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THIS YEAR WAS MARKED BY CHANGES AND TRANSITIONS FOR THE BECKMAN

RETIRED IN AUGUST. I WOULD LIKE TO TAKE THE OPPORTUNITY TO REFLECT

DURING HIS TENURE AT THE HELM OF THE INSTITUTE. IT WAS UNDER HIS

WERE PUT IN PLACE. AS YOU WILL READ IN THE FOLLOWING PAGES, ALL

HUMAN COMPUTER INTELLIGENT INTERACTION (HCII), AND MOLECULAR
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INSTITUTE. DR. JIRI JONAS, WHO HAD BEEN THE DIRECTOR SINCE 1993,

ON THE OUTSTANDING ACCOMPLISHMENTS THAT DR. JONAS ACHIEVED

LEADERSHIP THAT THE CURRENT PROGRAMMATIC RESEARCH THEMES

THREE MAIN RESEARCH THEMES–BIOLOGICAL INTELLIGENCE (BI), 

AND ELECTRONIC NANOSTRUCTURES (M&ENS)–ARE THRIVING.



Message

As a testimony to Dr. Jonas' vision, the themes are still

remarkably well-suited to attract researchers across many

academic disciplines to engage in multidisciplinary research

on important questions that are too complex to be solved by a

single-discipline approach. 

The research groups of the Beckman Institute have been

able to expand the level of activities and their funding substan-

tially over the past few years. In the BI Main Research Theme,

(MRT) this includes two ongoing programs on learning and

memory funded by the National Science Foundation. In addi-

tion, the functional brain-imaging project, after significant

investment from the Beckman Institute and the campus, has

received several new grants in 2001 from the National Institutes

of Health, the Institute for the Study on Aging, and the National

Science Foundation. Researchers in the HCII Main Research

Theme recently received significant funding from the General

Motors Corporation to carry out research in the area of driver

performance and safety. There are also two large, ongoing

multidisciplinary grants in the HCII MRT funded by the National

Science Foundation's Information Technology (ITR) program.

In the M&ENS Main Research Theme, researchers have been

awarded a Nanoscale Interdisciplinary Research Teams (NIRT)

grant from the National Science Foundation.

MESSAGE FROM THE DIRECTOR
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Since assuming my new position on

September 21, 2001, I have been immers-

ing myself in my new responsibilities.

Above all is our vision to strengthen

the Institute's status as a world-class,

leading edge, interdisciplinary research

organization. In its relatively short life,

it has reached a unique and ambitious

position, and it is my goal to lead it to

yet greater heights. 

During the past several months I

have spent a substantial amount of time

getting to know in detail the various

research programs. Both the breadth

and the depth of these activities con-

tinuously impress me. As part of the

periodic evaluation process, the HCII

program was reviewed in October with

the help of a Program Review Commit-

tee composed of outside experts. In par-

ticular, HCII received very high marks for

its activities, placing it at the forefront

of its field. Some recommendations

by the Review Committee for addi-

tional research directions, which we



will address, include haptics ("touch

and feel"), computer vision and psy-

chophysics, and graphics expertise in

artificial intelligence.

One aspect of the Beckman Institute's

activities is the protection and capital-

ization of valuable intellectual property.

I am looking forward to increased inter-

actions with the new Campus Office

of Technology Management. A recent

example is the licensing of patents on

the intelligent hearing aid, which was

developed by BI researchers, to the

Swiss company Phonak. Phonak has

also established a presence in the

University's South Research Park, with

the goal of incorporating the Beckman

technologies into their existing line of

hearing aids.  

Needless to say, in these times of

success for the Beckman Institute, we

have to also look for new opportunities

and areas of growth. We would like to

increase the biological side of M&ENS



and in particular the development of new tools and techniques

useful for BI and HCII. In the following pages you will find exam-

ples in that direction: optical coherence tomography; biological

membranes as miniaturized sensors, devices, and systems; and

self-generating and self-healing materials. We also look forward

to the creation of a Department of Bioengineering on campus,

which should provide further stimuli, and the enhancement of

the magnetic resonance imaging (MRI) capabilities with a new

3T full-head machine and a micro-MRI, which can be used to

study biological tissue with micron resolution.

In March, I had the opportunity to visit with Dr. Beckman.

Needless to say, he is a tremendous inspiration for all of us,

and we have greatly benefited from his vision. 

—Pierre Wiltzius, Director
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RESEARCH IN THE AREA OF MOLECULAR AND ELECTRONIC

NANOSTRUCTURES HAS SEEN SOME MAJOR QUALITATIVE

SHIFTS IN THE PAST YEAR, WHICH CAN BE SEEN AS A CONSE-

QUENCE AND FRUITION OF THE INTERDISCIPLINARY MISSION

OF THE BECKMAN INSTITUTE AND ITS ORIENTATION TOWARD

M&ENSM&ENS
MOLECULAR AND ELECTRONIC

NANOSTRUCTURES
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APPLICATIONS.THIS IS PARTICULARLY SO IN AREAS THAT

COMBINE BIOLOGY, AND THE PHYSICAL AND CHEMICAL

S C I ENCES.THESE EFFORTS ARE DIRECTED ALONG BOTH

FUNDAMENTAL AND TECHNOLOGICAL FRONTS WITH THE AIM

OF UNDERSTANDING AND MIMICKING BIOLOGICAL PROCESSES. 



M&ENS

The Photonics Group has taken a major turn toward medical

applications under the leadership of Professor Stephen Boppart.

His research centers on the early detection of cells or bio-molecules

that are precursors to cancer. Professor Boppart's research group

has constructed an optical coherence tomography system that is

capable of resolution on the micrometer scale and thus provides

opportunities for a variety of medical and biological applications.

Groups emphasizing computation and simulation have made

major steps toward the simulation of biological ion-channels.

Professors Narayana Aluru, Umberto Ravaioli, and Karl Hess have

demonstrated the use of software that was developed in the com-

putational electronics area for the simulation of these channels.

They have also received funding from the Defense Advanced

Research Projects Agency to investigate ionic channels in bio-

logical membranes used as miniaturized sensors, devices, and

systems. This work is performed in collaboration with the Rush

Medical Center, Chicago (Richard Eisenberg) and with the groups

OVERVIEW 2001
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of professors Klaus Schulten and Erik

Jakobsson. Professor Schulten's group

has achieved significant progress in

the area of biological channels. High-

lights of their 2001 research include the

study of aquaporins, which are chan-

nel proteins abundantly present in all

life forms. The simulations revealed in

unprecedented detail how cells conduct

water and glycerol. 

Quantum computation emerges as a

major area of collaboration. The work

over the past years on quantum wells,

wires, and dots has developed to include

the area of spintronics. This, in turn,

has stimulated investigations related to

quantum computing. Professor Jean-

Pierre Leburton is collaborating with

an international team on designing

elements suitable for use in a future

quantum computer. Professors Hess

and Walter Philipp have devoted con-

siderable efforts to the theoretical

foundations of quantum computing,

particularly to Bell’s Theorem. They

have shown that Bell’s Theorem does



M&ENSnot include time-related parameters and

therefore lacks the generality that is

usually ascribed to it. The consequences

for the assessment of quantum infor-

mation complexity are currently being

investigated.

Scanning tunneling microscopy and

lithography continues to be central to

a number of research collaborations.

Professor Joseph Lyding continues col-

laborations related to functional group

chemistry on silicon surfaces passivated

by hydrogen (with Professor Jeffrey

Moore) and has also established a new

research program related to carbon

nanotubes in collaboration with two

Beckman Fellows (Slava Rotkin and

Lolita Rotkina). This work has a strong

emphasis on nano-electromechanical

systems (NEMS) and explores, in collabo-

ration with Professor Aluru, applications

in the area of sensing and the develop-

ment of integrated NEMS systems. A new

National Science Foundation grant, titled

"Protein Logic," combines the efforts of

eight Beckman investigators from five



departments toward the goal of fabricating cellular neural net-

work architectures that merge molecular nano-biotechnology

with silicon integrated circuit technology.

New faculty additions to the Molecular and Electronic Nano-

structures MRT have opened areas in materials synthesis and

engineering. The biologically inspired concept of self-healing

is an effort being undertaken by professors Scott White, Nancy

Sottos, Jeffrey Moore, and Paul Braun. The past year saw major

progress on this project, which aims to achieve automatic repair

in structural materials. New developments in other materials

areas include the fabrication of nanoscale and microscale struc-

tures for chemical and biological sensors (professors Paul Bohn,

Mark Shannon, and Jonathan Sweedler) and the creation and

study of new hyperbranched polymers (Professor Moore).

Karl Hess and Jeffrey S. Moore, Co-chairs
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M&ENS
HIGHLIGHTS 2001

M&ENS

n Professor Stephen Boppart's Biophotonics Imaging Laboratory

is continuing to develop novel optical techniques for biomedical

imaging and diagnostics at the cellular level. A major research

focus is the early detection of cells or biomolecules that are pre-

cursors to cancer. Professor Boppart's research group has con-

structed an optical coherence tomography (OCT) system for

micron-scale resolution imaging in highly scattering tissues. This

OCT system has diverse medical and biological applications.

Professor Boppart is also teaming up with professors Lutgarde

Raskin (Civil and Environmental Engineering), David Brady (Duke

University), and former Beckman Institute Fellow Michal Balberg

to investigate how OCT and multi-photon microscopy can be used

to assess and refine design parameters in microfluidic mixing and

bioMEM (micro electromechanical) systems. Three-dimensional

structural and functional imaging will be performed as molecular

beacons flow through microfluidic systems and serve as optical

markers for identifying bacteria in environmental and biological

fluids. A project recently funded jointly by the National Aeronautics

and Space Administration and the National Institute of Health's

National Cancer Institute involves an interdisciplinary collabora-

tion between Professor Boppart, professors Martin Gruebele and

Dana Dlott (Chemistry), and Professor Barbara Kitchell (Veterinary

Medicine). This project's goal is to develop non-linear optical tech-

niques for OCT to identify the 3D spatial distribution of specific

biomolecular precursors to cancer in living tissue. 

n As part of grant funded by the Defense Advanced Research

Projects Agency, professors Narayana Aluru, Karl Hess, Umberto



and wherever it occurs, prolonging the life of

polymers in everything from microelectronics to

airplanes. This self-healing action is achieved by

the incorporation of a microencapsulated healing

agent and an embedded catalyst within a polymer

matrix. Professor Scott White leads a team of

researchers, including professors Jeffrey Moore,

Nancy Sottos, and Philippe Geubelle (Aeronautical

and Astronautical Engineering), on this Air Force

Office of Scientific Research-sponsored project.

Carefully controlled fracture toughness testing

has revealed that an epoxy system utilizing a dicy-

clopentadiene healing agent and Grubbs' catalyst

will recover 90% of the virgin mechanical tough-

ness after healing. Current research is focused on

optimizing the materials system and assessing

the healing efficiency under a variety of external

conditions. This work is part of a broader-based

effort in autonomic materials systems, encom-

passing both self-generation and self-regulation

functions in one integrated materials system.  

n A new National Science Foundation Nanoscale

Interdisciplinary Research Teams grant, titled

Ravaioli, and Eric Jakobsson, in collaboration

with researchers at the Rush Medical Center,

Chicago, are investigating ionic channels in

biological membranes as miniaturized sensors,

devices, and systems. The research team is devel-

oping continuum, molecular, and multiscale

computational design tools to investigate the

conduction, selectivity, and sensitivity proper-

ties of ion channels. An important aspect of

the research is to understand the gating mech-

anisms exhibited by channels and to engineer

the concepts to develop nanoscale sensors and

devices. Using the continuum theory-based com-

putational design tools, the team was able to

predict experimental data for two well-known ion

channels—gramicidin and porin. The researchers

are currently investigating the gating mechanisms

of these two channels.

n A major breakthrough in new materials was

achieved this year with the development of auto-

nomic healing polymers and composites. These

self-healing materials have the ability to auto-

matically repair internal damage whenever

15



"Protein Logic," combines the efforts of eight

Beckman investigators from five departments

toward the goal of fabricating cellular neural

network architectures that merge molecular

nanobiotechnology with silicon IC technology.

In this program, genetically engineered proteins

(Professor Stephen Sligar) will be attached to

atomically precise molecular templates. Profes-

sors Jeffrey Moore and Joseph Lyding are the

principal investigators. The protein array will be

embedded in a silicon CMOS transistor matrix

(Professor Gregory Timp), in which the transis-

tors serve as two-way transducers of chemical

information into and out of the protein array.

Optical characterization of array activity (pro-

fessors Stephen Boppart and Martin Gruebele),

and the design and characterization of its asso-

ciated microfluidic and diffusion aspects (pro-

fessors Narayana Aluru and Paul Braun) will

be integral parts of the program. Also partici-

pating in this program is Professor Leon Chua

at the University of California at Berkeley, a

world-renowned expert in cellular neural network

functionality. Silicon IC wafers for the program

are being provided by Lucent Technologies, Inc.

16

n The members of the Theoretical Biophysics

Group (professors Klaus Schulten, Laxmikant

Kale, Todd Martínez, and Robert Skeel) and

the National Institutes of Health's Resource for

Macromolecular Modeling and Bioinformatics

(RMMB) (www.ks.uiuc.edu/), have continued

their diverse efforts at the forefront of research

and technology development. Members have

made significant contributions to the areas of

interactive modeling, structure prediction of

biomolecular assemblies, and molecular recog-

nition and assembly. Recent highlights in 2001

include the study of a ubiquitous membrane

channel, aquaporin. Aquaporins are channel

proteins abundantly present in all life forms,

for example in bacteria and plants, as well as

in kidneys, eyes, and brains of humans. These

proteins conduct water and small molecules,

but no ions, across the cell walls. Their defec-

tive forms are known to cause diseases, e.g.,

diabetes insipidus and cataracts. In one of the

largest molecular dynamics simulations ever

(over 100,000 atoms), the Theoretical Biophysics

Group modeled aquaporins in their natural

environment of membrane and water. The



M&ENSsimulations revealed in unprecedented detail how cells conduct

water and glycerol. The simulations provided a movie of the entire

conduction process, and identified the conduction pathway and

the mechanism of the channel selectivity and efficiency. The

research has become possible through an interdisciplinary

approach that involved the development of a powerful modeling

program, NAMD (www.ks.uiuc.edu/Research/namd), by a team

of computer scientists, physicists, and biologists, all members

of the Theoretical Biophysics Group. 

n Professors Narayana Aluru, Joseph Lyding, Jean-Pierre

Leburton, and Alexey Bezryadin (Physics), along with Beckman

Institute Fellows Slava Rotkin and Lolita Rotkina, were recently

awarded a Critical Research Initiative grant from the campus to

investigate carbon nanotubes for design and development of inte-

grated nanoelectromechanical systems. The computational aspect

of the research deals with development of fundamental physical

theories for modeling and simulation of carbon nanotube-based

nanoelectromechanical systems. Using sophisticated experimental

approaches, the team is fabricating carbon nanotube-based nano-

electromechanical switches. The eventual goal of the project is to

create computational design tools to enable rapid computational

prototyping of mixed-technology nanoelectromechanical systems

based on carbon nanotubes.

n The group of Professor Karl Hess has been working with

Professor Joseph Lyding's group on a very basic idea: how does

the smallness of modern semiconductor devices influence chip

reliability. This idea grew out of the deuterium processing work

of the past years and is based on the following. As devices get

smaller, the number N of defects that disturb a device significantly

becomes small. N is in the low double digits. For the next genera-



M&ENStion of chips, it is known from probability theory that under very

general conditions, the probability P to find a particular transistor

with N defects or to generate N defects on a transistor through

the stress of normal operation is proportional to 1/N! ( ! stands

for factorial). The number of devices on a chip is rising exponen-

tially and approaches several tens of millions. If N =11, then N!

equals about 40 million. Since this is smaller than the number of

devices on future chips, it becomes virtually certain that a chip

will contain fully damaged transistors, i.e., "lemons" or latent fail-

ures. The groups of professors Hess and Lyding have developed

experimental and simulation methods that permit the prediction

of the number of latent failures on a chip and have designed

strategies to avoid them.

n Over the past several years, studies as part of an Army Research

Office-sponsored Multi-university Research Initiative involving

professors Jeffrey Moore, Tony McHugh (Chemical Engineering),

and others have led to a new general understanding that will

enhance performance and facilitate processing of polymeric

materials. The studies involve a combination of synthetic polymer

chemistry, physical characterization, materials processing, and

computer simulation. The new polymeric materials are known as

polyether-imides, whose molecular architectures are continuously

and systematically varied to cover a broad spectrum of branching

from completely hyper-branched to linear. Through a combina-

tion of rheological and laser light scattering optical experiments,

researchers have found a critical change in the molecular dimen-

sions and associated flow properties for materials with fractions

of linear-forming units of 0.8 or greater. Brownian dynamics mole

cular simulations of dilute polymer solutions have provided fun-

damental insights to understand this important observation. The

transition from a more or less globular hyper-branched structure



to a more linear and open structure can be

predicted from first principles. For melts and

concentrated polymer solutions, the molecular

simulations have also been able to capture the

evolution of strong viscoelastic effects asso-

ciated with chain entanglements. This appears

to be the first such complete experimental and

theoretical characterization of the interaction

of chain architecture and properties to be reported

in the literature. A major outcome of this work

is that there is now a rational scheme for using

process characterizations and molecular simula-

tions as feedback tools for optimizing the devel-

opment of polymerization schemes to produce

materials with desirable processing and end-use

properties. Current studies focus on the combined

effects of chain architecture and end-group func-

tionality on the blending behavior of these new

materials with more traditional homopolymers,

such as polyethylene, polypropylene, and poly-

styrene. Characterization of the mechanical, opti-

cal, surface, and other properties of extruded

films will be used as benchmarks for the types

of property improvements that can be achieved

with this new class of materials. Preliminary

work with blends shows that branching and

end-group functionality have significant effects

on processing characteristics and surface prop-

erties. Characterization and further understand-

ing of the role of these molecular variables will

allow us to improve the processability and tune

the surface properties of inexpensive traditional

linear polymers. As an example, work is under-

way to design a hyper-branched polymer with

fluorocarbon end-groups that will tune the sur-

face properties of polyolefins to Teflon-like, at

a fraction of the cost of Teflon.
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THE HUMAN COMPUTER INTELLIGENT INTERACTION (HCII)

MAIN RESEARCH THEME (MRT) SEEKS TO ENHANCE HUMAN-

MACHINE INTERFACE DESIGN THROUGH THE OPTIMIZATION

OF STATE-OF-THE-ART TECHNOLOGY DEVELOPMENT AND

ENGINEERING OF MULTIMODAL INTERFACE DESIGN CONCEPTS,

ALONG WITH AN EXPLICATION OF MECHANISMS OF HUMAN

PERCEPTION, COGNITION, AND ACTION OF RELEVANCE TO

HCIIHCII
HUMAN-COMPUTER INTELLIGENT INTERACTION

20
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COMPLEX SYSTEMS. TO THIS END, PROJECTS IN THE HCII MRT

OFTEN INVOLVE THE CLOSE COLLABORATION OF COGNITIVE

SCIENTISTS, COMPUTER SCIENTISTS, ELECTRICAL ENGINEERS,

HUMAN FACTORS RESEARCHERS, EDUCATIONAL PSYCHOLOGISTS,

KINESIOLOGISTS, AND LINGUISTS IN PURSUIT OF KNOWLEDGE

RELEVANT TO THE DESIGN OF INTERFACES FOR COMPLEX SYSTEMS



A major goal of the MRT is the integration of the engineering

and computer science expertise of the HCII faculty, graduate

students, and post-doctoral students in the design and con-

struction of hardware and software interfaces with the devel-

opment of formal models of human perception, cognition,

and action. The new Integrated Systems Laboratory, under

the direction of Henry Kaczmarski, figures prominently in this

endeavor.

During the past year, a number of new projects have begun,

and other projects have continued to produce important new

knowledge and products. For example, the General Motors

Corporation has funded, through a series of grants and gifts, a

new center for the study of driver safety and performance that

has enabled a number of Beckman researchers to "scale-up"

their interests in areas such as scene perception, multimodal

22
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HCIIHCII



attention, computational modeling of

human performance, and adaptive

human-machine interfaces to examine

these issues in simulated high-fidelity

environments such as driving. As part

of this effort, the Beckman Institute

has established a driving simulation

facility that will be interfaced with

other such facilities at universities

and industry. The computer compan-

ion project, which is sponsored by the

Yamaha Motor Corporation and involves

a number of HCII faculty members and

students, has made considerable pro-

gress in many areas, including image

databases, graphical user interfaces

for Web search, and intelligent agents.

Researchers at the Beckman Institute

have also recently been awarded a five-

year, $3 million grant by the National

Science Foundation's Information

Technology Research Program. The

main theme of this project is to make



HCIIcomputers and, more generally, infor-

mation systems, more proactive in their

interaction with the users.The test-bed

of basic research results will be an

educational task–helping middle-grade

students to learn science and engineer-

ing concepts using Lego/ Mindstorms

construction and robotics materials.

When the HCII MRT was first estab-

lished in 1994, it was comprised of a

diverse group of scientists and engi-

neers who shared a common vision

of integrated research teams pursu-

ing basic and applied issues relevant

to the design of better interfaces for

human users of recreational, educa-

tional, industrial, and military systems.

In the short time the theme has been

in existence, HCII researchers have

been able to turn their dream into a

reality, as evidenced by their success

in obtaining funding for a variety of



both large and small research and engineering projects whose

goal has been to develop better human-computer interfaces.

We fully expect the next decade will see continued develop-

ment of a truly multidisciplinary approach to the study and

design of intelligent human computer interfaces at the

Beckman Institute.

Thomas Huang and Arthur F. Kramer, Co-chairs
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n In 2001, Beckman Institute researchers completed the fifth and

final year of the Army Research Laboratory Project on Advanced

Displays. During the past five years, researchers at the Beckman

Institute, led by professors Thomas Huang, Arthur Kramer, and

George McConkie, as well as collaborators at Rockwell Corporation,

Sytronics Corporation, North Carolina Agricultural and Technical

College, and the Army, have conducted basic and applied research

on issues of relevance to the development of next-generation multi-

modal displays and intelligent decision aiding systems. For exam-

ple, professors Huang and Kramer and their graduate students have

developed and validated AVATARs (i.e., talking heads) as a means

to enhance the comprehension of speech in noisy environments.

Professors Christopher Wickens, Polly Baker, and Larry Shattuck

(West Point Military Academy) have investigated the utility of two-

and three-dimensional display concepts for the presentation of

tactical information in cluttered environments. Professors Patricia

Jones (currently at NASA Ames) and Caroline Hayes (currently at

the University of Minnesota) have developed and validated a

number of decision-aiding tools for strategic and tactical plan-

ning. Much of the research and engineering conducted by the

Beckman Institute researchers, in collaboration with their govern-

ment and industry partners, has made the  transition to govern-

ment facilities. Other research has led to the development of

handbooks and research compendiums, which provide theoreti-

cally based, empirically verified guidelines for the design and

implementation of interactive multimodal displays and systems.

n Automobiles have changed dramatically over the past decade

with the addition of features and systems to enhance driver

HCII
HIGHLIGHTS 2001

HCII



n The Beckman Institute's collaboration with the

Yamaha Motor Corporation is entering its fifth

year. During 2001, the emphasis of the research

has centered on image indexing and retrieval

(Professor Thomas Huang) and graphical user

interface design for web searching (Professor

James Levin). In image/video data and metadata

preparation, algorithms have been developed

for feature extraction in the compressed domain

(especially JPEG2000), and performance evalua-

tions have been carried out on the novel multi-

plicative image watermarking method, which was

recently developed. In user interface for image

retrieval, research has focused on combining key-

words and low-level features (color, texture, and

structure) in relevance feedback; searching images

by navigating through image space in 2D and 3D;

and linking a dialog system to image retrieval

system. Progress has been made in the visualiza-

tion and sonification of Internet-based informa-

tion. Substantial improvements have been made

in the performance and utility of the VisITTM soft-

ware. This software now has sonification capabil-

ities that will be further explored to examine

performance and safety, as well as to enable

drivers to stay in contact with their families and

places of business. Such changes have included

anti-lock brakes, air bags, GPS navigational sys-

tems, cellular phones, and vision enhancement

systems for nighttime driving. Although each sys-

tem, in and of itself, serves specific functions, an

increasing concern is the manner in which such

systems interact to impact driver safety and

performance under varied driving conditions

with drivers of different abilities and experience.

General Motors Corporation; Beckman Institute

scientists and engineers (professors Arthur Kramer,

Christopher Wickens, and George McConkie;

Beckman Fellow Jason McCarley; and Henry

Kaczmarski) have teamed up to address these

questions by conducting both basic research on

human perception, cognition, and action, as well

as more applied research on driver distraction,

training, and individual differences. The project

will utilize the resources of the Beckman Institute's

Integrated Systems Laboratory (ISL), including

the CUBETM and the new driving simulator facility,

as well as research facilities at the General Motors

technical center in Detroit.

27



ways that this capability can improve the inter-

face to rich Internet information. Progress has

also been made with integrating advanced clus-

tering algorithms, so that information can be

presented to users in ways that substantially

improve their comprehension and use of Internet-

based information. 

n Funded by a five-year, $3 million Information

Technology Research grant from the National

Science Foundation, a group of Beckman Institute

researchers (professors Thomas Huang, David

Kriegman, Stephen Levinson,George McConkie,

Daniel Roth; and David Brown, from Curriculum

and Instruction), are working toward making com-

puters more proactive. They are focusing on two

primary issues: first, how to give computers more

information about their users, including cogni-

tive state, affective state, motivational state, and

task state information; and second, how to use

this information as a basis for computer-initiated

interaction with users. The proactive computing

methods are being developed within the context of

science education. Children from the Don Moyers

Boys and Girls Club in Champaign, Illinois, come

28

to the Beckman Institute to learn basic science prin-

ciples using Lego/Mindstorms materials. Currently,

they are learning properties of gears, including gear

ratios and mechanical advantage (how to gain

speed versus power). During these sessions the

tutor, the child, the child's hands, and Lego mate-

rials are all videotaped. These videotapes are being

extensively analyzed not only for what the student

and tutor say and the actions the student carries

out with the Legos, but also for facial expressions,

postural changes, voice signal characteristics, and

other indicators of emotional, motivational, and

cognitive state. Eye movement analysis is currently

being added, giving a real-time indication of where

the child is attending and what types of mental

activities he or she might be performing. These

annotated videotapes are being used both to

develop real-time, automated state detectors (for

example, detecting delight, discouragement, bore-

dom, attentiveness to the task, confusion, distrac-

tion, exploration activities, etc.), and to identify

the conditions under which the tutor tends to

initiate different types of interactions with the child

(for example, giving general encouragement, giving

specific suggestions, asking a question to call



HCIIattention to something that has been overlooked, trying to re-engage

the child in the task, etc.). As this interdisciplinary project proceeds,

the participating researchers are developing the tools that will allow

the computer to have the type of information that a human assis-

tant might have. They are also exploring the ways in which that infor-

mation can be used to allow the computer to become an active

participant in its interaction with the human, rather than a silent

partner. These methods may enable the development of a friendly

human-computer interface of the future. The project also serves as

an example of the type of interdisciplinary integration, with psychol-

ogists and educators working with computer scientists and engi-

neers, which is facilitated and fostered at the Beckman Institute.

n New technologies based on magnetic resonance imaging (MRI)

and speech recognition are being focused on the diagnosis and treat-

ment of certain speech pathologies. Professors Mark Hasegawa-

Johnson, David Kuehn (Speech and Hearing Science), Zhi-Pei Liang,

and Andrew Webb are collaborating to capture speech anatomy

and speech kinematics using MRI, anatomical imaging using

microscopic and diffusion tensor MRI, and dynamic imaging using

Professor Liang's high-speed constrained reconstruction algorithm.

Meanwhile, Professor Hasegawa-Johnson's group has developed a

landmark-based speech recognizer that models consonant releases

and closures more carefully than most recognizers, thus improving

the recognition of explosive speech sounds like "p," "t," and "k." The

landmark-based recognizer is finding potential applications in the

automatic recognition of stress and rhythm (collaborative work with

Professor Jennifer Cole), in the recognition of speech in complex

acoustic environments, such as movie soundtracks (collaborative

work with Professor Thomas Huang), and of course in the analysis

and diagnosis of speech pathology. A collaborator at Children's

Hospital in St. Louis is collecting acoustic and video recordings

of the speech of children with macroglossia (enlarged tongue),



HCIIincluding both children with and without any perceptible speech

pathology. By training the landmark-based speech recognizer to

match expert ratings of speech pathology, professors Hasegawa-

Johnson and Kuehn intend to develop an automatic "second opinion"

tool that will help professional speech pathologists judge the nature

and severity of a perceived disorder.

n The National Science Foundation-funded Information Technology

Research project, "Development of Head-mounted Projective Displays

for Distance Collaborative Environments," is being carried out jointly

between the Beckman Institute and the University of Central Florida

(UCF). The objectives of the project are: to develop a novel visual-

ization device, called head-mounted projective display (HMPD), that

allows real-time superposition of a direct image of the scene with

a stored virtual view; to build a multi-user interactive workbench

by integrating the developed HMPD with a high-performance, real-

time image acquisition system; and to evaluate the performance

of the resulting system as a tool for remote collaboration. In colla-

boration with Professor Jannick P. Rolland at the UCF, a lightweight

and compact HMPD prototype has been designed and implemented.

The prototype provides the capability of optical see-through of the

real world, augmentation of real scene with virtual objects, and

natural occlusion of virtual objects by their real counterparts. Experi-

ments have been designed to quantify the characteristics of the

design components and investigate their effects on resulting imaging

quality. Applications have been developed that exploit and demon-

strate the capabilities of the HMPD technology in collaborative

augmented environments. The imaging system consists of a high-

resolution panoramic camera under development. The camera is

capable of capturing a 360-degree panoramic view at high resolution

and video rate from a single viewpoint. This camera will serve as

the source of high-fidelity visual information for remote collabo-

rative work, facilitating tele-presence at remote sites. Finally, an



interactive workbench for multi-user collaborative

work is being developed using the HMPD technol-

ogy and the panoramic image acquisition system.

The workbench will be equipped with several

HMPD's and other subsystems for object tracking

and other interactions. The HMPD can be used

for a wide range of collaborative environments

and visualization tasks that involve tele-presence

and tele-manipulation.

n Professor Seth Hutchinson and colleagues

at the Beckman Institute and elsewhere are con-

cerned with problems that confront robots oper-

ating in dynamic or uncertain environments. One

thrust of their work is vision-based control of robot

manipulators. With Peter Corke (of the Criticality

Safety Information Resource Center in Australia)

and his graduate students, Professor Hutchinson

has investigated performance measures and hybrid

control architectures for visual servo systems. This

work also benefits from collaboration with Professor

Jean Ponce, an expert on the geometry of multiview

computer vision. This research has led to new con-

trol algorithms for, and new understanding of,

fundamental issues concerning the relationship

between vision and control. A second aspect

involves sensor-based planning and control for

mobile robots. This work is part of a collaboration

between professors Hutchinson and Ponce, and

French researchers at the Laboratoire d'Analyse

et d'Architecture des Systemes (LAAS) in Toulouse,

France. This work was initiated under a collabo-

ration between the University of Illinois and the

Centre Nationale de la Recherche Scientifique

(CNRS), a national French research organization.

Algorithms developed at the Beckman Institute

have been implemented in the robotics laborato-

ries of the Beckman Institute and LAAS, produc-

ing robot systems that use computer vision, laser

range scanners, and sonar sensing to construct

maps and then use these maps for navigation tasks.

n A group of Beckman researchers, including

professors Arthur Kramer and Christopher

Wickens and Beckman Fellow Jason McCarley,

have recently begun a program of research con-

cerned with understanding the visual search

and identification processes involved in search

through complex cluttered displays. This research,

funded by the Federal Aviation Administration's

security division, entails characterizing search

strategies that lead to accurate detection of

weapons in X-ray imagery of airport baggage.

The research is also focused on the develop-

ment of training strategies and human-computer

interfaces to enhance the detection process.          
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THE BIOLOGICAL INTELLIGENCE MAIN RESEARCH THEME (MRT)

SEEKS TO UNDERSTAND THE LINKS BETWEEN THE BRAIN AND

INTELLIGENT BEHAVIOR. RESEARCH IN BIOLOGICAL INTELLIGENCE

STARTS WITH THE STUDY OF THE INDIVIDUAL MOLECULES THAT

COMPRISE THE CELLS OF THE BRAIN, AND BUILDS TOWARD AN

BIBI
BIOLOGICAL INTELLIGENCE
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UNDERSTANDING OF THE ANATOMY AND PHYSIOLOGY OF BRAIN

REGIONS AND SENSE ORGANS. FROM THERE, RESEARCHERS

CONSIDER THE FUNCTIONING OF THE BRAIN AND HOW ITS

PARTS WORK TOGETHER TO ACHIEVE BASIC ABILITIES, SUCH

AS PERCEPTION, ATTENTION, LEARNING, AND MEMORY. 



BI

Ultimately, the Biological Intelligence MRT considers how

adapted forms of these abilities can lead to the highest mani-

festations of intelligence, such as when a child acquires the

ability to speak and understand language or learns mathe-

matics in school.

As the second decade of the Beckman Institute takes root, the

Biological Intelligence MRT is poised to take advantage of the

explosion in new knowledge and scientific tools that have come

from breakthroughs in neuroscience, molecular biology, the

physical sciences, and computation. For example, the ability

to create micro-electromechanical systems, which are capable

of studying the smallest compartments of nerve cells, reflects

dramatic advances in the field called nanotechnology.

OVERVIEW 2001

34

BI



Similarly, at a larger scale, but often

using very similar chemical and phys-

ical principles, the creation of new

brain imaging techniques, such as func-

tional magnetic resonance imaging

(fMRI), has revolutionized our ability

to relate the activity of the brain to

behavior and learning. By using fMRI

in combination with related technolo-

gies, such as electroencephalograms,

eye-movement monitoring, and near-

infrared optical imaging of the brain,

Beckman researchers are able to tell

not only where something is happen-

ing in the brain, but also how many

different parts of the brain are involved

and what sequence of brain events

underlies a seemingly smoothly exe-

cuted intelligent behavior. Altogether,

these techniques have extraordinary

potential for revealing the nature of



BIthe computations that underlie intelli-

gent behavior.

At the same time, interdisciplinary

research in Biological Intelligence is

leading to important applications in a

variety of domains. For example, the

intelligent hearing aid project brings

together researchers from the neuro-

sciences, signal processing, and the

speech and hearing sciences. The real-

time system that has been developed

has great promise for hearing enhance-

ment technology. Similarly, researchers

interested in learning and education

are making use of video technology to

improve the teaching of mathematics

and reading. In addition, research impor-

tant to lifestyle choices is emphasizing

the importance of physical exercise to

brain function and cognition.



As the research highlights below illustrate, the efforts in

Biological Intelligence are as diverse as intelligent behavior

itself. If there is an underlying theme, it is that progress to date

and progress in the future have depended and will depend on

combinations of technologies and disciplines. The Beckman

Institute provides a near-ideal environment for scientists with

vastly different backgrounds to come together to pursue mutu-

ally important and interesting goals.

William T. Greenough and Gary S. Dell, Co-chairs
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HIGHLIGHTS 2001

BI

n The intelligent hearing aid project is aimed toward developing

efficient signal processing systems that can extract a desired speech

signal with high fidelity in the presence of multiple interfering sounds.

In 2001, the first patent (U.S. 6,222,927) covering this technology,

was issued on April 24, 2001; several additional applications are

pending. The intelligent hearing aid team (professors Robert Bilger,

Albert Feng, Douglas Jones, Charissa Lansing, William O'Brien

Jr., and Bruce Wheeler) has also received funding this year from

several external sources to support different aspects of the overall

program. The goal of the National Institutes of Health-funded pro-

ject is validation of the concept of using binaural hearing aids to

assist hearing-impaired listeners to extract speech amidst noisy

backgrounds. The Defense Advanced Research Projects Agency-

funded project is aimed toward applying their signal processing

schemes to build devices that may be used in battlefield applica-

tions. Finally, the Beckman Institute signed a licensing and spon-

sored research agreement this year with Phonak AG, a major Swiss

hearing aid manufacturer with a manufacturing plant in Warrenville,

Illinois. The overall goal of this agreement is to incorporate the

Beckman technologies into Phonak's existing lines of hearing aids

to advance their performance. 

n The Beckman Institute/Carle Clinic Association functional

brain mapping project experienced great expansion this year. Two

new faculty, Monica Fabiani and Gabriele Gratton, moved to the

campus and joined the project. Professors Fabiani and Gratton

add to the group's efforts to combine the techniques of optical

imaging, electrophysiological imaging, and functional magnetic



the nature of relational (declarative) memory

and its dependence on the hippocampal system.

The Institute for the Study of Aging awarded

Professor Arthur Kramer and his colleagues,

professors Neal Cohen, Andrew Webb, and

Edward McAuley, funding to allow them to

examine changes in cognition and functional

brain activity in response to improvements in

the aerobic fitness of healthy but sedentary older

adults. Professor Gregory Miller, in collabora-

tion with Professors Wendy Heller, Marie Banich

(University of Colorado), and Andrew Webb, will

use their new grant from the National Institute

of Drug Abuse to investigate individual differ-

ences in a brain attentional/emotional network,

emphasizing the development of methods for

classifying subjects and for measuring activity in

the orbital frontal cortex via functional magnetic

resonance imaging scan parameter development.

n What happens in the brain when new memories

form? How are specific perceptions represented

in the synaptic interactions of neuronal subsets

in the brain? These questions are addressed in a

research project funded by the National Institutes

resonance imaging. Another combined technol-

ogy, the simultaneous collection of brain activity

and eye movement data, was initiated when the

group installed an eye tracker in the magnet suite

at Carle Clinic in Urbana. Combining technologies

in these ways allows investigators to validate

and complement the data derived from one type

of technique with another. Under the direction

of professors Gregory Miller and Andrew Webb,

and with the support of a number of departments

on campus, including the Beckman Institute, the

group significantly expanded their imaging enter-

prise in another way. The group purchased a new

high-field magnetic resonance imager. The new

3-tesla machine will have 24-hour access and

will allow investigators to develop and test new

imaging protocols. Finally, each of the project's

associated faculty received external funding this

year. Professor Neal Cohen, in collaboration

with Professor Andrew Webb and post-doctoral

participant Tracey Wszalek, received funding

from the National Science Foundation. These

studies combine behavioral, eye movement, and

functional neuroimaging studies of normal sub-

jects and amnesiac patients in order to explore
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of Health involving Beckman Institute faculty

members David Clayton and Bruce Wheeler.

Their work uses a songbird (the zebra finch) as

a model, as these animals use song to identify

and discriminate among individuals in their

colony. Past work showed that the first exposure

to a novel song induces a wave of gene expres-

sion in auditory centers in the zebra finch brain.

As the song becomes familiar, this genomic

activity ceases. Yet another novel song will induce

the same genomic response all over again. How

does the brain differentiate between novel and

familiar songs, and why do only novel songs

activate new gene expression? In the past year,

the research group developed and applied meth-

ods of recording electrical signals from multiple

sites in the brain simultaneously to probe the

biological architecture of song representations

in the brain. The group also developed new sta-

tistical analyses of the birds' behavioral respons-

es to song, as captured on videotape. Their work

suggests that both novel and familiar songs

activate similar patterns of electrical activity, but

additional "neuromodulatory" signals may be

associated with the experience of novelty, the

40

induction of gene expression, and the formation

of new memories. These results may lead the way

to further study of the mechanisms that account

for the selectivity of memory formation.

n Having a portable sensor to detect toxins and

other biological agents has certainly been thrust

into the limelight during 2001. Beckman Institute

faculty members Paul Bohn, Mark Shannon, and

Jonathan Sweedler and their research teams

made significant progress on a collaborative

project funded through the Defense Advanced

Research Projects Agency to design a new category

of measurement device, the Biofluidic Intelligent

Processor, to measure botulism toxins using a

field portable sensor. This device allows the active

manipulation, detection, and characterization of

biological fluids with volumes more than a mil-

lion times smaller than a single drop of blood.

At the heart of the Biofluidic Intelligent Processor

are molecular gates with active areas not much

larger than transistors in microprocessors. The

molecular gates can intelligently separate specific

components, passing the rest, concentrating them

in attoliter volumes, then digitally tagging them



BIfor detection. As digitizing electronics has permitted complex opera-

tions to be processed, digitizing molecular fluid flow can potentially

solve the daunting challenges posed by trace levels of extraordi-

narily lethal toxins. The active component, the molecular gate, is

analogous to transistors in that switching, gain, and digital mani-

pulation of specific molecules, such as proteins, are now possible.

In addition to the creation of new sensors, a number of interesting

fundamental studies are under way. Because the flow occurs in a

completely new size regime (10 –100 nm), control of fluid transport

accomplishes digital transfer of fluids, and the Achilles' heel of prior

microfluidics devices, the device interconnects, are integral to the

intelligent movement of biomolecules. This work builds upon the

foundations from both the Biological Intelligence and the Molecular

and Electronic Nanostructures main research themes.

n Video cameras installed in public places allow security per-

sonnel to monitor several locations simultaneously. Most remote

surveillance cameras, however, are fixed and limited to one view of

the surroundings. Ideally, a surveillance camera should be move-

able and should direct its lens at the source of sensory cues that

might indicate where something is happening, just as a human

security guard monitors an area. An interdisciplinary team at the

Beckman Institute (professors Thomas Anastasio, Sylvian Ray,

and Pierre Moulin), funded by the Office of Naval Research, is

developing a video camera that aims itself in a brain-like way. The

design of the self-aiming camera is based on a model of a part

of the brain known as the superior colliculus, which integrates

information from multiple sensory systems and initiates orient-

ing responses toward the source of the sensory cues. The model

was originally proposed to account for the multisensory response

properties of individual neurons in the superior colliculus, and it

suggests that collicular neurons use sensory input to compute the

probability that something worth looking at has appeared in the



BIsurroundings. This model lends itself readily to practical applica-

tion. A working prototype of the self-aiming camera which imple-

ments the superior colliculus model on a computer has been

developed. The prototype fuses audio and video input and "looks

around" in much the same way that a person would. Because it

combines the audio with the video, the camera is more likely to

aim at a speaking person than at a shadow cast against the wall.

n Language researchers at the Beckman Institute from the

Cognitive Science, Artificial Intelligence, and Image Formation

and Processing groups continue to work on their three-year pro-

ject from the Knowledge and Distributed Intelligence Program of

the National Science Foundation. The project, titled "The Role

of Experience in Language Processing," brings together psychol-

ogists, linguists, and computer scientists with the goal of study-

ing how people produce and understand language, and how this

knowledge can be used to develop language technology. The

group studies how people's speaking and comprehension skills

change with experience by using a number of methods, including

assessments of eye movements, electrical brain potentials, and

functional magnetic resonance imaging. At the same time, the

group is developing computational models of the language pro-

cessing system, models that learn from experience and adapt to

their current circumstances through these learning mechanisms.

One important aspect of this year's work concerns the develop-

ment of "unobtrusive measures" of language processing, tech-

niques that can assess the mental and neural activities involved

in speaking and comprehending without interrupting those

activities. For example, Professor J. Kathryn Bock and colleagues

monitor the eye movements of people as they describe a scene.

The relations between eye fixations and the ongoing speech pro-

vide useful cues about the process of speaking. The investigators



are professors Gary Dell (principal investigator),

J. Kathryn Bock, Jennifer Cole, Cynthia Fisher,

Susan Garnsey, Adele Goldberg, Stephen

Levinson, and Daniel Roth.

n We all know that exercise is good for us, that

is, that exercise improves health by enhancing

cardiorespiratory function, limiting weight gain,

and improving balance, flexibility, and strength.

But does exercise improve mental function as

well? A group of researchers at the Beckman

Institute, in collaboration with colleagues at the

Carle Clinic Association in Urbana, Washington

University in Saint Louis, and Wayne State

University in Detroit, have been investigating this

question with the assistance of older adult par-

ticipants from the local community. Professors

Arthur Kramer, Edward McAuley, Neal Cohen,

and Andrew Webb, along with post-doctoral

researcher Stanley Colcombe, have discovered

that improvements in aerobic fitness, engen-

dered by six months of aerobic fitness training,

can lead to robust enhancements in selective

aspects of cognition, including working memory,

task coordination, ability to selectively focus atten-

tion, and control of action. In on-going research

funded by the National Institute on Aging, the

Institute for the Study of Aging, and the University

of Illinois' Critical Research Initiative program,

the team of Beckman researchers is examining

changes in brain function via functional magnetic

resonance imaging. These changes underlie the

performance changes that they have previously

observed in response to improved fitness among

healthy but sedentary older adults. The goal of

the project is to understand the nature of brain

and cognitive plasticity during aging.

n In related work, professors Erik Wiener,

William Greenough, and Paul Lauterbur, and

their colleagues have found that both resting

blood flow and blood flow changes in response

to diminished availability of oxygen are enhanced

in rats following a period of voluntary exercise.

Rats allowed to run freely in an activity wheel

attached to their cages were compared with rats

that did not have a wheel available. Resting

blood flow was greater in the motor cortex of
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and Brian Ross to address two issues with

computational and experimental techniques.

First, a major goal has been the understanding

of how prior knowledge interacts with learning

from experience. There are models of learning

the statistical regularities of concepts and theo-

ries of how knowledge may influence concept

judgments. However, there is no model that inte-

grates the statistical regularities and knowledge

during learning, which is necessary for intelligent

functioning (and which people do easily). In pre-

vious years, the researchers completed a large

number of empirical studies of this interaction.

In 2001, they developed a psychologically plausible

connectionist model that provides an account

of many of the learning-knowledge interactions.

Second, the researchers have concentrated on

how explanations can be used to help people

and machines to more efficiently and usefully

learn concepts in complex learning situations. In

the last year, they have continued a number of

empirical studies of how people use the coher-

ence of concepts and explanations to help learn

new concepts and make inferences about concepts

they have. In parallel, they have been developing

a computational model that improves the learning

the exercised animals. Moreover, when excess

carbon dioxide replaced some of the oxygen in

the air supply of these animals, the exercised

animals showed a greater compensatory res-

ponse in motor cortex blood flow. Changes of

this sort may well contribute towards the cog-

nitive effects of aging described above.

n Research is also continuing on a National

Science Foundation-funded, cross-disciplinary

initiative on Learning and Intelligent Systems.

The goal of this project is to construct an inte-

grated theory of concept learning in humans

and machines. The theory will be integrated in

that it will investigate and account for a wide

variety of concept learning results that are often

studied separately, and it will pool the research

strengths of psychology, artificial intelligence,

and computational learning theory. These goals

will lead toward a comprehensive theory that is

psychologically and computationally plausible,

while at the same time sufficiently rigorous to

be analyzed with the mathematical tools of com-

putational learning theory. The interdisciplinary

focus in 2001 has led professors Jerry DeJong,

Gregory Murphy, Leonard Pitt, Karl Rosengren,
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BIof new concepts by using detailed explanations of earlier concepts

to invent new features that help re-code and re-interpret the features

of the new concept.  

n The National Science Foundation-supported neuronal pattern

analysis project in neuroinformatics is continuing efforts to develop

computational tools for neuroscience. This project brings state-of-

the-art computing technology to bear on the problem of storing,

retrieving, analyzing, visualizing, and modeling of time series neu-

ronal data, particularly in relation to the very large data sets yielded

by fast multichannel data-acquisition technologies. A collaboration

between the laboratories of Professor Michael Gabriel (principle

investigator) and Professor Mark Nelson has led to the development

of a novel database table schema, which allows multiple laboratories

to implement customized graphical user interfaces that work with a

shared relational database system. This collaboration also brought

to maturity the Time Series Data Protocol (TSDP). Touted in a recent

Nature article, TSDP is a standard for representation, transfer, and

analysis of time series data in a platform-independent manner; a

suite of flexible/intuitive tools for data analysis and visualization;

and a programming library for development of TSDP-compliant tools.

Current work is being carried out collaboratively between members

of  Professor Gabriel’s laboratory, Computer Science doctoral candi-

date Rongkai Zhou, and master’s candidate Tao Tao to merge the

database and analysis tools with digital brain atlases and associated

interfaces. This merger will provide high-resolution neuroanatomical

images for use in associating neuronal time series data with their

brain sites of origin, with 3D objects such as nuclei and lesions, and

for visualization of dynamic brain activations indicated by time series

data in realistic neuroanatomical contexts. Ultimately, this project

intends to develop a complete neuroscience workbench that will be

interoperable within the research community and will serve as a

means to facilitate collaboration and sharing of data.



THE BECKMAN INSTITUTE IS COMMITTED TO PROVIDING THE

MOST ADVANCED FACILITIES AND RESOURCES FOR RESEARCH PRO-

GRAMS CENTERED IN THE BUILDING. THESE INCLUDE A MICROSCOPY

SUITE; A VISUALIZATION, MEDIA, AND IMAGING LABORATORY; AND

AN INTEGRATED SYSTEMS LABORATORY. THESE VARIOUS FACILITES

ARE USED BY RESEARCH GROUPS TO CONDUCT EXPERIMENTS IN

ITG/ISLITG/ISL
IMAGING TECHNOLOGY GROUP

INTEGRATED SYSTEMS LABORATORY
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HUMAN MULTIMODAL PERCEPTION AND COGNITION, AND IN THE

AUTOMATED AND INTELLIGENT AQUISITION OF IMAGES FROM A

TRANSMISSION ELECTRON MICROSCOPE. OTHER PROJECTS FOCUS

ON COMBINING NOVEL ENGINEERING RESEARCH WITH PSYCHOLOGI-

CAL STUDIES TO DETERMINE THE EFFICACY OF THE ENGINEERED

SOLUTIONS TO HUMAN-MACHINE COMMUNICATION.
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ITG/ISLITG

The primary mission of the Imaging Technology Group (ITG) is

to provide Beckman Institute researchers with state-of-the-art

service facilities in the Microscopy Suite and the Visualization,

Media, and Imaging Laboratory. There are currently over 300

users of these facilities drawn from almost every department

on campus. The Suite houses a broad range of microscopes,

including an Atomic Force Microscope, Transmission Electron

Microscope, Near-field Scanning Optical Microscope, Leica SP2

Confocal Microscope, and an Environmental Scanning Electron

Microscope. The microscopes are designed for both biological

and materials research, and all are equipped with digital aqui-

sition systems. A secondary focus of the group is to develop

advanced imaging technologies, with an emphasis on projects

in remote scientific instrumentation. Additional information

on the group, its facilities, and its projects can be found at

www.itg.uiuc.edu.
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During the spring, a multi-photon confocal light microscope

(Leica TCS MP two photon imaging system) was installed in the

facility. The new instrument has shown itself to be an extremely

popular instrument due to the combination of capabilities it provides.

Its multi-photon imaging capabilities have been used to image

biological samples as well as to photopolymerize polymer patterns

with micron-scale futures in colloidal crystals. Its spectral imaging

capabilities have been used to image fluorescence shifts in pH sen-

sitive dyes with pH changes in micro channels. The Microscopy Suite

also installed a new cooled color camera on our fluorescence micro-

scope. The new camera will allow fluorescence images of multiple

labels to be acquired simultaneously, as well as quadrupling the

pixel density of transmitted light images.  

In addition to these instrument improvements, the Microscopy

Suite hosted the Central States Microscopy and Microanalysis

Society (CSMMS) Annual Meeting in May. Several ITG members

gave presentations on ITG facilities and technology projects.

For additional information on the Microscopy Suite, please visit

www.itg.uiuc.edu/ms/.

Visualization, Media, and Imaging Lab

This year, the Visualization, Media, and Imaging Laboratory

(VMIL) concentrated its additions on digital imaging, infrastruc-

ture, and user services. In imaging, two new high-resolution digi-

tal cameras were added, facilitating a wide variety of image cap-

ture needs for biological intelligence researchers. Also, a new

slide and negative scanner for scanning 35mm, medium format,

and TEM film provides increased resolution and shadow detail

over previous options. In infrastructure upgrades, many worksta-

tions were replaced with new high-end, dual-processor systems,

and significant amounts of networked data storage were added

to accommodate the increasing needs of our users. Our low-end

video editing station was upgraded to provide real-time effects



ITG/ISLand DVD authoring. In user services, we have made two changes.

First, we have significantly revamped new user orientation. The

introductory session now takes less time to complete (about 20

minutes) and gets new users up and running very quickly. As part

of this orientation, new users schedule time with our consultants

to get individual, one-on-one help with their primary project.

Second, we have started a weekly 'training hour,' which provides

a structured time slot during which users or potential users can

come by and ask any questions they want on the topic of the hour. 

Finally, we are pleased to announce that an image produced

in the VMIL was featured on the cover of the July 31, 2001, issue

of the Proceedings of the National Academy of Science. Biological

Intelligence faculty members Jennifer Lewis and Paul Braun

authored the paper, and graduate student Valeria Tohver created

the cover image.

For information on the VMIL, please visit www.itg.uiuc.edu/vmil/.

Bugscope

Bugscope is an educational outreach program for K-12 class-

rooms. The program provides a resource to classrooms so that

they can remotely operate an environmental scanning electron

microscope (ESEM) to image arthropods at high magnification.

The microscope is remotely controlled from a classroom compu-

ter in real-time over the Internet using a web browser. Bugscope

provides a state-of-the-art microscope resource for teachers that

can be readily integrated into classroom activities. The project

continues to thrive and to date has provided ESEM access to over

70 classrooms around the nation. The project has been supported

for several years by grants from the Illinois Consolidated Telephone

Company. 

For additional information, please visit www.bugscope.beckman.uiuc.edu/.



Technology Development

Technology development this year has focused on visualization technology. In the area of molecular

visualization, we have written a suite of tools that enable high-quality rendering, animation, and visual-

ization of molecule data. These tools include: mol2mel–software for automatic conversion of data from

common molecular formats into 3D animation packages; molSlicer–software that enables boolean inter-

sections on groups of objects, allowing users to interactively define areas of a complex molecule for seg-

mentation; and dot2mel–a package that converts molecular point cloud data into a renderable 3D format.

In the area of microscopy data visualization, we have developed a package called top2maya, which con-

verts 2-dimensional data (i.e., topographical, intensity, magnetic, etc.) into a renderable 3D format,

automatically animating the scene in the process. Top2maya also offers the option to render a stereo-

graphic sequence for viewing with our custom stereographic animation software.

For additional information, please visit www.itg.uiuc.edu/technology/. 

Outreach

The ITG Forum series provides an opportunity to learn about the tools, techniques, and technologies

available within the group. Thirty-nine forums were presented during 2001 and included presentations

from members of the ITG, users of the ITG facilities, members of the Beckman Institute, the university

campus, and local and national communities. Additionally, a total of 20 technical reports were published

to document the techniques and applications developed within the Imaging Technology Group.

—Glenn Fried and Benjamin Grosser, Co-directors
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ISL
The Integrated Systems Laboratory

(ISL) is a Beckman Institute facility for

advancing scientific understanding of

human-computer interactions. The pri-

mary mission of the ISL is to support the

integration of advanced visualization,

sonification, and interface technologies

so that Institute researchers can conduct

experiments in human multimodal per-

ception and cognition. To facilitate this

mission, the ISL maintains discrete labo-

ratories allowing the incorporation of

individualized multimodal control and

monitoring technologies into extant

virtual-reality display environments.

As a core facility of the Beckman Institute,

the ISL provides fertile environments

for interdisciplinary research across

the three Main Research Themes. ISL

staff collaborate with researchers in

the Human-Computer Intelligent Inter-

action MRT at the Beckman Institute to

prepare environments and to develop

and assist in programming individual

cognitive science experiments.



six-projector CUBETM that can then seamlessly

scale to a single projection surface and even

to a desktop computer. Untethered multimodal

human perception studies are now possible in

the CUBETM, thanks to head-related, transfer-

function spatialized sonification and 6DOF navi-

gation tools developed by Camille Goudeseune.

The addition of a 10-camera Motion Analysis

motion capture system gives researchers in Kine-

siology, and Electrical and Computer Engineering

a human motion analysis tool unequaled at the

University. The ability to capture and analyze human

motion in real time, coupled with discrete kinesi-

ologic and animation modeling software, allows

research such as modern and anthropological

gait comparisons to be performed concurrently

with low-bandwidth-enhanced AVATAR creation. 

Human factors research in driver safety and

satisfaction has been greatly enhanced by the

addition of the recently installed KQ Hyperion

automotive driving simulator. Professors Arthur

Kramer, Christopher Wickens, and George

McConkie are the principal investigators on initial

simulator studies designed to analyze training

interventions to reduce driver distraction, monitor

and predict driver workload, and develop a quan-

titative model of driver performance to predict

driver responses to new technology interventions.

Integration of this six-projected surface simulator

with ISL-developed haptic, tracking, and sonifica-

tion interfaces provides another unique research

environment at the Beckman Institute.

—Henry J. Kazcmarski, Director

The Beckman CUBETM, a six-surface, three-meter

virtual reality chamber, has been successfully con-

structed in the basement of the Beckman Institute

building. A grant from the Major Research Instru-

mentation program in the Computer and Infor-

mation Science and Engineering Directorate of

the National Science Foundation, and major

support from the Beckman Foundation, now make

it possible for researchers to perform multimodal

human perception experiments in a virtual envi-

ronment unique in the world. The CUBETM is a

virtual laboratory providing untethered data acqui-

sition from subjects through commercial wireless

body tracking technologies, but most importantly

by using eye tracking, gesture, and speech recogni-

tion technologies developed within the research

groups of the Beckman Institute. 

Reliance on expensive, easily outmoded visu-

alization supercomputers is a thing of the past,

thanks to ISL-developed cluster PC technology.

Researchers using the Syzygy toolkit software,

written by Benjamin Schaeffer, now have a stan-

dardized, portable API that greatly simplifies the

task of programming media-rich applications. The

Syzygy toolkit enables researchers to develop

applications for cognitive science studies in the
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THE BECKMAN INSTITUTE WELCOMED SEVERAL NEW FACULTY

MEMBERS IN 2001. SOME OF THESE NEW ADDITIONS WERE ALSO

NEW TO THE UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN;

OTHERS HAVE BEEN ON THE CAMPUS FOR SOME TIME, BUT HAVE

ONLY RECENTLY BECOME MEMBERS OF THE INSTITUTE. A TOTAL

ProgramsFacilities
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OF 33 ACADEMIC DEPARTMENTS ON THE UNIVERSITY CAMPUS NOW

HAVE FACULTY REPRESENTED IN THE BECKMAN INSTITUTE. THIS

LARGE CROSS-SECTION OF DISCIPLINES, RANGING FROM PSYCHOLOGY

AND LINGUISTICS TO ENGINEERING AND COMPUTER SCIENCE, IS

ABSOLUTELY CRITICAL TO THE INSTITUTE'S LONG-TERM SUCCESS.
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In the Biological Intelligence Main Research Theme (MRT),

professors Monica Fabiani and Gabriele Gratton have joined the

Department of Psychology at the University of Illinois at Urbana-

Champaign and the Cognitive Neuroscience Group at the Beckman

Institute. They have become part of a growing community at the

Beckman Institute that uses functional magnetic resonance imag-

ing to study the human brain. Other new faculty members in the

Biological Intelligence MRT include Professor Matthew Wheeler

from the Department of Animal Sciences and Professor Aaron

Benjamin from the Department of Psychology. Professor Wheeler

has joined the Biological Sensors Group and is collaborating with

several other members in the Institute in microelectromechanical

systems (MEMS) research. Professor Benjamin is a member of the

Cognitive Science Group and is collaborating with other researchers

in this group to study learning and memory.

In the Human Computer Intelligent Interaction MRT there were

also several new additions. These included Yoshihisa Shinagawa,

who recently joined the Department of Electrical and Computer

Engineering and is now a member of the Artificial Intelligence
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Group at the Institute. Professor Shinagawa

will work with this group in the areas of

computer vision and computer graphics.

In addition, Professor Steven LaValle, from

the Department of Computer Science, joined

the Artificial Intelligence Group. Professors

Gordon Binsted, from the department of

Kinesiology, and Esa Rantanen, from the

Institute of Aviation, are new additions to

the Human Perception and Performance

Group.

Professors Scott White, from the

Department of Aeronautical and Astro-

nautical Engineering, and Nancy Sottos,

from the Department of Theoretical and

Applied Mechanics, have recently joined

the Advanced Chemical Systems Group

in the Molecular and Electronic Nano-

structures MRT. They are heading a rela-

tively new effort in the Institute in the

area of self-healing materials. Professor

Paul Kenis, a new member of the Depart-

ment of Chemical Engineering, is also a

new member in the Advanced Chemical

Systems Group. He will be collaborating

with other members of the Institute

working in the area of MEMS research.

Finally, Professor P. Scott Carney recent-



ly joined the University's Department of

Electrical and Computer Engineering and

the Nanoelectronics and Biophotonics

Group at the Beckman Institute.

Many of these new faculty additions

have required a substantial amount of

programmatic remodeling in the Institute

to meet their diverse research needs. Wet

and dry laboratory renovations and office

reconfigurations have been done to pro-

vide the functionality that each of these

new members requires. This has included

the addition of several new fume hoods,

autoclaves, gas safety cabinets, and vari-

ous pieces of support equipment for cen-

tralized warm and cold rooms.

Enhancements to common infrastruc-

ture resources have also been pursued in

order to add new levels of functionality

for Institute researchers. During the past

year, the auditorium and conference room

audio/visual systems have been upgraded

and are now state-of-the-art. The Institute's

building network upgrade was completed

this year, and researchers have already

started to take advantage of the newly

added gigabit networking capabilities.In



addition, the machine shop as well as the craft and trade workshops

have been outfitted with new tools and equipment in order to add

some expanded capabilities.

Lastly, the Institute has completed the restoration of many of

its sculptures, paintings, and other fine artworks, restoring them

to their original splendor. A great deal of time and attention is also

being spent in maintaining the aesthetic presence of the Institute.

Expendable items such as carpet and wall coverings are being

replaced as deemed necessary, and replacement furnishings have

been purchased. The never-ending goal is to maintain the Beckman

Institute as Dr. Beckman envisioned, so that it will remain a lead-

ing, world-class, interdisciplinary research facility for many years

to come.

Jennifer Quirk, 

Associate Director for External Affairs and Research

Michael D. Smith, 

Associate Director for Operations
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The Beckman Institute Fellows Program was initiated in fall

1991, using funding provided by the Arnold and Mabel Beckman

Foundation. It is intended for recent Ph.D.s or students in their

final year of doctoral study in any of the research areas encom-

passed by the Institute. A competition for the fellowships is

held once a year, with two or three Fellows being selected to

spend a period of up to three years at the Beckman Institute. 

Selection of Beckman Fellows is based upon evidence of

professional promise, capacity for independent work, interdis-

ciplinary interests, and outstanding achievement during their

graduate careers. Because Fellows have no specific administra-

tive or teaching responsibilities during their tenure, they are

able to take maximum advantage of the opportunity to launch

strong research careers. Past Fellows have competed effectively

for research positions in major universities, and corporate and
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governmental laboratories throughout

the nation such as Motorola, The State

University of New York at Stonybrook

and at Buffalo, Hughes Research Labs,

Oxford University, and the University

of North Carolina.

The Beckman Graduate Fellows

Program, also supported by funding

from the Arnold and Mabel Beckman

Foundation, is intended for graduate

students who are already working at

the Beckman Institute. The purpose is

to encourage interdisciplinary research

at the graduate student level. Research

projects must involve at least one

Beckman faculty member in addition

to a second faculty member, and pref-

erence is given to those proposals that

involve the active participation of two

faculty members from two different

Beckman Institute groups. 
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Fellows2001
MICHAEL A. BEVAN, 2001 FELLOW

Ph.D. 1999, Carnegie Mellon University

Michael Bevan's research investigates methods to produce long-

range nanostructured materials using colloidal and polymeric com-

ponents. The goal of his work is to design and process materials on

submicron-length scales where thermal motion and surface forces

dominate particle interactions. Optimization of thermodynamic and

kinetic factors that produce well-defined nanostructures is impor-

tant for advanced material applications and understanding natu-

rally occurring biological nanostructures. The general approach

involves tuning interparticle forces to manipulate thermodynamic

phase behavior, and using applied fields to control the kinetics of

self-assembly. Templated interfaces are also being explored to het-

erogeneously nucleate local structure and to control its macroscopic

orientation. Another goal of Bevan's work is to understand how

stresses associated with drying affect structural relaxation and

cracking in ordered materials initially created in solvent media. In

addition to employing typical scattering methods, his experimental

work has focused on adapting confocal microscopy to dynamically

probe real space structure formation in mixed colloidal and poly-

meric systems.

DONALD M. CANNON, JR., 2001 FELLOW

Ph.D. 2000, The Pennsylvania State University

As a Beckman Fellow, Donald Cannon's research is aimed at

the fundamental investigation of neuronal chemical dynamics

through the application of a novel biofluidic intelligent processor

(BIP), recently proposed by a team of researchers at the Beckman

Institute. Professors Paul Bohn, Mark Shannon, and Jonathan

Sweedler head the collaborative development of this analytical



device. These nanometer-scale fluidic processors

are designed for the separation and concentra-

tion of multiple molecular species from extremely

low (attoliter) volumes. The BIP technique, rely-

ing on nanometer dimensions, is a revolutionary

step towards a yet unknown size regime (10-100

nm) for fluid control and molecular manipulation.

Such devices will provide lower limits of detec-

tion than currently available, thereby opening

new opportunities on single-cell and sub-cellular

processes. Long-term research goals for Cannon

include the further development of available

bioanalytical techniques, as well as the imple-

mentation of novel strategies that are capable

of elucidating neuronal function by interrogating

the spatial and temporal chemical dynamics in

and around single cells.

JESSE SPENCER-SMITH, 2001 FELLOW

Ph.D. 2001, Indiana University

Jesse Spencer-Smith's research at the Beckman

Institute focuses on how humans perceive emotion-

al facial expressions. He has developed an inter-

active program for displaying facial expressions

using a synthesized three-dimensional head, and

is exploring the role dynamics play in under-

standing expressions. Results from previous work,

in collaboration with James Townsend and Åse

Innes-Ker at Indiana University, demonstrates

that expressions that are imperceptible when

presented in static images are readily identified

when presented dynamically. Motion may also

change the interpretation of an expression: an

image that is labeled sad when displayed statically

is labeled as happy when displayed dynamically.

Spencer-Smith is working with Beckman Institute

faculty in the Human-Computer Intelligent Inter-

action Main Research Theme to incorporate this

work into a real-time system for human-computer

interaction. He is also developing new mathema-

tical modeling tools to investigate the psycholog-

ical representations that underlie expression

perception. In particular, he is developing new

tests for curvature in psychological spaces using

existing mathematical results for non-Euclidean

geometries.
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CHRISTINA GROZINGER, 2001 FELLOW

Ph.D. 2001, Harvard University

Christina Grozinger's research focuses on elu-

cidating the molecular basis of social behavior

and behavioral plasticity, using the honey bee

as a model system. Bees display several distinct

behaviors, which are modulated in response to

the colony's requirements. As in many verte-

brate and invertebrate species, these behav-

ioral states are regulated by pheromones, some

of which produce stable, extensive changes in

behavior and physiology. These pheromones

will be used to determine the gene expression

changes underlying this regulation of behavior,

using the bee brain microarrays developed in

the laboratory of Professor Gene Robinson in

the Department of Entomology. The transcrip-

tional response of the brain to pheromones

provides a novel link between the physiologi-

cal state of the individual and the social state

of the colony, which promises to shed light on

the molecular basis of social behavior.  

JOHN PAUL MINDA, 2000 FELLOW

Ph.D. 2000, University at Buffalo, State University

of New York

Paul Minda's research deals with how people

learn categories and how they use categorical

information to make decisions. During his first

year as a Beckman Fellow, Minda worked on

several projects. One project expanded research

that he started as a graduate student and looked

at how people's knowledge for general aspects

of a category and knowledge for specific cate-

gory members decay over time. Another project,

with Professor Brian Ross, investigated how

people learn about categories of objects when

no mention of category membership is given.

Participants in these experiments learn to predict

things about the objects, which may approximate

how many real-world categories are learned.

Minda has also worked on developing a new

computational model of category learning.

This model assumes that people learn general

things about categories first, but also gradually

build up knowledge about specific category mem-

bers. This model can account for some data that

many current models are unable to account for.
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FellowsMinda plans to continue this research during his second year at

the Beckman Institute.

SLAVA ROTKIN, 2000 FELLOW

Ph.D. 1996, Ioffe Physico-Technical Institute, St. Petersburg

As a Beckman Fellow, Slava Rotkin's research has focused on

developing a compact theory of carbon nanotube-based electro-

mechanical systems. The semi-classical quantum mechanical

approach, as well as the statistical approach, have been success-

fully used for the calculation of the atomistic capacitance of the

single wall nanotube. New physical models have also been devel-

oped for van der Waals attraction in carbon shell structures. Finally,

Rotkin has performed the quantum mechanical computation of

the van der Waals energy in double wall nanotube systems, tube-

tube systems, and tube-substrate systems for the first time.

ILYA ZHAROV, 2000 FELLOW

Ph. D. 2000, University of Colorado 

The main focus of Zharov's doctoral work was on the prepara-

tion of R3M+ (M = Si, Ge, Sn, Pb) cations in non-polar media, on

weakly nucleophilic carboranyl anions, on novel photoresist mate-

rials, and on lithium conducting polymers. As a Beckman Fellow,

Zharov collaborates with the members of the Advanced Chemical

Systems Group, and works on the use of dendrimers and hyper-

branched polymers for molecular recognition. The general approach

in this work is to covalently attach dendrons or hyperbranched

polymeric chains carrying cross-linkable substituents to a template

molecule. Cross-linking and removal of the template creates an

imprint, which can be used for recognition or for catalysis. In

addition to synthetic work, Zharov is using molecular mechanics,

molecular dynamics, and quantum-chemical calculations to model

dendrimers and carbon nanotubes.



FellowsDALE BARR, 1999 FELLOW

Ph.D. 1999, University of Chicago

Dale Barr's work investigates how people coordinate understand-

ing in communication. Currently, his work employs eyetracking

techniques to investigate the adaptability of the language process-

ing system to experience. For example, in a project being conducted

in collaboration with professors Cynthia Fisher, Susan Garnsey,

and others, he is investigating how listeners adapt their interpre-

tations of anaphoric cues, such as pronouns or phonological reduc-

tion, to the different "discourse styles" of individual speakers. In

another set of studies, Barr is investigating how dyads establish

and use lexical and syntactic conventions for referring to objects

in visual scenes. Finally, he uses techniques of multi-agent com-

puter simulation to illuminate how the individual adaptations that

language users make in dyadic communication affect the conven-

tional linguistic practices in the larger language community.

HONG HUA, 1999 FELLOW

Ph.D. 1999, Beijing Institute of Technology

Hong Hua's research interests mainly focus on the development

of the head-mounted projective display (HMPD) technology, a ubi-

quitous augmented environment, and the applications in collabo-

rative augmented environments. She is also interested in panoramic

vision techniques. Working with professors and students in the

Artificial Intelligence group at the Beckman Institute, and with

others, she led the development of a compact HMPD prototype

and is exploring its applications in interactive augmented environ-

ments. She is also developing a ubiquitous augmented environment

and an experimental framework to support remote collaboration

in augmented environments. Her vision is to bring researchers

at physically separated locations, together virtually to collaborate

on a common project, or to hold a project meeting in a virtually



shared augmented space with intuitive interac-

tion, through a high-speed Internet connection

linking the collaborative laboratories. Collaborat-

ing with Professor Narendra Ahuja and students

of the Artificial Intelligence group, she has also

developed a prototype of a high-resolution pano-

ramic camera that is capable of capturing high-

resolution panoramic images from a single

apparent viewpoint at video rate.

JASON MCCARLEY, 1999 FELLOW

Ph.D. 1997, University of Louisville

Jason McCarley earned his Ph.D. at the

University of Louisville, studying experimental

psychology with an emphasis on visual percep-

tion and cognition. He then spent a year as a

postdoctoral associate in the Operations Research

Department at the Naval Postgraduate School

in Monterey, California, collaborating with psy-

chologists, engineers, and physicists to explore

human perception of electronically sensed images.

At the Beckman Institute, McCarley now works

with members of the Human Perception and

Performance Group to study various basic and

applied aspects of vision, attention, and eye

movements. Current work employs behavioral

techniques and eyetracking to explore topics

that include the control of attention and aware-

ness in dynamic naturalistic environments, and

the nature of learning and object recognition in

visual search of impoverished or degraded real-

world displays.

LOLITA ROTKINA, 1999 FELLOW

Ph.D. 1996, Ioffe Physico-Technical Institute, 

St. Petersburg

As a Beckman Fellow, Lolita Rotkina and other

researchers at the Beckman Institute have devel-

oped a new concept for carbon nanotube growth,

which includes a proposal to perform oriented

growth of carbon nanotubes at silicide island edges.

This would allow, for the first time, a means to

integrate carbon nanotubes into an existing silicon

technology, which is of enormous importance in

nanotechnology. This group has recently received

a two-year Critical Research Initiative (CRI) grant

from the campus, titled "Manipulation of Carbon

Nanotubes for Integrated Nanoelectromechanical

Systems (NEMS)." They are currently building

an experimental system (low-pressure chemical

vapor deposition workstation) that will allow them

to explore this concept of nanotube growth, and

also to build a prototype of a nanotube-on-chip

system for nanoelectromechanical applications.
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FRANKLIN CHANG: 

"Examining Ways That Learning Influences 

Sentence Processing"

Chang's project will examine the ways that

learning influences sentence processing by using

both a computational model and human subjects.

Advisors are professors Gary Dell (Psychology),

Hiroko Yamashita-Butler (East Asian Languages

and Cultures), and J. Kathryn Bock (Psychology).

CARLA HEITZMAN:  

"Self-assembled Pathways for Molecular Transport"

The goal of Heitzman's project is to develop a

new method for the transport of specific molecules

and ions through self-assembled pathways by

designing and synthesizing molecules that will

self-assemble into amorphous monolayers. Advi-

sors are professors Paul Braun (Materials Science

and Engineering), Joseph Lyding (Electrical and

Computer Engineering), and Jeffrey Moore

(Chemistry).

MICHAEL KESSLER:  

"Autonomic Healing in Polymer Composites"

The goal of Kessler's proposed research is to

develop and study a new class of polymer compo-

site structural materials capable of self-healing

based on the embedded microcapsule  concept.

Advisors are professors Scott White (Aeronautical

and Astronautical Engineering), Jeffrey Moore

(Chemistry), and Nancy Sottos (Theoretical and

Applied Mechanics).

ELENA ROMANOVA:  

"Determination of New Molecular Factors with Neurotropic

Properties using MALDI-TOF Mass Spectrometry and

Bioassay"

Romanova's project will apply a combination

of separation methods with mass spectrometry

to identify and characterize new endogenous

molecular factors providing growth guidance cues

for the neurites in the marine mollusk, Aplysia

Californica. Advisors are professors Jonathan

Sweedler (Chemistry) and Paul Bohn (Chemistry).

SHUN-NAN YANG:  

"The Application of Gaze-contingent Display Changes

and Event-related Optical Signals (EROS) for Measuring

Inhibitory Neural Signals Elicited by Reading Difficulties"

Yang's project will use high-resolution eye

tracking techniques to further develop a neuro-

physiologically based theory of eye movement

control during reading. Advisors are George

McConkie (Educational Psychology) and Gabriele

Gratton (Psychology).

FellowsGraduate
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FUNDING AWARDED TO BECKMAN INSTITUTE FACULTY ADMINISTERED BY THE BECKMAN INSTIUTUTE2

FY97 FY98 FY99 FY00 FY01

DE PA R T M E N T 3,018,926 4,244,105 8,596,145 3,567,490 7,220,570

O F DE F E N S E

NAT I O N A L IN S T I T U T E S 1,907,009 2,024,355 3,096,564 3,433,321 3,845,206

O F HE A LT H

NAT I O N A L SC I E N C E 3,447,156 1,823,786 3,714,184 1,555,040 4,939,857

FO U N D AT I O N

OT H E R 1,645,026 817,864 1,161,601 890,974 1,882,971

TO TA L $10,018,117 $ 8,910,110 $16,568,494 $9,446,825 $17,888,604

FUNDING AWARDED TO BECKMAN INSTITUTE FACULTY ADMINISTERED BY OTHER DEPARTMENTS3

DE PA R T M E N T 4,524,577 6,475,573 7,480,679 8,736,643 4,300,552

O F DE F E N S E

NAT I O N A L IN S T I T U T E S 4,752,157 5,614,090 5,316,533 5,623,463 4,355,386

O F HE A LT H

NAT I O N A L SC I E N C E 3,176,276 1,837,054 1,937,805 7,580,850 3,371,477

FO U N D AT I O N

OT H E R 2,218,587 2,452,133 632,688 2,737,686 2,681,499

TO TA L $14,671,597 $16,378,850 $15,367,705 $24,678,642 $14,708,914

97-01
BECKMAN INSTITUTE FUNDING1

1In addition to the sources itemized in the chart, funding for the Institute is received from the following:

1. The state of Illinois to the University of Illinois and allocated through individual departments:

Faculty Salaries

2. The state of Illinois to the Beckman Institute:

Daily Operating Expenses

3. The Arnold and Mabel Beckman Foundation:

Beckman Institute Fellows Program

Beckman Institute Graduate Fellows Program

Beckman Institute Equipment Competition

2All interdisciplinary grants with faculty investigators from multiple departments are administered by the  

Beckman Institute.

3All single investigator grants are administered by the investigator’s home department.
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ADVANCED CHEMICAL SYSTEMS GROUP h Paul W. Bohn: Chemistry h Paul V.

Braun: Materials Science and Engineering h Paul J.A. Kenis: Chemical Engineering h

Jeffrey S. Moore: Chemistry h Stephen G. Sligar: Biochemistry h Nancy R. Sottos:

Theoretical and Applied Mechanics h  Scott R. White: Aeronautical and Astronautical

Engineering h COMPUTATIONAL ELECTRONICS h Narayana R. Aluru: General

Engineering h Karl Hess: Electrical and Computer Engineering h Jean-Pierre

Leburton: Electrical and Computer Engineering h Richard M. Martin: Physics h

Walter Philipp: Statistics and Mathematics h Umberto Ravaioli: Electrical and

Computer Engineering h NANOELECTRONICS AND BIOPHOTONICS GROUP h

Ilesanmi Adesida: Electrical and Computer Engineering h Stephen A. Boppart:

Electrical and Computer Engineering h P. Scott Carney: Electrical and Computer

Engineering h Martin H.W. Gruebele: Chemistry h Joseph W. Lyding: Electrical

and Computer Engineering h Gregory Timp: Electrical and Computer Engineering

h Pierre Wiltzius: Materials Science and Engineering; Physics h THEORETICAL

BIOPHYSICS GROUP h Laxmikant V. Kale: Computer Science h Todd J. Martínez:

Chemistry h Klaus J. Schulten: Physics h Robert D. Skeel: Computer Science

MOLECULAR AND ELECTRONIC NANOSTRUCTURES

M&ENSM&ENS

FACULTY BY BECKMAN INSTITUTE GROUP
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MAJOR AWARDS

Narayana R. Aluru
Distinguished Young Author Award, Computer 

Modeling in Engineering and Sciences  

Stephen A. Boppart
Fellow, Whitaker Foundation 

Resident Physician Research Award, College of         

Medicine, UIUC

Young Faculty Award, American Association of 

Anatomists

Paul V. Braun
Beckman Young Investigator Fellowship, 

Arnold and Mabel Beckman Foundation

3M Young Faculty Award, 3M

Karl Hess
Member, National Academy of Engineering

Heinrich Welker Memorial Medal for III-V

Compound Research, Institute of Industrial 

Science at the University of Tokyo

Paul Kenis      
3M Young Faculty Award, 3M

Paul C. Lauterbur               
Chemistry in Service to Society, National 

Academy of Sciences

Jean-Pierre Leburton
Fellow, American Association for the 

Advancement of Science

Fellow, Optical Society of America

Jeffrey S. Moore:          
Finalist, Credit Suisse First Boston Economic        

Development Award, The Tech Museum of 

Innovation Awards: Technology Benefiting 

Humanity

Stephen G. Sligar               
Janet and William Lycan Professorship Medal, 

School of Chemical Sciences, UIUC

Nancy R. Sottos            
Finalist, Credit Suisse First Boston Economic 

Development Award, The Tech Museum of 

Innovation Awards: Technology Benefiting 

Humanity

Todd J. Martínez         
Excellence in Teaching Award, School of

Chemical Sciences, UIUC

Scott White
Senior Xerox Research Award, College of 

Engineering, UIUC    

Finalist, Credit Suisse First Boston Economic 

Development Award, The Tech Museum of 

Innovation Awards: Technology Benefiting 

Humanity

Pierre Wiltzius
R&D 100 Award, Lucent Technologies,

E Ink Corporation

PATENTS AND PATENT APPLICATIONS

(Beckman Institute faculty in bold)

David Beebe, Jeffrey Moore, and Jaisree Moorthy:

"Method of Fabricating a Flow Constriction Within

a Channel of a Microfluidic Device," File date (year

only): 2001.

Paul Bohn, Jonathan Sweedler, and Mark Shannon:

"Gateable Nanofluidic Interconnects for Three-

dimensional Microfluidic Architectures," File date

(year only): 2001.

Joseph Lyding, Jinju Lee, and Karl Hess: "Semi-

conductor Devices, and Methods for Same," File

date (year only): 2001.

Paul Bohn, Jonathan Sweedler, Xiuling Li, and 

Ilesanmi Adesida: "Metal Assisted Chemical Etch To

Produce Porous Material Group III-V Materials," File

date (year only): 2001.
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Stephen Sligar and Timothy Bayburt: "Membrane

Scaffold Proteins," File date (year only): 2001.

Jeffrey Moore, Scott D. Thompson and Larry

Markowski: "Stable AmBn Etherimide Monomers

(where m=1 and n>1), Am End-capping Agents

(where m=1), Bn Cores (where n>1), and Their

Resulting Polyethermide Polymers with Control-

lable Degrees of Branching (DB=0-1), Molecular

Architectures, and End Group Compositions,” Issue

date: December 5, 2001, Patent No. 6,333,390.

GRANTS AWARDED

(Principal Investigator in bold)

Ilesanmi Adesida: National Aeronautics and Space

Administration, "Deep Etching of AIN Using Induc-

tively-coupled Plasma Reactive Ion Etching Method,"

01-May-01 to 31-Jul-01.

Ilesanmi Adesida: Office of Naval Research, "Ultra-

high Frequency and Ultra-high Power AIGAN/GAN

Power Transistors," 15-Aug-01 to 14-Aug-04.

Ilesanmi Adesida: Office of Naval Research, "Ultra-

high Power AIGAN/GAN Transistors with Unity 

Current Gain Cut-off Frequency >200 GHZ," 

15-Sep-01 to 30-Sep-02.

Ilesanmi Adesida: Office of Naval Research, "Low Power,

High-speed Circuits Based on INAIAS/INGAAS/GAAS

Metamorphic E/D HEMTS," 01-Oct-01 to 30-Sep-04.

Ilesanmi Adesida: National Science Foundation,

"NIRT: Self-aligned and Self-limited Quantum Dot

Nanoswitches," 01-Jul-01 to 30-Jun-02.

Ilesanmi Adesida: Kwanju Institute of Science,

"Energy Band-bending and Fermi Level Shift at P-Type

GAN/Metal Surfaces and Interfaces Due to Wet Chemi-

cal and Plasma Treatments," 01-Apr-01 to 31-Mar-02.

Narayana Aluru, Umberto Ravaioli, Karl Hess, and

Eric Jakobsson: Air Force/Defense Advanced Research

Projects Agency, "Computational, Experimental and

Engineering Foundations of Ionic Channels as Minia-

turize Sensors, Devices and Systems," 26-Apr-01 to

25-Feb-02.

Narayana Aluru: National Science Foundation,

"A VLSI-like Design Methodology for Nanoelectro-

mechanical Systems," 01-Feb-01 to 31-Jan-03.

Narayana Aluru, Chang Liu, Umberto Ravaioli,

and Daneshmund Tafti: National Science Foundation,

"ITR/SY: Computational Design of Mixed-technology

Systems," 01-Oct-01 to 30-Sep-04.

Paul Bohn: National Institutes of Health, "Cell Migra-

tion Consortium: Subproject Dr. Bohn," 15-Sep-01 to

31-Jul-02.

Stephen Boppart and Kenneth Suslick: Whitaker

Foundation, "Optical Contrast Agents for Optical

Coherence Tomography," 01-Sep-01 to 31-Aug-04.

Paul Braun: Sandia Laboratories, "Microcontact

Printing for Photonic Lithographic Applications,"

21-Aug-01 to 30-Sep-01.

Paul Braun: Beckman Foundation, "Self-assembled

Molecular Nanoconduits," 01-Jun-01 to 31-May-05.

Paul Braun: Foster-Miller Inc., "High Resolution

Profiling of Membrane Materials Via Confocal

Microscopy," 01-Aug-01 to 30-Nov-01.  

Martin Gruebele: National Science Foundation, "Early

Events of Protein Folding," 01-Apr-01 to 31-Mar-04.

Martin Gruebele: American Chemical Society,

"American Chemical Society Journal of Physical Chem-

istry," 23-Jan-01 to 22-Jan-02.  

Karl Hess: Office of Naval Research, "8th International

Workshop on Computational Electronics," 01-Sep-01

to 31-Aug-02.

PATENTS, GRANTS
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Karl Hess: Army, "Device Modeling from the Atomic

Meso-scales Up," 01-Aug-01 to 15-Nov-01.

Laxmikant Kale, Sarita Adve, and Philippe Geubelle:

National Science Foundation, "Performance Modeling

and Programming Environments for Petaflop Computers

and the Blue Gene Machine," 15-Sep-01 to 31-Aug-02.

Jean-Pierre Leburton: Army/Defense Advanced

Research Projects Agency, "Scalable Spin-qubit

Circuits with Quantum Dots," 01-Jun-01 to 28-Feb-02.

Joseph Lyding, Jeffrey Moore, Paul Braun, and

Stephen Sligar: National Science Foundation, 

"Protein Logic," 01-Sep-01 to 31-31-Aug-05.

Richard Martin: Lawrence Livermore, "Subcontract

to Lawrence Livermore Lab for R. Martin Sabbati-

cal," 20-Jul-01 6o 31-Aug-02.

Jeffrey Moore: National Science Foundation, 

"Foldamers with Emergent Functionality," 01-Mar-01

to 28-Feb-03.

Jeffrey Moore: National Science Foundation, "Lipid-

coated Microgels," 01-Jun-01 to 31-May-02.

Umberto Ravaioli: Army, "The Science and Technol-

ogy of NanoMolecular Electronics: Theory, Simulation,

and Experimental Characterization" 01-May-01 to

30-Nov-01

Stephen Sligar and Chang Liu: National Science

Foundation, "Nanoscale Science and Engineering

Center for Integrated Nanopatterning and Detection

Techonologies," 01-Sep-01 to 31-Aug-02.

Stephen Sligar, Bridget Carragher, and Timothy Bay-

burt: National Institutes of Health, "Nanostructures

for Solubilizing Serpentine Receptors," 01-Jul-01 to 

30-Jun-03.

Stephen Sligar: National Institutes of Health, "Cell

Migration Consortium," 15-Sep-01 to 31-Jul-02.

Scott White: National Science Foundation, "Magne-

tostrictive Composites for Sensors and Actuators,"

01-Sep-01 to 31-Aug-02.

SELECTED PUBLICATIONS

(Beckman Institute faculty in bold)

j Aluru, N.R. and Li, G. (2001), "Finite Cloud Method:

A True Meshless Technique Based on a Fixed Repro-

ducing Kernel Approximation," International Journal

for Numerical Methods in Engineering, 50/10, pp. 2373-

2410.

j Aktas, O., Aluru, N.R., and Ravaioli, U. (2001),

"Application of a Parallel DSMC Technique to Predict

Flow Characteristics in Microfluidic Filters," Journal of

Microelectromechanical Systems, 10/4, pp. 538-549.

j Kruse, R.A., Li, X., Bohn, P.W., and Sweedler, J.V.
(2001), "Experimental Factors Determining the Effi-

ciency of Analyte Ion Generation in Laser Desorption/

Ionization Mass Spectrometry on Porous Silicon,"

Analytical Chemistry, 73, pp.3639-3645.

j Kuo, T.-C., Sloan, L.A., Sweedler, J.V., and Bohn, P.W.
(2001), "Manipulating Molecular Transport Through

Nanoporous Membranes by Control of Electrokinetic

Flow: Effect of Surface Charge Density and Debye

Length," Langmuir, 17, pp. 6298-6303.

j Boppart, S.A., Herrmann, J.M., Pitris C., Stamper

D.L., Brezinski M.E., and Fujimoto, J.G. (2001), "Real-

time Optical Coherence Tomography for Minimally

Invasive Imaging of Prostate Ablation," Computer

Aided Surgery, 6, pp.94-103.

j Boppart, S.A., Brezinski, M.E., and Fujimoto, J.G.

(2001), "Surgical Guidance and Intervention," in 

B.E. Bouma and J.G. Tearney, eds., The Optical 

Coherence Tomography Handbook, (Marcel Dekker, Inc.).
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j Tohver,V., Smay, J.E., Braem, A., Braun, P.V., and

Lewis, J.A. (2001), "Nanoparticle Halos: A New Colloid

Stabilization Mechanism," Proceedings of the National

Academy of Science, 98, pp. 8950-8955.

j Braun, P.V., Zehner, R.W., White, C.A., Weldon, M.K.,

Patel, S.S., and Wiltzius, P. (2001), "Optical Spec-

troscopy of High Dielectric Contrast 3D Photonic

Crystals," Europhysics Letters, 56, pp. 207-213.

j Carney, P.S., Markel, V., and Schotland, J.C. (2001),

"Near-field Tomography Without Phase Retrieval,"

Physical Review Letters, 86, pp. 5874-5877.

j Carney, P.S. and Wolf, E. (2001), "Power-excitation

Diffraction Tomography with Partially Coherent Light,"

Optics Letters, 26/22, pp. 1770-1772.

j Gruebele, M. (2001), "Fully Quantum Coherent

Control," Journal of Chemical Physics, 267, pp. 33-46. 

j Jäger, M., Nguyen, T., Crane, J., Kelly, J., and

Gruebele, M. (2001), "The Folding Mechanism of a

B-sheet: The WW Domain," Journal of Molecular Biology,

311, pp.373-393. 

j Hess, K., Haggag, A., McMahon, W., Cheng, K.,

Lee, J., and Lyding, J. (2001), "The Physics of Deter-

mining Chip Reliability," IEEE Circuits and Devices,

pp.33-38.

j Staedele, M., Tuttle, B.R., and Hess, K. (2001),

"Tunneling Through Ultrathin Gate Oxides from

Microscopic Models," Journal of Applied Physics, 89/1,

pp. 348-363.

j Sheng, W. and Leburton, J.P. (2001), "Enhanced

Interband Stark Effect in Stacked InAsGaAs Self-

Assembled Quantum Dots," Applied Physics Letters,

78, pp. 1258. 

j Thean, A. and Leburton, J.P. (2001), "Strain

Effects in Large Silicon Nanocrystals Quantum Dots,"

Applied Physics Letters, 79, pp.1030.

j Arias, F., Kenis, P.J.A., Xu,B., Deng,T., Schueller, O.J.A.,

Whitesides, G.M., Sugimura,Y., and Evans, A.G. (2001),

"Fabrication and Characterization of Microscale Sand-

wich Beams," Journal of Materials Research, 16, 

pp. 597-605.

j Ismagilov, R.F., Ng, J., Kenis, P.J.A., and Whitesides,

G.M. (2001), "Microfluidic Arrays of Fluid-fluid Diffu-

sional Contacts as Detection Elements and Combina-

torial Tools," Analytic Chemistry, 73, pp. 5207-5213.

j Liu, L., Yu, J., and Lyding, J.W. (2001), "Atom-

resolved Three-dimensional Mapping of Boron

Dopants in Si(100) by Scanning Tunneling Micro-

scopy," Applied Physics Letters, 78, pp. 386-388.

j Hersam, M.C., Thompson, D.S., Guisinger, N.P.,

Moore, J.S., and Lyding, J.W. (2001), "Atomic-level

Study of the Robustness of the Si(100)-21:H Surface

Following Exposure to Ambient Conditions," Applied

Physics Letters, 78, pp. 886-888.

j Wilkens, T.J. and Martin, R.M. (2001), "A Quantum

Monte Carlo Study of the One-dimensional Ionic Hub-

bard Model," Physics Review B, 63, pp. 235108–235121.

j Tsolakidis, A., Sanchez-Portal, D., and Martin, R.M.
(2001), "Calculation of the Optical Response of C60

and Na8 Using Time-dependent Density Functional

Theory and Local Orbitals," Physics Review B, 63.

j Morales, J. and Martínez, T.J. (2001), "Classical

Fluctuating Charge Theories: The Maximum Entropy

Valence Bond Formalism and Relationships to Previ-

ous Models," Journal of Physical Chemistry A, 105/12,

pp. 2842-2850.

j Quenneville, J., Ben-Nun, M., and Martínez, T.J. (2001),

"Photochemistry from First Principles: Advances and

Future Prospects," Journal of Photochemistry and Photo-

biology A, 144, pp. 229-235.

PUBLICATIONS
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j White, S.R., Sottos, N.R., Geubelle,P.H., Moore,
J.S., Kessler, M.R., Sriram, S.R.; Brown, E.N., and

Viswanathan, S. (2001), "Autonomic Healing of

Polymer Composites," Nature, 409, pp.794-797.

j Zhao, B., Moore, J.S., and Beebe, D.J. (2001),

"Surface-directed Liquid Flow Inside

Microchannels," Science, 291, pp.1023-1026.

j Hess, K. and Philipp, W. (2001), "A Possible Loop-

hole in the Theorem of Bell," Proceedings of the National

Academy of Sciences, 98, pp.14224-14227.

j Hess, K. and Philipp, W. (2001), "Bell's Theorem

and the Problem of Decidability between the Views of

Einstein and Bohr," Proceedings of the National Academy

of Sciences, 98, pp.14228-14233.

j Jakumeit, J. and Ravaioli, U. (2001), "Semiconductor

Transport Simulation with the Local Iterative Monte

Carlo Technique," IEEE Transactions on Electron Devices,

48/5, pp. 946-955.

j Tsuchiya, H. and Ravaioli, U. (2001), "Particle Monte

Carlo Simulation of Quantum Phenomena in Semi-

conductor Nanostructures," Journal of Applied Physics,

89/7, pp. 4023-4029.

j Jensen, M., Tajkhorshid, E., and Schulten, K. (2001),

"The Mechanism of Glycerol Conduction in Aquaglyc-

eroporins," Structure, 9, pp.1083-1093.

j Baudry, J., Tajkhorshid, E., Molnar, F., Phillips, J.,

and Schulten, K. (2001), "Molecular Dynamics Study

of Bacteriorhodopsin and the Purple Membrane,"

Journal of Physical Chemistry B, 105, pp. 905-918.

j Izaguirre, J.A. , Catarello, D.P., Wozniak, J.M., and

Skeel, R.D.(2001), "Langevin Stabilization of Molecu-

lar Dynamics," Journal of Chemical Physics, 114, pp.

2090-2098.

j Skeel, R.D. (2001), "Multilevel Summation

Methods for N-body Interactions," Multiscale Compu-

tational Methods in Chemistry and Physics (Amsterdam:

IOS Press), pp.1-4.

j Maves, S.A., and Sligar, S.G. (2001), "Understand-

ing Thermostability in Cytochrome P450 by Combina-

torial Mutagenesis," Protein Science, 10, pp.161-168.

j Denisov, I.G., Makris, T.M., and Sligar, S.G. (2001),

"Cryotrapped Reaction Intermediates of Cytochrome

P450 Studied by Radiolytic Reduction with Phospho-

rus-32," Journal of Biological Chemistry, 276, pp.11648-

11652.

j White, S.R., Sottos, N.R., Geubelle, P., Moore, J.S.,
Kessler, M.R., Sriram, S.R., Brown, E.N., and

Viswanathan, S. (2001), "Autonomic Healing of Poly-

mer Composites," Nature, 409, pp. 794-797.

j Shrotriya, P., Sottos, N.R., and Skipor, A.F. (2001),

"Residual Stress Development During Relamination

of Woven Composite Circuit Boards," Journal of Com-

posite Materials, 35, pp. 905-927.

j White, S.R., Sottos, N.R., Moore, J., Geubelle, P.,

Kessler, M., Brown, E., Suresh, S., and Viswanathan, S.

(2001), "Autonomic Healing of Polymer Composites,"

Nature, 409, pp. 794-797.

j Kessler, M.R. and White, S.R. (2001), "Self-activated

Healing of Delamination Damage in Woven Compos-

ites," Composites Part A, 32/5, pp.683-699.

j Braun, P.V., Zehner, R.W., White, C.A., Weldon, M.K.

Weldon, Kloc, C., Patel, S.S., and Wiltzius, P. (2001),

"Optical Spectroscopy of High Dielectric Contrast 3D

Photonic Crystals," Europhysics Letters, 56/2, pp. 207-213.

j Polman, A. and Wiltzius, P. (2001), "Materials

Science Aspects of Photonic Crystals," Materials

Research Society Bulletin, pp. 608-613.

M&ENS
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ARTIFICIAL INTELLIGENCE GROUP h Narendra Ahuja: Electrical and Computer

Engineering h Nigel Boston: Mathematics h Gerald F. DeJong: Computer Science h

Mark A. Hasegawa-Johnson: Electrical and Computer Engineering h Seth Hutchin-

son: Electrical and Computer Engineering h David J. Kriegman: Computer Science h

Stephen E. Levinson: Electrical and Computer Engineering h Jean A. Ponce: Computer

Science h Dan Roth: Computer Science h Michael J. Shaw: Business Administration

h Yoshihisa Shinagawa: Electrical and Computer Engineering h David C. Wilkins:

Institute of Aviation h HUMAN PERCEPTION AND PERFORMANCE GROUP h David E.

Irwin: Psychology h Arthur F. Kramer: Psychology h Charissa Lansing; Speech and

Hearing Science h Edward McAuley: Kinesiology h George W. McConkie: Educational

Psychology h Karl S. Rosengren: Psychology h Janet A. Sniezek: Psychology h

Ranxiao (Frances) Wang: Psychology h Stanley Wasserman: Psychology h Christopher D.

Wickens: Institute of Aviation h Douglas A. Wiegmann: Aviation Research Laboratory

and Psychology h IMAGE FORMATION AND PROCESSING GROUP h Weng C.

Chew: Electrical and Computer Engineering h Thomas S. Huang: Electrical and

Computer Engineering h Zhi-Pei Liang: Electrical and Computer Engineering h

Pierre Moulin: Electrical and Computer Engineering h David C. Munson, Jr.: Electrical

and Computer Engineering h Benjamin W. Wah: Electrical and Computer Engineering

HCIIHCII
HUMAN-COMPUTER INTELLIGENT INTERACTION



MAJOR AWARDS

Weng Cho Chew   
Schelkunoff Best Paper Award, IEEE Transactions 

on Antennas and Propagation

Campus-wide Excellence in Professional and 

Graduate Teaching Award, UIUC

Thomas S. Huang 
IEEE Jack. S. Kilby Medal

Member, National Academy of Engineering 

Foreign Member, Chinese Academy of Engineering 

Arthur F. Kramer
Member, Scientific Advisory Board, Institute for 

the Study of Aging 

Zhi-Pei Liang
University Scholar Award, UIUC

David C. Munson, Jr.    
Robert C. MacClinchie Distinguished Professor of 

Electrical and Computer Engineering, UIUC

Dan Roth:               
Xerox Award for Faculty Research, 

Xerox Foundation

Innovative Applications of AI Award, American       

Association of Artificial Intelligence 

Janet A. Sniezek        
Visiting Scholar, Stanford University, 

Benjamin W. Wah 
Best Paper Award, Journal of Global Optimization, 

"Efficient and Adaptive Lagrange Multiplier 

Methods for Nonlinear Continuous 

Global Optimization." 

Christopher D. Wickens
Excellence in Research 2001 Award, Federal 

Aviation Administration 

David C. Wilkins        
Visiting Scholar, Stanford University

PATENTS AND PATENT APPLICATIONS

(Beckman Institute faculty in bold)

Narendra Ahuja and Hong Hua: "Method and

Apparatus for a High-resolution and Real-time

Panoramic Camera," File date (year only): 2001.

Albert Feng, Robert Bilger, Douglas Jones, Charissa

Lansing, and Chen Liu: "Binaural Signal Processing

Techniques," File date (year only): 2001.

Albert Feng, Charissa Lansing, Chen Liu, and

William O'Brien, Jr.:"Binaural Signal Processing

System and Method," Issue date: April 24, 2001,

Patent No. 6,222,927.

GRANTS AWARDED

(Principal Investigator in bold)

Weng Chew, Jianming Jin, and Eric Michielssen: Air

Force, "Fast Time Domain Integral Equation Solvers

for Large-scale Electromagnetic Analysis," 01-Mar-01

to 28-Feb-02.

Weng Chew, Jianming Jin, and Eric Michielssen: Air

Force, "Synthetic Electromagnetic Signature Predic-

tion of Complex Objects," 20-Apr-01 to 20-Sep-02.

Weng Chew: Department of Energy, "Advanced Sub-

surface Imaging with Applications to Buried Struc-

ture Waste Pits, and Characterization of Vadose

Zone," 01-Aug-01 to 31-Jul-04.

Gerald DeJong: Office of Naval Research, "Domain

Knowledge, Explanation-based Control, and Rein-

forcement Learning," 01-Jan-01 to 31-Dec-03.
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Thomas Huang and James Levin: Yamaha, "Research

on Image/Video Databases and Graphical User Inter-

faces for Web Search," 01-Apr-01 to 20-May-02.

Seth Hutchinson: University of Connecticut,

"Editorial Service for IEEE Transactions on Robotics 

and Automation," 01-Jan-01 to 31-Dec-01.

Arthur Kramer and Thomas Huang: Army (Rockwell),

"Multimodal Display Augmentation," 05-Nov-01 to

04-Nov-02.

Arthur Kramer, Neal Cohen, William Greenough,

and Edward McAuley: Institute for the Study of

Aging, "Influence of Fitness on the Neurocognitive

Function of Older Adults," 05-Jan-01 to 04-Jan-04.

Arthur Kramer and Henry Kaczmarski: General

Motors, "Evaluation of the Efficacy of Proximity

Warning Devices," 05-Sep-01 to 31-Dec-01.

David Munson: US Department of Transportation,

"High-precision GPS for Continuous Monitoring of

Rail," 27-Jun-01 to 26-Jun-02.                                           

Benjamin Wah: National Aeronautics and Space

Administration, "Stochastic Anytime Search Algo-

rithms for Nonlinear Constrained Global Optimiza-

tion," 01-Mar-01 to 30-Nov-01.

Christopher Wickens: National Aeronautics and

Space Administration, "Computational Model of Pilot

Situation Awareness Errors," 01-Feb-01 to 31-Oct-01.

Christopher Wickens: National Aeronautics and

Space Administration, "Synthetic Vision System:

Human Factors Analysis," 01-Dec-01 to 30-Nov-02.

Christopher Wickens: Army, "Human Machine Inter-

face Analysis of Unmanned Vehicle Systems," 21-Jun-01

to 30-Sep-01.

Douglas Wiegmann and Esa Rantanen: National

Aeronautics and Space Administration, "Defining the

Relationship Between Human Error Classes and Tech-

nology Intervention Strategies," 01-Jan-01 to 31-Dec-01.

Douglas Wiemann: U.S. Department of Transporta-

tion, "Developing a Methodology for Assessing

Organizational Factors Affecting Aviation Safety," 

01-May-01 to 30-Apr-04.

SELECTED PUBLICATIONS

(Beckman Institute faculty in bold)

j Dugad, R. and Ahuja, N. (2001), "A Fast Scheme for

Image Size Change in the Compressed Domain," IEEE

Transactions on Circuits and Systems for Video Technology,

11/4, pp. 461-474.

j Aggarwal, M. and Ahuja, N. (2001), "Split Aperture

Imaging for High Dynamic Range," Proceedings, Interna-

tional Conference on Computer Vision, Vancouver, Canada,

July, pp. 10-17.

j Boston, N. (2001), "Bounding Minimum Distances of

Cyclic Codes Using Algebraic Geometry," International

Workshop on Coding and Cryptography, Paris, France.

j Boston, N. (2001), "Makhoul's Conjecture for p=2,"

International Conference on Acoustics, Speech, and Signal

Processing, Salt Lake City, Utah, May.

j Aydiner, A.A., Chew, W.C., Cui, T.J., Wright, D.L.,

Smith, D.V., and Abraham, J.D. (2001), "3D Imaging of

Large Scale Buried Structure by 1D Inversion of Very

Early Time Electromagnetic (VETEM) Data," IEEE

Transactions on Geoscience and Remote Sensing, 39/6, pp.

1307-1315.

j Cui, T.J. and Chew, W.C. (2001), "Diffraction Tomo-

graphic Algorithm for the Detection of Three-dimen-

sional Objects Buried in a Lossy Half Space," IEEE

Transactions on Antennas and Propagation, AP-49/12.
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j Brodie, M. and DeJong, G. (2001), "Iterated Phan-

tom Induction: A Knowledge-based Approach to

Learning Control," Machine Learning, 45/1, pp. 45-76.

j DeJong, G. (2001), "Planners That Learn: Why They

Must; How They Might," in M. Beetz, J. Hertzberg, M.

Ghallab, and M. Pollack, eds., Plan-based Control of

Robotic Agents (Wadern, Germany: Schloss Dagstuhl).

j Gunawan, W. and Hasegawa-Johnson, M. (2001),

"PLP Coefficients Can Be Quantized at 400 bps," Pro-

ceedings, International Conference on Acoustics, Speech and

Signal Processing, Salt Lake City, May, I, pp. 77-80.

j Omar, M.K., Hasegawa-Johnson, M., and Levinson,

S.E. (2001), "Gaussian Mixture Models of Phonetic

Boundaries for Speech Recognition," IEEE Workshop

on Automatic Speech Recognition and Understanding, Trento,

Italy, December.

j Naphade, M. and Huang, T.S. (2001), "A Proba-

bilistic Framework for Semantic Video Indexing,

Filtering, and Retrieval,” IEEE Transactions on

Multimedia, 3/1, pp. 141-151.

j Wu,Y. and Huang, T.S. (2001), "Hand Modeling,

Analysis and Recognition," IEEE Signal Processing

Magazine, 18/3, pp. 51-60.

j Corke, P.I. and Hutchinson, S.A. (2001), "A New

Partitioned Approach to Image-based Visual Servo

Control," IEEE Transactions on Robotics and Automation,

17/4, pp. 507-515. 

j Nickels, K. and Hutchinson, S. (2001), "Model-

based Tracking of Complex Articulated Objects," IEEE

Transactions on Robotics and Automation, 17/1, pp. 28-36.

j Peterson, M.S., McCarley, J.S., Kramer, A.F., Irwin,

D.E., and Wang, R.F. (2001), "Visual Search Has

Memory, " Psychological Science, 12, pp. 287-292.

j Pringle, H., Irwin, D.E., Kramer, A.F., and Atchley, P.

(2001), "The Role of Attentional Breadth in Perceptual

Change Detection," Psychonomic Bulletin and Review, 8,

pp. 89-95.

j Cepeda, N.J., Kramer, A.F., and Gonzalez de Sather,

J.C.M. (2001), "Changes in Executive Control Across

the Lifespan: Examination of Task Switching Perfor-

mance," Developmental Psychology, 37, pp. 715-730.

j Atchley, P. and Kramer, A.F. (2001), "Object-based

Attentional Selection in Three-dimensional Space,"

Visual Cognition, 8, pp.1-32.

j Kriegman, D. and Belhumeur, P. (2001), "What

Shadows Reveal About Object Structure," Journal of

the Optical Society of America - A, 18/8, pp. 1804-1813.

j Georghiades, A., Belhumeur, P., and Kriegman, D.

(2001), "From Few to Many: Illumination Cone Mod-

els for Face Recognition under Variable Lighting and

Pose," IEEE Transactions on Pattern Analysis and Machine

Intelligence, pp. 643-660.

j Liu, C., Wheeler B.C., O'Brien, Jr., W.D., Lansing,

C.R., Bilger, R.C., Jones, D.L., and Feng, A.S. (2001), 

"A Two-microphone Dual Delay-line Approach for

Extraction of a Speech Sound in the Presence of 

Multiple Interferers," The Journal of the Acoustical 

Society of America, 110/6, pp. 3218-3231.

j Zhu, W. and Levinson, S.E. (2001), "Vision-based

Reinforcement Learning for Robot Navigation,"

Proceedings of the International Joint Conference on Neural

Network 200, 2, Washington DC, July, pp. 1025-1030.

j Danfeng, L. and Levinson, S.E. (2001), "Adaptive

Sound Source Localization by Two Microphones,"

International Symposium on Intelligent Multimedia, Video

and Speech Processing, Hong Kong, China.
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j Skouson, M.B., Guo,Q., and Liang, Z.-P. (2001), "A

Bound on Mutual Information for Image Registration,"

IEEE Transactions on Medical Imaging, 20, pp. 843-846.

j Pan, H., Liang, Z.-P., and Huang, T.S.(2001),

"Estimation of the Joint Probability of Multisensory

Signals," Pattern Recognition Letters, 22, pp. 1431-1437.

j Li, F., Harmer, P., McAuley, E., Duncan, T.E.,

Duncan, S.C., Chaumeton, N., and Fisher, J.K. (2001),

"An Evaluation of the Effects of Tai Chi Exercise on

Physical Function Among Older Persons: A Random-

ized Controlled Trial," Annals of Behavioral Medicine, 23,

pp. 139-146. 

j DiGirolamo, G.J., Kramer, A.F., Barad, V., Cepeda,

N.J., Weissman, D.H., Milham, M.P., Wszalek, T.M.,

Cohen, N.J., Banich, M.T., Webb, A., Belopolsky, A.V.,

and McAuley, E. (2001), "General and Task-specific

Frontal Lobe Recruitment in Older Adults During

Executive Processes: A fMRI Investigation of Task-

switching," Neuroreport, 32, pp. 2065-2071.

j Yang, S.-N. and McConkie, G.W. (2001), "Eye

Movements During Reading: A Theory of Saccade

Initiation Times," Vision Research, 41, pp. 3567-3585.

j Loschky, L.C., McConkie, G.W., Yang, J., and

Miller, M.E. (2001), "Perceptual Effects of a Gaze-

contingent Multi-resolution Display Based on a

Model of Visual Sensitivity," Proceedings: ARL Federated

Laboratory Advanced Displays and Interactive Displays

Consortium, Advanced Displays and Interactive Displays

Fifth Annual Symposium, College Park, MD, March.

j Moulin, P. (2001), "The Role of Information

Theory in Watermarking and Its Application to Image

Watermarking," Signal Processing, 81/6, pp. 1121-1139.

j Mihcak, M.K., Moulin, P., Anitescu, M., and

Ramchandran, K. (2001), "Rate-Distortion-Optimal

Subband Coding Without Perfect Reconstruction

Constraints," IEEE Transactions on Signal Processing,

49/3, pp. 542-557.

j Wu, Y. and Munson, Jr., D.C. (2001), "Multistatic

Synthetic Aperture Radar Imaging of Aircraft Using

Reflected Television Signals," Proceedings, SPIE Aerosense

Conference, Orlando, FL, April, 4382, pp. 1-12.

j Drost, R., Munson, Jr., D.C., and Singer, A.C.(2001),

"Shape-from-silhouette Approach to Imaging Ocean

Mines," SPIE International Symposium on Optical Science

and Technology, San Diego, CA, July 29 - Aug. 3.

j Pae, S.-I. and Ponce, J. (2001), "On Computing

Structural Changes in Evolving Surfaces and Their

Appearance," The International Journal of Computer Vision,

43/2, pp. 113-131, July. 

j Genc, Y. and Ponce, J. (2001), "Image-based Render-

ing Using Parameterized Image Varieties," The Inter-

national Journal of Computer Vision, 41/3, pp. 143-170.

j Van der Kamp, J., Savelsbergh, G.J.P., and Rosengren,

K.S. (2001), "The Separation of Action and Perception,

and the Issue of Affordances," Ecological Psychology, 13,

pp. 167-172.

j Rosengren, K.S. and Braswell, G. (2001), "Variabil-

ity in Children's Reasoning," in H.W. Reese and R. Kail,

eds., Advances in Child Development and Behavior, 28,

(New York: Academic Press), pp. 2-40. 

j Roth, D. and Yih, W. (2001),"Relational Learning

via Propositional Algorithms: An Information Extrac-

tion Case Study," 17th International Joint Conference on

Artificial Intelligence, Seattle,WA, August. 

j Shaw, M., ed., (2001), Information-based Manufactur-

ing, (Kluwer Academic Publisher).

82 PUBLICATIONS



83

j Shaw, M., Subramaniam, C., Tan, G., Welge, M.

(2001), "Knowledge Management and Data Mining for

Marketing," Decision Support Systems, 31, pp.127-137.

j Hilaga, M., Shinagawa,Y., Komura, T., and Kunii, T.L.

(2001), "Topology Matching for Full Automatic Simi-

larity Estimation of 3D," Proceedings, SIGGRAPH 2001,

pp. 203-212.

j Komura, T. and Shinagawa, Y. (2001), "Motion

Conversion Based on the Musculoskeletal System,"

Proceedings, Graphics Interface 2001, pp. 27-36.

j Sniezek, J.A. and Van Swol, L. (2001), " Trust,

Confidence, and Expertise in Judge Advisor Systems,"

Organizational Behavior and Human Decision Processes,

84/2, pp. 288-307.

j Baumann, M.R., Sniezek, J.A., and Buerkle, C.A.

(2001), "Self-evaluation, Stress, and Performance: A

Model of Decision Making under Acute Stress," in

E. Salas, and G. Klein, eds., Linking Expertise and Natural-

istic Decision Making, (Mahwah, NJ: Lawrence Erlbaum

Associates), pp.141-160.

j Su, X.and Wah, B.W. (2001), "Streaming Real-time

Video Data with Optimized Reconstruction-based

DCT and Neural-network Reconstructions," IEEE

Transactions on Multimedia, 3/1, pp.123-131.

j Wah, B.W. and Qian, M.L. (2001), "Violation-guided

Learning for Constrained Formulations in Neural

Network Time Series Prediction," Proceedings, Interna-

tional Joint Conference on Artificial Intelligence, Seattle, WA,

August.

j Peterson, M.S., Kramer, A.F., Wang, R.F., Irwin, D.E.,

and McCarley, J.S. (2001), "Visual Search Has Mem-

ory," Psychological Science, 12, pp.287-292.

j Faber, A., and Wasserman, S. (2001), "Social Sup-

port and Social Networks: Synthesis and Review," in

J. Levy and B. Pescosolido,eds., Social Networks and

Health. Advances in Medical Sociology, 8, (Stamford,CT:

JAI Press).

j Wellman, B., and Wasserman, S. (2001), "Social

Networks," in A. Kazdin, ed., Encyclopedia of Psychology,

7, (NY: American Psychological Association and

Oxford University Press).

j Fadden, S., Ververs, P., and Wickens, C.D. (2001),

"Pathway HUDs: Are They Viable?," Human Factors,

43/2, pp. 173-193.

j Yeh, M. and Wickens, C.D. (2001), "Display Sig-

nalling in Augmented Reality: Effects of Cue Reliability

and Image Realism on Attention Allocation and Trust,"

Human Factors, 43/3.

j Wiegmann, D.A. and Shappell, S.A. (2001), "Human

Error Analysis of Commercial Aviation Accidents:

Application of the Human Factors Analysis and

Classification System (HFACS)," Aviation, Space, and

Environmental Medicine, 72, pp.1006-1010.

j Shappell, S.A. and Wiegmann,D.A. (2001), "Apply-

ing Reason: The Human Factors Analysis and Classifi-

cation System (HFACS)," Human Factors and Aerospace

Safety, 1/1, pp.59-86.

j Mengshoel, O. and Wilkins, D.C. (2001), "RAVEN:

Bayesian Networks for Human-Computer Intelligent

Interaction." in M.S. Vassiliou and T.S. Huang, eds.,

Computer Science Handbook for Displays, (Rockwell Sci-

entific), pp. 209-219. 

j Sniezek, J.A., Wilkins, D.C., and Wadlington, P.

(2001), "Advanced Training for Crisis Decision Making:

Simulation, Critiquing, and Immersive Interfaces,"

Proceedings of the 34th Hawaii International Conference on

Systems Sciences, Maui, Hawaii, January.

HCII
PUBLICATIONS



BIOACOUSTICS RESEARCH LABORATORY h Leon A. Frizzell: Electrical and Computer

Engineering h William D. O’Brien, Jr.: Electrical and Computer Engineering h BIOLOGICAL

SENSORS GROUP h Ronald J. Adrian: Theoretical and Applied Mechanics h Sahraoui

Chaieb: Theoretical and Applied Mechanics h Deborah E. Leckband: Chemical Engineering

h Chang Liu: Electrical and Computer Engineering h Mark A. Shannon: Mechanical

and Industrial Engineering h Andrew G. Webb: Electrical and Computer Engineering h

COGNITIVE NEUROSCIENCE GROUP h Neal J. Cohen: Psychology h Monica Fabiani:

Psychology  h Susan M. Garnsey: Psychology h Gabriele Gratton: Psychology  h Wendy

Heller: Psychology h Gregory A. Miller: Psychology h COGNITIVE SCIENCE GROUP h

Aaron Benjamin: Psychology h J. Kathryn Bock: Psychology h William F. Brewer:

Psychology h Jennifer S. Cole: Linguistics h Gary S. Dell: Psychology h Cynthia L. Fisher:

Psychology h Adele E. Goldberg: Linguistics h Georgia M. Green: Linguistics h Kevin

Miller: Psychology h Brian H. Ross: Psychology h Edward J. Shoben: Psychology h

Daniel D. Silverman: Linguistics h MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY

GROUP h Paul C. Lauterbur: Medical Information Sciences h Erik Wiener: Nuclear

Engineering h NEURONAL PATTERN ANALYSIS GROUP h Thomas J. Anastasio: Molecular

and Integrative Physiology h David F. Clayton: Cell and Structural Biology h Albert S. Feng:

Molecular and Integrative Physiology h Michael Gabriel: Psychology h William T.

Greenough: Psychology h Yuqing Li: Molecular and Integrative Physiology h Mark E.

Nelson: Molecular and Integrative Physiology h Jonathan V. Sweedler: Chemistry h Bruce C.

Wheeler: Electrical and Computer Engineering h NO GROUP h Eric G. Jakobsson:

Molecular and Integrative Physiology

FACULTY BY BECKMAN INSTITUTE GROUP

84

BIBI
BIOLOGICAL INTELLIGENCE



85

MAJOR AWARDS

Ronald J. Adrian        
Nusselt-Reynolds Prize, Assembly of World 

Conferences of Heat Transfer, Fluid 

Mechanics, and Thermodynamics

Fellow, American Academy of Mechanics

Adele Goldberg  
Associate Editor, Language

Deborah Leckband        
University Scholar, UIUC

Kevin Miller    
Visiting Professor, Institute of Psychology, 

Chinese Academy of Sciences

Jonathan V. Sweedler
William H. and Janet G. Lycan Professor of

Chemistry, UIUC

Associate, Center for Advanced Study, UIUC

Fellow, American Association for the

Advancement of Science

Andrew G. Webb  
Wolfgang Paul Prize, Alexander von Humboldt 

Foundation

PATENTS AND PATENT APPLICATIONS

(Beckman Institute faculty in bold)

Paul Bohn, Jonathan Sweedler, and Mark Shannon:

"Gateable Nanofluidic Interconnects for Three-

dimensional Microfluidic Architectures," File date

(year only): 2001.

Paul Bohn, Jonathan Sweedler, Xiuling Li, and

Ilesanmi Adesida: "Metal Assisted Chemical Etch To

Produce Porous Material Group III-V Materials," File

date (year only): 2001.

Richard Masel and Mark Shannon: "Microcombuster

Having Submillimeter Critical Dimensions," Issue date:

February 27, 2001, Patent No. 6,193,501.

Albert Feng, Robert Bilger, Douglas Jones, Charissa
Lansing, and Chen Liu: "Binaural Signal Processing

Techniques," File date (year only): 2001.

Albert Feng, Charissa Lansing, Chen Liu, and William
O'Brien, Jr.: "Binaural Signal Processing System

and Method," Issue date: April 24, 2001, Patent

No. 6,222,927.

GRANTS AWARDED

(Principal Investigator in bold)

Neal Cohen and Andrew Webb: National Science

Foundation, "Studies of Relational (Declarative)

Memory Processing," 15-April-01 to 31-Mar-02.

Gary Dell and Scott Watter: National Institutes of

Health, "Functional Mechanisms of Executive Control

of Attention," 02-July-01 to 01-July-02.

Albert Feng: National Institutes of Health, "Oscilla-

tion in the Central Auditory System: Roles in Hearing,"

10-Sep-01 to 31-Jul-06.

Albert Feng, Doug Jones, Bruce Wheeler, William

O'Brien, and Charissa Lansing: Phonak, Inc., "Phonak

Ag, Research and Development of Intelligent Hearing

Aids," 01-Jan-01 to 31-Oct-03.

Gabriele Gratton and Monica Fabiani: Alcoholic

Beverage Medical Research Foundation, "Cognitive

Vulnerability to Alcohol Effects," 01-Jul-01 to 30-Jun-02.

William Greenough: National Institutes of Health,

"Fragile X Syndrome: Banbury Conferences," 

01-Mar-01 to 28-Feb-06.

William Greenough: FRAXA Research Foundation,

"Fragile X Syndrome: Banbury Conferences," 01-Mar-01

to 28-Feb-06.

Eric Jakobsson and Richard Braatz: National Science

Foundation, "GK-12: Edgrid Graduate Teaching Fellows

Program," 01-Apr-01 to 31-Mar-02.

BI
AWARDS, PATENTS, GRANTS



86

Eric Jakobsson: National Institutes of Health,  

"Simulations of Cholesterol and Ion Channels in 

Membranes," 01-Aug-01 to 31-May-04.

Deborah Leckband: National Institutes of Health,

"Force Probe Investigation of NCAM Adhesion and

Regulation by PSA," 01-Sep-01 to 31-Aug-05.

Chang Liu, Fred Delcomyn, and Douglas Jones: Air

Force, "Development of Artificial Haircell Sensors,"

01-Sep-01 to 28-Feb-02.

Gregory Miller, Marie Banich, Wendy Heller, and

Andrew Webb: National Institutes of Health, "Neu-

rocognitive Mechanisms: Appetitive and Aversive

Emotion," 15-May-01 to 30-Apr-04.

Mark Nelson: National Institutes of Health, "Neural

Control of Sensory Acquisition," 01-Dec-01 to 

30-Nov-04.

William O'Brien, Jr.: Air Force, "Advanced Hearing

Protection," 10-Nov-01 to 09-Oct-02.

Jonathan Sweedler, William Greenough, Stanislav

Rubakhin, and Anna Klintsova: National Institutes of

Health, "Neuropeptides in the CNS with Imaging Mass

Spectometry," 30-Sep-01 to 31-Aug-03.

Andrew Webb: National Institutes of Health, "High

Field Magnetic Resonance Research and Technology,"

01-May-01 to 30-Apr-02.

SELECTED PUBLICATIONS

(Beckman Institute faculty in bold)

j Olsen, M. and Adrian, R.J. (2001), "Measurement

Volume Defined by Peak Finding Algorithms in

Cross-correlation Particle Image Velocimetry," 

Measurement Science and Technology, 12, pp. N14-N16.

j Spengler, J.F, Jekel, M., Christensen, K.T., Adrian, R.J.,
Hawkes, J.J., and Coakley, W.T. (2001), "Observation of

Yeast Cell Movement and Aggregation in a Small

Scale MHz-ultrasonic Standing Wave Field,” Biosepara-

tion, 9, pp. 329-341.

j Anastasio, T.J. (2001), "A Pattern-correlation

Model of Vestibulo-ocular Reflex Habituation," Neural

Networks, 14, pp. 1-22.

j Anastasio, T.J. (2001), "Input Minimization: A

Model of Cerebellar Learning Without Climbing Fiber

Error Signals," NeuroReport, 12, pp. 3825-3831.

j Benjamin, A.S. and Craik, F.I.M. (2001), " Parallel

Effects of Aging and Time Pressure on Memory for

Source: Evidence From the Spacing Effect," Memory

and Cognition, 29, pp. 691-697.

j Benjamin, A.S. (2001), "On the Dual Effects of

Repetition on False Recognition," Journal of Experi-

mental Psychology: Learning, Memory, and Cognition, 

27, pp. 941-947.

j Bock, J.K., Eberhard, K.M., Cutting, J.C., Meyer, A.S.,

and Schriefers, H. (2001), "Some Attractions of Verb

Agreement," Cognitive Psychology, 43, pp. 83-128.

j Chaieb, S. (2001), "Singular Thin Viscous Sheet,"

Physical Review E, 64.

j Nayfe, M.H., Rao, S., Barry, N., Therrien, J.,

Belomoin, G., Smith, A., and Chaieb, S. (2001),

"Observation of Laser Oscillations in Aggregates 

of Ultrasmall Silicon Nanoparticles," Applied Physics

Letters, 80/1, pp. 121-123.

j Holloway, C.C. and Clayton, D.F. (2001), "Estrogen

Synthesis in the Male Brain Triggers Development of

the Zebra Finch Song Control Circuit In Vitro," Nature

Neuroscience, 4, pp.170-175.

GRANTS, PUBLICATIONS



87

j Stripling, R., Kruse, A.A., and Clayton, D.F. (2001),

"Development of Song Responses in the Zebra Finch

Caudomedial Neostriatum: Role of Genomic and

Electrophysiological Activities," Journal of Neurobiology,

48, pp. 163-180.

j Eichenbaum, H. and Cohen, N.J. (2001), From Con-

ditioning to Conscious Recollection: Memory Systems of the

Brain, (Oxford: Oxford University Press).

j DiGirolamo, G.J., Kramer, A.F., Barad, V., Cepeda, N.J.,

Weissman, D.H., Milham, M.P., Wszalek, T.M.,Cohen,
N.J., Banich, M.T., Webb, A., Belopolsky, A.V., and

McAuley, E. (2001), "General and Task-specific

Frontal Lobe Recruitment in Older Adults During

Executive Processes: An fMRI Investigation of Task-

switching," Neuroreport, 12/9, pp. 2065-71.

j Cole, J. (2001) "Sindhi,” J. McGarry ed., Facts About

the World's Languages: An Encyclopedia of the World's Major

Languages, Past and Present, (New York: H.W. Wilson).

j Cole, J. and K. Iskarous (2001), "Effects of Vowel

Context on Consonant Place Identification: Implica-

tions for a Theory of Phonologization," in E. Hume

and K. Johnson eds., The Role of Speech Perception in

Phonolog,(New York: Academic Press), pp.103-122.

j Dell, G.S., Harris, H., and Guest, D.J. (2001),

"Speech Errors, Phonotactic Constraints, and Recent

Experience," Psychologie Francaise, 46, pp. 55-64.

j Peterson, R.R., Burgess, C., Dell, G.S., and Eber-

hard, K. (2001), "Dissociation Between Syntactic and

Semantic Processing During Idiom Comprehension,"

Journal of Experimental Psychology: Learning Memory, and

Cognition, 27, pp. 1223-1237.

j DeSoto, M.C., Fabiani, M., Geary, D.C., and

Gratton, G. (2001), "When in Doubt, Do It Both Ways:

Brain Evidence of the Simultaneous Activation of

Conflicting Responses in a Spatial Stroop Task,"

Journal of Cognitive Neuroscience, 13/4, pp. 523-536.

j Fabiani, M. and Wee, E. (2001), "Age-related

Changes in Working Memory Function: A Review,"

in C. Nelson and M. Luciana eds., Handbook of Develop-

mental Cognitive Neuroscience, (Cambridge, MA: MIT

Press), pp. 473-488.

j Galazyuk, A.V. and Feng, A.S. (2001), "Oscillation

May Play a Role in Time Domain Central Auditory

Processing. The Journal of Neuroscience, 21, pp. 1-5.

j Liu, C., Wheeler, B.C., O'Brien, W.D. Jr., Bilger, R.C.,

Lansing, C.R., Feng, A.S. (2001), "Selective Extrac-

tion of a Desired Speech Sound in the Presence of

Multiple Interferers," Journal of the Acoustical Society of

America, 110/6, pp. 3218-3231.

j Fisher, C., Hunt, C.M., Chambers, K.E., and

Church, B.A. (2001), "Abstraction and Specificity 

in Preschoolers' Representations of Novel Spoken

Words," Journal of Memory and Language, 45, 

pp. 665-687.

j Tan, J.S., Frizzell, L.A., Sanghvi, N., Seip, R., Wu, J.,

and Kouzmanoff, J.T. (2001), "Ultrasound Phased

Arrays for Prostate Treatment," Journal of the Acoustical

Society of America, 109, pp. 3055-3064.

j O'Brien, Jr., W.D., Simpson, D.G., Frizzell, L.A.,
and Zachary, J. F. (2001), "Superthreshold Behavior

and Threshold Estimates of Ultrasound-induced

Lung Hemorrhage in Adult Rats: Role of Beamwidth,"

IEEE Transactions on Ultrasonics, Ferroelectrics, and

Frequency Control, 48, pp. 1695-1705.

j Duvel A.D., Smith D.M., Talk A., Gabriel, M.
(2001), "Medial Geniculate, Amygdalar, and Cingulate

Cortical Training-induced Neuronal Activity During

Discriminative Avoidance Learning in Rabbits with

Auditory Cortical Lesions," Journal of Neuroscience, 27,

pp. 3271-3281. 

j Goldberg, A.E. and Ackerman, F. (2001), "The

Pragmatics of Obligatory Adjuncts," Language, 77/4,

pp. 798-814. 

BI
PUBLICATIONS



PUBLICATIONS88

j Goldberg, A. (2001), "Patient Arguments of

Causative Verbs Can Be Omitted: The Role of Infor-

mation Structure in Argument Distribution," Lan-

guage Sciences, 34/4-5, pp. 503-524.

j Gratton, G. and Fabiani, M. (2001), "Shedding

Light on Brain Function: The Event-related Optical

Signal," Trends in Cognitive Sciences, 5, pp. 357-363.

j Gratton, G., Goodman-Wood, M.R., and Fabiani, M.
(2001), "Comparison of Neuronal and Hemodynamic

Measures of the Brain Response to Visual Stimulation:

An Optical Imaging Study," Human Brain Mapping, 13,

pp. 13-25.

j Gold, P.E. and Greenough, W.T., eds. (2001), Memory

Consolidation: Essays in Honor of James L. McGaugh - A Time

to Remember, (Washington DC: American Psychologi-

cal Association).

j Irwin, S.A., Patel, B., Idupulapati, M., Harris, J.B.,

Cristostomo, R., Larsen, B.P., Kooy, F., Willems, P.J.,

Cras, P., Kozlowski, P.B., Swain, R.A., Weiler, I.J., and

Greenough, W.T. (2001), "Abnormal Dendritic Spine

Characteristics in the Temporal and Visual Cortices

of Patients with Fragile-X Syndrome: A Quantitative

Examination," American Journal of Medical Genetics, 98,

pp. 161-167.

j Mukherjee, D. and Heller, W. (2001), "Social and

Institutional Factors in Adjustment to Traumatic

Brain Injury," Rehabilitation Psychology, 46, pp. 82-95.

j Nitschke, J.B., Heller, W., Imig, J., McDonald, R.P.,

and Miller, G.A. (2001), "Distinguishing Dimensions of

Anxiety and Depression," Cognitive Therapy and Research,

25, pp. 1-22.

j Sivasankar, S., Gumbiner, B., and Leckband, D.
(2001), "Molecular Mechanism of Cadherin Binding,"

Biophysics Journal, 80, pp. 1758-1768. 

j Vijayendran, R. and Leckband, D. (2001), "Quanti-

tative Assessment of the Heterogeneity of Immobi-

lized Antibodies," Analytical Chemistry, 73, pp. 471-480.

j Miller, G.A. and Chapman, J.P. (2001), "Misunder-

standing Analysis of Covariance," Journal of Abnormal

Psychology, 110, pp. 40-48.

j Deldin, P.J., Keller, J., Gergen, J.A., and Miller, G.A.
(2001), "Cognitive Bias and Emotion in Neuropsycho-

logical Models of Depression," Cognition and Emotion,

15, pp. 787-802.

j Miller, K.F. (2001), "Children's Early Understanding

of Writing and Language: The Impact of Characters

and Alphabetic Orthographies," in W. Li, J.S. Gaffney,

and J.L. Packard, eds., Chinese Children's Reading Acquisi-

tion, (Boston, MA: Kluwer).

j Feng, G., Miller, K.F., Shu, H., and Zhang, H.C.

(2001), "Rowed to Recovery: The Use of Phonological

and Orthographic Information in Reading Chinese

and English," Journal of Experimental Psychology: Learn-

ing, Memory, and Cognition, 27/4, pp.1079-1100.

j MacIver, M.A. and Nelson, M.E. (2001), "Towards

a Biorobotic Electrosensory System," Autonomous

Robots, 11, pp. 263-266.

j MacIver, M.A., Sharabash, N.M., and Nelson, M.E.
(2001), "Prey-capture Behavior in Gymnotid Electric

Fish: Motion Analysis and Effects of Water Conductiv-

ity," Journal of Experimental Biology, 204, pp. 543-557.

j Topp, K.A., Zachary, J.F., and O'Brien, Jr.,W.D.
(2001), "Quantifying B-mode Images of In Vivo Rat

Mammary Tumor with Frequency Dependence of

Backscatter," Journal of Ultrasound in Medicine, 20, 

pp. 605-612.

j O'Brien, Jr., W.D., Simpson, D.G., Frizzell, L.A.,
and Zachary, J.F. (2001), "Superthreshold Behavior

and Threshold Estimation of Ultrasound-induced

Lung Hemorrhage in Adult Rats: Role of Beamwidth,"

IEEE Transactions on Ultrasonics, Ferroelectrics, and Fre-

quency Control, 48, pp. 1695-1705.



89

j Rehder, B. and Ross, B.H. (2001), "Abstract Coher-

ent Categories," Journal of Experimental Psychology:

Learning, Memory, and Cognition, 27, pp. 1261-1275. 

j Ross, B.H. (2001), "Concepts: Learning," in A. Kazdin,

ed., Encyclopedia of Psychology, (NY: Oxford University

Press).

j Selby, J.C., Shannon, M.A., Kun, K., and Economy, J.

(2001), "Sub-micron Solid-state Adhesive Bonding

with Aromatic Thermosetting Copolyesters for the

Assembly of Polyimide Membranes in Silicon-based

Devices," Journal of Micromechanics and Microengineering,

11/6, pp. 672-685.

j Hammonds, J.S., Shannon, M.A., and Li, C. (2001),

"Predicting the Spatial Output Field of a Laser Beam

in a Thermally Self-induced Inhomogeneous Medium,"

Optics Communications, 194/1-3, pp. 47-57.

j Kautz, R.A., Lacey, M.E., Wolters, A.M., Foret, F.,

Webb, A.G., Karger, B.L., Sweedler J.V. (2001),

"Sample Concentration and Separation for Nanoliter-

volume NMR Spectroscopy Using Capillary Isotacho-

phoresis," Journal of the American Chemical Society, 123,

pp. 3159-60.

j Li, L., Floyd, P.D., Rubakhin, S.S., Romanova, E.V.,

Jing, J., Alexeeva, V.Y., Dembrow, N.C., Weiss, K.R.,

Vilim, F.S., and Sweedler, J.V. (2001), "Cerebrin Pro-

hormone Processing, Distribution, and Action in Aplysia

Californica," Journal of Neurochemistry, 77, pp. 156-180.

j Webb, A.G. (2001), "Temperature Measurement

Using Nuclear Magnetic Resonance," Annual Reports

NMR Spectroscopy, 45, pp.1-67.

j Kautz, R.A, Lacey, M.E., Wolters, A.M., Foret, F.,

Webb, A.G., Kargar, B.L., and Sweedler, J.V. (2001),

"Sample Concentration and Separation for Nanoliter-

volume NMR Spectroscopy Using Capillary Isotacho-

phoresis," Journal of the American Chemical Society,

123/13, pp. 3159-3160.

j Chang, J.C., Brewer, G.J., and Wheeler, B.C., (2001),

"Modulation of Neural Network Activity by Patterning,"

Biotechnology and Bioengineering, 16/7-8, pp. 527-533.

j Branch, D.W., Wheeler, B.C., Brewer, G.J., and

Leckband, D.E. (2001), "Long-term Stability of Micro-

stamped Substrates of Polylysine and Grafted Poly-

ethylene Glycol in Cell Culture Conditions," Journal

of Biomaterials, 22, pp.1035-1047.

j Konda, S.D., Aref, M., Wang, S., Brechbiel, M.,

and Wiener,E.C. (2001), "Specific Targeting of

Folate-dendrimer MRI Contrast Agents to the High

Affinity Folate Receptor Expressed in Ovarian

Tumor Xenografts," MAGMA, 12, pp.104-113.
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Fellows 2001

BECKMAN INSTITUTE FELLOWS IN RESIDENCE

Dale J. Barr (1999)

Michael A. Bevan (2001)

Donald M. Cannon, Jr. (2001)

Christina Grozinger (2001)

Hong Hua (1999)

Jason S. McCarley (1999)

John Paul Minda (2000)

Slava Rotkin (2000)

Lolita G. Rotkina (1999)

Jesse Spencer-Smith (2001)

Ilya Zharov (2000)

MAJOR AWARDS

John Paul Minda 
Richard M. Griffith Award, Southern Society for 

Philosophy and Psychology

PATENTS AND PATENT APPLICATIONS

(Beckman Institute faculty in bold)

Narendra Ahuja and Hong Hua: "Method and

Apparatus for a High-resolution and Real-time

Panoramic Camera," File date (year only): 2001.

GRANTS AWARDED

(Principal Investigator in bold)

Jason McCarley, Arthur Kramer, and Christopher

Wickens: Federal Aviation Agency, "Visual Search for

Complex Shapes," 21-May-01 to 20-May-02.

SELECTED PUBLICATIONS

(Beckman Institute fellows and faculty in bold)

j Barr, D.J. (2001), "Trouble in Mind: Paralinguistic

Indices of Effort and Uncertainty in Communication,"

in C. Cavé, I. Guaïtella, and S. Santi, eds. Oralité et ges-

tualité: Interactions et Comportements Multimodaux dans

la Communication, (Paris: L'Harmattan), pp. 597-600. 

j Nespolo, S.A., Bevan, M.A., Chan, D.Y.C., Grieser, F.,

and Stevens, G.W. (2001), “Hydrodynamic and Elec-

trokinetic Properties of Decane Droplets in Aqueous

Sodium Dodecyl Sulfate Solutions” Langmuir, 17(23),

pp. 7210-7218.

j Bevan, M.A. and Priede, D.C. (2001), “Effect of

Physisorbed Polymers on the Interaction of Latex

Particles and Their Dispersion Stability,” in V.A. Hackley,

P. Somasundran, and J.A. Lewis, eds., Polymers in Par-

ticulate Systems: Properties and Applications, (New York:

Marcel Dekker), 104.

j Cannon, D.M., Jr., Kuo, T.-C., Feng, W., Shannon,

M.A., Sweedler, J.V., and Bohn, P.W. (2001), "Charac-

terization of Molecular Transport within Gateable

Nanofluidic Interconnects for Three-dimensional

Microfluidic Systems," in J.M. Ramsey and A. van den

Berg, eds., Micro Total Analysis Systems 2001, (Kluwer

Academic Publishers), pp. 199-200. 

j Kuo, T.-C., Cannon, D.M., Jr., Feng, W., Shannon,

M.A., Sweedler, J.V., and Bohn, P.W. (2001), "Three-

dimensional Fluidic Architectures Using Nanofluidic

Diodes to Control Transport Between Microfluidic

Channels in Micromechanical Devices," in J.M. Ramsey

and A. van den Berg, eds., Micro Total Analysis Systems

2001, (Kluwer Academic Publishers), pp. 60-62.
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j Soshnikov, I.P., Lunev, A.V., Gaevskii, M.E., Nesterov,

S.I., Kulagina, M.M., Rotkina L.G., Barchenko, V.T.,

Kalmykova I.P., Efimov A.A., and Gorbenko O.M.

(2001), "The Formation of Developed Morphology on

the Indium Phosphide Surface by Ion Argon Beam

Sputtering," Technical Physics, 46/7, pp. 892-896.

j Spencer-Smith, J., Wild, H., Innes-Ker, Å., Townsend,

J.T., Duffy, C., Edwards, C., Ervin, K., Paik, J.W., and

Prause, N. (2001), " Making Faces: Creating 3-dimen-

sional, Ecologically-motivated Poseable Expressions,"

Behavior Research Methods, Instruments and Computers, 33/2,

pp. 115-123.

j Townsend, J.T., Solomon, B., and Spencer-Smith, J.

(2001), "The Perfect Gestalt: Infinite Dimensional

Riemannian Face Spaces, and Other Aspects of Face

Perception," in M.J. Wenger and J.T. Townsend, eds.,

Computational Geometric and Process Perspectives on

Facial Cognition: Context and Challenges, (Mahwah, NJ:

Lawrence Erlbaum and Associates).

j Zharov, I. (2001), “Lithium Salts Carboranyl Anions

CB11R12 as Novel Components for Solid Polymer

Electrolytes,” in B.J. Thompson ed., Energy, Simulation-

training, Ocean Engineering, and Instrumentation: Research

Paper of the Link Foundation Fellows, (New York: University

of Rochester Press), 1, pp. 61-84

j Hua, H., Gao, C., Biocca, F., and Rolland, J.P. (2001),

"An Ultra-light and Compact Design and Implementa-

tion of Head-mounted Projective Displays," Proceedings

of the IEEE Virtual Reality Annual International Symposium

2001, Pacifico Yokohama Conference Center, Yokohama,

Japan, March, pp.175-182.

j Hua, H. and Ahuja, N., (2001), "A High-resolution

Panoramic Camera," Proceedings of International Confer-

ence on Computer Vision and Pattern Recognition 2001,

Hawaii, December. 

j Essock, E.A., McCarley, J.S., Sinai, M.J., and

DeFord, J.K. (2001), "Human Perception of Sensor-

fused Imagery," in R.R. Hoffman and A.B. Markman,

eds., Interpreting Remote Sensing Imagery: Human Factors,

(Boca Raton, FL: CRC Press), pp.137-182.

j McCarley, J.S., and He, Z.J. (2001), "Sequential

Priming of 3D Perceptual Organization," Perception and

Psychophysics, 63, pp.195-208.

j Minda, J.P. and Smith, J.D. (2001), "Prototypes in

Category Learning: The Effects of Category Size,

Category Structure, and Stimulus Complexity,"

Journal of Experimental Psychology: Learning, Memory,

and Cognition, 27, pp. 775–799.

j Smith, J.D. and Minda, J.P. (2001), " Journey to

the Center of the Category: The Dissociation in

Amnesia Between Categorization and Recognition,"

Journal of Experimental Psychology: Learning, Memory,

and Cognition, 27, pp. 984–1002.

j Rotkina, L., Shah, S., Choi, H., and Lyding, J.W.

(2001), "The Oriented Growth of Carbon Nanotubes

on Si (100)," Electronic Properties of Molecular Nanos-

tructures, XV International Winterschool/Euroconference,

Kirshberg, Tirol, Austria, March 3-10, 591, pp. 247-250.
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