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PREFACE
T

he achievements of iCORE teams in 2003–2004 is a remarkable
testament to the quality and volume of informatics research now being
supported by iCORE. Every one of these teams has reported stellar
progress – achieving success, originality and uncommon acuity to the needs
and challenges in their respective disciplines. Evidence of the somewhat
staggering research accomplishments of these teams includes more than 400
refereed papers, three of which were cited 800 times, this year alone. This is
a circle of researchers who are clearly demonstrating excellence within their
global research communities.
The purpose of iCORE is, after all, to foster clusters of internationally recognized research excellence. Our iCORE programs are achieving this goal. It
has been almost five years since the first iCORE award was made. At this still
early stage iCORE now supports 15 teams with well over 500 researchers and
students. This year, for the first time, these hundreds of high quality researchers gathered in one place for the first annual iCORE Banff Informatics Summit.
In addition to the truly outstanding research achievements reported in this
volume, you will see images from that unprecedented event throughout.
Beyond the specific research achievements of the past year, the extent to which
iCORE Chairs and Professors have been able to leverage iCORE funds is also
unprecedented. During our first five years iCORE has committed just under
$35 million in major awards which our Chairs and Professors have leveraged
by acquiring a total of over $137 million to support their research programs.
If we include the National Institute for Nanotechnology (NINT) at the University
of Alberta, in which three of our major award recipients are key participants,
the total research funding involved is more than $257 million.
I am proud to be associated with the iCORE Chairs, Professors, research staff
and students, whose hard work is summarized in this report. They represent a
major force within Alberta’s ICT sector, and are an inspiring circle of research
excellence that bodes well for Alberta’s future.
Brian Unger
President and CEO

iCORE RESEARCH REPORT Volume 3, Fall 2004
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INTRODUCTION

INTRODUCTION
Terry Caelli
Director of University Relations, iCORE

Terry Caelli
Director of University Relations, iCORE

T

his research report outlines the achievements of the iCORE Chairs,
Professors and their associated research teams over the past year,
April 2003 through March 2004. As these programs unfold we see
the development of three clusters of research excellence. The first, and
largest, cluster is in “networks and wireless communications,” covering
fundamental and applied research areas from signal processing (Beaulieu)
and devices (Schlegel, Jullien, Haslett) through to wireless network design
and management (Williamson), cryptography (Williams) and applications in
wireless location systems (Lachapelle). The second cluster, “nanoscale and
quantum informatics,” includes research into the physics of nanoscale materials and processes (Freeman, Wolkow), their applications to new materials (Brett), and quantum computing (Sanders). The third cluster is broadly
termed “intelligent software systems,” which includes fundamental research
into new intelligent high performance software systems via machine learning
(Sutton), algorithms (Schaeffer), applications in oils sands mining (Zhang)
and software engineering (Ruhe).
It has been a very productive year for all groups. This introduction provides
a brief summary of each group’s activities. More detailed individual reports
can be found in the remainder of this volume.

NETWORKS AND WIRELESS
COMMUNICATIONS
Signal Processing
November 2003 marked an important milestone in
the development and future of the iCORE Wireless
Communications Laboratory (iWCL) under the leadership of Dr Norman C. Beaulieu. The team expanded
to include a University of Calgary based researcher,
Professor Abraham Fapojuwo, an expert in wireless
networking. This year the primary thrust has been
on broadband wireless communications systems. The
iWCL has been successful in securing additional funds.
The activities of Professor Krzymieñ, Fair, Tellambura,
Fapojuwo and Dong have also been outstanding.
Research activity of Krzymien focused on broadband
high-throughput packet data access to the Internet
for mobile and nomadic users. Krzymieñ has done
collaborative research with Nortel Networks and
Ericsson Wireless Communications. Fair is investigating efficient channel coding techniques for wireless
communication systems and Tellambura is working
in communication theory and wireless systems.
Together with Beaulieu, this team has produced over
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80 referred journal and conference papers during this
funding period.

Communication Channels
The 2003/2004 academic year was marked by a rapid
expansion of the team’s fundamental work in error
control coding and an increase in the laboratory’s
reach within the department, as well as outside.
The laboratory under the leadership of Dr Christian
Schlegel now has an expanding number of faculty
members and students, has established strong working groups and new projects, and has service contracts
underway with two industry partners. The increased
visibility of the laboratory has attracted a number of
visitors. The laboratory was host of the 3rd Analog
Decoding Workshop in Banff, evidence of its leading
activities in the area of analog decoding. The team
also recently completed the design and fabrication
of the world’s largest analog CMOS decoder, which is
currently undergoing testing in the laboratory.

iCORE RESEARCH REPORT Volume 3, Fall 2004

Wireless Location/Navigation Devices
Dr Gérard Lachapelle’s research focus this year
ranged from studies on the impact of RF interference
on satellite-based navigation signals to the development of advanced signal processing techniques for
implementation in a software Global Navigation
Satellite System receiver for GPS and Galileo. These
research projects resulted in the hiring of several
senior research associates and the supervision and
co-supervision of 35 MSc and PhD candidates, and
internship and visiting students. The chairholder
made numerous invited presentations in Canada and
abroad. Intellectual property transfer consisted in
the licensing of software and in technology transfer
through external contracts and grants. New collaborations were added to the existing ones, namely with
Northrup Grumman, U.S.A, the Italian Government,
Navtech Seminars Inc, U.S.A, and an Alberta-based
agricultural company.

Network and Communication System
Software
Dr Carey Williamson leads a research team with
interests in wireless networks, Internet technologies,
and network performance. The main research goals of
this program are to identify protocol performance and
problems in wireless web communication systems,
and propose and evaluate creative solutions to these
problems. Research achievements this year included
the development of portable networks, multi-channel
protocols and further work on anonymous network
communications. The highlights of this year included
the awarding of an NSERC/TELUS/iCORE Industrial
Research Chair in Wireless Traffic Modeling, and
expanding the team to 10 graduate students, 7
research staff and 1 new faculty member.

Devices and Systems
Dr Graham Jullien’s Advanced Technology Information
Processing Laboratory (ATIPS) worked this year on the
development of embedded and fault tolerant systems
for wireless networks, streaming video, secure communications and machine vision; custom integrated
circuit architectures for hearing instruments, arithmetic intensive processors, video processors, image
sensors for biomedical applications and bio-sensors;
emerging fabrication technologies and leadership in
the production of CAD tools; and new device design in
the area of Quantum Cellular Automata. The research
team produced over 80 referred publications in journals conferences and books. In intellectual property,
iCORE RESEARCH REPORT Volume 3, Fall 2004

the team received two patents, submitted eight more,
registered a key invention, registered two trademarks,
and initiated the establishment of a spin-off company
called Smart Camera Technology Inc. Several national
awards were won in 2003-2004 by researchers using
the ATIPS Laboratory facilities. Finally, a key new
recruitment was made, Dr Orly Yadid.

Radio Frequency Integrated Circuits
Dr Jim Haslett’s research has been focused on
developing, in conjunction with the TRLabs Wireless
Research Center in Calgary, a sophisticated wireless
RF Integrated Circuit design and test capability. The
most notable achievements over the past 12 months
relate to the first experimental demonstration of low
power, small area on-chip RF filters using a new quality
factor enhancement technique for monolithic passive
components, and the successful design, fabrication
and testing a novel patented new signal processing
integrated circuit to facilitate long distance optical
data communications without repeaters in the fiber
optic system. In addition to expertise in RFIC design,
several related projects have been initiated to exploit
the expertise gained, including a project with the
Foothills Hospital. The project involves novel low
power sensor designs, both discrete and integrated,
and the design and application of a wireless networking environment for continuous patient monitoring.
Another collaborative project involving non-invasive
stimulation of neurons on chip is being discussed
with a research group in the medical faculty at the
University of Calgary. One patent has been filed, and
another has been approved and is pending.

Security
Dr Hugh William’s team in Algorithmic Number Theory
and Cryptography has the goal of creating a recognized centre of excellence for education, research and
industrial cooperation on computer security at the
University of Calgary. Through the now established
Centre for Information Security and Cryptography, this
group has attracted new students, postdoctoral fellows
and visitors. It has also commenced developing some
new applications in areas of defense in conjunction
with major computer companies. This interdisciplinary
group has produced over 16 referred publications
in top venues and numerous invited seminars. Of
scholarly interest, Dr Williams has some new results
on using non-group theory based encryption-based
algorithms that show significant promise.
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NANOSCALE AND QUANTUM
INFORMATICS
Nanotechnology
Dr Michael Brett and Dr Mark Freeman’s Nanoscale
Engineering Physics Initiative (called Nancore) has
concluded its third year of operation. This year, Dr
Brett was awarded an iCORE/Micralyne Industrial
Research Chair program to develop device applications of nanoengineered materials. Brett and Freeman
continue their leadership with the University of
Alberta Micromachining and Nanofabrication Facility
(NanoFab), having received awards over the past two
years (as principal or co-investigators) of infrastructure
and operating support exceeding $20 million from
federal and provincial sources. As a result, the NanoFab
facility is the best in Canada and now boasts in excess
of 490 users from 109 research groups including
21 Alberta-based ICT-related industries. Through
Nanofab support and leadership, iCORE funding has
played a key role in enabling the nucleation of eight
ICT-related firms in Alberta. Within the scientific and
engineering communities, Brett and Freeman each
made several prestigious appearances at international
conferences.

Nanoscale ICT
Dr Robert Wolkow is Principal Research Officer at the
National Institute of Nanotechnology (NINT) and head
of the Nanoscale Information and Communications
Technology research group. The group is based in
both the National Institute for Nanotechnology and
the department of Physics, both on the University
of Alberta campus. Six people moved from Ottawa
to Edmonton to join the team. They have hired or
engaged a number of other people, to create a vital
team, currently numbering 16 people. Lab equipment
valued at several million dollars has been moved to
Edmonton and Wolkow and his research colleagues
are increasingly integrated in the larger campus community. Although scientific work came near to a halt
during the move they are now regaining momentum.
13 new papers have been published and 14 invited
lectures have been delivered in the last year.

Quantum Information Science
Since July 2003, when Dr Barry Sanders commenced
as iCORE Professor of Quantum Information Science,
the Quantum Information Systems (QIS) group has
increased to three faculty members, one senior
research associate, one postdoctoral research
6

associate, five PhD students, two MSc students, one
long-term exchange PhD student from Australia, two
short-term student exchanges from Germany, and
two research assistants. The Institute for Quantum
Information Science has been established, with 14
members and affiliates. Professor Sanders has enabled
collaborations with the computer scientists, created an
experimental quantum information science position,
and spearheaded formal affiliation with Australia’s
Centre for Quantum Computer Technology and the
European Union QUPRODIS (Quantum Properties
of Distributed Systems). QIS is proving a new and
exciting multidisciplinary venture at the University
of Calgary.

INTELLIGENT SOFTWARE SYSTEMS
Algorithms and Games
Dr Jonathan Schaeffer’s research team on High
Performance Artificial Intelligence Systems now consists of three professors, four affiliated professors,
one postdoctoral fellow, nine PhD students, and 16
Masters students supervised or co-supervised by
the Chair. In the past year the team has made major
strides forward in engaging the commercial games
industry and making significant progress in doing
industry-based research. Three major games companies have made commitments to support the group’s
research. They have become the largest research
group in this area and are recognized academically
as being leading edge. The group continues to build
on its past success in artificial intelligence. Most
notable is the poker project, which is addressing the
hard AI problems of reasoning with imperfect and
incomplete information. The team’s poker-playing
program became the first such program to be competitive with a top human player (January 2003). This
milestone was recognized by receiving the best paper
prize at the biennial International Joint Conference on
Artificial Intelligence. The program has subsequently
been commercialized.

Software Engineering Decision Support
Dr Guenther Ruhe and his research team have developed novel approaches and tools supporting early
life-cycle decisions in software development this year.
The group’s development of a commercial software
product, called ReleasePlanner, signifies how this
group’s multidisciplinary approach can produce new
software development tools. During the reporting
period, further progress has been achieved in creating
iCORE RESEARCH REPORT Volume 3, Fall 2004

a core team of researchers and in establishing and
enhancing national and international collaboration.
Industrial collaboration projects have been conducted
with DaimlerChrysler, Corel, Nortel Networks and
Brycol Consulting.

Reinforcement Learning
The Reinforcement Learning in Artificial Intelligence
team is newly established this year. In these first
seven months, iCORE chair Dr Richard Sutton, the
two other principal investigators, CRC chair Dale
Schuurmans and assistant professor Michael Bowling,
have arrived at the University of Alberta. Three PhD
students and three MSc students have begun to
contribute to the research program. The first version
of the Reinforcement Learning Toolkit, a collection
of software tools to facilitate the development of
reinforcement learning applications and research,

iCORE RESEARCH REPORT Volume 3, Fall 2004

has been designed and its implementation scheduled
for this summer.

Oil Sands Informatics
The NSERC/iCORE Syncrude/Matrikon Industrial
Research Chair in Intelligent Sensing Systems was
started December 1, 2003 and officially launched
April 2, 2004. The research program led by Dr Hong
Zhang applies artificial intelligence techniques to oil
sands mining with the long-term goal to push the
scientific envelope of information and communications technologies and apply these technologies to
the optimization of the performance of oil sands
mining. The performance models enable the industry
to improve the performance of its mining process by
maximizing the throughput, while minimizing the
rejects and its environmental impact.
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SEPTEMBER 2004

PERFORMANCE MEASURES
The chart below summarizes iCORE’s third annual
report on performance, presenting the results of
iCORE’s programs as of March 31, 2004.
iCORE has now completed four full years of operation. At this time, the six Chairs awarded in the first
year are coming up for renewal. Their impact over
the past four years has been extensive. This was
expected based on the caliber of the award recipients.
However, unexpected achievements are also emerging in collaborations between research teams and
between clusters, creating new areas of research and
commercialization potential.

The results are presented as aggregate numbers
that indicate the volume of activity both overall and
by the clusters represented in this Research Report
– networks and wireless communications, nanoscale
and quantum informatics and intelligent software
systems.
While the major impact of iCORE funding is shown
in the growth of the informatics research teams, the
impact of graduate students has been considerable
and is highlighted as a separate measure.

SUMMARY OF PERFORMANCE INDICATORS
HIGH QUALITY PEOPLE

Number of additional faculty members on
iCORE research teams

59

Number of graduate students and postdocs on
iCORE research teams

269

Number of graduate student scholarships
awarded to date

276

Percentage of graduate students who intend on
staying in Alberta after graduation
ECONOMIC IMPACT

67.4

iCORE investment

$35 M

Funding acquired directly by iCORE research
teams

Clusters

Federal $47
Alberta $20
Industry $25
Other $10
Total $137

M
M
M
M
M

$36
$39
$62
$137

M
M
M
M

Networks and Wireless
Nanoscale and Quantum Informatics
Intelligent Software Systems
Total

Direct Leverage

3.9 times

Funding acquired with iCORE research team
collaboration
Indirect Leverage

7.4 times

Spinout companies
INTELLECTUAL CAPITAL

5

Refereed journals and conference papers
Books or chapters
New patents

$120 M

466*
11
6

*this number includes some duplicates that were co-authored by more than one iCORE researcher

8

iCORE RESEARCH REPORT Volume 3, Fall 2004

HIGH QUALITY VISION
iCORE is guided by a group of successful and experienced visionaries who make up the ICT Research Advisory
Committee and iCORE’s Board of Directors.
iCORE RESEARCH ADVISORY COMMITTEE
The iCORE Research Advisory Committee (IRAC) is made up of five members who have extensive academic and industry
research experience in a range of information and communication technologies. These five scientists and industry experts
from around the globe were assembled as a select group to advise iCORE on future directions. Members include:
DR JAMES GOSLING
Chief Scientist, Java
Vice President and Fellow
Sun Microsystems

DR WILLIAM R. PULLEYBLANK
Director of IBM Exploratory Systems
IBM Research

DR DAVID JEFFERSON
Computer Scientist
Lawrence Livermore National Laboratory

DR RICHARD E. TAYLOR
Professor of Physics
Stanford University
Nobel Laureate

DR ERIC GEORGE MANNING
Professor of Computer Science
University of Victoria
iCORE BOARD
iCORE’s high-profile board of directors is selected from experienced industry, government and academic leaders. Board
members include:
DAN BADER
Corporate CIO
Government of Alberta

BARRY MEHR
Deputy Minister
Alberta Innovation and Science

DR MURRAY CAMPBELL
Manager, Intelligent Information
Analysis Department
IBM TJ Watson Research Center

DR SEAMUS O’SHEA
Vice-president (Academic) and Provost
University of Lethbridge

DR PETER C. FLYNN
Poole Chair in Management for Engineers
Faculty of Engineering
University of Alberta

DR DENNIS SALAHUB
Vice President (Research)
University of Calgary

DR PETER HACKETT
Vice President Research
National Research Council

J.R. (ROLF) SHERLOCK (VICE CHAIR)
Senior Partner
BVIS Consulting Services

H.S. (SCOBEY) HARTLEY
Vice President, Linvest Resources Corp.
CEO, Welwyn Resources Ltd.

DR ROGER S. SMITH (CHAIR)
Professor Emeritus, School of Business
University of Alberta

MARY HOFSTETTER
President & CEO
The Banff Centre

DR BRIAN W. UNGER
President and CEO
iCORE

DR GARY KACHANOSKI
Vice President (Research)
University of Alberta

SAMUEL ZNAIMER
Senior Vice President
Ventures West

iCORE RESEARCH REPORT Volume 3, Fall 2004

9

WIRELESS
COMMUNICATIONS LABORATORY

NORMAN C. BEAULIEU
iCORE Chair
Electrical and Computing Engineering, University of Alberta
http://www.ece.ualberta.ca/~iwcl/

Professor Norman C. Beaulieu was awarded the first iCORE Chair, September 1,
2000, forming a team with existing University of Alberta Faculty Professor Witold
A Krzymieñ and Associate Professor Ivan
Fair. The establishment of the iCORE Chair
in Broadband Wireless Communications at
the University of Alberta seeded the institution of the iCORE Wireless Communications
Laboratory (iWCL). Associate Professor
and iCORE Research Associate Chinthananda Tellambura joined the team in July
2002. Dr Xiaodai Dong is an Assistant
Professor and iCORE Research Associate
She joined the University of Alberta in February 2002. Dr Oussama Damen is a Research Engineer recruited from a leading
American university. In November 2003,
the team expanded to include a University
of Calgary based researcher, Professor
Abraham Fapojuwo. This expansion is
technical as well as geographical.

EXECUTIVE SUMMARY

T

he overall goal of the research
program is to create new engineering science and technologies that will lead to high capacities in broadband wireless communication
systems at lower cost. The primary thrust

is on topics related to broadband wireless
communications systems. Research activity of Professor Krzymieñ and his graduate
students supported through the iCORE
Chair is currently focused on broadband
high throughput packet data access to the
Internet for mobile and nomadic users,
employing OFDM (orthogonal frequency
division multiplexing) and spread spectrum signalling, and MIMO (multiple-input
multiple-output) antenna techniques. Dr
Krzymieñ has done collaborative research
with Nortel Networks and Ericsson Wireless
Communications. Dr Fair and his graduate
students are investigating efficient channel coding techniques for wireless communication systems. Dr C. Tellambura’s
interests are focussed on multicarrier
techniques and wireless fading channel
communications. In particular, he is working on techniques for the design of high
rate, high reliability wireless networks that
integrate orthogonal frequency division
multiplexing and space-time coding. Dr
Abraham Fapojuwo and his graduate students are investigating efficient protocols
and algorithms for high performance wireless communication networks. Dr Dong’s
research focuses on the development of
theory and applications that aid the design
of high capacity broadband wireless communications systems.
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NETWORKS AND WIRELESS COMMUNICATIONS
Successful collaborations have resulted in journal
papers, conference papers, and patent applications.
The iWCL has also been successful in obtaining
external funding. The team has brought $804,096 in
addition to iCORE funding to the research program. In
addition, research trainees of the team have received
$907,789 in external awards.

•

Channel modeling and channel prediction

•

Improving wireless transmission technology

•

Error rates of orthogonal frequency division
multiplexing systems

•

Symbol assisted modulation receivers with
adaptive constellation mapping

Fifteen refereed journal papers appeared in the reporting period, all in leading international journals. A
further nine refereed journal papers were accepted in
the reporting period, again all in leading international
journals. Twenty conference papers were presented
by the iCORE Chair and his research trainees in the
reporting period. A further six conference papers
were accepted for presentation in June 2004. In addition, one invited paper was presented in the United
States.

November 2003 marked an important milestone in
the development and future of the iCORE Wireless
Communications Laboratory (iWCL). The team
expanded to include a University of Calgary based
researcher, Professor Abraham Fapojuwo, an expert
in wireless networking. Until this year the primary
thrust has been on the physical layer of broadband
wireless communications systems.

Having established an internationally recognized program of scholarly research and personnel training, the
iCORE Chair will build an intellectual property portfolio
in the future while maintaining its scholarly activities. In consequence of the achievements, awards,
recognition and growth of the first 43 months, the
iCORE Wireless Communications Laboratory is now
well known in the international communications
research community and is increasing international
and national awareness of Alberta, iCORE and the
University of Alberta.

RESEARCH PROGRAM OVERVIEW
Wireless communications research has been given
great impetus by the advent of cellular telephony,
mobile satellite and portable personal communication
services. The exponentially growing user demand
for services, together with the increasing demands
for higher speed transmission of large amounts of
data, as well as customer requests for multimedia
services, create the need for new technologies. In
order to provide higher data transmission rates to
more users without sacrificing the integrity of the
received information, advances must be made in
the transmission system designs and in the transmission system components. In turn, achieving the
best advances in wireless systems and components
requires better modelling of the wireless channels,
including the long-term, long-range prediction of the
fading channel. The team is investigating a number
of topics, including:
•

Space-time coding for multiple transmit and
multiple receive antenna systems

•

Multiple input multiple output (MIMO) antenna
systems

12

The activities of Professors Krzymieñ, Fair, Tellambura,
Fapojuwo, and Dong have also been outstanding.
Together with Beaulieu, this team has produced over
80 referred journal and conference papers during this
funding period.

RESEARCH PROJECTS
BEAULIEU: RESEARCH PROJECTS
The team is investigating a number of scientifically
important and industrially relevant topics. Some of
them are briefly described here to give an idea of the
nature, relevancy and impact of the work.

Linear Threaded Algebraic Space-Time
Constellations
Space-time coding for multiple transmit and multiple
receive antenna systems is a very “hot” topic in the
wireless communications area. It has been shown
theoretically that the capacity of a wireless system
is increased by using multiple antennas. In multiple
antenna systems, the coding and modulation, called
space-time coding, employed for signal transmission
is a key building block. Space-time coding exploits
the available capacity in multiple antenna systems.
However, the space-time code design problem is
very challenging. Linear space-time constellations
are an important class of space-time constellations.
Our work has established some fundamental limits
to the performance achievable by this class of signals, while characterizing the fundamental tradeoff
between diversity and rate under different constraints.
Significantly, we have found a new family of constellations that achieve optimal or near-optimal performance, and in addition, we have derived a systematic
construction method for generating new space-time
constellations. Comparisons show that our proposed

iCORE RESEARCH REPORT Volume 3, Fall 2004

BEAULIEU
constellations outperform or rival the best-known
designs. The codes and the systematic construction
method are the subjects of a patent application. This
work was done in collaboration with a researcher at
the University of Ohio.

Fading Channel Modelling and Long Range
Prediction
Future wireless systems will achieve increased capacity by employing multiple input multiple output
(MIMO) antenna systems. There is a need for new
fading channel models for these new MIMO systems.
We are developing new fading channel models that will
be essential for the engineering design of future high
capacity wireless systems, including MIMO systems.
A mathematically related problem to channel modelling, is channel prediction. In principle mathematically,
a bandlimited channel can be perfectly predicted. That
is, one can predict the channel amplitude and phase at
a future time. It is clear that such long range prediction could be used to enhance the transmission capacity of fading channels; for example, by increasing the
data transmission rate at times that the channel will
be good and decreasing the rate at times when the
channel will be bad. However, it is unclear to what
extent one can predict the state of a practical channel
with a practical system. We are working on answers
to many important questions. Can real world channels be usefully predicted with reasonable complexity
and cost? How accurate can such prediction be for a
limited observation time of the channel? What are the

best transmitter and receiver designs for exploiting
channel state prediction information?

Ultra-Wide Bandwidth Systems
Ultra-wide bandwidth (UWB) refers to new systems
and technologies that are envisioned to provide short
range, high data rate services to multiple users in an
unlicensed format. These systems are radical in that
they spread the information signal over an extremely
wide bandwidth, occupying many gigaHertz of spectrum. Correspondingly, the signals have an extremely
small power spectral density and appear as low level
noise to existing users. The development of UWB is
at an early stage and there are many questions to
be answered and things to be learned. Our team has
derived the only mathematical solution for predicting
the bit error rate due to multi-user interference that
is accurate. Other solutions can be in error by more
than an order of magnitude. Using this solution we
have undertaken the first accurate comparison of
time-hopping UWB systems employing pulse position
modulation, binary phase shift keying, and direct
sequence code division multiple access. We have also
derived a new paradigm for pulse shaping in UWB
systems. Using this paradigm, we have designed a
family of pulses for UWB that have the advantage over
pulses in the Gaussian monocycle family that they are
naturally limited in time and possess a time-limited
autocorrelation function.

iCORE Chair
Norman C. Beaulieu and
some members of his
associated research team at
the 2004 Banff Informatics
Summit

iCORE RESEARCH REPORT Volume 3, Fall 2004
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NETWORKS AND WIRELESS COMMUNICATIONS

Reduction of Intercarrier Interference in
Orthogonal Frequency Division:
Multiplexing using Pulse-Shaping
Orthogonal frequency division multiplexing (OFDM) is
a transmission technology that will likely be employed
in fourth generation wireless systems. A shortcoming of OFDM is the intercarrier interference (ICI) that
results from frequency offsets. This ICI causes a substantial degradation in the average error rate of the
OFDM system. Our team has found that appropriate
pulse-shaping can reduce substantially the ICI caused
by frequency offset in OFDM systems. Using a pulseshape designed by the Chair (this pulse-shape is the
subject of a University of Alberta patent application),
the average ICI power is sufficiently reduced that the
tolerable frequency offset is increased by 80 percent
in some practical cases.

Assessment of Error Rates of Orthogonal
Frequency Division Multiplexing: Systems in
The Presence of Intercarrier Interference
The assessment of the average bit error rate in an
OFDM system that has ICI due to frequency offsets is
a very difficult analytical problem. An exact method
for calculating the bit error rate of pulse-shaped
OFDM systems in the presence of frequency offsets
has been derived in our work. This method represents
a unified way to calculate the bit error rate of different one-dimensional and two-dimensional subcarrier
modulation formats, such as binary phase shift keying (BPSK), quaternary phase shift keying (QPSK), and
16-ary quadrature amplitude modulation (16-QAM).

Norman C. Beaulieu

This accurate method has been used to examine and
compare the average error rate performances of OFDM
with different pulse-shapings, allowing us to reduce
the performance degradation caused by ICI through
proper pulse-shaping.

A Novel and Improved Orthogonal
Frequency Division Multiplexing System
Orthogonal frequency division multiplexing (OFDM)
is being widely used in physical layer specifications,
such as IEEE802.11a, IEEE802.16a and HIPERLAN/2, of
many broadband wireless access systems. In addition,
OFDM is also being used in digital audio broadcasting
and digital video broadcasting systems in Europe. Our
group has discovered a novel and improved OFDM
system design. Our new scheme has superior bit
error rate performance in the presence of frequency
offset and is the subject of a patent application. The
performance gain of the new design over the conventional OFDM system design can be as much as 5 dB
in some practical cases.

Novel Pilot Symbol Assisted Modulation
Receiver with Superior Performance
Many wireless communication techniques and components require knowledge of the channel state to
achieve good performances. More specifically, receivers for higher-order (high data rate) modulations and
diversity combiners use channel state information. In
practice, this knowledge is often acquired by estimation. The estimation can be performed blindly by using
the unknown data symbols only. More frequently, it
is performed with the aid of some known symbols.
In this case, pilot symbols are interspersed with the
data symbols and the channel gain at the position of
a data symbol is obtained by interpolation from the
values of the channel gain at the locations of the pilot
symbols. Pilot symbol assisted modulation (PSAM) is
used to estimate channel gain (amplitude and phase)
in fading wireless channels. The channel gain estimate
is used in a conventional coherent signal detector to
make a data decision and in a diversity combiner to
weight the signals as they are combined.
At the iCORE Wireless Communications Laboratory, we
have invented a novel PSAM receiver which has superior performance to the conventional PSAM receivers.
In particular, the gain of iCORE PSAM (iPSAM) over
conventional PSAM is greatest when needed most, at
small values of signal-to-noise ratio (SNR), or relatively
large error rates. The new iPSAM does not require
any changes at the transmitter. The performances of
all systems now employing PSAM can be improved
by employing an iPSAM receiver. It is noted that the
greatest benefits of iPSAM relative to conventional
PSAM are realized in Rician (line-of-sight plus scatter)
fading channels and at fast fading rates. Importantly,
the minimum threshold SNR required for acceptable

14

iCORE RESEARCH REPORT Volume 3, Fall 2004

BEAULIEU
communication (for example, to achieve a specified
target error rate) is lowered significantly in some
practical cases, resulting in reduced outage. Patent
protection will be sought for this receiver design.

for mobile and nomadic users, employing OFDM
(orthogonal frequency division multiplexing) and
spread spectrum signalling, and MIMO (multiple-input
multiple-output) antenna techniques.

Adaptive Constellation Mapping

Specific projects include:

Many data sources (for example, image and speech
signals) are nonuniformly distributed; that is,
they contain substantial amounts of redundancy.
Furthermore, even when such signals are compressed,
they may still exhibit residual redundancy due to the
suboptimality of the compression scheme. In cases
where the information is transmitted over a noisy
channel, using a standard signaling constellation, its
redundancy can be appropriately exploited by using
a maximum a posteriori (MAP) detector instead of
a maximum-likelihood (ML) detector; doing so will
reduce the error rate of the communication system.
While this benefit is well understood, it is less clear
whether the conventional Gray mapping of data symbols to signal constellation points will provide the
minimum bit error rate performance, as it does in the
case of uniformly distributed signals. We have now
shown that for nonuniform sources, Gray mapping is
not necessarily optimal for minimizing the average
error rate. Further, we proposed and implemented
design criteria for constellation mappings for the
transmission and MAP decoding of nonuniform memoryless sources. Our work shows that with nonuniform
signals, constellation mappings which follow the
objective of minimizing the average symbol energy
and, given this, maximizing the decoding probability
of the most likely signals, yield error rate performance
that is significantly better than Gray encoding maps
when the constellations are fixed. We also found that,
with an appropriate mapping, both average error rate
performance and spectral efficiency can be improved
for a highly nonuniform source.
Carrying this work and these concepts further, we
have designed an adaptive constellation mapping
scheme for non-uniform source data to best exploit
the nature of the signals while improving the quality
of transmission and the spectral efficiency. A patent
on this technology has been applied for. This work
has been done in collaboration with researchers at
Queen’s University at Kingston, Ontario.

KRZYMIEÑ: RESEARCH PROJECTS
The overall objective of Professor Krzymieñ’s current
research work is the creation of key technologies
essential for the future design of advanced broadband
wireless packet data systems enabling bandwidth and
power efficient high bit rate access to the Internet for
nomadic and mobile users of data and multimedia
services. Work is currently focused on broadband
high throughput packet data access to the Internet
iCORE RESEARCH REPORT Volume 3, Fall 2004

•

“Enabling Technologies for Future High Throughput
Packet Data Access,” an NSERC Strategic Grant and
iCORE Research Chair supported project;

•

“Techniques for Efficient Digital Wireless Multiple
Access,” an NSERC Individual Research Grant
project and iCORE Research Chair supported
project;

•

“Space-Time Processing and Coding for Wideband
CDMA and Future Wireless Access,” a TRLabs and
iCORE Research Chair supported project;

•

“Multiple-Access Interference Cancellation for
Efficient CDMA Wireless Communications,” a
TRLabs supported project;

•

“High Bit Rate Packet Data Wireless Access on
Single and Multi-Carrier Forward Links,” a TRLabs
and iCORE Research Chair supported project;

•

“Advanced Transmitter and Receiver Processing
for Adaptive MIMO and Multi-Carrier Packet Data
Access Systems,” a TRLabs and iCORE Research
Chair supported project;

•

“Scheduling Algorithms for High Throughput
Multiple Antenna Wireless Packet Data Systems,”
a TRLabs and iCORE Research Chair supported
project.

FAIR: RESEARCH PROJECTS
Dr Ivan Fair and his graduate students are investigating efficient channel coding techniques for digital
communication systems. During the past year, this
research has resulted in the publication or acceptance
of three journal papers and the acceptance or publication of eight conference papers. The goal of Dr Fair’s
research is to develop efficient, easily implemented
coding algorithms that result in improved performance
in digital communication systems. This is particularly
relevant in power-limited wireless systems.
Research projects with which Dr Fair is involved
include the development of:
•

efficient turbo decoding techniques;

•

error control codes for multiple-input multipleoutput wireless systems;

•

techniques to limit the peak-to-average power
ratio in OFDM systems;

15

NETWORKS AND WIRELESS COMMUNICATIONS
•

techniques which integrate error control codes with
codes for other system constraints such as limited
PAPR and specific spectral characteristics.

Research projects with which Dr Fapojuwo is involved
include:
•

Radio resource management schemes for
wireless Internet protocol (IP) networks;

•

Adaptive quality of service (QoS) techniques for
CDMA2000 wireless networks;

•

Quality of service support in IEEE802.11
wireless local area networks;

•

Traffic measurements, modeling and
characterization in wireless networks;

•

Impact of hidden nodes on wireless local area
network performance;

•

Security mechanisms in wireless local area
networks;

•

Quality of service routing protocol for mobile
ad hoc networks;

•

Analysis of secure routing protocols for mobile
ad hoc networks;

•

Scheduling protocols for Bluetooth Scatternets;

•

Service discovery protocols for mobile ad hoc
networks;

•

Application of software agents to resource
management in wireless networks.

TELLAMBURA: RESEARCH PROJECTS
Next generation wireless systems should be highly
spectrally efficient to handle the ever-increasing
demand for wireless communication in a cost-effective
manner. Orthogonal frequency division multiplexing
(OFDM) has emerged as a leading technology in this
regard. Dr Chinthananda Tellambura’s research aims
to develop coding techniques that will reduce the fluctuations of the OFDM signal amplitude and will reduce
interference in OFDM systems. Some of the potential
applications and significance of this research are:
•

Digital subscriber loops;

•

Improved coding techniques;

•

Wireless local area networks, digital video
broadcasting, digital audio broadcasting and
wireless access for mobile satellite services and
wireless data networks.

At a theoretical level research aims to develop new
performance bounds, design and construction methods. A greater understanding of theoretical limits of
the different techniques will also be gained.
Some topics currently under investigation are listed
below.
•

Peak reduction in OFDM;

•

Interference cancellation in OFDM;

•

Hybrid selection/maximal ratio diversity over
correlated fading channels;

•

Novel suboptimal diversity combining receivers;

•

Analysis of lognormal fading channels;

•

Adaptive modulation for OFDM;

•

Space-time codes over correlated fading
channels;

•

Efficient decoding algorithms.

FAPOJUWO: RESEARCH PROJECTS
The goal of Dr Abraham Fapojuwo’s research is to
propose, develop and analyze the performance of new
and efficient protocols at the data link, transport and
network layers of the open system interconnection
(OSI) reference model to achieve enhanced capacity and performance in future generation wireless
wide area (cellular) networks (WWANs), wireless local
area networks (WLANs), and mobile ad hoc networks
(MANETs).
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DONG: RESEARCH PROJECTS
Professor Xiaodai Dong’s research activities include
the development of theory and applications which aid
the design of high capacity broadband wireless communications systems. Research projects are being
carried out with focus on efficient channel estimation
algorithms for wireless fading channels, link adaptation techniques integrating temporal, spatial and
spectral components of a communication system,
and effective transceiver design of ultra-wideband
communications.
The wireless communications industry is witnessing
rapid growth in both mobile and fixed applications.
The continued increase in demand for voice, data
and multimedia wireless services is impetus for
higher capacity and higher data rates. Dr Dong’s
research focuses on the development of theory and
applications that examine and deploy high capacity
broadband wireless communications systems. Specific
interests include adaptive modulation and coding,
communication theory, fading channels, transmitter
and receiver diversity, multi-carrier communications,
spread spectrum technique and ultra-wideband technology.
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The overall objective of the research program is to
propose and investigate innovative solutions to the
capacity, quality and complexity challenges imposed
by today’s wireless systems. Technology advancements are pursued from both academic and practical
perspectives. To achieve this goal, research projects

focusing on highly effective channel estimation
schemes, performance analysis of wireless systems,
link adaptation technologies, and ultra-wideband
communication transceiver designs are currently
being investigated.

RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Team Leader
PROFESSOR NORMAN C. BEAULIEU
iCORE Chair in Broadband Wireless Communications
Canada Research Chair in Broadband Wireless Communications
Médaille K.Y. Lo Medal (2004)
Fellow of the Royal Society of Canada
NSERC E.W.R. Steacie Memorial Fellow
Fellow of the Institute of Electrical and Electronics Engineers (IEEE)
Fellow of the Engineering Institute of Canada (EIC)
Editor-in-Chief of the IEEE Transactions on Communications (2000-2003)
President of the Canadian Society for Information Theory

Beaulieu: Faculty Team Members
ROLE

Dr Witold A. Krzymieñ, Professor

Faculty Team Member

Rohit Sharma Professorship in
Communications and Signal
Processing (2003)
Fellow of the Engineering Institute
of Canada (EIC)

Dr Ivan Fair, Associate Professor

Faculty Team Member

Dr Chintha Tellambura, Associate
Professor

Faculty Team Member

Dr Abraham Fapojuwo, Associate
Professor

Faculty Team Member

Dr Xiaodai Dong, Assistant
Professor

Faculty Team Member

Dr Moussama Damen, Research
Engineer

Team Member
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Beaulieu: Postdoctoral Fellows
TOPIC
Dr Julian Cheng

Advanced Wireless Technologies
for 3G and 4G

Dr Zheng Du

OFDM and Space-Time Coding

Dr Seung Joon Lee

Multirate DS-CDMA for Multimedia
Applications

AWARDS

Korea Science and Engineering
Foundation (KOSEF) Grant

Beaulieu: PhD Students
TOPIC

AWARDS

Kevin Altman

Symbol Synchronization in Small
Signal-to-Interference Ratio
Environments

NSERC Postgraduate Scholarship

Kareem Baddour

Autoregressive Simulation Methods
for MIMO systems

Yunfei Chen

Wireless Channel State and Model
Parameter Estimation

Ethan Davis

Signal Classification and
Modulation Identification

Sasan Haghani

Capacity of Fading Wireless
Channels

Bo Hu

Pavel Loskot

Amir Masoud Rabiei
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Performance Analysis and Design
of Ultra-Wide Bandwidth Systems

Efficient Semi-Analytical and
Simulation Methods for Wireless
System Performance Assessment

Multiuser Detection and Power
Control

Kathiravetpillai Sivanesan

Receiver Designs for Multiuser
Detection

Peng Tan

Novel Receivers for Orthogonal
Frequency-Division Multiplexing
Communications Systems

David Young

A Novel Increased Data Rate
Multiuser Transmission Scheme

Xiaodi Zhang

Performance analysis of
H-S/MRC systems

iCORE Graduate Student Scholarship

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
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Beaulieu: MSc Students
TOPIC

Lingzhi Cao

AWARDS

Pilot Symbol Assisted 16-QAM for
High Capacity Wireless Systems
NSERC PGS-A Scholarship

Jeremiah Hu

Optimal Diversity Combining in
Non-Gaussian Environments

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Walter H. Johns Graduate Studies
Scholarship
Alberta Learning Graduate Student
Scholarship

Wenyu Li

Optimal Pilot Symbol Assisted
Modulation
NSERC Postgraduate Scholarship

Tim Poon

Optimal Multiuser Receiver
Designs for Co-Channel
Interference Environments

iCORE Graduate Student Scholarship
Association of Universities and
Colleges of Canada International Space
Scholarship
ASTech Foundation Leaders of
Tomorrow Award
Edmonton Sir Winston Churchill
Scholarship

Faruq Rajwani

Novel Closed-Form
Approximations to Lognormal Sum
Distributions

iCORE Graduate Student Scholarship
NSERC Postgraduate Scholarship
Walter H. Johns Graduate Studies
Scholarship
Alberta Learning Graduate Scholarship

Beaulieu: Other Team Members
POSITION

ROLE

Lingzhi Cao

Research Engineer

Conduct preliminary research on
high-risk ideas and contribute to the
management of the iWCL.

Chris Jones

System Administrator

Provide computer support to Dr
Beaulieu and all team members
associated with the iWCL.

Sharon Walker

Administrative Assistant

Provide administrative and secretarial
assistance to Dr Beaulieu and all team
members associated with the iWCL.

Sandra Abello

Administrative Assistant

Provide administrative and secretarial
assistance to Dr Beaulieu and all team
members associated with the iWCL.
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Krzymieñ: Postdoctoral Fellows
ROLE/TOPIC
Dr Bartosz Mielczarek

Alberta Ingenuity Fellow/
Techniques for High Throughput
Wireless Packet Data Access

Dr Erik Haas

Visiting Scientist from the German
Aerospace Centre (funded by
the German side) / Advanced
Algorithms for OFDM Signal
Detection

AWARDS

Krzymieñ: PhD Students
ROLE/TOPIC

Robert Elliott

TRLabs PhD Student, NSERC
Canada Graduate Scholar, Alberta
Ingenuity Scholar/Scheduling
Algorithms for High Throughput
Multiple Antenna Wireless Packet
Data Systems

AWARDS

TRLabs Fellowship
NSERC Canada Graduate Scholarship
iCORE Graduate Student Scholarship

TRLabs Fellowship

Kevin Jacobson

TRLabs PhD Student, NSERC
Scholar/Relay Networks for 4th
Generation Cellular Systems

NSERC PGS B Scholarship
iCORE Graduate Student Scholarship
Walter H. Johns Graduate Studies
Scholarship

Chunlong Bai
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TRLabs PhD Student and Alberta
Ingenuity Scholar (co-supervised
with Dr I.J. Fair)/Hybrid ARQ
Protocols Optimized for Adaptive
Multi-Carrier MIMO Wireless Packet
Data Systems

Alberta Ingenuity Fund Full-time
Studentship
TRLabs Fellowship
TRLabs Scholarship
iCORE Graduate Student Scholarship

Jia Liu

TRLabs PhD Student/
Non-Linear Transmitter PreProcessing Algorithms for Layered
MIMO Multi-User Wireless Systems

TRLabs Scholarship

Shreeram Sigdel

TRLabs PhD Student/
Efficient Receiver Algorithms
for Multiple-Input MultipleOutput (MIMO) Wireless Systems
Employing Adaptive Multi-Carrier
Transmission

TRLabs Scholarship

Geoffrey Messier

TRLabs PhD Student/
Techniques for Improved CDMA
Forward Link Performance

TRLabs Scholarship

Ge Li

TRLabs PhD Student (co-supervised
with Dr I.J. Fair)/Low Density Parity
Check (LDPC) Codes for MIMO
Wireless Systems

TRLabs Scholarship

David Mazzarese

TRLabs PhD Student and Rohit
Sharma Scholar/High Throughput
Downlink Cellular Packet Data
Access with Multiple Antennas and
Multi-User Diversity

TRLabs Scholarship
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ROLE/TOPIC

Kay Wee Ang

Part-time PhD student; employed
by the Institute for Infocomm
Research, Singapore/Improved
Hybrid Subtractive Interference
Cancellation Schemes (part time;
employed by the Institute for
Infocomm Research, Singapore)

James Z. Yang

Provisional PhD Candidate/
Receiver Processing Algorithms for
Layered MIMO Systems

AWARDS

Krzymieñ: MSc Students
ROLE/TOPIC

Yu Fu

AWARDS

MSc student, (co-supervised with
Dr C. Tellambura)/Intercarrier
Interference Reduction in MIMO
OFDM Systems

Krzymieñ: Other Team Members
ROLE/TOPIC

Robert Hang

AWARDS

Research Associate/
Algorithms for Layered MIMO
Systems

Fair: Postdoctoral Fellows

Dr Yan Xin

ROLE/TOPIC

AWARDS

Postdoctoral Fellow/PAPR
reduction in OFDM systems

Alberta Ingenuity Fund Ingenuity
Fellowship

ROLE/TOPIC

AWARDS

Fair: PhD Students

Fengqin Zhai

PhD Student/Integration of error
control and constrained sequence
codes

Ge Li

PhD Student (Co-supervised with
Dr Krzymieñ)/Low density parity
check (LDPC) codes for MIMO
wireless systems

Chunlong Bai
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PhD Student (Co-supervised with
Dr Krzymieñ)/Hybrid automatic
repeat request (ARQ) coding
schemes for adaptive high
throughput wireless data links
employing multiple-input multipleoutput (MIMO) antenna systems

TRLabs Scholarship

Alberta Ingenuity Fund Full-time
Studentship (renewal)
TRLabs Fellowship
iCORE Graduate Student Scholarship
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Fair: MSc Students

Aaron Hughes

ROLE/TOPIC

AWARDS

MSc Student/Integration of error
control and constrained sequence
codes

TRLabs Scholarship

MSc Student (Co-supervised with
Dr Tellambura)/
Ali Alavi

Marco Castellon

Techniques for peak-to-average
power ratio reduction in OFDM
systems
MSc Student (Co-supervised with
Dr Elliot)/
Development of power efficient
turbo decoder

Tellambura: Postdoctoral Fellows
ROLE/TOPIC
Dr Wen Chen

AWARDS

PDF/Coding for OFDM

Tellambura: PhD Students
ROLE/TOPIC
Dung Ngoc Dao

AWARDS

PhD Student/Space division
multiple access methods
Alberta Ingenuity Fund Full-time
Studentship

Saeed Fouladi Fard

PhD Student / Nonlinear decoding
methods for CDMA

iCORE Graduate Student Scholarship
Tuition Scholarship, University of
Alberta

Alireza Ghaderipoor

Laleh Najafizadeh

PhD Student/Space-time Coding
and Decoding Techniques

PhD Student/Channel estimation
techniques

Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Alberta Ingenuity Fund Full-time
Studentship
iCORE Graduate Student Scholarship
Delta Kappa Gamma World Fellowship
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Yue Wu

PhD Student/Space-time coding
techniques

Luqing Wang

PhD Student/Reduction of High
Peaks of OFDM Signals

Tuition Scholarship, University of
Alberta
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Tellambura: MSc Students
ROLE/TOPIC
Ali Alavi

MSc Student/Decoding algorithms
for Golay sequences

Yunxia Chen

MSc Student/Performance of
Diversity Systems in Correlated
Fading Channels

Yu Fu

MSc Student/Interference
Cancellation for OFDM

AWARDS

Tellambura: Other Team Members
ROLE/TOPIC
Rees Machtemes

AWARDS

Summer student May to August,
2003/ 3rd and 4th Generation
Wireless System Proposals

Fapojuwa: PhD Students
ROLE/TOPIC

AWARDS

Xiao Liu

PhD Student/Security mechanisms
in wireless local area networks

TRLabs Scholarship

Helen Lampow-Maundy

PhD Student (part-time)/
WLAN and Cellular Internetworking

Mohamed Shehata

PhD Student (Co-supervised
with Dr Eberlein)/A Semi-formal
framework for requirements
engineering

NSERC Graduate Scholarship

Fapojuwa: MSc Students
ROLE/TOPIC

AWARDS

Justin Agbakwuru

MSc Student (Co-supervised with
Dr Ulieru)/Scheduling protocol for
Bluetooth based WPANs

Uzo Nzurum

MSc Student/Radio Resource
Management Protocols for Wireless
IP networks

Mudit Seth

MSc Student/Adaptive QoS
Techniques for CDMA2000
networks

Ian Lee

MSc Student/
Multimedia traffic modeling in
wireless networks

Rob Sizeland

MSc Student (Co-supervised with
Dr Davies)/Quality of Service in
IEEE802.11 wireless LANs

NSERC Industrial Scholarship

Travis Stevens

MSc Student /Quality of Service in
Mobile ad hoc networks

NSERC Industrial Scholarship

Oscar Salazar

MSc Student (Co-supervised with
Dr Sesay)/Quality of Service
routing in mobile ad hoc networks
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TRLabs Scholarship

TRLabs Scholarship

TRLabs Scholarship
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ROLE/TOPIC

AWARDS

Yagi Uhuegbulem

MSc Student (Co-supervised with
Dr Sesay)/Performance analysis of
IEEE802.11 WLANs with exposed
nodes

TRLabs Scholarship

Rajeev Babbar

MSc Student (Co-supervised with
Dr Far)/Application of software
agents to resource management in
wireless networks

Kevin Luo

MSc Student /Packet Scheduling
mechanisms in wireless IP
networks

Dong: PhD Students
ROLE/TOPIC

Mohsen Eslami

PhD Student/High speed ultrawideband technology

Zhengang Chen

PhD Student/Adaptive
transmission techniques for
multiple antenna wireless
networks

Yue Wang

PhD Student/Ultra-wideband
channel measurements and
modeling

AWARDS

Graduate Tuition Scholarship, University
of Alberta (2003)
Graduate Research Scholarship,
University of Alberta (2003)

Graduate Tuition Scholarship, University
of Alberta (2003-2004)
Graduate Research Scholarship,
University of Alberta (2003-2004)

Graduate Tuition Scholarship, University
of Alberta (2003-2004)
Graduate Research Scholarship,
University of Alberta (2003-2004)

Dong: MSc Students
ROLE/TOPIC

AWARDS
IEEE Student Travel Grant (2004)

Lei Xiao

Alfred Lee
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MSc Student/Effective Channel
Estimation for Wireless Fading
Channels

Graduate Tuition Scholarship, University
of Alberta (2002-2003)
Graduate Research Scholarship,
University of Alberta (2002-2003)

MSc Student/Transceiver Design
of Ultra-Wideband Communication
Systems
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COLLABORATIONS
BEAULIEU: COLLABORATIONS
INSTITUTION

NATURE OF COLLABORATION
PROVINCIAL

iCORE High Capacity Digital Communications Laboratory,
University of Alberta

Development and testing of a multiple-input, multipleoutput MIMO testbed.

Department of Mathematical and Statistical Sciences,
University of Alberta (Douglas R. Wiens):

Research on fading channel amplitude distribution
parameter estimation and order statistics
NATIONAL

Department of Mathematics and Statistics, Queen’s
University, Kingston, Ontario, Canada (Fady Alajaji, Glen
Takahara, and Hongyan Kuai)

Research on signal constellation mappings for nonuniform sources

INTERNATIONAL
Samsung Electronics, Korea.

4th Generation (4G) Wireless

Wireless Systems Research Department, AT&T Labs
– Research, Middletown, New Jersey, USA (Moe Win, Jack
H. Winter); Shannon Laboratories, AT&T Labs – Research,
Florham Park, New Jersey, U.S.A. (Benjamin F. Logan);
Department of Statistics, Rutgers University, Piscataway,
New Jersey, U.S.A. (Lawrence A. Shepp):

Research on hybrid selection/maximal ratio diversity
combining digital receivers. This collaboration has
resulted in two journal papers and four conference
papers.

Department of Engineering Science, University of Modena,
Modena, Italy (Maria Luisa Merani)

Research on efficient generation of cross-correlated
fading amplitude sequences for simulation of correlated
branch diversity systems. This collaboration has resulted
in one journal paper and one conference paper.

Division of Engineering and Applied Sciences, Harvard
University, Cambridge, Massachusetts, U.S.A. (H.T. Kung
and V. Tarokh); Department of Electrical Engineering
and Computer Sciences, University of California at
Berkeley, Berkeley, California, USA (D. Tse); Department
of Electrical and Computer Engineering, University of
Illinois, Urbana-Champaign, Urbana, Illinois, U.S.A. (P.R.
Kumar); School of Electrical and Computer Engineering,
Purdue University, West Lafayette, Indiana, U.S.A. (M.D.
Zoltowski); Department of Electrical and Computer
Engineering, University of Maryland, College Park,
Maryland, U.S.A. (K.J.R. Liu):.

Research in space-time processing for ad-hoc mobile
wireless networks. This collaboration has resulted in joint
funding applications valued at over $9M Canadian, and
the formation of an International Network of Excellence.
The only Canadian researcher invited to join this Network
of Excellence is N.C. Beaulieu.

INDUSTRIAL

iCORE Chair
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Has continued as Director of the Corporation of Eleven
Engineering Incorporated, Edmonton, Alberta in the
reporting period. He has been involved in technology and
product planning as well as in the recruitment of highly
qualified personnel.
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KRZYMIEÑ COLLABORATIONS
TRLabs-Calgary
Collaborative links with Simon Fraser University (Dr. Paul Ho), U of Waterloo (Dr. W. Zhuang), PROMPT-Quebec (Dr. C.
Despins)
Institute for Communication Technology, German Aerospace Centre (DLR), Oberpfaffenhofen, Germany
Spatial Processing Technology Group, Harlow Laboratories, Nortel Networks, Harlow, UK
CDMA Systems Performance Evaluation Group, Nortel Networks, Richardson, TX, USA
Ericsson Wireless Communications, San Diego, CA and Boulder, CO
TELLAMBURA COLLABORATIONS
Electrical Engineering Department, Virginia Tech, USA
Electrical Engineering Department, University of Bergen, Norway
FAPOJUWA COLLABORATIONS
General Dynamics Canada
Telus Mobility

INTELLECTUAL PROPERTY
PATENTS

TITLE/NAME

STATUS

G.G. Messier, W.A. Krzymieñ

“Scheduling of wireless packet data
transmissions”

US Patent Application No. 10/669,151
filed 23 September, 2003, assigned to
TRLabs

FUNDING
Norman Beaulieu and his team receive significant funding from many sources including AIF ($180K/year),
NSERC (over $400K/year), ASRA (~$280K), CFI (~$225K), and the University of Alberta (~$125K). Dr. Beaulieu
is a Tier 1 Canada Research Chair which contributes $200K per year to his research program.
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PUBLICATIONS
BEAULIEU
REFEREED JOURNAL PUBLICATIONS
N.C. Beaulieu and Q. Xie, “An Optimal Lognormal
Approximation to Lognormal Sum Distributions,” IEEE
Transactions on Vehicular Technology, vol. 53, Mar. 2004,
pp. 479-489.
P. Tan and N.C. Beaulieu, “Reduced ICI in OFDM Systems Using
the “Better Than” Raised-Cosine Pulse,” IEEE Communications
Letters, vol. 8, Mar. 2004, pp. 135-137.
J. Cheng and N.C. Beaulieu, “Precise Error Rate Analysis of
Bandwidth Efficient BPSK in Nakagami Fading and Cochannel
Interference,” IEEE Transactions on Communications, vol.
52, Jan. 2004.

T.V. Poon and N.C. Beaulieu, “Error Performance Analysis of
a Jointly Optimal Single Cochannel Interferer BPSK Receiver,”
to appear in IEEE Transactions on Communications, July
2004.
L. Cao and N.C. Beaulieu, “Exact Error Rate Analysis of
Diversity 16-QAM with Channel Estimation Error,” to appear
in IEEE Transactions on Communications, June 2004.
S. Haghani, N.C. Beaulieu and M.Z. Win, “Penalty of Hybrid
Diversity for Generalized Two-Dimensional Signaling
in Rayleigh Fading,” to appear in IEEE Transactions on
Communications, May 2004.
C.C. Tan and N.C. Beaulieu, “Transmission Properties of
Conjugate-Root Pulses,” to appear in IEEE Transactions on
Communications, April 2004.

K. Sivanesan and N.C. Beaulieu, “Exact BER Analyses of
Nakagami/Nakagami CCI BPSK and Nakagami/Rayleigh CCI
QPSK Systems in Slow Fading,” in IEEE Communications
Letters, vol. 8, Jan. 2004, pp. 45-47.

B. Hu and N.C. Beaulieu, “Accurate Evaluation of Multiple
Access Performance in TH-PPM and TH-BPSK UWB
Systems,” to appear as a full paper in IEEE Transactions on
Communications.

M.O. Damen, H. El Gamal and N. C. Beaulieu, “Systematic
Construction of Full Diversity Algebraic Constellations,” IEEE
Transactions on Information Theory, vol. 49, Dec. 2003,
pp. 3344-3349.

C. Tellambura, J. Cheng and N.C. Beaulieu, “Performance of
Digital Linear Modulations on Weibull Fading Channels,” to
appear in IEEE Transactions on Communications.

B. Hu and N.C. Beaulieu, “Exact Bit Error Rate of TH-PPM UWB
Systems in the Presence of Multiple Access Interference,” IEEE
Communications Letters, vol. 7, Dec. 2003, pp. 572-574.
N.C. Beaulieu, “Editorial – “Exceedingly Well Read,”” IEEE
Transactions on Communications, vol. 51, Dec. 2003, p.
1961.
M.O. Damen, H. El Gamal and N.C. Beaulieu, “Linear Threaded
Space-Time Constellations,” IEEE Transactions on Information
Theory, vol. 49, Oct. 2003, pp. 2372-2388.
M.O. Damen, N.C. Beaulieu and J.-C. Belfiore, “Bandwidth
Efficient Linear Modulations for Multiple Antenna
Transmission,” IEEE Transactions on Information Theory,
vol. 49, Sept. 2003, pp. 2292-2298.
M.Z. Win, N.C. Beaulieu, L.A. Shepp, B.F. Logan and
J.H. Winters, “On the SNR Penalty of MPSK with Hybrid
Selection/Maximal Ratio Combining over IID Rayleigh Fading
Channels,” IEEE Transactions on Communications, vol. 51,
Jun. 2003, pp. 1012-1023.
M.O. Damen and N.C. Beaulieu, “On Diagonal Algebraic SpaceTime Block Codes,” IEEE Transactions on Communications,
vol. 51, Jun. 2003, pp. 911-919.
E. Davis, N.C. Beaulieu and M. Rollins, “A MAP Blind Bit-Rate
Detector for Variable Gain Multiple Access Systems,” IEEE
Transactions on Communications, vol. 51, Jun. 2003, pp.
880-884.
X. Dong and N.C. Beaulieu, “New Analytical Probability
of Error Expressions for Classes of Orthogonal Signals in
Rayleigh Fading,” IEEE Transactions on Communications,
vol. 51, Jun. 2003, pp. 849-853.
X. Dong and N.C. Beaulieu, “Level Crossing Rate and Fade
Duration of MRC and EGC Diversity in Ricean Fading,” IEEE
Transactions on Communications, vol. 51, May 2003, pp.
722-726.
M.O. Damen and N.C. Beaulieu, “On Two High Rate Algebraic
Space-Time Codes,” IEEE Transactions on Information Theory
vol. 49, Apr. 2003, pp. 1059-1063.
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K.E. Baddour and N.C. Beaulieu, “Autoregressive Modeling for
Fading Channel Simulation,” accepted for publication as a full
paper in IEEE Transactions on Wireless Communications.
S.J. Lee and N.C. Beaulieu “Exact Analysis of Bit-Error
Probability for Asynchronous Multicode DS-CDMA Systems,”
accepted pending revisions for publication in IEEE
Transactions on Communications.
B. Hu and N.C. Beaulieu, “Pulse Shapes for Ultra-Wideband
Communication Systems,” accepted pending revisions for
publication as a full paper in IEEE Transactions on Wireless
Communications.
REFEREED CONFERENCE PROCEEDINGS
P. Loskot and N.C. Beaulieu, “Efficient Simulation of
Multidimensional Communication Systems by Sample
Rejection,” Proc. IEEE International Conference on
Communications ICC 2004, Paris, France, June 20-24,
2004.
P. Loskot and N.C. Beaulieu, “Average Error Rate Evaluation of
Digital Modulations in Slow Fading by Prony Approximation,”
Proc. IEEE International Conference on Communications ICC
2004, Paris, France, June 20-24, 2004.
Y. Chen and N.C. Beaulieu, “Estimation of Ricean and
Nakagami distribution parameters using noisy samples,”
Proc. IEEE International Conference on Communications ICC
2004, Paris, France, June 20-24, 2004.
K. Sivanesan and N.C. Beaulieu, “Performance Analysis of
Bandlimited DS-CDMA Systems in Nakagami Fading,” Proc.
IEEE International Conference on Communications ICC 2004,
Paris, France, June 20-24, 2004.
B. Hu and N.C. Beaulieu, “Accurate Evaluation of Multiple
Access Performance in Time-Hopping UWB Systems,” Proc.
IEEE International Conference on Communications ICC 2004,
Paris, France, June 20-24, 2004.
J. Wu, C. Xiao and N.C. Beaulieu, “Optimal Diversity
Combining based on Noisy Channel Estimation,” Proc. IEEE
International Conference on Communications ICC 2004,
Paris, France, June 20-24, 2004.
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L. Cao and N.C. Beaulieu, “Optimization of PSAM for
Diversity 16-QAM,” Proc. IEEE Wireless Communications
and Networking Conference WCNC2004, Atlanta, Georgia,
Mar. 21-25, 2004.

C. Xiao, Y.R. Zheng and N.C. Beaulieu, “Statistical Simulation
Models for Rayleigh and Rician Fading,” Proc. IEEE
International Conference on Communications, Anchorage,
Alaska, pp. 3524-3529, May 11-15, 2003.

X. Zhang and N.C. Beaulieu, “Quadrature Sub-Branch Hybrid
Selection/Maximal-Ratio Combining,” Proc. IEEE Wireless
Communications and Networking Conference WCNC2004,
Atlanta, Georgia, Mar. 21-25, 2004.

S. Haghani, N.C. Beaulieu and M.Z. Win, “SNR Penalty of
Hybrid Diversity Combining in Rayleigh Fading,” Proc. IEEE
International Conference on Communications, Anchorage,
Alaska, pp. 2800-2804, May 11-15, 2003.

P. Loskot and N.C. Beaulieu, “Maximal Ratio Combining with
Arbitrary Correlated Generalized Ricean Branches,” Proc.
IEEE Wireless Communications and Networking Conference
WCNC2004, Atlanta, Georgia, Mar. 21-25, 2004.

X. Dong and N.C. Beaulieu, “SER of Two-Dimensional
Signalings in Rayleigh Fading with Channel Estimation Errors,”
Proc. IEEE International Conference on Communications,
Anchorage, Alaska, pp. 2763 – 2767, May 11-15, 2003.

M.O. Damen, H. El Gamal and N.C. Beaulieu, “SpaceTime Constellations Matched to the Receiver,” Proc. IEEE
GLOBECOM, San Francisco, California, Dec. 1-5, 2003.

M.O. Damen, H. El Gamal and N.C. Beaulieu, “On Optimal
Linear Space-Time Constellations,” Proc. IEEE International
Conference on Communications, Anchorage, Alaska, pp.
2276-2280, May 11-15, 2003.

T.V. Poon and N.C. Beaulieu, “Performance Analysis of a
Jointly Optimal BPSK Receiver in Cochannel Interference,” IEEE
GLOBECOM, San Francisco, California, Dec. 1-5, 2003.
J. Cheng and N.C. Beaulieu, “BER Performance of A Novel
Pulse Shape in Cochannel Interference,” Proc. IEEE Vehicular
Technology Conference – Fall, Orlando, Florida, Oct. 6-9,
2003.
J. Cheng, C. Tellambura and N.C. Beaulieu, “Performance
Analysis of Digital Modulations on Weibull Fading Channels,”
Proc. IEEE Vehicular Technology Conference – Fall, Orlando,
Florida, Oct. 6-9, 2003.
W. Li and N.C. Beaulieu, “Optimization of Pilot Symbol
Assisted BPSK with Diversity,” Proc. IEEE Pacific Rim
Conference on Communications, Computers and Signal
Processing (PACRIM’03), Victoria, Canada, pp. 744-747,
Aug. 28-30, 2003.
T.V. Poon and N.C. Beaulieu, “Jointly and Individually
Optimum Receivers for BPSK Signals in Cochannel
Interference plus Noise,” Proc. IEEE Pacific Rim Conference
on Communications, Computers and Signal Processing
(PACRIM’03), Victoria, Canada, pp. 530-532, Aug. 28-30,
2003.
M.O. Damen, H. El Gamal and N.C. Beaulieu, “Approaching
the Fundamental Limits of Space-Time Constellations,” Proc.
WIRELESS’03, Calgary, Alberta, pp. 34-39, July 7-9, 2003.
M.O. Damen, H. El Gamal and N.C. Beaulieu, “Near-Optimal
Linear Space-Time Constellations,” Proc. IEEE International
Symposium on Information Theory (ISIT 2003), Yokohama,
Japan, p. 241, June 29-July 4, 2003.
N.C. Beaulieu and M.O. Damen, “A Parametric Construction
of ISI-Free Pulses,” Proc. 2003 Canadian Workshop on
Information Theory, Waterloo, Canada, pp. 121-124, May
18-21, 2003.
M.O. Damen, H. El Gamal and N.C. Beaulieu, “A Systematic
Construction of Full Diversity Algebraic Constellations,”
2003 Canadian Workshop on Information Theory, Waterloo,
Canada, pp. 96-99, May 18-21, 2003.
K. Sivanesan and N.C. Beaulieu, “Benefits of Noise State
Information on Signal Detectability,” Proc. 2003 Canadian
Workshop on Information Theory, Waterloo, Canada, pp.
67-70, May 18-21, 2003.
J. Cheng, D.P. Wiens and N.C. Beaulieu, “An Asymptotic Study
of Generalized Moment Estimators of the Nakagami Fading
Parameters,” Proc. 2003 Canadian Workshop on Information
Theory, Waterloo, Canada, pp. 63-66, May 18-21, 2003.
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N.C. Beaulieu and Q. Xie, “Minimax Approximation to
Lognormal Sum Distributions,” Proc. IEEE Vehicular
Technology Conference – Spring, Jeju, Korea, pp. 1061-1065,
April 22-25, 2003.

KRZYMIEÑ
REFEREED JOURNAL PUBLICATIONS
R. Novak, W.A. Krzymieñ, “Efficient packet data service
in a spread spectrum OFDM cellular system with 2dimensional radio resource allocation,” accepted (January
2004) for publication in the 4th Special Issue on MultiCarrier Spread Spectrum of the European Transactions on
Telecommunications.
R.C. Elliott, W.A. Krzymieñ, “Scheduling algorithms for high
throughput packet data service in cellular radio systems,”
accepted (January 2004) for publication in the Special Issue
on Wireless Communications and Networking of the Can. J.
of Electrical & Computer Engineering.
P. Goud Jr., C. Schlegel, W.A. Krzymieñ, R. Hang, “Multiple
antenna communication systems - an emerging technology,”
accepted (December 2003) for publication in the Special
Issue on Wireless Communications and Networking of the
Canadian Journal of Electrical & Computer Engineering.
REFEREED CONFERENCE PROCEEDINGS
G.G. Messier, W.A. Krzymieñ, “A new MAP channel decoder
trellis path metric for a CDMA mobile subject to channel
estimation errors,” accepted for oral presentation and
publication, Proc. 2004 IEEE Intl. Conf. on Communications
(ICC’03), Paris, France, June 20-24, 2004.
B. Mielczarek, W.A. Krzymieñ, “Convergence focused
construction of hybrid ARQ systems with turbo codes,”
accepted for oral presentation and publication, Proc. 2004
IEEE Intl. Conf. on Communications.
D.J. Mazzarese, W.A. Krzymieñ, “Linear space-time
transmitter and receiver processing and scheduling for the
MIMO broadcast channel,” accepted for oral presentation
and publication, Proc. 2004 IEEE Vehicular Technology Conf.
(VTC’04-Spring), Milan, Italy. May 2004.
G. Li, W.A. Krzymieñ, I.J. Fair, “Quasi-regular LDPC codes for
space-time wireless transmission,” Proc. 2004 IEEE Wireless
Communications and Networking Conference, Atlanta, USA,
March 21-25, 2004.
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R. Novak, W.A. Krzymieñ, “Packet re-transmission options for
the SS-OFDM-F/TA system,” Proc. 2003 4th Intl. Workshop
on Multi-Carrier Spread-Spectrum & Related Topics (MC-SS
2003), Oberpfaffenhofen, Ger., Kluwer Academic Publishers
2004, Sept. 17-19, 2003, pp. 89-100.
D. J. Mazzarese, W.A. Krzymieñ, “Throughput maximization
and optimal number of active users on the two transmit
antenna downlink of a cellular system,” Proc. 2003 IEEE
Pacific Rim Conference on Communications, Computers and
Signal Processing (PACRIM’03), Victoria, BC, Canada, August
28-30, 2003, pp. 498-501.
Ge Li, W.A. Krzymieñ, I.J. Fair, “LDPC coded systems with
D-BLAST structure,” Proc. 2003 IEEE Pacific Rim Conference
on Communications, Computers and Signal Processing
(PACRIM’03), Victoria, BC, Canada, August 28-30, 2003,
pp. 510-513.
P. Goud Jr., C. Schlegel, W.A. Krzymieñ, R. Hang, et al.,
“Indoor MIMO channel measurements using dual polarized
patch antennas,” Proc. 2003 IEEE Pacific Rim Conference
on Communications, Computers and Signal Processing
(PACRIM’03), Victoria, BC, Canada, August 28-30, 2003,
pp. 752-755.
G.G. Messier, W.A. Krzymieñ, “Implementing channel codes
with the CDMA forward link chip-level LMMSE receiver,” Proc.
14th Intl. Conf. on Wireless Comm. (Wireless’03), Calgary,
AB, Canada, July 7-9, 2003, pp. 411-417.
P. Goud Jr., C. Schlegel, R. Hang, W.A. Krzymieñ, et al., “MIMO
channel measurements for an indoor office environment,”
Proc. 14th Intl. Conf. on Wireless Comm. (Wireless’03),
Calgary, AB, Canada, July 7-9, 2003, pp. 423-427.
Ge Li, I.J. Fair, W.A. Krzymieñ, “Analysis of non-binary LDPC
codes using Gaussian approximation,” Proc. 2003 IEEE Intl.
Symp. on Information Theory, Yokohama, Japan, June 29-July
4, 2003, p. 234 (one-page summary published).
G.G. Messier, W.A. Krzymieñ, “Estimation of in-cell and
out-of-cell interference levels for improved CDMA forward
link error correction,” Proc. 2003 IEEE Intl. Conference on
Communications (ICC2003), Anchorage, Alaska, USA, May
11-15, 2003, pp. 368-372.
K.W. Ang, W.A. Krzymieñ, “Performance of the multi-stage
variable group hybrid interference cancellation scheme
with timing and phase errors,” Proc. 2003 IEEE Semi-Annual
Vehicular Technology Conference (VTC2003-Spring), Jeju,
Korea, April 22-25, 2003, pp. 1905-1909.
D. Mazzarese, W.A. Krzymieñ, “High throughput downlink
cellular packet data access with multiple antennas and
multiuser diversity,” Proc. 2003 IEEE Semi-Annual Vehicular
Technology Conference (VTC2003-Spring), Jeju, Korea, April
22-25, 2003, pp. 1079-1083.
G.G. Messier, W.A. Krzymieñ, “A coloured Gaussian model
for CDMA forward link in-cell interference”, Proc. 2003 IEEE
Semi-Annual Vehicular Technology Conference (VTC2003Spring), Jeju, Korea, April 22-25, 2003, pp. 2052-2056.
R. Novak, W.A. Krzymieñ, “SS-OFDM-F/TA system packet size
and structure for high mobility cellular environments,” Proc.
2003 IEEE Semi-Annual Vehicular Technology Conference
(VTC2003-Spring), Jeju, Korea, April 22-25, 2003, pp.
1438-1444.
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FAIR
REFEREED JOURNAL PUBLICATIONS
F. Zhai, I.J. Fair, (2003) “Techniques for Early Stopping and
Error Detection in Turbo Decoding,” IEEE Transactions on
Communications, vol. 51, no. 10, pp. 1617 – 1623.
Xin, I.J. Fair, (2004) “A Performance Metric for Codes
with a High-Order Spectral Null at Zero Frequency,” IEEE
Transactions on Information Theory, vol. 50, no. 2, pp.
385 – 394.
Y. Xin, I.J. Fair, (2004) “High-Order Spectral-Null Multimode
Codes,” accepted January 6, 2004 for publication in IEEE
Transactions on Communications.
REFEREED CONFERENCE PROCEEDINGS
Y. Xin, I.J. Fair, “Multiple-Shift Complementary Sequences and
Their Peak-to-Average Power Ratio Values,” IEEE International
Symposium on Information Theory, Chicago, Illinois, June
27-July 2, 2004.
A. Alavi, C. Tellambura, I.J. Fair, “Near Maximum-Likelihood
Decoding of Golay Sequences With Reduced Complexity,”
Wireless 2004, July 12-14, 2004.
G. Li, W.A. Krzymieñ, I.J. Fair, “Quasi-Regular LDPC Codes
for Space-Time Wireless Transmission,” Proc. IEEE Wireless
Communications and Networking Conference (WCNC2004),
Atlanta, Georgia, Mar. 21-25, 2004.
Y. Xin, I.J. Fair, “Peak-to-Average Power Ratio Reduction of
an OFDM Signal Using Guided Scrambling Coding,” Proc.
IEEE Global Communications Conference (GLOBECOM),
San Francisco, California, Dec. 1-5, 2003, vol. 4, pp. 2390
– 2394.
G. Li, W.A. Krzymieñ, I.J. Fair, “LDPC Coded MIMO Systems
with D-BLAST Structure,” Proc. IEEE Pacific Rim Conference
on Communications, Computers, and Signal Processing
(PACRIM’03), Victoria, Canada, Aug.28-30, 2003, pp. 510
– 513.
G. Li, I.J. Fair, W.A. Krzymieñ, “Analysis of Nonbinary
LDPC Codes Using Gaussian Approximation,” Proc. IEEE
International Symposium on Information Theory (ISIT 2003),
Yokohama, Japan, June 29-July 4, 2003, p. 234.
F. Zhai, Y. Xin, I.J. Fair, “DC-Free Multimode Error Control
Block Codes,” Proc. IEEE International Symposium on
Information Theory, Yokohama, Japan, June 29-July 4, 2003,
p. 76.
Y. Xin, I.J. Fair, “Factors Affecting the Low-Frequency
Performance of DC-Free Multimode Codes,” Proc. 2003
Canadian Workshop on Information Theory, Waterloo,
Canada, May 18-21, 2003, pp. 139 – 142.

TELLAMBURA PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
Y. Chen and C. Tellambura, “Performance Analysis of
L-Branch Equal Gain Combiners in Equally-Correlated
Rayleigh Fading Channels,” accepted for publication in IEEE
Communications Letters.
Y. Chen, C. Tellambura and A. Annamalai, “Unified
Performance Bounds for Generalized Selection Diversity
Combining in Independent Generalized Fading Channels,”
accepted for publication in Canadian Journal of Electrical
and Computer Engineering, 2003.
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Y. Chen and C. Tellambura, “Performance Analysis of 3Branch Selection Combining over Arbitrarily Correlated
Rayleigh Fading Channels,” accepted for publication in IEEE
Transactions on Wireless Communications, 2003.
A. Annamalai, C. Tellambura and V K Bhargava, “A
general frequency domain approach for calculating error
probabilities over fading channels,” accepted for publication
in IEEE Transactions on Communications.
A. Annamalai, G. Deora and C. Tellambura, “Theoretical
diversity improvement in GSC(N,L) receiver with nonidentical fading statistics,” accepted for publication in IEEE
Transactions on Communications.
J. Cheng, C. Tellambura, and Norman C. Beaulieu,
“Performance of Digital Linear Modulations on Weibull Fading
Channels,” accepted for publication in IEEE Transactions on
Communications.
G. Deora, A. Annamalai and C. Tellambura, “An MGF-based
performance analysis for GSC over wireless channels,”
accepted for publication in IEEE Transactions on Vehicular
Technology.
REFEREED CONFERENCE PROCEEDINGS
Y. Chen and C. Tellambura, “A New Hybrid Generalized
Selection Combining Scheme and Its Performance over
Fading Channels,” Proc. IEEE Communications and
Networking Conference (WCNC 2004), Atlanta, Georgia,
U.S.A., March 21-25, 2004.
Luqing Wang, C. Tellambura, and Behrouz Nowrouzian,
“A Simplified Interpolation Equalization Technique for
Filterbank-Based DMT Systems,” Proc. Canadian Conference
on Electrical and Computer Engineering (CCECE’2003),
Montreal, Quebec, Canada, May 4–7, 2003.
Luqing Wang and C. Tellambura, “A Novel PAR reduction
Technique for OFDM systems Using Adaptive Mapping,” Proc.
15th International Conference on Wireless Communications,
Calgary, Alberta, Canada, July 7-9, 2003.
Luqing Wang and C. Tellambura. “A PAR Reduction Technique
for OFDM Systems Using Adaptive Mapping and Recursive
Partial Sequence Method,” Proc. The IASTED International
Conference on Communications Systems and Applications
(CSA 2003), Banff, Alberta, Canada, July 14-16, 2003.
Luqing Wang and C. Tellambura, “A Novel ICI Cancellation
Technique for OFDM systems Using Adaptive Mapping
Signal Constellation,” Proc. 2003 IEEE Pacific Rim Conference
on Communications, Computers and Signal Processing
(PACRIM’03), Victoria, B.C., Canada, August 28-30, 2003.
Yunxia Chen and C. Tellambura, “Equal Gain Combiner
Performance in Equally Correlated Rayleigh Fading Channels,”
Proc. 2003 IEEE Pacific Rim Conference on Communications,
Computers and Signal Processing (PACRIM’03), Victoria, B.C.,
Canada, August 28-30, 2003.
Yunxia Chen and C. Tellambura, “Performance Analysis of
Selection Combining over Equally-Correlated Rayleigh Fading
Channels,” Proc. 15th International Conference on Wireless
Communications, Calgary, Canada, July 7-9, 2003.
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FAPOJUWA
REFEREED JOURNAL PUBLICATIONS
I. Rajput, A.O. Fapojuwo, “Performance of Two-tier Cellular
Networks with Macro-cell size adjustment,” IEEE Electronics
Letters, vol. 39, no. 25, Dec. 11, 2003, pp. 1857–1859.
A.O. Fapojuwo, “Throttling Schemes for location updating
traffic in Personal Communications Systems,” IEEE
Proceedings in Communications, 2004.
A.O. Fapojuwo, O. Salazar, A.B. Sesay, “Performance of a QoSbased Multiple Route Ad hoc On Demand Distance Vector
Protocol for Mobile Ad hoc Networks,” Canadian Journal on
Electrical & Computer Engineering, Special Issue on Advances
in Wireless Communications and Networking, 2004.
S. Mahil, A.O. Fapojuwo, “Handoff Resource prediction
in multimedia wireless networks,” Canadian Journal on
Electrical & Computer Engineering, 2004.
REFEREED CONFERENCE PROCEEDINGS
J. Agbakwuru, A.O. Fapojuwo, “Bridge dwell time and packet
destination based scheduling algorithm for Bluetooth
scatternet,” Proc. IEEE Canadian Conference on Electrical &
Computer Engineering (CCEC’03), Montreal, Quebec, May
4-7, 2003.
K. Luo, A.O. Fapojuwo, (2003) “Impact of Terminal Mobility
on Congestion Control Performance,” IASTED International
Conference on Wireless and Optical Communications (WOC
2003), July 14-16, 2003, Banff, Alberta, pp. 360 – 365.
N. Nzurum, A.O. Fapojuwo, “Resource Management in
Wireless IP Networks,” Proc. 15th International Conference
on Wireless Communications, Calgary, Alberta, July 7-9,
2003, pp. 254 – 260.
O. Salazar, A.O. Fapojuwo, A.B. Sesay, “Impact of Multiple
Routes on QoS routing in mobile ad hoc networks,” Proc.
15th International Conference on Wireless Communications,
Calgary, Alberta, July 7-9, 2003, pp. 110 – 114.
Y. Uhuegbulem, A.O. Fapojuwo, A.B. Sesay, “Performance
Analysis of IEEE802.11 WLANs with exposed nodes,” Proc.
15th International Conference on Wireless Communications,
Calgary, Alberta, July 7-9, 2003, pp. 344 – 350.
M. Seth, A.O. Fapojuwo, “Adaptive resource management
for multimedia wireless IP Networks,” Proc. IEEE Vehicular
Technology Conference-Fall (VTC2003-Fall), Orlando, Florida,
Oct. 6-9, 2003.
J. Lau, A.O. Fapojuwo, “Impact of traffic loading and resource
management schemes on CDMA2000 network performance,”
accepted for presentation in Wireless 2004.
M. Seth, A.O. Fapojuwo, Cross-layer design for QoS support
in next-generation multimedia wireless IP networks,”
accepted for presentation in Wireless 2004, Calgary, Alberta,
July 12-14, 2004.
R. Sizeland, A.O. Fapojuwo, B. Davies, “A new architecture
and MAC layer for QoS support in wireless home networks,”
accepted for presentation in Wireless 2004, Calgary, Alberta,
July 12-14, 2004.
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R. Babbar, A.O. Fapojuwo, B. Far, “Agent-based resource
management in hybrid wireless networks,” accepted for
presentation, IEEE Canadian Conference on Electrical &
Computer Engineering, Niagara Falls, Canada, May 2-5,
2004.
I. Lee, A.O. Fapojuwo, “Characteristics of Wireless LAN Traffic,”
accepted for presentation at the 2004 IASTED International
Conference on Wireless and Optical Communications, Banff,
Alberta, July 8-10, 2004.

DONG

REFEREED CONFERENCE PUBLICATIONS
Xiaodai Dong and Norman C. Beaulieu, “SER of TwoDimensional Signalings in Rayleigh Fading with Channel
Estimation Errors”, IEEE International Conference on
Communications (ICC’2003), Alaska, USA, May 2003, pp.
2763-2767.
Xiaodai Dong and Lei Xiao, “Two-Dimensional Signaling
in Ricean Fading with Imperfect Channel Estimation,” IEEE
Wireless Communications and Networking Conference
(WCNC’2004), Atlanta, USA, March 2004.

REFEREED JOURNAL PUBLICATIONS
Xiaodai Dong and Norman C. Beaulieu, “New Analytical
Probability of Error Expressions for Classes of Orthogonal
Signals in Rayleigh Fading,” IEEE Transactions on
Communications, June 2003, pp. 849-853.
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HIGH-CAPACITY DIGITAL
COMMUNICATIONS LABORATORY

CHRISTIAN SCHLEGEL
iCORE Professor
Electrical and Computer Engineering, University of Alberta
http://ece.ualberta.ca/~hcdc/

The focus of the High-Capacity Digital
Communications (HCDC) Laboratory is
the efficient transmission of digital data
through practically important communications channels, for example, wireless radio
links. The objective is to research, study,
propose, and demonstrate methods and
techniques that can harness each channels
theoretical maximal transfer capability,
called the channel capacity.

EXECUTIVE SUMMARY

T

he 2003/2004 academic year was
marked by a rapid expansion of
our fundamental work in error
control coding and an increase in
the laboratory’s reach within the department, as well as outside. The laboratory
now has five participating ECE faculty
members. The recently launched research
and development group on low-density
parity-check (LDPC) coding research is the
largest, with four active faculty involved
with their graduate students. The project
on multiple antenna channel measurements has reached maturity. The laboratory has forged links with four industrial
entities: SiWorks Inc. in Calgary, and L3
Communications, Sirius Radio, and Aquantia in the US. We have finalized our first two

service contracts with L3 Communications
and talks are under way to use HCDC’s IP
in future funded research projects with
both SiWorks and L3 Communications.
The laboratory hosted two research professors this past year, in addition to two
postdoctoral visitors. One of these visitors
is returning to the HCDC under a two-year
grant from Alberta Ingenuity. A number of
academicshave visited our laboratory during the past year, attesting to the increased
visibility of our laboratory. A large number
of publications have been generated and
can be found on our laboratory website at
www.ece.ualberta.ca/hcdc.
During this phase, the HCDC laboratory
has expanded its team by hiring five new
students, hosting two visiting professors,
and hiring a postdoctoral researcher in
the area of error control coding design,
Dr Dimiti Troukhatchev from Lund University, Sweden. Dr Bruce Cockburn from
the department of Electrical and Computer
Engineering at the Unversity of Alberta
has joined forces with the LDPC group on
a project to generate an LDPC prototype
ASIC decoder using HCDC patented IP. Dr
Cockburn is a specialist in ASIC design
techniques.
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Professor Schlegel has been appointed General Chair
for the IEEE Communication Theory Workshop 2005,
and Technical Program Chair for the 2005 International Symposium on Information Theory in Adelaide,
Australia.
The HCDC was host of the 3rd Analog Decoding Workshop in Banff in June 2004, held in conjunction with
the iCORE Summit. This position arose from HCDC’s
leading activities in the area of analog decoding. We
have recently completed the design and fabrication
of the world’s largest analog CMOS decoder, which is
currently undergoing testing in our laboratory.

RESEARCH PROGRAM OVERVIEW
The focus of activities at the High-Capacity Digital
Communications (HCDC) Laboratory, created by iCORE
Professor Schlegel under iCORE funding, is the efficient transmission of digital data through a variety of
popular transmission channels, most notably wireless
channels. The goal is to transmit digital data with
the least amount of resources, in terms of energy
and bandwidth, and with the maximum amount of
reliability. The laboratory’s name, high capacity, pertains to the capacity limits which were theoretically
established by Claude Shannon in 1948, and which
give each channel a maximum rate at which reliable
communication is theoretically possible. Achieving
this rate has been the research and development
focus of many scientists and engineers over the

past half century. Among a large number of modern
signal processing methods, error control coding is
the single most important technique, which allows
communications engineers to approach this elusive
limit. The main focus of our projects is consequently
the efficient and judicious application of error control
coding and supporting signal processing techniques
to achieve a channel’s inherent data carrying potential
that is, to approach or achieve the capacity limit.
With the help of visiting Professor Marat Burnashev,
the HCDC team has thoroughly analyzed the behavior
of iterative receiver systems for random CDMA using
parallel cancellation approaches. These findings are
fundamental and have been submitted for publication in two separate papers. It has been shown that
judicious choices of rates and powers can achieve a
channel’s capacity, even if only simple, low-complexity cancellation processing is used with simple error
control decoders. Extensions of these findings to
MIMO communications are underway, and are likely
to identify capacity-achieving receiver structures.
Wireless packet networking research has reached a
strong level of activity within the group with several
directions. Firstly, a novel uncoordinated packet
format has been analyzed in its capability to utilize a
large fraction (up to 90 percent) of the radio channels
inherent information theoretic capacity. Further work
on the integration of higher order protocols to enable
such channel utilization is in progress. Furthermore,
HCDC researchers have been tackling the question
of network capacity and devised a linear algebraic
characterization of the connectivity of a random network. This characterization has been used to modify
packet transmission protocols, in particular 802.11,
to achieve higher levels of fairness and total network
throughput. These preliminary results have been submitted totwo different conferences for publication.
In the area of error control coding, the team has
become very active in the study and design of lowdensity parity-check (LDPC) codes, as well as LDPC
convolutional (LDPCC) codes. Several implementations
and decoder architectures have been studied and
readied for implementation. In cooperation with L3, a
novel method of rate compatibility has been invented
and is currently undergoing patenting. The method
may also serve as a standard proposal, pending L3’s
direction.

Christian Schlegel
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The analog and stochastic processing group within the
HCDC team has produced the worlds largest analog
decoder, a 256-bit turbo product decoder which is
currently undergoing detailed testing and verification.
Progress has been made in the design of a completely
analog receiver for ultra-low power applications. The
ultimate research goal in this direction is a receiver
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that can operate at high speeds with scavenged energy
only, suitable for implantable devices, for example.
A working model of a stochastic decoder has been
programmed and is being readied for implementation
in an FPGA.
Stochastic decoding may replace conventional algorithmic decoding if our hypothesis that it can be
implemented with less complexity is verified. This is
a target for the next phase of the project. Two key
invention disclosures have been made and are currently being patented by the university. These will
be used to leverage our industrial component of the
research projects.

ratio timing acquisition and tracking algorithm,
which forms a vital function for future high-capacity communications systems
•

Simulation, theoretical analysis, and implementation of a novel frequency compensation algorithm
developed by HCDC members. This is a critical
component for robust packet transmission systems. Frequency and timing acquisition were
studied for code-division multiple access (CDMA)
based transmission systems. The results will form
the basis for our next step towards implementable
low-SNR receivers for mobile packet transmission
systems.

•

Adaptation of the MIMO test-platform to
make it ready for the implementation of novel
communications systems and testing with real
data communications in circuit and packet
switched mode. The exact formulation of next
year’s goals will be debated at a brainstorming
session with the participation of outside team
members. The current hardware testbed effort will
be channeled into two parallel research efforts:
i) dealing with the issue of multiple joint access
using concurrent but completely asynchronous
transmissions of data packets, and, ii) the
expansion of the MIMO channel measurement
testbed into a MIMO communications prototype
testbed using layering techniques for channel
separation. A unique iterative inversion filter has
been built in VHDL by one of Dr Schlegel’s former
student. This filter can and will be used as a key
component in the layering of subchannels.

•

On the analog decoding front a complete
characterization of the analog product decoder,

ACHIEVEMENTS OVER PAST YEAR
The following is a list of achievements over the past
12 months.
•

Our multiple antenna (MIMO) testbed has been
expanded into a real-time version capable of
capturing channel data fast enough to conduct
high-speed measurements. This activity has been
supervised by Robert Hang. Several demonstrations to local and US industry have been given.
To the best of our knowledge, our real-time
MIMO measurement equipment is currently not
available at any other academic institution, where
measurements are usually performed with off-line
equipment after data collection. The key innovation in this project is a novel low signal to-noise

iCORE Professor
Christian Schlegel and
some of the associated
researchers at the 2004
Banff Information Summit
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construction of an adequate measurement
setup, and dissemination of results has been
accomplished. If the processing core behaves
as expected, the design focus will shift towards
the efficient interface design. Industry contacts
will be pursued and Christopher Winstead, the
senior PhD student on this project, has recently
graduated with these results. New PhD students
are being hired and will pursue the question
of efficient interface technologies, possibly in
conjunction with the iCORE group of Professor
Haslett in Calgary, which specializes in analog RF
technology. The long-term goal will be a complete
analog receiver capable of operating at extremely
low power levels.
•

acquired (MIMO Testbed, Spectrum Analyzer,
Arbitrary Waveform Generator, and Vector Signal
Analyzer), and compare their performance with
theoretical analysis. This acquired implementation
capability led to completion of the Channel
Estimator Design and the start of our work on
packet transmission (both points are described
below) and will enable us to pursue ambitious
goals in the coming year.
•

The HCDC web site has been completely
redesigned and is currently undergoing testing
for completeness and ease of use. It now contains
useful features such as mail buttons and a
complete conference list with links and deadlines
of major conferences that are targeted by HCDC
as forums dissemination of results and on-line
MIMO measurement results. The website is
located at the University of Alberta web address
www.ualberta.ca/hcdc.

On the applied research and development side, the
group can list the following accomplishments:
•

We have reached a significant milestone in
developing a solid and reliable VHDL/Matlab
implementation capability. This capability allows
us to implement novel receiver algorithms, test
them in the real world with the hardware we

The team members that took part in the VHDL development were Michael Mah (co-op student), Billie Kwan
(part-time researcher), and Nikolaj Larionov (summer
student), managed by Robert Hang (research associate) and Dr Christian Schlegel.
•

Dr Kamil Zigangirov, iCORE Visiting Professor

36

We completed the Multiple-Input Multiple-Output
(MIMO) Channel Estimator Design. This is a
significant milestone for the HCDC Laboratory,
as well as for the University of Alberta. To our
knowledge, there is no university (at least in North
America) that has a similar testbed. This Channel
Estimator design is capable of taking real-time
channel measurements of a MIMO channel
in the 905 to 925MHz frequency band. The
design interfaces to Matlab for efficient display
and processing of real-world wireless channel
measurements. The Channel Estimator design
has been demonstrated at various locations:
at the Wireless 03 Conference in Calgary, at
TRLabs Calgary, and to our industry partner, L-3
Communications, in Salt Lake City, Utah, USA.
Two German exchange students who are writing
their thesis projects at the HCDC Laboratory have
completed a regimented measurement campaign
with the goal of generating a comprehensive
measurement database which we are going
to publish on the internet for free access by
researchers on MIMO technology worldwide.

The completion of a Timing Recovery block
(fundamental block of Channel Estimator
Design) allowed HCDC to move on to research
on wireless packet data transmission/reception.
We are currently working on the performance
analysis and VHDL implementation of a novel
packet receiver scheme that will run on the
HCDC hardware testbed. As of December 31,
2003, the VHDL design for the packet receiver is
undergoing testing. The design is being tested in
the lab under real conditions. So far, the testing
reveals that in a low frequency offset situation, the
packet detection algorithm works well. However,
to make the design more robust, we decided to
go back to the drawing board and make it more
resistant to frequency offset. We will implement a
differential detection algorithm to that end. With
fewer resources available (the funding for the
students involved in the design has stopped at the
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end of December) the target date for completion
of this differential packet detection algorithm is
May/June 2004.
The research team for the packet transmitter/receiver
scheme is made up of Michael Mah (co-op student),
Micheal Nham (volunteer student), and Billie Kwan
(part-time researcher) managed by Robert Hang
(research associate) and Dr Christian Schlegel.

OBJECTIVES FOR NEXT YEAR
The objectives for next year are highlighted by the
following points:
On the MIMO channel side it is planned to study
various acquisition and channel tracking methods,
primarily using iterative decoding methods, for their
suitability to achieve the channel capacity and their
implementability in hardware. A particular focus will
be given to mobile channels with rapidly time-varying characteristics in an effort to prove viability of
MIMO technology for mobile applications. A primary
direction of thrust will be the spread pilot embedding
method pioneered by our extended team member Dr
Behrouz Farhang. After theoretical studies concerning channel estimation and tracking in conjunction
with our colleagues have come to a completion, the
implementation of a pilot embedded channel estimation system will be considered. Embedded pilot channel estimation essentially forms a direct and logical
extension of our current MIMO channel measurement
signaling.
Completion of our theoretical studies on near-capacity
communications over multiple access channels using
CDMA and the effective use of error control codes
in such systems is expected to continue in the next
phase. During this period, a complete characterization
of iterative cancellation schemes using random codedivision multiple access (CDMA) channels has been
completed. This know-how is planned to be applied
to MIMO communications systems, possibly resulting in capacity achieving, low-complexity receiver
structures for such channels. This will then open the
possibility to implement such receiver structures in
future testbed implementations.
Our recently initiated studies in the area of efficient
packet transmission systems using advanced joint
receivers is expected to generate guidelines and
results for highly efficient packet structures, as well
as communications protocols. Future implementation of high-density packet test networks is currently
being discussed among the different team members.
During this period, the team has further analyzed a
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novel uncoordinated random packet communications
format and system, and shown that it is capable of
harnessing a large percentage of the capacity of the
radio channel, far outperforming current mobile radio
packet systems.
With the arrival of Dr Stephen Bates as new member
of the HCDC we have one more FPGA hardware expert
on board, and potential new directions that are being
contemplated are the extension of high-capacity
transmission systems to wireline channels, such as
Ethernet. Dr Bates and his students have initiated an
implementation program for extremely high-speed
error control decoding systems for wirebound channels using low-density parity-check convolutional
coding (LDPCC), first proposed by iCORE Visiting
Professor Kamil Zigangirov.
Complete characterization of the analog product
decoder, construction of an adequate measurement
setup, and dissemination of results will be continued. If the processing core behaves as expected, the
design focus will shift towards the efficient interface
design. Golam Mostafa is expected to continue the
effort in the direction of efficient interface technologies, possibly in conjunction with the iCORE group
of Professor Jim Haslett in Calgary, since Christopher
Winstead is graduating this fall and will take up a
faculty position in the US in 2005.
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RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
As of May 2003, the following are the team members of the HCDC Laboratory broken down into two groups:
The Core Team which comprises the permanent members of the research team and the Extended Team, which
comprises members with limited-time association such as graduate students and academic visitors.

Team Leader
PROFESSOR CHRISTIAN SCHLEGEL
iCORE Professor, Canada Research Chair
Dr Schlegel recently completed his research monograph Trellis and Turbo Coding published by IEEE/Wiley, 2004.
He has been appointed General Chair of the 2005 Communication Theory Workshop to be held in June 2005 in Park
City, Utah, and as Technical Program Director of the International Symposium on Information Theory (ISIT 05), to be
held in the fall of 2005 in Adelaide, Australia. He taught the on-line short course “Turbo Coding and Applications”
through Stevens Institute of Technology’s (SIT) on-line short course system. SIT has recently been ranked the number
one on-line university.

Faculty Team Members
ROLE
Dr Witold Krzymieñ, Professor

Associate Member
Professor Krzymieñ acts as an Associate Member and helps the HCDC in
a supervisory role of the laboratory engineers and in an advisory role to
the Chair. Professors Krzymieñ and Schlegel jointly supervise two PhD
students and hold an NSERC strategic grant in the area of wireless and
MIMO communications jointly with Drs. Tellambura, Dong, and Beaulieu.

Dr Vincent Gaudet, Professor

Associate Member
Professor Gaudet is a recent hire by the University of Alberta with a
specialty in analog VLSI and signal processing. He works with Professor
Schlegel in building the analog portion of the HCDC laboratory, and
supervising Christopher Winstead as well as the newly hired graduate
students in the area of analog processing. Professor Gaudet has
taken leadership in the group’s recently formed task force on the
implementation of LDPC codes. This program has received $US 25,000
of initial support from US industry and is poised to acquire a much larger
grant next year.

Dr Stephen Bates, Professor

Associate Member
Professor Bates was hired by the University of Alberta last year and
has joined efforts with HCDC. Dr Bates is an expert in traffic modeling
for wireless networks. He also has industrial experience in design and
production of ASICs. He supports HCDC in its networks research and
is a member of the LDPC task force. He is currently working on the
implementation of LDPC convolutional code, a novel idea that was
examined with Visiting Professor Zigangirov late last year.

Dr Bruce Cockburn, Professor

Associate Member
Professor Cockburn is a University of Alberta faculty member with
expertise in ASIC development. He and his graduate student have joined
forces with HCDC in the LDPC task force. The plan is to implement a stateof-the art digital LDPC decoder to verify novel HCDC intellectual property
recently developed.
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ROLE
Dr Warren Gross, Professor

Associate Member
Dr Gross is an Assistant Professor with the Department of Electrical and
Computer Engineering, McGill University, Montreal, Quebec, Canada. His
research interests are in the design and applications of signal processing
microsystems, VLSI design,coding theory, and computer architecture.

Dr Glen Gulak, Professor

Associate Member
Dr Gulak is a professor in the Department of Electrical and Computer
Engineering at the University of Toronto. His research interests are
in the areas of circuits, algorithms and VLSI architectures for digital
communications and signal processing applications. He has received five
teaching awards for undergraduate courses taught in both the Department
of Computer Science and the Department of Electrical and Computer
Engineering at the University of Toronto.

Research Team Staff
ROLE
Paul Goud

General Lab Director
Mr Goud was hired by the Chair in December 2001 to head the hardware
development of the laboratory. He is in charge of the evolving testbed
and will also execute a supervisory role starting this fall as the hardware
activities expand to include coop students and a new VHDL design
engineer. To date he has been operating and documenting the multiple
antenna testbed. He has interfaced and directed our subcontractors
providing RF designs, interfaced with the L3 Communications VHDL design
team (see Partners), and with SiWorks Inc., with whom we are exploring
error-control coding know-how transfer. Mr Goud has conducted and
supervised channel measurements and written four research papers
on these measurement campaigns and related findings. Chair of the
Communications, Computers and Solid State Circuits (CCSSC) Chapter of
the Northern Canada Section of the IEEE

Robert Hang

VHDL Design Director
Mr Hang was hired by the Chair and Dr Krzymieñ in December 2002 to
lead the VHDL design efforts and FPGA implementations of our test and
prototype equipment. He is in charge of the design details and interfaces
with the Chair and graduate students on the transfer of theoretical results
to FPGA implementation. During the past year, Mr Hang has mainly
concentrated on implementing the timing recovery algorithm required by
the real-time measurement equipment. Recently, he has been involved in
the design of fast LDPC code core components for FPGA implementation.
He is part of the LDPC taskforce. Mr Hang is paid 50 percent by an NSERC
strategic grant held jointly by Professors Krzymieñ, Schlegel, and others.

Charmaine Ramdass

Research Coordinator
Ms Ramdass acts as the Research Coordinator facilitating the flow of
information and administrative responsibilities of the team.
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Extended Team Members
ROLE
Kamil Zigangirov

iCORE Visiting Professor
Professor Zigangirov from Lund University in Sweden visited us last year in
the capacity of iCORE visiting professor. Professor Zigangirov is an expert
in error control coding research and pioneered low-density parity-check
convolutional codes (LDPCC), whose feasibility for very high-throughput
applications is currently being evaluated by Professor Bates and students
in cooperation with Professor Zigangirov.

Marat Burnashev

NSERC Visiting Professor
Professor Burnashev visited the HCDC laboratory for a period of five
months from October 2003 to March 2004. He is a world-renowned
mathematician from Moscow’s famous Institute for Problems of
Information Transmission. Professor Burnashev has assisted the
mathematical direction of the academic research projects in the area of
multiple access and joint detection. Professor Burnashev will visit us again
later this year in the capacity of an iCORE Visiting Professor.

Lance Perez

Academic Visitor
Professor Perez from the University of Nebraska is an associate member
of Dr Schlegel’s team. He is an expert in turbo coding techniques, and is
the co-author to Dr Schlegel book Trellis and Turbo Coding. He is working
with HCDC on a collision-based multiple access system using frequencyshift keyed modulation useful for robust wireless networks. NSF CAREER
Awardee, Editor, Information Theory Society Newsletter

Alex Grant

Academic Visitor
Professor Grant from the University of South Australia is active in the
theory and practice of multiple user communications and is working
with Dr Schlegel on a joint book project and a tutorial on the subject.
He orchestrated the exchange of Dr David Haley, which targeted the
implementation of an LDPC analog decoder, using the analog serial
interface developed by PhD candidate Christopher Winstead.

Behrouz Farhang

Joint Project
Professor Farhang at the University of Utah is working with the HCDC on
the study of efficient channel estimation procedures to be incorporated
into the efficient transmission systems researched for MIMO channels. Dr
Farhang and Dr Schlegel currently co-supervise one graduate student and
a postdoctoral research fellow at the University of Utah. Dr Farhang has a
number of joint publications with HCDC members.

Zhenning Shi

Joint Project
Dr Shi is a Research Associate at the Australian National University. He
worked on joint detection for linear multiple access channels such as
CDMA and MIMO channels. Dr Shi co-authored several papers with Dr
Schlegel and Dr Burnashev on iterative joint detection of CDMA and
MIMO capacity. Cooperation with Dr Shi is expected to continue after his
transfer.

David Haley

Joint Project/Academic Visitor
Dr Haley visited the HCDC last year for a period of three months to work
with our analog design team on transferring know-how and to duplicate
some of HCDC’s analog designs in the implementation of an analog LDPC
decoder. Further cooperation is being discussed.

Dmitry Trukhachev

Academic Visitor
Dr Trukhachev, a former student of Professor Zigangirov’s, visited the
HCDC last year and gave a couple of lectures. Dr Troukhatchev won a twoyear Alberta Ingenuity Fellowship to join HCDC as postdoctoral research
fellow starting this fall.
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ROLE
Zachary Bagley

Partner
Mr Bagley is a principal engineer at L3 Communications and a VHDL/
FPGA designer. He was involved in multiple antenna research conducted
jointly with Dr Schlegel and Dr Farhang. He also acts as a liaison to L3
Communications, and assisted in HCDC’s first US company grant this year.

Shayne Messerly

Joint Project
Mr Messerly is a former MSc graduate from the University of Utah and
currently works for L3 communications. He is supervised by Dr Schlegel
and Mr Bagley. Mr Messerly is an experienced VHDL design engineer, and
has just completed the VHDL design of an iterative Gauss-Seidel filter for
implementation of layering filters for our research in MIMO and CDMA
systeMs

PhD Students
ROLE/TOPIC

Sheryl Howard

Mrs Howard is a PhD student who transferred from Utah with Dr Schlegel.
She is working in the area of efficient coded modulation using iterative
receiver principles. Recently, she added LDPCs to her experience and is
now a leading member of the LDPC task force.

Christopher Winstead

Mr Winstead is a PhD student who transferred from Utah with Dr Schlegel.
He is working on analog decoder implementations. Mr Winstead has
designed and fabricated the world’s first CMOS analog error control
decoder, and now the world’s largest analog decoder which is currently
undergoing testing. Mr Winstead is graduating this fall and will take up a
faculty position with Utah State University in January of 2005.

Sumeeth Nagaraj

Mr Nagaraj is a PhD student who was hired by Dr Schlegel in 2002. He is
working on efficient wireless MAC protocols and wireless packet system
throughput analysis. Mr Nagaraj has a Master’s degree from Utah State
University in Logan, Utah.

Roland Kempter

Mr Kempter is a PhD student from Germany who was hired by Dr Schlegel
in 2002 under L3 funding in Utah. He is working on the capacity limits
of random packet multiple access systems using joint detection at the
receiver. He has recently developed a novel protocol to exploit the capacity
of the random access channel.

Golam Mostafa

Mr Mostafa is a PhD student hired by Dr Schlegel in 2003. Mr Mostafa will
concentrate on analog processing. He comes from his prior job as a design
engineer with Texas Instruments.

Siavash Zeinoddin

Mr Zeinoddin received his masters degree in Germany, and joined the
HCDC as a graduate student last year. His work is in the area of interleaver
design for low error floor coding in turbo and LDPC codes. He is a member
of the LDPC task force.

Jung Ko

Mr Ko joined HCDC as a graduate student last year working on the
software defined radio project guided by Dr Gaudet.

Lukasz Krzymien

Mr Krzymien, a new graduate student at HCDC is working in the area of
multiple antenna systems and simplified layered receiver architectures. He
is directly supervised by Dr Schlegel.

Zhenning Shi

PhD completed 2003. Research topic - Iterative Joint Detection of CDMA,
Australia National University
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MSc Students
ROLE/TOPIC
Dave Nguyen

Mr Nguyen, an MSc student hired in 2003, is part of the analog design
group. He has successfully implemented test chips for our analog decoder
interfaces.

Mimi Yiu

Ms Yiu started working with HCDC as a co-op student on an automated
FPGA test setup to measure and characterize our analog Hamming decoder
implementation. She has now been accepted as a graduate student and
will continue her work on testing of analog decoders.

Soraya Kasnavi

Ms Kasnavi was admitted as graduate student last year and pursues her
MSc degree in the area of circuits for CM-based IP routers.

David Li

Mr Li was admitted as an MSc student last year and pursues work in the
area of CMOS imaging techniques.

Anthony Rapley

Mr Rapley, an NSERC scholar, joined the HCDC two years ago as a MSc
student. His research led him to the study of stochastic decoding, a novel
method that may prove more implementation efficient than conventional
digital circuits. Mr Rapley is supervised by Dr Gaudet. He is also a member
of the LDPC task force.

Tobias Kiefer

Mr Kiefer is a visiting Master student from the University of Applied
Sciences in Offenburg, Germany. He is working on wireless MIMO channel
measurement improving the MIMO testbed software and designing a web
interface for public access to the MIMO channel measurements database.
Mr Kiefer is supervised in Offenburg by Dr Tobias Felhauer and his final
project at the High Capacity Digital Communications Laboratory is being
co-supervised by Dr Schlegel.

Ivan Kocev

Mr Kocev is a visiting Master student from the University of Applied
Sciences in Offenburg, Germany. He is working on wireless MIMO channel
measurement improving the MIMO testbed software and designing a web
interface for public access to the MIMO channel measurements database.
Mr Kocev is supervised in Offenburg by Dr Tobias Felhauer and his final
project at the High Capacity Digital Communications Laboratory is being
co-supervised by Dr Schlegel.

Co-op Students

Michael Mah, ECE Co-op Student
Micheal Nham, ECE Co-op Student

COLLABORATIONS
The HCDC maintains strong academic partnerships as well as liaisons to industry. Currently the following
partners are actively contributing to our program:

L3 Communications, Salt Lake City, Utah
This company has had a long-standing liaison with Dr Schlegel and is currently supporting hardware oriented research efforts by funding Zachary Bagley and Shayne Messerly. Both engineers have developed VLSI
systems for the transmission and reception stages of our hardware testbed. This cooperation is expected
to continue next year. Mr Bagley and Mr Messerly will continue with their work of implementing an iterative
layering processor in FPGA to be used to separate the data streams in our MIMO systems testbed. L3 communications widened its relationship with HCDC by signing a research service agreement for US$25,000,
which is expected to lead into a more substantial research contract next year.

42

iCORE RESEARCH REPORT Volume 3, Fall 2004

SCHLEGEL

North Carolina State University (NCSU)
Joint US NSF funding with NCSU is currently in place with the PIs, Dr Brian Hughes and Dr Gianlucca Lazzi.
The topic of this joint research work is efficient space-time coding systems. The funding currently supports
students at NCSU and Utah. Cooperation on the hardware testbed by duplicating the setup at NCSU continues
to be on hold due to funding problems at NCSU.

University of Utah
A cooperative link exists with the University of Utah where Dr Schlegel works with Dr Behrouz Farhang on
the design of efficient and rapid equalization methods for multiple antenna systems. One remaining Utah
PhD students and a Postdoctoral Research Fellow are jointly supervised by Drs Farhang and Schlegel in this
project.

SiWorks Inc. Calgary
A number of talks and meetings have been held with this Calgary-based wireless company about expertise
and IP transfer from HCDC, primarily the LDPC task force, to SiWorks.
We hope to be able to organize a research cooperation with them soon. They have also provided assistance
in an HCDC Ideas-to-Innovation application to NSERC.

PARTICIPANTS

NATURE OF COLLABORATION
PROVINCIAL

HCDC Laboratory; SiWorks Inc (Calgary)

Application submitted to NSERC for an NSERC I2I grant.
NSERC will decide on this application on June 28th, 2004.

HCDC Laboratory; Ghaith Saab (University of Alberta)

Ghaith Saab (Co-op Engineering student) has been
working on a faster USB interface to our MIMO testbed.
NATIONAL

HCDC Laboratory; University of Toronto team

NSERC SRO application
INTERNATIONAL

HCDC Laboratory; Claude Berrou (ENST-Bretagne, France);
Dr Emmanuel Boutillon (Universite de Bretagne Sud,
France); Texas A&M University, (USA)

Application submitted for an NSERC SRO grant.
Collaboration active between participants.

HCDC Laboratory; Tobias Kiefer and Ivan Kocev
(University of Applied Sciences, Offenburg, Germany).

Tobias Kiefer and Ivan Kocev (Masters students)have been
taking measurements using the HCDC MIMO testbed.
HCDC will use these measurements to build a database.
The data will be available on the HCDC website.

HCDC Laboratory; Semi-Conductor Research Corporation;
Agere

In January 2003 Stephen Bates secured funding from the
Semi-Conductor Research Corporation to investigate the
design and implementation of transceiver architectures
for wireline systems. This project is also backed by
Agere Inc. and looks at designing high-speed decoders
andencoders for applications such as communications
and hard-disk read heads. The funding is to run for 3
years.

INDUSTRIAL
HCDC Laboratory; Dr Ayyoob Abbaszadeh, Senior
Engineer, L3 Communications(USA)

HCDC Laboratory; Dr Ayyoob Abbaszadeh, Senior
Engineer, L3 Communications(USA)

HCDC Laboratory; Zachary Bagley, Principal Research
Engineer, L-3 Communications (USA)

HCDC Laboratory; Zachary Bagley, Principal Research
Engineer, L-3 Communications (USA)

HCDC Laboratory; Dr Behrouz Farhang, Associate
Professor, University of Utah (USA)

HCDC Laboratory; Dr Behrouz Farhang, Associate
Professor, University of Utah (USA)
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FUNDING
Christian Schlegel receives funding from NSERC ($70K/year), CFI ($170K) and the University of Alberta
($550K cash and in kind) to support building his research lab. He received industry funding worth $35K.
Dr. Schlegel holds a Tier 2 Canada Research Chair which is worth $100K per year. He also hosted an iCORE
Visiting Professor, Dr. Kamil Zigangirov.

PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
C. Schlegel, Zhenning Shi, Marat Burnashev, Asymptotically
Optimal Power Allocation and Code Selection for Iterative
Joint Detection of Coded Random CDMA””, submitted to IEEE
Transactions on Information Theory.
S. Howard, C. Schlegel, “Differential Turbo Coded Modulation
with APP Channel Estimation”, IEEE Transactions on
Communications submitted, December 2003.
V. Gaudet and G. Gulak, “A 13.3Mbps 0.35um CMOS Analog
Turbo Decoder IC with a Configurable Interleaver,” IEEE
Journal of Solid-State Circuits, Vol. 38, No. 11, pages 20102015, November 2003.
P. Goud Jr., C. Schlegel, W.A. Krzymien, R. Hang, “Multiple
Antenna Communication Systems - An Emerging Technology”,
Canadian Journal of Electrical and Computer Engineering,
accepted for publication.
C. Schlegel and A. Grant, “Differential space-time turbo
codes,” IEEE Transactions Information Theory, September,
2003.
Z. Shi, C. Schlegel, and B. Farhang-Boroujeny, “Efficient
Approximations to the Capacity Outage of MIMO Channels”,
IEEE Transactions on Communications, submitted, June,
2003.
Haidong Zhu, Zhenning Shi, Behrouz Farhang-Boroujeny,
Christian Schlegel, “An Efficient Statistical Approach for
Calculation of Discrete Capacity of MIMO Channels”,
submitted to IEEE Transactions on Communications, May
2003.
REFEREED CONFERENCE PUBLICATIONS
S. Nagaraj, C. Schlegel, A Channel Accessing Scheme with
Joint Detection Receivers in Ad Hoc Networks, IEEE Wireless
Communications and Networking Conference, 21-25 March,
2004; Atlanta, Georgia.
S. Howard and C. Schlegel, “Differentially-Encoded Turbo
Coded Modulation with APP Channel Estimation”, IEEE
Conference on Global Communications, Globecom 2003,
December 1–5, San Francisco, CA, 2003.
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Z. Shi and C. Schlegel, “Performance Analysis of Iterative
Detection for Unequal Power Coded CDMA Systems,” IEEE
Conference on Global Communications, Globecom 2003,
December 1–5, San Francisco, CA, 2003.
R. Kempter and C. Schlegel, “Capacity And QoS Analysis For
A Novel Packet Based Wireless Access System, Vehicular
Technology Conference, VTC 2003, October 6–9, Orlando,
FL, 2003.
D. Haley, C. Winstead, A. Grant, and C. Schlegel, “An analog
LDPC codec core,” 3rd International Symposium on Turbo
Codes & Related Topics, September 1–5, Brest, France,
2003.
A. Rapley, C. Winstead, V. C. Gaudet, and C. Schlegel,
“Stochastic Circuits for iterative decoding,” 3rd International
Symposium on Turbo Codes & Related Topics, September
1–5, Brest, France, 2003.
C. Schlegel and Z. Shi, ”Turbo Performance of a LowComplexity CDMA Iterative Multiuser Detector”, 3 rd
International Symposium on Turbo Codes & Related Topics,
September 1–5, Brest, France, 2003.
C. Winstead, N. Nguyen, C. Schlegel, and V.C. Gaudet, ‘’Lowvoltage CMOS circuits for analog decoders”, International
Symposium on Turbo Codes, Brest, France, September 2003.
(In Press).
D. Gnaedig, E. Boutillon, M. Jezequel, V. Gaudet, and G.
Gulak, “On multiple slice turbo codes,” accepted for the
3rd International Symposium on Turbo Codes and Related
Topics, Brest, France, September 2003. (In Press)
D. Gnaedig, E. Boutillon, M. Jezequel, G. Gulak, and V.
Gaudet, “Turbo codes roulettes,” accepted for the 19e
Colloque GRETSI sur le traitement du signal et des images,
Paris, France, September 2003. (In Press)
P. Goud Jr, C. Schlegel, R. Hang, W. Krzymien, Z. Bagley, S.
Messerly, M. Nham, W. Rajamani, “Indoor MIMO Channel
Measurements Using Dual Polarized Patch Antennas,” IEEE
PACRIM ‘03, August 28-30, Victoria, BC, Canada.
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H. Zhu, Z. Shi, B. Farhang-Boroujeny, and C. Schlegel,
”An Efficient Statistical Approach for Calculation of MIMO
Channels”, IASTED Int. Conference on Wireless and Optical
Communications WOC 2003, Banff, Canada, July 14–16.

G.G. Messier, and W.A. Krzymien, “A coloured Gaussian
model for CDMA forward link in-cell interference,” VTC
2003-Spring, The 57th IEEE Semiannual, Jeju, Korea, vol. 3,
April 22-25, pp. 2052 –2056.

P. Goud Jr, C. Schlegel, R. Hang, W. Krzymien, Z. Bagley,
S. Messerly, P. Watkins, W. Rajamani, “MIMO Channel
Measurements for an Indoor Office Environment,” IEEE
Wireless ‘03, July 7-9, Calgary, AB, Canada.

R.Novak, and W.A. Krzymien, “SS-OFDM-F/TA system packet
size and structure for high mobility cellular environments”,
VTC 2003-Spring. The 57th IEEE Semiannual, Jeju, Korea,
vol. 2, April 22 - 25, pp. 1438 –1444.

H. Zhu, Z. Shi, B. Farhang-Boroujeny, and C. Schlegel,
”An Efficient Statistical Approach for Calculation of MIMO
Channels”, IASTED Int. Conference on Wireless and Optical
Communications (WOC 2003), Banff, Canada, July 14–16,
2003.

K.W. Ang, and W.A. Krzymien,
stage variable group hybrid
scheme with timing and phase
2003-Spring, Jeju, Korea, April
IEEE formatted pages.

C. Winstead and C. Schlegel, “Importance sampling for
SPICE-level verification of analog decoders,” International
Symposium on Information Theory, ISIT’2003, p.103,
Yokohama, Japan, 2003

C. Schlegel and Z. Shi,”Performance and Complexity of CDMA
Iterative Multiuser Detection,” Proceedings of IEEE ITW 2003,
pp. 111-–114, March 31–-April 4, Paris, France, 2003.

C. Schlegel, Z. Shi and Z. Bagley, ”Low-Complexity Processing
of Randomly Correlated Signals”, International Symposium on
Information Theory, ISIT’2003, Yokohama, Japan, 2003.
C. Winstead, C. Schlegel, and V. Gaudet “Analog iterative
decoding of error control codes: A tutorial,” Canadian
Conference on Electrical and Computer Engineering, 2003,
Montreal, May 2003, pp.1539-1542.
D. Haley, C. Winstead, C. Schlegel, and A. Grant “Architectures
for error control in analog sub threshold CMOS,” Australian
Communication Theory Workshop, 2003.
P. Kota and C. Schlegel, “A wireless packet multiple access
method exploiting joint detection,” Proc. ICC’03, vol. 4, pp.
2985 -2989, Anchorage, AK, USA May 11-15
B. Farhang-Boroujeny and C. Schlegel, “Efficient Multicarrier
Realization of Full-Rate Space-Time Orthogonal Block
Coded Systems”, Proc. ICC’03, pp. 2267-2271, May 11-–15,
Anchorage, AK, USA, 2003.
D. Mazzarese, and W.A. Krzymien, “High throughput downlink
cellular packet data access with multiple antennas and multiuser diversity,” VTC 2003. The 57th IEEE Semiannual, vol. 2,
April 22-25, pp. 1079 –1083.
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errors,” in the Proc. of VTC
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BOOKS AND CHAPTERS
C. Schlegel and I. Perez, Trellis and Turbo Coding, IEEE/Wiley
2004. ISBN 4-47122755-2
C. Schlegel and A. Grant, Coordinated Mulit-User
Communications, Kluwer Academic Publishers, expected
in 2005.
SPECIAL/INVITED PRESENTATIONS
INVITED CONFERENCE PUBLICATIONS AND SEMINARS
C. Schlegel and Z.Shi, “Optimal Power Allocation and Code
Selection in Iterative Detection of Random CDMA”, invited
paper IZS 2004. Zurich, Switzerland, February 18-20,
2004.
C. Schlegel and R. Kempter, “Capacity And QoS Analysis For
A Novel Packet Based Wireless Access System,” Vehicular
Technology Conference, VTC 2003, October 6–9, Orlando,
FL, 2003.
C. Schlegel and C. Winstead, ``Analog Decoding: State of the
Art, to be presented at the ISSSTA 2004, Sydney Australia,
September 2004.
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This iCORE Chair award, which began in
January 2001, focuses on research related
to outdoor and indoor wireless location,
high performance navigation and positioning using satellite and ground-based Radio
Frequency (RF) techniques, integration
with self-contained sensors for personal
navigation, and the development of innovative applications. The various projects
conducted during the reporting period
consisted of a mix of long-term basic research projects and projects arising from
the constant interface with existing, and
new, industrial partners.

EXECUTIVE SUMMARY

S

trong collaboration with several faculty members within the University
of Calgary and one at the University
of Alberta, in addition to a wide
range of external partnerships and strategic alliances with industry and goverment,
significantly contributed to the progress
achieved on 10 major research projects.
These ranged from studies on the impact
of RF interference on satellite-based
navigation signals to the development of
advanced signal processing techniques
for implementation in a software Global
Navigation Satellite System receiver for
GPS and Galileo. These research projects

resulted in personnel training, publications and intellectual property transfer.
Personnel training directly by the Chairholder consisted in the completion of four
MSc and three PhD students, the hiring
of several senior research associates and
the supervision and co-supervision of 35
MSc and PhD candidates, and internship
and visiting students. Eleven papers were
published and eight were accepted for
publication in refereed journals, and over
30 were presented at conferences and
published in conference proceedings.
The Chairholder made numerous invited
oral presentations in Canada and abroad.
Intellectual property transfer consisted in
the licensing of software and in technology
transfer through external contracts and
grants. New collaborations were added to
the existing ones, namely with Northrup
Grumman, U.S.A, the Italian Government, Navtech Seminars Inc, U.S.A, and
an Alberta-based agricultural company.
In recognition of their efforts, numerous
members of the research team and collaborators received research excellence
awards and accolades.
Thanks to the success of the Chairholder
and his collaborators in securing external
sponsors for the above research activities,
$1.2M was raised in external funding over
the past year, in addition to the iCORE
grant of $0.5M. In addition, the licensing of intellectual property in the form of
software generated $0.5M. The objective
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to use the iCORE grant to leverage additional funds
has been exceeded with approximately $3.5 dollars
attracted for every dollar of iCORE investment.
The objectives for the forthcoming 12-month period
are to conduct a mix of planned and opportunitydriven research and development. The latter is considered most important for the overall activities of the
Chairholder’s group to remain relevant, innovative,
and to maximize economic benefits that contribute
to Alberta’s development.

RESEARCH PROGRAM OVERVIEW
The specific research objectives for this reporting
period were as follows:
•

Study the propagation properties of RF waves at
1.5 GHz through various materials for outdoorto-indoor ranging purposes;

•

Study the feasibility of integrating self-contained
MEMS sensors with RF techniques for personal
and vehicular location and navigation in urban
canyons and indoor;

•

Continue the development of the multiple
reference station technique MultiRef™ for GPS
real-time kinematic positioning and proceed
with the deployment of a test and demonstration
network in Southern Alberta;

•

Continue investigations of ground-based cellular
telephone CDMA location techniques;

•

Continue the development of Galileo and
combined GPS/Galileo technologies;

•

Continue investigations related to the use of
high sensitivity GPS receivers under outdoor and
indoor signal masking conditions and design new
applications;

•

Initiate the development of a software GNSS
transmitter and receiver to conduct fundamental
research on GNSS performance and under
interference and jamming sources;

•

Seek, create and exploit new opportunities related
to wireless location, positioning, navigation and
innovative applications as they arise, for example,
application of GPS to intelligent transportation
systems and wireless location and communication
application to the Alberta agriculture industry.

These objectives were achieved partly as a result of
effective collaboration with other faculty members in
the Department of Geomatics Engineering and strategic alliances with outside partners and sponsors.
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RESEARCH PROJECTS
The following 10 major projects were the focus of the
Chairholder’s team during the reporting period:

1) Indoor GPS Location
This research activity remains central to the activities of the research group. Investigations into the
performance of high sensitivity equipment were
continued under a variety of actual and simulated RF
environments at 1.5 GHz. The investigations were
sub-divided into three sub-tasks, namely field testing, propagation channel modeling and hardware
simulations. The field tests consisted of static and
kinematic measurements made in selected environments to assess signal fade and noise, carrier phase,
range and Doppler measurement quality, and related
location availability and accuracy. They included
selected downtown and campus buildings such at
the Calgary Centre for Innovative Technology and the
Olympic Oval. These measurements are being used
to characterize the GPS signal propagation channel
and its stochastic properties under these environments. The second sub-task, still on-going, consisted
in designing theoretical propagation channel models
with adaptive parameters to account for different RF
environments. In the third sub-task, the possibility
of reproducing in a stochastic sense various indoor
RF environments using a GPS hardware simulator,
was investigated. This research is important as it will
allow high sensitivity GPS receiver manufacturers
and cellular telephone service providers to conduct
performance analysis and compliance testing under
known and controlled conditions. Such compliance
testing is required by the U.S. FCC and will likely be
required by other regulatory agencies.
This work was conducted in cooperation with Professors Cannon and Klukas, Department of Geomatics
Engineering; Spirent Communications, U.K.; Nokia
Mobile Telephone Company, Finland; and with the
assistance of SiRF Technology Inc., CA.

2) Outdoor/indoor vehicular and personal
location and navigation using GPS
integrated with self-contained sensors
Methods to estimate the performance of HSGPS in signal degraded environments for improving pedestrian
and vehicular navigation were investigated. Receiver
Autonomous Integrity Monitoring (RAIM) techniques
to improve the accuracy and reliability of stand-alone
HSGPS in various signal-degraded environments
(indoor, suburban, urban canyons) were designed and
evaluated using actual measurements made outdoor
and indoor in pedestrian and vehicular modes. Due to
the harsh RF environment present in the environments
described above, it was shown that RAIM methods
iCORE RESEARCH REPORT Volume 3, Fall 2004
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are generally insufficient to improve performance.
The design and evaluation of a foot-mounted system
consisting of an array of accelerometers and magnetoresistive sensors to improve the relative movement
of the pedestrian outdoor or indoor was completed.
Investigations into thermal effects on accelerometers
and gyros were continued. Several strategies to augment HSGPS with self-contained miniature MEMS
sensors, either foot or torso mounted, to improve
performance were designed and are being evaluated.
In the vehicular case, augmentation with electronic
maps was evaluated and a novel application to traffic
congestion analysis was developed. One of the papers
presented on this work received an award at the GPS
2003 international conference held in the U.S.A.

land aircraft on aircraft carriers. In this context, the
benefits of an inertial system under jamming and
other harsh RF environments were investigated. The
implementation of an in-flight alignment process for
inertial systems was also initiated to allow for the use
of GNSS/INS integrated systems under a wider range
of applications. Previously developed SAINT™ (Satellite And Inertial Navigation Technology) software was
enhanced and licensed to several organizations.

This work was partly conducted in cooperation with
Professor Cannon and Professor El-Sheimy, Department of Geomatics Engineering, SiRF Technology Inc.,
U.S.A., Professor K. Fyfe, Department of Mechanical Engineering, University of Alberta; Professor A.
MacIver, Department of Civil Engineering, and with
some financial support from industry; and the Auto
21 National Centre of Excellence.

4) Assessment of GPS II/III and Galileo
Signal Performance

3) High performance GPS and GPS/INS
integration
Methods to improve differential carrier phase GPS
navigation and guidance accuracy and reliability performance were further investigated, with emphasis
on real number carrier phase ambiguity positioning
accuracy using augmentation with tactical grade
inertial systems. Much of this research was conducted
in collaboration with the U.S. Navy to autonomously

This work was conducted in cooperation with Professor Cannon, Department of Geomatics Engineering.
Financial assistance was received from the U.S. Navy
through a contract with ARINC to test algorithms and
methods.

GPS II/III and Galileo signals will use two important
innovations in their signal structures aimed at reaching better ranging performance, namely Binary Offset
Carrier (BOC) modulation, and a pilot (data-less) channel operating in quadra-phase with the data channel.
BOC modulation provides an efficient spectral separation from current signals as well as better inherent
tracking, multipath and narrow-band interference
mitigation, but faces a ranging bias threat due to its
multi-peak autocorrelation functions. The development of novel and effective algorithms to remove
completely this tracking ambiguity has been initiated.
The availability of a pilot signal will have a tremendous
impact on tracking performance as no data transition,
which limit the gain in the signal-to-noise ratio, will
be present in this channel. Development of an inno-

Gérard Lachapelle and
some members of the
research team at the 2004
Banff Informatics Summit
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vative combination of data/pilot channels to achieve
better tracking with low-power signals and improve
multipath mitigation is under way. A patent application is being submitted for this work.

involved with this method. In addition, two alternatives multiple reference station approaches are in
development, which are significantly different than
the traditional approaches.

Likewise, the GPS L5 signal, which will be in a protected civil aviation frequency band, will be encoded
by a Neumann-Hoffman code to mitigate narrow-band
interference that is a serious threat in an airport
environment. This code, however, raises problems
when trying to acquire the signal, as it creates small
correlation spikes that might fail the acquisition process and it increases the mean acquisition time. New
algorithms to improve signal acquisition performance
are being developed and tested.

A novel integration of the multiple reference station
approach with atmospheric correction provided by
the National Oceanic and Atmospheric Administration
(NOAA) has been successfully tested using a variety of
GPS reference station networks supported by the US
Coast Guard. This and ongoing tests are the first of
a series of tests of the NOAA correction grid model.
Investigations into using the Southern Alberta medium
scale network to estimate atmospheric water vapour
variations in real-time and contribute to meteorology
were continued. This effort is expected to contribute
to meteorological research in the long term. Numerous parts of software MultiRef™ were enhanced as a
result of this research and more powerful real-time
software functions were developed. The developed
methods were the central contribution of two journal publications and five conference proceedings
papers.

5) High precision multiple reference station
GPS real-time kinematic positioning and
GPS meteorology
Continuing research into the use of multiple reference station for precise kinematic carrier phase GPS
positioning has been conducted. A network of 14 GPS
stations, 11 of which are reporting data in real-time,
is now operational in southern Alberta and being
actively used by a group of eight graduate students
supervised by three faculty members. Ten of these
fourteen stations are equipped with meteorological measurement instruments for water vapour and
atmospheric studies. This network is assisting with
the development of advanced multiple reference
station precise positioning methods as well as the
development of real-time multiple reference station
software. This exposes the operational consideration

The above research was conducted in cooperation
with Professors Cannon and Skone, Department of
Geomatics Engineering; the Universita’ Degli Studi
di Napoli Parthenope, Italy; and with the assistance
of the Applanix Corporation, Toronto; and the Korea
Astronomy Observatory.

6) Wireless location using ground based
systems
Works to provide outdoor and indoor location were
continued and selected key techniques were the
focus in these investigations, such as non-recursive
TDOA/AOA location solution, array signal processing
techniques for NLOS (Non line-of-sight) error mitigation, NLOS error modelling in typical urban area, and
vector channel estimation approaches. The integration
of ground-based solutions with GPS was also further
studied using simulated ground network and actual
GPS measurements. The test results demonstrated
the effectiveness of the method and a project was
later initiated to develop a prototype receiver capable
of making measurements on 1.9 GHz CDMA cellular
signals, to test the above approaches in the field. A
best paper award was received at the GPS 2003 international conference held in the U.S.A. for this work.

Gérard Lachapelle
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This research was conducted partly in cooperation
with Professor Klukas, Okanagan University College
and Adjunct Professor in the Department of Geomatics Engineering; Professor J. Nielsen, Department of
Electrical and Computer Engineering; and with some
financial assistance from the Department of National
Defence. Further support from DND to pursue this
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research will be received during the next twelve
months.

7) Development of a GNSS software
transmitter and receiver
The development of GNSS software transmitter and
receiver capable of operating with the current GPS and
the forthcoming GPS II and III, as well as the forthcoming Galileo system was continued. Two versions
of post-mission GPS L1 C/A code software receiver,
namely a MATLAB and a C version were developed.
These fulfill most of the key functions of a hardware
receiver, such as IF signal acquisition, tracking, data
demodulation, navigation solution, and are currently
used in several research projects to improve the signal
processing performance. The multi-threaded software
approach, where subsystems are realized through
independent threads, makes the receiver a very valuable tool for a variety of research tasks.
This project is being conducted in cooperation with
Professor Cannon and has been entirely funded by
the Chairholder’s iCORE grant. Several organizations
have already expressed interest in this research and
external funding is likely to result from this investment during the next twelve months.

8) GPS Interference and Jamming
GPS receiver performance is affected by unintentional
and intentional RF interference sources. These can
result in loss of signal tracking and/or tracking errors,
depending on the severity of the effect and receiver
signal tracking sensitivity and other signal tracking
characteristics. Undetected tracking errors can result
in large position errors. Partial loss of tracking also
results in geometry degradation, which affects position accuracy. Research was conducted to develop
procedures to test GPS receiver performance under a
variety of unintentional and intentional interference
sources and to apply these procedures to test specific
military and high-end civilian receivers through a
series of hardware in the loop simulations. Interference sources were characterized and specific tests
were developed utilizing the Spirent GSS-6560 GPS
Simulator and the GSS-4765 Interference Suite. Jamming and anti-jamming techniques were analysed.
These tests are being used to develop and further test
interference mitigation techniques utilizing the GNSS
software receiver being developed by the group.
This research was conducted partly in cooperation
with Professor Cannon, Department of Geomatics
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Engineering; Professor J. Wight, University of Carleton;
and with the Department of National Defence as part
of its involvement in specific military programs with
NATO allies.

9) Use of Navigation in Intelligent
Transportation Systems
The development of algorithms for probe vehiclebased traffic monitoring, in particular real-time traffic
incident detection, was the focus of this research. Two
primary traffic incident indicators were developed
using probe vehicle tracking data. The performance
of the system with varying GPS performance levels and
different probe penetration levels was addressed. A
proof-of-concept study was conducted with field surveys in collaboration with Calgary Transit, Calgary’s
transit authority. Further performance issues were
analyzed using a traffic microsimulator with a wide
range of incident scenarios. The analysis has found
that traffic incidents can be detected at over a 90
percent success rate with less than a 5-minute time
lag between the incident occurrence and the detection
with only a 5 percent probe penetration level.
As an integral part of the research, a High Sensitivity
GPS (HSGPS) and map-matching augmented vehicle
tracking algorithm was developed. The algorithm
was analyzed using transit and non-transit vehicle
tracking data from downtown and suburban Calgary
and resulted in a 90 percent success level in correctly identifying the vehicle location at street level.
Augmentation with low-cost self-contained sensors
was also investigated as a part of an extension to the
vehicle-positioning algorithm.
This research was conducted in cooperation with
Professor Andrew MacIver, Department of Civil Engineering.

10) Development of a Professional Course
on Indoor GPS Location
A three-day course consisting of 600 slides dealing
with fundamental theory, case studies and advanced
applications was developed to promote the capability
of the Chairholder’s group and intellectual property.
The course was given in the U.S.A., Denmark and Finland to a total of 100 attendees during the reporting
period, in collaboration with Navtech Seminars Inc.,
U.S.A. One software license and research funding are
already being negotiated as a result of this new and
effective marketing thrust.
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OBJECTIVES FOR THE NEXT YEAR
The planned objectives for the forthcoming period
can be sub-divided into two groups, namely planned
and opportunity-driven R&D, as described below. The
latter group is considered most important for the
overall activities of the Chairholder’s group to remain
relevant, innovative and to maximize economic benefits that contribute to Alberta’s development.

Planned Research and Development
•

Continue several of the projects in progress
described above.

•

Given the proven importance of the GNSS
software receiver development initiated during
the previous period, accelerate its development
and testing, and design and start the development
of a GNSS software receiver that can be integrated
with self-contained sensors in an ultra-tight
mode. Discussions with a Canadian industry
partner to leverage iCORE funding for this project
are underway.

•

•

Develop novel and diverse applications of the
multiple reference station technique, MultiRef™,
for GPS real-time location and applications by
possibly forming a strategic alliance with the
City of Calgary as part of an emerging Calgary:
An Urban Laboratory project.
Accelerate research on various aspects of
Galileo and seek collaborative opportunities
with countries involved in the Galileo program
to develop highly qualified personnel that will
subsequently help the Canadian wireless location
and navigation industry to compete effectively as
Galileo-related products and applications start to

be developed on a large industrial scale within
the next five years. Protect intellectual property
being developed in this area through patenting.
•

Seek partners and sponsors to procure a new
generation of GPS II/III – Galileo simulators in
order for the group to remain in the forefront
of academic wireless location and navigation
research worldwide. The total cost of this unique
infrastructure will be of the order of $2M.

•

Continue to support the Department of National
Defence’s NAVWAR goals.

Opportunity-Driven Research and
Development
•

Continue to monitor evolving location and
communication technologies, especially disruptive
technologies, and emerging novel applications
and markets.

•

Conceptualize and design innovative methods,
algorithms, processes and applications for niche
markets.

•

Match the above potential thrusts with current
personnel capabilities and acquire new in-house
expertise and/or develop new collaborations as
required.

•

Form strategic alliances to develop and test the
above, maximize the creation of new intellectual
property in the process and create new business
opportunities for the Alberta high technology
industry.

•

The above may include for instance the design and
use of new combined location/communication
technologies for agriculture, energy exploitation
and homeland security.

RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
The on-site and off-site research team members, including their role and research topics are listed in the
tables below. Another table list the awards received by team members.
It should be noted that since most graduate students are not Canadian, they are not eligible for NSERC scholarships. In addition, since they are studying in Geomatics Engineering, the few Canadians who receive NSERC
scholarships are not eligible for iCORE supplements. Thus 90 percent of these students must be funded by
the Chairholder’s grants.
Many PhD and MSc students are in co-supervision. This is done for three reasons, namely (1) to enrich the
learning and research experience of the students, (2) to assist the Chairholder in managing his workload,
and (3) to provide inexperienced faculty members in the department with graduate student supervisions.
Co-supervision is also used very effectively to develop collaboration with other academic departments on
campus, nationally and abroad.
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Team Members on Site
NAME

ROLE

TOPIC

G. Lachapelle,

Team Leader

M.E. Cannon, Geomatics Engineering

Faculty Team Member

Satellite-based location, positioning
and navigation, interference, integrated
systems

N. El-Sheimy, Geomatics Engineering

Faculty Team Member

GPS/MEMS sensor integration

S. Skone, Geomatics Engineering

Faculty Team Member

GPS meteorology

R. Klukas, Adjunct Professor, Geomatics
Engineering and Associate Professor,
Okanagan University College, B.C.

Faculty Team Member

RF propagation, GPS indoor location,
ground-based cellular telephone location
systems

J. Nielsen, Electrical and Computer
Engineering

Faculty Team Member

Design, prototyping and evaluation of
CDMA equipment for wireless location

Research Associates, Internship and Visiting Students
NAME

ROLE

TOPIC

M. Petovello

Senior Research
Associate

Design of advanced GPS/INS integration
algorithms and carrier phase GNSS
positioning

C. Ma

Senior Research
Associate

GNSS software receiver development and
ground-based wireless location

J. Schleppe

Senior Research
Associate

Wireless location/communication
integration and system testing

G. MacGougan

Research Associate

Indoor GPS location evaluation

A. Morton

Senior Research
Associate

GNSS software receiver development*

L. Dong

Research Associate

GNSS software transmitter development
and GNSS simulations

A, Wieser

Visiting Scientist

Design and reliability of GPS/INS
integration algorithms

J. Park

Visiting Scientist

GNSS high precision positioning and GPS
meteorology

Lance de Groot

Internship Student

Precise multiple reference stations DGPS
RTK software testing

Daniel Lemmon

Internship Student

Precise multiple reference stations DGPS
RTK software development

C. Karunanayake

SAIT Internship
Student

System testing and software development

V. Schwartzendruber

Summer Student

Wireless location/communication system
testing

L. Encinas

Visiting International
Student (Brazil)

Navigation and timing systems

P. Stein

Visiting International
Student (Brazil)

Pedestrian navigation systems

F. Masquarenc

Visiting International
Student (France)

RF signal interference effects

C. Mongredien

Visiting International
Student (France)

Galileo BOC signal tracking performance
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PhD Candidates
NAME

TOPIC

C. Ma (with co-supervisor)

Advanced ground-based techniques to improve wireless
location performance

K. O’Keefe (with co-supervisor)

Investigation into potential navigation systems for the
planet Mars

M .Rajabi (co-supervisor)

Use of satellite imagery for digital terrain modeling

O. Julien (with co-supervisor)

Development of Galileo BOC signal acquisition and
tracking techniques

B. Zhen

Development of GPS L5 signal acquisition and tracking
techniques

O. Mezentsev

Integration of GPS and inertial navigation systems for
personal outdoor/indoor navigation

C. Basnayake (with co-supervisor)

GPS-based transit probe system for an advanced traveler
information system

Y. Ahn

High performance multiple reference station GNSS RTK

P. Alves (with co-supervisor)

High performance multiple reference station GNSS RTK

Walid Abdel-Hamid (co-supervisor)

MEMS-based INS/GPS for vehicular positioning and
navigation

J. Collin (co-supervisor, Tampere Univ. of Technology)

Integration of GPS and MEMS sensors for personal
outdoor/indoor navigation

H. Kuusniemi, (co-supervisor, Tampere Univ. of
Technology)

Reliability of personal navigation and location systems

R. Edwards (co-supervisor, Carleton University)

RF interference and jamming and counter-measures

MSc Candidates
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NAME

TOPIC

G. MacGougan

High sensitivity GPS receiver performance evaluation
under signal masking

C. Wang

Attitude determanation system development using GPS
integrated with low cost sensors

R. Stirling

Foot-mounted pedestrian navigation system
development and testing

L. Dong

GPS software signal transmitter development

R. Watson

Indoor GPS propagation channel modeling

D. Karunanayake (co-supervisor)

Assisted-GPS performance analyses

D. Dao

High performance multiple reference station GNSS RTK

P. Lian

GPS signal tracking loop performance enhancement

J. Zhi

GPS signal interference analyses

B. Lin

GPS/communication integration

M. Guojiang

Development of GNSS software receiver aiding methods
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NAME

TOPIC

L. Encinas

GPS/INS integration system performance evaluation

S. Srinivas

Ground-based wireless location system analyses

T. Hu

Indoor GPS propagation model evaluation and
enhancement

J. Angelo, MEng (co-supervisor)

GNSS signal tracking and interference effects

AWARDS
AWARDEE

AWARD

G. Lachapelle

Fellow, Canadian Academy of Engineering, May 03

G. Lachapelle

Fellow, U.S. Institute of Navigation, Jun 03

G. Lachapelle

Honorary Professorship, Universita’ Degli Studi Di
Napoli Parthenope, Naples, Italy, Oct 2003

M.E. Cannon (Collaborator)

NSERC Steacie Followship, 2002-2004

M.E. Cannon (Collaborator)

Faculty of Engineering Departmental Research
Excellence Award, 2003

M.E. Cannon (Collaborator)

Faculty of Engineering Research Excellence Award, 2003

C. Ma, PhD candidate

Best Student paper award, GPS 2003 International
Conference, Portland, OR, September 2003

G. Pugliano, PhD candidate

Best Student paper award, GPS 2003 International
Conference, Portland, OR, September 2003

N. Nicholson, V. Hoyle, S. Skone, M.E. Cannon and G.
Lachapelle

Best Paper Presentation Award, GPS 2003 International
Conference, Portland, OR, September 2003

G. Lachapelle, H. Kuusniemi, D. Dao, G. MacGougan,
and M.E. Cannon

Best Paper Presentation Award, GPS 2003 International
Conference, Portland, OR, September 2003
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COLLABORATIONS
Active collaboration in the form of joint research projects and/or funded research projects took place with a
variety of individuals on the University of Calgary campus and external organizations, as listed in the table
below.

INSTITUTION

RESEARCHERS

NATURE OF COLLABORATION

PROVINCIAL
Dept of Geomatics Engineering,
University of Calgary

M. E. Cannon, N. El-Sheimy and S.
Skone

GNSS and MEMS sensors

Dept of Mechanical Engineering,
University of Alberta

K. Fyfe, R. Stirling

Personal location using selfcontained sensors

Dept of Civil Engineering, University
of Calgary

A. MacIver

Use of GPS for traffic modeling

Dept of Electrical and Computer
Engineering, University of Calgary

J. Nielsen, G. Jullien, J. Haslett, M.
Okoniewski

Development of firmware for
communication and wireless
location

Calgary Transit

Traffic monitoring experiments

National
Dept of Electronics, Carleton
University

R. Edwards, J. Wight

GPS interference analysis

Dept of Electrical and Informatics
Eng, University of Sherbrooke

J. de Lafontaine, F. Michaud

NCE Auto 21 collaborative
vehicular driving systems and
integrated systems

DND/DRDC-Ottawa

J. Bird, M. Vinnins

RF interference studies in GNSS

INTERNATIONAL
Universita’ Degli Studi di Napoli
Parthenope, Italy

G. Pugliano

Multiple reference station GPS RTK
positioning

Tampere University of Technology,
Finland

J. Takala

Personal location and navigation

U.S. Navy - NAWC

J. Davis & W. Gelatka

Aircraft buffeting measurements
Indoor GPS location professional
course

Navtech Seminars Inc., U.S.A.
Ministry of Finance, Govt of Italy

R. Capua

Multiple reference station GPS RTK
positioning

Korea Astronomy Observatory

J. Park

Multiple reference station GPS RTK
positioning and GPS meteorology
INDUSTRIAL

Nokia Mobile Telephone Company,
Finland
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Wireless location of cellular
telephones

SiRF Technology Inc, U.S.A.

G. Turetzky, L. Garin

Assisted GPS receiver evaluation

Spirent Communications, U.K.

P. Boulton, A. Read

Indoor location simulation
enhancements

ARINC U.S.A./U.S. Navy

F. Allen, R. Brashears

Joint Precision Approach and
Landing System

NovAtel, Calgary

T. Murfin

GPS/Galileo performance analyses

Applanix Corporation, Toronto

B. Scherzinger

GPS RTK and software GNSS/INS
receivers

Northrup Grumman, U.S.A.

P. Brunner

GPS/INS integration algorithms
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INTELLECTUAL PROPERTY
Significant intellectual property was created during the reporting period and transferred to industry using
two mechanisms, namely research contracts and software licenses. The latter are summarized in the table
below, together with potential company spinoff. University Technologies International, the licensing arm of
the University of Calgary, licensed the software to third parties. Over $500k of revenue was generated by
software licenses during the reporting period. In addition to the above, some of the intellectual property
developed by the grant holder was transferred to third parties (industry and Canadian and foreign government agencies through grants and contracts. The value of this activity during the reporting period was of the
order of $500k. The total value of intellectual property transfer during the reporting period was therefore
of the order of $1M.

NAME AND DESCRIPTION

STATUS

LICENSES
MultiRef™

Multiple GPS reference station
software for high precision
positioning and navigation – software
initiated in 2000 and being
continuously enhanced. Authors: G.
Lachapelle and M.E. Cannon

Third license in so many years,
to a European government
agency, for $230k, plus on-going
discussions with a European group
of universities for a multiple-site
license

SAINT™

Satellite And Inertial Navigation
Technology, new algorithms for the
real-time processing of combined
GPS and inertial navigation system
measurements. Software initiated in
2002 and still be enhanced. Authors:
M. Petovello, M.E. Cannon and G.
Lachapelle

Licensed to 3rd parties in three
different countries, for an aggregate
amount of $170k

HEADRT+™

GPS software for the determination
of a mobile platform’s attitude
parameters. Second generation
software initiated in 2000 and
enhanced in 2003 to include
integration with low-cost MEMS
sensors.Authors: G. Lachapelle and
M.E. Cannon

Technology successfully embedded
in a commercial product by a major
U.S. corporation.

NDL™

Navigation Development Library.
Software initiated in 2001, and being
continuously enhanced. Authors: G.
Lachapelle, M.E. Cannon, M. Petovello,
G. MacGougan, J. Liu, P. Alves and K.
O’keefe

One license to a foreign company,
$70k

FLYKINRT+™

GPS software that uses carrier phase
measurements for high accuracy
navigation in real-time. Second
generation software largely completed
in 2003

License revenue of $28k during
reporting period

GNSS Software Receiver

Software initiated in late 2002.
The current version is already used
by many students for their thesis
research in interference, signal
processing, etc. Final name to be
assigned

On-going discussion with two
Canadian and one foreign
organizations

GNSS Software Transmitter

First version of software initiated in
2002 and completed in 2003. Final
name to be assigned

On-going discussion with one
foreign companies

Other software

Includes C3NAVG2™, SEMIKIN™, etc

Revenues still generated from
previous licenses
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INTELLECTUAL PROPERTY
SPINOFF COMPANY
Alberta-based company

Intense research efforts with
an Alberta-based company are
taking place to develop new ICT
technologies to apply to the Alberta
agricultural sector. In view of the
potential of these technologies and
the competition from outside the
province, this major effort is being
kept highly confidential

Project was initiated in October
2003 and will go on until at least
September 2005

FUNDING
Gérard Lachapelle leads a team that receives funding from a diverse set of partners including various industry
partners (~$130K), the Department of National Defense ($60K) and the US Navy and Coast Guard ($300K).
He and his team receive funding from NSERC (over $500K) and participate on the Automobile of the 21st
Century National Centre of Excellence. Dr Lachapelle is a Tier 1 Canada Research Chair which is worth $200K
per year.
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PUBLICATIONS
REFEREED JOURNALS
G. Pugliano, P. Alves, M.E. Cannon, and G. Lachapelle (2004)
Valutazione delle prestazioni di un approccio Multi-Reference
Station avanzato per il posizionamento e la navigazione.
Atti dell’ Istituto Italiano di Navigazione, 174 (March issue),
49-66.
G. Lachapelle, and M.E. Cannon (2004) Global Navigation
Satellite Systems – Capabilities and Opportunities. Canadian
Aeronautics and Space Journal, 50, 1, 49-59.
R. Klukas, O. Julien, L. Dong, M.E. Cannon, and G. Lachapelle
(2004) Effects of Building Materials on UHF Ranging Signals.
GPS Solutions, 8, 1, 1-8.
C. Wang, G. Lachapelle, and M.E. Cannon (2004) Development
of an Integrated Low-Cost GPS/Rate Gyro System for Attitude
Determination. Journal of Navigation, Royal Society of
Navigation, Cambridge University Press, 57, 1, 85-101.
O. Mezentsev, J. Collin and G. Lachapelle (2003) Vehicular
Navigation in Urban Canyons Using a High Sensitivity GPS
Receiver Augmented with a Medium-Grade IMU. Gyroscopy
and Navigation, 4, 43, 73-84.
M. Vinnins, G. Lachapelle, M.E. Cannon, S. Dosso, and G.
Heard (2003) High Latitude Altitude. GPS World, 14,10
(October), 16-27.
L. Fortes, M.E. Cannon, G. Lachapelle, and S. Skone (2003)
Optimizing a Network-Based RTK Method for OTF Positioning.
GPS Solutions, 7, 2, 61-73.
U. Dogan, G. Lachapelle, L. Fortes, and S. Ergintav (2003)
A Study of the Tectonically Active Marmara Region, Turkey,
Using GPS. Canadian Journal of Earth Sciences, 40, 9
(September), 1191-1202.
R. Klukas, G. Lachapelle, C. Ma, and G. Jee (2003) GPS
Signal Fading Model for Urban Centers. IEEE Proceedings
- Microwaves, Antennas and Propagation, 150, 4 (August
2003), 245-252.
N. Luo, and G. Lachapelle (2003) Relative Positioning of
Multiple Moving Platforms using GPS. IEEE Transactions on
Aerospace and Electronic Systems, 39, 3, 936-948.
J. Liu, M.E. Cannon, Pl. Alves, M.G. Petovello, G. Lachapelle,
G. MacGougan and L. DeGroot (2003) A Performance
Comparison of Single and Dual Frequency GPS Ambiguity
Resolution Strategies. GPS Solutions, 7, 2, 87-100.
CONFERENCES
C. Basnayake, O. Mezentsev, G. Lachapelle, M.E. Cannon
(2004) A Portable Vehicular Navigation System Using High
Sensitivity GPS Augmented with Inertial Sensors and Mapmatching. Paper 04CONG-98, CD-ROM Proceedings of 2004
Society of Automotive Engineers, Detroit, MI, 8-11 March,
9 pages.
O. Julien, P. Alves, M.E. Cannon and G. Lachapelle (2004)
Improved Triple-Frequency GPS/Galileo Carrier Phase
Ambiguity Resolution Using a Stochastic Ionosphere
Modeling. Proceedings of NTM 2004 (San Diego, January
24-28), 441-452.
K. O’Keefe, G. Lachapelle, and S. Skone (2004) Simulated
Positioning Performance of the JPL Mars Network Operating
in Conjunction with the European Netlanders Mission.
Proceedings of NTM 2004 (San Diego, January 24-28), 614623.
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M. Petovello, M.E. Cannon, G. Lachapelle, A. Huang and
V. Kubacki (2004) Integration of GPS and INS Using Float
Ambiguities with Application to Precise Positioning for
JPALS. Proceedings of NTM 2004 (San Diego, January 2428), 1126-1136.
P. Alves, Y. Ahn, J. Liu, G. Lachapelle, D. Wolfe, and A.
Cleveland (2004) Improvements of USCG RTK Positioning
Performance Using External NOAA Tropospheric Corrections
Integrated with a Multiple Reference Station Approach.
Proceedings of NTM 2004 (San Diego, January 24-28), 689698.
H. Kuusniemi, and G. Lachapelle (2004) GNSS Signal Reliability
Testing in Urban and Indoor Environments. Proceedings of
NTM 2004 (San Diego, January 24-28), 210-224.
L. Dong, C. Ma, and G. Lachapelle (2004) Implementation
and Verification of a Software-Based IF GPS Signal Simulator.
Proceedings of NTM 2004 (San Diego, January 24-28), 378389.
C. Wang, and G. Lachapelle (2004) Development of a Low-Cost
Solution for GPS/Gyro Attitude Determination. Proceedings
of NTM 2004 (San Diego, January 24-28), 267-276.
J. Collin, H. Kuusniemi, O. Mezentsev, G. MacGougan and
G. Lachapelle (2003) HSGPS under Heavy Signal Masking
– Accuracy and Availability Analysis. Website [www.nornav.
org] Proceedings of NORNA 03 Conference – Navigation in
the 21st Century (Stockholm, Dec 2-4), 11 pages
L.P. Fortes, M.E. Cannon, G. Lachapelle, and S. Skone
(2003) Uso de Multi-estações GPS de referência para
posicionamentos RTK. CD-ROM Proceedings of Brazilian
Cartographic Congress, September 29-Oct 3, 14 pages.
G. Pugliano, M.E. Cannon, and G. Lachapelle (2003) Tecnica
GPS RTK Multi-Reference Station: Sperimentazione sulla
rete test Campania GPS Network. CD-ROM Proceedings of
Conferenza Nazionale ASITA, Verona, 28-31 October 2003,
6 pages.
G. Lachapelle, O. Mezentsev, J. Collin and G. MacGougan
(2003) Pedestrian and Vehicular Navigation Under Signal
Masking Using Integrated HSGPS and Self Contained Sensor
Technologies. CD-ROM Proceedings of 11th World Congress,
International Association of Institutes of Navigation (Berlin,
21-24 October), 29 pages.
G. Pugliano, P. Alves, M.E. Cannon, and G. Lachapelle (2003)
Performance Analysis of a Post-Mission Multi-Reference RTK
DGPS Positioning Approach. CD-ROM Proceedings of 11th
World Congress, International Association of Institutes of
Navigation (Berlin, 21-24 October), 20 pages.
M.E. Cannon, C. Basnayake, S. Crawford, S. Syed and G.
Lachapelle (2003) Precise GPS Sensor Subsystem for Platoon
Control. Proceedings of GPS 2003 (Session C1, Portland, OR,
9-12 September), The Institute of Navigation, 213-224.
M. Petovello, O. Mezentsev, G. Lachapelle and M.E. Cannon
(2003) High Sensitivity GPS Velocity Updates For Personal
Indoor Navigation Using Inertial Navigation Systems,
Proceedings of GPS2003 (Session F6, Portland, OR, 9-12
September), The Institute of Navigation, Alexandria, VA,
2886-2896.
P. Alves, Y. Ahn, and G. Lachapelle (2003) The Effects of
Network Geometry on Network RTK Using Simulated GPS
Data, Proceedings of GPS 2003 (Session F3, Portland, OR,
9-12 September), The Institute of Navigation, 1417-1427.
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G. Pugliano, (2003) Testing of a Multi-Reference Station
Network for RTK DGPS Positioning in Italy, Proceedings of
GPS 2003 (Session F3, Portland, OR, 9-12 September), The
Institute of Navigation., 1406-1416.

O. Julien, P. Alves, M.E. Cannon and W. Zhang (2003), A
Tightly Coupled GPS/GALILEO Combination for Improved
Ambiguity Resolution, Proceedings of the GNSS 2003
Conference, Graz, April 22-25, 14 pages (CD-ROM).

G. Lachapelle, H. Kuusniemi, D. Dao, G. MacGougan, and
M.E. Cannon (2003) HSGPS Signal Analysis and Performance
Under Various Indoor Conditions. Proceedings of GPS 2003
(Session C3, Portland, OR, 9-12 September), The Institute
of Navigation. 1171-1184.

A. Leonard, H. Krag, G. Lachapelle, K. O’Keefe, C. Huth,
and C. Seynat (2003) Impact of GPS and Galileo Orbital
Plane Drifts in Interoperability Performance Parameters. CDROM Proceedings of GNSS 2003, The European navigation
Conference (Graz, Austria, 22-25 April), Session C2 on
Interoperability, 11 pages.

J. Collin, O. Mezentsev and G. Lachapelle (2003) Indoor
Positioning System Using Accelerometry and High Accuracy
Heading Sensors. Proceedings of GPS 2003 (Session C3,
Portland, OR, 9-12 September), The Institute of Navigation.
1164-1170.
N. Nicholson, V. Hoyle, S. Skone, M.E. Cannon and G.
Lachapelle (2003) 4-D Troposphere Modeling Using a
Regional GPS Network in Southern Alberta. Proceedings of
GPS 2003 (Session D4, Portland, OR, 9-12 September), The
Institute of Navigation, Alexandria, VA, 1718-1727.
C. Ma, (2003) Integration of GPS and Cellular Networks to
Improve Wireless Location Performance. Proceedings of
GPS 2003 (Session C4, Portland, OR, 9-12 September), The
Institute of Navigation, 1585-1596.
G. Pugliano (2003) Testing of a Multi-Reference Station
Network for RTK DGPS Positioning in Italy, Proceedings of
GPS 2003 (Session F3, Portland, OR, 9-12 September), The
Institute of Navigation, 1406-1416.
G. Lachapelle, O. Julien, G. MacGougan, M.E. Cannon, and
S. Ryan (2003) Ship GPS Multipath Detection Experiments.
Proceedings of Annual Meeting, U.S. Institute of Navigation
(Albuquerque, N.M., June 23-25), 217-229.
C. Basnayake, and G. Lachapelle (2003) Accuracy and
Reliability Improvement of Standalone High Sensitivity GPS
Using Map Matching Techniques. Proceedings of Annual
Meeting, U.S. Institute of Navigation (Albuquerque, N.M.,
June 23-25), 209-216.
G. Lachapelle, A. Morton, M. Petovello and M.E. Cannon
(2003) Improving the USCG DGPS Service: Analysis of
Potential System Upgrades and Their Effects on Accuracy,
Reliability and Integrity. CD-ROM Proceedings of U.S. Coast
Guard eDGPS Symposium, Norfolk, VA, June 17-19, 28
pages.
C. Ma, R. Klukas, and G. Lachapelle (2003) An Enhanced
Two-Step Least Squared Approach for TDOA/AOA Wireless
Location. Proceedings of International Conference on
Communications 2003, Anchorage, Alaska, USA, May 11-15,
Vol.2, pp. 987-991
O. Mezentsev, J. Collin and G. Lachapelle (2003) Vehicular
Navigation in Urban Canyons Using a High Sensitivity GPS
Receiver Augmented with a Medium-Grade IMU. Proceedings
of the 10th Saint Petersburg International Conference on
Integrated Navigation Systems, 26-28 May, pp. 64-70.
C. Ma, R. Klukas, and G. Lachapelle (2003) Mitigation of
NLOS Error in AOA Wireless Location. Proceedings of 17th
Annual International Symposium on AeroSense, SPIE Vol.
5084, (Orlando, 21-25 April), 28-38.
G. Lachapelle, M.E. Cannon, R. Klukas, S. Singh, R. Watson,
P. Boulton, A. Read and K. Jones (2003) Hardware Simulator
Models and Methodologies for Controlled Performance
Assessment of High Sensitivity AGPS Receivers. CD-ROM
Proceedings of GNSS 2003, The European navigation
Conference (Graz, Austria, 22-25 April), Session A2 on Indoor
Navigation, 21 pages.
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R. Stirling, J. Collin, K. Fyfe and G. Lachapelle (2003) An
Innovative Shoe-Mounted Pedestrian Navigation System. CDROM Proceedings of GNSS 2003, The European navigation
Conference (Graz, Austria, 22-25 April), Session F3 on
Pedestrian Navigation, 15 pages.
C. Basnayake, G. Lachapelle, and A. MacIver (2003) A GPSBased Calibration Tool for Microscopic Traffic Simulation
Models. CD-ROM Proceedings of SMART Moving Conference,
Birmingham, UK (April 7-10), 11 pages.
M. Petovello, M.E. Cannon, and G. Lachapelle (2003) Kalman
Filter Reliability Analysis Using Different Update Strategies.
CD-ROM Proceedings of 14th Symposium on Navigation,
Canadian Aeronautics and Space Institute, Montréal, April
28-30., 12 pages
SEMINARS, INVITED PRESENTATIONS AND LECTURES
P. Alves, and G. Lachapelle (2004) Multiple Reference Station
DGPS RTK For Sub-Decimeter Level 3D Positioning. USM GPS
Workshop Carrier Phase GPS Navigation for Hydrographic
Surveys, and Seamless Vertical Datums, Long Beach, MS,
16-18 March
G. Lachapelle, and M..E. Cannon (2003) CCIT Research in
Positioning, Location and Navigation. Presented to CCIT
Board of Directors, 2 December.
M.E. Cannon, and G. Lachapelle (2003) Remote Vehicle
Technology Research and Development. Presented at Alberta
Remote Vehicle Technology Conference, Calgary, October
21-23.
G. Lachapelle, (2003) Global Navigation Satellite Systems
Opportunities and Challenges. Invited Presentation,
Universita di Napoli “Parthenope”, Naples, 17 October.
G. Lachapelle, M.E. Cannon, R. Klukas, G. MacGougan, R.
Watson and S. Singh (2003) GPS Performance Under Weak
Signal Environments and Indoor. Presented at ION Alberta
Section, Calgary, 22 May.
G. MacGougan, G. Lachapelle and M.E. Cannon (2003)
Hardware GPS Simulations for High Sensitivity GPS Receivers.
Presented at Spirent Federal Systems Simulator Conference,
Anaheim, CA 15-16 May.
G. Lachapelle (2003) GPS Signal Availability Indoor and in
Urban Canyons Using a High Sensitivity Receiver. Presented
to Southern California and San Diego Sections of the U.S.
Institute of Navigation, May 12-13.
TECHNICAL REPORTS
J. Schleppe, N. Kim, S. Deshpande, G. Lachapelle and
M.E. Cannon (2004) GPS Signal Degradation Simulation
Test Procedures and Results – Rockwell Collins DAGR and
Raytheon DAGR Receivers. Report prepared for DRDCOttawa, Department of National Defense, 155 pages
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M.E. Cannon, G. Lachapelle, Y. Ahn, P. Alves, P. Lian, J. Liu,
A. Morton, M. Petovello and J. Schleppe (2004) Improving
the Existing USCG DGPS Service: Analysis of Potential
System Upgrades and Their Effect on Accuracy, Reliability
and Integrity. Report prepared for the United States Coast
Guard, Portsmouth, VA., 70 pages.
M. Olynik, M.E. Cannon, M. Petovello, and G. Lachapelle
(2003) Measurement of Aircraft Buffeting Using GPS
Technologies for Non-Acoustic ASW Systems. Report
Prepared for Electro-Optics Sensors Branch, Naval Air Warface
Center Aircraft Division, NAWC, Patuxent River, MD.
R. Watson, R. Klukas and G. Lachapelle (2003) Investigation
of High-Accuracy AOA in IS-95 Systems Using a Monopulse
Technique. Report Prepared for Defense Research
Development Canada, Department of National Defense,
Ottawa, December 2003.
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M.E. Cannon, G. Lachapelle, P. Alves and S. Crawford (2003)
Airborne Data Processing Using the MultiRef Method in PostMission – Phase II, Final Contract Report to Applanix Corp.,
February, 40 pp.
M.E. Cannon, G. Lachapelle, P. Alves and A. Huang (2003)
Airborne Data Processing Using the MultiRef Method in
Post-Mission – Phase III, Final Contract Report to Applanix
Corp., November, 17 pp.
C. Ma, R. Watson, R. Klukas and G. Lachapelle (2003) Tactical
Outdoor Positioing System (TOPS). Report Prepared for
Defense Research Development Canada, Department of
National Defense, Ottawa, August 2003.
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BROADBAND
WIRELESS NETWORKS,
PROTOCOLS, APPLICATIONS,
AND PERFORMANCE
WIRELESS
INTERNET TRAFFIC MODELLING

CAREY WILLIAMSON
iCORE Professor
Department of Computer Science, University of Calgary
http://www.cpsc.ucalgary.ca/~carey/

Dr Carey Williamson is completing the
third year of an initial five-year appointment in this position. As of January 1,
2004, he also holds an NSERC/TELUS/
iCORE Industrial Research Chair (IRC) in
Wireless Internet Traffic Modeling. The
combined research team of 18 members
(faculty, research staff, and graduate
students), works on interests in wireless
networks, Internet technologies, and network performance. Much of the research
is experimental in flavour, with an applied
focus on industrially-relevant network
and protocol performance issues.

EXECUTIVE SUMMARY

T

his document summarizes
research activities for the reporting year of April 1, 2003 to
March 31, 2004. The highlights
of this reporting year include:
•

the awarding of an NSERC/TELUS/
iCORE IRC in Wireless Internet Traffic
Modelling;

•

expanding the team to 10 graduate
students, 7 research staff, and 1 new
faculty member;

•

3 graduate students successfully
complete their MSc programs;

•

authoring or co-authoring over
20 research papers (3 journal, 10
conference, 3 book chapters, 1
internal report, 4 submitted, 6 in
preparation);

•

receiving the balance of funding
required for the ELISA laboratory.

RESEARCH PROJECTS
This section describes selected projects
underway by the research group in 20032004. The number of projects discussed
is small, for space reasons. The chosen
projects reflect the variety of network
performance research carried out in the
group, and complement the larger set of
projects discussed in reports from previous years.

1) Portable Networks
We have continued our research on wireless Web servers and the “portable networks” paradigm. The portable network
concept refers to the deployment and use
of Web servers, media servers, or computing resources in a wireless ad hoc networking environment, without requiring any
pre-existing network infrastructure.
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In this project last year, we explored the feasibility
of wireless Web server deployment in classroom area
networks. This work was carried out primarily by
Research Associate Guangwei Bai and MSc student
Kenny Oladosu, with technical assistance provided
by Martin Arlitt, Nayden Markatchev, and Tianbo
Kuang.
A new emphasis in this past year has been on wireless media streaming in a portable network scenario.
PhD student Jean Cao did a live field trial of a wireless media server with a French film class in March
2004. Her experiment successfully delivered up to 8
concurrent stored video streams to students using
laptops in the wireless ad hoc classroom network.
The student reviews of the technology in support of
learning were very favourable. Research staff member
Nayden Markatchev has done additional experiments
with both live and stored video, using multicast. These
experiments were part of his CPSC 502 course project
work. A further field trial is planned for the Olympic
Oval in 2004 in collaboration with Professor Jeff Boyd
(Computer Science). His objective is to use computer
vision and motion analysis to support the coaching
and training of high-performance athletes.
We believe that portable networks offer a flexible and
cost-effective solution for multimedia content delivery
for education, training, or entertainment purposes.
The University of Calgary has our Intellectual Property
disclosure from last year regarding this work, but to
the best of our knowledge no arrangements for patenting or licensing have been pursued. Three conference publications have resulted from the work so far,

Carey Williamson
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with one journal paper in preparation for submission
in summer 2004.
This project unifies many of the topics on which the
team’s graduate students and research staff are currently working. The challenges include not just Web
content delivery, but also request scheduling, wireless media streaming, quality of service, TCP protocol
performance, caching, security, and ad hoc routing.
This project also provides a natural linkage to new
faculty member Anirban Mahanti, whose specialty is
multimedia content delivery systems on the wired
Internet. Wireless access networks change many of
the assumptions on which his multicast streaming
systems are based.

2) Multi-Channel MAC Protocols
The TCP protocol often suffers from throughput
and fairness problems in multihop wireless ad hoc
networks. The problems arise from hidden node and
exposed node problems, which can lead to channel
contention in the forward direction between TCP DATA
packets that are part of the same TCP flow control
window, as well as contention between TCP DATA
and TCP ACK packets flowing in opposite directions.
This contention problem arises because of the single
channel shared by the wireless devices in the network.
The adverse impact on TCP throughput is drastic,
particularly as the number of hops in a network communication path increases.
Our research is studying the performance of multichannel Medium Access Control (MAC) protocols.
Multi-channel protocols have been proposed in the
literature. A multi-channel configuration offers N
channels, with 1 control channel and N – 1 data channels. Channel access is coordinated using the control
channel, with frame transmissions carefully scheduled
on the data channels to reduce interference problems
and increase spatial reuse of frequencies, improving
overall system throughput. Our work is carried out
using ns-2 network simulation.
In our work, we propose and evaluate a novel bidirectional multi-channel MAC protocol designed to
improve TCP performance over a multihop wireless
network. The protocol uses multiple transmission
channels at the physical layer to reduce TCP DATADATA contention, and bidirectional RTS/CTS channel
reservations to reduce TCP DATA-ACK collisions.
Simulation results on a static multihop chain network show up to 65 percent improvement in TCP
throughput compared to a conventional IEEE 802.11
MAC protocol. Part of this benefit comes from the
multi-channel feature, but the bidirectional channel
reservations play an equally important role. Fairness is
also improved, since contention is confined to a short
handshake period on the control channel.
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This work has been carried out primarily by Research
Associate Tianbo Kuang, with some assistance from
Research Associate Qian Wu. One paper has been
written describing this work, and is ready for submission at this time.

3) Anonymous Network Communication
The goal of an anonymous communication scheme is
to keep the identities of communicating parties secret
from eavesdroppers and adversaries. Two types of
anonymity are required to anonymize an application
fully: data anonymity hides identities on an application-specific basis (for example, remailers that remove
identifying information from email headers), and
connection anonymity hides identities at the network
layer by obscuring communication patterns.
Anonymous communication is important for certain
network applications. For example, sender anonymity is required for applications such as e-voting and
e-counseling for victims of abuse, while receiver anonymity may be needed to protect freedom of speech
when publishing certain documents on the Web. Other
applications may require both sender anonymity and
receiver anonymity, as well as unlinkability, so that
sender-receiver relationships cannot be discerned.
Military communication between allied groups is an
example where unlinkability is desirable, since an
enemy may gain tactical advantages from a structural
understanding of communication patterns.
There have been several systems proposed for
providing anonymous network communication. For
example, Mixes provide anonymity by re-routing a

message through a series of intermediate nodes,
using layered encryption to hide the contents of a
message from hop to hop. Broadcasting approaches
send each encrypted message to everyone, though
only the intended receiver has the key required to
decrypt the message.
MSc student Andreas Hirt has spent the past year
designing, implementing, and evaluating an anonymous communication scheme. Andreas is co-supervised by Michael Jacobson (with expertise in cryptography, security, and computational number theory)
and myself (with expertise in networks, protocols,
and performance evaluation).
The design of our anonymous communication scheme
is based on the Buses protocol from the literature.
Buses provide strong mutual anonymity without the
overhead incurred by mixes and broadcasting. The
Buses protocol uses the metaphor of a city bus with
a scheduled route through the network. The bus
hides a message’s route through the network just
like a public transit bus hides a passenger’s route
through a city.
Andreas has implemented and evaluated his modified Buses protocol in a Linux cluster environment.
Several modifications to the original Buses protocol
were necessary to protect against replay attacks, to
make the protocol scalable, and to make it practical
for implementation. To the best of our knowledge,
Andreas has created the first practical implementation
of any Buses protocol in the literature. The experiments show that his protocol is indeed scalable: the

Carey Williamson and
some research team
members at the 2004
Banff Informatics Summit
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overhead of the protocol grows linearly with the
number of nodes in the network.
This work is exciting and significant. Our measurement results show that our protocol is a promising
alternative for providing strong anonymity with manageable overhead. The potential impact of this work
on Internet-based communication is huge.
Two research papers have been prepared related to
this work. One paper is a comprehensive survey of
anonymous communication schemes from the literature, complete with careful analyses of the strengths
and weaknesses of each scheme. One main conclusion from this survey paper is that Buses are one of
the most promising approaches to anonymous communication. The second paper is a description of the
design, implementation, and experimental evaluation
of our modified Buses protocol. Both papers have been
submitted for possible publication, and are currently
in the review process.
Extension of the protocol to wireless ad hoc networks
remains as the primary challenge for Andreas when
he starts the PhD program in September 2004.

OBJECTIVES FOR THE NEXT YEAR
Two exciting Internet technologies are the World Wide
Web and wireless networks. The Web has made the
Internet available to the masses, through its TCP/IP
protocol stack and the information-hiding principle

of layering. Wireless technologies have revolutionalized the way people think about networks, by offering
users freedom from the constraints of physical wires.
These technologies are available today, in laptop or
handheld form, at relatively modest cost. Mobile users
want to exploit the functionality of the technology
at their fingertips, as wireless networks bring closer
the “anything, anytime, anywhere” promise of mobile
networking.
My research program focuses on combining wireless
technologies and the Web, maximizing the value of
each. This applied research program has a strong
focus on experimental computer systems performance research.
The general goals of the research program are:
•

Identify protocol performance problems in
wireless Web communication systems;

•

Propose and evaluate creative solutions to these
performance problems; and

•

Promote deployment of wireless Web infrastructure
at the University of Calgary

Progress was made on each of these objectives this
year. Similar objectives related to the NSERC IRC were
also pursued.

RESEARCH TEAM MEMBERS AND
CONTRIBUTIONS
The research team currently consists of two faculty
members, seven full-time research staff, and nine
graduate students (one of whom is co-supervised).
The main additions to my research team during this
year were:
Anirban Mahanti. Anirban joined the Department of
Computer Science as an Assistant Professor on January
1, 2004. His hiring fulfills the University of Calgary’s
commitment for a junior faculty position supporting
this iCORE Professorship. While it took two recruiting
years to fill this position, we definitely found the right
candidate for the job.

Carey Williamson and Lane
Mearns at an iCORE event
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Anirban’s research expertise is Multimedia Streaming/Internet Content Delivery Systems. He does
experimental computer systems research, using
implementation, simulation, and analytical modeling.
He successfully defended his PhD dissertation (supervised by Derek Eager) on March 2, 2004 at the U. of
Saskatchewan. I have known Anirban for over 5 years,
and have had many successful research interactions
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with him in that time. He is a perfect fit for my research
group, and I am delighted to have him join us.

Mobility project. I am pleased to welcome her to my
research team and to the Province of Alberta.

Anirban has no teaching duties during his first semester at the University of Calgary. His main efforts have
been finishing 1 or 2 papers related to his thesis,
setting up his research lab using his startup grant,
applying for an Alberta Ingenuity Grant, preparing
his NSERC Discovery Grant application, and preparing
lecture materials for his upcoming teaching duties in
Fall 2004. Anirban expects to have 2 new graduate
students for September 2004. I am serving as a mentor to Anirban as he starts his academic career.

Yujing Wu. Following the NSERC IRC award, I shortlisted several candidates for a Post-Doctoral Fellowship (PDF) position within my IRC research team. I
interviewed two of these candidates in Calgary in
December and January, and then selected Yujing
Wu for the position. She has a PhD in Electrical and
Computer Engineering from the University of Massachusetts at Amherst in 2003. This is a well-regarded
school, particularly in Computer Science and Computer Engineering. Yujing’s work on performance
modeling of network queues was supervised by
Professor Weibo Gong. Yujing has a solid publication
record, including collaborations with Lixin Gao in ECE
at UMass, and a paper co-authored with Professor
Don Towsley, a distinguished researcher from the
Department of Computer Science at UMass, who I
know quite well. Yujing Wu has first-rate credentials,
and I look forward to working with her. She joined
my team on February 1, 2004.

Hongxia Sun. Hongxia joined my research team in
September 2004. She has a 1999 PhD in Computer
and Communication Engineering from Southwest University in China, and several years of post-doctoral
wireless networking research experience in North
America, first with Dr. Joseph Hui in the Telecommunications Research Center at Arizona State University,
and most recently with Dr. Herman Hughes in the
Wireless and High Speed Networks Lab at Michigan
State University. Her background and publication
record fit very well with the needs of my TELUS

In addition, two new graduate students (Alok
Madhukar and Ian Wormsbecker) were admitted in
September 2003.

Research Team Members
FACULTY TEAM NAME

ROLE

TOPIC

Carey Williamson

Team Leader

Wireless Internet Performance

Anirban Mahanti

Assistant Professor

Multimedia

OTHER RESEARCH TEAM MEMBERS

EXPERTISE

Martin Arlitt

Web Performance, Network Traffic Measurement, Workload
Characterization, P2P Networking, Grid

Guangwei Bai

Internet Traffic Modeling, Wireless Web Measurement

Tianbo Kuang

Wireless Traffic Measurement, Media Streaming

Qian Wu

Network Simulation, TCP/IP, ns-2

Hongxia Sun

Simulation/Analytic Modeling, CDMA, Cellular

POSTDOCTORIAL FELLOWS

TOPIC

Yujing Wu

Simulation/Analytic Modeling, Wireless, CDMA
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PHD STUDENTS

TOPIC

Xiaozhen (Jean) Cao

Wireless Multimedia, Middleware, QOS

Mingwei Gong

Queue Scheduling, Wireless Performance

MSC STUDENTS

TOPIC

Abhinav Gupta

Location-Aware Ad Hoc Routing

Andreas Hirt

Network Security and Anonymity

Gwen Houtzager

Optimizing Web Proxy Cache Placement

Alok Madhukar

P2P Support in Wireless Ad Hoc Networks

Dan Munteanu

General-Purpose Network Processors

Ian Wormsbecker

Minimizing Wireless Network Contentions

Fang (Shelly) Xiao

Fairness Issues for Wireless TCP

Kehinde (Kenny) Oladosu

Performance and Robustness Testing of Wireless Web Servers

Yujian (Peter) Li

Modeling Web/TCP Transfer Latency

SUPPORT AND TECHNICAL STAFF

TOPIC

Nayden Markatchev

Network/System Administration, Lab Manager ,Network
Simulation, Mobile Computing

AWARDS
In this reporting year, the Chair was awarded an NSERC/TELUS/iCORE Industrial Research Chair (IRC) in
Wireless Internet Traffic Modeling. This is a major award that increases the size of the research team and
research program budget by about 50 percent. It also adds a national level of recognition to the stature of
the iCORE research program.
Three of my students received scholarship awards this year. Andreas Hirt received a prestigious NSERC
CGS scholarship for his PhD program starting in September 2004. PhD student Jean Cao received an NSERC
Industrial Postgraduate Scholarship plus a TRLabs Fellowship. MSc student Alok Madhukar received a TRLabs
Scholarship.
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COLLABORATIONS
PROVINCIAL
At the University of Calgary, the research team interacts closely with the TeleSim research group coordinated by Rob
Simmonds and Brian Unger. We attend weekly joint meetings with the TeleSim group, who have broader interests in
parallel/distributed simulation, high performance computing, and grid computing. Several jointly authored publications
have resulted in the past few years. The chairholder has attended two strategic planning meetings of the so-called
“Wireless Pillar” group at the University of Calgary. This group is fostering multidisciplinary collaboration on wireless
research initiatives at the U of C. Several other iCORE researchers (for example, Graham Jullien, Gerard Lachapelle, Jim
Haslett) are part of this group, along with CRC Chairholder Michal Okoniewski.
The chairholder is an affiliated researcher with CISAC (Centre for Information Security and Cryptography), organized by
iCORE Chair Hugh Williams.
MULTIDISCIPLINE OR MULTI-INSTITUTIONAL PARTNERSHIPS
The main multi-institutional partnership involves the CFI-funded Experimental Laboratory for Internet Systems and Applications
(ELISA), being constructed jointly between the University of Calgary and the University of Saskatchewan. CFI-matching funds
totaling $626,482 were awarded to the University of Saskatchewan by the Province of Saskatchewan in Spring 2003.
Research Services at the University of Calgary is drafting an inter-institutional agreement with the University of Saskatchewan
regarding the ELISA project. This process has been underway for about 18 months. A one-year extension to the ELISA project
has been sought and received from CFI so that the equipment acquisition process can proceed. The project end date is
now March 31, 2005. The RFP process for equipment was completed in late January 2004. All equipment decisions have
been made, and purchase orders are ready to send at the University of Saskatchewan. However, orders are on hold until the
University of Calgary completes the inter-institutional agreement.
A second collaborative initiative is hosting the 2005 ACM SIGMETRICS Conference. Derek Eager (University of Saskatchewan)
and the chair are sharing duties as General Chairs for this conference, which is the premiere annual international conference
on computer systems performance evaluation. Approximately 150 conference attendees are expected for the conference on
June 6-10, 2005. We have selected Banff as the location, with the Banff Park Lodge as the conference hotel.
INDUSTRY
TELUS MOBILITY
My primary industrial interaction has been with TELUS Mobility in Toronto, as part of my NSERC/TELUS/iCORE Industrial
Research Chair in Wireless Internet Traffic Modeling.
One trip was made to TELUS Mobility in September 2003 to discuss progress and plans on the Wireless Internet Traffic
Modeling project. We met with Michael Wu, Dave Keegstra, Christina Czernuszka, and others at TELUS Mobility to update
them on research results, to obtain further information about their wireless/cellular CDMA networks, to tour their
facilities, and to discuss plans for the NSERC IRC.
A significant portion of the Chair’s research time this past year was spent on network capacity planning work suggested
by TELUS Mobility. Research team member Hongxia Sun and the Chair did most of this work, spending many CPU hours
on call-level simulations of network performance for widely-varying network traffic models. Regular teleconference call
meetings were held with TELUS Mobility during this work, with a 20-page internal technical report provided to TELUS
Mobility in December 2003 as a deliverable. The report was received by TELUS in December, and finalized and approved
in January 2004. The contents of this report are confidential to TELUS Mobility and cannot be described here.
We have established reasonable research momentum on this project, including the development of a user interface and a
call-level simulation tool for network capacity planning, and simulation results illustrating the sensitivity of call blocking
performance to different assumptions about the network workload. Most of the interface design and tool development
work was done by research team member Qian Wu. Most of the simulation validation testing was done by Jean Cao. Most
of the simulation studies were done by Hongxia Sun. TELUS Mobility seems pleased with our progress to date.
Two telephone meetings with TELUS Mobility took place in the past quarter. Collection of measurement data from the
TELUS Mobility network is the primary focus for the next year (Year 2) of the project. A non-disclosure agreement (NDA)
has been signed with Telus Mobility, which will allow us to have access to more detailed configurational and operational
information about their network.
My research activity on this project has been limited this semester due to teaching commitments. Research activity will
resume in earnest in Summer 2004.
TRLABS
The chair joined TRLabs as an Adjunct Scientist in Spring 2003, to be part of a new initiative on Home Networking
Technologies. Two graduate students are funded in part by TRLabs. PhD student Jean Cao has an NSERC Industrial
Postgraduate Scholarship (IPS) with TRLabs as the industrial partner. They supplement her IPS award with a TRLabs
Fellowship. MSc student Alok Madhukar holds a TRLabs Scholarship. Several possible areas for research collaboration
have emerged.
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INTELLECTUAL PROPERTY
As mentioned earlier, a primary research theme this year has been on wireless Web servers, to evaluate their
feasibility and performance. The University of Calgary has our Intellectual Property disclosure from last year
regarding this work, but to the best of my knowledge no arrangements for patenting or licensing have been
pursued. We continue to stay in touch with Richard May from InnoCentres and Geoff Moon from UTI regarding other aspects of our ongoing research activities. The commercial potential for wireless Web servers and
portable networks is high. However, we are still seeking the “killer app” or market niche for the use of this
technology. Our work on anonymous network communication also has significant potential impact.

FUNDING
Carey Williamson holds both an iCORE Professorship and an iCORE Industrial Chair. The Industrial Chair
is supported by iCORE ($100K/year) and TELUS Mobility ($100K/year), with matching funds from NSERC
($100K/year) recently approved (December 2003) and expected in September 2004, completing the joint
NSERC/iCORE/TELUS Mobility Industrial Research Chair in Wireless Internet Traffic Modeling.

PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
M. Arlitt and C. Williamson, “Understanding Web Server
Configuration Issues”, Software: Practice and Experience,
Vol. 34, No. 2, pp. 163-186, February 2004.
T. Kuang and C. Williamson, “Hierarchical Analysis of
RealMedia Streaming Traffic on an IEEE 802.11b Wireless
LAN”, Computer Communications, Vol. 27, pp. 538-548,
2004.
L. Titchkosky, M. Arlitt, and C. Williamson, “A Performance
Comparison of Dynamic Web Technologies”, ACM
Performance Evaluation Review, Vol. 31, No. 3, pp. 3-12,
December 2003.
TEN MOST IMPORTANT PUBLICATIONS OVER LIFETIME
M. Arlitt and C. Williamson, “Internet Web Servers: Workload
Characterization and Performance Implications”, IEEE/ACM
Transactions on Networking, Vol. 5, No. 5, pp. 631-645,
Oct. 1997.
M. Arlitt and C. Williamson, “Web Server Workload
Characterization: The Search for Invariants”, Proc. ACM
SIGMETRICS Conference, Philadelphia, PA, pp. 126-137,
May 1996.
M. Busari and C. Williamson, “ProWGen: A Synthetic Workload
Generation Tool for Simulation Evaluation of Web Proxy
Caches”, Computer Networks, Vol. 38, No. 6, pp. 779-794,
June 2002.
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M. Busari and C. Williamson, “On the Sensitivity of Web
Proxy Cache Performance to Workload Characteristics”, Proc.
IEEE INFOCOM Conference, Anchorage, AL, pp. 1225-1234,
April 2001.
C. Williamson, “On Filter Effects in Web Caching Hierarchies”,
ACM Transactions on Internet Technology, Vol. 2, No. 1, pp.
47-77, Feb. 2002.
C. Williamson, R. Simmonds, and M. Arlitt, “A Case Study of
Web Server Benchmarking Using Parallel WAN Emulation”,
Performance Evaluation, Vol. 49, No. 1-4, pp. 111-127,
Sept. 2002.
C. Williamson, T. Harrison, W. Mackrell, and R. Bunt,
“Performance Evaluation of the MoM Mobile Multicast
Protocol”, ACM/Baltzer Journal on Mobile Networks and Applications (MONET), Vol. 3, No. 2, pp. 189-201, Aug. 1998.
M. Arlitt and C. Williamson, “Understanding Web Server
Configuration Issues”, Software: Practice and Experience,
Vol. 34, No. 2, pp. 163-186, Feb. 2004.
C. Williamson, “Dynamic Bandwidth Allocation Using LossLoad Curves”, IEEE/ACM Transactions on Networking, Vol.
4, No. 6, pp. 829-839, Dec. 1996.
C. Williamson, “Optimizing File Transfer Response Time
Using the Loss-Load Curve Congestion Control Mechanism”,
Proc. ACM SIGCOMM Conference, San Francisco, CA, pp.
117-126, Sept. 1993.
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CONFERENCES
G. Bai and C. Williamson, “The Effects of Mobility on Wireless
Media Streaming Performance”, to appear, Proceedings of
Wireless Networks and Emerging Technologies (WNET), Banff,
AB, July 2004. Accepted April 20, 2004.
C. Williamson and N. Kamaluddeen, “Network Traffic
Measurement of a Wireless Classroom Network”, to appear,
Proceedings of Wireless 2004, Calgary, AB, July 2004.
Accepted April 1, 2004.
G. Bai, K. Oladosu, and C. Williamson “Performance Issues
for Wireless Web Servers”, to appear, Proceedings of the
International Workshop on Mobile and Wireless Ad Hoc
Networking (MWAN), Las Vegas, NV, June 2004. Accepted
March 19, 2004.
G. Bai and C. Williamson, “Simulation Evaluation of Wireless
Web Performance in an IEEE 802.11b Classroom Area
Network”, Proceedings of the Third International Workshop
on Wireless Local Networks (WLN), Bonn, Germany, pp. 663672, October 2003.
M. Gong and C. Williamson, “Quantifying the Properties
of SRPT Scheduling”, Proceedings of the 11th IEEE/ACM
Symposium on the Modeling, Analysis, and Simulation of
Computer and Telecommunication Systems (MASCOTS),
Orlando, FL, pp. 126-135, October 2003.
G. Houtzager and C. Williamson, “A Packet-Level Simulation
Study of Optimal Web Proxy Cache Placement”, Proceedings
of the 11th IEEE/ACM Symposium on the Modeling, Analysis,
and Simulation of Computer and Telecommunication Systems
(MASCOTS), Orlando, FL, pp. 324-333, October 2003.
L. Titchkosky, M. Arlitt, and C. Williamson, “Performance
Benchmarking of Dynamic Web Technologies”, Proceedings
of the 11th IEEE/ACM Symposium on the Modeling, Analysis,
and Simulation of Computer and Telecommunication Systems
(MASCOTS), Orlando, FL, pp. 250-253, October 2003. Short
paper only.
T. Kuang, F. Xiao, and C. Williamson, “Diagnosing Wireless
TCP Performance Problems: A Case Study”, Proceedings of
SCS SPECTS Conference, Montreal, PQ, pp. 176-185, July
2003.
C. Williamson and N. Markatchev, “Network-Level Impacts
on User-Level Web Performance”, Proceedings of SCS SPECTS
Conference, Montreal, PQ, pp. 637-646, July 2003.
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C. Kiddle, R. Simmonds, C. Williamson, and B. Unger,
“Hybrid Packet/Fluid Flow Network Simulation”, Proceedings
of the 17th ACM International Workshop on Parallel and
Distributed Simulation (PADS), San Diego, CA, pp. 143-152,
June 2003.
OTHER
C. Williamson, “Wireless Internet:Protocols and Performance”,
book chapter in Performance Tools and Applications to
Networked Systems, Springer Lecture Notes in Computer
Science, October 2003. 25 pages. Invited.
C. Williamson, “The Role of Awareness in Internet Protocol
Performance”, book chapter in Performance Evaluation:
Stories and Perspectives, Austrian Computer Society, ISBN
3-85403-175-0, pp. 203-214, Vienna, Austria, December
2003. Invited.
R. Bunt and C. Williamson, “Temporal and Spatial Locality: A
Time and Place for Everything”, book chapter in Performance
Evaluation: Stories and Perspectives, Austrian Computer
Society, ISBN 3-85403-175-0, pp. 381-392, Vienna, Austria,
December 2003. Invited.
C. Williamson and H. Sun, “Network Capacity Planning
Simulation Report”, proprietary internal report to TELUS
Mobility, 22 pages, January 2004.
SUBMITTED PAPERS
M. Arlitt and C. Williamson, “The Never-Ending Challenges
of Network Traffic Measurement”, submitted to IEEE Internet
Computing, February 2004.
G. Bai and C. Williamson, “Time-Domain Analysis of Web
Cache Filter Effects (Extended Version)”, submitted to
Performance Evaluation journal, March 2003. Revised based
on reviewer comments and re-submitted for a second round
of review, March 2, 2004.
A. Hirt, M. Jacobson, and C. Williamson, “Survey and Analysis
of Anonymous Communication Schemes”, submitted to ACM
Computing Surveys, October 2003.
C. Williamson and N. Markatchev, “Network-Level Impacts
on User-Level Web Performance (Extended Version)”,
submitted to International Journal of Communication Systems, September 2003. Invited paper.

71

ADVANCED
TECHNOLOGY INFORMATION
PROCESSING SYSTEMS

GRAHAM JULLIEN
iCORE Chair
Department of Electrical and Computer Engineering, University of Calgary
http://www.atips.ca

The ATIPS (Advanced Technology Information Processing Systems) Laboratory at the
University of Calgary (U of C) leverages the
use of highly advanced and emerging computing technologies to conduct research
into the development and implementation
of a variety of information processing systems, including high performance digital
signal processors, machine vision systems,
information security systems, streaming
video processors, bio-engineering devices,
arithmetic intensive processors, wireless
networking components, opto-electronic
sensors and processors.

EXECUTIVE SUMMARY

T

he ATIPS research group is
primarily concerned with the
exploitation of microstructure
techniques, including microelectronics, System-on-Chip (SoC), microelectro mechanical systems, microfluidics,
and sensors, to the benefit of Canadian
industry, Canadian health, Alberta high
technology diversification, and the training
of highly qualified personnel.

The year 2003, our third year of operation,
has proven to be exceptionally exciting.
Most importantly we have achieved our
original goal of assembling a world-class
team representing the broad areas of sensor technology, system-on-chip, microsystems, and mathematical techniques.
Based on the strengths of this team the
ATIPS research focus and capacity has
broadened to include the following application areas: embedded and fault tolerant
systems for wireless networks, streaming video, secure communications and
machine vision; custom integrated circuit
architectures for hearing instruments,
arithmetic intensive processors, video
processors, image sensors for biomedical
applications and bio-sensors; emerging
fabrication technologies where we have
established leadership in the production
of CAD tools and new device design in the
area of Quantum Cellular Automata.
Major new multidisciplinary research projects and programs have been initiated in
the following areas:
•

Image Sensors - advanced image
sensors, image and capacitive sensing
with dielectrophoretic techniques.

•

Cryptography and hardware based
security systems.
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Continuing and new collaborative ties with key academic and industry groups include:
•

DALSA Corp. (Waterloo): machine vision and
camera systems

•

Gennum Corp (Burlington): video processors and
hearing instruments

•

Micralyne Inc: Microfluidic drug delivery systems
using microneedles

•

Non-Elephant Encryption Systems: crypto
systems

•

SGI (Canada): crypto systems

•

RCIM, University of Windsor: integrated circuit
design

•

CMC: System-on-Chip Research Network
(interaction with 26 other universities)

•

LIRMM, Montpellier University, France: number
theoretic and crypto systems

Our research has resulted in a substantial contribution
to the literature (85 publications in journals conferences and books) including publication or acceptance
of 25 journal papers, 52 conference proceedings
papers, 8 books or book chapters, 6 workshop presentations, 3 contributions to international standards
and 3 tutorial and keynote talks and important Intellectual Property (IP). In 2003 ATIPS team members
were issued two patents, submitted eight more, registered a key invention, registered two trademarks,
and initiated the establishment of a spin-off company
– Smart Camera Technology Inc.

in sensor and CMOS imager technologies. These
skills represent a vital component in our established
research thrust into microsystem components for
health sciences applications.

Our Partners
Our research is conducted with the support of major
Canadian industries, and we are partnering with small
and large local, national and international firms to
develop valuable new tools and technologies. We
are a member and lead client in the CMC Systemon-Chip Research Network, funded by a $40 million
CFI grant, that is being used to bring the technology
of System-on-Chip design to all interested Canadian
Universities.

Our Focus
In the short term we will continue to work in the
implementation areas of high performance signal,
image and video processing with application areas
in machine vision, bio-engineering devices, and
communication systems. Our recent expansion into
the implementation of crypto systems will also be
expanded with stronger ties to our new industrial
partners. Our longer term goals are focused on the
microconvergence of the different microstructure
technologies with which we are already familiar, and
the further exploration of nano-technologies based
on the tools we have already developed for Quantum
Cellular Automata. The application areas for these
technologies are enormous, and many groups are
starting to explore these avenues. We need to make
sure that the ATIPS Laboratory is at the leading edge
of this research.

ATIPS team members have graduated 10 students,
and attracted some of the best graduate students
interested in our research, to the ATIPS environment
health, Alberta high technology diversification, and
the training of highly qualified personnel.

RESEARCH PROJECTS

RESEARCH PROGRAM OVERVIEW

The following lists the key areas being targeted by
ATIPS, and the key goals within each for the coming
year and beyond. These goals are aligned with the
original ATIPS research program and the opportunities this research program has presented to our team
over the past three years.

Our Team
The ATIPS Laboratory now has a core personnel group
of over 50 researchers and students, and the ATIPS
laboratory workstations host more than 70 users performing research on all aspects of integrated circuit
design. We represent the U of C’s portal to the services
of CMC, and many tens of integrated circuit designs
are fabricated every year using design tools running
on our server. Several national awards were won in
2003-2004 by researchers using the ATIPS Laboratory facilities. A key recruitment, Dr Orly Yadid-Pecht,
took up her new position in July 2003, providing us
with invaluable, and internationally recognized skills
74

WIRELESS NETWORKS
Development of digital signal processors for
wireless base-stations
The goal is to produce single-chip high performance
solutions for the very high data rate signal processing required for next generation Gbps wireless networks.
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System-on-Chip low-power wireless
platforms
The research goals are to develop low-power platforms for a variety of applications, including microlocation devices, remote bio-analysis, and multi-media
compression systems. Our work this year has included
the interaction with NE2, a Calgary based corporation
in the area of key establishment algorithms for secure
transmission over wireless and other networks.

EMBEDDED SYSTEMS/FAULT TOLERANT
SYSTEMS
These systems are broadly defined as those that
contain full custom, field programmable or processor-based integrated circuits.

Machine Vision
Our goals and objectives for machine vision are to
develop new algorithms and implementation techniques for in-camera processing of moving images
obtained from targeted industrial inspection processes. In 2003-2004 we were able to demonstrate the
TDI self-synch algorithm and several defect detection
algorithms for heavily textured backgrounds, running
in an industrial camera provided by DALSA Corp., one
of our industrial sponsors.

Hearing Instruments
Our medium-term research goal is to develop next
generation embedded systems for completely in-thecanal (CIC) hearing instruments. This research is being
conducted with one of our industrial sponsors (Gen-

num Corp.) As of 2003-2004 we have demonstrated
the advantages of a new number representation in
implementing very low power digital signal processing
algorithms for hearing loss correction. We have also
explored the concept of acoustic beam steering for
enhancing the effectiveness of hearing instruments. A
chip was fabricated and successfully tested in 2003.

Arithmetic Techniques
Our research goals are to be able to fit special
number representations and arithmetic both to the
algorithms to be implemented and to the advanced
and emerging fabrication processes from which processing devices will be built, such that performance is
optimized. Applications for this research encompass
many of our other research projects including work
on the implementation of arithmetic for cryptography
applications. In 2003-2004 we have discovered new
conversion properties and techniques for our novel
multi-dimensional logarithmic number system. The
conversion technique has been implemented in a
digital hearing aid processor in collaboration with
Gennum Corp. and Micronet.

Video Processors
The goals and objectives of this research are to
increase the efficiency of implementing the compression standards determined by international bodies,
and to take part in the process of defining new standards.

Circuit techniques
Often our investigations into architectures and
arithmetic lead us to examine special circuit (transis-

Graham Jullien and some
of his research team
members at the 2004
Banff Informatics Summit
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tor-level) techniques for their implementation. Our
research objectives are to explore such implementations in order to improve system performance. In
2003-2004 we have developed new structures for
ultra low noise digital arithmetic circuitry, including
the first three-state CNN implementation of signeddigit redundant adders.

Fault-Tolerant Systems
Our research goals are to produce low-overhead fault
tolerant computational systems that take advantage
of special number representation properties. In 20032004 we have used this technique for the TRLabs
wireless LAN adaptive filter chip currently under
development in the ATIPS Laboratory.

ADVANCED TECHNOLOGIES AND
COMPUTING WITH NANOTECHNOLOGY
Advanced CMOS System-on-Chip Platforms
Our objectives here are to bring the advantages of system-on-chip design to research projects that require
advanced system-level implementation techniques.
Our goal is to develop several platforms (basic chip
architectures that can be custom modified) targeting
different facets of our research. These include lowpower bio-platforms and high throughput rate signal
processing platforms. In 2003-2004 we fabricated
and successfully tested a LEXEL array chip for implementing dielectrophoretic bio-cell manipulation with
non-uniform electric fields.

Advanced Image Sensors
Our goals here are to develop imagers with additional
functionality for aiding in different applications.
We have the knowledge of the imager physics, the
architecture and possible circuitry to be added to the
imager array. We aim to capitalize on this knowledge
and find solutions to best meet the needs of the
biomedical research community. In parallel we aim
to continue to develop our basis of knowledge in
Integrated Sensors.

Microconvergence
This refers to the integration of advanced microstructure technologies such as micro-electronics,
micro-electro-mechanical systems (MEMS), microfluidics, RF-wireless, opto-electronics and photonics.
Our current research goals and objectives lie in the
integration of the first three technologies with applications to bio-technology and the health sciences. In
2003 we finished the construction of a class-100 clean
room (a common facility within the CCIT laboratory
cluster) within which we will establish a microconvergent integration laboratory. We have already started
to produce some early microconvergent devices,
including an “intelligent pill (The iPill)”, and prototype
bio-analysis devices with the potential to manipulate
and interrogate bio-cells using electric fields. The iPill
device was heralded in the CMC Impact publication
(Volume 1, No. 2).

Nanotechnologies
Our research goal is to explore the potential of several
of the emerging nanotechnologies for future computing needs. In general, our research interests in
nanotechnologies are in those that have the potential
to provide a reasonably smooth transition from the
design techniques that have driven microelectronic
systems design over the past five decades. We have
targeted Quantum Cellular Automata (QCA) for our
initial investigations. In particular, quantum-dot cellular automata (QCA) devices can be arranged to represent classical deterministic states of ‘0’ and ‘1’, and
so may possibly be used to build systems that have
familiar architectures. As engineers we are interested
in exploring the design capabilities of the technology
even before commercial level fabrication techniques
have been established. To do this we have explored
a new concept of providing Computer Aided Design
(CAD) tools for technologies that are yet to be proven
in terms of fabrication. This concept appears to have
been well-accepted by the international research community, based on international interactions. Both CAD
tool downloads and major publications have resulted
from this work.

Graham Jullien
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RESEARCH TEAM MEMBERS
PARTNERSHIPS AND COLLABORATIONS
Establishment of new and continued key partnerships with academic and industry groups including Gennum
Corp, Dalsa Inc, SGI Canada, NE2, and Micralyne Inc. These partnerships have resulted in substantial funding,
productive research initiatives, and IP.
Our partnership with SGI Canada and NE2 resulted in the development of a cryptography based Strategic
Grant, partnered with the iCORE funded Centre for Information Security and Cryptography (CiSAC), targeted
to address software and hardware security applications.
Partnership with Micralyne Inc., in the fabrication of a novel design for microneedle arrays. This fabrication
is to be supported by a $30,000 grant from Micralyne.

Team Leader and ATIPS Faculty
NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER INFORMATION

G. A. Jullien: ATIPS
Lab. Director and
Team Leader

Integrated Circuits, SoC, Computer
Arithmetic, Signal and Video Processing,
Machine Vision, Neural Networks, MEMS,
QCA, Fault Tolerance

Received the IEEE Fellow Award at the
banquet of the 2003 IEEE Symposium
on Circuits and Systems, Bangkok,
May 27th, 2003.
Named Director of the Centre for
Microsystems Engineering.
Author, best paper award (Systems) in
the 2003 Micronet Workshop

V.S. Dimitrov:
iCORE Research
Associate

W. Badawy: iCORE
Research Associate

Number Representations, Digital Signal
Processing, Cryptography, Large-scale
Optimization, Parallel Algorithms.

VLSI Architectures, SoC, Video Processing,
Image Recognition, Low-power Design, VLSI
prototyping.

Named to the management board of
the Centre for Information Security
and Cryptography.
Strategic Microelectronics Council
Industrial Collaboration Award at CMC
MR&DCAN
Research Excellent Award, The
Department of Electrical and
Computer Engineering
Outstanding Chapter Award, Chair of
the Computer Chapter, IEEE - Southern
Alberta Section.
Outstanding Research Contribution,
MTC

O. Yadid-Pecht:
iCORE Research
Associate

CMOS Image sensors, Integrated Sensors,
Smart Sensors, Image Processing algorithms
hardware implementation, Micro-systems.
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Dr Yadid-Pecht has been nominated
as an IEEE Distinguished Lecturer for
2004.
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Postdoctoral Fellows
NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER
INFORMATION

S. Amer

MEMS Modeling and its manufacturability

Fully funded from
the MTC

M. El Zewidi

Secure Data Mining

Fully funded from
the MTC

A. Fahmy

Security protocols for streaming data

Fully funded from
the MTC

P. Zhang (MEMS)

Bio MEMS, Optical MEMS, MEMS Processes, Clean Room
procedures.

$30K Micralyne
fabrication grant

W. Zhang (SoC)

Data Stream SoC Architectures, VLSI Design, Integrated
Circuit Test, Neural Networks

PhD Students
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NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER INFORMATION

M. Ahmadi

Plexel Arrays for bio-sensors

eMPOWR (NSERC)
Scholarship

I. Amer

New standards for high performance streaming
video processor architectures (H.264)

ICORE Scholarship

Ali Entershari

Flexible on chip DEP Arrays for bio-sensors

eMPOWR (NSERC)
Scholarship

I.C. Baykal

Defect detection using in-Camera Video
Stream Processing: Self-Synchronized TDI,
Machine Vision, Line-scan CCD, FPGAs, Video
Processing.

Provisional patent
for a novel TDI selfsynchronization technique
for CCD cameras

J. Eskritt, (Part-time)

Applications of MDLNS with complex bases
for quadrature signal processing: computer
arithmetic, logarithmic number systems, digital
signal processing, integrated circuit design

Also ATIPS Lab Manager

H. Fahim

Radar Signal Processing

Fully funded with
scholarship from MTC

M. Fu

Applications of Algebraic Integers in New
Architectures for Video Codecs: multidimensional algebraic integers, DCT, VLSI
design.

Research Centre for
Integrated Microsystems:
University of Windsor

Y. Ghallab

Sensors for electrical fields in micro-channels

Y. Ibrahim

Very low-noise Arithmetic Processing Unit
using Non-Linear Analog Arrays: CNNs,
computer arithmetic, analog circuit design.

Research Centre for
Integrated Microsystems:
University of Windsor

A. Makki

Beam-Steered Hearing Instruments: hearing
instrument processors, beam-steering
algorithms, MEMS microphone arrays.

Research Centre for
Integrated Microsystems:
University of Windsor

T. Mohamed

Streaming video compression standards and
algorithms (MPEG-4)

iCORE Scholarship

R. Muscedere

Difficult Operations in Double-Base Number
Systems: multi-dimensional logarithms,
conversion and arithmetic algorithms,
integrated circuit implementation.

Defended Successfully
2003. Currently a PDF in
the RCIM Lab, University of
Windsor

B. Prasad

Cell tracking algorithms for bio-sensors

C. Rahman

Advanced Video Architectures

eMPOWR (NSERC)
Scholarship
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NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER INFORMATION

A. Razavi

Hybrid CMOS Imagers, plenoptic camera
systems

EMPOWR (NSERC)
Scholarship
iCORE International
Scholarship

M. Sayed

Khan Arif Wahid

K. Walus

Embedded memory solutions for video
applications

Compression transforms, algebraic integers,
VLSI architectures

Quantum Cellular Automata: modeling and
simulation of quantum dot arrays, design tool
development, split-current QCA.

Strategic Microelectronics
Council Industrial
Collaboration Award at
CMC MR&DCAN (coauthored)
Uof C’s Graduate Faculty
Council Scholarship April,
2003
eMPOWR (NSERC)
Scholarship
NSERC Postgraduate
scholarship.
eMPOWR (NSERC)
Scholarship
Finalist: ASTECH “Leaders
of Tomorrow” award,
2003.
Best paper award
(Systems) in the 2003
Micronet Workshop

Zoom invariant motion tracking algorithm

This research work is a
major contribution to the
Smart Cameras start-up.

NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER INFORMATION

P. Aggrawa

Bio-medical smapling techniques using MEMS
devices

Y. Wei

MSc Students

M. Alam

SoC Implementation of Video Codecs: DCT and
DWT architectures, MPEG-4 IP Cores.

Strategic Microelectronics
Council Industrial
Collaboration Award at
CMC MR&DCAN
Defended successfully in
2003
Successfully defended
2003, Research Centre for
Integrated Microsystems,
University of Windsor

M. Amtoun

Depth Analysis using a Plenoptic Camera
System

L. Chaoji

Digital Video Processing

R. Choudhury

Ridgelet Transforms for image compression

Defended successfully in
2003

J. Doherty

Transcutaneous Powering of an Implantable
Stimulator for Re-creation of Impaired
Gastrointestinal Motility: transcutaneous
power transfer, circuit modeling, data coding,
integrated circuit design.

AIF Scholarship and travel
award. Co-supervised
by Dr K.I.V.S. Kaler,
Director of the Biosystems
Research and Applications
Group
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NAME AND ROLE

RESEARCH INTERESTS OR TOPIC

OTHER INFORMATION

L. Fleshel

CMOS wide dynamic range sensors

Transferred from BenGurion University

R. Glabb

Low-power System-on-Chip Platforms: IP
blocks, design reuse, wrappers, System-onChip design

SoC Lab. Manager. Major
contributor to Strategic
Grant application with
NE1, SGI and CiSAC

P. Horbal (Part-time)

Adiabatic logic for ROM-Based Architectures:
adiabatic circuits, minimized dual-rail
switching trees, applications to DBNS and
MRRNS processors

ATIPS Webmaster and
publicity director

J. Keilman

Lexel Arrays for Cell Manipulation using
Dielectrophoresis: non-uniform electric
field generation, microfluidics, integrated
processors

NSERC Postgraduate
Scholarship. Cosupervised by Dr K.I.V.S.
Kaler, Director of the
Biosystems Research and
Applications Group

S. E. Jalilian

Implantable micro-stimulators, trans-cutaneous
power and data transfer, applications of SoC
bio-platform

Co-supervised by
collaborator, Dr
Mintchev, Director BioInstrumentation Lab

P. Mokrian

Multiplier Design in Deep Sub-micron
Technologies: multiplier architectures,
column compressors, interconnect modeling,
integrated circuit layout

RCIM, University of
Windsor. Defended
successfully in 2003.

G. Nelson

CMOS Imager watermarking

NSERC Postgraduate
Scholarship

D. Onen

Digital Video Processing

B. Prasad

Imagers for tracking bio-cells using DEP

Defended successfully in
2003

M. Sayed

Embedded Memory Architectures for MPEG4 Motion Estimation: mesh-based motion
estimation, motion compensation, MPEG-4

CMC annual TEXPO.
Mohammed Sayed and
Mehboob Alam won the
prestigious Strategic
Microelectronics Council
Industrial Collaboration
Award. (Poster with
Badawy, Alam)

G. Schulhoff

Modeling Quantum Dots on a Computer
Cluster: quantum dots, quantum mechanics,
QCA, simulation tools, computer clusters

A. Shaohui

Digital Video Processing

J. Tracey

Optimized Arithmetic Cells for SoC IP Blocks:
digital transistor circuits, deep sub-micron
technologies, SoC design, design tools

Y. Wei

Zoom Invariant Motion Tracking Algorithms

J. Wu

Asynchronous Hearing Instrument MDLNS
Processors: asynchronous circuit and system
design, MDLNS, integrated circuit design

X. Liu

Low bit-rate video streaming

J. Yeboah

CNN Analog Arrays for Low-Noise Digital Adder
Design: cellular neural networks, transistor
circuit design, computer arithmetic, integrated
circuit design

Defended successfully
in 2003. Currently a PhD
candidate

Defended successfully in
2003
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COLLABORATIONS
Over the past year we have developed numerous important collaborations. Some represent existing work, and
some will enable our research growth and technology transfer activities in the coming years. Some collaborations represent financial support, some involve the organization of international conferences and workshops,
and some enable our access to confidential IP and knowledge that we would otherwise not have access to.
Examples are:
UNIVERSITIES AND INSTITUTES
PROVINCIAL
Centre for Information Security and Cryptography (CISaC) (U of C)
Centre for Biomedical Research Engineering (U of C)
Centre for Microsystems Engineering - U of C Faculty of Engineering Researchers
NATIONAL
Canadian Arthritis Network
Canadian Microelectronics Corporation (CMC)
Micronet R&D (NCE)
RCIM Laboratory faculty, University of Windsor
ECE Dept. University of Western Ontario
RESMIQ (PQ)
INTERNATIONAL
Laboratoire d’Informatique, de Robotique et de Microélectronique de Montpellier, France
Ben-Gurion University, Isreal
Graduate School in Electronics, Telecommunication and Automation (GETA)
John Hopkins University, USA
University of Maryland, USA
Centre for Advanced Computer Studies, University of Louisiana at Lafayette, USA
University of Texas, Austin, USA
The University of Wisconsin, Madison, Usa
INDUSTRY
INTERNATIONAL
SGI, Alberta and international
NATIONAL
DALSA Corp., (Ontario – head office)
Gennum Corporation
PROVINCIAL
Non Elephant Encryption Systems (NE2)
TRLabs, Calgary
Micralyne Inc.
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INTELLECTUAL PROPERTY

TYPE OF IP AND ATIPS MEMBER

TITLE/NAME

STATUS

PATENTS
Yadid-Pecht

Yadid-Pecht, O., Fossum, E.R., and Mead,
C., “Active Pixel Image Sensor with a
Winner-Take-All Mode of Operation”

U.S. Patent No: 6,515,702, issued
February 4, 2003

Yadid-Pecht

Yadid-Pecht, O., Mansoorian, B., and Pain,
B, “Circuitry for determining Median of
Image Portions”

US Patent No. 6,546,148, issued
April 8, 2003

INVENTIONS
Dimitrov and Jullien

Efficient technique for Elliptic Curve
Cryptography computations using a special
form of the Double Base Numbering System

Filing date December 17, 2003,
Serial # 60/481,806, discussions
with Certicom Inc

LICENSES
Badawy

“Tracking and streaming technique”

New

TRADEMARKS
Badawy

GrApp and WebConcorde

Registered with UTI

Jullien, Kaler

For Lexel and Plexel - DEP based biosensors

Registered as Trade-Marks

SPIN-OFFS
Badawy

Smart Camera Technology Inc.

New, registered with InnoCentre to
attract venture funding

Graham Jullien and research team members during
construction of the new Calgary Centre For Innovative
Technology building on the University of Calgary campus
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AWARDS AND ACHIEVEMENTS
ATIPS is a key component of the U of C’s Wireless, Location and Micro-electronics pillar of research
excellence.
Part of the ATIPS research program is being conducted by students at our collaborative institutions, the
University of Windsor and the University of Western Ontario. These students are funded from Micronet and
NSERC grants and allow the ATIPS team to leverage resources to add additional value to the work of the
ATIPS Laboratory.
•

The modular class 100 clean room for the Integration Laboratory has been installed (June 2003).

•

ATIPS Secure System-on-Chip Laboratory becomes operational.

•

QCADesigner, our emerging technologies CAD tool, had over 500 international downloads in 20032004.

•

Dr Orly Yadid-Pecht was successfully recruited by ATIPS from Ben Gurion University, Israel. She takes up
her position in July, 2003.

•

Dr Laurent Imbert (France) takes up his position as Visiting Scientist, January 2004.

•

K. Walus, and G. Jullien invited to write the first graduate text book on QCA for Springer.

•

Dr Badawy achieves international recognition with his iPILL drug delivery system.

•

Drs Peiyu Zhang and Graham Jullien have been invited to write a review article on drug delivery techniques
using microneedle arrays; this is evidence of success in reaching out to other disciplines (part of the
ATIPS vision).

•

Dr Graham Jullien accepts an Adjunct research position with the University of Western Ontario.

•

Dr Jullien accepted the position of Director of the Centre for Microsystem Engineering at U of C.

•

Dr Jullien invited to join the Canadian Arthritis Network to enhance the application of bio-engineering
microsystems in the study of arthritis.

FUNDING
The Graham Jullien team receives funding from NSERC, CFI and the University (~$1M) to acquire and support
software and equipment for microchip design and fabrication. They are also supported by over $400K/year
from industry (DALSA, Gennum) and industry-government consortiums (CMC, Micronet) with iCORE Industry
Chair Jim Haslett.
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PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
V.S. Dimitrov and G.A. Jullien, “Multidimensional AlgebraicInteger Encoding for High Performance Implementation of
the DCT and IDCT,” IEEE Electronics Letters, vol. 39, no. 7,
Apr. 2003, pp. 602–603.
L. Imbert, V.S. Dimitrov, G.A. Jullien, “Fault-Tolerant
Computations over Finite Rings with Applications in Digital
Signal Processing,” IEEE Trans. Circuits and Systems I:
Fundamental Theory and Applications, vol. 50, no. 7, July
2003, pp. 858–864.
M. Alam, W. Badawy, and G. Jullien, “An Optimal Call
Admission and Bandwidth Reservation Scheme for Future
Wireless Networks,” J. Internet Technology, vol. 4, no. 3,
2003, pp. 163–169 (ISSN 1607–9264).
V.S. Dimitrov and G.A. Jullien, “Loading the Bases: A New
Number Representation with Applications,” IEEE Circuits and
Systems Magazine, Oct. 2003, pp. 6–23 (invited article).
A. Belenky, E. Artyomov, A. Fish, and O. Yadid-Pecht, “Wide
Dynamic Range Imaging,” The Neuromorphic Engineer, vol.
1, no. 1, Jan 2004, p. 4.
I. Shcherback and O. Yadid-Pecht, “CMOS APS Pixel
Photoresponse Prediction for Scalable CMOS Technologies,”
IEEE Trans. Electron Devices, vol. 51, no. 2, Feb. 2004, pp.
285–287.
I. Shcherback and O. Yadid-Pecht, “CMOS APS Crosstalk
Characterization via Unique Sub-micron Scanning System
Measurements,” IEEE Trans. Electron Devices, vol. 50, no. 9,
Sept. 2003, pp. 1994–1997.
O. Yadid-Pecht and A. Belenky, “In-Pixel Autoexposure CMOS
APS,” IEEE J. Solid-State Circuits, vol. 38, no. 8, Aug. 2003,
pp. 1425–1428.
K. Walus, T. Dysart, G.A. Jullien, and R.A. Budiman,
“QCADesigner: A Rapid Design and Simulation Tool
for Quantum-Dot Cellular Automata,” IEEE Trans.
Nanotechnology, vol. 3, no. 1, Mar. 2004, pp. 26–31.
ACCEPTED PUBLICATIONS BY REFEREED JOURNALS
K.A. Wahid, V.S. Dimitrov, and G.A. Jullien, “VLSI
Implementation of Daubechies Wavelet Transform Using
Algebraic Integers,” J. Circuits, Systems and Computers
(special issue on VLSI Architectures for Multimedia
Applications), accepted for publication.
M. Alam, W. Badawy, V.S. Dimitrov, and G.A. Jullien, “Efficient
Direct 2-D Architectures for Lifted Biorthogonal DWT,” J. VLSI
Signal Processing, accepted Sept. 22, 2003.
K. Walus, R.A. Budiman, and G.A. Jullien, “Split Current
Quantum Dot Cellular Automata: Modeling and Simulation,”
IEEE Trans. Nanotechnology, accepted Dec. 12, 2003.
I.C. Baykal and G.A. Jullien, “Self Synchronization of Time
Delay and Integration (TDI) Cameras,” SPIE J. Electronic
Imaging, accepted Dec. 22, 2003.
E. Artyomov and O. Yadid-Pecht, “Modified High-Order
Neural Network for Invariant Pattern Recognition,” Pattern
Recognition Letters, accepted for publication.
A. Fish and O. Yadid-Pecht, “Adaptive Thresholding for
Current Mode Winner-Take-All Circuits,” Optical Engineering,
accepted for publication.

84

M. Herscovitz and O. Yadid-Pecht, “A Modified Multi-Scale
Retinex Algorithm with an Improved Global Impression of
Brightness for Wide Dynamic Range Pictures,” Machine Vision
and Applications, accepted for publication.
A. Belenky, A. Fish, S. Hamami, V. Milrud, and O. Yadid-Pecht,
“Widening the Dynamic Range of the Readout Integration
Circuit for Uncooled Micro-Bolometer Infrared Sensors,”
Optical Engineering, accepted for publication.
S. Diller, A. Fish, and O. Yadid-Pecht, “Advanced Output
Chains for CMOS Image Sensors Based on an Active Column
Sensor Approach: A Detailed Comparison,” Sensors and
Actuators, accepted for publication.
E. Artyomov, Y. Rivenson, G. Levi, and O. Yadid-Pecht, “
Morton (Z) Scan-Based Real-Time Variable Resolution CMOS
Image Sensor,” IEEE Trans. Circuits and Systems for Video
Technology, accepted for publication.
M. Sayed and W. Badawy, “A Computational RAM (C-RAM)
Architecture for Real-Time Mesh-Based Video Motion Tracking.
Part I: Motion Estimation,” World Scientific J. Circuits,
Systems and Computers, accepted for publication.
M. Sayed and W. Badawy, “A Computational RAM (CRAM) Architecture for Real-Time Mesh-Based Video
Motion Tracking. Part II: Motion Compensation,” World
Scientific J. Circuits, Systems and Computers, accepted for
publication.
A. Fish, D. Akselrod, and O. Yadid-Pecht, “A ‘Smart Sensor’
for High Precision Image Centroid Computation via a Low
Resolution Winner-Take-All Circuit in Conjunction with a
Dynamic Element Matching Algorithm,” Analog Integrated
Circuits and Signal Processing, accepted for publication.
W. Badawy, “A VLSI Architecture for Video Object
Motion Estimation Using a 2D Hierarchical Mesh Model,”
Microprocessors and Microsystems, (accepted for the April
issue vol. 27, no. 3)
W. Badawy, M. Talley, G. Zhang, M. Weeks, and M. A.
Bayoumi, “Low Power Very Large Scale Integration Prototype
for Three-Dimensional Discrete Wavelet Transform Processor
with Medical Applications,” SPIE J. Electronic Imaging,
(accepted for the April issue vol. 12, no. 2)
J.-C. Bajard and L. Imbert, “A Full RNS Implementation of
RSA,” IEEE Transactions on Computers, (accepted for the
June 2004 issue, vol. 53, no. 6)
SUBMITTED JOURNAL PAPERS
B. Maliatski and O. Yadid-Pecht, “Hardware Driven Adaptive
k-Means Clustering for Real-Time Video Imaging,” IEEE Trans.
Circuits and Systems for Video Technology, submitted June
2003.
B. Maliatski and O. Yadid-Pecht, “A VLSI Architecture for
Active Pixel Sensor Video Compression,” IEEE Trans. VLSI,
submitted June 2003.
R. Muscedere, V.S. Dimitrov, G.A. Jullien, and W.C. Miller,
“Efficient Conversion from Binary to Multi Digit MultiDimensional Logarithmic Number Systems Using Arrays of
Range-Addressable Lookup Tables,” IEEE Trans. Computers
(Special Issue on Computer Arithmetic), submitted Nov.
2003.
E. Artyomov and O. Yadid-Pecht, “Adaptive Multiple
Resolution CMOS Active Pixel Sensor,” IEEE Trans. Circuits
and Systems I, submitted Dec. 2003.
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REFEREED CONFERENCES
P. Mokrian, G.M. Howard, G.A. Jullien, and M. Ahmadi, “On
the Use of 4:2 Compressors for Partial Product Reduction,”
2003 Canadian Conf. Electrical and Computer Engineering
(CCECE03), IEEE, 2003, pp. 121–124.
P. Mokrian, G.A. Jullien, M. Ahmadi, and W.C. Miller, “A
Reconfigurable Digital Multiplier Architecture,” 2003
Canadian Conf. Electrical and Computer Engineering
(CCECE03), IEEE, 2003, pp. 125–128.

I. Shcherback, T. Danov, B. Belotserkovsky, and O. YadidPecht, “Point-by-Point Thorough Photoresponse Analysis of
CMOS APS by Means of Our Unique Sub-micron Scanning
System,” SPIE/IS&T Symp. Electronic Imaging: Science and
Technology, Santa Clara CA, USA, Jan. 20–24, 2004.
I. Shcherback, A. Belenky, and O. Yadid-Pecht, “CMOS
APS Pixel Photoresponse Prediction for Scalable CMOS
Technologies,” IEEE Workshop on CCDs and Advanced Image
Sensors, Elmau, Germany, May 15–17, 2003.

K.A. Wahid, V.S. Dimitrov, and G.A. Jullien, “Error-Free
Arithmetic for Discrete Wavelet Transforms Using Algebraic
Integers,” Proc. 16th IEEE Symp. Computer Arithmetic
(ARITH-16’03), IEEE, 2003, pp. 238–244.

A. Fish, D. Akselrod, and O. Yadid-Pecht, “An Adaptive Center
of Mass Detection System Employing a 2D Dynamic Element
Matching Algorithm for Object Tracking,” Proc. 2003 Int’l
Symp. Circuits and Systems (ISCAS 2003), Special Session on
Navigation Sensors, IEEE, 2003, vol. III, pp. 778–781.

M. Alam, W. Badawy, and G.A. Jullien, (2003) “TimeDistributed DCT Architecture for Multimedia Applications,”
IEEE Int’l Conf. Consumer Electronics (ICCE 2003), June
17–19, Los Angeles, CA, USA.

M. Sayed and W. Badawy, “A Half-Pel Motion Estimation
Architecture for MPEG-4 Applications,” Proc. 2003 Int’l
Symp. Circuits and Systems (ISCAS 2003), IEEE, 2003, vol.
II, pp. 792-795.

M. Fu, G.A. Jullien, V.S. Dimitrov, M. Ahmadi, and W.C. Miller,
“The Application of 2D Algebraic Integer Encoding to a DCT
IP Core,” 2003 IEEE Int’l Workshop System-on-Chip (IWSOC
2003), Calgary, AB, Canada, June 2003.

M. Sayed and W. Badawy, “A New Class of Computational RAM
Architectures for Real-Time MPEG-4 Applications,” 2003 IEEE
Int’l Workshop System-on-Chip for Real Time Applications
(IWSOC 2003), IEEE, 2003, pp. 328–332.

M. Alam, A. Rahman, W. Badawy, and G.A. Jullien, “Efficient
Distributed Arithmetic-Based DWT Architecture for
Multimedia Applications,” 2003 IEEE Int’l Workshop Systemon-Chip (IWSOC 2003), Calgary, AB, Canada, June 2003.

I. Amer, W. Badawy, and M. Mudawwar, “Towards Low-Power
Synthesis: A Common Sub-expression Extraction Algorithm
Under Delay Constraints,” Proc. 46th IEEE Midwest Symp.
Circuits and Systems (MWSCAS 2003), Cairo, Egypt, Dec.
2003 (in print).

J. Keilman, G.A. Jullien, and K.V.I.S. Kaler, “A SoC Bio-Analysis
Platform for Real-time Biological Cell Analysis-on-a-Chip,”
2003 IEEE Int’l Workshop System-on-Chip (IWSOC 2003),
Calgary, AB, Canada, June 2003.
P. Mokrian, G.A. Jullien, and M. Ahmadi, “Interconnect Effects
in Deep Submicron Implementation of High Performance
Arithmetic Architectures,” SPIE Advanced Signal Processing
Algorithms, Architectures, and Implementations Conf., Proc.
SPIE Vol. 5205, SPIE, 2003, pp. 561-572, (invited paper).

C.A. Rahman and W. Badawy, “A VLSI Architecture for Finite
Ridgelet Transform,” Proc. 46th IEEE Midwest Symp. Circuits
and Systems (MWSCAS 2003), Cairo, Egypt, Dec. 2003 (in
print).
C.A. Rahman, W. Badawy, and A. Radmanesh, “A Real-Time
Vehicle’s License Plate Recognition System,” Proc. IEEE Conf.
Advanced Video and Signal Based Surveillance (AVSS 2003),
IEEE, 2003, pp. 163–166.

K. Wahid, V.S. Dimitrov, and G.A. Jullien, “MultiplicationFree Architecture for Daubechies Wavelet Transforms
Using Algebraic Integers,” SPIE Advanced Signal Processing
Algorithms, Architectures, and Implementations Conf., Proc.
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M. Alam, W. Badawy, V. Dimitrov, and G.A. Jullien, “Efficient
Direct 2D Architecture for Lifted Biorthogonal DWT,” 2003
IEEE Workshop on Signal Processing Systems (SiPS’03), Seoul,
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Y. Wei and W. Badawy, “A NEW Moving Object CONTOUR
Detection Approach,” IEEE 2003 Int’l Workshop on Computer
Architectures for Machine Perceptions, New Orleans, USA,
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K. Walus, T. Dysart, G.A. Jullien, and R.A. Budiman,
“QCADesigner: A Rapid Design and Simulation Tool for
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Effect Circuits (IWQDQC-2), U. of Notre Dame, Notre Dame,
Ind., USA, Aug. 7–9, 2003.

Y. Wei and W. Badawy, “A Novel Zoom Invariant Video
Object Tracking Algorithm (ZIVOTA),” 2003 Canadian Conf.
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Powering of Implantable Micro-Stimulators for Functional
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2003, pp. 1435-1439, (invited paper).

iCORE RESEARCH REPORT Volume 3, Fall 2004

Y.H. Ghallab, W. Badawy, and K.V.I.S. Kaler, “A Novel
Differential ISFET Current Mode Read-Out Circuit Using
Operational Floating Current Conveyor,” 2003 Int’l Conf.
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Consumer Electronics, Los Angeles, Calif., June 17–19,
2003 (in print).
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Series of Selected Reprints, SPIE, 2003, pp. 403–406,
2003.
Yadid-Pecht and R. Etienne-Cummings, eds., CMOS Imagers:
From Photo-transduction to Image Processing, Kluwer
Academic Press (to be published in 2004).
I. Shcherback and O. Yadid-Pecht, “CMOS APS MTF Modeling,”
CMOS Imagers: From Photo-transduction to Image
Processing, O. Yadid-Pecht and R. Etienne-Cummings, eds.,
Kluwer Academic Press (to be published in 2004).

iCORE RESEARCH REPORT Volume 3, Fall 2004

JULLIAN
I. Shcherback and O. Yadid-Pecht, “Photoresponse Analysis
and Pixel Shape Optimization for CMOS APS,” CMOS Imagers:
From Photo-transduction to Image Processing, O. Yadid-Pecht
and R. Etienne- Cummings, eds., Kluwer Academic Press (to
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Part 9: Reference Hardware Description, 2003.
T.S. Mohamed and W. Badawy, ISO/IEC JTC1/SC29/WG11/m
10439, Hardware/Software Integration, 2003.
T.S. Mohamed and W. Badawy, Performance of DCT hardware
block” ISO/IEC JTC1/SC29/WG11/m 10440, 2003.
TUTORIALS AND KEYNOTE TALKS
W. Badawy, Y. Savaria, and G.A. Jullien, “System-on-Chip
Tutorial,” one-day tutorial, 2003 Int’l Symp. Circuits and
Systems (ISCAS 2003), Bangkok, Thailand, May 25, 2003.
W. Badawy, “Low Power Video Platforms for Mobile
Applications,” half-day tutorial, 2004 Int’l Symp. Circuits and
Systems (ISCAS 2004), Vancouver, BC, May 23, 2004.
G.A. Jullien, “Loading the Bases: A New Number Representation
with Applications”, Keynote talk at the IEEE International
Symposium on VLSI, Lafayette Louisiana, Feb. 2004.
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TRLabs/iCORE/NSERC Industrial Research Chair
Department of Electrical and Computer Engineering, University of Calgary
http://www.enel.ucalgary.ca/People/Haslett/Haslett.htm

This five year Industrial Research Chair
program, funded by TRLabs, iCORE
and NSERC, is focused on developing, in
conjunction with the TRLabs Wireless Research Center in Calgary, a sophisticated
wireless RF Integrated circuit design and
test capability, with Dr Jim Haslett as the
group leader.

EXECUTIVE SUMMARY

A

fter two years of operation, a
very strong research team is in
place, well trained in the art of
sophisticated analog integrated
circuit design for wireless communication
systems. The team, consisting of 6 PhD
and 7 MSc students, and two postdoctoral
fellows, has won several national and international awards for the research work in
the past year. During the reporting period,
a new academic staff member has been
hired as part of the chair program, and
three new graduate students are currently
being supervised or co-supervised by the
new staff member.
The most notable achievements over
the past 12 months relate to the first
experimental demonstration of low power,
small area on-chip RF filters using a new

quality factor enhancement technique for
monolithic passive components, and the
successful design, fabrication and testing
a novel patented new signal processing
integrated circuit to facilitate long distance
optical data communications without
repeaters in the fiber optic system.
During the reporting period, integrated
circuit fabrication grants of approximately
$90,000 have been received, on a competitive basis, from the Canadian Microelectronics Corporation. In addition, IC
design software and other infrastructure
support amounting to over $1,000,000
dollars were received from the CMC to
support the microelectronics program in
Electrical and Computer Engineering. An
NSERC equipment grant was received to
add a laser cutter facility to our RF wafer
prober, and that was installed in the summer of 2003. The research team held six
NSERC scholarships with supplementary
iCORE scholarships, and one postdoctoral
fellow received an NSERC PDF, during the
reporting period.
During the year, four journal papers and
11 conference papers have been published, while another 11 conference papers
have been accepted for publication in the
coming months. One patent has been
filed, and another has been approved and
is pending. Another journal paper is in
the final stages of the review process and
several others are in preparation.
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In addition to expertise in RFIC design, several related
projects have been initiated to exploit the expertise
gained. We have initiated a project with the Foothills
Hospital involving patient vital sign monitoring using
ad hoc self-organizing sensor networks, as part of
their new “Ward of the 21st Century”. The project
involves novel low power sensor designs, both discrete and integrated, and the design and application
of a wireless networking environment for continuous
patient monitoring. Another collaborative project
with Dr Graham Jullien and Dr Karan Kaler involving
non-invasive stimulation of neurons on chip is being
discussed with a research group in the medical faculty
at the University of Calgary.

RESEARCH PROGRAM OVERVIEW
The main thrust of the research program is to develop
new and novel devices for the next generations of
wireless products, of interest to the industrial sponsors of TRLabs, and to the wireless community in
general.
The Wireless Science and Technology Initiative is
targeted to contribute to the development of a critical mass of RF researchers in Alberta with a primary
focus on the device and circuit aspects, in cooperation
with researchers working on overall system aspects
at the University of Calgary, in the TRLabs Wireless
Research Centre in the Discovery Place Research Park
adjacent to campus. It is envisaged that the enhanced

wireless RF research activity will provide a focal point
for the training of highly qualified personnel that the
industry needs as it moves into the next generation
of wireless systems.
The critical mass is also expected to attract excellent
graduate students, visitors and postdoctoral fellows
from around the world. At present 7 of the 14-team
members hold prestigious scholarships or fellowships. Between three and five new applications to
join the research group are received every day, from
many countries.
To enhance the chair research program, an additional
tenure track academic staff member was to be hired
into Electrical Engineering, with research expertise
in a related field. This was accomplished in January
of 2004, and the second academic staff member is
already supervising three graduate students.
Research is carried out on several fronts, as follows:

Development of General RF Integrated
Circuit Design Expertise
The intention in the research proposal is to build a
team of people with expertise in RF integrated circuit design. During the past two years, Dr Haslett’s
research group has successfully developed expertise
in the design, fabrication and testing of RF wireless
integrated circuit building blocks, in a variety of fabrication technologies, for RF transceiver applications
in the 1 to 20 GHz frequency range. Since many of
the team members were new, and since the successful
design, fabrication and testing of state-of-the-art RF
integrated circuits is very challenging, the first year
involved a steep learning curve for many of the team
members. The core group is now proficient in the
design, modeling, layout, and testing of low noise
amplifiers, mixers, voltage controlled oscillators,
filters, and other transceiver building blocks in SiliconGermanium (SiGe) BiCMOS and deep submicron CMOS
technologies, and this expertise is being applied to
several research projects as outlined below.

Realizing Fully Monolithic RF Transceivers
in CMOS Fabrication Technology
The major challenge facing the wireless industry
at present is to economically realize all required
transceiver circuit functions on one silicon substrate
(a monolithic realization), and to provide programmability to accommodate the various transmission
standards encountered. This will reduce the cost of
production very significantly, as well as miniaturizing
the circuitry. Miniature low power circuits will open
up the possibility of many new applications in the

James Haslett
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biomedical and other areas. The research proposal
outline a series of research tasks that would help
move toward this goal, as follows:
•

•

•

•

High Frequency Modeling of RF CMOS and Bipolar
Transistors – developing lumped models of the
transistors used is critical for hand analysis of
RF analog circuits, in order to gain a physical
understanding of the design tradeoffs involved
in achieving performance goals.
Active Tunable Inductors for RF Wireless
Applications – on-chip passive elements are
generally of poor quality (lossy), limiting the
achievable performance of the monolithic circuits.
One solution to this problem is to simulate the
passive components with active (transistor)
circuits, to achieve better performance.
Quality Factor Enhancement of Passive on-chip
Spiral Inductors – this is a slightly different
approach to solving the lossy passive component
problem, by using active circuits to enhance the
passive components, as opposed to replacing
them completely with active circuits.

in modern communications receivers, requiring
a detailed understanding and clever design
techniques to achieve performance objectives.

Integrated Optics and Optical Fiber
Communication Systems
Analog RF IC design expertise is directly applicable
to high-speed digital data communication circuits,
and the chairholder intends to use the expertise to
design circuits of interest to Nortel and other sponsors of TRLabs.

The Gigabit Radio RFIC Project
Staff Scientists at TRLabs have patented a novel
new high data rate wireless local area network. The
research proposal outlined an intention to integrate
the remote terminals of the LAN, to demonstrate
proof of concept.
All of the objectives of the chair proposal have been
or are being met in a timely fashion. The details of the
accomplishments in each of the areas are described
in the “Research Projects” section that follows.

Noise in RF Wireless Devices and Circuits –
electronic noise is the fundamental limiting factor

Jim Haslett and some
research team members
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RESEARCH PROJECTS
Realizing Fully Monolithic Transceivers in
CMOS Fabrication Technology.
To assist industry in achieving this goal, the research
group is working in several areas, as follows:

High Frequency Modeling of RF CMOS and
Bipolar Transistors
A great deal of activity is currently ongoing in the
industry to provide sophisticated computer-aided
design models for both bipolar and MOS transistors.
Dr Haslett’s group has developed approximate analytic models for hand analysis of analog RF circuits,
along with the development of a detailed understanding of current state-of-the-art computer-aided
models such as the Berkley BSIM4 Model, and the RF
Bipolar transistor model high frequency scattering
parameters. Hand analysis is extremely useful for
understanding functional dependence and behavior
of small transistor count analog circuits in the wireless industry. During the next year, this modeling
capability will be extended to much higher frequencies, up to 60 GHz.

Active Tunable Inductors for RF Wireless
Applications
In the early stages of the research chair program, we
developed a new tunable CMOS active inductor, which
has independently tunable inductance and Quality factor. The work has been published and patented, and
the research on this topic is essentially complete. We
found that the circuit was suitable for lower frequency
operation (up to 1GHz), but we have since developed
better ways of achieving the same behavior at higher
frequencies.

Quality Factor Enhancement of Passive onchip Spiral Inductors
One of the major impediments to achieving fully
monolithic low cost transceivers in the industry today
relates to the poor quality factor of on chip passive
components, and the worst of these is the spiral
inductor. Researchers throughout the world have tried
a myriad of solutions, but no real success has been
achieved without expensive additional fabrication
steps in the manufacturing process. Initial work by our
group involved the development of a detailed understanding of the modeling and design issues involved,
and a technique to optimize the design of these inductors using the accepted approach to fabrication was
developed and published. However, only marginal
improvements are achievable with this approach, and
a more dramatic solution was needed.
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During the past year, a solution involving the use of a
flux compensating second inductor mutually coupled
to the main component, and driven in such a way as
to enhance the quality factor electronically, has been
successfully demonstrated experimentally. The initial
research won the $3000 CAD/Componentware prize
at the annual CMC workshop and Texpo in Ottawa,
in June 2003, and was subsequently published in a
Special Issue of the IEEE Transactions on Circuits and
Systems, October 2003. Very recently, a fully integrated 2.35GHz, 60 MHz bandwidth bandpass filter
has been successfully designed, fabricated and tested
by the research group. This is one of two important
achievements in the chair program to date, as it is the
first time such a fully integrated filter has been realized in any technology, without requiring RF chokes
for dc biasing. This results in small chip area and
low power ( 10 mW in the first generation design).
This technique also has the significant advantage
of not introducing distortion in the filter passband,
unlike other negative resistance approaches that
have been published in the past. A patent application has been filed through TRLabs. Detailed noise,
distortion and stability analyses are being carried out,
both theoretically and in simulation, and verified by
measurement.
The success of this research now opens the door to a
large amount of additional work. Means of tuning the
enhanced inductance value are being explored, and a
technique for self tuning the Q-factor of the enhanced
inductors to overcome process variation must be
achieved if the technique is to be commercially viable.
Ways of improving distortion characteristics must also
be explored. Many other researchers are also working
on the monolithic filter problem. We have just filed a
second patent application involving a low power differential version, and have a number of ideas for self
tuning that will be explored in the near future.

Noise in RF Wireless Devices and Circuits
During the two-year period, we have engaged in extensive noise modeling of the behavior of all of our RF IC
designs. In particular, we have theoretically described
and experimentally verified the noise behavior of our
transformer based Q-enhancement circuits. This modeling is currently being extended to Q-enhancement
circuits published by others, and to our latest fully
differential transformer based designs. We will use
these results to predict and optimize noise figures of
the monolithic filters that we are currently designing
using the new enhancement techniques, and to compare the performance with the results of others.
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Integrated Optics and Optical Fiber
Communication Systems
This is the second area in which an important achievement has been made in the past year of the chair
program. This project uses an RF logarithmic compression amplifier, along with a Hilbert Transformer
and several other components, to reduce chromatic
dispersion in optical fiber networks by generating a
single-sideband modulated optical carrier. This will
increase optical data transmission distance before
repeaters are required, while providing a low cost
solution compared to existing techniques. First and
second generation compression amplifiers with 4 and
8 GHz bandwidth have been successfully designed,
fabricated and tested in collaboration with Nortel
Ottawa, first using the NT 25 bipolar fabrication
process, and more recently using a 47 GHz ƒT Silicon-Germanium bipolar process, made available to
us by the Canadian Microelectronics Corporation,
MOSIS and IBM Corporation. To our knowledge, these
are the highest performance compression amplifiers
published to date. The initial design won a National
Award in June of 2002, and the details have been
published in the IEEE Journal of Solid State Circuits
and elsewhere (ISCAS 2004). A US patent on the log
compression amplifier architecture is pending (31
claims allowed, February 2004).
The next challenge is to produce a monolithic Hilbert
Transformer, and this project is currently underway. A
design has been completed and submitted for fabrication, using the Q enhancement technique developed
for the monolithic filters described above. If successful, this will be the first integrated circuit of its type,
and the combination of the two circuits could lead to
a commercial product.

The Gigabit Radio RFIC Project
A novel new architecture for a very high-speed wireless
local area network (LAN) system has been designed by
Dr Grant McGibney, a TR Labs Staff Scientist, and patents have been granted in April of 2004. The hostility
of the wideband indoor radio channel imposes severe
multipath and intersymbol interference (ISI) that must
be overcome in order to send data successfully. Mitigation of these effects is accomplished in the new
architecture by using digital signal processing (DSP)
techniques to predistort/equalize transmitted data
before/after passing through the wireless channel. To
minimize the power consumption and complexity of
the terminals, the DSP functionality is placed solely in
the basestations of the network. The remote terminals
are left as relatively simple devices consisting of a
direct conversion receiver and simple comparators
for analog/digital conversion.
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The goal of this project as outlined in the original
proposal was to produce a Radio Frequency Integrated
Circuit (RFIC) which implements the functionality of
a Gigabit Radio simple terminal. Initial research has
concentrated on system planning, which involves a
large number of tradeoffs in gain distribution, choice
of receiver architecture, and the like. Research over
the past year has concentrated on designing the RF
low noise amplifier LNA), direct down conversion
mixer, and voltage controlled oscillator (VCO) that
will form part of the receiver frequency synthesizer.
These projects push the technology to the limits. At
this time we have a functional mixer circuit, and four
successful VCO’s have been tested recently. We are
also currently testing a novel subsampling mixer/filter
circuit that has been designed by one of the members
of the research team.

OBJECTIVES FOR NEXT YEAR
We plan to continue to work in the monolithic RF filter
area. A large amount of work still needs to be done,
to characterize noise behavior, stability, self-tuning
to overcome process and temperature variations, and
reduce distortion.
Recent industry directions suggest that more and
more of the future wireless transceiver components
will be digital, eventually with A/D conversion occurring immediately after a Low Noise Amplifier attached
to the antenna. We are evaluating subsampling and
high-speed A/D conversion circuits in anticipation of
moving in that direction.
We also plan to continue to work in the optical data
transmission area. If our Hilbert Transformer is a
success, we should be able to fully integrate a circuit
that can be used with conventional optical transmission components to achieve very low cost, long range
data transmission over fiber without repeaters (on the
order of a few hundred kilometres).
We have identified a number of new opportunities that
will make use of the expertise that we have developed
over the past two years, without requiring massively
expensive fabrication technologies.
We are beginning to work with self-organizing ad hoc
wireless sensor networks, and have started a project
with the foothills hospital in Calgary to help develop
their hospital “Ward of the 21st Century.” A postdoctoral fellow and two graduate students currently are
working on various aspects of the networks, and we
will use our previous sensor development experience
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from our commercial oilfield instrumentation projects
to develop new low power sensors for a variety of
sensing parameters. In the case of the hospital, we will
initially monitor patient temperature, blood oxygenation and pulse rate, transmitted wirelessly to central
locations even when the patients move about.
A second project is being discussed with Gérard Lachapelle and Elizabeth Cannon in geomatics, to integrate
miniature low power GPS receivers for several new
applications.
We have initiated a collaborative project with Michal
Okoniewski and Ron Johnston, relating to the use of
RF switches to electronically reconfigure antennas and

other microstripline elements. Initial results are promising, and a board level self-tuning impedance matcher
has been designed and fabricated as proof of concept,
with applications in wireless navigation and location
as well as in spatially selective communications.
Another project is being developed in collaboration
with Michal Okoniewski, involving RF MEMS for a
variety of applications from self-configuring antenna
systems to high quality RF wireless transceiver components. We have visited a Canadian Industrial firm
to see whether we can set up a mutually beneficial
collaboration in this area. This area holds great promise for the future, and we will continue to work in the
area for the remainder of the chair term.

RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Team Leader
NAME

ROLE/TOPIC

AWARDS

Dr J.W. Haslett

iCORE Chair

APEGGA Excellence in Education
Summit Award

Faculty Team Members
NAME

ROLE

AREA

Dr Sebastian Magierowski

Academic Staff Member

Theoretical and practical behavior
of RF wireless transceiver building
blocks

Majid Aghtar

Associate Member

Very high frequency modeling of
CMOS transistors

Dr John McRory

TR Labs Scientist, Adjunct
Professor, U of C

General RF designer

Dr Bob Davies

TR Labs Scientist, Adjunct
Professor, U of C

Optical fiber communications
system specialist

Dr Grant McGibney

TR Labs Scientist

Communicaions systems expert

Dr Hua Yan

iCORE Research Associate

Self-tuning impedance matching
system

Dr Vijay Devabhaktuni
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NSERC Postdoctoral Fellow

Self-organizing ad hoc wireless
sensor system
Carleton University Research
Excellence Medal
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PhD Students
TEAM MEMBER

ROLE/TOPIC

AWARDS
NSERC PGS-B and iCORE scholarships

Chris Holdenried

RF integrated circuit design for optical
data transmission systems.

IEEE Microwave Theory and Techniques
graduate scholarship
He has won one local, one national and
one International award for his research
work over the past two years
NSERC PGS-B and iCORE scholarships
$1500 US funds “outstanding student
IC designer” award from Analog
Devices Inc. in Wilmington, Mass.,
which was presented to her at the
IEEE International Solid State Circuits
Conference in San Fransisco, February
2004

Holly Pekau

Sub sampling mixers and high-speed
data conversion for RF transceivers, in
addition to doing the system planning
for the high data rate wireless LAN
architecture.

Joshua Nakaska

High frequency bipolar transistor
modeling, and frequency synthesizer
design for high frequency wireless
transceivers. He is one of the main
researchers working on the high data
rate wireless LAN.

NSERC PGS-B and iCORE scholarships

Rob Randall

Fully integrated high linearity CMOS
Power Amplifiers. He has spent a
considerable amount of time putting
together an RF Load Pull facility at
TRLabs, which is necessary for the
measurement of his power amplifiers.

NSERC PGS-B and iCORE scholarships

Ahmed Youssef

Will decide on a PhD thesis topic shortly.

The Canadian Microelectronics
Corporation (CMC) CAD/
Componentware Award (honourable
mention)

Bogdan Georgescu

Transformer based Q-enhancement
techniques for RF monolithic filter
applications.
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NSERC PGS-B and iCORE scholarships
The Canadian Microelectronics
Corporation (CMC) CAD/
Componentware Award (national award)
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MSc Students
TEAM MEMBER

ROLE/TOPIC

AWARDS

Mike Lynch

17 GHZ mixer and LNA for the high
data rate wireless LAN. He led our
efforts, in conjunction with the Canadian
Microelectronics Corporation, to use FlipChip technology for RF designs through
Auburn University in the US.

NSERC PGS-A and iCORE scholarships

Jim Kulyk

Q-enhanced monolithic RF Filter Design.
He has just achieved the first transformer
based 3rd order Chebychev 2.4 GHz
bandpass filter using a coupled resonator
structure to achieve low power and small
chip area, in 0.18um CMOS technology.

TR Labs scholarship

Damon Holmes

Novel techniques to realize high
efficiency fully integrated CMOS RF Power
Amplifiers.

NSERC PGS-A and iCORE scholarships

Ken Townsend

Low power CMOS RF transceiver building
blocks for applications in wireless sensor
networks.

Cavell Li

Designing a simple, low power GPS
receiver chain for the ad hoc wireless
sensor networks, in CMOS technology.

Michael Chen

Co-supervised with Dr Magierowski. Low
phase noise RF CMOS VCO’s.

Steven Zhai

Co-supervised with Drs Magierowski,
Nowicki. Low power medical sensors
for the ad hoc wireless sensor network
project with Foothills hospital.

Adesh Garg

Co-supervised with Dr Graham Jullien.
Adaptive filtering in the High Data Rate
wireless LAN basestation.

NSERC PGS-A and iCORE scholarships
NSERC PGS-B scholarship to begin
September 2004

NSERC PGS-A scholarship, taken up in
Toronto

Others
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ROLE/TOPIC

Majid Aghtar

Research assistant. High frequency
bipolar and CMOS modeling areas.

Ian Steiner

Intern
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COLLABORATIONS
PARTICIPANTS

NATURE OF COLLABORATION
PROVINCIAL

TRLabs

TRLabs, as industrial sponsor of the chair program,
provided an office to the chairholder, student offices,
scholarships and computers, and access to a sophisticated
RF test laboratory. A wire bonder was also provided on a full
time basis. Staff scientists worked with the chairholder and
the research group on an ongoing basis. Biweekly review
meetings and an annual technology forum were held for
the past two years.

Dr Graham Jullien

Dr Jullien’s expertise is in advanced number systems
and VLSI Implementations of DSP systems. We have cosupervised an Internship student for the past two years,
working on a wireless base station. We are jointly cosupervising a student who has just completed the design
and test of a Recursive Cellular Neural Network IC, which
performs ultra low noise digital arithmetic using analog
circuits. We are also beginning a joint collaboration with
researchers from the medical faculty, in the area of neuron
stimulation with non-contacting stimulus using embedded
integrated circuits

Dr Michal Okoniewski

The collaboration with Dr Okoniewski involves selfconfiguring antenna systems and RF MEMS. We have
designed and fabricated a self-tuning impedance matching
system, working in the GHz range, that uses a genetic
algorithm and a series of programmable switched tuning
stubs in a transmission line to achieve the impedance
match automatically. We plan to duplicate this system
on chip at very high frequency, up to 60GHz. We are
also mating MEMS high quality inductors designed by Dr
Okoniewski’s group with CMOS RF circuitry integrated the
Chair’s research group, to achieve low noise RF circuits.

Dr Vijay Devabhaktuni, RFIC Group, UofC, Dr John Conly,
Lucy Reyes, Dave Hurd, Sonja Morrison, Andrea Robertson,
Foothills Hospital and Faculty of Medicine, UofC

We are working on proof-of-concept of a wireless selforganizing sensor network for patient vital sign monitoring
in the Foothills Hospital “Ward of the 21st Century.” A
prototype system for measuring patient temperature
is working in our lab. If successful, many new research
projects in the sensor area will be pursued.

Dr Ivars Finvers, SiWorks, Calgary

Dr Ivars Finvers is the director of Analog IC Design in
this semicustom integrated circuit design house located
adjacent to the university in the Research Park. He has
co-supervised one of the PhD students for the past year.
Another SiWorks employee, James Quan, is an MEng thesisroute student under the Chair’s supervision
NATIONAL
Chris Holdenried, a PhD candidate, has been working with
researchers at Nortel to design a wideband true logarithmic
compression amplifier for optical fiber communications
applications. The designs are successful, and the next
project involves the design of an accompanying Hilbert
Transformer

A. J. Bergsma, and R.D. Beards, Nortel Ottawa

INDUSTRIAL

Dalsa Semiconductor, Bromont Quebec, Dr Michal
Okoniewski
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We are exploring possible collaboration with Dalsa
Semiconductor in Bromont, Quebec, on RF MEMS. Dr
Okoniewski and the Chair visited Dalsa in April of 2004
to discuss the use of their MEMS facility for RF research
work.
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INTELLECTUAL PROPERTY
PATENTS FILED

CANADA

U.S.

C. D. Holdenried, J.W. Haslett, J.G. McRory, and R.J. Davies, “Branch
Logarithmic Amplifier and Logarithmic Amplifier Delay Circuitry,” full
US and Canadian Patents Filed, US file # 10/156,731, April 2002. 31
claims allowed December 2003, US patent pending.

X

X

C.D. Holdenried, J.W. Haslett and J. McRory, “Fully Differential
Transformer Based Q-Enhanced Inductor Circuit,” US provisional
patent filed March 2004.

OTHER

X

PATENTS ISSUED
Holbert, Marvin L., Haslett, James W. , Smallwood, Robert E, and
Trofimenkoff, Frederick N., “Subsurface Signal Transmitting
Apparatus,” US Patent # 6,672,383, Issued January 6th, 2004.

X

FUNDING
James Haslett’s Industry Chair is funded by iCORE ($200K/year), NSERC ($120K/year) and TRLabs ($120K/
year cash and additional in-kind). Additional support is received from NSERC (~$120K/year). Haslett also
works with the consortiums CMC ($300K/year) and Micronet (~$225/year) in conjunction with iCORE Chair
Graham Jullien.
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PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
B.H. Georgescu, H. Pekau, J.W. Haslett and J. McRory,
“Tunable Coupled Inductor Q-Enhancement for Parallel
Resonant Tanks”, IEEE Transactions on Circuits and Systems
-II:Analog and Digital Signal Processing, Special Issue on
Active IC Filters for RF and High Speed Data Communication
Systems, Vol.50, No. 10, October 2003. pp. 705-713.
X. Ding, V. Devabhaktuni, B. Chattaraj, M. Yagoub, M.
Deo, J. Xu, and Q.J. Zhang, “Neural network approaches to
electromagnetic based modeling of passive components
and their applications to high-frequency and high-speed
nonlinear circuit optimization,” IEEE Transactions on
Microwave Theory and Techniques, vol. 52, January 2004.
, pp. 436-449.
V. Devabhaktuni, M. Yagoub, B. Chattaraj, and Q.J. Zhang,
“Advanced microwave modeling framework exploiting
automatic model generation, knowledge neural networks,
and space mapping,” IEEE Transactions on Microwave Theory
and Techniques, vol. 51, July 2003, pp. 1822-1833.
S. Magierowski and S. Zukotynski, “CMOS LC-Oscillator
Phase Noise Analysis Using Nonlinear Models,” accepted for
publication in the IEEE Transactions on Circuits and Systems
I: Fundamental Theory and Applications.
REFEREED CONFERENCE PROCEEDINGS
Yeboah, J., G.A. Jullien and J.W. Haslett, “Recursive Cellular
NonLinear Neural Networks for Ultra Low Noise Digital
Arithmetic”, Proceedings of the 46th IEEE International
Midwest Symposium on Circuits and Systems, Cairo, Egypt,
December 27-29, 2003.
C. Holdenried, M.W. Lynch and J.W. Haslett, “Modified CMOS
Cherry Hooper Amplifiers with Source-Follower Feedback in
a 0.35um Technology”, Proceedings of the European Solid
State Circuits Conference, Portugal, September 2003, Pages
553 - 556.
Lynch, M.W., C. Holdenried, J.W. Haslett, “A 17-GHz Direct
Down-Conversion Mixer in a 47-GHz SiGe BiCMOS Process”,
Proceedings of the Radio Frequency Integrated Circuit
Symposium (Held in conjunction with the International
Microwave Symposium), Philadelphia PA June 2003, pp.
461-464.
Garg, A., I. Steiner, G.A. Jullien, J.W. Haslett and G.H.
McGibney, “A High Speed Complex Adaptive Filter for an
Asymmetric Wireless LAN Using a New Quantized Polynomial
Representation”, Proceedings of the IEEE International
Circuits and Systems Conference, (ISCAS), Bangkok,
Thailand,Volume: 2 , 25-28 May 2003, Pages:II-157 - II-160
vol.2.
B.A. Georgescu, J. Nakaska, R. Randall and J.W. Haslett,
“A 0.18um CMOS Bluetooth Frequency Synthesizer for
Integration With a Bluetooth SOC Reference Platform”,
Proceedings of the3rd IEEE International Workshop on Systemon-Chip, Calgary, Alberta, July 2003, pp. 258-263.
Georgescu, B., J. Haslett and J. McRory, “Transformer
Based Resonant Tank with Active Q-Enhancement”,
Proceedings of the 15th International Conference on Wireless
Communications, Calgary, Alberta, conference Proceedings,
July 2003, pp. 455-462.
Nakaska, J. and J.W. Haslett, “Integrated GHz Oscillators in a
47 GHz SiGe Process”, Proceedings of the15th International
Conference on Wireless Communications, Calgary, Alberta,
July 2003., pp. 159-164.
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TECHNOLOGY FORUM POSTERS
Nakaska, J., and J.W. Haslett, “RFIC Research at the University
of Calgary”, Poster presentation at the TRLabs Technology
Forum, Calgary, Alberta, October 28-29, 2003.
Georgescu, B., and J.W. Haslett, “On-chip Spiral Inductor Q
Enhancement Techniques”, Poster presentation at the TRLabs
Technology Forum, Calgary, Alberta, October 28-29, 2003.
REFEREED CONFERENCE PAPERS
C. Holdenried and J.W. Haslett, “A DC-6 GHz, 50 dB
Dynamic Range, SiGe HBT True Logarithmic Amplifier”,
to be presented at the IEEE International Symposium on
Circuits and Systems, Vancouver Canada, May 2004.
Vijay Devabhaktuni and James Haslett, “Introduction to
Theory and Applications of Self Organizing Wireless Sensor
Networks”, accepted for presentation at the 14th International
Conference on Wireless Communications, Calgary, Alberta,
July 12-14, 2004.
Kenneth Townsend and James Haslett, “A Low-Power
900MHz Relaxation Voltage Controlled Oscillator in 0.18 um
CMOS”, accepted for presentation at the 14th International
Conference on Wireless Communications, Calgary, Alberta,
July 12-14, 2004.
Damon Holmes, Ronald Johnston and James Haslett, “A 2.4
GHz Switched-Mode Power Amplifier IC for Linearization”,
accepted for presentation at the 14 t h International
Conference on Wireless Communications, Calgary, Alberta,
July 12-14, 2004.
H. Pekau, J. Nakaska, J. Kulyk, G. McGibney, J. Haslett and
J. McRory, “SOC Design of an IF Subsampling Terminal for a
Gigabit Wireless LAN with Asymmetric Equalization”, to be
presented at the 2004 International Workshop on Systemon-Chip, Banff, Alberta, July 2004.
J. Nakaska and J. W. Haslett, “An Integrated Inductorless
Quadrature Voltage Controlled Oscillator Design In a 47 GHz
SiGe Process”, to be presented at NEWCAS 2004, Montreal,
Quebec, September 2004.
Hua Yan, Sean Hum, James Haslett and Michal Okoniewski,
“Tunable RF Circuits using Switches and Sectioned
Transmission Lines”, accepted for presentation at the 14th
International Conference on Wireless Communications,
Calgary, Alberta, July 12-14, 2004.
K. Iniewski, S. Magierowski, and M. Syrzycki, “Phase Locked
Loop Gain Shaping for Gigahertz Operation,” accepted for
presentation at the IEEE International Symposium on Circuits
and Systems, Vancouver Canada, May 2004.
S. Magierowski, K. Iniewski, and S. Zukotynski, “A Wideband
LC-VCO with Enhanced PSRR for SoC Applications,” accepted
forpresentation at the IEEE International Symposium on
Circuits and Systems, Vancouver, Canada, May 2004.
K. Iniewski, M. Syrzycki, and S. Magierowski, “Reconfigurable
2.5 GHz Phase-Locked Loop for System On Chip Applications”
accepted for presentation at the IEEE International Workshop
on System-on-Chip, Banff, Alberta, July 2004.
Z. Chen, S. Magierowski, and K. Iniewski, “A Low-Voltage RF
LC VCO with High PSRR” accepted for presentation at the
14th International Conference on Wireless Communications,
Calgary, Alberta, July 12-14, 2004.
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ALGORITHMIC NUMBER THEORY
AND CRYPTOGRAPHY

HUGH WILLIAMS
iCORE Chair
Mathematics and Statistics, University of Calgary
http://www.cisac.math.ucalgary.ca/

In the three years since iCORE created
ICANTC, we have focused on establishing
the program and reaching some early
goals. One of our most significant accomplishments has been getting CISaC
established as an interdisciplinary centre
dedicated to research in cryptography
and information security. The goal of
the centre is to conduct research into the
testing and establishment of protocols to
ensure secure communications, with a particular emphasis on studying, improving
and implementing mathematically based
cryptosystems. This includes everything
from abstract theory to fabricating special
cryptographic and computing devices.

EXECUTIVE SUMMARY

A

highlight of the past year was
the official launch of the Centre
for Information Security and
Cryptography (CISaC), which
took place October 10, 2003. New courses
on cryptography have been added to the
math and computer science curricula. New
facilities like the Advanced Cryptography
Laboratory have been added, which attract
even more students. The best news is that
CISaC is a cross-disciplinary initiative, one

that brings together researchers in mathematics, electrical and computer engineering and computer science. This kind of
collaboration has tremendous potential.
Now that the centre is officially launched
and our membership continues to grow,
we are confident we will see more partnerships develop between academia and
the private sector. As these partnerships
mature, we believe we will see results in
terms of intellectual property and commercial results.

RESEARCH PROJECTS
Work within the new Centre for Information Security and Cryptography (CISaC)
include:
•

Further development of the DiffieHellman key exchange protocol in
which for the first time the underlying
mathematical structure is not a group.
It is based on the discrete logarithm
problem in a real quadratic field,
but this meant that it was difficult to
implement. Michael Jacobson, Renate
Scheidler and Hugh Williams have
devised a faster method of performing
all the ideal reductions required
by this system and we decreased
101

the bandwidth. The overall effect was a more
than doubling of the speed of the previous
implementation of this technique.
•

•

The design and construction of machines that
will perform the numerical sieving operation very
rapidly. In a collaborative effort involving MSc
student Kjell Wooding and Williams, a first phase
has been completed with the development of a
very fast software-sieving environment (CASSIE)
that is capable of canvassing numbers at the rate
of over 1015 numbers per second, an increase
of over 1000 times faster than our previous
device.
One of the most important aspects of on-line
privacy systems is the ability of communicants
to authenticate their identity. This is usually
achieved by means of digital signatures. These
are bit strings that are easy for the sender to
compute, but it is computationally infeasible for
anyone else to forge. Furthermore, and this is
often very important, it should be very easy for
anyone to authenticate the identity of the sender
by performing simple operations on this bit
string. This can be a very important consideration
for complicated banking transactions. What
this means is that we can now use the one-time
calculation mentioned above to determine a lower
bound on the pseudosquares, which can next
be utilized in tests that can very quickly prove
that prime numbers of 100 bits are prime. Dan
Bernstein has shown that such prime numbers
can therefore be very quickly generated, are
beyond the ability of anyone to predict, and

can be used for extremely fast verification of
Rabin-Williams signatures. These signatures are
provably as difficult to forge as it is to factor a
large integer.
•

At the request of a local Calgary company,
Non-Elephant Encryption Systems (NE2), Hugh
Williams and Graham Jullien have been looking
at the possibility of putting a very interesting
cryptosystem developed by NE2 on a chip.

•

We were recently able for the first time to compute
unconditionally the regulator for a number
field with a sixty-digit discriminant. Michael
Jacobson and Hugh Williams are making use
of an as yet unrefined version of our algorithm
implemented on the 139 dual processor cluster
mentioned earlier. Thus, when the new algorithm
is completely developed and implemented on
the cluster, it should be possible to compute
regulators for fields of perhaps 65 or even 70
digit discriminants.

•

One of the fundamental issues in cryptography is
determining the computational complexity of the
underlying mathematical problems that modern
public-key cryptosystems are based on. Mark
Bauer is looking at the question of how difficult is
the elliptic curve discrete logarithm and whether
there any other problems that we could show of
the same complexity. Safuat Hamdy and Bauer
proved some limited results on the connection
between elliptic curve discrete logarithms and the
analogous problem in number fields.

•

Mark Bauer and Renate Scheidler are continuing
their work on examining general cubic function
fields, developing the foundations for the
arithmetic in the Jacobian of certain curves that
correspond to cubic function fields of a special
form. The end goal of this project is to develop
algorithms that are suitable for arbitrary cubic
function fields.

Hugh Williams
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RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Team Leader
Dr Hugh Williams, Team Leader

Professor, Department of Mathematics and Statistics

iCORE Chair in Algorithmic Number Theory and Cryptography
Member of the Board of Directors of the Pacific Institute for the Mathematical Sciences
Recognized by NSERC for “contributions to the sum total of human knowledge over the 25 years of NSERC’s
existence”
Member of the Board of Directors for the Canadian Mathematical Society on July 1, 2003
Member of the NSERC Leadership Support Initiative Grant Selection COMMITTEE AUGUST 22-23, 2003

Faculty Team Members
NAME AND POSITION

ROLE/TOPIC

Dr Michael J. Jacobson, Jr.

Assistant Professor, Department of Computer Science
Member, CISaC Management Board

Dr Renate Scheidler

Associate Professor, Department of Mathematics and Statistics
and the Department of Computer Science
iCORE Research Associate
Member, CISaC Management Board

Dr Mark Bauer

Assistant Professor, Department of Mathematics and Statistics

Names
Lorem ipsum dolor
sit amet, consetetur
sadipscing elitr, sed diam
nonumy eirmod tempor
invidunt ut labore et
dolore magna aliquyam
erat, sed diam voluptua.
At vero eos et accusam
et justo duo dolores et
ea rebum. Stet clita kasd
gubergren, no sea

Hugh Williams and some
research team members at
the 2004 Banff Informatics
Summit
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Afﬁliated Faculty
NAME

ROLE/TOPIC

Dr Vassil Dimitrov

Associate Professor, Department of Electrical and Computer
Engineering, University of Calgary

Sid Tolchinsky

Security and Controls Specialist, ExxonMobil and Chairperson
of Calgary Security Professionals Information Exchange (SPIE)

Dr John Aycock

Assistant Professor, Department of Computer Science,
University of Calgary

Dr Mark L. Bauer

Assistant Professor, Department of Mathematics and Statistics,
University of Calgary

Gerry Bliss

President, Bliss Informatics

Dr Richard Cleve

Professor, Department of Computer Science, University of
Calgary

Dr Clifton Cunningham

Assistant Professor, Department of Mathematics and Statistics,
University of Calgary

Dr. Behrouz Homayoun Far

Associate Professor, Department of Electrical and Computer
Engineering, University of Calgary

Kenneth Fung

Program Director, Faculty of Continuing Education, University
of Calgary

Dr Peter Høyer

Assistant Professor, Department of Computer Science,
University of Calgary

Dr Graham Jullien

Professor, Department of Electrical and Computer Engineering,
University of Calgary

Zak Karbalai

Director eSecurity and BCP, Care Factor Computer Services Inc.

Shalin Kashyap

Information Security Advisor, Security Operations, Shell Canada
Limited

Dr Thomas Keenan

Adjunct Professor, Department of Computer Science, University
of Calgary, and Director, e-Security Innovation Centre

Kathy Macdonald

Constable, Calgary Police Service

Dr Richard Mollin

Professor, Department of Mathematics and Statistics, University
of Calgary

Dr Barry Sanders

iCORE Professor, Department of Physics and Astronomy,
University of Calgary

Dr John Watrous

Associate Professor, Department of Computer Science and
Canada Research Chair, University of Calgary

Dr Carey Williamson

iCORE Professor, Department of Computer Science, University
of Calgary

Postdoctoral Fellows
NAME

ROLE/TOPIC AND AWARDS
Research Focus: Analytic and probabilistic number theory

Dr Filip Saidak

Postdoctoral fellow Filip Saidak is now at the University
of Missouri (Columbia). His research focus is analytic and
probabilistic number theory.
Research Focus: Number field cryptography

Dr Safuat Hamdy

Postdoctoral fellow Safuat Hamdy accepted a faculty position
at the University of the United Emirates in Dubai (UAE). He will
begin in August 2004.
Research Focus: Public-key cryptography and primality testing

Dr Siguna Mueller
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APART (Austrian Programme for Advanced Research and
Technology) Scholarship
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NAME

ROLE/TOPIC AND AWARDS

Dr Lassina Dembélé

Research Focus: Computations concerning the arithmetic of
Hilbert modular forms
Began November 2003
Currently at the University of Alberta

Dr Stéphane Lemieux

Scheduled to begin May 1, 2004
Currently at Macquarie University in Sydney, Australia

Dr Roger Patterson

Scheduled to begin May 1, 2004

PhD Students
NAME AND POSITION

ROLE/TOPIC
Topic: Simple Continued Fraction Expansions of Quadratics
PhD student Kell Cheng successfully completed all his degree
requirements in September 2003. His thesis is entitled: “Some
Results Concerning Periodic Continued Fractions.”

Kell Cheng

MSc Students
NAME

TOPIC

Richard Cannings

On the Security of the BB84 Quantum Key
Distribution Protocol

AWARDS

Chris Foster

The Solution of Catalan’s Problem

Brendan Oseen

Isogenies of Elliptic Curves

Reginald Sawilla

Algorithims in Quadratic Fields

NSERC Postgraduate Scholarship,
Alberta Ingenuity Ph.D.
Studentship, iCORE Graduate
Student Scholarship

Kjell Wooding

Development of a High-speed Numerical
Sieving Device

NSERC Postgraduate Scholarship,
Alberta Ingenuity Ph.D.
Studentship, iCORE Graduate
Student Scholarship

Andreas Hirt

A Practical Buses Protocol for Anonymous
Network Communication

NSERC Canada Research
Scholoarship, iCORE Graduate
Student Scholarship

Guarav Jain

Intrusion Prevention Systems Based on
Mobile Agents

Other Team Members
SUPPORT STAFF
NAME AND POSITION

ROLE

Susan Schuck

Administrative Support

Marc Wrubleski

Computer Technician

STUDENT VISITORS
Daniel Weimer

Technical University of Darmstadt

Robbert de Haan

University of Amsterdam

Roger Patterson

Macquarie University
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SUMMER STUDENTS
NAME AND POSITION

ROLE

Kris Luttmer

NSERC scholar, working with Michael Jacobson

Leonard Nooy

Working with Michael Jacobson, funded by Jacobson’s NSERC
grant and the iCORE grant

Mark Velichka

NSERC scholar, working with Michael Jacobson and Renate
Scheidler

Josiah Xiong

Working with Michael Jacobson, funding by Jacobson’s NSERC
grant and the iCORE grant

Rick Zhang

Working with Michael Jacobson, funding by Jacobson’s NSERC
grant and the iCORE grant

Bill Hutchinson

NSERC scholar, working with Renate Scheidler

Anguo Dong

Working with Renate Scheidler, supported by NSERC grant

Visitors: April 1, 2003 to March 31, 2004
Andreas Stein from the University of Illinois at Urbana Champaign
Andy Klapper from the University of Kentucky
Jeff Lagarias from Information Sciences Research, ATandT Labs (USA)
Igor Shparlinski from Macquarie University, Sydney, Australia,
Sam Wagstaff from Purdue University, West Lafayette, Indiana
Maurizio Laporta from the University of Naples (Italy)
Oliver Schirokauer from Oberlin College, Ohio
Jonathan Sorenson from Butler University, Indiana
Pedro Berrizbeitia from the Universidad Simon Bolivar in Caracas, Venezuela
Filip Saidak from the University of Missouri
Laurent Imbert from the Montpellier Laboratory of Computer Science, Robotics, and Microelectronics (LIRMM). This is
a cross-faculty research entity of the University of Montpellier II (UMII) and the National Center for Scientific Research
(CNRS)
Peter Borwein from Simon Fraser University, British Columbia
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COLLABORATIONS AND AWARDS
INSTITUTION

NATURE OF COLLABORATION
PROVINCIAL

Dr Graham Jullien’s group in the University of Calgary’s
Department of Electrical and Computer

Engineering to develop a small, wireless device that can be
implanted in patients and used to transmit data over very
short distances

NATIONAL
Centre for Applied Cryptographic Research at the University
of Waterloo

Formalized a partnership in 2003

INTERNATIONAL
Illinois Center for Cryptography and Information Protection
(ICCIP), University of Illinois at Urbana-Champaign and the
Centre for Information Security and Cryptography at the
University of Calgary

Negotiations formally completed June 30, 2003

Professor Hans Dobbertin of Ruhr- Universität Bochum,
Germany

Pursuing a partnership with his cryptographic group

Technical University of Darmstadt

Pursuing a partnership with their cryptographic group

University of Salerno (Italy)

Pursuing a partnership with their cryptographic group
INDUSTRIAL

BigBangWith, an Edmonton-based company

Developing an application to Western Economic
Diversification for the establishment of a fast backup/
restore (RETSBAR) laboratory as part of CISaC. This $2.275M
project’s purpose is to provide industrial participants and
researchers high-bandwidth access to remote storage to
enable secure and encrypted real-time backup and restore
of sensitive computing applications.

General Dynamics, Calgary

Currently negotiating to develop a cooperative think tank.
This should result in a means by which ICANTC can effect
technology transfer.

Fields Institute

Currently working on the development of an application for
support of a six-month program devoted to cryptography with
a budget of $325,000. Specific areas of concentration
• Quantum computing and quantum cryptography
• Algebraic curves and cryptography
• Cryptographic protocols
• Applied aspects of cryptography

FUNDING
Hugh Williams and team receive funding from many sources including AIF ($260K), CFI ($320K), MITACS
($360K), NSERC and the University of Calgary for a total of over $1.2M in addition to his iCORE funding.
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NETWORKS AND WIRELESS COMMUNICATIONS

PUBLICATIONS
REFEREED JOURNAL CONTRIBUTIONS

PRESENTATIONS AND INVITED TALKS

D. Hühnlein, M.J. Jacobson, Jr., and D. Weber, “Towards
Practical Non-interactive Public-key Cryptosystems Using
Non-maximal Imaginary Quadratic Orders”, Designs Codes
and Cryptography 30 (2003), no. 3, 281-299.

H.C. Williams, Some Results Concerning Periodic Continued
Fractions. AMS Special Session on Cryptography and
Computational and Algorithmic Number Theory, Bloomington,
Indiana, April 4-6, 2003.

H. te Riele and H.C. Williams, “New Computations Concerning
the Cohen-Lenstra Heuristics,” Experimental Mathematics,
12 (2003), 99-113.

H.C. Williams, Some Results Concerning Periodic Continued
Fractions. A. Schinzel’s Number Theory Seminar, Mathematical
Institute of the Polish Academy of Sciences, Warsaw, May 9,
2003.

M.J. Jacobson, Jr., A.J. Menezes, and A. Stein, “Hyperelliptic
Curves and Cryptography”, High Primes and Misdemeanors
-- Conference in Number Theory in Honour of Professor Hugh
Williams, 2003, to appear.
M.J. Jacobson, Jr., Á. Pinter, and P.G. Walsh, “A Computational
Approach for Solving y2 = 1k + 2k + … + xk”, Math. Comp. 72
(2003), no. 244, 2099-2110.
R.A. Mollin, “Construction of Families of Long Continued
Fractions Revisited”, to appear: Acta Math. Acad. Paedagozicae
Nyiregyhaziensis (new series).
R.A. Mollin, “A Continued Fraction Approach to the
Diophantine Equation ax2-by2=+-1”, Journal of Algebra,
Number Theory and Applications, 4 (2004, 159-207.
R.A. Mollin, “When the Central Norm is 2 in the Simple
Continued Fraction Expansion of, √D”, to appear in Math.
Rep. Acad. Sci. Canada.
R.A. Mollin, “A Description of Continued Fraction Expansions
of Quadratic Surds Represented by Polynomials”, to appear
in the Journal of Number Theory.
R.A. Mollin, “Infinitely Many Diophantine Equations Solvable
Everywhere Locally but Nowhere Globally”, to appear:
JPANTA.
S. Mueller, “On the Computation of Cube Roots Modulo p”,
High Primes and Misdemeanours – Conference in Number
Theory in Honour of Professor Hugh Williams, 2003, to
appear.
Y. Lee, R. Scheidler and C. Yarrish, “Computation of the
Fundamental Units and the Regulator of a Cyclic Cubic
Function Field,” Experimental Mathematics 12 (2003),
211-225.
REFEREED CONFERENCE PROCEEDINGS
M.J. Jacobson, Jr., “The Security of Cryptosystems Based
on Class Semigroups of Imaginary Quadratic Non-maximal
Orders”, to appear in ACISP 2004.
M. Jacobson, H. C. Williams, K. Wooding, “Imaginary
Cyclic Quartic Fields with Large Minus Class Numbers”, to
appear: Proceedings of Algorithmic Number Theory, Sixth
International Symposium, ANTS-6. Accepted Feb. 6, 2004.
P. Berrizbeitia, S. Mueller and H.C. Williams, “Pseudocubes
and Primality Testing”, to appear: Proceedings of Algorithmic
Number Theory, Sixth International Symposium, ANTS-6.
Accepted February 6, 2004.
R. Scheidler, “An Algorithmic Perspective of Cubic Function
Fields”, to appear: Proceedings of Algorithmic Number
Theory, Sixth International Symposium, ANTS-6. Accepted
February 6, 2004.
S. Hamdy and M. Bauer, “On Class Group Computations
Using the Number Field Sieve,” Proceedings of Asiacrypt
2002, appeared in Springer-Verlag. Advances in CryptologyASIACRYPT 2003, Springer LNCS 2894, 2003, pp. 311325.
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H.C. Williams, Some Contributions of Cryptography to
Number Theory. Workshop in Honour of the 60th Birthday of
H.C. Williams, Mathematical Institute of the Polish Academy
of Sciences, Warsaw, May 13, 2003.
H.C. Williams, Some Contributions of Cryptography to
Number Theory. AARMS Combinatorics Workshop, Memorial
University of Newfoundland, July 15, 2003.
H.C. Williams, Cryptography, Pseudosquares and Number
Sieves. Invited talk, PIMS Lunchbox Lecture Series, Calgary,
Alberta, October 6, 2003.
H.C. Williams, What’s Behind the Standards that Keep our
Secrets Safe? Invited talk presented to SPIE (Calgary Security
Professionals Information Exchange), Calgary, October 30,
2003.
H.C. Williams, Number Theory Inspired by Cryptography.
Invited talk, MPKC 2003, Mathematics of Public-Key
Cryptography, Chicago, Illinois (USA), November 8, 2003.
H.C. Williams, Periodic Continued Fractions with Short
Periods. Invited special session speaker, CMS Winter meeting,
Vancouver, BC, December 8, 2003.
H.C. Williams, Cryptography and Number Theory. Invited
talk, Short course on Cryptography, CMS Winter Meeting,
Vancouver, BC, December 6, 2003.
H. C. Williams, Cryptography, Pseudosquares and Number
Sieves. Invited talk, UNBC Mathematics and Physics
Symposium, Vancouver, BC, January 16, 2004.
K. Wooding, Recent Results on Pseudosquares. West Coast
Number Theory Conference, Monterey, CA (USA), December
17-21, 2003.
M. Bauer, Point Counting on Picard Curves. West Coast
Number Theory Conference, Pacific Grove, California (USA),
December 17-21, 2003.
M. Bauer, Integer Factorization and the Discrete Logarithm
Problem. Computer Security and Cryptography Seminar,
University of Wisconsin, Madison (USA), February 16,
2004.
M. Bauer, Point Counting on Picard Curves. Elliptic Curve
Cryptography Seminar, University of Wisconsin, Madison
(USA), February 17, 2004.
M.J. Jacobson, Jr., NUCOMP II - Implementation and
Applications. AMS Special Session on Cryptography
and Computational and Algorithmic Number Theory,
Bloomington, Indiana, April 4-6, 2003.
M.J. Jacobson, Jr., New Results on Dan Shanks’ NUCOMP
Algorithm. Conference in Number Theory in Honour of
Professor Hugh Williams, Banff, Alberta, May 2003.
M.J. Jacobson, Jr., Cryptography lecture at CMS Math Camp,
July 2003.

iCORE RESEARCH REPORT Volume 3, Fall 2004

WILLIAMS
M.J. Jacobson, Jr., New Results on Dan Shank’s NUCOMP
Algorithm. Università degli Studi di Salerno, July 2003.
M.J. Jacobson, Jr., Cryptography and Information Security.
Invited talk, Computer Science Calgary/Lethbridge Liaison
Meeting, Calgary, Alberta, October 16, 2003.
M.J. Jacobson, Jr., Applications of NUCOMP. Invited talk,
Mathematics of Public-Key Cryptography 2003, University
of Illinois at Chicago, November 9, 2003.
M.J. Jacobson, Jr., Minus Class Numbers of Imaginary Cyclic
Quartic Fields. Computational Number Theory Seminar,
University of Illinois at Urbana-Champaign (USA), November
11, 2003.

S. Hamdy, The IQ-MPQS with Two Large Primes. Conference
in Number Theory in honour of Professor Hugh Williams,
Banff, Alberta, May 24-30, 2003.
S. Hamdy, Public-Key Cryptography in Practice. MITACS
Theme Meeting on Information Technology, Banff, Alberta,
October 19-20, 2003.
S. Hamdy, Number Fields in Cryptography. AMSI Workshop
on The Mathematics of Communications Security, Melbourne,
Australia, November 18-21, 2003.
S. Hamdy, On Class Group Computations Using the Number
Field Sieve. Asiacrypt 2003, Taipei, Taiwan, November 30
to December 4, 2003.

M.J. Jacobson, Jr., Cryptography in Non-maximal Quadratic
Orders, Invited talk, Information Protection Seminar,
University of Illinois at Urbana-Champaign (USA), November
12, 2003.

S. Mueller, On the Computation of Cube Roots Modulo p.
AMS Special Session on Cryptography and Computational
and Algorithmic Number Theory, Bloomington, Indiana,
April 4-6, 2003.

M.J. Jacobson, Jr., Minus Class Numbers of Imaginary Cyclic
Quartic Fields. Western Coast Number Theory Conference,
Asilomar Conference Grounds, Pacific Grove, California,
December 2003.

S. Mueller, On a Cubic Generalization of the Lucas Functions
and the Computation of Cube Roots Modulo $p$. XXIIIrd
Journées Arithmétiques, Graz, Austria, July 6–12, 2003.

R. Mollin, The Many Vistas of Continued Fractions. American
Mathematical Society Annual Meeting, Phoenix, Arizona
(USA), January 9, 2004.
R. Sawilla, Fast Ideal Arithmetic in Real Quadratic Fields. West
Coast Number Theory Conference, Pacific Grove, California
(USA), December 20, 2003.
R. Scheidler, NUCOMP I – Idea and Algorithm. AMS Special
Session on Cryptography and Computational and Algorithmic
Number Theory, Bloomington, Indiana, April 4-6, 2003.
R. Scheidler, How to Exchange a Secret – Communication
of Cryptographic Keys. University of Salerno (Italy), July
2003.
R. Scheidler, The Signature of a Cubic Function Field. Western
Number Theory Conference, Pacific Grove, California (USA),
December 17-21, 2003.

S. Mueller, Faster Methods of Generating Certain
Cryptographic Keys. Invited talk, MITACS NCE 5th IT Theme
Meeting, Banff, Alberta, October 19-20, 2003.
S. Mueller, On Pseudocubes and Primality Testing. MPKC
2003, University of Illinois at Chicago (USA) November 7
to 9, 2003.
S. Mueller, On Pseudocubes and Primality Proving. Invited
talk, Kempner Colloquium, University of Colorado at Boulder
(USA), November 17, 2003.
S. Mueller, Pseudopowers and Cryptography. Invited Talk,
Institute for Information Security and Cryptography, Bochum,
Germany, January 29, 2004.
S. Mueller, Pseudocubes and Applications to Primality
Proving. Discrete Mathematics Seminar, University of
Calgary, Alberta, February 27, 2004.

S. Hamdy, On Class Group Computations Using the
Number Field Sieve. AMS Special Session on Cryptography
and Computational and Algorithmic Number Theory,
Bloomington, Indiana, April 4-6, 2003.
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NANOCORE
NANOSCALE ENGINEERING
PHYSICS INITIATIVE

MICHAEL BRETT
iCORE Professor, Nanocore
iCORE/NSERC/Micralyne Industrial Research Chair
Electrical and Computer Engineering, University of Alberta

MARK FREEMAN
iCORE Professor, Nanocore
Physics, University of Alberta
http://www.nanocore.ca

The principal mission of Nanocore is to
build upon existing strengths in nanoscale
engineering physics to develop world-class
expertise in selected areas of nanotechnology. Specifically, the areas can be summarized as nanofabrication methods related
to thin film technology, and advanced
characterization of nonequilibrium physical properties of nanosystems relevant to
future ICT.

EXECUTIVE SUMMARY

T

he goals of the NanoCore and
the iCORE/NSERC/Micralyne
Industrial Research Chair are to
develop world class expertise
in selected areas of nanotechnology and
develop device applications of nanoengineered materials, with assistance from
industrial partner Micralyne. These goals
are accomplished in parallel with the training of a large number of personnel at the
forefront of nanoscience and engineering. Continued success in recruitment of

research trainees has led to an outstanding
group of graduate students. Of 18 graduate students directly supervised by Brett
or Freeman, 13 have been awarded major
scholarships from NSERC, or Alberta Ingenuity. Another measure of whether Nanocore/ICE are accomplishing their goals is
the ongoing activity in Alberta by former
Nanocore/ICE trainees. Over the past year,
six trainees have taken their skills into the
growing local Alberta nanotech industry.
Brett and Freeman continue their leadership in establishment, facilitization and
operation of the University of Alberta
Micromachining and Nanofabrication Facility (NanoFab), having received awards over
the past two years (as principal or co-investigators) of infrastructure and operating
support exceeding $20M from CFI, NSERC,
ASRIP, and Western Diversification. As a
result, the NanoFab facility is the best in
Canada and now boasts in excess of 490
users from 109 research groups including
21 Alberta based ICT-related industries.
Through Nanofab support and leadership,
iCORE funding has played a key role in
enabling the nucleation of 8 ICT-related
firms in Alberta. Nearly 1/3 of Nanocore
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funds are used to support personnel developing nanofabrication processes critical to other users
Within the scientific and engineering communities,
Brett and Freeman each made several prestigious
appearances at international conferences, such as
invited talks at the Materials Research Society Symposium (Brett) and the American Vacuum Society (Freeman). Brett was recognized with ASTech Award for
Outstanding Leadership in Alberta Technology, in part
for establishing the University of Alberta NanoFab. In
professional service, Freeman completed his term on
the NSERC Grant Selection Committee for Condensed
Matter Physics as Chair for 2003-04.

RESEARCH PROJECTS
Continuous upgrading of infrastructure is essential,
and there are spectacular examples again this year.
The showpiece $2M Raith electron beam writing tool
was installed late in the year as part of the 2002
$8.3M CFI/ASRIP award (PI Brett), complemented by
an upgrade of the existing modified scanning electron microscope. Raith now operates an office out of
Edmonton to bolster their North American presence
in this market. Our leadership in nanofabrication will
be further solidified by the Integrated Nanosystems
Research Facility (PI: Lynch with co-investigators Dew,
Brett, Freeman), funded by CFI/ASRIP at $10.8M.
Pursuing the ultimate physical limits of “top-down”
nanofabrication, an ultrahigh vacuum, cryogenic
(liquid helium) scanning tunneling microscope has

Michael Brett
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been installed, allowing Alberta to enter the era of
manipulation of individual atoms and molecules on
surfaces. This cluster of nanofabrication expertise fostered by the NanoFab and by Brett and Freeman was
an influential factor in locating the National Institute
of Nanotechnology in Edmonton.
Alberta is closely connected to national developments
in nanotechnology through the Nanoelectronics Program of the Canadian Institute for Advanced Research.
According to Chaviva Hosek, CIAR President and CEO,
the University of Alberta enjoys the highest participation in this program of any university in the world
(CIAR also admits foreign associates.) The Alberta
members are Brett and Freeman from Nanocore, and
Robert Wolkow, the iCORE Chair recruited through
Nanocore in 2002-03. Brett and Freeman continue
to work on planning within the National Institute for
Nanotechnology, as members of a small group of
existing University of Alberta researchers selected for
this role in the formative years of the Institute.
Nanofabrication continues to be a key focus of the
research programs. The patented Glancing Angle
Deposition (GLAD) process developed in Brett’s lab
provides a remarkably simple way to engineer complex structures in thin film coatings on the nanoscale.
These novel coatings are providing opportunities
for team researchers to explore device applications
where the nanoengineered structure and surface area
provide advantages over conventional materials.
A high profile development was the demonstration
of the first three-dimensional photonic crystal in a
square spiral geometry by PhD students Scott Kennedy
and Martin Jensen. This work, in collaboration with
Dr Sajeev John of the University of Toronto, is exciting because of the potential promise for integrated
optics capabilities, potentially leading to application
in optical computing. This architecture of photonic
crystal may be more readily manufactured and more
amenable to intentional defect incorporation than
other competing photonic crystal technologies. In
related work involving ultrafast optical switching,
Dr Jon Holzman and Dr Abdul Elezzabi have demonstrated integrated opto-electronic structures utilized
to broadcast ultrahigh frequency signals. These
devices are capable of broadcasting well into the
terahertz regime, gaining international recognition
for this capability.
Also utilizing nanoengineered structures in photonics,
PhD student Andy Van Popta, with co-supervisor Dr
Jeremy Sit and collaborator Dr Dick Broer of Philips
Research Labs, has been optimizing the optical performance of helical structures with a goal of developing superior technology for energy efficient flat
panel displays. PhD student Peter Hrudey has been
iCORE RESEARCH REPORT Volume 3, Fall 2004

BRETT/FREEMA,N
developing luminescent chiral materials, which are
also a potential component for flat panel displays,
and has demonstrated that nanostructuring can be
utilized to improve the intensity of light coupled out
of the coating.
Recent developments in nanofabrication include
the ability to precisely fabricate nanofibres of 20nm
diameter over lengths exceeding 5 µm, by PhD student Martin Jensen. The first polymer materials with
chirality controlled on the sub-micrometre scale have
been demonstrated by PhD student Anastasia Elias, in
collaboration with Dr Kees Bastiaansen of the Technical University of Eindhoven. Dr Maria Stepanova,
with Dr Steven Dew, has invented and implemented
a new process to fabricate self-assembled metal dots,
networks, and nanowires on non-metallic substrates.
Each of these processes bring new flexibility and
control to nanomaterials engineering.
Two projects have applied ICT-developed nanotechnology to the energy field. Dr Gregory Kiema and
graduate student Mike Colgan have fabricated Graetzel solar cells based on porous nanostructured TiO2
infiltrated with organic dye, and achieved conversion
efficiencies up to 5 percent. Because of potential
ease of fabrication and low cost, a further increase
in efficiency could lead to a competitive product. Dr
Jim Broughton with graduate student Barb Djurfors is
utilizing the GLAD fabrication processes to develop
porous electrode structures for application in supercapacitors, and have achieved state-of-the-art capacitance per unit mass. Such supercapacitors combine
the energy storage capability of batteries with the

fast discharge of capacitors, and can provide energy
load-levelling in technologies such electric or hybrid
cars. It is hoped that the GLAD process can enable
cost-efficient fabrication.
In research with close involvement with industrial partner Micralyne, MSc students John Steele and Shufen
Tsoi have demonstrated the operation of sensor
devices with nanostructured surfaces that have been
treated chemically or functionalized to optimize performance. For example, their humidity sensors afford
greater sensitivity and significantly faster response
than current commercial devices.
Sasha Krichevsky in Physics, in collaboration with Dr
Brett, has tested ideas for streamlined procedures
to fabricate magnetic memories exploiting the techniques of glancing angle deposition. Our pursuit of
advanced methods of nanofabrication continued,
focused on the goal of “routine” methods for patterning in the single-digit-nanometre regime.
Professors Hegmann and Meldrum are continuing to
explore the potential of nanomagnetic systems. The
nanomagnetic universe is remarkably rich and many
possibilities for future devices remain to be explored.
Magnonics aims to control the generation and propagation of very short (to less than 10 nm) wavelength
magnetic oscillations by means analogous to the
control of light in photonic crystals. These very small
scales challenge us to develop new tools and methods
required for their successful realization, a process
which is always fertile with opportunity for other applications as well. In the case of magnonics, our “dream”

Michael Brett and Mark
Freeman with some
research team members at
the 2004 Banff Informatics
Summit
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characterization tool is an ultrafast stroboscopic spin
polarized scanning tunneling microscope(!). Already
this goal has led to an additional project funded by
the NSERC Nano Innovation Platform (Hegmann, PI;
the only project in Alberta so funded) to explore the
nature of electrical conduction through molecules at
high speeds. Molecules are the building blocks for all
of Nature’s nanotechnology. Projects such as this one
are conceptually related to our other activities by sharing the premise that the operation of all active devices
is determined by the dynamic characteristics of the
components. The speed of molecular conduction will
not dictate whether or not molecular electronics has
applications, but will play a pivotal role in determining
which applications it may be suited for.

and now also the holder of an Alberta Ingenuity Fellowship. He is elucidating the dynamic behaviour of a
variety of configurations of magnetostatically-coupled
magnetic nanostructures. Dr Zhu has been comparing
the dynamic behaviour of nanodisks and nanorings.
Both are of interest for applications on account of their
circulating magnetization patterns, which minimize
the stray-field coupling between adjacent particles.
However, the fact that the disk supports a vortex
core but the ring does not, leads to a fundamental
difference in the dynamic response.

The extension of the building-block theme to include
molecules and structures engineered on the sub20nm scale over large areas is a natural evolution
as the program continues and capabilities evolve to
address smaller and smaller structures. A first project
involving a linkage between magnetic and molecular
systems was completed in 2003, in collaboration with
Dr Ian Manners’ group at the University of Toronto.
This project investigated magnetic properties of nanostructures produced by direct electron beam exposure
of an iron-bearing organometallic precursor material.
The project involved participation of an undergraduate
engineering physics major Jason Sorge, who has since
gone on to graduate studies with Dr Brett.

We have continued measurements of the ultrafast
response of nanocrystalline composite magnetic
materials. The emphasis has been on materials created through ion implantation and annealing, continuing the experimental work of Kristen Buchanan
who has concentrated on theoretical and numerical
modeling of these systems while writing her PhD dissertation during the past year. Buchanan has captured
the essential details of the ultrafast response in a
simple model. Using a material from Dr Meldrum,
our present record response time of 16 ps has been
demonstrated (at room temperature in zero magnetic
field bias, the environmental conditions necessary for
a sensor application.)

Dr Won Kee Kim, a Nanocore-supported postdoc
working with Dr Marsiglio, is performing theoretical
studies of related phenomena.

A great deal of progress in the area of nanomagnetic
building blocks has been made by postdoctoral fellow
Xiaobin Zhu, recruited directly into Nanocore in 2003

Mark Freeman
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RESEARCH TEAM MEMBERS
Team Leaders
ROLE

TOPIC

Dr Michael Brett

iCORE Professor and iCORE/NSERC/
Micralyne Industrial Research Chair,
Canada Research Chair

Dr Mark Freeman

iCORE Professor, Canada Research Chair

AWARDS/SPECIAL INFORMATION
ASTech Award for Outstanding
Leadership in Alberta Technology
(2003)
Associate Member, CIAR Program in
Nanoelectronics (2002)
Associate Member, CIAR Program in
Nanoelectronics (1999)

Faculty Team Members
ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

Dr Chris Backhouse

Microfluidic devices

Dr Steven Dew

Microfabrication process technology

Killam Annual Professor

Dr Abdul Elezzabi

Ultrafast photonics

McCalla Professor

Dr Jeremy Sit

Nanostructure devices

Dr Ray Egerton

Electron microscopy of thin films

Dr Frank Hegmann

Terahertz spectroscopy

Dr Frank Marsiglio

Superconductivity

Dr Al Meldrum

Nanoparticles and nanomaterials

Distinguished Physical Scientist,
awarded by Microscopy Society of
America (2004)

Postdoctoral Fellows
ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

Dr Mark Roseman

Nanoscale Physics

Now at NSERC Nano IP

Dr Xiaobin Zhu

Ultrafast microscopy

Ingenuity Fund Fellowship

Dr Yan Pennec

Temp. dependent magnetic damping

Dr Jim Broughton

Supercapacitors

Dr Greg Kiema

Microfluidic materials

Dr Doug Vick

Nanostructure growth
NSERC PDF, Canada Governor Gen.
Gold Medal

Dr Jon Holzman
Dr Maria Stepanova

Ion beam nanostructuring

Dr Ken Harris

Perforated materials
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PhD Students
ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

Grey Arnup

Single-shot ultrafast microimaging

Miroslav Belov

Spatial control of modal oscillations

AIF Fellowship

Jason Blackstock

Molecular electronics

NSERC Julie Payette Scholar

Robert Bryce

Colloids in microfluidics

NSERC Industrial Award

Kristen Buchanan

Nanocrystalline magnetic composites

NSERC PDF – Argonne National
Laboratory

Sacha Krichevsky

Dynamic switching “astroids”

PDF at Naval Research Lab

Zhigang Liu

Numerical simulation of magnetization
dynamics

Allan MacDairmid

Bio-inspired macromolecular nanowires

NSERC PGS-B

Barb Djurfors

Nanostructure characterization

I. Killam Schol.; D. Killam Schol;
DB Robinson Schol

Scott Kennedy

Photonic crystal fabrication

NSERC PGS-B, iCORE

James Gospodyn

Chiral optic ellipsometry

Peter Hrudey

Luminescent nanostructures

NSERC PGS-A; iCORE

Anastasia Elias

Replica nanostructures

NSERC CGS; Ingenuity; iCORE

Martin Jensen

Photonic crystal devices

Ingenuity; iCORE

Mary Seto

Mechanical nanostructures

AIF Fellowship, Micralyne

Andy Van Popta

Chiral photonic devices

NSERC PGS-A; iCORE

ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

John Steele

Sensor devices

Mark Summers

Photonic crystal materials

eMPOWR Scholarship

ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

Dr Mirwais Aktary

Nanolithographic process development

Applied NanoTools, Raith

Dr Mohammed
Hedayatipoor

Dielectric measurements of proteins

Visiting Professor

Dr Marek Malac

Patterning of permalloy structures

Now at NINT

Matthew Hawkeye

UG student researcher

Doug Gish

UG student researcher

Ingenuity studentship

Tze Luck

Summer student researcher

NSERC Summer Student

Bryan Szeto

Summer student researcher

NSERC Summer Student

Cindy Blois

Summer student researcher

Michael Cook

Summer student researcher

Jon Klippenstein

Summer student researcher

MSc Students

Other Team Members
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ROLE

TOPIC

AWARDS/SPECIAL INFORMATION

Daniel Salamon

Summer student researcher

Now at NINT

Jason Sorge

Summer student researcher

NSERC Summer Student

Karin Hayward

Administrative Assistant

Ben Bathgate

Technician

Stephenie Bozic

Nanofabrication specialist

Lynn Chandler

Administrative Assistant

David Fortin

Administrator/Technical

Nanocore Supported Graduate Students of Afﬁliated Researchers
ROLE

TOPIC

Shufen Tsoi

Surface functionalization

Ken Chau

GHz Optical Modulator

Michael Cummings

Ultrafast carrier dynamics

Lucian Covaci

Numerical simulations of surfaces and
nanoscale superconducting devices

Fatih Dogan

Electron-phonon systems using DMRG
method

Aaron Hryciw

Light-emitting nanocrystalline silicon

Peng Li

Radiation damage to organic compounds

Aaron Slepkov

Nonlinear optical properties of organics

Simona Verga

Researching nanoscale superconductivity

Feng Wang

Magnetic nanoparticles
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NSERC CGS; iCORE; Ralph
Steinhauer Award

NSERC PGS-B

Killam
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COLLABORATIONS
NATIONAL
Professors Hegmann and Meldrum have made exciting advances related to nanophotonics and optoelectronics in projects
with the Canadian Institute for Photonic Innovation and supported by iCORE. Hegmann’s group has applied their powerful
terahertz spectroscopy method to non-contact measurements of conductivity in quantum dots arrays and quantum wires.
Meldrum’s group has demonstrated a powerful technology for tailoring the emission wavelength of silicon nanocrystalbased luminescent materials.
Xiaobin Zhu’s project on nanomagnetic building blocks includes collaboration with Professor Peter Grutter of McGill
University, Director of both the CIAR Nanoelectronics Program and of the NSERC NanoIP. Graduate student Zhigang Liu is
providing great micromagnetic modeling support for this project.
A project involving a linkage between magnetic and molecular systems was completed in 2003, in collaboration with Dr
Ian Manners’ group at the University of Toronto.
We are also collaborating with Prof. Heinrich of Simon Fraser University to understand the dynamic coupling between
magnetic elements in structures consisting of multiple vertical layers, alternating between magnetic and nonmagnetic
materials.
INTERNATIONAL
Mirwais Aktary is collaborating with Dr Tanaka from Shizuoka, a synthetic organic chemist, to elucidate the “rules of
thumb” through which structure determines resolution for electron resists.
Mr Liu has also collaborated with the Brookhaven National Laboratory team of Yimei Zhu (in particular Dr Marco
Beleggia, who made an extended visit to Alberta in September) on the analytic computation of stray fields in “non-ideal”
geometries.
INDUSTRIAL
Jason Blackstock has continued his collaboration with HP Labs to produce well-defined structures for the study of
molecular conduction, using an approach that could ultimately be ported into a production environment (that is, does not
require surface preparation in ultrahigh vacuum.) Spin-offs of Blackstock’s innovative research are also leading to exciting
cross-fertilization with other projects. The methods hold significant promise for qualitatively expanding the range of
materials that can easily be introduced into ultrahigh vacuum for fundamental measurements.
Also utilizing nanoengineered structures in photonics, PhD student Andy Van Popta, with co-supervisor Dr Jeremy Sit and
collaborator Dr Dick Broer of Philips Research Labs, has been optimizing the optical performance of helical structures
with a goal of developing superior technology for energy efficient flat panel displays.

INTELLECTUAL PROPERTY
Opportunities for commercialization of devices developed in the ICE program (sensors, supercapacitors)
are being considered by spinoff firm ChiralTF Devices Inc., a joint initiative of the University of Alberta and
Micralyne.
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FUNDING
The Michael Brett and Mark Freeman teams receive funding from many sources in addition to the iCORE
Research Professorships for both Brett and Freeman and an Industry Chair for Michael Brett. The Industry
Chair is supported by iCORE ($100K/year), NSERC ($140/year) and the company Micralyne ($115K/year in
cash plus additional in-kind contributions). Brett and Freeman both hold Tier 1 Canada Research Chairs,
which contribute $400,000 per year to the research team. They are building and supporting NanoFab, which
is an open fabrication laboratory that is supported by CFI (~$9M), ASRA (~$8M) and WED (~$1M). They also
receive funding from NSERC, CIAR and CIPI and have close links to the National Institute for Nanotechnology
($120M).

PUBLICATIONS
JOURNAL PAPERS
A. Knigavko and F. Marsiglio, “Vortex Lattice Structures
in Tetragonal BCS Superconductors due to Fermi Surface
Anisotropy”, Physica C, vols. 388-389, 2003, pp. 675-676.
F. Dogan and F. Marsiglio, “Self-Consistent Modification
To The Electron Density Of States Due To Electron-Phonon
Coupling In Metals”, Physical Review B, vol 68, 2003,
165102-1-8.
Wonkee Kim, F. Marsiglio, and J. P. Carbotte, “Low-temperature
Thermal Conductivity of High-purity YBa2Cu3O{6.99} in the
Vortex State: Analysis with Arbitrary Impurity Scattering
Strength”, Physical Review B, vol. 68, 2003, 17451-1-5.
F. Marsiglio, R. Teshima, and J. E. Hirsch, “Dynamic Hubbard
Model: Effect of Finite Boson Frequency”, Physical Review B,
vol 68, 2003, 224507-1-7.
F. Marsiglio, “Marsiglio Replies”, Physical Review Letters 89,
2002, 129704.
A. Knigavko and F. Marsiglio, “Vortex Lattice Structures
in Tetragonal BCS Superconductors due to Fermi Surface
Anisotropy”, Physica C 388-389, 2003, 675-676.
G.K. Kiema and M.J. Brett, “Effect of Thermal Annealing on
Structural Properties and Electrochemical Performance of
Carbon Films with Porous Microstructure”, to be published
in J. Electrochemical Society.

S.R. Kennedy, M.J. Brett, H. Miguez, O. Toader, and S. John,
“Optical Properties of Three-Dimensional Silicon Square
Spiral Photonic Crystal” Photonics and Nanostructures 1,
2003, 37-42.
B. Dick, M.J. Brett and T. Smy, “Controlled Growth of Periodic
Pillars by Glancing Angle Deposition” J. Vacuum Science and
Technology B 21, 2003, pp. 23-28.
B. Dick, M.J. Brett and T. Smy, “Investigation of Substrate
Rotation at Glancing Incidence on Thin Film Morphology”, J.
Vacuum Science and Technology B 21, 2003, 2569-2575.
Gregory K. Kiema and Michael J. Brett “Electrochemical
characterization of carbon films with porous microstructures”
Journal of the Electrochemical Society 150, 2003, E409E415.
J.F. Holzman and A.Y. Elezzabi, “Two-Photon Photoconductive
Terahertz Generation in ZnSe”, Applied Physics Letters 83,
2003, pp.2967-3969.
J.F. Holzman and A.Y. Elezzabi, “Dispersion-free High-speed
Beam Chopper for Ultrafast Pulsed Laser Applications,”
Measurement Science and Technology 14, 2003, pp. N41N44.
A.Y. Elezzabi and J.F. Holzman, “Photoconductive Generation
and Detection of Guided-wave and Free-space Terahertz
Waveforms,” IEICE Transactions on Electronics E86C, 2003,
pp. 1218-1225.

Mirwais Aktary, Martin O. Jensen, Kenneth L. Westra, Michael
J. Brett and Mark R. Freeman, “High resolution pattern
generation using the Epoxy Novolak SU-8 2000 Resist
by Electron Beam Lithography”, J. Vacuum Science and
Technology B21, no. 4, Jul/Aug 2003, pp. L5-L7.

B. Djurfors, J. Broughton, M.J. Brett and D.G. Ivey,
“Microstructural Characterization of Porous Manganese Thin
Films for Electrochemical Supercapacitor Applications”, to
be published in Journal of Materials Science.

S.R. Kennedy and M.J. Brett, “Porous Broadband Antireflection
Coating by Glancing Angle Deposition”, Applied Optics 42,
2003, 4573-4579.

K.J. Chau, S.E. Irvine, and A.Y. Elezzabi, “A Gigahertz Surface
Magneto-Plasmon Optical Modulator”, to be published in IEEE
J. Quantum Electronics.

M.J. Colgan, B. Djurfors, D.G. Ivey, M.J. Brett, “Effects of
Annealing on Titanium Dioxide Structured Films”, to be
published in Thin Solid Films.

M. Stepanova and S.K. Dew, “Surface Relaxation in Ion Etch
Nanopatterning” To be published in Appl. Phys. Letters.
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M. Stepanova and S.K. Dew, “Anisotropic Energy Distributions
of Sputtered Particles Under Oblique Ion Incidence”, to be
published in Nucl. Instr. Meth. Phys. Res. B.

R.C. Ewing, A. Meldrum, L. Wang, W.J. Weber, and L.R.
Corrales, “Radiation Effects in Zircon”, Reviews in Mineralogy
and Geochemistry vol. 53, pp. 387-425.

S.R. Kennedy and M.J. Brett “Advanced Techniques for the
Fabrication of Square Spiral Photonic Crystals by Glancing
Angle Deposition”, to be published in J. Vacuum Science &
Technology B.

C.W. White, S.P Withrow, K.D. Sorge, A. Meldrum, J.D. Budai,
J.R. Thompson, and L.A. Boatner, “Oriented Ferromagnetic
Fe-Pt alloy Nanoparticles Produced in Al2O3 by Ion-beam
Synthesis”, Journal of Applied Physics, vol. 93, 2003, p.
5656.

Byoung C. Choi, Alexander Krichevsky, and Mark R. Freeman,
“Ultrafast Magnetization Imaging” Proceedings of the IEEE
vol. 91, no 5 (May 2003) pp. 781-788.
M. Beleggia, M.A. Scholfied, Y. Zhu, M. Malac, Z. Liu,
and M. Freeman, “A Quantitative Study of Magnetic Field
Distribution by Electron Holography and Micromagnetic
Simulations”, Applied Physics Letters 83, no. 7, Aug 2003,
pp. 1435-1437.
Jason J. Blackstock, Zhiyong Li, Mark R Freeman, and Duncan
R Stewart, “Ultra-Flat Platinum Surfaces from TemplateStripping of Sputter Deposited Films”, Surface Science 546,
2003, pp. 87-96.
A. Krichevsky, H. Gong, D.J. Seagle, M. Lederman, and M.R.
Freeman, “Effect of Pole-Tip Geometry on the Flux Rise Time
of Write Heads”, IEEE Transactions on Magnetics 40, no. 1,
January 2004, pp. 157-160.
Scott B. Clendenning, Stephane Aouba, Mandeep S. Rayat, Dan
Grozea, Jason B. Sorge, Peter M. Brodersen, Rana N.S. Sodhi,
Zhen-Hong Lu, Christopher M. Yip, Mark R Freeman, Harry E.
Ruda and Ian Manners, “Direct Writing of Patterned Ceramics
Using Electron-Beam Lithography and Metallopolymer
Resists”, Advanced Materials (Communications) 16, no. 3,
2004, pp. 215- 219.

P. Dubcek, U.V. Desnica, I.D. Desnica-Frankovic, S. Bernstorff,
and A. Meldrum, “A GISAXS Study of Shape and Size of
CDS Nanocrystals Formed in Monocrystalline Silicon by Ion
Implantation”, Nuclear Instruments and Methods in Physics
Research B vol. 200, 2003, pp. 138.
R.F. Egerton, “Unwanted Effects of an Electron Beam”, Proc.
Microsc. Soc. Canada 30 2003, pp. 4–5.
R.F. Egerton, “New Techniques in Electron Energy-Loss
Spectroscopy”. Micron 34, 2003, pp. 127-139.
M.S. Moreno and R.F. Egerton, “EELS Characterization of Tin
Oxides”, Microscopy and Microanalysis 9 (Suppl. 2), 2003,
pp. 854-855.
P. Li and R.F. Egerton, Electron Irradiation Damage to
Aromatic Compounds. Microscopy and Microanalysis 9
(Suppl. 2), 2003, pp. 986-987.
R.F. Egerton, Electron Energy-Loss Spectroscopy. Microscopy
and Microanalysis 9 (Suppl. 2), 2003, pp.1562-1563.
M.S. Moreno, R.F. Egerton and L.C. Otero-Diaz, “Electron
Irradiation Damage in SnO”, Philosophic Magazine Letters,
2003, in press.

M. Belov, Z. Liu, R.D. Sydora and M.R. Freeman, “Modal
Oscillation Control in Internally Patterned Ni80Fe20 Thin
Film Microstructures”, Physical Review B 69, reference no.
094414 accepted for publication March 1 2004.

W. Volkov, Y. Zhu, and M. Malac, “In-situ Lorenz Microscopy
and Lorentz Phase Imaging of Artificially Structured Coarrays”, submitted (2003) to Philosophical Magazine B.

F.A. Hegmann, “Ultrafast Carrier Dynamics in Conjugated
Polymers and Organic Molecular Crystals”, Physics in
Canada, vol. 59, March/April 2003, p. 127-138.

Andy C. van Popta, Scott R. Kennedy, Dirk J. Broer, Jeremy
C. Sit and Michael J. Brett, “Optical Performance of Porous
TiO2 Chiral Thin Films”, International Symposium on Optical
Science and Technology, San Diego CA, Aug. 3-8, 2003, SPIE
Proc. 5213, pp. 232-241.

K.P.H. Lui and F. A. Hegmann, “Fluence and Temperature
Dependent Studies of Carrier Dynamics in RadiationDamaged Silicon-on-Sapphire and Amorphous Silicon”,
Journal of Applied Physics, vol 93, 2003, p. 9012.
A. Hryciw, K.S. Buchanan, A. Meldrum, and C.W. White,
“Effects of Particle Size and Excitation Spectrum on the
Photoluminescence of Silicon Nanocrystals Formed by Ion
Implantation”, Nuclear Instruments and Methods in Physics
Research B (accepted).

CONFERENCE PAPERS

B. Djurfors, M.J. and D.G. Ivey. Brett, “Microstructural
Characterization of Porous Thin Films”, 2002 Fall Meeting
MRS Proceedings, vol. 749, 2003.
A.L. Elias, K.D. Harris, and M.J. Brett, “Fabrication of
Perforated Film Nanostructures”, in Materials Research
Society Symposium Proc. 739, Boston, MA, USA, 2003, pp.
243 - 247.

E. Fok, M. Shih, A. Meldrum, and J.C. Veinot, “Preparation
of Alkyl-Surface Functionalized Germanium Quantum
Dots via Thermally Initiated Hydrogermylation”, Chemical
Communications (accepted).

P.C.P. Hrudey, M. Taschuk, Y.Y. Tsui, R. Fedosejevs, J.C. Sit,
and M.J. Brett, “Evaporated Nanostructured Y2O3:Eu Thin
Films”, International Conference on MEMS, NANO, and Smart
Systems Proceedings, 2003, pp. 327-331.

A. Meldrum, K.S. Buchanan, A. Hryciw, and C.W. White,
“Micropixelated Luminescent Nanocrystal Arrays Produced by
Ion Implantation”, Advanced Materials 16, 2004, pp. 31.

P.C.P. Hrudey, M. Taschuk, Y.Y. Tsui, R. Fedosejevs, J.C.
Sit, and M.J. Brett, “Luminescence of Nanostructured Y2O3:
Eu Thin Films Fabricated Using Glancing Angle Deposition
Techniques”, Proceedings of the International Symposium
on Optical Science and Technology, vol. 5224, 2003, pp.
62 – 69.

A. Meldrum, L.A. Boatner, and R.C. Ewing, “Size Effects
in the Irradiation-Induced Crystalline-to-Amorphous
Transformation”, Nuclear Instruments and Methods in
Physics Research B vol. 207, 2003, p. 28.
A. Meldrum, L.A. Boatner, and K. Sorge: Microstructure and
Magnetic Properties of Co Nanoparticles in Ion-Implanted
Al2O3. Nuclear Instruments and Methods in Physics Research
B vol. 207, 2003, p. 36.
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M.O. Jensen and M.J. Brett “Fabrication of Periodically
Structured Thin Films with Electromagnetic Band Gaps”,
International Conference on Materials for Advanced
Techonologies (ICMAT 2003), Singapore, December 7-12,
2003, proceedings paper accepted in Electromagnetic
Materials (ed. L. Hock et al.), World Scientific Pub. Co.,
2003, p. 174.
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M.O. Jensen and M.J. Brett “Defect and bandgap engineering
in square spiral photonic crystals”, Proceedings of SPIE (in
press); oral presentation at Photonics West 2004, San Jose,
CA.

J.J. Steele and M.J. Brett “Nanostructured Oxide Films for
High-Speed Humidity Sensors” Materials Research Society
Fall 2003 Meeting, Boston, MA., December 2003, accepted
for publication in 2004.

M.O. Jensen, M.A. Summers, S. Kennedy, A. Elias, K. Harris,
B. Szeto and M.J. Brett, “Microfabrication of Chiral Optic
Materials and Devices”, Invited paper: Proceedings of SPIE
5347, 2004 (presented in 2003), p. 170.

M. Stepanova and S. K. Dew “SOS Simulation of Sputtered
Nanoripples” 2003 Materials Research Society Spring Meeting
Symposium Proceedings, Mat.Res.Soc.Symp. Proc. 777(2003)
163-168.

M.O. Jensen, S.R. Kennedy and M.J. Brett, “Three-dimensional
Square Spiral Photonic Crystal Nanostructures by Glancing
Angle Deposition”, Proceedings of ICMENS (IEEE), 2003,
p.165.

M. Stepanova and S.K. Dew, “Surface Shaping by Ion Beams
at Grazing Incidence” Technical Proceedings of the 2003
Nanotechnology Conference and Trade Show, San Francisco,
ICCN, vol. 3, 2003, pp. 211-214.

G. K. Kiema, M. J. Brett “Effect of Thermal Annealing on
Structural Properties and Electrochemical Performance of
Porous Carbon Thin Film Electrodes”, The Electrochemical
Society Fall Symposium, Canadian Section, Edmonton,
Alberta, November 2003.

C.A. Ryan, A. Meldrum, and C.W. White, “Luminescence
and Microstructure of Microspheres Containing Silicon
Nanocrystals”, Mater. Res. Soc. Symp. Proc., vol 703, p.
21, 2003.

G. K. Kiema, M. J. Brett “Electrochemical Studies of Annealed
Carbon Thin Film Electrodes with Porous Microstructure”,
Southern and Eastern Africa Network of Analytical Chemists
Inaugural Conference, Gaborone, Botswana, June 2003.
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BOOKS AND BOOK CHAPTERS
B.C. Choi and M.R. Freeman, “Time Domain Optical Imaging
of Ferromagneto-Dynamics” in Magnetic Microscopies of
Nanostructures, H. Hopster and H.P. Oepen, editors, Springer
Verlag, Heidelberg, (in press, 2003).
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ROBERT A. WOLKOW
iCORE Chair
National Institute for Nanotechnology, University of Alberta
http://www.phys.ualberta.ca/~wolkow/

The Molecular Scale Devices Group addresses key issues facing future molecular
device technologies. Our involvement in
the study of molecules as devices began
approximately 15 years ago. Some of our
early work helped define the concepts and
methods that opened up a new field.

EXECUTIVE SUMMARY

O

ur first year in Alberta has
been a period of rapid team
and facilities growth. We were
a mature group before leaving
NRC in Ottawa – we are a yet more substantial group now. We are based in both
the National Institute for Nanotechnology
and the department of Physics, both on the
University of Alberta campus. Six people
moved from Ottawa to Edmonton. We have
since hired or engaged a number of other
people, to create a vital team, currently
numbering 16 people.
Lab equipment valued at several million
dollars was also moved. The re-establishment of that equipment and the building of
new labs has been a substantial undertaking. We now have several working instru-

ments. More new equipment is to come
on-line in the coming year.
Our central tools, the scanning tunneling microscope and advanced quantum
mechanical computations, together with
in-group expertise in organic synthesis,
condensed matter physics, surface chemical physics and instrument engineering,
prepare us to compete effectively with
other leading efforts in the world.
One indication of our standing in the area
is given by citation statistics; three of our
early papers have collectively been cited
800 times; a more recent article, proposing hybrid silicon-organic molecular structures as a foundation for molecular devices
has received over 100 citations.
Wolkow, Dilabio and Pitters are increasingly well integrated in the larger campus
community. Some activities include: serving on the executive committee of the
WestGrid computer system, aiding in the
search for a new NINT Director, giving
numerous lay-accessible lectures, sharing in teaching a nanotechnology course,
together with the Health Law Institute helping to form an awareness of nanoscienceethics issues, and judging contributions to
a science essay-writing contest for primary
school students from across Alberta.
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Our scientific work came near to a halt during our
move. We are now regaining momentum. 13 new
papers have been published and 14 invited lectures
have been delivered in the last year. The group has
a fine spirit and vigour. All team members appear to
be aware of our special opportunity.

RESEARCH PROGRAM OVERVIEW
As laid-out in our original proposal, our program covers a range of activity: ultra high vacuum surface analysis (primarily with scanning tunneling microscopy),
extensive quantum mechanical modeling (in-house
and via external collaborations) and some chemical
synthesis. Increasingly, we lithographically prepare
samples that allow macro (electrical) characterization
of nano-scale structured samples. We push ahead by
designing new instruments – an activity that leads us
to collaborate with engineers, and will in future link
us to medicine. In this section, a program of interconnected activities is briefly described.

several theory advances (barriers controlling kinetics, physical forces and their role in growth and on
configurations).
In addition to seeing our molecular lines as, potentially, the commensurately small wires needed for
connecting functional nano-entities, or as functional
elements within detector assemblies, we have exciting indications that our line growth procedure provides a miniature lab, beautifully suited to direct and
detailed examination of molecule-molecule electronic
coupling.

Connections to Nanostructures
In order to use nanostructures we must find means
to address them. Most reports to date have suffered
from having ill-defined connections. Connections
must be defined in absolute position and in terms of
internal structure. Our molecule-silicon studies have
solved the most complex silicon interface problems
approached to date and as a result we are well positioned to continue leading in this area.

Other Directed Growth
Self-Directed Growth
A substantial advance has been made in automatically growing well-defined molecular structures on
a surface. We showed for the first time that arduous
atom-by-atom crafting techniques are not the only
way to build well-defined structures on the smallest
scale. Many extensions of our process are underway
including new mechanisms for attaching molecules,
new functionality in the attached molecules and

A variety of schemes (distinct from the self-directed
growth work described above) for efficient, controlled growth of nanostructures are being explored.
Directed growth is a centrally important issue in
nanoscience and directed growth will be key to nano/
molecular technologies.

Exploratory Devices
Simple proto-devices are being fabricated to test and
develop ideas. These projects are broadly collaborative and interdisciplinary. Molecular sensing applications will be both a lucrative end, and a steppingstone to more complex devices such as molecular
computers.

Theory
Theory and computation are integrally important in
all we do – these activities do not stand alone. Ongoing efforts involve determinations of adsorbate
geometries, spectra and STM images. Methods are
being developed to describe ubiquitous dispersion
interactions. Calculations of reaction barriers are
progressing, leading to new predicative capabilities.
Modeling of transport (conduction) characteristics
of our hybrid organic silicon structures with several
external collaborators is underway.

Robert Wolkow
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Toward Spin-Offs and Economic Impact
In the past, though our work has been suggestive
of practical functions, we have been unable to see a
path to application. With the extraordinary team now
assembled, we see a number of substantial opportunities emerging. These range from small market
licensing of novel instruments, to a basis for a wide
range of powerful, widely accessible new detectors
– and more. Currently, we are trying to capatilize on
an idea related to ultra-fine electron beam resists for
nano-lithography applications.

RESEARCH PROJECTS

be placed to block reaction at any particular site. This
cork can also be controllably removed to continue
growth when desired. No similar single-molecule
level control over nanostructure growth has been
demonstrated before.
Our most recent work, “The Role Of Physical Interactions In Self-Directed Organic Nanostructure Growth
On Silicon”, uncovers the important role of physical
interactions – that all atoms and molecules share – on
our nanostructure growth processes. Because of this
new understanding, the door is open to growth of a
far greater range of materials than was previously
possible.

Connections to Nanostructures
We can now widely alter the nature of the molecules
assembled. For example, our paper “Ring-Opening
Radical Clock Reactions for Hybrid Organic-Silicon
Surface Nanostructures: A New Self-Directed Growth
Mechanism and Kinetic Insights,” describes a new
chemical process for self-directed growth of molecular
nanostructures. This method indicates new avenues
of direction (shape) control over growth, while also
providing a rare glimpse into kinetics of a nanoscale
assembly process.

We continue to lead the world in defining the exact
nature of molecule silicon nature interactions. Our
paper, “A Self-Directed Growth Process for Creating Covalently Bonded Molecular Assemblies on the
H-Si(100)-3×1 Surface,” shows a new self-directed
growth mechanism that causes molecular structures
to grow in a direction that is 90o (across, rather than
parallel to dimer rows on Si(100)) to what we observed
previously. This new capability moves us a step closer
to creating a “molecular etch-a-sketch” that will allow
structures of arbitrary shape to be easily made.

Our study, “Reversible Passivation of Silicon Dangling Bonds with the Stable Radical TEMPO,” shows
a remarkable new capability to individually tailor the
growth of molecular nanostructures. The molecule
TEMPO is used as a molecular “cork” that can at will

Our “Connected STM” project is moving ahead after a
long dwell. Hiring of design engineer Mark Salamons
and the contributions during her sabbatical visit of
Professor Qiao Sun (Faculty of Engineering, Calgary)
have made a great difference.

Self-Directed Growth

Robert Wolkow and some
research team members at
the 2004 Banff Informatics
Summit
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Undergraduate student Tony Tadic is pushing ahead
our plans to make an optical interferometer that
can routinely measure displacements at the level of
1 Angstrom. He will use that machine to characterize new scanner ideas we have developed. Again,
Professor Sun plays a significant role in advancing
this work by performing finite element analyses. The
new techniques and instruments resulting will move
our efforts forward, and might lead to commercially
viable devices.

Exploratory Devices
We have worked very hard (postdoc Adam Dickie in
particular) in the last year to create a proto device.
We have succeeded in making our first hybrid siliconorganic molecular device. We have learned how to
gain electrical measurements that reveal microscopic
changes on a silicon surface. In essence this is a
pressure sensor. It is not very useful at this point
but proves some key points. Many improvements are
planned and being attempted.

OBJECTIVES FOR NEXT YEAR
Self-Directed Growth
Again, self-directed growth phenomena will be central
to our studies. We aim to bring more control to the
process, both directional and compositional.
Our studies of molecular assemblies on silicon will
also be used as little laboratories for exploring the
nature of intermolecular and molecule-substrate coupling. We will unveil the essence of those interactions
and thereby open the door to new device concepts
that are inherent to the properties of matter at the
nanoscale.

Connections to Nanostructures and
Exploratory Devices
Work in this key area will continue. Silicon on insulator
(SOI) will be employed to create structures that are
more sensitive to surface chemical modifications.

Theory

•

Theory, primarily performed by Dr Gino DiLabio,
has been a part of virtually all of our projects. Gino
continues to steadily refine his craft, as shown by the
impressive list of publications led by him.

Un-patterned SOI will be probed in our existing
ultra high vacuum multiprobe station. We expect
to demonstrate greatly improved sensitivity in our
measurements.

•

Patterned SOI will be employed also. Preliminary
experiments will be required to prove high
surface quality can be attained after lithographic
processing. (Many procedures that are adequate
for standard silicon device manufacture, create
surfaces too contaminated for our purposes.)
Once we overcome those hurdles, we will make
transport measurements that test the sensitivity
limits of our detection schemes.

•

We will endeavor to move our proto-molecular
detectors to a wet environment. This will pose
many challenges. We likely will need new
strategies to protect against attack by water and
oxygen, among other species.

•

A new generation of ultra high vacuum probe device
will be made. This device will employ much finer
(100x closer spaced) probes, thereby improving
the surface sensitivity of our measurements.

Our numerous collaborators – W.Hofer/Liverpool,
H.Guo/McGill, G.Kirczenow/SF, A.Rochefort/Montreal
– bring to the effort a broad theory and modeling
strength. A number of works are well advanced. We
are quite sure we have seen the first direct evidence
of intermolecular coupling and electronic tuning. This
has implications on organic electronic design strategies. This work will be published in the near future.

Toward Spin-Offs and Economic Impact
Progress has been made in planning studies related
to new electron-resist materials and nano-scale
lithographic procedures. An instrument that will be
crucial to these studies is a new combined electron
energy loss spectrometer and scanning tunneling
microscope. Over the past year that system has been
designed, a proposal has been written, funds have
been secured and the custom-made instrument has
been ordered. Full operation of the instrument is
expected in October 2004.
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In past experiments in our probe station, we uncovered
a surprising mode of chemical to electrical transduction. We will design and perform further experiments
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to elucidate that effect. This effect is quite interesting
as it allows even weakly (physically) bound species to
be detected. This accidental development may turn
out to be superior to our planned approach.
Our instrument design and building effort will
continue.
•

The combined electron energy loss and scanning
tunneling microscopy system will be tested and
fully operational by October 2004;

•

Our home made multiprobe instrument that we
call the “connected STM” will be quite far along
by next year’s end;

•

We may purchase or begin to build a low
temperature (4K) scanning tunneling microscope
next year;

•

Our existing ultra high vacuum atomic force
microscope has recently been shown capable of
gaining atomic resolution images of Si(100) (to
our knowledge, these are the first such images).
We hope to push this further to gain acute
sensitivity to electrical charges. The identification
and manipulation of fixed charges is key to
developing molecular computation schemes.

Theory
Our theoretical methods will continue to advance. We
foresee having the ability to describe the behavior of
single dopant atoms in nanoscale pieces of silicon.
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This work will then lead to a predictive capability and
the capacity to design new types of dopant species.
We are hoping to create surface bound dopants – not
conventional substitutional dopants. The great attraction of our approach is that doping could be achieved
without thermal activation, which partially destroys
the spatial definition of a doped region.
Transport theory of our hybrid molecular silicon systems, primarily done by George Kirczenow of Simon
Fraser University will mature, allowing us to understand and predict new properties. Our expectation
is that truly conducting molecular structures can be
designed and built.
We are yet missing one key theoretical capability. It
is necessary to compliment our rigorous atom-scale
treatments with a description of bands, fields and
carriers in the bulk. That device-level description is
well established, but not yet in our group. We seek a
suitable collaborator.

Other Directed Growth
New schemes for directing nanostructure growth are
being planned. We aim to develop quite a general
field-driven process. Theory work has already begun.
New lithographic strategies that will be required for
experimental testing and are in the planning phase.
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RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Research Team Members
TEAM LEADER

ROLE

Dr Robert Wolkow

Professor in Physics at University of Alberta, also adjunct
Professor of Chemistry, and Principal Research Officer and
Molecular Scale Devices group leader at National Institute for
Nanotechnology (NINT), NRC.

STAFF SCIENTISTS

ROLE

Dr Jason Pitters

Research officer at NINT, NRC
Responsible for all of our complex ultra high vacuum scanning
tunneling microscopy and related laboratories

Dr Gino DiLabio

Research officer at NINT, NRC
Responsible for all of our quantum mechanical computational
work

SUPPORT AND TECHNICAL STAFF

ROLE

Doug Moffatt

Staff technician

Martin Cloutier

Senior technician

Mark Salomons

Instrument Design Engineer

OTHER TEAM MEMBERS

ROLE

Dr Qiao Sun

Visiting Professor, University of Calgary

Professor Dr Joachim N. Burghartz

Future Visiting Professor, Scientific Director DIMES, Delft University
of Technology

Dr Judy Xu

Group Administrator

POSTDOCTORAL FELLOWS
Dr Adam Dickie
Dr Mohamed Rezeq
Dr Paul Piva

PHD STUDENTS
Janik Zakovsky

University of Montreal

MSC STUDENTS
Owen Clarkin
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COLLABORATIONS
NAME/INSTITUTION

NATURE OF COLLABORATION

Dr Werner Hofer

Liverpool

An expert in solid state density functional calculations.
We have been working together for five years. Werner is
working with us on the project described above, involving
postdoc Paul Piva.

Professor Alain Rochefort
Département de génie physique, École Polytechnique de
Montréal and Centre de Recherche en Calcul Appliqué
(CERCA)

A theorist with expertise molecular interactions related
to electrical transport. He also is working on the Piva
project.

Dr Yuh-Lin Wang

Academia Sinica in Taiwan

An expert in focused ion beam instruments,
nanostructures and scanned probe microscopy. We have
worked for three years on a project that aims to connect
small numbers of molecules to macroscopic electrodes,
allowing direct electrical characterization of hybrid
silicon-molecular structures.

Dr ChiiDong Chen

Academia Sinica in Taiwan

An expert in low temperature characterization of solid
state semiconductor structures and shares in the above
project aimed at hybrid silicon-organic devices.

George Kirczenow

Renowned mesoscopic physics and transport theorist of
Simon Fraser physics

Recently joined the effort to describe electrical transport
through our hybrid molecular-silicon proto-devices. We
have preliminary results that unveil the processes at work
as electrons traverse our structures.

INTELLECTUAL PROPERTY
Our first patent application has been prepared, but not yet filed. It describes a unique way to grow
molecular nanostructures.
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FUNDING
Robert Wolkow receives major funding from NRC ($1.1M) to work with the National Institute of Nanotechnology. He also received a number of awards from NSERC, CFI and the university worth approximately $500K
to assist with the startup of his research program. He is also an ongoing participant with CIAR and a close
associate of the National Institute for Nanotechnology ($120M).

OUTREACH
We have created a section here for outreach activities, as we believe the job entails more than scientific
leadership. It also falls to make our work accessible to
the public, and to help transmit the excitement and
possibilities of our work to young students. Toward
this end, we have given a number of public or nonexpert lectures this year. Jason Pitters has spoken to
keen young science students at local high schools.
Gino DiLabio is particularly good at nurturing junior
University students and finding projects that are both
within their reach and valuable to our group.
The Chair has just returned from Halifax to give a
keynote lecture at an undergraduate chemistry conference. The Discovery Channel and Jay Ingram, host
of the excellent program “Daily Planet,” will soon be
in Edmonton to film a segment in our lab.
The Chair has made a determined effort this past year
to help engage NINT in discussions related to science
ethics. This is in part a defensive action, but it is more
than that. We must be sure that our scientists proceed
with an awareness of potential dangers of emerging
technologies and with awareness that the public has
a right to know what we do.
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It is also important to spread the truth about nanoscience. There exists a substantial, perhaps unprecedented, current of misinformation concerning nanotechnology. The Chair has just completed a paper, and
have given some public talks, entitled “The Ruse and
the Reality of Nanotechnology”. The plan is to lay out
clearly what we can do today, what we expect to some
day do, but also what we expect never to be able to
do, thereby promoting informed discussion.
NINT has made available funds to pay the salary of a
researcher and a student in UofA’s Health Law Institue.
Our lead contact there is Tim Caulfield. The person we
routinely interact with is Lori Sheremeta. One further
tangible effort has led to the creation of a fellowship
that will support a visiting social scientist, specializing
in science ethics issues, who wishes to spend a sabbatical period in Edmonton and in association with
NINT. We will have an arm’s length arrangement for
selecting the fellowship holders. Any serious scholar,
pro or con Nano, is welcome. By rubbings shoulders,
both nanoscience researchers and the social scientist
will benefit. By establishing this position, we show
that our doors are open and that we wish to engage
society.
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PUBLICATIONS
“A Self-Directed Growth Process for Creating Covalently
Bonded Molecular Assemblies on the H-Si(100)-3×1 Surface.”
X. Tong, G. A. DiLabio and R. A. Wolkow, Nano Letters,
2004, 4,979-983.

“Bond Strengths of Toluenes, Anilines and Phenols: To
Hammett or Not” D. A. Pratt, G. A. DiLabio, P. Mulder, and
K. U. Ingold, Accounts of Chemical Research 2004, 37,
334-340.

“Ring-Opening Radical Clock Reactions for Hybrid OrganicSilicon Surface Nanostructures: A New Self-Directed Growth
Mechanism and Kinetic Insights.” X. Tong, G. A. DiLabio, O. J.
Clarkin and R. A. Wolkow, Nano Letters, 2004, 4, 357-360.

“Kinetic Studies on Stilbazulenyl-bis-nitrone (STAZN),
a Nonphenolic Chain-Breaking Antioxidant in Solution,
Micelles, and Lipid Membranes.” S.C. Mojumdar, D. A. Becker,
G. A. DiLabio, J. J. Ley, L. R. C. Barclay and K. U. Ingold,
Journal of Organic Chemistry, 2004, 69, 2929-2936.

Reversible Passivation of Silicon Dangling Bonds with the
Stable Radical TEMPO, Pitters, J. L.; Piva, P. G.; Tong, X.;
Wolkow, R. A. Nano Lett.;3, 1431-1435 (2003).
The Role Of Physical Interactions In Self-Directed Organic
Nanostructure Growth On Silicon, Gino DiLabio, Paul Piva,
Peter Kruse and Robert A. Wolkow, in press, Phys. Rev.
Lett.
The Ruse and the Reality of Nanotechnology, in press,
University of Alberta Health Law Review.
“6-Amino-3-Pyridinols: Towards Diffusion-Controlled ChainBreaking Antioxidants” M. Wijtmans, D. A. Pratt, L. Valgimigli,
G. A. DiLabio, G. F.Pedulli, and N. Porter, Angewandte Chemie
International Edition 2003, 42,4370-4373.
“The Effect of Ring Nitrogen Atoms on the Homolytic
Reactivity of Phenolic Compounds: Understanding the
Radical-Scavenging Ability of 5-Pyrimidinols” L. Valgimigli,
G. Brigati, G. F. Pedulli, G. A. DiLabio, M. Mastragostino, C.
Arbizzani, and D. A. Pratt, Chemistry - A European Journal
2003, 9, 4997-5010.
“Overlooked Difference Between Hydrogen Bonds of Equal
Strength Formed Between Catechol and an Oxygen or
Nitrogen Base. Experiments and DFT Calculations.” M. C.
Foti, G. A. DiLabio, and K. U. Ingold, Journal of the American
Chemical Society 2003, 125, 14642-14647.
“Density Functional Theory based Model Calculations for
Accurate Bond Dissociation Enthalpies. 3. A Single Approach
for X-H, X-X, and X-Y (X, Y = C, N, O, S, Halogen) Bonds.” E. R.
Johnson, O. J. Clarkin, and G. A. DiLabio Journal of Physical
Chemistry A 2003, 107, 9953-9963
“Solvolysis of para-Substituted Cumyl Chlorides. Brown and
Okamoto’s Electrophilic Substituent Constants Revisited
Using Continuum Solvent Models” G. A. DiLabio and K. U.
Ingold, Journal of the American Chemical Society 2004, 69,
1620-1624.
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“Quantum Capping Potentials with Point Charges: A Simple
QM/MM Approach for the Calcualtion of Large Molecule
NMR Shielding Tensors.” S. Moon, P. A. Christiansen and
G. A. DiLabio, Journal of Chemical Physics, 2004, 120,
9080-9086.
SPECIAL/INVITED PRESENTATIONS
Talk to Edmonton Rotary club, Mar 2004
Distinguished Lecture series, Department of Chem. Eng. and
Applied Chem., University of Toronto, March 2004.
Sigma Xi lecture, Edmonton Alberta
Physics Seminar, Simon Fraser University, Jan 2004
International Conference on Materials for Advanced
Technologies, Singapore, Dec 2003.
Condensed Matter Physics Seminar at the University of
Rochester, New York, Dec 2003
Health Law Institute, University of Alberta, ethical implications
of nanotechnology, Nov. 2003
Edmonton Council for Advanced Technology lecture, Nov,
2003
International Conference on Atomically Controlled Surfaces,
Nara, Japan, Nov. 2003
Nanotechnology Seminar at Purdue, Oct 2003
CIAR Nanoelectronics Molecular Electronics student school,
July, 2003.
Molecules and Nanoscience, Montpellier, April 2003
Invited lecture, APS March meeting, Austin Texas, 2003
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QUANTUM INFORMATION SCIENCE

BARRY SANDERS
iCORE Professor
Director of Institute for Quantum Information Science
Physics, University of Calgary

Quantum information is a new, rapidly
expanding multidisciplinary field whose
goal is the radical transformation of information and communication science and
technology by exploiting the remarkable
properties and phenomena of quantum
physics. Information security, bandwidth
limits, and computational complexity
are all being re-examined in the light of
quantum information science (QIS). The
advent of new materials, light sources
and detectors, and nanotechnology and
nanomanipulation have allowed quantum
phenomena to extend to larger scales,
thereby opening new vistas for applications of quantum effects and breathing
life into QIS.

EXECUTIVE SUMMARY

O

ver the past two decades, the
nexus between quantum theory and informatics has been
especially appreciated because
of the profound ramifications quantum
theory has for the foundations of information and communications technology.
The uncertainty principle, which quantifies
the limits of measurement for quantum
systems, has emerged as a protector of
information for quantum cryptographic
protocols. Entanglement, which Einstein

regarded as “spooky action at a distance,”
has become a crucial resource in quantum
information processing. The recognition
that quantum information can make computationally intractable problems easily
solvable, provide unconditionally secure
cryptographic key distribution, and rapid
search algorithms, has engendered interest by industry, security agencies, and the
military across a multitude of disciplines.
The University of Calgary recognized the
importance of QIS and the strength and
prestige of the quantum computing group
in the Department of Computer Science,
and thus established quantum information
as a research pillar. In addition iCORE identified quantum information as an important
area of investment and, through the joint
commitment of iCORE and the University
of Calgary, supported the development
of a QIS theoretical physics program at
the university. The excellence of the QIS
computer scientists and the establishment
of the theoretical physics program has
provided two of the three foundations for
a world class research program in QIS in
Alberta, with the experimental physics
research in quantum information science
the third foundation.
Subsequent to the creation of the iCOREfunded theoretical physics group under
the leadership of Dr Sanders, the University
committed to creating a Canada Research
Chair Tier II position in experimental QIS.
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Creating strength in experimental QIS to complement
existing theoretical efforts in physics and in computer
science provides the basis for creating and sustaining an internationally renowned multidisciplinary
group in quantum information, and the University
of Calgary now has the necessary ingredients for
success, which will be integrated within the nascent
Institute for Quantum Information Science approved
by the University of Calgary in 2004.
Since July 2003, when Dr Sanders commenced his
position as iCORE Professor of Quantum Information
Science, the QIS group in the Department of Physics
and Astronomy has increased to three faculty members (Dr Sanders plus affiliated physicists Drs Feder
and Hobill), one senior research associate (Dr Marzlin,
who has also been appointed as an adjunct professor in the Department), one postdoctoral research
associate, five PhD students, two MSc students, one
long-term exchange PhD student from Australia, two
short-term student exchanges from Germany, and two
research assistants. The university offered an associate professorship to Dr Lvovsky from Germany to join
the Department of Physics and Astronomy in the area
of experimental quantum information science.
Since the inception of the theoretical QIS group,
remarkable advances have been made: the creation
of an institute, 14 members and affiliates, collaborations with the computer scientists, an experimental
quantum information science position, formal affiliation with Australia’s Centre for Quantum Computer
Technology and the European Union QUPRODIS
(QUantum PRoperties of DIstributed Systems), support
from iCORE, PIMS and MITACS, and a proposal for a
new senior/graduate course called “Implementations
of Quantum Information.” These nine months auger
well for the iCORE program in QIS and for QIS as a
new and exciting multidisciplinary venture at the
University of Calgary.

RESEARCH PROGRAM OVERVIEW
The goals of the iCORE program in QIS at the
University of Calgary are as follows: to establish
leadership in both theoretical and experimental QIS
research, including research on new quantum information processing algorithms and protocols, research
on experimental realizations of a quantum computer,
and development of new physical implementations
for quantum computing paradigms; to educate and
train highly qualified personnel for QIS and allied
disciplines; to create a multidisciplinary community
of researchers collaborating on the key problems in
QIS; and to identify promising research areas that will
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lead to valuable intellectual property and to conduct
research into these areas.

Establish leadership in theoretical and
experimental QIS research
True leadership is based on recruiting the best people.
Calgary is fortunate in having a pre-existing superb
group of QIS computer scientists including Dr Richard
Cleve as a University Professor and Dr John Watrous
as a Tier II Canada Research Chair plus new appointee Dr Peter Hoyer. In the Department of Physics and
Astronomy, Dr Sanders joined as iCORE Professor to
lead the theoretical physics effort, and the University
will nominate Dr Alex Lvovsky as a Tier II Canada
Research Chair in experimental QIS. The core leadership for the three main areas of QIS research have
thus been established.
The backbone of the research effort is lead by excellent postdoctoral research associates, and, since the
establishment of the iCORE program, several outstanding postdoctoral fellows have been recruited including
Hartmut Klauck and Hein Roehrig in Computer Science
and Shohini Ghose and Jon Walgate in Physics. KarlPeter Marzlin has been recruited from Germany as a
high-level research associate in Physics to lead, with
Barry Sanders, the component of the theoretical physics program dedicated to “enabling technologies for
QIS.” All appointees are recognized as outstanding in
the field, and Calgary’s QIS leaders have agreed on
a policy of only appointing outstanding researchers;
hence a universally strong base of leadership is being
established in line with the objectives.
The experimental effort in QIS is being established to
ensure that QIS is both a theoretical and an experimental research area at the University of Calgary. In
addition to nominating a Tier II Canada Research Chair,
the Faculty of Science has provided excellent laboratory facilities and a generous start-up offer. The QIS
experimental effort is expected to be equal in caliber
to Calgary’s existing theoretical efforts and competitive with international experimental QIS research. QIS
is realized in a variety of physical systems, from atoms
to semiconductors to organic molecules: the Calgary
experimental program will be in quantum optics, which
encodes quantum information into photons.

Educate and train highly qualiﬁed personnel
The computer science QIS program is well established,
with several MSc completions in the past year. The
iCORE-funded physics-based QIS program is new, and
therefore education and training is best represented in
terms of recruitment. Five PhD students are receiving
support from iCORE for QIS research (four supervised
by Sanders, one by Feder). These PhD students commenced their programs between August 2003 and
March 2004.
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Following the guiding principle of excellence, only
strong students are recruited as indicated by the mean
grade point average (GPA) of the students’ entrance
scores. The five PhD students had a mean GPA of 3.69
out of 4.00 in their Bachelor degrees and 3.81 out
of 4.00 in their Masters degrees. The group has also
hosted two German diploma students undertaking
research in Calgary and one Australian PhD student
who is visiting for a year.
In addition to students, Drs Karl-Peter Marzlin and
Shohini Ghose have joined the group as research associates: Marzlin is a senior research associate leading
the “enabling technology” project and Ghose is a postdoctoral research associate leading the “foundations
of quantum information theory” program. Dr Walgate
has been appointed as a postdoctoral research associate but will join later in 2004.

Create a multidisciplinary community of
researchers collaborating on key problems
The key to Calgary’s success in QIS is building a
multidisciplinary program, beginning with computer
science and theoretical and experimental physics.
Excellent progress has been made towards this goal.
The physicists and computer scientists have collectively established a weekly QIS seminar series with
excellent attendance. The university has approved
and allocated support for the creation of an Institute
for QIS. Examples of our multidisciplinary collaborations follow.

Quantum Fingerprinting
Drs Cleve and Watrous, together with two European
collaborators, proposed quantum fingerprinting as a
QIS task. Drs Sanders and Marzlin and Mr Horn are
developing a proposal for experimental realization
and exploitation of quantum fingerprinting.

Quantum Walks
Quantum walks research is being conducted by
Watrous and Cleve (for new quantum algorithms),
Sanders (quantum measurement issues and also quantum optics implementations), and Feder (realization
for atoms in optical lattices). In addition Sanders and
Cleve are collaborating on efficient quantum simulation of quantum walks and related systems.

Extending Quantum Cryptography
Quantum key distribution has been a major success in
QIS, resulting in important commercial technologies.
Physicists and computer scientists in Calgary are now
collaborating on extending quantum cryptography,
perhaps by add-on applications. This research direction may lead to natural collaborations with iCORE
Chair Hugh Williams’ Centre for Information Security
and Cryptography (CISaC). One significant success in
this area has been the recent realization of experimental sharing of secret quantum states in a collaboration
between Sanders and Lam’s experimental group at the
Australian National University. This experimental sharing of quantum secrets is regarded as a major advance
in QIS and greatly extends the capabilities of quantum
teleportation experiments (quantum teleportation is

Barry Sanders and some
research team members at
the 2004 Banff Informatics
Summit
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regarded as a key QIS task that would play the role
of repeaters in quantum communication and be a
backbone for processing in a quantum computer).

Identify and conduct research in promising
areas
Research leadership requires establishing new directions, not just improving and enhancing existing
research in the field. The Calgary aim is to develop
new QIS concepts, protocols, tasks, algorithms, and
implementations, develop these ideas to a feasible
level, and, as much as possible, realize such systems
all at the University of Calgary or with collaborators.
The multidisciplinary research approach gives Calgary
its “edge”: strong collaborations between computer
scientists and physicists will lead to creative and
productive projects on new lines of research, with the
aforementioned examples of quantum fingerprinting
and sharing quantum secrets as evidence Calgary’s
progress in new directions. In addition to the advantages of collaborations between computer scientists
and theoretical physicists, the advent of experimental
QIS research at Calgary will introduce new advantages.
The “enabling technologies” program at the University
of Calgary is directed to breaking down technical
obstacles to realizing QIS.

Summary
The goals of the iCORE project are being met, and successes with creating a multidisciplinary research program have been discussed above. Highlights include
the formation of the Institute, the rapid recruitment
of excellent research associates and students, and
the experimental demonstration of sharing quantum

Barry Sanders
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secrets. The group is focused on success in these
goals, with specific research projects established
according to these goals.

RESEARCH PROJECTS
The iCORE research program can be subdivided into
four projects: (i) resources for quantum information,
(ii) foundation issues of QIS, (iii) quantum information protocols and implementations, and (iv) enabling
technologies. Of course the areas overlap with each
other and with other QIS research at the University of
Calgary. Each of the programs has, or is expected to
have, co-leadership by a research associate. Currently
research associates Drs Ghose and Marzlin are coleading areas (ii) and (iv), respectively. Descriptions
of these projects and main achievements follow.

Resources for Quantum Information
In standard ICST, resources are created and consumed
such as CPU time, memory, and disk space. Quantum
information systems require additional resources. In
addition to bits as representations of classical (or standard) information, there are quantum bits (or qubits)
that allow the simultaneous superposition, or coexistence, of zeroes and ones. Ebits (entangled bits)
make use of quantum correlations (Einstein’s “spooky
action-at-a-distance”) and are another example of a
QIS resource. In addition to various resources, considerations such as fragility of resources (for example
due to decoherence, destruction, transmutation) and
detection efficiency are important. There are also
“capital” resources such as quantum gates that can
be used to create consumable resources such as
entanglement. This project addresses such issues:
creating, quantifying, protecting, and consuming
resources for QIS.
Much of the research into quantum information
resources has been a trans-Pacific collaboration,
involving Sanders’ iCORE-funded team at the
University of Calgary and his Macquarie University
team that is a partner in Australia’s Centre of
Excellence for Quantum Computer Technology. The
challenge of inferring entanglement via squeezing
measurements has been a central concern, and
Drs Xiaoguang Wang and Sanders have established
rigorous connections between macroscopic degrees
of squeezing for collective systems and the underlying
entanglement. Dr Berry of Macquarie University, who
was a long-term visitor to Calgary in 2003, and Dr
Sanders collaborated on establishing relationships
between entropy measures and also on numerical
analyses of entanglement capabilities of quantum
gates for computation. These studies have established
mathematical relationships between various resources
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and measurable quantities, and are valuable in
assessing resource issues for QIS.
In addition to assessing resources, creating entanglement is important. A three-way collaboration between
Calgary, Macquarie University, and Hong Kong Baptist
University considered quantum chaos as a means to
generate entanglement rapidly. Recently researchers
have studied this capability of fast entanglement via
quantum chaos, and our collaboration successfully
identified generic properties concerning the increase
of entanglement via quantum chaos, which will be a
cornerstone for exploiting quantum chaos to generate entanglement.

Foundation issues of QIS
Quantum theory is self-consistent except insofar as
measurement is concerned, as measurement provides
the transition from the quantum world to our world
of “facts.” Measurement is regarded as a key problem
in quantum theory, one that is reconciled by adopting interpretations that enable quantum theory to be
employed in a predominantly classical world. However,
measurement theory is critical in quantum information processing, especially as the requirements of
measurements (such as precision, limited disturbance,
and rapidity) may run counter to the requirements
for quantum components to be stable and robust.
Fragile quantum systems may not be amenable to
precise rapid measurements. As measurement theory
is a fundamental problem in quantum physics, this
project focuses on measurement as a foundation issue
of QIS. The goal is to refine theories of measurement,
and apply these theories to challenging problems, in
order to ensure that measurement theories in QIS are
accurate and appropriate.
We have been developing theories of continuous
measurement and the effect of measurement on
entanglement and localization. These theories are
tested numerically on quantum chaotic systems,
which provide a stringent class of models to test our
theories. Theory collaborations are planned with Dr
Ivan Deutsch’s group at the University of New Mexico,
and experimental collaborations with Dr Poul Jessen’s
group at the University of Arizona. We have also been
testing theories of measurement on quantum walks, in
collaboration with Dr Viv Kendon at Imperial College,
London. The application of measurement theory
on quantum walks, which is an important quantum
information problem, has yielded a resolution to the
conundrum of what is “quantum” about a quantum
walk.
Another area of foundation research has commenced as a collaboration between Killam Memorial
Professor Valeri Frolov at the University of Alberta
and Dr Sanders. QIS may enable certain fundamental
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problems concerning radiation from black holes to
be resolved. Drs Sanders and Frolov commenced collaboration on assessing quantum information aspects
of radiation from black holes that are confined within
boundaries. The goal is to account for seemingly
anomalous entropy of the black hole to the reflection of the radiation from the black hole back into
the black hole.
Finally geometric phase is important as a tool for
control and stabilization in QIS. Significant progress
has been towards an operational approach towards
geometric phase in open systems based on reasonable
restrictions on the environment and its coupling to
the system of interest.

Quantum information protocols and
implementations
A major interdisciplinary effort at the University of
Calgary concerns development, implementation, and
testing of new quantum information protocols, all at
the University of Calgary. Our recent success with
research on sharing quantum secrets exemplifies
this approach of concept-to-design QIS research. Dr
Cleve of Calgary and two-coworkers (Dr Gottesman,
now at Perimeter Institute in Waterloo, and Dr Lo,
now at University of Toronto) explained the principle
of sharing quantum secrets in 1999, and Drs Tyc
(Masaryk University, Czech Republic) and Sanders
translated their proposal to a feasible experimental
scheme. Dr Ping Koy Lam’s group at the Australian
National University collaborated with Dr Sanders to
experimentally realize the sharing of quantum secrets
in 2003. This experiment is an important advance for
quantum communication, especially with respect to
secure distribution of quantum information within a
network that experiences component failures or has
malicious parties, and represents the importance of
collaborations between computer scientists, theoretical physicists, and experimental physicists.
The other major research topic in this project has been
“optical quantum fingerprinting,” which is undertaken
as a collaboration between Mr Horn and Drs Sanders,
Cleve, and Marzlin. Since Drs Cleve and Watrous (with
collaborators) demonstrated that quantum fingerprinting in principle provided an exponential resource savings over standard fingerprinting protocols, quantum
fingerprinting has been recognized as an important
protocol. In 2003/2004 Sanders, Horn, and Marzlin
have demonstrated (but not yet published) that fewqubit quantum fingerprinting can be realized via a
feasible quantum optics experiment, and efforts have
been focused on proving the “quantum advantage” for
short fingerprints as well as designing the experiment
and accounting for experimental limitations.
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Enabling Technologies
Our main topics over the past year have been “single
photon generation”, “discriminating photon counters”,
“cold atoms in lattices”, “electromagnetic-induced
transparency (EIT)”, and “superradiance and decoherence-suppressed subspaces.”
In a collaboration between Sanders in Calgary and
researchers at Macquarie University, University of
Waterloo, and Imperial College, rigorous mathematical results concerning what can and cannot be
accomplished by enhancing single-photon sources via
interferometry have been established. Unfortunately
the results have been negative – the collaboration
has not yielded a scheme for improving sources – but
the results are important as they establish methods
for investigating this challenging problem and prove
that certain, seemingly obvious, approaches, are not
appropriate. On the other hand, the discriminating
photon counter research (collaboration with Stanford
University) yielded an outstanding experimental result
whereby nonclassical light has been detected directly
by photon counters for the first time. Photon sources
and detectors play a key role in optical QIS, and these
results underpin future experimental research in this
area.
Recently quantum optics researchers have become
excited about new possibilities for creating nonlinear
optical systems that overcome the hurdles to all-linear
optical QIS, based on new concepts and experimental
development in EIT research. EIT research has been
in the news because of the capability of slowing or
stopping light experimentally, and this process may
also use enhanced photon-photon collisions that
can be exploited for QIS. Drs Feder, Marzlin, Sanders
have been researching EIT, supervising students on
this topic, and developing theories and numerical
methods for studying realistic EIT, on its own and in
QIS contexts.
Another QIS technology employs cold atoms in either
an optical or in a magneto-optical lattice. Drs Ghose
and Sanders have established the conditions by which
this technology can enable tests of measurements in
quantum chaotic systems, by taking advantage of:
(i) the capability to prepare atomic states by laser cooling and state selection, (ii) varying lattice properties
by laser control, (iii) easy control and elimination of
the decoherence rate, and (iv) sophisticated tomographic techniques that allow complete monitoring
and characterization of states. In separate work, Dr
Marzlin and German collaborators developed an analytic theory of transverse excitations of Bose-Einstein
condensates in a one-dimensional optical lattice and
created accurate numerical simulations of gap soliton
creation. Dr Feder and Mr Morris have been investigating Bose-Einstein condensates in a lattice as a candi138

date for QIS based on topological defects and toric
codes. These studies will be important for evaluating
future uses of cold atoms in QIS systems.
The final major effort over the year has been in the
complementary topics of superradiance and decoherence-suppressed subspaces. The former research area
is conducted as a collaboration between Dr Sanders
and researchers at Macquarie University and the
University of Auckland. Various theoretical methods
have been developed to study the quantum optical
properties of this well known collective system, which
have defied detailed analysis because of numerical
challenges. By judicious choices of which terms to
ignore, and by careful development of numerical
algorithms, collective behaviour of spatially separated
systems has been made clear for the first time. In
addition the methods apply as well to subradiance,
the counterpart of superradiance, and Dr Sanders and
Mr Brooke (Macquarie PhD student visiting Calgary for
a year) are employing these methods to undertake
realistic analyses of proposals for decoherence-free
subspaces, which are designed to reduce the error
rates in quantum computation. Brooke and Sanders
have developed a theory of detection-conditioning for
suppressing decoherence, which is being tested via
numerical simulations.

Summary
In less than a year, the iCORE-funded research program is making great strides. Four projects have been
established, yielding excellent results, a sound basis
for future work, collaborations with Calgary’s computer scientists and with national and international
research teams, and the recruitment of outstanding
research associates and students. Advances have
been made in both theoretical and experimental QIS
research areas.

OBJECTIVES FOR NEXT YEAR
The 2003/2004 objectives are as follow. The first
objective is to develop the Institute for QIS as an
organization for nurturing multidisciplinary, Calgarybased concept-to-design-to-implementation research
in QIS, for attracting top researchers, students, and
visitors as a destination of choice, for creating partnerships and joining networks with other QIS centres
and groups, and for creating an administrative and
resource infrastructure that is nurturing and enables
researchers to perform their best with adequate support provided by the Institute. The second objective
is to enhance QIS education by ensuring thorough
reviews of the graduate students’ progress, increase
interactions and collaborations between QIS students
by workshops and seminars, and by establishing a
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graduate-level course in the Department of Physics and
Astronomy, to be called “Implementations of Quantum
Information,” that will complement the Department of
Computer Science graduate-level course on “Quantum
Computing.” The third objective is to deliver research
results that significantly advance QIS research, with
the details discussed below. Included within the third
objective is the development of an experimental QIS
program in Calgary that will work in concert with the
theoretical groups.
The iCORE research program for 2004/2005 builds
on 2003/2004 research achievements and new opportunities. The four projects are the same as for the
previous year: (i) resources for quantum information,
(ii) foundation issues of QIS, (iii) quantum information
protocols and implementations, and (iv) enabling
technologies. Drs Ghose and Marzlin continue to colead areas (ii) and (iv), respectively, with Dr Sanders,
and the plan is to appoint more research associates
to co-lead on the other projects.

Resources for Quantum Information
Our recent success with sharing quantum secrets was
undertaken in the domain of so-called continuous
variable quantum information, and the challenge in
this area is to translate these successes to the quantum digital domain. The problem with continuous
variables is the same problem that arises in analogue
computation: real numbers are an ideal that are not
achievable, and standard computer science is built on
a framework of discrete mathematics that allows error
correction and reliability. A key goal for 2004/2005
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is to assess continuous variable QIS: how much quantum information is inherent in such protocols, how
to encode and decode, and how to correct errors.
Another goal is the creation, use, and tomographic
characterization of the cubic phase state. The cubic
phase state is an important resource for universal
continuous variable quantum information processing
because the combination of linear optics, squeezing,
homodyne detection and feed-forward, and a supply
of cubic phase states prepared ‘off-line’, could allow
a universal set of continuous variable processing
without requiring daunting nonlinear optical transformations. If the theory indicates a feasible realization,
we will seek an experimental partnership to make
cubic phase states.
Further research is planned on entanglement. Whereas
the past year has concerned the connections between
entanglement and experimentally accessible quantities such as squeezing, further work (which will be
conducted by PhD student Abu-Ajamieh) will concern how much entanglement is in principle accessible. This research on “operational entanglement”
will help to assess how effective new proposals for
entanglement can be; the work will be primarily of
a mathematical physics nature and will determine
in principle bounds to extracting entanglement for
generic systems. The goal for 2004/2005 is a generalization of Bell’s inequalities to bipartite entangled
systems with internal su(3) dynamical symmetry,
which is interesting in its own right and will require
techniques useful in the longer term.
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The third topic of this research area concerns optimization of simulations of quantum systems by a
quantum computer. Given a particular physical system
with known equations of motion, a simulation concerns decomposing the evolution of that system into
a sequence of primitive gate operations on a quantum computer. A continuous evolution is written as
a sequence of brief, discrete evolutionary states and
these steps are decomposed as a quantum circuit. A
collaboration between Drs Sanders, Berry, and Cleve
will consider how to optimize the run-time (number
of gate operations) for generic simulations.

Foundation issues in QIS
Research into quantum measurement will consider
the effects of continuous measurement on the dynamics of a system, in particular on the entanglement
dynamics. Preliminary results show that strong measurements can be made without necessarily causing
a significant decrease in the useful entanglement.
This research is expected to be a collaboration with
researchers at the Universities of New Mexico (theory)
and Arizona (experiment). This research will yield
practical theories for measurement-based control on
quantum systems.
The collaboration with Dr Frolov will establish a QISbased resolution to the anomalous entropy problem
of black holes radiating within a finite boundary.
Another issue concerns fermionic coherence as a
counterpart to bosonic coherence, which underpins
most of the research on coherence in optical systems
and in quantum information implementations. This
topic builds on prior work with researchers at MIT,
Stanford, and the University of Queensland and will
lead to a useful alternative formalism for treating
coherence of electronic currents in semiconductors.
Dr Tyc will visit from the Czech Republic and collaborate on completing calculations of coherence functions, whose factorization characterizes the degree of
coherence for such systems. The project on geometric
phase is near completion and will culminate with an
operational description of geometric phase in open
systems based on reasonable restrictions regarding
the environment and its coupling to the system.

Quantum information protocols and
implementations
The major goal is to extend quantum cryptography,
which is already remarkably successful, but developing additional stand-alone or add-on protocols.
We are seeking to collaborate with experimentalists to achieve the first realization of quantum fingerprinting developed by us in 2003/2004, which
will be performed within a quantum optics setting.
Applications of quantum fingerprinting to quantum
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digital signatures will be explored. Another goal is to
propose continuous variable remote state preparation
in collaboration with Dr Arun Kumar Pati (Institute of
Physics, Orissa, India) who will make an extended visit
to Calgary in 2004. The new experimental quantum
optics laboratory in Calgary may allow some or all of
these proposals to be realized in Calgary. Regular dialogues have commenced between the physicists and
computer scientists to seek ways to extend quantum
cryptography by additional protocols.

Enabling Technologies
The major effort will be directed to electromagnetically-induced transparency (EIT) with Dr Marzlin and
Mr Zeng Bin Wang (PhD student) and perhaps more
students. As EIT could allow nonlinear optical elements for quantum communication and quantum
computation, this area of research is quite promising,
especially given recent experimental advances with
slowing light and other EIT phenomena. The first
stage of research is heuristics (simple rules for a quick
assessment of proposed system) followed by development of computer programs that provide precise
quantitative assessments and incorporate the most
important experimental effects such as atoms wandering in and out of the light beam. An experimental
EIT program is expected to commence in Calgary in
2005; hence this research will provide a foundation
for the experimental program.
Other projects concern how best to combine decoherence-suppressed subspaces and error correction for
optimal quantum computation with respect to space
and time complexity. Cavity quantum electrodynamics is under investigation with two PhD students to
determine the best means to infer the degree of useful entanglement in the system, and, in particular,
ways to create tri-partite photon-phonon-electron
entanglement.

Summary
There are numerous topics being researched under
the four topics of the QIS program. This second year
of the program will emphasize relevant foundation
issues such as measurement and applications of
QIS to other fields (for example black holes) and will
seek strong collaborations with experimentalists on
enabling technologies and on implementations of QIS
protocols. Various physical systems are considered:
cold atoms, cavity quantum electrodynamics, and
both few-photon and continuous variable quantum
optics. The group is large with an interactive network
structure between research associates and students,
so the broad range of ambitious topics are feasible
over the year.
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RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Faculty Members
TEAM LEADER

ROLE/TOPIC

AWARDS

Dr Barry Sanders

iCORE Professor of Quantum Information Science, Director
of Institute for Quantum Information Science

Faculty Members
ROLE/TOPIC

AWARDS

Dr Richard Cleve

University Professor in Computer Science, Deputy
Director of Institute for Quantum Information Science,
and QIS affiliate/”Quantum information protocols and
algorithms”

Dr David Feder

Assistant Professor in Physics and QIS affiliate/”Enabling
technology: ultracold atoms”

Dr David Hobill

Associate Professor in Physics and QIS affiliate/
”Foundations of quantum information: general
relativity”

Dr Peter HØyer

Assistant Professor in Computer Science and QIS
affiliate/”Quantum information protocols and
algorithms”

CIAR Scholar

Dr John Watrous

Associate Professor in Computer Science, Tier II Canada
Research Chair, and QIS affiliate/” Quantum information
protocols and algorithms”

CIAR Scholar

Research Associates
RESEARCH TOPIC

AWARDS

Dr Karl-Peter Marzlin

Senior Research Associate/“Enabling Technology”

Adjunct Professor,
University of Calgary

Dr Shohini Ghose

Postdoctoral research associate/”Foundations of
quantum information”

PhD Students
RESEARCH TOPIC

SUPERVISOR

AWARDS

Iyad Abu-Ajamieh

Operational Entanglement

Sanders

Department Fee Waiver

Thomas Harmon

Quantum Optics in Confinement

Sanders

Department Fee Waiver

Alexis Morris

Topological Quantum Computing

Feder

Dean’s Entry
Scholarship

Xue Song Qi

Entanglement in Cavity Quantum
Electrodynamics

Sanders

Zeng Bin Wang

Electromagnetic-Induced
Transparency with Single Photons

Sanders
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MSc Students

Stuart van der Lee

RESEARCH TOPIC

SUPERVISOR

Quantum Walks on Optical
Lattices

Feder

AWARDS

Research Assistants
TASKS

SUPERVISOR

Rolf Horn

Outreach, Research on quantum fingerprinting

Sanders

Gina Howard

Outreach: web, marketing

Sanders

Visitors

142

STATUS

HOME INSTITUTION

Dr Wolfgang Lange

Academic

Max Planck Institute for Quantum Optics,
Germany

Dr Dominic Berry

Academic

Macquarie University, Australia

Dr Michael Revzen

Academic

Technion – Isael Institute of Technology

Dr Gilad Gour

Academic

University of Alberta, Canada

Dr Sauray Das

Academic

University of Lethbridge, Canada

Mr Martin Kiffner

Graduate Student

University of Konstanz, Germany

Dr Sean Hallgren

Industry

NEC, Princeton, NJ

Mr Peter Brooke

Graduate Student

Macquarie Unversity, Australia

Dr Vivian Kendon

Academic

Imperial College, London, England

Mr Jan Krueger

Graduate Student

University of Konstanz, Germany

Dr Anatoly Smirnov

Industry

D-Wave Systems, Vancouver, B.C.
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COLLABORATIONS
PARTICIPANTS

NATURE OF COLLABORATION
PROVINCIAL
Projects: “Entropy and Black Holes” and “Quantum
Teleportation”; Additional Support: Killam.

Drs Frolov and Gour, University of Alberta

NATIONAL
Dr Raymond Laflamme, Perimeter Institute for Theoretical
Physics, and Institute for Quantum Computing, University
of Waterloo

Project: “Single Photon Sources”; Additional Support: NSA,
MITACS, CIAR, NSERC, Perimeter Institute.

INTERNATIONAL
Dr Ping Koy Lam, Australian National University

Project: “Sharing Secret Quantum States (Experimental)”;
Additional Support: Australian Research Council

Drs Berry, Wang, Weily, Horvath, Esselle, Macquarie
University, Sydney, Australia

Projects: “Quantum Information Resources”, “Enabling
Technologies for Quantum Information, Microwave
Antennas”, “Quantum Optics of Collective Systems”;
Additional Support: Australian Research Council.

Dr Howard Carmichael, University of Auckland

Project: “Quantum Optics of Collective Systems”; Additional
Support: USA National Science Foundation,

Dr Yoshihisa Yamamoto, Stanford University

Project: “Photodetection of Nonclassical Light”; Additional
Support: Japan Science and Technology Agency

Drs Peter Knight, Stefan Scheel, and Vivian Kendon, Imperial
College of Science, Technology and Medicine, University
of London

Projects: “Single Photon Sources”, “Superselection”,
“Quantum Walks”; UK Engineering and Physical Sciences
Research Council, Alexander von Humboldt Foundation

European Union Project QUPRODIS

Project: Quantum Properties of Distributed Systems;
Additional Funding: Australian Department of Education,
Science and Training

Dr Bambi Hu, Hong Kong Baptist University

Project: “Quantum Chaos”; Additional Funding: Hong Kong
Research Grants Council, Hong Kong Baptist University
Faculty Research Grant
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FUNDING
Barry Sanders received one-time startup funding from the University of Calgary worth approximately $200K
and funding from the Australian Research Council worth $38K per year.

PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
ACCEPTED OR IN PRESS
J. P. Clemens, L. Horvath, B. C. Sanders, and H. J. Carmichael,
Shot-to-shot fluctuations in the directed superradiant
emission from extended atomic samples , Journal of Optics
B: Quantum and Semiclassical Optics (accepted).
PUBLISHED
A. M. Lance, T. Symul, W. P. Bowen, B. C. Sanders, and P.
K. Lam, ‘Sharing a secret quantum state’, Physical Review
Letters 92(17), 177903 (2004).
W. Berry, S. Scheel, B. C. Sanders, and P. L. Knight, “On
improving single photon sources via linear optics and
photodetection,” Physical Review A (Rapid Communication)
69(5), 031806(R). (2004)
E. Waks, E. Diamanti, B. C. Sanders, S. D. Bartlett, and
Y. Yamamoto, Direct observation of nonclassical photon
statistics in parametric downconversion , Physical Review
Letters 92(5), 113602. (2004)
R. Weily, L. Horvath, K. Esselle and B. C. Sanders,
“Performance of PML Absorbing Boundary Conditions in
3-D Photonic Crystal Waveguides,” Microwave and Optical
Technology Letters 40(1), 1-3. (2004)
D. W. Berry and B. C. Sanders, “Bounds on Generalized
Entropy Measures,” Journal of Physics A: Mathematical and
General 36(49), 12255-12265. (2003)
R. Usha Devi, Xiaoguang Wang and B. C. Sanders “Spin
squeezing criterion with local unitary operators,” Quantum
Information Processing 2(3), 207-220. (2003)
Xiaoguang Wang and B. C. Sanders “Relation between bosonic
quadrature squeezing and atomic spin squeezing,” Physical
Review A 68(3), 033821. (2003)
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REFEREED CONFERENCE PROCEEDINGS
A. R. Weily, K. P. Esselle, L. Horvath, B. C. Sanders and T. S.
Bird, “Photonic Crystal Horn Antenna Coupler” (refereed),
IASTED Internatonal Conference on Antennas, Radar and
Wave Propagation (ARP 2004, Banff, 8-10 July 2004), paper
425-066 (accepted).
A. R. Weily, K. P. Esselle, L. Horvath, B. C. Sanders and T. S. Bird,
“Low-cost 1-D EBG resonator antenna with high directivity”
(refereed), PIERS 2004: Progress in Electromagnetics
Research Symposium (Pisa, March, 2004).
B. C. Sanders and T. Tyc, “Sharing quantum secrets” (invited),
Proceedings of the Conference on Quantum Communications
and Quantum Imaging, SPIE Annual Meeting 2003 (San
Diego, August 3-8, 2003), Vol. 5161, pp. 116-126.
A. Lance, T. Symul, W. Bowen, T. Tyc, B. C. Sanders, and P.
K. Lam “Is quantum secret sharing different than the sharing
of a quantum secret?”, Proceedings of the Conference on
Quantum Communications and Quantum Imaging, SPIE
Annual Meeting 2003 (San Diego, August 3-8, 2003), Vol.
5161, pp. 127-133.
A. R. Weily, K. P. Esselle, L. Horvath, B. C. Sanders and T. S.
Bird, “Layer-by-Layer 3-D Electromagnetic Bandgap Resonator
Antenna with Metallic Image Plane”, PIERS 2003: Progress
in Electromagnetics Research Symposium (Honolulu, 13-16
October, 2003), p. 24 (refereed).
INVITED FULL CONFERENCE PAPERS
B. C. Sanders and T. Tyc, “Sharing Quantum Secrets” (invited),
Proceedings of the Conference on Quantum Communications
and Quantum Imaging, SPIE Annual Meeting 2003 (San Diego,
3-8 August 2003), Vol. 5161, pp. 116-126.
J. P. Clemens, L. Horvath, B. C. Sanders and H. J. Carmichael,
“Collective spontaneous emission from small assemblies
of atoms”, Proceedings of the Conference on Fluctuations
and Noise in Photonics and Quantum Optics, SPIE’s First
International Symposium on Optical Science and Technology
(Santa Fe, NM, June 1-4, 2003), Vol. 5111, pp. 325-336.
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INVITED TALKS BY DR SANDERS
Barry Sanders: Macquarie University/CSIRO Internet
Innovation Centre Technology Trends Seminar on “Quantum
Informatics” 13 October 2003.
Barry Sanders: “Sharing Quantum Secrets” at the Canadian
Institute for Advanced Research, Quantum Information
Processing Meeting 17 October 2003.
Barry Sanders: “Sharing secret quantum states: theory and
experiment” at the Theoretical Physics Institute, University
of Alberta on 12 Nov 2003.
Barry Sanders: ‘Sharing secret quantum states: theory and
experiment’ at the University of Lethbridge on 20 November
2003.

Barry Sanders: Australian Conference on Optics, Lasers
and Spectroscopy held at the University of Melbourne,
1-4 December 2003 and gave a talk on “Photonic Crystal
Antennas”.
Barry Sanders: 34th Winter Colloquium on the Physics of
Quantum Electronics held in Snowbird, Utah on 4-8 January
2004: “Sharing quantum secrets: theory and experiment”.
Barry Sanders: Quantum Information Processing Workshop
held at the University of Waterloo on 14-19 January 2004:
“Sharing quantum secrets: theory and experiment”.
Barry Sanders: “Sharing quantum secrets: theory and
experiment” at Potsdam University, Germany on 13 February
2004.

Barry Sanders: “Improving single photon sources via
postprocessing with linear optics and photodetection”, at
Stanford University’s Ginzton Laboratory on 28 November
2003.

iCORE RESEARCH REPORT Volume 3, Fall 2004

145

HIGH-PERFORMANCE ARTIFICIAL
INTELLIGENCE SYSTEMS

JONATHAN SCHAEFFER
iCORE Chair
Computing Science, University of Alberta
http://www.cs.ualberta.ca/~jonathan

The High-Performance Artificial Intelligence Systems research group specializes
in artificial intelligence research – investigating new technologies for creating
“intelligent” behaviour in a computer.
Although our research spans many areas
of artificial intelligence – including search,
machine learning, and heuristic knowledge
– historically we have used games to demonstrate the ideas. Fundamental problems
in artificial intelligence are being investigated in the context of computer programs
that play chess, checkers, Go, and poker.
Many of our game-playing programs have
achieved a high level of performance and
have challenged the best human players
in the world.

EXECUTIVE SUMMARY

A

lthough our group’s reputation
was initially made by applying
our work to classic board and
card games, since 1999 the
group has been moving more towards
addressing the challenges of the commercial games industry. Interactive entertainment (the “saleable” name for computer
games) is a maturing industry that had
over $15 billion in sales in North America
last year. In the past year we strengthened

our ties with Electronic Arts (Vancouver
– the largest games company in the world)
and BioWare (Edmonton – the world leader
in role-playing games), and formed a new
partnership with Relic Entertainment (realtime strategy games, in Vancouver). Our
new technology has been well received,
and the prospects of it being integrated
into commercial products are very good.
Another thrust of this project is the
development of parallel programming
environments. For over 15 years, we have
been building tools to simplify the task of
parallel programming. Our third generation tool, CO2P3S, has reached a mature
stage of software development and has
been made available on the web.

RESEARCH GOALS AND
OBJECTIVES
Our project is progressing extremely well
and along the lines outlined in the original iCORE proposal. Our group has built
an international reputation based on our
artificial intelligence (AI) research, using
games as an experimental test-bed for this
work. However, the research challenges
from the classic board and card games are
limited (the games of poker and Go being
a notable exceptions). Since 1999, we have
been slowly moving our research efforts
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towards addressing the challenges of the commercial
games industry. This represents a golden opportunity
for us, since the use of artificial intelligence in this
industry is still in its infancy.
In the past year we have made major strides forward
in engaging the commercial games industry and
making significant progress in doing industry-based
research. Three major games companies have made
big commitments to support our group’s research.
We have become the largest research group in this
area and are recognized academically as being leading
edge. However, as we are learning, there is a large
gap between academic research and industry expectations. The commercial games industry in particular
is heavily performance oriented. They need real-time
solutions that use little CPU and memory. Few AI
efforts address real-time constraints – an area which
is one of our group’s strengths. We are not developing industrial strength solutions for our partners,
but we are building proof-of-concept demonstrations
that show that our technology can meet the stringent
industry demands.
Our group continues to build on its past success
in artificial intelligence. Most notable is the poker
project, which is addressing the hard AI problems of
reasoning with imperfect and incomplete information. We have made great strides forward in the past
year, developing new technology that has resulted in
a quantum improvement in the state of the art. Our
poker-playing program became the first such program
to be competitive with a top human player (January
2003). This milestone was recognized by our winning the prestigious best paper prize at the biennial
International Joint Conference on Artificial Intelligence
(from over 900 submissions). The program has subsequently been commercialized. In the upcoming year,
we hope to challenge the best players in the world.
(see http://www.poki-poker.com)
The long-term objective of our work is to enhance
our understanding of search, knowledge and their
interactions. We have one of the strongest groups in
the world working on developing high-performance
search algorithms. Unlike most research groups, we
build complete AI systems, addressing all the issues
needed to achieve high performance. It always starts
with search (which we understand very well), integrating application-dependent knowledge (which no
one understands well) only on an as-needed basis.
Discovering new ways to lessen our dependence on
knowledge is critical to AI success; human knowledge
is fraught with error and difficult to obtain. Our hope
is to automate this process as much as possible.
Part of the project funding supports research into parallel computing – something that was not discussed
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in the original iCORE proposal. For over 15 years we
have been developing new parallel algorithms and
tools to simplify the difficult task of writing a correct
parallel application. While this research area is not
artificial intelligence, it is considered “high performance.” These activities have always hovered around
30 percent of the Chair’s research time. However,
because we have successfully engaged the commercial games industry, have made a decision to scale
back this research with the intent of ending it by the
end of 2004.
Of interest is that the technology we built to develop
parallel applications (our CO2P3S parallel programming environment) is directly applicable to our
artificial intelligence scripting project. CO2P3S builds
on the (sequential) software idea of design patterns
– exploiting commonly occurring software designs.
CO2P3S uses parallel design patterns. We have copied
this technology for AI scripting. Character behaviour
also follows patterns. If one describes a character
as a “guard” then that conveys a lot of information
about that character’s behaviour. The guard notion
becomes a behavioural pattern that can be customized to give the specific behaviour that is desired. It
is surprising (at least to us) that the technology we
developed for parallel computing would be relevant
in artificial intelligence.

RESEARCH PROJECTS
Our research group has many research projects under
way. In this section, the major efforts are highlighted.
More details can be found at http://www.cs.ualberta.
ca/~games.

Commercial Games Research
In the past, computer graphics were the major technological differentiator between competing games
products. The realism of the graphics has increased
consumer demand for realism in the game characters.
The commercial games industry now recognizes that
artificial intelligence has become a major consumer
consideration in assessing the quality of a product.
Unfortunately, the games industry has few AI experts
and almost no resources are devoted to research. This
gives university researchers an opportunity to have a
major impact in new technology development. In academia, the University of Alberta has the world’s largest
(and best) research group working in this area.
The first major thrust is in AI scripting. Character
behaviours in games are usually defined using scripts.
However, the result is complex software that is hard
to maintain. Further, the resulting performance of the
characters is disappointing because the characters will
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only precisely do what has been scripted, and typically
this is a very small (usually one) set of behaviours. We
have been developing a tool that allows for the rapid
construction of complex character behaviours. The
tool, called ScriptEase, is based on having a rich set
of pre-defined behaviours (for character behaviours,
conversations, situations, and plot) that the user can
select and then customize to their needs. This work
is novel and, because of our extensive experience
with patterns (see the CO2P3S section below) gives us
a competitive edge for developing the next generation of scripting technology. Our tool has been used
to build complex stories in a very short time, as evidenced by experiments performed with high school
and novice game players. Creating realistic characters
has many industrial applications, including training
programs, web interfaces, and other forms of interactive entertainment.
ScriptEase has been demonstrated to BioWare and
been very well received (they called it “the answer
to our non-programming dreams”). ScriptEase was
made publicly available in November, 2003; being
downloaded over 6,000 times. (http://www.ualberta.
ca/~scripting)
The second major thrust is pathfinding. For many
computer games, the “simple” task of having a
character find a path from their current position
to a goal is a time-critical, CPU-intensive function.
This is an instance of a problem domain called
single-agent search, but in this case is restricted to
a two-dimensional grid (with the intent of moving to
three dimensions). This technology is applicable to a

wider domain of applications, including robot planning. We developed new algorithms for grid-based
pathfinding that are being used by BioWare and by
Relic Entertainment. New technology for coordinated
pathfinding (having multiple agents attempt to catch
a moving target) received the Best Poster Prize at the
International Joint Conference on Artificial Intelligence
(from over 200 submission).
The third major thrust is applying machine learning
to games. Game companies are reluctant to ship
games that learn in response to the user’s interactions. The reason for this is that it is difficult to control the learning, and a player can contrive to have
a program learn poor behaviour. Also, conventional
learning algorithms are either too slow, or learn too
slowly. For example, in Electronic Arts’ successful
FIFA soccer game, the computerized soccer players
are incapable of adjusting their play to match that
of their human opponents. We have developed new
technology that allows computer soccer players to
dynamically modify their behaviour in a controlled
way, allowing the program to recognize when it has
made a mistake and adjust its play so that the mistake
is not repeated. This technology has been endorsed
by Electronic Arts.
Another commercial games-related research initiative
is Michael Buro’s work on real-time strategy games.
He has developed a test-bed for exploring issues
in real-time strategy games including client-server
architectures, managing limited CPU resources, and
complex group behaviours.

Jonathan Schaeffer
and some research
team members in
Edmonton, 2004
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Classic Games
Traditional games research has concentrated on twoplayer games of perfect information (the opponents
are not hiding anything). Poker is very challenging
because of hidden information (you do not know the
opponent’s cards), multiple players (typically 10 in a
game), and deception (bluffing is critical to successful
play). These dimensions significantly complicate the
problem domain, making it an application domain that
better represents the complexities of intelligence in
real life. For example, poker is a model for economic
game theory as well as business negotiations and
Internet auctions.
For over a decade we have been developing new
technologies for dealing with imperfect information.
We have applied the notion of Nash equilibriums to
build a pseudo-optimal two-player poker program (an
optimal program is too computationally expensive to
build right now). This program achieved international
success by narrowly losing a match to a world-class
player in January 2003. We working to line up a sponsor for a real-money match against one of the best
players in the world in 2004.

•

For almost a decade we have been working on
solving the game of checkers. That is we will have
a program that will never lose (assuming checkers
is a draw with perfect play, as seems likely). The
game has a search space of O(1020) – a daunting
number. Although the final result – solving
checkers – is not particularly exciting from the
scientific point of view, the technology and tools
developed to solve such a large computational
problem are relevant to a wide audience. We have
a major unannounced result: we have proven that
one popular opening is a draw.

•

We continue to improve our world-championship
programs for the games of Lines of Action, shogi
(Japanese chess), hex and 9x9 Go.

Other Artiﬁcial Intelligence Initiatives
•

Planning: Many of our search-based research
contributions are applicable to the field of artificial
intelligence planning systems. For the past year
we have been developing new technologies
for planning systems. Out technology takes a
planning problem domain (for example a robot
having to plan how to restock inventory) and
decomposes it into a global problem (what has to
be done) and a series of local problems (stocking
individual items). The result is a system that
can come up with workable plans considerably
faster than conventional approaches. This
has been tested on a variety of real-world
domains including pathfinding, aircraft landing
schedules, pipeline layouts, and transportation
schedules. Our planner has been entered into the
International Planning Competition – results will
be announced in June.

•

Civil engineering: A new project has us using
AI search algorithms to automate the layout of
sanitary and storm sewers in housing subdivisions.
We are working closely with Simaan Abou-Rizaak
(Civil Engineering, University of Alberta) and civil
engineering companies.

The poker program has been commercialized and it
selling very well. (http://www.poki-poker.com)

Other efforts in classic games include
•

Martin Müller has built up a team of six people
working on computer Go. Unlike games like
chess, search is ineffective here. Success in the
game depends on using complex interacting
knowledge.

CO2P3S

Jonathan Schaeffer
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The CO2P3S project attempts to use modern software
technology to simplify the complexities of developing
parallel applications. CO2P3S stands for Correct ObjectOriented Pattern-based Parallel Programming System.
As the name suggests, the package uses objected-oriented technologies, design patterns and frameworks
to facilitate code development. A user selects a parallel design pattern that best matches their application
needs, selects some options to customize it to their
application, and then fills in CO2P3S-generated sequential code stubs with application-dependent code to
generate a complete, functional parallel application.
The software is available for download. (http://www.
cs.ualberta.ca/~systems/cops)
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The state of the art in parallel programming tools
remains primitive, and we face a difficult task to
demonstrate the value of our tool set. Despite being
well received in academia (for example, reflected by a
best paper prize), we have not yet been able to build
up a strong user community.

WestGrid
Although this is not a direct research contribution,
in many ways the WestGrid project may have the
most long-term impact. WestGrid is a partnership
of seven Alberta and British Columbia institutions
to bring world-class high-performance computing
resources to Western Canada. The partners are the
University of Alberta, University of British Columbia,
University of Calgary, University of Lethbridge, Simon
Fraser University, TRIUMF, and The Banff Centre.
This project was successful at achieving roughly $50
million of funding from the Canada Foundation for
Innovation, the province of Alberta, the province of
British Columbia, computer vendors, and the member institutions. The five co-principal investigators
for the project are Jonathan Borwein (Simon Fraser
University), Grenfell Patey (University of British
Columbia), Jonathan Schaeffer (University of Alberta),
Brian Unger (University of Calgary), and Michel Vetterli
(TRIUMF). Although my research will benefit in only
small ways from this infrastructure, the impact on the
research productivity of Alberta and British Columbia
researchers will be immense. There will be major
benefits to researchers in areas diverse as biology,
chemistry, physics, engineering, medicine, and the
social sciences.

OBJECTIVES FOR THE NEXT YEAR
It is difficult to identify key milestones in the next year.
Research will progress towards the vision outlined
above. A wish list for key objectives to strive for in
2004-2005 include:
•

A man-machine match in poker against one of the
best players in the world. Win, lose or draw, this
would be a major historic milestone.

•

ScriptEase has been tested with novice users. We
want to take that one step further: we have been
given permission to use it in a Grade 11 course
as a for-credit assignment. This experiment
will allow us to get quantitative data on how
effectively our tool can be used for interactive
story telling.

•

We expect that our sewer layout program will be
as good as if not better than what human experts
can do. If this is achieved, we have a company that
has committed to using our technology.

•

We continue to strengthen our ties with the
commercial games industry. Electronic Arts,
BioWare and Relic Entertainment have all made big
commitments to our research. If these all come to
fruition, then all of our research projects in this
area will make major advances.

•

We expect to see some of our commercial games
technology appearing in a commercial product.

RESEARCH TEAM
Faculty Team Members
The table below lists the faculty members involved in this research group and the percentage of their
time committed to the project.
NAME

TITLE

Michael Bowling

Assistant Professor

25

Michael Buro

Associate Professor

100

Russ Greiner

Professor

10

Ryan Hayward

Professor

25

Rob Holte

Professor

50

Paul Lu

Assistant Professor

10

Martin Mueller

Associate Professor

100

Jonathan Schaeffer

Professor

100

Duane Szafron

Professor

50
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Faculty involved in co-supervising these students include Michael Buro, Rob Holte, Martin Mueller, Duane
Szafron, and Ben Watson (Northwestern University).

Postdoctoral Fellows, Programmer/Analysts and Support staff
NAME

POSITION

Yngvi Björnsson (now a professor
at the University of Iceland)

PERCENTAGE

Postdoctoral Fellow

100

Neil Burch

Programmer/Analyst

100

Aaron Davidson

Programmer/Analyst

10

Markus Enzenberger

Programmer/Analyst

100

Valerie Drostle

Administrative Support

Matthew McNaughton

Programmer/Analyst

100

Nathan Sturtevant (UCLA
graduate)

Postdoctoral Fellow

100

Kai Tan

Programmer/Analyst

50

10

PhD Students
NAME

TOPIC

AWARDS

Ehud Sharlin

Tangible user interfaces

Darse Billings

Handling imperfect
information in poker

NSERC (past), Killam (past), Steinhauer
(past)

Adi Botea

Planning

UofA

Markian Hlynka

Learning search control

NSERC (past)

Akihiro Kishimoto

Solving graph-based search
anomalies

David O’Connell

AI applied to civil engineering

NSERC

Jack van Rijswijck

Learning in sports games

UofA

Peter Yap

Pathfinding

Ling Zhao

Satisfiability

Alberta Ingenuity

NAME

TOPIC

AWARDS

Mark Goldenberg

Meta-scheduling

Dave Gomboc

Learning in ames

Zhung Guo

CO²P³S

Thomas Hauk

Search in stochastic domains

Dominique Parker

Visual programming

James Redford

ScriptEase

Xiaomeng Wu

Learning errors in sports
games

Jianjun Zhou

Search trees as graphs

Michael Chung

Planning as search in realtime strategy games

Patrick Earl

CO2P3S

MSc Students
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NAME

TOPIC

AWARDS

Bret Hoehn

Game theory

NSERC

Alex Kovarksy
Jonathan Newton
Xiaochen Niu

Pathfinding in real-time
strategy games
Learning in commercial
games
Heuristic knowledge and
search

Terence Schauenberg

Opponent modelling in poker

Gang Xiao

Learning for testability

Haizhi Zhang

Search algorithms

Jonathan Yip

Scripting in RTS

NSERC

NSERC (past)

NSERC

COLLABORATIONS
Our group is actively working with several partners:
ELECTRONIC ARTS (COMMERCIAL GAMES RESEARCH)
Electronic Arts has funded us in the past with cash and graduate student internships. In the past year, they made a (small)
software donation to our group. They have committed to give us access to their most valuable asset: the source code to
their FIFA 2004 product (valued at $1,350,000).
BIOWARE (COMMERCIAL GAMES RESEARCH)
BioWare sponsors our research with $10,000 per year. They have committed to continue this financial arrangement for
another three years, and give us access to the source code for Neverwinter Nights (valued at $2,000,000).
RELIC (COMMERCIAL GAMES RESEARCH)
In the past year they gave us a six-month graduate internship.
JOERG DENZINGER, UNIVERSITY OF CALGARY
Joerg is working with us as part of our Intelligent Robotics and Intelligent Systems (IRIS) NCE funding.
IKAT AT THE UNIVERSITY OF MAASTRICHT (THE NETHERLANDS) AND THE COMPUTER GAMES LABORATORY AT SHIZOUKA
UNIVERSITY (JAPAN)
We have strong research ties with IKAT at the University of Maastricht (The Netherlands) and the Computer Games Laboratory
at Shizouka University (Japan). This includes annual visits and graduate student exchanges.
WESTGRID
This is a multi-institutional initiative (University of Alberta, University of British Columbia, University of Calgary, University of
Lethbridge, Simon Fraser University, TRIUMF, and The Banff Centre) and multi-disciplinary initiative. Our industrial partners
include Hewlett Packard, IBM, and Silicon Graphics.
ALBERTA INGENUITY CENTRE FOR MACHINE LEARNING (AICML)
This research centre was formed two years ago, with Jonathan Schaeffer as one of the co-principal investigators. AICML is
starting to work with a number of industrial partners.

INTELLECTUAL PROPERTY
Schaeffer is the co-founder of BioTools Inc. (http://www.biotools.com), a bioinformatics company. BioTools has
three successful commercial products: PepTool (protein analysis), GeneTool (DNA analysis), and ChromaTool
(DNA/protein assembly). These products are used in over 1,000 research laboratories around the world. Our
success with these products led to the opportunity to do contract work with some of the biggest players in
the human genome efforts. BioTools has commercialized the poker program (http://www.poki-poker.com),
and is investigating working with us on other technologies.
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Chenomx is a spin-off from BioTools (http://www.chenomx.com). Chenomx has developed revolutionary
software technology to do fluid analysis. From a spectrogram produced by a NMR machine, our programs
can analyze the data to a level of detail not easily possible in a laboratory. Our first application is to analyze urine. Conventional urine analysis (as prescribed by a doctor) returns the analysis of six (of over 250)
compounds in the urine. Our software accurately returns an analysis of over 100 compounds, faster and at
less cost. We have partnered with Varian and Breuker, the two largest NMR manufacturers in the world. Our
product, Eclipse, is currently under evaluation by major pharmaceutical companies.
BioTools and Chenomx are successes, but both have been hampered by a lack of venture capital. Together
they employ over 20 people and have combined revenues of roughly $1 million.

AWARDS
The following awards have been won by members of our group in the past year:
•

Darse Billings, Neil Burch, Aaron Davidson, Rob Holte, Jonathan Schaeffer, Terence Schauenberg, and
Duane Szafron. “Approximating Game-Theoretic Optimal Strategies for Full-Scale Poker”, International
Joint Conference on Artificial Intelligence (IJCAI), Morgan-Kaufman, pp. 661-668, 2003. Distinguished
Paper prize.

•

Mark Goldenberg, Alexander Kovarsky, Jonathan Schaeffer and Xiaomeng Wu. “Multiple Agent Moving
Target Search”, International Joint Conference on Artificial Intelligence (IJCAI), Morgan-Kaufman, pp.
1538-1540, 2003. Best poster prize.

•

Brian Sheppard: Ph.D. thesis “Towards Perfect Play in Scrabble” wins Best Publication Award for the Year
2003-2004 from the International Computer Games Association (ICGA). Jonathan Schaeffer was Brian’s
co-supervisor.

•

Yngvi Björnsson, Ryan Hayward, Mike Johanson, Morgan Kan, and Nathan Po: Silver medal at the Seventh
Computer Olympiad for the game of Hex.

•

Markus Enzenberger: Silver medal at the Seventh Computer Olympiad for the game of 9x9 Go.

•

Darse Billings, Neil Burch, Aaron Davidson, Rob Holte, Jonathan Schaeffer, Terence Schauenberg, and
Duane Szafron: Gold medal at the Seventh Computer Olympiad for the game of poker.

•

Akihiro Kishimoto (with Yashushi Tanase): Silver medal at the Seventh Computer Olympiad for the game
of Shogi.

•

Akihiro Kishimoto (with Yashushi Tanase): First place at the World Computer Shogi Championship.

FUNDING
Jonathan Schaeffer is a leader of the Alberta-British Columbia high-performance computing initiative, WestGrid.
WestGrid is funded by CFI (~$12M), ASRA (~$6M), BCKDF (~$6M), and industry contributions worth ~$20M.
Schaeffer and his team also participate in the Alberta Ingenuity Centre for Machine Learning ($1.4M/year)
and the IRIS ($155/year) and PENCE ($125K/year) National Centres of Excellence. Dr Schaeffer holds a Tier 1
Canada Research Chair worth $200K per year. He was also a co-applicant on a NSERC major facilities grant
for $600K this year and and received industry cash contributions from Silicon Graphics ($100K) and BioWare
($10K/year).

154

iCORE RESEARCH REPORT Volume 3, Fall 2004

SCHAEFFER

PUBLICATIONS
JOURNALS
A. Botea, M. Müller, and J. Schaeffer, “Near optimal
hierarchical pathfinding,” Journal of Game Development,
vol. 1, no.1, pp. 7-28, 2004.
A. Kishimoto and M.Müller, “A solution to the GHI problem
for depthfirst proof-number search,” Information Sciences,
2004, to appear.
J. Zhou and M. Müller, “Solving systems of difference
constraints incrementally with bi-directional search,”
Algorithmica, 2003, to appear.
J. Zhou and M. Müller, “Depth-first discovery algorithm for
incremental topological sorting of directed acyclic graphs,”
Information Processing Letters, vol. 88, no. 4, 2003, pp.
195-200.
L. Zhao, “ Tackling post’s correspondence problem,” The ACM
Journal of Experimental Algorithmics, 2004, to appear.
CONFERENCES
A. Driga, P. Lu J. Schaeffer, D. Szafron, K. Charter,
and I. Parsons, “FastLSA: A fast, linear-space, parallel
and sequential algorithm for sequence alignment,” in
International Conference on Parallel Processing (ICPP),
2003, pp. 48-57.
M. Goldenberg, P. Lu, C. Pinchack, and J. Schaeffer,
“TrellisDAG: A system for structured DAG scheduling,” in
9th Workshop on Job Scheduling Strategies for Parallel
Processing, 2003, pp. 21-34.

A. Botea, M. Müller, and J. Schaeffer, “Using component
abstraction for automatic generation of macro-actions,”
in Automated Planning and Scheduling (ICAPS), 2004, to
appear.
A. Kishimoto and M. Müller, “Df-pn in Go: an application to
the one-eye problem,” in Advances in Computer Games 10.
Kluwer Academic Publishers, 2003, pp. 125-141.
M. Enzenberger, “Evaluation in go by a neutral network using
soft segmentation,” in Advances in Computer Games 10.
Kluwer Academic Publishers, 2003, pp. 97-108.
A. Kishimoto and M. Müller, “A general solution to the graph
history interaction problem,” in American Association for
Artificial Intelligent National Conference (AAAI), 2004, to
appear.
L. Zhao and M. Müller, “Games-SAT: A preliminary report,”
in Theory and Applications of Satsifiability Testing, 2004,
to appear.
A. Kishimoto and M. Müller, “A solution to the GHI problem
for depth-first proof-number search,” in 7th Joint Conference
on Information Sciences (JCIS), 2003, pp. 489-492.
D. Gomboc, T. Marsland, and M. Buro, “Evaluation function
tuning via ordinal correlation,” in Advances in Computer
Games 10. Kluwer Academic Publishers, 2003, pp. 1-18.
R. Hayward, Y. Bjornsson, M. Johanson, M. Kan, N. Po, and
J. van Rijswijck, “Solving 7x7 hex: Virtual connections and
game-state reduction,” in Advances in Computer Games 10.
Kluwer Academic Publishers, 2003, pp. 261-278.

J. Schaeffer, Y. Bjornsson, N. Burch, R. Lake, P. Lu, and
S. Sutphen, “Building the chechers 10-piece endgame
databases,” in Advances in Computers Game 10, Kluwer
Academic Publishers, 2003.

A. Jiang and M. Muro, “First experimental results of probcut
applied to chess,” in Advances n Computer Games 10. Kluwer
Academic Publishers, 2003, pp. 261-278.

D. Billings and Y. Bjornsson, “Search and knowledge in lines
of action,” in Advances in Computer Games 10. Kluwer
Academic Publishers, 2003, pp. 231-248.

M. Buro, “Solving the oshi-zumo game,” in Advances in
Computer Games 10. Kluwer Academic Publishers, 2003,
pp. 223-239.

M. Müller, M. Enzenberger, and J. Schaeffer, “Temperature
discovery search,” in American Association for Artificial
Intelligence National Conference (AAAI), 2004, to appear.

Y. Wu, A. Huckauf, W. Jager, P. Lu, J. Schaeffer, and C.
Pinchak, “CISS-1 experiment: Ab initio study of chiral
interactions,” in 39th International Union of Pure and
Applied Chemistry (IUPAC) Congress and 86th Conference
of the Canadian Society for Chemistry, 2003.

T. Hauk, M. Buro, and J. Schaeffer, “Rediscovering *-minimax
search,” in Computers and Games, 2004, to appear.
N. Sturtevant, “The challenge of multi-player game search,”
in Computers and Games, 2004, to appear.
T. Hauk, M. Buro, and J. Schaeffer, “*-minimax performance
in backgammon,” in Computers and Games, 2004, to
appear.
D. Billings, M. Bowling, N. Burch, A. Davidson, R. Holte, J.
Schaeffer, T. Schauenberg, and D. Szafron, “Game tree search
with adaptation in stochastic imperfect information games,”
in Computers and Games, 2004, to appear.
S. MacDonald, D. Szafron and J. Schaeffer, “Rethinking the
pipeline as object-oriented states with transformations,” in
High-Level Parallel Programming Models and Supportive
Environments. IEEE Computer Society, 2004, pp. 12-21.

BOOKS
J. Schaeffer, M. Müller, and Y. Bjornsson, Computers and
Games. Springer-Verlag, 2003, Lecture Notes in Computer
Science #2883.
OTHER
A. Botea, “Reducing Planning Complexity with Topolgical
Abstraction,” in ICAP-03 Doctoral Consortium, 2003, pp.
11-15.
G. Metis and R. Hayward, “Hex gold at Graz: Six defeats
Mongoose,” International Computer Games Association
Journal, vol. 26, no. 4, 2003, pp. 281-282.
R. Hayward, “Berge and the art of hex,” in A Biography of
Claude Berge. Princeton University Press, 2004, to appear.
J. Schaeffer, “Man vs. Machine,” En Passant, vol. 31, no. 4,
pp. 7-16, 2003.
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SOFTWARE ENGINEERING
DECISION SUPPORT

GUENTHER RUHE
iCORE Professor
Department of Computer Science, Department of Electrical and
Computer Engineering and Industrial Research Chair Software Engineering, University of Calgary
http://sern.ucalgary.ca/~ruhe

Software is quickly becoming a dominant
factor for business success in an increasing number of products and services in
the telecommunication, health care, automotive, banking, insurance, and manufacturing industries. A longstanding goal
in software development is to construct
systems that are easily modified and
extended. The proliferation of software
in everyday life (for example, embedded
systems found in automobiles, mobile
phones, and television sets) has increased
the conformity and invisibility of software.
The capability to react better and faster
to changes in requirements, technologies
and policies in all application domains will
significantly improve the competitiveness
of software dependent industries.

EXECUTIVE SUMMARY

I

ntelligent Decision Support Systems
help decision makers in using communications technologies, data,
documents, domain knowledge, and
models to identify and solve problems.
Main achievements of the Laboratory of
Software Engineering Decision Support
over the last year have been breakthrough
results in the area of intelligent support,

in particular for design and analysis of
releases in incremental software development, analysis of software requirements,
and selection of components-of-the shelf
(COTS) software products. We are following
a multidisciplinary research approach and
have integrated concepts and approaches
from software engineering, decision science, artificial intelligence, knowledge
management, and computational intelligence to achieve novel results. Research
in the reporting year has resulted in six
journal publications, fifteen publications
at conferences or workshops, six book
chapters (partially in progress). A book
titled Software Engineering Decision Support – Methodology, Tools and Applications is in preparation to be published by
CRC Press.
A new generation of intelligent decision
support has been designed, implemented
and initially evaluated. ReleasePlannerTM
(see www.releaseplanner.com) is a tool
suite that provides a flexible and webbased tool support for assigning requirements or features to releases such that
most important risk, resource, and budget
constraints are fulfilled. ReleasePlannerTM
is based on a solution approach called
EVOLVE* that combines the computational
strength of optimization algorithms algorithms with the flexibility of an iterative
solution method. As a web-based tool, it
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allows input and interaction even with remote stakeholders (sales representative, shareholder, developer,
different classes of user). This results in a much better
chance to actually achieve high customer satisfaction
with the products to be developed. The technology
was approved by the Inno-Centre Alberta Advisory
Board to enter the business mentorship program. This
is a highly competitive entrepreneurship program. So
far, 11 out of more than 300 evaluated technologies
have been selected. Both US and Canada patent protection for release planning technology is pending.
During the reporting period, further progress has
been achieved in creating a core team of researchers and in establishing and enhancing national and
international collaboration. Industrial collaboration
projects have been conducted with DaimlerChrysler, Corel, Nortel Networks and Brycol Consulting.
A NSERC CRD grant was conditionally approved. A
NSERC Strategic Research Grant proposal and a proposal for the new program “Idea to Innovation” were
submitted. Finally, the Software Engineering Consulting Consortium (SECCO) was formed. This is an initiative with the objective of fostering and encouraging
links between the industry and graduate students
in the software engineering discipline engaged in
research activities.

RESEARCH PROGRAM OVERVIEW
Objectives and Results
The future vision of life is a society of citizens whose
communal interactions and access to personal
knowledge and services are enabled, supported and
strengthened by computing that is available in practically every environment: in the home, at the workplace, in public spaces such as libraries, airports, town
squares, in public and private vehicles, and through
developments of mobile phones carried on the person.
The quality of life in our 21st century society depends
heavily on products and services that are enabled,
supported, and strengthened by software engineering
technologies and distributed systems. The next step
of the Internet and the mobile revolution requires
software solutions with extreme demands on their
quality and predictability.
There are very good reasons for offering support for
making decisions at the various stages of software
development and evolution. The current maturity
of software engineering decision-making is low.
Decisions are made ad hoc, not relying on validated
models and sound methodology. Decisions are hard
to understand and far from being optimal in terms
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of their quality. What can be expected from decision
support in the area of software engineering is higher
decision quality, improved communication between all
involved parties, increased productivity, time savings
and improved customer satisfaction.
Our research goals can be structured into four
areas:
•

Advancing SEDS methodology by multidisciplinary
research integrating software engineering
with decision support, computational
intelligence, empirical research and knowledge
management;

•

Developing intelligence-based methods and
techniques for specific software engineering
decision problems;

•

Design and implementation of tools for intelligent
decision support for release and design decisions
and;

•

Evaluation of the impact of intelligent decision
support and the related tool support.

Main Achievements
The core team is growing quantitatively and qualitatively. It now consists of one post-doctoral fellow,
three PhD students (two more have accepted an offer),
seven graduate students (two more already accepted
an offer), four undergraduate students and two support staff.
Technically, we have achieved the following main
results:

Hybrid Intelligence in Release Planning
The advantage of the human intelligence based
approach is that it is able to better handle soft and
implicit objectives and constraints. The advantage of
computer-based approach is exactly where the human
based approach fails: to cover a large portion of the
solutions space. A hybrid approach is described to
combine the strength of both human and computational intelligence.
The overall architecture of EVOLVE* is designed as
an iterative and evolutionary procedure mediating
between the real world problem of software release
planning, the available tools of computational intelligence for handling explicit knowledge and crisp
data, and the involvement of human intelligence for
tackling tacit knowledge and fuzzy data. At all iterations, three phases are passed:
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•

Phase 1 – Modeling: Formal description of
the (changing) real world to make it suitable
for computational intelligence based solution
techniques. This includes the definition of all
decision variables, as well as their dependencies
and constraints, and the description of what is,
or contributes to, the “goodness” of a solution.
Other data, such as stakeholder evaluation of all
requirements, are also part of modeling.

developed at the Laboratory for Software Engineering
Decision Support http://www.seng-decisionsupport.
ucalgary.ca at the University of Calgary. It can be
used in different user modes and aims in providing
intelligent decision support for any kind of iterative
development. It addresses the wicked character of the
problem by an approach integrating computational
and human intelligence.

•

Phase 2 – Exploration: Application of computational
techniques to explore the solution space, to
generate and evaluate solution alternatives.
Exploration phase is mainly based on evolutionary
computing and optimization algorithms.

At all iterations, optimization algorithms are applied
to determine the most promising solutions of constrained release planning.

Phase 3 – Consolidation: Human decision maker is
invited to investigate current solution alternatives.
This contributes to the understanding of the
problem and results in modifying parts of the
underlying model or in some local decisions (for
example, pre-assigning some requirements to
a release). Typically, these decisions reduce the
size and complexity of the problem for the next
iteration.

•

As a web-based tool, it allows input and
interaction even with remote stakeholders
(sales representatives, shareholder, developer,
different classes of user). This results in a much
better chance to actually achieve high customer
satisfaction with the products to be developed.

•

Ease of customization for the different types
of users and the different usage scenarios.
After defining the usage mode, only respective
functionality is activated. This increases userfriendliness.

•

Compatibility with commercial tools addressing
features management (as a prerequisite for using
release planning) and project management (for
actually planning and controlling the performance
of the plan).

•

Computational strength of its core algorithms
that are based on innovative ideas (optimization

•

EVOLVE* was extended to problems with fuzzy objectives and constraints and to problems comprising
resource, financial and risk constraints.

Main features of the tool are:

Tool Suite ReleasePlannerTM
ReleasePlannerTM (see www.releaseplanner.com) is a
tool suite that provides a flexible and web-based tool
support for assigning requirements or features to
releases such that the most important risk, resource,
and budget constraints are fulfilled. The tool was

Guenther Ruhe and some
research team members at
the 2004 Banff Informatics
Summit
(From left to right)
Wei Shen
Gengsheng Du
Joseph Momoh
Jingzhou Li
Omalade Saliu
Kornelia Streb
Guenther Ruhe
Abdallah Mohamed
Sebastian Maurice
An Ngo-The
Zhizhong Li
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algorithm) and their novel implementation. This
results in very effective procedures to generate
near-optimal solutions for large-scale problems
of high complexity.
•

Applicability to a broad range of usage scenarios
in different application domains (IT, logistics,
automotive, telecommunication, pharmacy).

•

Modeling support is offered. As validated models
are a mandatory prerequisite for meaningful
results, different objectives different schema
of evaluation, and different types of constraints
(effort, resource, precedence, finance, risk) can
be included.

•

Process-driven usage guidelines as well as
experience and knowledge support: There is a
process framework for how to conduct planning.
Each task is the object of adding or retrieving
related knowledge and experience (Knowledge
management component).

RESEARCH PROJECTS
Intelligent Support for Software Release
Planning
One of the most prominent issues involved in incremental software development is to decide upon
the most appropriate software release plans taking
into account all explicit and implicit objectives and
constraints. Such decisions have become even more
Guenther Ruhe

complicated in the presence of large number of stakeholders such as different groups of users, managers,
or developers. However, early involvement of customers and understanding of their real needs is one of the
core success factors of software business.
A six-step process model for release planning was
designed and evaluated. Release planning is a learning and improvement process inspired by the Quality
Improvement Paradigm. Implementing this process
is the emphasis of this tool support. The use of the
intelligent decision support tool ReleasePlannerTM is
presented by comparing a baseline scenario reflecting current state-of-the practice of release planning
with a supposed improvement scenario obtained after
usage of the tool. Initial experience from a real-world
environment at iGrafx Corel Inc. is used to validate
the improvement scenario.

Hybrid Intelligence
Neither human nor computational intelligence alone
are able to provide appropriate decision support for
the problem under consideration. The advantage
of the human intelligence based approach is that it
is able to better handle soft and implicit objectives
and constraints. The advantage of computer-based
approach is exactly where the human based approach
fails: to cover a large portion of the solutions space.
The computational complexity of the problem makes
it impossible for the decision maker to have a reasonable perception of the set of possible solutions and
to evaluate and prioritize different solution alternatives. To solve this inherent dilemma, we propose a
hybrid approach integrating the advantages of both
principal approaches.
Integration of human and computational intelligence
can be understood in two directions. Firstly, from
the integration of powerful solution approaches as
offered by computational intelligence, we can expect
solutions of formally defined problems of large size
and complexity. Secondly, decision support needs the
inclusion of human intelligence to include tacit and
subjective components into the process of selecting
the most promising solutions. Typically, from this
involvement, new questions are raised. Computational
and human intelligence are constantly interacting
with each other.

Quantitative Studies in Software Release
Planning under Risk and Resource
Constraints
Delivering software in an incremental fashion implicitly reduces many of the risks associated with delivering large software projects. However, adopting a
process, where requirements are delivered in releases
means decisions have to be made on which requirements should be delivered in which release.
160
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A method called EVOLVE+ was developed. It is based
on genetic algorithms and aimed at the evolutionary
planning of incremental software development. The
method is initially evaluated using a sample project.
The evaluation involves an investigation of the tradeoff relationship between risk and the overall benefit.
The link to empirical research is two-fold. Firstly,
our model is based on interaction with industry and
randomly generated data for effort and risk of requirements. The results achieved this way are the first step
for a more comprehensive evaluation using real-world
data. Secondly, we try to approach uncertainty of
data by additional computational effort providing
more insight into the problem solutions: (i) Effort
estimates are considered to be stochastic variables
following a given probability function; (ii) Instead of
offering just one solution, the L-best (L>1) solutions
are determined. This provides support in finding the
most appropriate solution, reflecting implicit preferences and constraints of the actual decision-maker.
Stability intervals are given to indicate the validity of
solutions and to allow the problem parameters to be
changed without adversely affecting the optimality
of the solution.

Release Planning under Fuzzy Constraints
Release planning is extended to encompass fuzzy constraints and objectives. Two fundamental paradigms
of problem solving under uncertainty are integrated:
soft computing using fuzzy sets and intelligent
decision support. The paradigm of soft computing
integrates human and computational intelligence. It
combines computational power with the human capability to store and process information that is imprecise, uncertain or may be only partially true. We have
developed an approach improving existing methods
for release planning by handling the uncertainty of
data using fuzzy logic. Concretely, we use triangular
fuzzy numbers to better represent the estimation of
effort. The satisfaction of traditional constraints on
effort is performed using a fuzzy system to obtain an
overall satisfaction level of a solution. The complete
approach is illustrated by a case study example.

Feature-Based Release Planning
There is a growing recognition that features act as
an important organizing concept within the problem
domain and as a communication mechanism between
users and developers. Features are an essential
abstraction that both customers and developers
understand. They provide an efficient way to manage
the complexity and size of requirements. The term
“Feature Engineering” describes all the activities to
promote features as “first-class objects” during the
whole life-cycle. These activities include identifying
features in requirements specifications, evaluating
designs based on their ability to incorporate new
and modified features, understanding the relationiCORE RESEARCH REPORT Volume 3, Fall 2004

ship between a software architecture and feature
implementation mechanisms, uncovering feature
constraints and interactions, and configuring systems
based on desired feature sets.
The concept of a feature is applicable and important
for any software development paradigm. However,
it is especially important for any type of incremental
product development. Features are the “selling units”
provided to the customer. Incremental development
has many advantages over the traditional waterfall
approach. First, prioritization of features ensures that
the most important features are delivered first. This
implies that benefits of the new system are realized
earlier. Consequently, less important features are
left until later and so, if the time or budget is not
sufficient, the least important features are the ones
most likely to be omitted. Second, customers receive
an early version of the system and so are more likely
to support the system and to provide feedback on
it. Third, the schedule and cost for each delivery
stage are easier to estimate due to smaller system
size. This facilitates project management and control. Fourth, user feedback can be obtained at each
stage and plans can be adjusted accordingly. Fifth,
an incremental approach is sensitive to changes or
additions to features.

Determining Maximally Diversiﬁed
Solutions for Constrained Multi-Objective
Software Release Planning
We have invented an approach to support decision
making by providing a portfolio of different solutions
instead of proposing just one “best solution”. Suggesting alternative solutions is important when both the
model and the data in use are just a rough approximation of reality. Providing a qualified set of solutions
being maximally diversified supports decision-making
in case of incompleteness and uncertainty of information. This increases the understanding of the possible
range of solutions and improves the chance of acceptance of a final solution by the decision-maker.
The problem under consideration is a generalized
knapsack problem and is formulated and exactly
solved using multi-objective integer programming.
The model includes technological and resource
constraints. Numerical results from a real-world
project with more than 500 requirements and seven
stakeholders involved are given. We have introduced
a procedure to stepwise reduce the set of solution
alternatives. In the first phase, we determine qualified
solutions from solving a sequence of problems with
changed parameters for the weighted objectives and
the weighted increments. In the second phase, a set
of maximally diversified solution is determined out
of the qualified solutions.
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Web-Based Decision Support for Software
Release Planning
Web technology and web services represent a great
opportunity for improving knowledge and experience
exchange. The focus is on intelligent decision support
for software release planning. We first characterize
the problem of software release planning, and then
review web technology and web-based decision support systems. By deriving some major requirements
on web-based decision support for release planning,
we then put forward a suggestion for an architectural
design. We discuss the first steps of its realization and
future directions of its real-world application.

Soft Requirements Negotiations
We have proposed a new and hybrid method called
SRN (Soft Requirements Negotiator) to support decision-making during requirements negotiation. More
precisely, given a set of requirements, we assist the
DM in the process to gradually reduce, evaluate and
prioritize the candidate sets of requirements. As a
final result, we generate a set of most appropriate
solutions. The proposed solutions are trade-offs
between the supposed value (or priority) of those
requirements, and the estimated effort to realize
them. Our approach is soft in the sense that it only
uses information in the degree and size as actually
available at the different stages of the negotiation
process. It was inspired from the paradigm of multicriteria decision aid (MCDA), particularly the concordance/non-discordance principle.

Trade-off Analysis for Requirements
Selection
The proposed method called Quantitative WinWin
(Best paper award SEKE’2003) uses an evolutionary approach to address support for requirements
negotiations. As a main result, Quantitative WinWin
proposes a small number of alternatives for selecting
possible sets of requirements from which the actual
decision-maker finally can select the most appropriate one(s).

Management of Tabular-Based
Requirements Using Rough Sets
Requirements management is an essential process
to better understand, identify, derive, control and
improve system requirements. Rough Set Analysis
(RSA) is a promising technique of granular computing. We compare RSA with other known technique for
handling data given in tabular form: Table inversion
algorithms and Software Cost Reduction (SCR). One of
the main strengths of RSA is its capability to handle
inconsistency and to differentiate in terms of importance of the chosen attributes. These advantages
are used to provide support during our new process
of elicitation of requirements that are represented
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in tabular form. The emphasis of my research is on
applying RSA for the process of requirements elicitation and on building new hybrid approach called
MARTARS that improves existing methods for inconsistency management in Requirements Engineering.
We use a modification of the well-known A-7E Aircraft
Requirements Document to illustrate main concepts
and ideas of our approach.

Strategic Planning for Enterprise
Application Integration
Integration technology enables organizations to
improve their business processes while retaining more
value from their existing investments, thereby increasing their business agility and improving efficiency.
We have proposed a novel and innovative approach
for release planning as a means to perform strategic
planning of enterprise application integration (EAI).
It is intended to serve as an early guidance of how to
conduct EAI which has to be supplemented later by
more detailed operational planning. The release planning technology is based on an evolutionary approach
for assigning features to releases. For varying degree
of stakeholder importance, well balanced plans are
generated satisfying most relevant technological,
resource and risk constraints.

Selecting COTS Components for Product
Lines
There is an increasing trend to build software systems
from reusable components. Typical examples include
systems that have product line architecture. Software
product lines have a lot of advantages for both the
developer and the customer, such as decreased
developmental time and cost, and increased product
quality. Using COTS components within product lines
provides further improvement for the developmental
time, cost and quality. Nevertheless, using COTS
components involves several risks such as selecting a low-quality or otherwise improper component.
We propose a systematic approach for performing
the selection process based on the target system
domain. The paper focuses on evaluating the quality
of COTS products and provides techniques to deal
with uncertainty as well as interactions between quality requirements.

Evaluation of COTS Products Using
Knowledge Bases
Selection of commercial-off-the-shelf (COTS) software
products is a knowledge-intensive process. In
this paper, we show how knowledge bases can be
used to facilitate the COTS selection process. We
propose a conceptual model to support decision
makers during the evaluation procedures. We then
describe how this model is implemented using agent
technologies supported by two knowledge bases (KB):
the COTS KB and the methods KB. The model relies
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on group decision-making and facilitates stakeholder
negotiations during the selection process. It employs
hybrid techniques, such as Bayesian belief networks
and game theory, to address different challenges
throughout the process. In addition, the paper also
describes how the COTS knowledge base can be used
at three levels of usage: global (over the internet),
limited (between limited number of organizations)
and local (within a single organization).

Software Engineering Decision Support and
Empirical Investigations
Empirical software engineering is relying on or derived
from observations or experiments. It is oriented
towards making decisions about software engineering
technologies. The paradigm of software engineering
decision support (SEDS) goes beyond the concept of
just reusing models, knowledge or experience. For
a more focused problem domain, emphasis is on
providing a methodology for pro-active generation,
evaluation, prioritization and selection of solution
alternatives. However, the results of this process can
only be as good as the underlying models and experience. This is exactly the main purpose of empirical
software engineering: to incrementally establish a
body of empirically validated knowledge about existing or new phenomena.
We have studied the potential synergy between SEDS
and empirical software engineering. The need for
decision-making defines the objects and attributes
of empirical investigations. This avoids esoteric
experiments of high statistical significance that have
no impact on reality. Vice versa, validated models
and experience as concluded from sound empirical
studies are enabler for making good decisions. This
synergy is studied in more detail for decision support
in software release planning.

Goal-Oriented Measurement plus System
Dynamics – A Hybrid and Evolutionary
Approach
Goal-oriented measurement following the GQM paradigm is focusing on a top-down approach for definition of appropriate metrics and a bottom-up approach
to analyze and interpret results. The GQM approach
leads to the specification and implementation of a
measurement program for a particular set of issues
and will form the basis for the interpretation of the
measurement data in the context of the precisely
defined goal.
Simulation in general has the ability to study complex
systems in greater detail. The continuous simulation
method SD is a very powerful approach with a broad
range of applications in complex social, managerial,
economic or engineering systems. As soon as an SD
simulation model exists that reproduces current or
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past behavior of reality, systematic variation of model
parameters (that is, sensitivity analysis or inclusion
and exclusion of model structures) can help in understanding, controlling, and improving system behavior.
SD modeling is supported by comprehensive tool
support. The underlying paradigm of SD is systems
thinking. The essential step toward systems thinking
is to recognize the presence of feedback mechanisms
in the observed system. In systems thinking, the
behavior of a system is considered as primarily being
generated by the interaction of all the feedback loops
over time.

OBJECTIVES FOR NEXT YEAR
Intelligent Support for Release and Design
Decisions of Evolvable Software-Intensive
Systems
Hybrid Intelligent Systems (HIS) is a promising area
of research due to the applicability of HIS to many
complex and real world problems. HIS combine and
integrate the strengths of multiple automated and
semi-automated approaches to collect and analyze
both qualitative and quantitative data. Such integration is necessary as neither human nor computational
intelligence alone are able to provide sufficient release
planning and software design decision support to
achieve cost-effective evolvable systems. Humans
are better able to handle soft and implicit objectives
and constraints; computational intelligence is better
able to handle a wide search through a large solution
space. We will create and apply HIS in two innovative
directions: (i) as the foundation of a methodology to
support decision-making for release and design decisions; and (ii) as a new paradigm to generate, activate,
and exploit knowledge for generating, evaluating,
and explaining alternatives for release and design
decisions.
We are working on a hybrid methodology for generating qualified solution alternatives for release and
design problems under risk and resource constraints.
The methodology will be based on the hybrid and
customized use of modelling and simulation, genetic
algorithms, and integer programming. It will overcome the limitations of current solution approaches in
terms of its scope and its proactive decision support
capability. No comparative results for this research
question are currently available.

Dynamic Release Planning and Software
Project Monitoring
Current planning is static in the sense that is does not
consider any aspect of execution of the plans other
than estimates of the resources required. However,

163

INTELLIGENT SOFTWARE SYSTEMS
software development and evolution is a dynamic
process with a large number of impacting factors. To
better accommodate this dynamic character including
feedback loops within the process, we will investigate
software process simulation for modeling and executing the individual tasks related to the features to be
assigned to releases. This will result in a better validity
of the proposed plans. If done for the different types
of resources involved, this will further allow project
monitoring by comparing the planned tasks and their
comparison with actual performance.

Open Scope Release Planning
Releases may also be arranged according to open
scope release planning, where release times are not
predefined. If this approach is used, the definitions
of the release times and the requirements or features
assigned to the respective releases are obtained as
results. In this case, a solution may be sought that
minimizes the time between releases, since the earlier a release is issued, the earlier it generates value,
such as money. Another point to consider is whether
there is any sub-, or otherwise related, products. In
this case, each may have its own release planning
goals, however, for the overall products the different
cycles have to be synchronized. This can be modeled
and solved using integer programming. The notion
of “open scope planning” can be extended to address
synchronization of releases as requested in any kind
of embedded product development where you have
to address planning of different parts (hardware, software, middleware). Each of these components is an
open scope problem. However, for the final product,
planning for all the components has to be synchronized because of the mutual dependency between the
components. The solution is approached through a
formal description of the problem that uses binary
variables and applying genetic and integer programming optimization algorithms.

Fast Heuristics and Integer Programming
Solution Algorithms
Current solution algorithms for release planning are
based on genetic algorithms. These algorithms cannot
guarantee optimality. We are working on fast (knapsack-type) heuristics able to generate good solutions
for large-scale and complex problems in very short
time. We will further analyze and fine-tune parameters for genetic algorithms and comparative analysis
between heuristic, exact (integer programming) and
evolutionary optimization algorithms. The results of
that will be used to extend the functionality of Release
Planner by providing features for handling uncertainty
of data, fuzzy effort, and risk and dependency constraints. This includes the development of on-line
user support to optimally customize the algorithms
in dependence of the problem parameters.
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Explanation Component for Release
Planning Decision Support
Explanation is intended to increase acceptance of the
tool, to improve understanding of the results, and to
increase applicability and acceptance of suggested
solutions. The release planner explanation scenario
involves three types of agents (participants): the
system that provides the solution to the problem. In
our context a software agent; the user who obtains
the solution for further treatment, in our context a
human agent; and the explainer who explains the
system’s solution to the user, in our context a software agent.
We are mainly interested in the explainer agent. The
explanation agent needs knowledge about the other
agents. More precisely, the explainer needs an understanding of how the system obtains the solution, and
a model of the user. A user model in general describes
(i) What the user knows and (ii) What the user wants
or needs to know. In some way, one can think of
an explanation as an answer to (yet) unexpressed
questions of the customer; therefore somehow the
concept of a dialog enters the scenario. In particular,
two types of explanations must be distinguished:
a) One-step explanations, provided only once, and
b) Dialog-type explanations that proceed in several
steps. Both types contain a communication aspect,
for a) it is degenerated.

Decision Support for Value-Based Software
Technologies
A value-based approach to software engineering
involves a different focus and approach to developing software. Meeting the needs of customers is
as important as justifying the development efforts
needed to meet those needs. In today’s world with
rapidly changing consumer demands, informational
technology, and marketplaces, the requirements are
changing rapidly requiring quicker adaptability by
market participants. The critical success factor in this
world for software developers is responding to changing requirements quickly while maintaining a focus on
their value proposition which may be a quicker return
on investments or an improvement in a public service
like health, education, and defense.

Modeling and Implementation of Software
Agents Decision Making
Software agents are knowledgeable, autonomous,
situated and interactive software entities. Agents’
interactions are of special importance when a group
of agents interact with each other to solve a problem
that is beyond the capability and knowledge of each
individual. Efficiency, performance and overall quality
of the multi-agent applications depend mainly on how
the agents interact with each other effectively. In this
chapter, we suggest an agent model by which we
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can clearly distinguish different agent’s interaction
scenarios. The model has five attributes: goal, control,
interface, identity and knowledge base. Using the
model, we analyze and describe possible scenarios;
devise the appropriate reasoning and decision making

techniques for each scenario; and build a library of
reasoning and decision making modules that can be
used readily in the design and implementation of
multi-agent systems.

RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
Faculty Team Members
About ten researchers with a broad range of expertise represent the area of Software Engineering at University
of Calgary. Emphasis is to integrate those ones having a close relationship to Software Engineering Decision
Support. Simultaneously, iCORE support is used to attract further researchers from all over the world to join
the group. Currently, most intensive collaborations are with:

NAME

ROLE/TOPIC

Dr Denzinger

Associate Professor, Department of Computer Science

Dr Eberlein

Associate Professor, Department of Electrical and
Computer Enginee-ring

Dr Far

Associate Professor, Department Electrical and Computer
Engineering

Dr Maurer

Full Professor, Department of Computer Science

Dr Walker

Assistant Professor, Department of Computer Science

Dr Wang

Full Professor, Department Electrical and Computer
Engineering

Postdoctoral Fellows
NAME

ROLE/TOPIC

Dr An Ngo-The

Soft Computing in Software Engineering Decision
Support

Dr Dietmar Pfahl (Fraunhofer Institute for Experimental
Software Engineering)

Simulation-based Decision Support

PhD Students
NAME

ROLE/TOPIC

Jingzhou Li

Effort Prediction for Release Planning Using Collaborative
Filtering

Abdallah Mohamed

COTS Software Product Selection

Michael Ochs (Fraunhofer IESE, Co-Supervisor)

Efficient and Effective Management of COTS Assessment
and Selection

Omalde Saliu

iCORE International Graduate Student Scholarship
Award

Tom Watanaya (Co-Supervisor)

Agent-based COTS Product Selection Method
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MSc Students
NAME

ROLE/TOPIC

Gengsheng Du

Design and Analysis of an Explanation Component
for ReleasePlanner (Department of Computer Science
award)

Zhizhong Li

Management of Tabular-based Requirements Using
Rough Sets

Sebastian Maurice

Decision Support for Value-Based Software
Engineering Release Planning

Joseph Momoh

Impact Analysis of Release Planning Using
ReleasePlanner

Wei Shen

Release Planning Under Fuzzy Effort Constraints

Yuhang Wang

Machine Learning for Improving Performance of
Software Inspections (Department of Computer
Science award and Alberta grad student scholarship
from Alberta Learning)

Qun Zhou

Simulation Based Effort Estimation for COTS Based
Software Development

Support and technical staff
NAME

ROLE/TOPIC

Amandeep

Research Associate

Kornelia Streb

Assistant

COLLABORATIONS
RESEARCH COLLABORATIONS
FRAUNHODER IESE AND FRAUNHOFER-CENTER MARYLAND
In accordance to the Academic Cooperation Research Exchange between the University of Calgary and the Fraunhofer
Institute for Experimental Software Engineering (“Fh IESE”), the Laboratory for Software Engineering Decision Support and
Fh IESE agree to a collaborative research and personnel exchange. On this basis, Dr Dietmar Pfahl has visited the laboratory
for three months.
UNIVERSITY OF NEW SOUTH WALES
A similar agreement as signed with Fh IESE is in preparation to be signed with the research group of Dr Ross Jeffrey at University
of New South Wales. Based on this agreement, the intention is to conduct joint research and exchange PhD students.
INFORMAL COLLABORATIONS
Informal collaborations were launched especially with the groups of Dr Lionel Briand (Carleton University, Canada), Dr Jens
Jahnke (University of Victoria, Canada), Dr David Raffo (University of Portland, USA), and Dr Gerardo Canfora (University of
Sannio, Italy).
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INDUSTRY
DaimlerChrysler
A study on “Feature-Base Release Planning” was conducted for DaimlerChrysler AG, Research and Technology in Ulm (Germany).
This study reflects the state-of-the art in software release planning. Therein, features are considered to be “a logical unit of
behaviour that is specified by a set of functional and quality requirements.” In other words, features are an abstraction from
requirements that both customers and developers understand. Most of the topics discussed in the study are applicable to
both the original requirements as well as to their aggregation into features.
COREL
Collaboration with Corel is devoted to Release Planning. Their main interest is to provide plans that fit to resource and budget
constraints. No commercial product for that purpose is available on the market. In accordance to discussions conducted with
Inno-Center Alberta and University Technologies Inc. (UTI), the strategy is to have Corel as a reference customer for a later
product development. For access to business relevant real-world data, a Non-disclosure agreement was signed.
NORTEL NETWORKS AND TREMA TECHNOLOGIES
Two non-academic organizations have joined the proposed NSERC Strategic Project Grant: Trema Laboratories Inc. (Calgary)
and Nortel Networks (CDMA Base-station Development, Calgary). The CDMA wireless group of Nortel Networks is presently
supporting three releases in the application field, plus three releases in development and one release in the planning phase.
The base transceiver station is primarily driven by software. Each release, the software team adds more functionality to its
application code. Release planning and requirements negotiation is of crucial importance for business success.
Trema Laboratories Inc. provides and integrates a full suite of internet-based global e-finance solutions allowing customers
to maximize their visibility to liquidity, improve productivity, reduce costs, and increase shareholder value. Evolutionary
development processes are an essential means to better react to changing markets and policies.
MULTIDISCIPLINE OR MULTI-INSTITUTIONAL PARTNERSHIPS
CSER
An NSERC CRD proposal titled “Simulation-Based Decision Support Software Quality Assurance” was conditionally approved.
The project is part of the (Canadian) Consortium for Software Engineering Research. Created in 1996, CSER is a multi-party,
industry-led research program, geared toward solving selected industrial problems in software engineering. The project
called SimQuali aims to benefit the collaborators, their students and the Canadian economy in various ways. As a small
company, Brycol Consulting cannot afford to support a research department. This project provides opportunity for Brycol to
benefit from the collaborative research results embedded in an interaction/argumentation device when discussing trade-off
in software quality improvements and outcomes. The intelligent decision support tool will provide the capability to evaluate
the outcomes of feasibility alternatives based on standard variables for verification and validation techniques.
SECCO
The Software Engineering Consulting Consortium (SECCO) was formed with the objective of fostering and encouraging links
between the industry and graduate students in the Software Engineering discipline engaged in research activities. SECCO
is an organization operated by Software Engineering graduate students under the direction of the Software Engineering
Decision Support (SEDS) lab (http://www.seng-decisionsupport.ucalgary.ca/). The objectives of SECCO are to be run not for
profit, grow at a challenging and manageable rate, and to provide avenue for interaction between software engineering
graduate students and the industry.
The mission of SECCO is to provide industry access to cutting edge technologies in the area of SEDS and promote applied
research and empirical validation of new technologies as part of the graduate education.
INTERNATIONAL SOFTWARE ENGINEERING RESEARCH NETWORK (ISERN)
The Software Engineering research group at the University of Calgary successfully applied to become a member of the
International Software Engineering Research Network ISERN. This gives us excellent opportunities to further extend
collaboration with leading researchers and research institutions all over the world. For a list of the 33 member organizations,
see http://www.iese.fhg.de/network/ISERN/pub/isern.list_of_members.html.
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INTELLECTUAL PROPERTY
ReleasePlannerTM
While the release planner technology builds on a web-based approach, it has also been designed and developed to be easily customizable for the different types of users and different application scenarios. University
Technology Inc. (UTI) has evaluated the technology for patent protection and determined that the objective
function and consolidation process is both novel and patentable and has initiated the patent application process. UTI will be actively involved in managing this process. Due to the fact that this technology can service a
broad horizontal market, the potential for securing multiple follow-up patents is also a positive opportunity.
US and Canada patent protection is pending.
The research will also produce additional, valuable intellectual property such as the know-how generated
through broad-ranging applications of the technology.

NSERC Project SimQuali
We have started to discuss general strategy and details of Intellectual Property. This is based on the existing
IP policies of the involved parties (U of C, Brycol, and CSER).

FUNDING
In addition to the iCORE funding, Guenther Ruhe currently receives funding from NSERC (~$20K/year) and
DaimlerChrysler (~$30K) to support his research. He is pursuing other sources of industry funding and
participating in a potential commercial spinoff of his release planner software.

PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
G. Ruhe, A. Ngo-The: “Hybrid Intelligence in Software
Release Planning”, International Journal of Hybrid Intelligent
Systems, Vol 1(2004), pp 99-110.
D. Greer, G. Ruhe: “Software Release Planning: An
Evolutionary and Iterative Approach”, Information and
Software Technology, Vol 46 (2004), pp 243-253.
G. Ruhe, A. Eberlein, D. Pfahl: “Trade-off Analysis for
Requirements Selection”. International Journal on Software
Engineering and Knowledge Engineering, Vol. 13 (2003),
pp 345-366.
D. Pfahl, O. Laitenberger, Ruhe, J. Dorsch: “An Externally
Replicated Experiment for Evaluating the Learning
Effectiveness of Using Simulations in Software Project
Management Education”, International Journal on Empirical
Software Engineering, Vol 8 (2003), pp 367-395.
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D. Pfahl, G. Ruhe: IMMoS: “A Methodology for Integrated
Measurement, Modeling, and Simulation”, International
Journal of Software Process Improvement and Practice,
Wiley, Vol. 7 (2003), pp 189-210.
D. Pfahl, O. Laitenberger, G. Ruhe, J. Dorsch, T. Krivobokova:
“Evaluating the Learning Effectiveness of Using Simulations in
Software Project Management Education: Results from a Two
Times Replicated Experiment”, Information and Software
Technology, Vol 46 (2004), pp 81-147.
CONFERENCES AND WORKSHOPS
Z. Li, G. Ruhe, “Management of Tabular-based Requirements
Using Rough Sets,” Proc. 4th ASERC Workshop on Quantitative
and Soft Computing based Software Engineering. (QSSE2004),
ASERC, Banff, Alberta, Feb. 2004, pp. 29- 34.
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A. Mohamed, T. Watanaya, G. Ruhe, A. Eberlein, B. Far: “COTS
Evaluation Supported by Knowledge Bases”, International
Workshop on Learning Software Organizations, Banff, June
21, 2004 (accepted).
G. Ruhe, G. Du: “Strategic Planning of Enterprise Application
Integration”. Proceedings Banff Summit on Enterprise
Application Integration, Banff, 2004. pp 193-203.
Y. Wang, D. Liu, G. Ruhe: “Formal Description of the
Cognitive Process of Decision Making”, Proceedings 3rd IEEE
International Conference on Cognitive Informatics ICCI’04,
August 2004, pp 124-130.
An Ngo-The, G. Ruhe, W. Shen: “Release Planning under
Fuzzy Effort Constraint”, Proceedings 3rd IEEE International
Conference on Cognitive Informatics ICCI’04, August 2004,
pp 168-175.
S. Maurice, G. Ruhe, A. Mohamed, A. Amandeep, J. Momoh:
“How to create a Win-Win Relationship between Industry and
Software Engineering Graduate Education?”, Proceedings
Canadian Conference on Computer and Software Engineering
Education, Calgary, March 2004.
A. Amandeep, G. Ruhe, M. Stanford: “Intelligent Support for
Software Release Planning”, 5th International Conference
on Product Focused Software Process Improvement
(PROFES’2004), April 5 - 8, Kansai Science City, Japan, LNCS
Vol. 3009, pp 248-262.
G. Ruhe: “Software Engineering Decision Support and
Empirical Investigations - A Proposed Marriage”, Proceedings
Workshop on Empirical Studies in Software Engineering,
Rome 2003, 10 pages.
J. Li, G. Ruhe: “Web-Based Decision Support for Software
Release Planning”, Proceedings of WI/IAT 2003 Workshop on
Applications, Products and Services of Web-based Support
Systems, Halifax, 2003, pp 13-20.

D. Pfahl, G. Ruhe, K. Lebsanft, M. Stubberich: “Software
Process Simulation with System Dynamics – A Tool for
Learning and Decision Support“, Chapter of the book:
Software Process Modeling (Ed. By S.T. Acuna and N. Juristo),
Kluwer (submitted).
D. Pfahl, G. Ruhe: “System Dynamics and Goal-Oriented
Measurement: A Hybrid Approach”. Accepted for: Handbook
of Software Engineering and Knowledge Engineering, Vol.
3
G. Ruhe: “Software Release Planning”. Accepted for:
Handbook of Software Engineering and Knowledge
Engineering, Vol. 3
G. Ruhe: Software Engineering Decision Support - Methodology
and Applications. In: “Innovations in Decision Support
Systems” (Ed. by Tonfoni and Jain). International Series on
Advanced Intelligence, Volume 3, 2003, pp 143-174.
G. Ruhe (Guest Editor): Software Engineering Decision
Support, Journal of Software Engineering and Knowledge
Engineering, Vol. 13, No. 5 (Oct 2003),
PRESENTATIONS (SELECTION)
Goal-Oriented Measurement plus System Dynamics - A Hybrid
an Evolutionary Approach, ProSim’03 Workshop, Portland,
May 2003.
Simulation-Based Decision Support in Software Quality
Management (SimQuali), CSER Proposal, Victoria, May
2003.
Approaching Uncertainty in Requirements Negotiations and
Software Release Planning, University of Victoria Victoria,
BC, June 2003.
Approaching Uncertainty in Requirements Negotiations and
Software Release Planning, University of Berkeley, Berkeley,
USA, July 2003.

An Ngo-The, G. Ruhe: Requirements Negotiation under
Incompleteness and Uncertainty. Proceedings SEKE’03, June
2003, San Francisco Bay, pp 586-593.

Do We Really Need Software Engineering Decision Support?
SEKE”03, San Francisco, USA, July 2003 (Panel discussion,
Chair)

G. Ruhe: “Intelligent Support for Selection of COTS Products,”
In: Web, Web-Services, and Database Systems, Lecture Notes
in Computer Science, Vol 2593, Springer 2003, pp 34-45.

Requirements Negotiation under Incompleteness and
Uncertainty, University of California, Berkeley, July 2003.

G. Ruhe: Software Engineering Decision Support – A New
Paradigm for Learning Software Organizations. Advances in
Learning Software Organization. Lecture Notes In Computer
Science Vol. 2640, Springer 2003, pp. 104-115.
D. Pfahl, G. Ruhe: Goal-Oriented Measurement plus System
Dynamics - A Hybrid and Evolutionary Approach. ProSim
2003, May 3-4, 2003 Portland, 9 pages.

Software Engineering Decision Support and Empirical
Investigations - A Proposed Marriage, ISESE 2003, Roma,
Italy, September 2003.
Technology Transfer for Software Release Planning, CASCON
2003, Toronto, Canada, October 2003 (Panel discussion)
Experimentation and Simulation - How to make Synergy,
ISERN Roma, Italy, October 2003.

D. Pfahl, G. Ruhe: IMMoS: A Methodology for Integrated
Measurement, Modeling, and Simulation, Proceedings of the
ProSim’03 Workshop, May 3-4, 2003, Portland.

Approaching Uncertainty in Software Engineering Decision
Support, University of Sannio, Benevento, Italy, October
2003.

BOOKS, BOOK CHAPTERS AND SPECIAL ISSUE EDITOR

Release Planner Inc., Inno-Centre Alberta, Calgary, Canada,
November 2003.

A. Ngo-The, G. Ruhe: “Decision Support in Requirements
Engineering”, Chapter of the book: Engineering and
Managing Software Requirements (Ed. by A. Aurum and C.
Wohlin) (in preparation).

Intelligent Support for Software Release Planning, QSSD’2004,
Banff, February 2004.

S. Maurice, G. Ruhe: “Decision Support for Value Based
Software Engineering Release Planning”, Chapter of the book:
Value-Based Software Engineering Management (Ed. by S.
Biffl, A. Aurum, P. Grÿnbacher, M. Halling) (in preparation).
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REINFORCEMENT LEARNING AND
ARTIFICIAL INTELLIGENCE

RICHARD SUTTON
iCORE Chair
Computing Science, University of Alberta
http://richsutton.com

A vast number of problems of economic
and scientific interest involve sequences
of actions where the effects of one action
influence the expected utility of subsequent actions. These sequential decision
problems include such diverse applications
as inventory management, the control
of robots and industrial processes, playing backgammon, and planning under
uncertainty, all of which are made more
challenging because of their sequential
and stochastic aspects. Many problems
in robotics and artificial intelligence are
also of this nature, as indeed are most of
the decision-making and planning problems faced by people and animals in their
daily lives.

EXECUTIVE SUMMARY

R

einforcement learning is a new
body of theory and techniques
for solving such sequential
decision processes, based on
classical methods such as dynamic
programming and inspired by animal
learning theory, that enables larger and
more diverse problems to be solved. The
objectives of the reinforcement learning
and artificial intelligence (RLAI) research
program are to create new methods for

reinforcement learning that remove some
of the limitations on their widespread
application, and to develop reinforcement
learning as a model of intelligence that
could approach human abilities.
In these first seven months, the RLAI
research team has been assembled and
new research directions established. The
iCORE Chair, Richard Sutton, and the two
other principal investigators, CRC Chair
Dale Schuurmans and assistant professor Michael Bowling, have arrived at the
University of Alberta. An administrative
assistant and three part-time programmer/analysts have been hired. Three PhD
students and three MSc students have
begun to contribute to the research program. RLAI lab space has been obtained
as part of the Alberta Ingenuity Center for
Machine Learning (AICML) and populated
with appropriate computational infrastructure. The research plan calls for a postdoctoral fellow and a fourth faculty principal
investigator to join the team in the first 12
months but have yet to be hired.
The new research directions established
as part of this project include predictive
representations of state and off-policy
learning, key technologies for modeling
and learning about sequential decision
problems, and a small robotics lab. The
first version of the RL Toolkit, a collection of software tools to facilitate the
development of reinforcement learning
171
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applications and research, has been designed and its
implementation scheduled for this summer. Ongoing
research by team members in RLAI-related areas has
resulted in one refereed conference publication, three
papers accepted for publication in refereed conference proceedings, one paper accepted for journal
publication, and one paper submitted for journal
publication.

ment learning as a model of intelligence that could
approach human abilities.
The iCORE research proposal identified four general
areas for investigation.
•

The first was broadly concerned with approximation
and generalization in RL. Approximation is
required in all large-scale applications yet is
incompletely understood in both theory and
practice. It was proposed to create an RL toolkit
to facilitate the use of approximation and other
RL techniques in applications.

•

The second broad area of investigation was
temporal abstraction, the extension of RL beyond
the flat and low-level representations commonly
used with MDPs to the more flexible, structured,
and higher-level representations used by AI
systems. The ability to representing knowledge
about possible courses of action at a multiplicity
of interrelated temporal scales could vastly
increase the generality and range of application
of RL methods. The existing theory of options was
proposed to be extended in this direction.

•

The third proposed focus area was on predictive
state representations, a new set of ideas for
modeling sequential decision problems that are
not Markov, that is, for which an appropriate
state representation is not available a priori but
must be constructed from the stream of raw
sensor data.

•

The fourth proposed area of investigation was the
demonstration of the advances in the first three
areas in small robotic applications. As described
in the next section, the research projects to date
have emphasized the first, third, and fourth of
these areas.

RESEARCH PROGRAM OVERVIEW
The iCORE research program in reinforcement learning
and artificial intelligence (RLAI) pursues an approach
to AI and other engineering problems in which they
are formulated as Markov decision processes (MDPs)
and approximately solved using reinforcement learning (RL). RL is a new body of theory and techniques
for solving MDPs that has been developed in the last
20 years primarily within the machine learning and
optimal control research communities. RL researchers have developed novel methods to approximate
solutions to MDPs that are too large or too ill-defined
for classical solution methods such as dynamic programming. For example, RL methods have obtained
the best known solutions in such diverse automation
applications as helicopter flying, elevator scheduling, playing backgammon, and resource-constrained
scheduling. The objectives of the RLAI research program are to create new methods for reinforcement
learning that remove some of the limitations on their
widespread application and to develop reinforce-

Richard Sutton and Terry Caelli
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The issues addressed in this research program have
in common a focus on how the basic abilities of an
intelligent decision maker fit together. MDPs provide
a mathematical formulation of the overall proble
– stochastic optimal sequential decision making
– that is relevant to an immense range of applications. DP provides a general planning method, and
RL extends its capabilities into the areas of learning
and approximation. Temporal abstraction concerns
applying these same learning and planning methods
when the world’s dynamics are modeled at multiple,
higher levels. We ask how much human knowledge
can be fit into a form, such as options, to which we
can apply these methods. Finally, with predictive state
representations, we consider working all the way down
to raw observations, removing the assumption that
the state of the world is immediately perceptible. To
what extent can basic intelligent abilities–knowing,
learning, planning–be understood entirely interms
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of the objective data of observations and actions?
Although these are ambitious general questions,
numerous areas can be identified in which incremental progress could be made and which would be
immediately useful.
In these first seven months of the project, the primary accomplishment has been the setting up of
the research program. Courses on RL, probabilistic
models in AI, and learning in multi-agent systems
have been taught at the University of Alberta for the
first time (by the principal investigators). Support staff
have been interviewed and hired, including an administrative assistant and three programmer analysts. A
collaborative web site (www.RLAI.net) has been created. A weekly RLAI meeting is held attended by the
students, staff, the three principal investigators, and
two other faculty members, professor Robert Holte
and assistant professor Vadim Bulitko.
Dale Schuurmans was program co-chair (with professor Russ Greiner) of the International Conference
on Machine Learning, the premier conference in
machine learning. Visits to the University of Alberta
by six world-class scientists pertinent to RLAI have
been hosted: associate professor Satinder Singh of
the University of Michigan, research scientist Geoffrey Gordon of Carnegie Mellon University, assistant
professor Doina Precup of McGill University, Gerry
Tesauro of IBM Research Laboratories, associate
professor William Freeman of MIT, and post-doctoral
fellow candidate Russ Tedrake of MIT.

RESEARCH PROJECTS
The research program itself is still in its early stages,
with only preliminary results (the publications and
submissions that are listed herein are from research
conducted largely before the principal investigators
arrived in Alberta). The research activity to date can
be described in terms of four projects: 1) system
modeling using predictive state representations, 2)
function approximation and off-policy learning, 3)
the RL toolkit, and 4) robotics.

Project 1: System Modeling using Predictive
State Representations
It has long been postulated that knowledge of the
world ultimately comes down to predictions about
what we will sense as a function of what we do. For
example, in this view we know what is inside a box
if we can predict what we would see if we were to
open it. We know the three-dimensional shape of an
object if we can predict its new appearance for each
of various ways in which we might rotate it. We might
even be said to know that "Tweety is a bird" if we can
make appropriate predictions about what we might
see and hear (for example, about feathers, flying, and
chirps) if we were to meet Tweety. Such predictive
representations of world knowledge have important
potential advantages. If predictions are defined in
terms of primitive sensations and actions (that is, are

Rich Sutton and some
research team members at
the 2004 Banff Informatics
Summit
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mation is used, even linear function approximation. As
both bootstrapping and linear function approximation
are presumed essential to large scale applications,
and off-policy learning is currently seen as necessary
for learning temporally abstract system models, this
instability is a key stumbling block to extending RL
abilities and research. A recent advance, of sorts, is
that it has recently been realized that least squares
(LS) RL methods, such as the existing method LSTDλ,
do not have a stability problem with off-policy learning. We are conducting research to better understand
this phenomena and 1) optimize the application of LS
methods to off-policy problems, and 2) design new
algorithms with the desirable stability properties of
LS methods without their substantially greater computational costs.

Project 3: RL Toolkit

Dr Michael Bowling, member of Dr Rich Sutton’s team

grounded), then they can be directly compared with
what actually does happen, enabling the knowledge
to be verified or perhaps even learned without human
intervention.
If the predictions are deterministic, or Markov in
an appropriate sense, then the knowledge can be
immediately used in a variety of state-space planning
methods.
This project addresses this overall challenge by focusing on system modeling using predictive representations of state. A new formulation was developed that
we call Predictive State Update Machines (PSUMs).
Several examples of using PSUMs to model incompletely sensed environments were developed and
where shown to be more compact than conventional
partially observable MDP representations. PSUMs have
a simpler update rule than previously studied predictive state representations. A proposal for a workshop
on this topic was prepared by Sutton and Satinder
Singh of the University of Michigan. This proposal was
accepted by the International Conference on Machine
Learning for the workshop program at the meeting in
July 2004 in Banff.

Project 2: Function Approximation and Offpolicy Learning
Off-policy learning is learning about a way of behaving (a policy) other than that currently being followed
and generating the data of experience. The problem
of off-policy learning is that classical “bootstrapping”
RL methods such as Q-learning and TDλ can become
unstable during off-policy learning if function approxi174

The RL toolkit is to be a collection of software and
guidelines to facilitate the development of RL research
and applications. An initial design for the first version
of the toolkit has been completed and a schedule
laid out for its implementation in several computer
languages. The RL Toolkit 1.0 will cover dynamic programming, the most popular RL methods combined
with linear function approximation, tile coding, and
eligibility traces, and a suite of demonstrations and
examples of their application to MDPs.

Project 4: Robotics
The RLAI program’s push into robotics has begun a
little earlier than was originally planned. One Aibo
robot has been purchased and prepared for learning
experiments, and nine other small robots have been
ordered.

OBJECTIVES FOR NEXT YEAR
We expect significant growth in the research team over
the next year. Four or five additional graduate students will be added to the team by September 2004.
Attempts to recruit one or two top quality postdoctoral
fellows will continue. A shortage of permanent positions at the university level has prevented us from
hiring a conventional faculty member as the fourth
principal investigator for the research program as
originally proposed. Next year we will negotiate with
the university, the computing science department,
and with AICML to create and fund a term researchfaculty position to play this role. The department has
never had such a position, and care must be taken to
give it sufficient stature that a world-class scientist
can be recruited. The first indications are that this
may be possible.

iCORE RESEARCH REPORT Volume 3, Fall 2004

SUTTON
Associate Professor Michael Littman of Rutgers University will join the research team for three weeks
beginning June 14. This research collaboration will
focus on predictive state representations.
A workshop on “Predictive Representations of World
Knowledge,” organized by Sutton and by associate professor Satinder Singh of the University of
Michigan, will be held on July 8 in Banff as part of
the International Conference on Machine Learning.
This workshop will bring together almost all the key
players world wide in predictive state representations and related areas. A symposium on “Real-life
Reinforcement Learning,” also organized in part by
Sutton (but primarily by Singh and Littman) will be
held in Washinton DC on October 22-24 as part of
the Fall Symposium Series of the American Association for Artificial Intelligence. In the same series will
also be held a symposium on “Artificial Multi-Agent
Learning” organized in part by Bowling.
The robotics portion of the research program will be
expanded over the next year. Ideally we would hire
a postdoctoral fellow able to spearhead the development of a robot laboratory (under Bowling’s direction).
We will acquire enough ERS-7 Aibo robots to field two
teams in robot soccer, and several omnidirectional
small-size robots. Possibly we will get a Segway
robotic mobile platform (the precise direction in which

the robot lab develops will depend on the personnel
we recruit to manage it).
The RL toolkit will be made fully operational within
the next year. As noted above, the first version of the
toolkit, RL Toolkit 1.0, will include dynamic programming methods, the most popular RL methods, tools
for linear function approximation, tile coding, and
eligibility traces, and a suite of demonstrations and
examples of application to MDPs. RL Toolkit 1.0 will
be completed in September and made available on
a variety of platforms in a form that could be used
in commercial applications. RL toolkit 2.0 will be
released at the end of next year.
The areas of research in which progress will be made
in the next year are of course difficult to anticipate.
We expect to continue to press the first two projects
from the previous section (modeling and off-policy
learning). A new focus will be on combining predictive
state representations with the options framework for
temporally abstract knowledge. A related focus will
be on addressing the learning aspect of predictive
state representations, particularly the use of temporaldifference learning methods. Thrusts in multi-agent
learning and in probabilistic models of dynamical
systems will also be developed.

(L to R)
University of Alberta President Rod Fraser,
Alberta Ingenuity President Bill Bridger,
iCORE Chair Rich Sutton and
Alberta Innovation and Science Minister
Victor Doerksen, at an iCORE launch in 2003
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RESEARCH TEAM MEMBERS AND CONTRIBUTIONS

TEAM MEMBERS

ROLE

Richard Sutton

Team Leader and Principal Investigator

Michael Bowling

Principal Investigator

Dale Schuurmans

Principal Investigator

Vadim Bulitko

Associated Faculty

Robert Holte

Associated Faculty

Satinder Singh

Associated Faculty, University of Michigan

Tao Wang

PhD Candidate

Dana Wilkinson

PhD Candidate, University of Waterloo

Adam Milstein

PhD Candidate, University of Waterloo

Brian Tanner

MSc Candidate

Peter McCraken

MSc Candidate

Lihong Li

MSc Candidate

Stephanie Schaeffer

Senior Programmer Analyst

Bryce Larson

Programmer Analyst

Andy Hiew

Programmer Analyst

Lori Troop

Administrative Assistant

COLLABORATIONS
PARTICIPANTS

NATURE OF COLLABORATIONS
PROVINCIAL
Reinforcement learning tutorial given by Richard Sutton at
the computing science department

University of Calgary

NATIONAL
Relu Patrascu, Postdoctoral Fellow, University of
Waterloo

Continuing graduate studies with Dale Schuurmans

Doina Precup, Assistant Professor, McGill University

Research with Richard Sutton, predictive state
representations
INTERNATIONAL

Peter Stone, Assistant Professor, University of Texas at
Austin

Research and publication on “Scaling Reinforcement
Learning Toward RoboCup Soccer”

Satinder Singh, Associate Professor, University of
Michigan

Weekly video conference on predictive state update
machines with Richard Sutton
INDUSTRIAL

Electronic Arts
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Initial discussions of technology transfer with Dale
Schuurmans and Finnegan Southey
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FUNDING
Rich Sutton started in the Fall of 2003 and is developing partnerships in collaboration with the Alberta
Ingenuity Centre for Machine Learning.

PUBLICATIONS
APPEARED DURING THE REPORTING PERIOD:
Craig Boutilier, Relu Patrascu, Pascal Poupart and Dale
Schuurmans, “Constrainst-based Optimization and Elicitation
with the Minimax Decision Criterion,” Proc. 9th Int’l Conf.
Principles and Practice of Constraint Programming, (CP-03),
Nov. 2003, vol 2833, pp. 168-182.
ACCEPTED DURING THE REPORTING PERIOD:
Michael Bowling, Brett Browning and Manuela Velosco, “Plays
as Effective Multiagent Plans Enabling Opponent-adaptive
Play Selection,” Proc. 14th Int’l Conf. Automated Planning
and Scheduling, (ICAPS’04), to appear.
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Ali Ghodsi, Jiayuan Huang and Dale Schuurmans,
“Transformation-invariant Embedding for Image Analysis,”
Proc. 8th European Conf. Computer Vision, (ECCV-04), to
appear.
Darse Billings, Aaron Davidson, Terence Schauenberg, Neil
Burch, Michael Bowling, Robert Holte, Jonathan Schaeffer
and Duane Szafron, “Game Tree Search with Adaptation in
Stochastic Imperfect Information Games,” Proc. 4th Int’l Conf.
Computers and Games, (CG’04), to appear.
Michael Bowling and Manuela Velosco, “Existence of
Multiagent Equilibria with Limited Agents,” J. Artificial
Intelligence Research, to appear.
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INTELLIGENT SENSING SYSTEMS

HONG ZHANG
NSERC/ICE Syncrude/Matrikon Industrial Research Chair
Centre for Intelligent Mining Systems, University of Alberta

This is an abbreviated report of research
activities in the first few months of this
iCORE industrial research chair program,
the NSERC/iCORE Syncrude/Matrikon
Industrial Research Chair in Intelligent
Mining Systems, which was started December 1, 2003 and officially launched
April 2, 2004.

EXECUTIVE SUMMARY

T

he report includes only those
sections that are the most relevant for iCORE to compile its
Annual Research Report and
Performance Measures Report. As the
chair ramps up and attains its steady state
within the next several months, the quarterly and annual iCORE reports will provide
more coverage on the research projects.

RESEARCH PROGRAM
OVERVIEW
The chair’s research proposal is in the
area of intelligent sensing applied to oil
sands mining. The long-term direction
of the research program is to push the

scientific envelope of information and
communications technologies and apply
these technologies to the optimization of
the performance of oil sands mining. We
will study sensor processing algorithms for
monitoring the various stages of oil sands
mining, and the research will lead to objective performance models of the mining
components as well as the entire mining
process. These performance models will
enable the industry to improve the performance of its mining process by maximizing the throughput, while minimizing the
rejects and its environmental impact.
A key performance indicator of the mining process is the size of the oil sand ore
as it progresses through the ore sizing
and delivery pipeline. On that basis, our
research will address two research areas
that are fundamental for objectively evaluating mining process, focusing on ore size:
(a) reliable sensor processing algorithms
for ore size measurement under variable
environmental conditions, and (b) statistical modeling of a system and its components with respect to their performance
metrics. The specific scientific objectives
consist of the following:
•

To investigate adaptive algorithms
for image analysis which are robust
with respect to lighting, weather, and
ore geology and size characteristic
changes;
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•

To develop multi-spectral sensor fusion algorithms
that combine range and intensity data for
measuring 3D volumetric ore size;

•

Oil Sand Fines Model (Dr Minghong Pei,
Research Assistant; Xiaoli Wang, MSc
Candidate)

To study statistical image characterization
algorithms to extract ore size information from
image statistics in the transformation spaces
without image segmentation; and

•

To derive the oil sand ore sizing model (OSSM)
as a mathematical vehicle to understand the
relationship between the mining process variables
and the mining performance.

This research projects uses the idea of inferring
ore size distribution of fine oil sand particles (fines)
from the image statistic of first order derivatives. It
performs size analysis without going through the
difficult step of segmentation.

Efﬁcient Implementation of Image
Processing Algorithms (Haobin Li,
undergraduate student)
This summer project allows the student to become
familiar with the OpenCV/IPP, an open-source image
processing system created by Intel. The experience
will allow CIMS to implement present and future image
processing software in an efficient manner for its
real-time performance.

RESEARCH PROJECTS
Contrast Enhancement (Andrzej
Zadorozny, MSc candidate)
This project is intended to understand the basic issues
in improving image quality through the manipulation
of image contrast. This understanding will allow us
to optimally perform the critical step of image preprocessing before the actual image segmentation and
ore size analysis algorithms.

Adaptive Threshold (Dr Fexiang Yan, PostDoctoral Fellow)
Thresholding represents the important step of
separating large oil sand ore particles from the
background, that is, fines. This project has led to the
design of a novel thresholding algorithm that calculates the threshold adaptively first with two global
thresholds and then a local threshold computed from
local image statistics.

Adaptive Color Classiﬁcation (Xiaohu Lu,
MSc Candidate)
This project is aimed at achieving a system that can
reliably recognize colors under variable color conditions so that we can take advantage of the rich information present in color cues. A novel representation
of color classes in color subspaces provides a practical
solution to the high memory requirement experienced
by look-up table (LUT) based methods.

Scale-Invariant Feature Transform (SIFT),
Its Extension and Applications (Xiang
Wang, PhD candidate)
This project looks at the use of SIFT, developed by
David Lowe of UBC, as a way of modeling objects for
recognition tasks. We are interested in extending
the basic ideas behind SIFT and applying SIFT to the
modeling an environment by focusing on its salient
features.

Ore Size Analyst Parameter Optimization
(Chao Hu)
This research is intended to apply machine learning
techniques to tune image processing parameters for
the optimal performance of ore size calculation. It is
based on the classical approach of multifunctional
minimization, and serves as a potential solution for
automatically selecting parameters for any image
processing algorithms.

Hong Zhang
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Image-Based Model for Sensor Fusion
(Dana Cobzas)
This research applied the techniques in image based
modeling and computer graphics for texture mapping depth data, and paves the way for future study
of fusing intensity and range information for ore size

analysis. The research focuses on the problem of registering the sensory data acquired in two coordinate
systems so a texture 3D model of the environment can
be rendered from an arbitrary viewing direction.

RESEARCH TEAM MEMBERS AND CONTRIBUTIONS
ROLE/TOPIC
Dr Hong Zhang

Team Leader/Chair Holder

Dr Ron Kube

CIMS co-director/industrial partner from Syncrude

Dr Mark Polak

Lab Manager/industrial partner from Matrikon

Dr Martin Jagersand

Faculty member

Dr Feixiang Yan

Postdoctoral fellow

Dr Minghong Pi

Research assistant

Hong Zhang and some
research team members in the
Centre for Intelligent Mining
Systems, Edmonton, 2004
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STUDENTS
ROLE/TOPIC
Xiang Wang

PhD candidate

Chao Hu

PhD candidate

Xiaoli Wang

MSc candidate

Andrzej Zadorozny

MSc candidate

Xiaohu Lu

MSc candidate

David Laing

Undergraduate student

Yury Potapovich

Undergraduate student/IIP student with Syncrude

Haobin Li

Summer student

FUNDING
Hong Zhang started this year with an iCORE Industry Chair with partners iCORE ($150K/year), NSERC ($161K/
year), Syncrude ($100K/year), Matrikon ($50K/year), and the University of Alberta ($20k/year).

182

iCORE RESEARCH REPORT Volume 3, Fall 2004

ZHANG

PUBLICATIONS
REFEREED JOURNAL PUBLICATIONS
Max Q. H. Meng and Hong Zhang, “Perspectives of
Computational Intelligence in Robotics and Automation,”
Journal of Advanced Computational Intelligence & Intelligent
Informatics, Vol. 8 No. 3, May 2004
Dana Cozbas, Martin Jagersand, and Hong Zhang, “A
Panoramic model for remote robot environment mapping
and predictive display”, to appear in International Journal
of Robotics and Automation, 2004.
Hong Zhang and Dmitry Gorodnichy, “Latest research in
computer vision - a special issue on VI 2002”, to appear in
Image and Vision Computing, 2004.
REFEREED CONFERENCE PROCEEDINGS
Yisheng Guan and Hong Zhang, “Workspace of 2D
Multifingered Manipulation”, Proc. 2003 IEEE International
Conference on Intelligent Robots and Systems, Las Vegas,
USA, October 27-31, 2003, pp. 3705-3710.
Yisheng Guan and Hong Zhang, “Feasibility Analysis of
2D Grasps”, Proc. 2003 IEEE International Conference on
Intelligent Robots and Systems, Las Vegas, USA, October
27-31, 2003, pp. 3435-3440.
Parker, Chris A. C., Zhang, Hong and Kube, Ronald C.,
“Blind Bulldozing: Multiple Robot Nest Construction”, Proc.
2003 IEEE International Conference on Intelligent Robots
and Systems, Las Vegas, USA, October 27-31, 2003, pp.
2010-2015.
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Matthew McNaughton and Hong Zhang, “Color Vision for
RoboCup with Fast Lookup Tables”, IEEE International
Conference on Robotics, Intelligent Systems, and Signal
Processing, Changsha, China, October 8-13, 2003, pp.
399-404.
Dana Cobzas, Hong Zhang, and Martin Jagersand, “ImageBased Localization with Depth Enhanced Image Map”,
Proc. 2003 IEEE International Conference on Robotics
and Automation, Taipei, Taiwan September 14-19, 2003.
pp.1570-1575.
BOOKS AND CHAPTERS
C. Ronald Kube, Chris A. C. Parker, Tao Wang, and Hong
Zhang, “Biologically Inspired Collective Robotics”, in Recent
Developments in Biologically Inspired Computing, editors
Leandro Nunes de Castro and Fernado J. Von Zuben,
Publisher Idea Group Inc. (IGI), 2005, pp. 367-397.
SPECIAL/INVITED PRESENTATIONS
Plenary Speaker, International Conference on Control
Science and Engineering, “Granulometry with Mathematical
Morphology and Motion Stereo”, Harbin, China, 18-20,
December 2003.
Keynote speaker, AI 2004 Workshop on Agents Meet
Robots, the Seventeenth Canadian Conference on Artificial
Intelligence, London, Ontario, May16, 2004.
Keynote speaker, The 1st Canadian Conference on Computer
and Robot Vision, “Machine Sensing for Mining Optimization”,
London, Ontario, May 17-19, 2004.
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ABOUT i CORE

The role of the Alberta Informatics Circle of
Research Excellence

iCORE was established in October 1999 by the Government of Alberta to foster world-class university-based
research that supports the ICT sector. This investment
stems from a belief that strong fundamental research
is at the core of a healthy economic sector, which in
turn creates social, cultural and economic advantages
for Albertans.

Mission
The mission of the Alberta Informatics Circle of
Research Excellence (iCORE) is to attract and grow a
critical mass of exceptional researchers in the field
of informatics, that is, areas of computer science,
electrical and computer engineering, physics, mathematics and other disciplines related to information
and communications technology (ICT).

property and valuable knowledge workers resulting
from iCORE’s investment will have compelling reasons
to stay in Alberta.

Target areas

Focus on people

iCORE is directing its support to areas in which Alberta
has a chance to develop internationally recognized
research teams. It is also focusing on areas in which
Alberta companies are active, so that intellectual

iCORE invests in people – the highest caliber research
scientists who work on fundamental and applied problems in informatics. Around these leaders, world-class
research teams are developed.

FLAGSHIP GRANT PROGRAMS
Chair and Professor Establishment (CPE)
Grants
iCORE Chairs are awarded to exceptional
researchers with outstanding research records
that place them in the top five percent of their
fields. iCORE Professors are mid-career researchers with outstanding potential whose record may
not yet justify a Chair position.
Research teams funded may vary in size from a
single Chair or Professor working alone to teams
with ten or more members. iCORE funds can be
used to cover the salaries of chairs, professors,
research associates, postdoctoral fellows and
graduate students, as well as some research
operating and equipment costs. The research
itself may range from fundamental to applied.
CPE grants are normally awarded for five years,
represent one-half or less of the total budget,
and are renewable on a competitive basis.
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Industry Chair Establishment (ICE) Grants
iCORE Industrial Chairs are awarded to researchers undertaking high-caliber internationally
competitive research. Industrial Chairs are
always developed in conjunction with a sponsor
company (or companies) that has demonstrated
a willingness and ability to collaborate closely
with the research team, and to exploit proposed
research in Alberta. The program is also typically
matched with NSERC awards.
Funded research teams may vary in size from
one to ten or more members, and may include
a Chair, professors, research associates, postdoctoral researchers, graduate students and
research staff. The funds may also cover operating and equipment costs.
ICE grants are normally awarded for five years,
represent one-third or less of the total budget,
and are renewable on a competitive basis.

EMERGING CLUSTERS
NETWORKS AND WIRELESS COMMUNICATION

START DATE

Wireless Communications

Dr Norman C. Beaulieu

2000-01

Advanced Technology Information Processing
Systems

Dr Graham Jullien

2000-01

Wireless Location

Dr Gérard Lachapelle

2000-01

Broadband Wireless Networks, Protocols, Applications,
and Performance

Dr Carey Williamson

2000-01

Wireless Traffic Modelling and Simulation

Dr Carey Williamson

2001-02

High Capacity Digital Communications

Dr Christian Schlegel

2001-02

Algorithmic Number Theory and Cryptography

Dr Hugh Williams

2001-02

Wireless Science and Technology

Dr Jim Haslett

2002-03

Nanoscale Engineering Physics Initiative

Dr Michael Brett/Dr Mark Freeman

2000-01

Thin Film Engineering

Dr Michael Brett

2003-04

Nanoscale ICT

Dr Robert Wolkow

2002-03

Quantum Information Science

Dr Barry Sanders

2003-04

High Performance Artificial Intelligence

Dr Jonathan Schaeffer

2000-01

Software Engineering Decision Support

Dr Guenther Ruhe

2001-02

Reinforcement Learning and Artificial Intelligence

Dr Rich Sutton

2003-04

Intelligent Sensing Systems

Dr Hong Zhang

2003-04

NANOSCALE AND QUANTUM INFORMATICS
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SUPPORT PROGRAMS
Graduate Student Scholarships (GSS)
•

Designed to recruit exceptional graduate
students

•

Operates in conjunction with NSERC,
Alberta Ingenuity and other major awards

•

Up to two hundred awards annually

ICT Strategy Planning and Recruiting
(ISPR) Grants
•

Designed to support the interaction with
potential candidates for major iCORE award
programs

•

Supports ICT conferences and workshops
in Alberta in areas where a Chair or
Professor award may be made

Visiting Professor (VP) Grants
•

Designed to bring internationally
recognized researchers to Alberta for
six months to two years to develop
partnerships and possibly recruit Chairs or
Professors

The iCORE Lectures
•

A lecture series with iCORE award holders
held at a host university and broadcast live
to the other universities in Alberta via the
Alberta Video Classroom Network

Banff Informatics Summit
•

An annual event that brings together
iCORE researchers and their national and
international colleagues

For more information on iCORE’s strategy and areas of research focus, visit www.icore.ca
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