7,
O
CSE

Department of Electrical Engineering and Computer Science

Robotics From
Head to Toe

EnergyandiRovier:

EngineexingiSustainablerSalutions
EromithelitacxostosthelllickolEeuels

®
UNIVERSITY OF
MICHIGAN

2009




In This

Issue
v

Electrical Engineering
and Computer Science

1301 Beal Avenue / 2260 Hayward Street
Ann Arbor, Michigan 48109
PH 734 764-2390
FX 734 763-1503
www.eecs.umich.edu

EDITORS:
Catharine June, Communications, ECE
Steven Crang, Communications, CSE

GRAPHIC DESIGNER:
Rose Anderson, EECS

The Regents of the University of Michigan

Julia Donovan Darlow, Ann Arbor, Laurence

B. Deitch, Bingham Farms, Olivia P. Maynard,
Goodrich, Rebecca McGowan, Ann Arbor,
Andrea Fischer Newman, Ann Arbor, Andrew C.
Richner, Grosse Pointe Park, S. Martin Taylor,
Grosse Pointe Farms, Katherine E. White,

Ann Arbor, Mary Sue Coleman, (ex officio)

The University of Michigan, as an equal oppor-
tunity/affirmative action employer, complies with
all applicable federal and state laws regarding
nondiscrimination and affirmative action, includ-
ing Title IX of the Education Amendments of
1972 and Section 504 of the Rehabilitation Act
of 1973. The University of Michigan is committed
to a policy of nondiscrimination and equal op-
portunity for all persons regardless of race, sex,
color, religion, creed, national origin or ancestry,
age, marital status, sexual orientation, disability,
or Vietnam-era veteran status in employment,
educational programs and activities, and admis-
sions. Inquiries or complaints may be addressed
to the Senior Director for Institutional Equity and
Title IX/Section 504 Coordinator, Office of Institu-
tional Equity, 2072 Administrative Services Build-
ing, Ann Arbor, Michigan 48109-1432, 734-763-
0235, TTY 734-647-1388. For other University of
Michigan information call 734-764-1817.

O @ O O

A Message From the Chairs of EECS

Featured Research

4 Energy and Power: Engineering Sustainable
Solutions From the Macro to the
Micro Levels

7 Robotics From Head to Toe
10 Research Briefs

Department News

14 Curriculum News

14 Tech News

15 K-12 QOutreach

16 William Gould Dow Distinguished Lectureship
16 Honors and Awards

21 New Faculty

Student News

Alumni News

26 A Message From the Alumni
Society President

27 Alumni Awards
29 Alumni Spotlight: Michael McCorquodale
30 Alumni Notes

In Memoriam
32 Memories of a True Blue Michigan Engineer

33 In Memoriam

Thanks to Our Donors



A Message

From the
Chairs of EECS

Greetings from EECS@Michigan! We are excited to mark the
beginning of a new decade, and to see the many remarkable and
important ways our discipline is impacting the world.

At the forefront of the nation’s concerns is energy and power, a
vast issue that must be addressed if we are to live in harmony
with the world. Our faculty are involved in many facets of energy
and power, from grid infrastructure, to electric vehicles, lighting,
solar and wind power, and even scavenging energy from the sur-
rounding environment to power extremely small devices — all with
the goal of creating sustainable solutions; read more in the first
research feature.

Michigan has a bright future in the areas of robotics. The State of
Michigan is the home to the Dept. of Defense’s Ground Vehicle
Center of Excellence, the U.S. Army Tank Automotive Research,
Development and Engineering Center (TARDEC); the College of
Engineering boasts the multi-disciplinary Ground Robotics Reli-
ability Center (GRRC); a strong core of EECS faculty are conduct-
ing important research in the area of robotics; and students can
now earn a master’s degree in robotics. Read about some of the
cutting-edge robotics research happening in EECS in the second
research article.

We are excited to announce a new Plasma Research Center,
directed by Prof. Mark Kushner, and to see our faculty involved in
new MURI’s in the areas of computer security and quantum com-
puting. As you'll see in the research briefs, we are continuing to
make new breakthroughs in many areas. For example, just in the
area of low-power computing, faculty are finding ways to dramati-
cally reduce the energy requirements of data centers; the lowest
power microcontroller in standby mode ever designed has evolved
into a miniature commercial-grade microprocessor that can run on
ambient light; cell phone users can decide which applications to
use to extend battery life when needed; miniature sensors are be-
ing designed to run with extremely low power; and basic research
is being pursued in the area of near-threshold computing. All of
these activities, and many more, are highlighted in the Research
Briefs section.

Research and the curriculum we teach go hand in hand. We are
pleased to announce a new interdisciplinary program in Plasma
Science and Engineering, and several new courses or existing
courses that are making their own news. Importantly, our K-12
outreach has reached new heights with several programs initiated

Farnam Jahanian, Chair
Computer Science and
Engineering Division

Khalil Najafi, Chair
Electrical and Computer
Engineering Division

with area schools to improve their computer science curricula,
while popular existing programs in nanotechnology continue to
entertain and engage local children.

We are delighted to announce that several of our senior faculty
have been honored with professorships, and our junior faculty are
earning a variety of Young Investigator Awards, including a Presi-
dential Early Career Award of Scientists and Engineers, given to
Prof. Tony Grbic. A great number of additional honors and awards
are highlighted on pp. 16-20.

We hope you can take some time to get to know our eight new
faculty that have joined Michigan in 2009-2010 (pg. 21). With
interests ranging from web-oriented research (Michael Cafarella),
to wireless sensing systems (Prabal Dutta), performing arts tech-
nology (Georg Essl), power electronics (Heath Hofmann), signal
processing (Raj Nadakuditi), MEMS (Mina Rais-Zadeh), compu-
tational physiology (Zeeshan Syed), and VLSI (Zhengya Zhang) —
they are bringing exciting new areas of research to Michigan, and
strengthening existing programs.

Michigan students once again are proving that they are the
“Leaders and Best!” In addition to conducting important research,
earning prestigious awards, and winning a wide variety of con-
tests, they are venturing into the world of social entrepreneurship
to serve others as part of their daily lives. Read how Raj Vable

is bringing solar technology to India, how the iPhone application
called DoGood grew from a new Mobile and Web App Program-
ming class, and some examples of recent students, now alumni,
providing assistance to others through charities and service
(Globe Shares and Joe’s Run for MS).

We hope that many of our alumni can join us for the 2010
Homecoming in October! Several alumni took advantage of Prof.
Mohammed Islam’s short course on Patent Fundamentals, and
others participated in a special followup workshop about Patent
Claim writing with EECS alumni and friends at Brooks Kushman.
We were delighted to see many friends at the alumni reception at
the International Solid-State Circuits Conference in February, and
hope to offer more of such opportunities in the future.

We continue to be extremely grateful for the support of our alumni
and industrial partners. We truly can’t do it without you! ®
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Research

Energy and Power: Engineering Sustainable
Solutions From the Macro to the Micro Levels

There is no shortage of energy being devoted to finding new and
sustainable energy solutions. Even amidst the current economic
challenges, the U.S. government is supporting these efforts with
nearly a 50% increase in funding for energy-related research
that includes energy efficiency and renewable energy, “smart”
grid and efficient electrical transmission, green cars, and basic
scientific research.

Energy research requires a multidisciplinary approach that
involves basic science, technology, materials, systems, business,
policy, and even politics. “If you're going to tackle problems as
big as energy, it takes people from multiple disciplines to actu-
ally make any impact,” stated Stephen Forrest, U-M’s VP for
Research, and William Gould Dow Collegiate Professor in the
EECS Department. “The University of Michigan is one of the few
places in the world where we have enough breadth to take on a
sizeable chunk of this humanity-wide problem.”

Faculty in the division of electrical and computer engineering are
tackling the problem from many angles. On a systems-wide level,
they are investigating ways to transfer wind- and solar-produced
electricity into the nation’s electrical power grid, and managing
the burden on the grid that comes with the increased use of elec-
tric vehicles. They are also improving the technology of electric
vehicles in partnership with the auto industry, improving the
efficiency of the largest single user of electric power — white light-
ing, and they are exploring new materials to make solar energy

a practical reality. Related efforts with far-reaching human and
societal applications include turning naturally-occurring vibrations
and movement into electricity.

Power Systems and the Smart Grid

Electric cars hitting the road in greater numbers, as well as new
energy sources in the form of solar and wind power, will impact
the nation’s grid infrastructure in novel ways. It is a systems
integration problem, and the specialty of lan Hiskens, Vennema
Professor of Engineering.

“The success of electric-powered vehicles will depend on solid,

innovative science and technology that is tied to policy and
market consider-
ations,” said Hiskens,
who is working with
the Michigan Public
Service Commission to
explore the widespread
use of Plug-in HEV’s in
Michigan.

Hiskens is also working with the Department of Energy to devel-
op new techniques for assessing the impact of wind generation

on the grid system, specifically on power system voltage control
and transient stability. He will initially focus on the power system

in Michigan’s “thumb” area, ideal because of its peninsula-like
geography that is perfect for windy environments.

The current grid system doesn’t allow for simple use of these new
energy sources. New technologies need to be developed that will
allow the grid to operate in a manner resembling the Internet. For
example, with the Internet, if one link is congested with informa-
tion, control loops redirect packets of information around the
congested link. This is not possible with today’s power grid.

“Right now the grid is either on or off,” explains Hiskens. “We
need to be able to add controllability through power-electronic
devices — and better utilize existing assets to make the existing
grid a truly ‘smart’ grid.”

Hybrid electric vehicle testbed for enhancing fuel economy and
drive quality.

Electric and Hybrid Electric Vehicle Technology

Hybrid electric vehicles, or HEV’s (i.e., vehicles with an internal
combustion engine, an electric motor, and a battery), plug-in
HEV’s, and all-electric vehicles are no longer cars of the future.
They are making real inroads in the marketplace, and are among
the alternative and advanced vehicles supported by the U.S.
Government.



One of the all-electric cars on the road, the Tesla Roadster,
contains a control algorithm designed by Prof. Heath Hofmann.
The algorithm, which is part of the digital controller, impacts the
propulsion drive for the vehicle, ensuring efficient and robust per-
formance under a variety of driving conditions. Prof. Hofmann’s
research is in the area of power electronics and electromechani-
cal systems, with an emphasis on energy-related applications. He
has also worked with Pentadyne Power Corporation to develop
an energy-efficient flywheel energy storage system, writing a con-
trol algorithm for an electric motor generator that converts kinetic
energy in the flywheel into electrical energy.

Jessy Grizzle, Jerry W. and Carol L. Levin Professor of Engineer-
ing, has been working with Ford Motor Company more than two
decades, most recently turning his “control” expertise to hybrid
electric vehicles. Working with graduate student Dan Opila, he
has recently found a way to significantly increase mileage while
retaining a pleasant driving experience.

Training students to work in the new auto industry is one of the
goals behind the formation of Grizzle’s Hybrid Electric Vehicle
Design and Test Team. These students are designing and testing
a HEV with both Ford and General Motors that uses compressed
air as its primary power source. Jeffrey Koncsol from General
Motors Company said, “The energy, enthusiasm, and diversity
of abilities that the team members bring to this project is remark-
able. U-M is producing engineering teams that are capable of
the innovation and implementation of sustainable technologies
required in today’s world.”

Solid-State Lighting

White lighting is responsible for 20% of all the electricity used in
homes and buildings, and therefore key to defining the nation’s
dependence on fossil fuel. Small improvements in lighting
efficiency stand to significantly reduce our demand for electricity,
and hence our dependence on fossil fuels.

Prof. Forrest has been working on this issue for decades. He

is currently exploring technology using organic thin films based
light-emitting diodes (or OLEDSs) that is more efficient than the
best fluorescent lighting solutions. “We have the efficiency and
the color and the lifetime,” explained Forrest, “but we can’t yet
do it cheaply enough to compete with regular light bulbs. But
that may change in just a few years.” Forrest has been involved
in several energy- and lighting-related companies to further
research in this area.

Similarly, Prof. P.C. Ku and his group are investigating inorganic
light-emitting diodes (LEDs) for solid-state lighting. Ku is working
to achieve high efficiency in both the component and the overall
system. “There is as much as a 20-40% efficiency loss when a
high-efficiency LED is placed into a light bulb,” explained Ku. “We
can improve on that.”
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Graduate student Celia Cunningham (left) discusses organic solar
cell fabrication with undergraduate student Christine Austin. They
are working on a new method of incorporating carbon nanotubes in
organic solar cells in a project funded by the National Science
Foundation and private industry.

New Materials and Solar Cells

Several ECE faculty are members of a new five-year, $19.6M,
Energy Frontier Research Center, called Solar Energy Conver-
sion in Complex Materials, led by Prof. Peter Green in the
Department of Materials Science and Engineering. This center
has the goal of developing a new generation of inexpensive
materials that will convert solar energy and heat into electricity
much more efficiently than is currently possible. Sponsored by
the Department of Energy, the center includes 25 faculty from no
fewer than 5 different departments at U-M, with faculty from ECE
playing a prominent role.

“The challenge is to be competitive with fossil fuels, and to do
that the process needs to be efficient, cheap, and lightweight so
it can be deployed anywhere, even as a coating on windows,”
stated Prof. Forrest. Forrest has an active research program to
create high-efficiency solar cells using alternative and potentially
very low cost materials that are either organic or “conventional”
I1I-V thin-film nanostructures. Currently, most solar cells on the
market are silicon based, and while silicon is relatively inexpen-
sive per unit volume, it takes a large quantity to generate the
electricity needed.

Prof. Jamie Phillips and his students are investigating the use
of inorganic materials, in particular 11-VI compound semiconduc-
tors such as zinc telluride (ZnTe), to improve the efficiency of
the energy conversion process through the use of intermediate
electronic states within the bandgap. The intermediate states
may be introduced via nanostructures or intentional impurities,
providing multiple absorption bands and theoretical conversion
efficiencies for a single-junction cell comparable to more costly
and complex triple-junction devices. Promising results demon-
strating the intermediate band concept have been achieved using
oxygen-doped ZnTe.

Prof. Ku is also investigating the use of the inorganic materials to
improve the efficiency of solar cells, beginning with indium
gallium nitride. He hopes to explain the fundamental science
behind the inefficiency of most quantum dot solar cells so that
this weakness can be overcome.
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Prof. Ted Norris, Director of the Center for Ultrafast Opti-
cal Science, is helping define the fundamental aspects of
newly engineered materials using ultrafast laser technol-
ogy. He measures the response of charge to excitation

by photons at the femtosecond time frame, exploring the
most basic properties of these interactions. This work has
the potential to significantly improve the ability of materials
to harvest solar energy, and convert it efficiently to usable
electrical power.

Prof. Zhoahui Zhong is working with Norris to improve our
fundamental knowledge of nanomaterials, such as carbon
nanotubes, to improve solar cell efficiency.

Energy Scavenging and Power Generation

Researchers are shrinking the size of microsystems to such a
degree that powering them by batteries has become impracti-
cal. Energy-harvesting systems offer an alternative source of
power for many emerging applications of miniature instruments
used in health care, environmental monitoring, security, energy
conservation and exploration, and a myriad of consumer elec-
tronic devices. The energy may be harvested from vibration,
light, RF signals, and heat sources available in the immediate
surroundings through piezoelectric, electromagnetic, or
thermoelectric techniques.

In one project, Khalil Najafi, Schlumberger Professor of Engi-
neering and Chair of ECE, has designed an ef-
ficient energy scavenger for converting ambi-
ent low-frequency vibrations into electrical
power. The goal is to allow networks of
miniature environmental sensors distrib-
uted throughout an area to monitor the
environment for long periods, powered
only by naturally-occurring vibrations
such as those on buildings, bridges, and
other physical infrastructure.

Miniature
power
generator

Prof. Hofmann works on power electronic

circuitry that interfaces with similar devices to
extract the most power available from the system. He

is investigating human-based energy harvesting by connect-

ing an energy converter to a backpack equipped with springs,

giving a Marine in the field, for ex-

ample, virtually an endless supply

of electricity.

Moving Forward in Energy
and Power

Powering the way we live while
sustaining a world that is clean and
safe will require the ingenuity and
expertise of countless engineers to
create and refine new technology
— as well as committed teamwork
between researchers, industry,
business, and political leaders.
EECS faculty and students are
making important and lasting con-
tributions to this important goal. ®

Energy-producing back-
packs have been marketed
by Lightning Pack, LLC,
based on technology devel-
oped by Heath Hofmann and
Prof. Lawrence Rowe (U.
Pennsylvania).

U-M Solar Car Team

No Michigan story about solar energy can be complete without
mentioning the heroic efforts of the College of Engineering’s primar-
ily undergraduate student team, the Solar Car Team. Since this
team has been building cars from scratch for the first American
Solar Challenge in 1990, they have won 5 out of 9 races, and con-
tinue to incorporate new methods of solar technology in their cars.
Recently, the team crossed the finish line to capture 3rd place for
the fourth time in the World Solar Challenge, now part of the Global
Green Challenge. EECS students always figure prominently in the
makeup of the Solar Car team. @

EECS has partnered with

Planet Blue, whose mis-

sion is to reduce utility use

and increase recycling
within the U-M community. There is much at stake: the electricity
used to power all of the PCs and monitors in the U.S. has a carbon
equivalent of more than 41 million acres of pine forests, and most
computers waste 50% of the power they consume. U-M is doing its
part in stocking recyclable office supplies, making it easy to recycle,
working with green-friendly vendors, and educating the community
about how to conserve energy. @

EECS Faculty Mentioned in the Article:

Stephen Forrest Heath Hofmann  Ted Norris
Jessy Grizzle P.C. Ku Jamie Phillips
lan Hiskens Khalil Najafi Zhaohui Zhong

Courses in Energy and Power Systems:

* Electric Machinery and Drives

* Grid Integration of Alternative Energy Sources

» Power System Analysis and Design

» Power Electronics

« Solid-State Lighting and Solar Cells

« Special Topics in Electric Power Systems Operation,
Markets, Reliability, and Blackouts

« Electric Machinery and Drives

New courses in the area of transportation electrification

being developed

Undergraduate concentration in energy being developed

Related Courses in Energy and Power Systems:

» Nanophotonics and Nanofabrication

» Semiconductor Optoelectronic Devices
+ Semiconductor Lasers and LEDs

« Ultrafast Optics
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Robotics

Teams of robots are exploring and learning to recognize objects
they encounter — intelligent, cooperative architectures have been
conceived that will enable robotic systems to expand the reach of
human endeavor — and MABEL is on the road to jumping, skip-
ping, and running. This is robotics in EECS!

Robotics is an area that encompasses a broad array of theoreti-
cal and electronic components. EECS faculty are tackling wide-
ranging issues related to robotics research, including artificial
intelligence, control theory, and computer vision. The fruits of
their research will impact fields from national security, to health,
to transportation.

In the Beginning — How Can a Robot Learn?

Prof. Benjamin Kuipers wonders how foundational concepts, like
knowledge of space, objects, and actions, can be learned and
used by humans, animals, and yes, robots too. Kuipers notes,

“It has been said that the newborn baby experiences its sensory
world as ‘one great blooming, buzzing confusion.” Robotics re-
searchers working to build maps or recognize objects and actions
from sensory input can definitely relate to this description.”

Kuipers has demonstrated how a robot can be “born” with a
sensorimotor system it knows nothing about, in an unknown
environment, and then learn from the patterns of sensor input it
gets during random behavior (“motor babbling”), how its sensors
are structured, how its motor commands affect its sensor input,
and how to build simple motion control laws. With this as a foun-
dation, he and his students have shown how a robot with range
sensors can learn about objects and actions. He and Prof. Silvio
Savarese are now collaborating to investigate how a robot can
learn about objects and actions using computer vision.

In previous work, Kuipers
has shown how a robot,
exploring a large-scale envi-
ronment by following control
laws, can autonomously
identify “distinctive places”
and use them as building
blocks for a cognitive map.
Like human cognitive maps,
these robots build several
different kinds of spatial rep-
resentations, combining lo-
cal metrical maps with global
topological maps, connected
by the structure of choices

Graduate student llya Ganelin .
provided by each place.

provides instruction to a robotic
wheelchair as part of a research
project into instruction and
autonomy.
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From Head to Toe

Undergraduate students in the Robotics Lab with some of the
robots used for research into perception and planning.

Using these methods, Kuipers and his students have created a
robotic wheelchair, which can build its own cognitive map of its
environment and serve as a mobility assistant for a human driver.
The robotic wheelchair allows the researchers to explore impor-
tant questions about how the robot can be flexible enough in
understanding the human'’s instruction, as well as how autonomy
can be shared between the human driver, who remains ultimately
in charge, and the robot, which must use its own knowledge to
help the human reach his or her destination.

Vision and Perception — Learning From What is Seen

Prof. Silvio Savarese creates the “eyes” of a robot, so that the
robot can interact with its environment and do specific tasks
such as manipulate objects and open doors. Much of this is done
through sensors. However, the real challenge lies in categoriz-
ing objects. For example, explains Savarese, if an automobile is
operating as part of an intel-

ligent transportation system,

the behavior of the car will be

different based on whether it

“sees” a pedestrian, a dog, a

tree, or another car. The car

must be able to identify which

of these it is — without having

seen the specific object or

individual before.
Savarese’s algorithms enable the
automatic detection of objects
such as a car (indicated by a red
bounding box) as well as the
semantic interpretation of object
parts (indicated by green boxes).



Savarese has developed a novel framework for learning and rec-
ognizing 3D object categories that requires minimal supervision
and that has the ability to synthesize unseen views of an object
category.

Much of Savarese’s work in computer vision has been devoted to
rigid objects, such as staplers or books. Once the robot has identi-
fied the object, it “learns” more about the object, such as whether
it is viewing the front, side, or back of the object. More recently,
Savarese has been developing algorithms for non-rigid objects,
such as humans, and investigating action/activity recognition so
that robots will understand what people are actually doing.

The techniques that Savarese is developing for robotic applica-
tions can be applied to a variety of additional problems, such
as image indexing (finding pictures or videos on the Web that
contain certain objects) and improved surveillance.

Decision and Action in Response to Perception

Professors Satinder Baveja, Edmund Durfee, and Edwin Olson
are engaged in research that translates the use of perception and
other input data into decision making, learning, and action.

Olson has an applied robotics focus, in which perception is tied to
motor and decision planning, such as running motors and decid-
ing when to follow or break the rules of the road.

State estimation, environment modeling, and motion planning
are an important focus for Olson. This past fall, in his EECS 498
robotics course, students worked on a number of projects, includ-
ing building robotic arms and exploring the challenges associated
with perception, state estimation, and motion planning that are
involved in having the arm pick up and manipulate an object.

Beyond the classroom, Olson and his students build their own
robots for use in research (even designing their own custom
circuit boards) — partly to reduce the cost of procuring multiple
robots, but also to assist in exploring a number of laser and
camera perception problems related to object avoidance, object
classification, and predicting the behavior of other agents. These
simple-looking wheeled robots, often seen roaming the halls of
CSE, are really vehicles for conducting research into environment
modeling, decision making, and motion-planning challenges.

Moving beyond the realm of perception and fundamental deci-
sion making, Olson is researching higher-level decision making
and identification: not only should a robot be able to perceive and
manipulate an object; it should also be able to make judgments
regarding when it is safe to do so, and what the perceived object
represents. This includes learning from experience, but also from
others: Olson’s robots will watch humans and incorporate per-
ceived human activities and reactions into their decision making.

Finally, Olson’s work includes methods for sharing information
between robots, so that they can work more effectively as a
team, especially in situations where one robot becomes disabled
and others must “fill in” for its expected activities. This research
will be applied in the robots that Olson and his student team hope
to deploy in 2010’'s MAGIC Robot Challenge in Australia (see
related story on page 24).

Prof. Satinder Baveja’s main body of research is in reinforcement
learning, a sub-field of artificial intelligence that is concerned with
encouraging response from a system based on positive or nega-
tive reinforcement. His past work with the Sony Aibo dog robot
illustrates how this works: the robot was trained to fetch a ball on
command, and to return the ball to the sound of an encourag-
ing voice. Successfully completing this task resulted in positive
feedback, allowing the robot to add what it had learned from a
particular variant of the task to its overall understanding, increas-
ing future performance. “It was literally ‘Good dog’ and a pat on
the robot’s head,” says Baveja.

Baveja has collaborated with Prof. Edmund Durfee in the area of
human-robot interaction. Together, they are developing new pro-
tocols under which robots that are under nominal human super-
vision will be able to determine when to “ask” for human input or
assistance, and when to make their own decisions based on past
experiences and/or new sensory input.

Durfee’s research is related to Baveja’s and Olson’s and is
focused on the artificial intelligence behind decision making. His
work potentially extends beyond traditional robotic applications,
to “smart” (military) boats, vehicles, or homes. Much of this work
is for contingency planning; for example, if an unexpected pattern
occurs, how should the robot replan?

Durfee’s research focuses on the use of agents — which are
decision making modules that enable interaction. A multi-agent
architecture provides protocols for communications to enable
decision making. Much of this work is on safe operation of robots
around humans (and other robots).

Looking ahead, Durfee is interested in robust robotics, under
which a robot’s performance can gracefully degrade as parts
break, by enabling the robot to reason about its mission and how
it can potentially work around failures and get help from people
and other robots in its environment to do as well as it can, rather
than just giving up.

A Unifying Architecture for Artificial Intelligence

Prof. John Laird’s decades of research into artificial intelligence
has a direct connection to robotics. His aim is to create an over-
arching architecture with cognitive decision making and reaction
capabilities; essentially, a human-level Al that is general enough
to be used in many different situations, especially novel situations
where learning is necessary.

Laird’s approach focuses on the underlying architecture, which
provides the building blocks (fixed memories and processes) for
developing cognitive sys-

tems. The current emphasis

of this work is how to create

robotic systems that can

learn from interactive instructions with humans, making it easier
to customize robot behaviors in the field.

Laird started this research as a graduate student at Carnegie
Mellon, and has continued it during his entire tenure at Michigan.
His architecture, known as Soar, is the result; Soar Technology is



a company co-founded by Laird that develops cognitive software
for complex problems. Laird collaborates regularly with the other
EECS faculty involved in machine perception and learning.

“Controlling” Bipedal Robots: Walking and
Running With Grace

Jessy Grizzle, Jerry W. and Carol L. Levin Professor of Engineer-
ing, stepped into the world of walking robots with the bipedal
robot RABBIT. He devised a novel walking algorithm that al-
lowed RABBIT to walk with far more grace than seen previously.
However, he was not able to get RABBIT to run, so he and his
students set about devising new theory and algorithms with this
goal in mind. To test them out he built the robot MABEL, in col-
laboration with the Robotics Institute at Carnegie Mellon.

A key difference in MABEL’s makeup that distinguishes it not

only from RABBIT, but from well-known industry robots such as
ASIMO and QRIO,
is the introduction of
springs, which act like
tendons in a human
body. “These springs
absorb shocks and
store energy like the
arch in your foot and
the stretchiness of your
muscles,” explains
Prof. Grizzle. “And this
energy is all free — it
doesn’t come from a
battery or auxiliary
power source. Like en-
ergy harvesting, you
get to store it and reuse
it.” His goal is energy-
efficient walking and
running, with motion
that mimics the agility
of a human.

“The idea is, if you

can get a robot to be
agile enough, you can
send them into rescue
situations that would be
extremely dangerous for a human. That’'s what really motivates
me — it's also fun!” stated Grizzle. MABEL is currently walking

at 1.5 m/s on a level surface. “We are the bipedal robot walking
speed record holder!” adds Grizzle.

MABEL, a novel robot that incorporates
unilateral springs for shock absorption
and energy storage. The robot is one
meter tall at the hip and weighs 56 kg.

MABEL is also inspiring new developments in control theory.
Prof. Grizzle sees this project as advancing the science of loco-
motion and forcing the discovery of more advanced feedback
control notions for dynamic motion stabilization. At the same time,
MABEL is used as a platform to interest students at all levels in
science and engineering.
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Applying Control Theory to Intelligent Transportation
Systems and Biomolecular Circuits

Prof. Domitilla Del Vecchio is conducting research in intelligent
transportation systems, specifically the control of large-scale net-
works of vehicles for safety. Miniature cars test new algorithms
that are designed to ensure that the cars never crash into each
other. In a real world situation, an automatic active assist system
built into the car will take control of the vehicle if a crash is im-
minent. Her focus is on preventing or mitigating crashes at traffic
intersections, which account for the largest number of accidents
and fatalities.

Del Vecchio is working with the Toyota Technical Center of Ann
Arbor to implement a prototype on their full-scale vehicles. To
facilitate future use, the government has already allocated a band
of frequencies that are dedicated for wireless communication
between large-scale networks of vehicles.

In another area, Del Vecchio is trying to understand how to con-
trol cell behavior using control systems theory, specifically, how

to design a bacterium that goes and tracks cancer cells and Kills
them.

“We are trying to understand how we can do biomolecular circuit
design as has been done for decades in electronics, using a
different kind of hardware — biomolecules,” explains Del Vecchio.
The idea is to create a biomolecular circuit, or tiny robot, that will
attach itself to a molecule, which will in turn seek out cancerous
cells and destroy them with targeted medicine. “We are doing the
first milestones now for enabling that kind of activity,” she added.

Robotics Research Moving Along

The study of robotics crosses many disciplines, and the appli-
cations that result from the research are far-reaching in scope.
The robotic research being conducted in EECS may contribute
to improved prosthetic devices; more agile robots capable of
maneuvering in unfamiliar environments; searching and index-
ing of information on the Web; intelligent transportation systems;
advanced medical applications; and assistive devices. It is also
just plain fun! @

EECS Faculty Mentioned in the Article:

Satinder Singh Baveja
Domitilla Del Vecchio
Edmund Durfee
Jessy Grizzle

Benjamin Kuipers
John Laird

Edwin Olson
Silvio Savarese

Relevant Courses:

* Bio-Molecular Feedback Systems

» Computer Vision courses

* Image Processing courses

+ Control Systems courses

* Machine Learning courses

» Advanced Topics in Al: Robot Learning
* Introduction to Robotics

» Autonomous Robotics Laboratory
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New $10M DoE Plasma
Research Center o

Graduate student Mingmei Wang and Prof. Mark Kushner

A new center headed by Mark Kushner, George |. Haddad Col-
legiate Professor and Director of the Michigan Institute for Plasma
Science and Engineering, will enable fundamental research on
low-temperature plasmas. The Center for Predictive Control of
Plasma Kinetics: Multi-phase and Bounded Systems is funded by
a $10-million, 5-year grant from the U.S. Department of Energy,
and includes researchers from nine additional institutions: Ohio
State University, the University of Minnesota, West Virginia
University, the University of Houston, the University of California-
Berkeley, Sandia National Laboratory, the University of Wiscon-
sin, Princeton Plasma Physical Laboratory, and the University of
Maryland.

Plasmas, or ionized gases, have vast potential for practical tech-
nological advancements in fields such as energy (through solar
cells), lighting, microelectronics and medicine (i.e., medical tools
that cut and heal tissues with plasma activated chemistry, rather
than the heat from lasers).

A key focus of the center will be to develop the science that will
enable future researchers to control the velocities of the charged
particles that make up low-temperature plasmas. Controlling the
velocities of the particles will allow researchers in turn to control
and direct the plasma’s energy—a vital step toward achieving
these far-reaching technological advancements.

In addition to basic scientific research, the Center will develop
open source computer models that will allow researchers to enter
a particular plasma configuration they want to create and receive
information about what electric and magnetic fields they must
apply to achieve those attributes.

Researchers Battle Botnets

Professors Farnam Jahanian, Kang Shin, and researcher
Michael Bailey are members of new Multidisciplinary Uni-
versity Research Initiative (MURI) funded by the Office of
Naval Research entitled “Botnet Attribution and Removal:
from Axioms to Theories to Practice.” Botnets are groups
of compromised computers that operate as a malicious
network, increasingly carrying out fraudulent activities and
attacks for organized criminal groups and nation-states.

The MURI includes ten researchers from four universities
(Georgia Tech, University of Michigan, Stanford University,
and the University of California, Santa Barbara), who were
awarded a five-year, $7.5M grant. The investigators are
collaborating to study the fundamental aspects of mali-
cious botnet networks and to develop foundational and yet
comprehensive and practical approaches to remove botnet
threats.

Quantum Information Processes Advanced

Duncan Steel, Robert J. Hiller Professor of Engineering, is
a member of the newly instituted Multidisciplinary Univer-
sity Research Initiative (MURI) funded by the Army Re-
search Office to study Quantum Optical Circuits of Hybrid
Quantum Memories. Prof. Steel will concentrate his efforts
on solid-state systems. His work will eventually lead to a
reconfigurable quantum optical circuit that can connect dif-
ferent quantum platforms such as the atomic memory and
the solid-state quantum processor. He will work with the
condensed matter group at the Naval Research Laboratory
and the quantum optics group at the University of lllinois.

In related work, Prof. Steel and colleagues have dis-
covered a way to prolong the usable life of quantum bit
memory by using lasers to elicit a previously undiscovered
natural feedback reaction that stabilizes the quantum dot’s
magnetic field, lengthening the stable existence of the
quantum bit by several orders of magnitude. The findings
are described in the June 25, 2009 edition of Nature, in
the article, “Optically-controlled locking

of the nuclear field via
coherent dark-state
spectroscopy.”

Katherine Smirl,
Prof. Duncan Steel



Smartphone Application llluminates
Power Consumption

A new application for
Android-based smart-
phones called Pow-
erTutor shows users
and software develop-
ers how much power
their applications are
consuming. PowerTutor
was developed by
Prof. Morley Mao and
Robert Dick, with doc-
toral students Lide Zhang and Birjodh
Tiwana. Its purpose is to extend the life-
time of hand-held computers, specifically
cell phones, by enabling software devel-
opers to build more efficient products.
PowerTutor will allow users to compare
the power consumption of different appli-
cations and select the leanest version that
performs the desired task. Users can also
watch how their actions affect the phone’s
battery life.

Game Theory and Machine Learning
for Better Bidding Strategies

Prof. Michael Wellman and doctoral
student Julian Schvartzman have con-
ducted comprehensive research into con-
tinuous double auction bidding strategy,
in which bidders exchange offers to both
buy and sell, and transactions occur as
soon as participants agree on a price. The
researchers have applied game theory
and reinforcement learning to develop
bidding strategies for these dynamic
environments. They presented their find-
ings at the International Joint Conference
on Autonomous Agents and Multiagent
Systems in Budapest, Hungary.

Cross-Platform Study of
3G Networks

Prof. Morley Mao has led a research
project to measure and quantify world-
wide 3G wireless network performance
measurement, looking at various aspects
of network operation, such as perfor-
mance, network policy, and user activity
in order to assess network technology
and deployment. Thousands of users of
iPhone, Android, and Windows Mobile
phones downloaded the study’s 3G mea-
surement tools and submitted data.

Improving Fuel Economy While
Maintaining Drivability in HEVs

Jessy Grizzle, Jerry W. and Carol L. Levin
Professor of Engineering, is applying

his expertise in control theory to hybrid
electric vehicles in a partnership with Ford
Motor Company to improve fuel economy
while allowing for optimal driving experi-
ences. He and graduate student Dan
Opila are developing a state-of-the-art
controller design method that can incorpo-
rate many goals for vehicle behavior. This
method allows for a much more complete
exploration of design tradeoffs than previ-
ously possible, and facilitates next-
generation cars to be brought to market
more quickly.

The Phoenix Processor: 1 and 2

The ultra-low-power chip designed for
sensor applications, known as the Phoenix
Processor, was named a key innovation by
MIT Technology Review for the Year 2008.
Developed by Profs. David Blaauw and
Dennis Sylvester, this chip consumes only
30 picowatts of power when idle. Now in its
second evolution, the Phoenix Processor 2
is an 8.75m?, solar-powered, commercial-
grade microprocessor — and the small-

est chip that can harvest energy from

its surroundings. Expected uses include
biomedical monitoring, building-monitoring
devices, and environmental sensors. A
new company, Ambiq Micro, co-founded by
Profs. Blaauw and Sylvester, and alumnus
Dr. Scott Hanson, is based on the Phoenix
technology.

Assessing Impacts of Global Change
With Spaceborne Radar

Prof. Mahta Moghaddam’s group is
developing an unprecedented continental
scale decadal change map of the North
American boreal wetlands through a
differential analysis of spaceborne radar
imagery. These ecosystems are believed
to be among the most vulnerable to global
change (warming and drying), and among
the most highly influential in determining
the future trends of carbon release to, or
sequestration from, the atmosphere. The
group’s results so far indicate that the
wooded vegetated wetlands are en-
croaching northward, a possible indication
of the warming trend in the boreal zone.
This research is supported by the NASA
Science Mission Directorate and the
NASA Carbon Cycle Science programs.
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Vulnerability Demonstrated in
Electronic Voting Machine

A team of computer scientists from UC,
San Diego, U-M, and Princeton —
including Prof. J. Alex Halderman at

U-M — has demonstrated how criminals
could employ a relatively new comput-
ing technique known as “return-oriented
programming” to hack an electronic voting
machine, steal votes, and potentially
change the results of an election. This re-
search shows that voting machines must
be secure even against attacks that were
not yet invented when the machines were
designed and sold.

Se Hyun Ahn, Prof. Jay Guo

Continuous Nanoimprinting for
Displays and Solar Cells

Prof. Jay Guo’s rolling nanoimprint
lithography technique, developed with
graduate student Se Hyun Ahn, could
ultimately be used to improve the quality
and efficiency of displays and solar cells.
The technique, described in the article,
“Large-Area Roll-to-Roll and Roll-to-Plate
Nanoimprint Lithography: A Step Toward
High Throughput Application of Continu-
ous Nanoimprinting” (ACS Nano, vol. 3
no. 8, July 2, 2009), was subsequently
covered in MIT Technology Review (Sep-
tember 2, 2009), and the process was
recently showcased at a trade show. Prof.
Guo is currently working with companies
interested in the process. Guo and Ahn
also developed a high-speed dynamic
nano-inscribing technique that is an
elegant solution to some of the problems
associated with other techniques for fab-
ricating nanoscale structures. This work
was highlighted in Nature Nanophotonics
(vol. 239, 2009).



FunSAT Game Helps IC

Designers Use Intuition to
Optimize Chip Layout

Prof. Valeria
Bertacco and PhD
student Andrew
DeOrio have de-
veloped FunSAT,

a game-based ap-
proach to integrated
circuit layout that
could help IC designers optimize chip
layout. In addition to speeding up chip
design, FunSAT can be used to solve
other so-called satisfiability problems

— classic and highly complicated math-
ematical questions that involve selecting
the best arrangement of options. In such
quandaries, the solver must assign a
set of variables to the right true or false
categories to fulfill all the constraints of
the problem.

Sensing Sensors: News Ways to
Monitor Infrastructure for Safety

New theory and techniques for process-
ing information received from ultra-low-
power wireless sensor networks are being
investigated for the ultimate purpose of
monitoring the nation’s infrastructure,
including bridges, buildings, and related
construction. Named, “Sensing Sensors:
Compressed Sampling with Co-design of
Hardware and Algorithms across Multiple
Layers in Wireless Sensor Networks,”
this new five-year, $3M multi-disciplinary
research program funded by the National
Science Foundation includes a diverse
team of faculty in the areas of circuits
(Prof. Michael Flynn, Principal Investiga-
tor, and Prof. David Wentzloff), systems
(Profs. Mingyan Liu and Wayne Stark),
mathematics (Prof. Anna Gilbert, Math-
ematics and EECS) and civil and envi-
ronmental engineering (Prof. Jerry Lynch,
Civil and Environmental Engineering
(CEE) and EECS, PI for the project).

Security Vulnerabilities Exposed
in Chinese Censorware

June 11, 2009,

Prof. Alex

Halderman,

graduate student

Scott Wolchok,

and under-

graduate student

Randy Yao released a report on security
vulnerabilities caused by Green Dam, the
censorware program that the Chinese
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government had ordered installed on

all new PCs in China beginning July 1.
The report described serious security
vulnerabilities in the software, as well

as evidence that some of the program’s
code may have been copied from another
security program. After this finding and
under intense pressure from the media
and computer makers, the Chinese gov-
ernment backed down from the plan.

Smart Bridges Under Development
With New Grant

Faculty are working as part of an
interdisciplinary team to develop smart
bridges that can communicate their
safety with bridge inspectors. The
research, led by Prof. Jerry Lynch (CEE
and EECS), involves developing a full
range of interlocking technologies that
will together sense and collect bridge
status data and make it available to
inspectors. EECS faculty working on the
project include: Michael Flynn, Mingyan
Liu, Amir Mortazawi, Khalil Najafi, Becky
Peterson, Atul Prakash, and Dennis
Sylvester.

Bridging the Gap Between Wireless
Sensor Networks and the Scientists

Who Use Them

Prof. Robert Dick and graduate student
Lan Bai created a new, simpler program-
ming language for wireless sensor net-
works designed for easy use by scientists
in various areas of specialty. “Most exist-
ing programming languages for wireless
sensor networks are a nightmare for
everybody but expert embedded system
programmers,” said Prof. Dick. “We’re
working on ways to allow the scientists
who actually use the devices to program
them reliably without having to hire an
embedded systems programming expert.”

Noninvasive Cancer
Treatment

Through a new project
supported by a DoD
Breast Cancer Re-
search Program IDEA
Award, Prof. Mahta
Moghaddam will lead
an effort to develop a microwave-ultra-
sound synergistic treatment (“MUST”)
system in collaboration with the medi-
cal school Basic Radiological Sciences.
The team will develop a 3D adaptively
focused microwave array with sharp and
accurate targeting capability, and will in-
tegrate it with a focused ultrasound treat-
ment array. This new system is intended
for tumor ablation, destroying the tumors
by raising their temperature to 60C. It is
nonsurgical and non-ionizing.

HP Labs Innovation Research
Program Awards

Mark Kushner will investigate plasma
physics phenomena for society-benefiting
technologies. Stéphane Lafortune and
Scott Mahlke are continuing work on
Gadara, a tool that helps avoid the soft-
ware freezes that occur when applications
running concurrently begin to compete
for resources. Trevor Mudge and Thomas
Wenisch will research the use of disag-
gregated memory to enhance the energy
efficiency of data centers. Kang Shin will
investigate techniques for providing re-
source flexibility and system optimization
within virtual data centers.

Trends Identified in Two-Year
Internet Traffic Study

Researchers led by Prof. Farnam
Jahanian and graduate student Jon
Oberheide, along with Arbor Networks
and Merit Network, released results

from the Internet Observatory Report, a
landmark two-year study of global Internet
traffic that offers detailed trend data and
analysis. This study is believed to be

the largest study of global Internet traffic
since the birth of the commercial Internet
in the mid-1990s. Key findings from the
report include data on the evolution of the
Internet core, the rise of 30 large “hyper
giants” that generate and consume a
large share of traffic, the migration of ap-
plications to the Web, and the emergence
of a new Internet ecosystem.



Memristor Chip Could Lead to
Faster, Cheaper Computers

Prof. Wei Lu built a chip composed of
nanoscale memristors that can store up
to 1 kilobit of information without the use
of transistors. A memristor is a computer
component that offers both memory and
logic functions in one simple package. It
has the potential to transform the semi-
conductor industry, enabling smaller,
faster, cheaper chips and computers.
“We demonstrated CMOS-compatible,
ultra-high-density memory arrays based
on a silicon memristive system. This is an
important first step,” said Prof. Lu.

New Research in Near-Threshold
Computing

Profs. David Blaauw, Trevor Mudge, and
Dennis Sylvester have received a Na-
tional Science Foundation research grant
to study ultra-energy-efficient computing.
With colleagues at Arizona State Uni-
versity and Harvey Mudd College, they
are pursuing the universal application of
aggressive low-voltage operation across
all computational devices and platforms
through the use of “near-threshold com-
puting,” under which operating voltage

is lowered to near the threshold voltage
of the devices where they pivot between
being on and off. Any voltage excess
over the turn-on point of the transistor

is eliminated, thereby reducing power
consumption. The researchers believe
that their work will yield novel methods to
overcome the barriers that have histori-
cally relegated ultra-low voltage operation
to niche markets.

Roadmap Unveiled for Reducing
Data Center Energy Requirements
by 75%

Prof.Thomas Wenisch has been
researching data center designs with an
eye toward making them significantly
more energy efficient. He and students
David Meisner and Brian Gold presented
a paper about improving the efficiency of
data center computer systems on March
10, 2009, at the International Conference
on Architectural Support for program-
ming Languages and Operating Systems
in Washington, D.C. Their approach for
improving data center efficiency includes
PowerNap, a plan to put servers to sleep
for milliseconds between tasks, and
RAILS (Redundant Array for Inexpensive
Load Sharing), a more efficient power
supplying technique.

Gadara: New Approach Eliminates
Software Deadlocks Using Discrete
Control Theory

Profs. Stéphane Lafortune and Scott
Mahlke developed a new way around
software deadlocks with a controller,
called Gadara, that combines discrete
control theory and compiler technology.
“This is a totally different approach to
what people had done before for dead-
lock. Previously, engineers would try to
identify potential deadlocks through test-
ing or program analysis and then go back
and rewrite the program. The bug fixes
were manual, and not automatic. Gadara
automates the process,” said Lafortune.

New Book

Profs. John Hayes and
Igor Markov have co-
authored a new book
with their former gradu-
ate student Dr. George
Viamontes, entitled
Quantum Circuit Simula-
tion, which has been
published by Springer.

Quantum Circuit
Simulation
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Soil Moisture Sensor Web

Profs. Mahta Moghaddam, Mingyan Liu,
and Demos Teneketzis are developing a
new concept for a smart sensor web to
measure profiles of soil moisture through
optimally placed and optimally scheduled
in situ sensors in heterogeneous terrain.
This measurement is intended to vali-
date large-scale satellite measurements,
and is applicable to NASA's research in
climate, carbon cycle, weather, and water
cycle focus areas. Field experiments are
being conducted at the Matthaei Botanical
Gardens to prototype the concept using
the RIPPLE-1 sensor actuation and com-
munication node recently developed by
Prof. Liu.

o
v | Through-the-Wall
Imaging

REMOTE SENSING

Research by Prof.

Kamal Sarabandi ap-
pears on the cover of
IEEE Transactions on
Geoscience and Re-
+eee| Mote Sensing, vol. 47,
™ no. 5, May 2009. The
article, “Through-the-
Wall Imaging Using Differential SAR” was
co-authored by Mojtaba Dehmollaian,
research fellow, and Michael Thiel, gradu-
ate student. In this research, Sarabandi
proposes a new algorithm for the imaging
of targets behind walls that is based on
differential synthetic-aperture-radar image
formation employing a continuous-wave
radar system.

Fundamentals of
Applied Electromagnetics

New Book

The sixth edition of the popular textbook,
Fundamentals of Applied Electromagnet-
ics, by Fawwaz Ulaby, Eric Michielssen,
and Umberto Ravaioli has been pub-
lished recently by Prentice Hall. ®
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New Program in Plasma Science
and Engineering

Plasma science is essential to many
areas of national interest, including
healthcare, energy, homeland security,
and the semiconductor industry. A new
certificate program in plasma science and
engineering brings together research-

ers from across campus to create a new
interdisciplinary program. Michigan is one
of just a few universities across the nation
offering such a program.

Embedded Control Systems
Goes International

Embedded Control Systems, a senior
level undergraduate course, was designed
in response to an industry need for electri-
cal and computer engineers with embed-
ded systems engineering expertise. In the
course, students combine signal process-
ing and control theory with microproces-
sor hardware and programming, using a
microprocessor and specially designed
haptic wheel. The success of the course
has led to its being taught at the Swiss
Federal Institute of Technology in Zurich,
Germany. The MathWorks company re-
cently offered a webinar about this course
at international locations, and online at:
http://www.mathworks.com/wbnr42281

Mobile Application Development
Ignited in New Class

Mobile Application Programming, a
senior-level undergraduate class, was
designed in response to the profound
shift in the consumer computing space
toward mobile computing and download-
able “apps.” The course, taught by Prof.
Elliot Soloway, examines this trend, the
markets that have grown up around apps,
and the implications for software devel-
opment, dis