micro/Nano Fabrication

e Smart Materials

e Sensors and Actuators

® Biochips

e Microelectromechanical Systems (MEMS)

Dr. Supriyo Bandyopadhyay

Professor, Department of Electrical and

Computer Engineering

E-mail; shandy@vcu.edu

Phone: (804) 827-6275

Fax: (804) 828-4269

Website: http://www.people.vcu.
edu/%7Esbandy/qdl1.html

Research Topics

= Nanoelectronics

e Hot carrier transport in submicron devices
and quantum wires

e (Quantum devices and single electronics

¢ Architectures for nanoelectronics and
circuit design

e (Quantum computing and cryptography

e Mesoscopic superconductors

e Self-assembly of nanostructures

Dr. Alen Docef

Associate Professor, Department of

Electrical and Computer Engineering

E-mail: adocef@vcu.edu

Phone: (804) 827-7032

Fax: (804) 828-4269

Website: http://www.egr.vcu.edu/FacultyDe-
tail.aspx7facid=12

Research Topics

e Medical image processing

e Efficient, error-resilient, network-optimized
image and video coding

® Document compression for archiving

e Signal processor architectures

Dr. Vennie A. Fillipas

Assistant Professor, Department of

Electrical and Computer Engineering

E-mail: avfilippas@vcu.edu

Phaone: (804) 827-7000, x253

Fax: (804) 828-4269

Website: http://www.egr.vcu.edu/FacultyDe-
tail.aspx?facid=17

VCU School of Engineering

Dr. Rosalyn S. Hobson

Associate Professor, Department of

Electrical and Computer Engineering

E-mail: rhobson@vcu.edu

Phone: (804) 828-8308

Fax: (804) 828-4269

Website: http://www.egr.vcu.edu/FacultyDe-
tail.aspxfacid=28

Research Topics

 Artificial neural networks and their appli-
cation to control problems, intelligent
systems, biological modeling, and signal
processing issues.

® Research in the area of engineering educa-
tion include introducing service learning
into science, mathematics, engineering
and technology programs and the develop-
ment of K-12 programs to promote interest
in engineering.

Dr. Esther A. Hughes

Assistant Professor, Department of

Electrical and Computer Engineering

E-mail: eahughes@vcu.edu

Phone: (804) 828-0030

Fax: (804) 828-4269

Website: http://www.egr.veu.edu/FacultyDe-
tail.aspx?facid=29

Research Topics

¢ Reconfigurable computing

» Computer networking

* High performance computing

* Embedded systems

Dr. Ashok lyer

Professor and Chair, Department of
Electrical and Computer Engineering
E-mail; aiyer@vcu.edu

Phone: (804) 827-7035

Fax: (804) B28-4269

Website: http://www.people.vcu.edu/~aiyer/
Research Topics

* Robotics for Nuclear Waste Handling
¢ Linear and Nonlinear Control Theory
» Neural Networks

* (PS Applications

Dr. Koray Karahaliloglu

Assistant Professor, Department of

Electrical and Computer Engineering

E-mail: kkarahalil@vcu.edu

Phone: (804) 828-3061

Fax: (804) 828-4269

Website: http://www.peaple.vcu.
edu/~kkarzahalil/

Research Topics

® Analysis and applications of neuromorphic
nanodevice architectures

e Bioinspired circuit-systems and their appli-
cations

» Development of related computer-aided
design and analysis tools

* Nonlinear circuit-systems

* Device modeling

Dr. Robert H. Klenke

Associate Professor, Department of

Electrical and Computer Engineering

E-mail: rhklenke@vcu.edu

Phone: (804) 827-7007

Fax: (804) 828-4269

Website: http://www.people.vcu.
edu/~rhklenke/

Research Topics

e System-level performance and hybrid modeling

® Hardware/software codesign, hardware
description languages

e Digital system design

e Parallel algorithms for design automation
problems

Dr. Robert J. Mattauch

Dean Emeritus and Commonwealth

Professor, Department of Electrical

and Computer Engineering

E-mail: rjmattau@vcu.edu

Phone: (804) 828-4000

Fax: {804) 828-4269

Website: http://www.egr.vcu.edu/Faculty
Detail.aspx?facid=43

Dr. Hadis Morkoc

Founders Professor, Department of

Electrical and Computer Engineering

E-mail: hmorkoc@vcu.edu

Phone: (804) 827-3765

Fax: (804) 828-4269

Website: http://www.egr.vcu.edu/Faculty
Detail.aspx?facid=50

Research Topics

e Nitride Semiconductor Heterostructures

e Light Emitting Diodes

e Group IlI-V Semiconductors.

Dr. Yuichi Motai

Assistant Professor, Department of
Electrical and Computer Engineering
E-mail: ymotai@vcu.edu

Phone: (804) 828-1281

Fax: {804) 828-4269

Research Topics

e [Medical imaging

e Computer vision

¢ Robotics

e Human computer interaction

Dr. Jerry H. Tucker

Associate Professor, Department of Electrical
and Computer Engineering

E-mail: jhtucker@vcu.edu

Phone: (804) 827-7627

Fax: (804) 828-4269

Website: http://www.egr.veu.edu/FacultyDe-
tail.aspx?facid=73

Research Topics

* Computer architecture

e Parallel processing

e Hardware and software for embedded
microprocessor systems
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e VHDL based FPGA design
» Reconfigurable logic
® Boolean equations and Boolean calculus

MECHANICAL
Dr. Mohamed Gad-el-Hak

Caudill Eminent Professor and Chair,

Department of Mechanical Engineering

E-mail: gadelhak@vcu.edu

Phone: (804) 828-3576

Fax: (804} 827-7030

Website: http://www.people.vcu.
edu/%7Egadelhak/

Research Topics

e Fluids in motion

® Flow control

® VYiscous pumps and microturbines

® Microtechnology

Dr. Muammer Kog

Associate Professor, Department of

Mechanical Engineering, and Director of

NSF I/UCRC Center for Precision Forming

E-mail: mkoc@vcu.edu

Phaone: (804) 827-7029

Fax: (804) 827-7030

Website: http://www.egr.veu.edu/me/faculty/
me-faculty_koc.html

Research Topics

e Manufacturing processes and systems

e Product and process design

® Micro/nano-manufacturing

» Design and manufacturing of alternative
energy devices (such as fuel cells) and medical
devices

e Design and manufacturing of nano/micro-
scale functional surface structures

» Deformation mechanics, tribology and process
in material forming plasticity

¢ CAE applications in design and manufacturing

Dr. Kam K. Leang

Assistant Professor, Department of

Mechanical Engineering

E-mail: kkleang@vcu.edu

Phone: (804) 828-9117

Fax: (804) 827-7030

Wehbsite: http://www.leang.com/research/

Research Topics

® High-precision control of piezo-based posi-
tioners for atomic force microscopes

e Precision positioning of shape memory alloy
actuators for micro/nano-surgery

e |teration-based feedforward control

¢ Mechatronic systems design for high-preci-
sion positioning applications
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