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Program Description

The Department offers programs leading to the Master of Engineering, Master of Science, and Doctor of Philosophy. The Department
has well equipped research and teaching laboratories, and allows
either experimental or theoretical projects. Students may be
involved in a specialized research-oriented activity, an interdisciplinary program, collaboration with industry, or collaboration with
research centres in Canada.

Research Interests

The areas of research in the Department which are internationally
recognized are listed below in alphabetical order:
• Applied Electromagnetics
• Biomedical Engineering
• Communication Engineering
• Embedded Systems
• Energy Systems and Power Electronics
• High Voltage (HV) Engineering
• Nano-Systems Research (Microelectronics : Micro-electromechanical systems: MEMs)
• Pattern Recognition and Computational Intelligence
• Signal Processing
• Wireless Communications and Mobile Networking

Research Facilities

The Applied Electromagnetics Group conducts research in
several areas: antenna design, electromagnetic compatibility
(EMC), RF/microwave circuits and systems, computational electromagnetics (CEM), and inverse imaging. The group’s laboratories
house several anechoic chambers with instrumentation capable of
making measurements
in the frequency range
of 500 MHz to 110 GHz.
Two compact antenna
ranges, one for the
lower and one for the
higher frequency range,
are available with automated data acquisition
capabilities. In addition,
a near-field scanning
antenna measurement
system is also available
in its own anechoic chamber. An outdoor antenna measurement
range is also part of the lab and is equipped for testing larger antennas. For EMC research, a GTEM cell and a shielded anechoic
chamber, as well as an EMC spectrum analyser, and amplifiers
are available for doing susceptibility and emissions testing. The
inverse imaging research conducted by the group involves a broad
spectrum of theoretical, computational, and practical components.
Several electromagnetic scattering set-ups for frequencies up to
65 GHz are available with measurements being made using one of
the laboratory’s network analyzers. On the applied side, members
of the group have been working on ground-penetrating radar and

biomedical imaging techniques. Parallel processing computational
clusters are available to the group and one of the recent research
thrusts has been the development of novel parallel algorithms for
CEM.
The Biomedical Engineering Laboratory includes signal conditioning equipment for EMG, ECG and respiratory sound signals plus
airflow measurements, a custom built 3D human motion analysis
system, and two 2-DOF robotic arm manipulandum devices for
human motor learning studies. The other research areas such
as postural control and balance, as explained on the Biomedical
Research web page, is done in collaboration with school of occupational therapy in human performance lab. Brain Computer
Interface (BCI) technology provides a direct electronic interface
and can convey messages and commands directly from the human
brain to a computer. As part of the Biomedical Engineering, the BCI
research group has EEG recording equipment and close collaboration with EEG Laboratory at Health Sciences Centre.
In Communication Engineering, research is ongoing in the Internet area specifically as it relates to protocols such as transport
layer improvements and security for both wire/line and wireless. In
addition there are a number of projects centred on using IP in mobile
and semi-autonomous robotics. There is also on-going research
activity in the area of tele-traffic analysis which includes analysis
and estimation of telecommunication traffic demand, modeling and
performance analysis of telecommunication networks, and general
stochastic modeling of telecommunication traffic. Research on
compression and coding of speech, image, and video signals, with
applications to packet networks, wireless systems, and emerging
sensor networks is also ongoing.
The Embedded Systems Laboratory focuses on research in embedded computing and related information processing applications.
It provides resources for both system-on-chip (SoC) and board
level design, which includes SoC design stations with supporting
hardware and software development tools. System prototyping and
development hardware from several semiconductor manufacturers
are also available, including Microchip, TI, Atmel, ARM, Freescale,
Altera, and Xilinx. In addition to the systems design equipment,
the laboratory also comprises a Pioneer P3-DX robot for research
in autonomous robots, like map building, localization, navigation,
planning and learning, and industrial data acquisition equipment to
support information processing research in structural health monitoring (SHM). SHM is a major collaborative research effort between
this department and the Department of Civil Engineering.
Energy Systems and Power Electronics: The department has
four academic staff with research interests in the areas of development of real-time and off-line simulation tools for power systems;
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he Department of Electrical and Computer Engineering has
acquired an international reputation because of its active
research groups. The Department has 35 faculty positions
and 192 graduate students. In addition, 10 to 15 researchers visit
the Department from various parts of the world each year. We also
have a large number of Adjunct Professors and active Professor
Emeriti who assist with our graduate and research programs. These
Adjuncts represent many different companies with which we work
closely. The Department continues to expand its activities and
pursues excellence with great enthusiasm.

dynamic performance and control; power systems optimization; power
electronics in energy systems and electric vehicles; power system protection and renewable distributed generation. The Power System Simulation
laboratory houses several racks of RTDS (a massively parallel computing
platform for real-time simulation) and a cluster of multi-processors for power
system optimization research, which is conducted in collaboration with the
Department of Computer Science. Several other powerful industry-standard
modelling and analysis tools are available, including the electromagnetic
transients simulator PSCAD/EMTDC, PSS/E and DSA Power Tools. The
Machines and Power Electronics laboratory houses several well instrumented machines benches, high power electronic semiconductor building
blocks (PEBBs) and several electric vehicles.
In High Voltage (HV) Engineering, research is conducted into industrially
oriented and practical aspects of HV Insulation, modeling of HV apparatus
and phenomena, aspects related to live-line maintenance and diagnostics
of power apparatus and devices. Experimental work is conducted in the
McMath High Voltage Power Transmission Research Laboratory which is
the largest of its kind amongst Canadian universities and is equipped with
high voltage generating and measuring apparatus, including digital data
acquisition systems.
The Nano-Systems Research Group comprises five faculty members
conducting research in the areas of MEMS devices, RF circuits, wireless
sensors, microelectronic bio-sensors, nano-scale electronic structures and
scanning probe microscopy techniques. The group is supported by three
dedicated state-of-the-art labs: the Nano-Systems Fabrication Laboratory,
a 5000 square foot facility with a class 10 cleanroom, dual sided lithographic, RF sputtering, PECVD and RIE capabilities; the Scanning Probe
Microscopy Lab with wide-area scan, vacuum and atomic scale commercial
scanning probe microscopes; the Advanced RF Test Laboratory housing
a remotely accessible semi-automatic probe station with 110 GHz vector
network, spectrum, noise, and signal generation capability. The lab also
has workstations and advanced design tools for IC design and modeling
and has access to commercial microelectronic, RF and microfluidic IC
fabrication foundries.
The Pattern Recognition and Computational Intelligence research group
has a number of faculty members that conduct research in a number of
areas: pattern recognition, classification of brain signals and digital images,
n-ocular robotic vision system design, and intelligent system design. The
group has its laboratory in Engineering 1, which houses signal processing
equipment, PIC microcontroller programmers, brain-computer interface
devices, and a full complement of various digital cameras, processor
boards such as the TS5000 as well as a number of different state-of-theart workstations. Members of the group have been working on designing
robotic monocular and binocular vision systems that use Monte Carlo and
reinforcement learning methods to control camera movements and both
standard pattern recognition as well as new set approximation methods to
classify moving objects. A number of practical applications of the research
(e.g., identifying and classifying objects in satellite images, detecting deformities in 3D representations of power transmission equipment, robotic
inspection of industrial equipment) are also a central part of the research
done in this laboratory. Work on perceptual and cognitive metrics resulted
in objective metrics that agree with subjective metrics when applied to images, video and audio. Emergent computation is being studied. Work on
improved robust computing engines is also being done.

The Wireless Communications and Mobile Networking group represents
a strong research area in the Department and recognized both nationally
and internationally. The research interests of this group includes analysis,
design, and optimization of wireless communications networks, cognitive
radio networks, mobile computing and distributed systems, wireless sensor
networks, and wireless telemedicine. This research group closely collaborates with the Telecommunications Research Labs (TRLabs), Winnipeg, and
the local telecommunications industries. Research facilities are available
for theoretical, simulation, and experimental work.

Affiliations with Organizations

The Department’s research activities are carried out in close collaboration with the Canadian Microelectronics Corporation (CMC), the Manitoba
HVDC Research Centre, Westward Industries, Polaris, The NRC Institute
for Biodiagnostics, CancerCare Manitoba and TRLabs. The Department
maintains a close collaborative relationship with Manitoba Hydro, Manitoba
HVDC Research Centre, RTDS Technologies and Westmont Consultants
who are the industrial sponsors of the NSERC Industrial Research Chair in
Power Systems Simulation. TRLabs is an industry/university/government
consortium with a laboratory in Winnipeg involved in data networking,
telecommunications, and related software. The Department is a member
of CMC which provides equipment, chip fabrication, and software including
many of the departmental computing resources. The Department is heading
the Broadband Wireless Communications project for CITR.
Through our Adjunct Professors, we are also affiliated with the Communications Research Centre, Faculty of Medicine, Health Sciences Centre,
InfoMagnetics Technologies, Manitoba Hydro, Quantic Laboratories, RDTS
Technologies, APT Technologies, Novra, and Vansco Electronics.
Computing facilities: The department has substantial computing facilities used for research. These include a network of 33 Unix-based SUN
Solaris systems, and six undergraduate laboratories with a total of 60 PCs
running Windows XP and approximately 15 Macintosh running OS 10.x.
There are also a large number of microcomputers distributed throughout
the department’s research laboratories. These computers, as well as those
of individual researchers, are networked by Ethernet.

Admissions Information

Admission is through the Faculty of Graduate Studies (www.umanitoba.ca/
faculties/graduate_studies). However, prospective applicants should ensure
that they have listed on the application form, a supervisor in the Department
with whom they wish to work, as the Department does not accept graduate
students without supervisors. The minimum acceptable GPA for admission
for post-graduate work in Electrical and Computer Engineering is 3.5.

Funding Opportunities

The University of Manitoba offers a variety of financial support to its graduate
students. In addition to the research support many students receive from
their advisors, the University has millions of dollars available for University of
Manitoba Graduate Scholarships (MGSs), Manitoba Graduate Fellowships
(MGFs), International Graduate Student Scholarships (IGSS) for students
entering and continuing in their graduate programs, competitive top-up funds
for national awards (i.e., NSERC, SSHRC, CIHR), as well as more than
600 other graduate scholarships and bursaries, worth many more millions,
which are administered by the various graduate programs. Information on
awards is available from the Faculty of Graduate Studies web site.

The Signal Processing group areas of interest are radar signal processing and digital image processing. Some of the members work closely
with the applied electromagnetic groups on ground penetrating radar and
microwave imaging. Buried object detection such as plastic landmines is
part of the research and the group has built a sandbox test facility that
includes a network analyzer. The group has built phantoms to simulate
normal and cancer tissues and is working on microwave image reconstruction algorithms. Robust signal and data compression engines are
being developed, with emphasis on progressive and streaming algorithms.
De-noising algorithms are being developed. Blind signal separation is applied to biomedical signals and industrial signals. An improved beta-robust
independent component analysis has been developed and shared to the
signal processing community. Algorithms for nonlinear and chaotic time
series are also being developed.
An aerial view of the Fort Garry campus of the University of
Manitoba, situated on a bow of the Red River.

