inspiring research

INNOVATION

OFFICE OF RESEARCH | uwaterloo.ca/research
200 University Avenue West, Waterloo, ON, Canada N2L 3G1

Members of the local Babati cultural group Amani display
vitamin A fortified sunflower oil produced by Sweet
Drop, Singida Sunshine, and Shams. Amani performed
at the MASAVA launch in Tanzania, a celebration
of collaborative research including entertainment,
education, and product promotion (full story on page 9).
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The University of Waterloo has a succinct aspiration.
As Canada’s leading innovation university,
Waterloo’s goal is to reach further and become one
of the most innovative universities in the world.
As you’ll see in the pages that follow, innovation appears
in many forms. It transforms quality of life and creates
new business opportunities, often with worldwide impact.
Where does the spark that ignites innovation come from?
Quite simply, research.
Aptly named Inspiring Research Innovation, the stories convey
how research — and more distinctly excellence in research —
is the stimulus behind innovation. Waterloo researchers are
making cancer treatment more effective and helping Canadians
become better prepared for climate change. They’re deepening
the understanding of Indigenous communities and their
heritage sites, as well as paving the way for a digital X-ray
and healthcare revolution.
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Research excellence extends beyond the faculty at Waterloo.
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innovative universities in the world is clearly defined,
research isn’t just about innovation. Fundamental research
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researchers embark on applied and groundbreaking research
with immense wisdom.
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At Waterloo, we’re cultivating an ecosystem of innovation,
commercialization, and entrepreneurship — inspired by
research excellence.

Associate Professor Steffanie Scott (right) investigates how organic farming
in China is helping the country overcome its poor reputation for food safety.

D. GEORGE DIXON
Vice-President, University Research
University of Waterloo
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At Waterloo, research is diverse and interdisciplinary, yet
comprehensive. That’s why fundamental research is a key
element of the innovative and entrepreneurial ecosystem.
It begins with excellence in fundamental research like Waterloo
philosophy Professor Patricia Marino’s work on moral reasoning
and diversity, which examines how people around the world
care about similar things but have varying views on how
much they care.
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groundbreaking research
NEW THERAPIES FOR
SAFER, MORE EFFECTIVE
CANCER TREATMENT
Until now, the most effective cancer
drugs killed not only cancer cells,

A national initiative designed to reduce extreme
weather damage through 20 demonstration projects
across the country includes The RAIN Home Visit
Program. In one of the most successful projects,
trained auditors visited 400 homes in Calgary and
Kitchener-Waterloo to identify simple, low-cost
ways for homeowners to flood-protect their homes,
such as placing plastic covers over window wells
and ensuring that landscaping around homes
directs water away from foundations. Two-thirds
of those audited implemented 75 per cent of the
recommendations within six weeks of the audit.
Other projects are focusing on reducing the impact
of torrential precipitation on municipal infrastructure
by restoring urban wetlands and water channels, and
deploying rain gardens, bio-swales, and permeablesurface parking lots and roadways.

but also healthy cells.
Waterloo Professor Qing-Bin Lu is working on a
new drug that kills cancer cells while preventing
damage to healthy ones. The platinum in most
cancer drugs causes side effects like neurotoxicity,
kidney damage, and vomiting, but Lu has
discovered a new family of non-platinum-based
molecules similar to widely used platinum-based
chemotherapy drugs that won’t damage healthy
cells or cause side effects. Pre-clinical studies
show these new molecules are effective against
multiple cancers.

1st time:

Waterloo researcher theoretically
demonstrates it’s possible to

DETECT A SINGLE

NUCLEAR SPIN

at room temperature

discovered:
HOW GLASS FORMS
AT THE MOLECULAR LEVEL

PREVENTING PRIVACY BREACHES

a problem that has stumped
scientists for decades

A Waterloo computer science researcher is the first to
develop a software product that will reduce privacy
breaches by protecting lists of friends for online users.
DP5 is a unique cryptographic service created by
Associate Professor Ian Goldberg and two international
colleagues. While there are many privacy enhancing
technologies on the market that allow users to hide
their personal information, DP5 is the first private
presence service that prevents online providers from
holding personal data — eliminating the risk of a
breach and liability for the provider.

Optimizing the timing, sequencing, and dosage
of chemotherapy drugs may also provide better
patient outcomes. In a collaborative effort
between Harvard Medical School and Waterloo’s
Associate Professor Mohammad Kohandel,
researchers combined mathematical models and
experimental studies to determine the optimal
time after chemotherapy to administer another
targeted drug to kill more cancer cells. Pre-clinical
results show the approach is killing cancer cells,
shrinking tumours, and extending survival rates.
Mathematical models are also helping doctors
determine the appropriate amount of a new
high-intensity ultrasound (HIFU) therapy for
use in bone cancer treatment. Professor Siv
Sivaloganathan is developing models that
optimize HIFU treatment to kill cancer cells while
leaving surrounding tissue relatively unharmed.
These models have already helped reduce and
eliminate bone tumours in clinical trials.

The frequency of extreme weather events in Canada
is increasing, causing billions of dollars in damage
to infrastructure, businesses, and homes. The new
Intact Centre on Climate Adaptation at the University
of Waterloo builds upon a partnership with Intact
Financial Corporation to determine how to best
de-risk Canadians from these events.

Lists of friends are an integral part of social media
platforms, and given the sensitivity of this personal
data stored, they’re regularly targeted for mass
interception. With data breaches at varying levels
occurring almost daily, the need to reduce liability
for service providers is growing.

Professor Mohammad Kohandel and PhD
candidate Moriah Jane Magcalas evaluate breast
cancer cells received from Harvard University.

Featured at the 2015 Privacy Enhancing Technology
Symposium, the research team demonstrated that
DP5 makes it possible for technology to support
business without collecting personal information.

created:

MOST COMPLETE MAP

OF THE UNIVERSE
spanning 2 billion light years

groundbreaking research

DE-RISKING CANADIANS FROM
EXTREME WEATHER EVENTS
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partnerships

A smarter and more effective rehabilitation robot that senses
a patient’s needs could improve recovery for tens of thousands
of Canadians who suffer from stroke every year.
Research and development by Waterloo Professor John McPhee
and PhD student Borna Ghannadi has advanced the capability of a
robot designed by Quanser Inc. and Toronto Rehabilitation Institute
(TRI). The intelligent robot can now emulate individual movement
while accounting for changes in posture, determining which muscles
need exercise, and adapting the control program accordingly.
Current rehabilitation robots use models that are purely mechanical
and don’t capture the complexities of human behaviour.
The enhanced robot will provide premium rehabilitation for poststroke patients. Using its real-time simulation capability to collect
patient feedback and requirements, the robot will be able to adapt
exercises and treatment plans immediately. Handling these intricate
and advanced capabilities traditionally done by therapists allows
them to spend more time on other tasks and optimize resources.

CONTACT LENS RESEARCH
OFFERS HOPE FOR
MYOPIC CHILDREN

partnerships

INTELLIGENT ROBOT IMPROVES
REHABILITATION FOR STROKE PATIENTS
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unveiled:
NEW SATELLITE

image of Antarctica offering insight

ON CLIMATE CHANGE

McPhee and Ghannadi partnered with designers of the original
robot to add force-sensing capabilities and invent an intelligent
controller. With support from Maplesoft, they used robot-patient
simulations created with MapleSim software. Feedback from
therapists at Grand River Hospital (GRH) was incorporated into
the robot’s new design, which will be tested at GRH in 2016.

Specially designed contact lenses
that slow the progression of
myopia is the next step in a longterm partnership for the University

COLLABORATING ON OUR
UNDERSTANDING OF
INDIGENOUS HERITAGE SITES

of Waterloo and CooperVision,
and could help millions of people
who suffer from nearsightedness.

Indigenous communities in Canada are at the forefront
of developing research partnerships with universities
as well as sharing new evidence and stories uncovered.

Researchers are evaluating the success
of these unique lenses, which change
the way light is focused on the retina at
the back of the eye, on a group of nearsighted children. Their eyes are measured
regularly over a five-year period at the
Centre for Contact Lens Research (CCLR)
to determine the extent that the lenses
are slowing the progression of myopia.

developed:
SCREENING TOOL
to assess mental health

The fruit of a research collaboration that began several
years ago between Waterloo Assistant Professor Susan Roy
and the Musqueam First Nation emerged with a multi-site
exhibition that tells the story of an ancestral village and
cemetery located in what is now Vancouver.
, the city before the city, which showcases the
city’s historic and contemporary Indigenous cultural landscape,
follows an examination by Roy and her partners of a long
history of collecting at this site including thousands of
precious bone and stone objects that had been removed
from
and dispersed among museum collections
across North America.

While low levels of myopia can be
inconvenient, people with high levels
risk developing glaucoma, cataracts, and
retinal detachment, which can cause vision
loss. The special lenses could dramatically
reduce the number of people who develop
high degrees of myopia and its associated
ocular complications. If the study proves
the lenses are successful in slowing
myopia’s progression, they would reduce
the cost of eye care globally and change
the way optometry is practised.

Jointly curated by the Musqueam First Nation, the Museum
of Anthropology at the University of British Columbia, the
Museum of Vancouver, and Waterloo, the exhibition earned a
Governor General’s History Award for Excellence in Museums,
which recognizes individuals who have made remarkable
contributions to a better knowledge of Canadian history.

A researcher at CCLR synthesizes new materials to create contact
lenses that use nanotechnology to release drugs slowly into the eye.

The project was part of The History and Politics of Indigenous
Heritage Sites in Canada, which examines Indigenous and
non-Indigenous understandings of heritage resources and
cultural property in Canada.

established:

COLLABORATIVE
RESEARCH partnership with
GRAND RIVER HOSPITAL

This page has been intentionally left blank

OFFICE OF RESEARCH | Inspiring Research Innovation

5

entrepreneurship and
commercialization
PAVING THE WAY FOR
A DIGITAL X-RAY AND
HEALTHCARE REVOLUTION

Due to their unstable nature, green energy sources
like wind and solar power can’t be used to their full
potential and can crash an entire electrical grid if
20 to 40 per cent of their capacity is used. In 2013,
Ontario spent $1.3 billion to transfer excess green
energy generated in Canada to the U.S. The solution
is to harness this excess energy, store it, and release
it at its full capacity in a stable manner.
Chen’s rechargeable zinc-air flow batteries address
the major problems with energy-storage solutions
by using patented cell design and low-cost materials
to improve efficiency and extend the battery’s life.
Since it uses zinc, a safe and naturally abundant
material with significant deposits in Canada, the
technology is environmentally friendly.
2015 was a milestone year with the creation of Chen’s
startup Wattech Power Inc. and substantial seed
funding. Chen plans to begin demonstrations of his zincair flow battery technology in early 2016 and hopes to
move the product to the marketplace later in the year.

X-ray technology is at the beginning of a
digital revolution that will transform the
Canadian healthcare system by detecting
diseases such as cancer and heart
disease faster and more accurately than

NEW TECHNOLOGY TESTS
WATER, FOOD SAFETY,
AND SPORTS ANALYTICS

traditional X-ray machines, allowing
patients to begin treatment sooner.
Waterloo Professor Karim S. Karim has patented
an innovative technology to create a digital X-ray
imager that can be built by a typical flat-panel
display manufacturer. The digital X-ray imagers
currently on the market are expensive (about
$50,000 to $100,000 each) since specialized
facilities with highly technical equipment are
required to manufacture them.

25

STARTUPS
LAUNCHED
over 5 YEARS

through WatCo with

$8 million
raised in financing

Tyromer
named:
2014 TiE50 WINNER

A PRESTIGIOUS TiE
SILICON VALLEY HONOUR

Technology developed in Waterloo Professor
Simarjeet Saini’s lab is poised to change the course
of water safety history in the developing world.
Until now, water safety testing has required expensive
and specialized equipment not available to most people,
especially in the developing world. Saini’s group has
designed an inexpensive optical sensor that works with
a simple smartphone or tablet, creating a low-cost
device that can quickly detect pathogens in water.

Karim’s pixel design is 25 to 50 per cent more
sensitive than current digital imagers, which means
patients receive lower doses of radiation. The
technology can also provide improved visualization
of soft tissue and bone comparable to CAT scans
by using a single exposure dual-energy X-ray
approach, which offers 50 times less radiation
to the patient than a traditional CAT scan.
The ability to make digital X-ray imaging more
accessible to hospitals by developing a higher
performance and lower priced alternative to current
imagers led Karim to launch KA Imaging. The first
commercial prototype is expected in late 2016.

Waterloo Professor Zhongwei Chen’s zinc-air flow
battery technology is expected to revolutionize the
smart-grid energy storage market by providing stability,
reliability, and increased power to green energy sources.

In 2014, Saini and his team founded Nanolytix Inc.
to develop and market the water quality sensor. Since
then, they have expanded the technology’s applications,
creating an efficient food safety testing device that
catches contamination before food goes to market,
and an air quality sensor that detects pollution levels
and volatile organic compounds.

Waterloo Professor Karim S. Karim (right) and PhD student
Sina Ghanbarzadeh examine the electronics test board for
Karim’s prototype X-ray imager while MASc student Saeedeh
Ghaffari prepares the X-ray cabinet for imager characterization.

The sports analytics division of Nanolytix was chosen to
be part of the Hamilton-Niagara Sports Lab, a centre of
excellence in the growing sports analytics sector. There,
the group is developing a sensor that analyzes sweat
and saliva to give athletes on-field data about potential
dehydration or cramping, and working with the Brazilian
national soccer team to test and validate the sensors.

100

TECHNOLOGIES

currently supported by WatCo covered by

270 PATENTS

entrepreneurship and commercialization

WATERLOO BATTERY TO
STABILIZE GREEN ENERGY
MARKET OF THE FUTURE

INSPIRING RESEARCH INNOVATION
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internationalization

University of Waterloo alumnus Ashutosh Syal believes it’s
time to modernize the eye exam and hopes his eye-screening
device, EyeCheck, will help reduce eye disease globally,
beginning in North America.
EyeCheck, which will look like a camera, will screen for
common optic issues like near and far sightedness and,
in the future, ocular diseases commonly found in children,
such as strabismus (crossed eyes) and amblyopia (lazy eye).
It can also improve eye screenings by replacing and
modernizing the tools used in clinics and providing
a better diagnosis in less time.
Due to be available in North America in 2016, this advanced
diagnostic tool will alert patients to possible problems sooner
allowing treatment to begin faster and improve the chance
of a full recovery, especially for children.
A visit to urban India in 2014 to understand eye screening
needs in developing countries and create a partnership with
The Toronto-Calcutta Foundation has motivated the team to
develop an affordable and accessible eye-screening tool for
everyone. Since EyeCheck is easy to use, it will benefit people
living in areas of India where vision care professionals are
rare. Syal and his team hope to return to India with Eyecheck
in late 2016.

TOWARD A GLOBAL INDEX
OF WELLBEING (GLOWING)
How do we measure what makes
life worthwhile on a global scale
in the midst of rapid change?
Waterloo Professor Susan Elliott wants to
answer that question and is working with an
international team of researchers to develop
and implement GLOWING, a global index of
wellbeing for use in research and evidencebased decision making. The index is based
on the Canadian Index of Wellbeing (CIW),
which measures wellbeing using 64 indicators
across eight domains that contribute to the
overall wellbeing of Canadians.

FORTIFYING COOKING OIL TO
IMPROVE HEALTH IN TANZANIA
More than half a million children under the age of five have
died in Tanzania in the past decade as a result of inadequate
nutrition, but a research project with Waterloo roots is
increasing access to an important nutrient and potentially
saving lives.

Piloting in Kenya, GLOWING allows researchers
to develop indicators that can realistically
measure wellbeing in low to middle income
countries. Since Kenya is on the verge
of tremendous economic development,
this location allows the team to index the
wellbeing of a population that is in the midst
of rapid change.

Professor Susan Horton is one of three principal investigators
working with Mennonite Economic Development Associates
(MEDA) and Sokoine University of Agriculture in Tanzania to
fortify locally produced sunflower oil with vitamin A. Since
the project began, Professor Horton and her associates have
installed 1,000-litre stainless steel tanks at three sunflower
oil producers in Tanzania, and have secured permission from
the Tanzanian Food and Drug Authority to sell the oil with
the fortification logo on it.

Four international PhD students funded by
the Queen Elizabeth Scholars program have
come to Waterloo to gather pilot data in Kenya,
Ghana, and Barbados to develop indicators
that are economically, socially, culturally, and
geographically relevant to those regions.
Ultimately, GLOWING will enable policy makers
to make evidence-based decisions to improve
the wellbeing of their country’s citizens.

During a one-year timeframe, baseline surveys of 570
households were completed to measure residents’ knowledge
and use of fortified foods. Trained medical technicians also
took finger-prick blood samples to measure their vitamin A
status. Once the fortified oil becomes available to consumers,
samples will be taken again to gauge its impact on residents’
vitamin A status.

Kenya’s strong economic development creates a valuable research
environment to pilot the Global Index of Wellbeing (GLOWING).

internationalization

SAVING SIGHT AROUND THE
WORLD ONE PICTURE AT A TIME

This fortification initiative will increase food security, encourage
local economic growth, and fill a gap in the availability of
fortified products for poor and remote consumers.

5 years:
SOOCHOW-WIN

PARTNERSHIP
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NSERC John C. Polanyi Award |
Member of Royal Society of
Canada College of New Scholars,
Artists and Scientists (2014)

GEOFF FONG
2015 Luther L. Terry Award for
Exemplary Leadership in Tobacco
Control, American Cancer Society

DAVID HAMMOND
William E. Rawls Prize,
Canadian Cancer Society |
Applied Public Health Chair,
Canadian Institutes
of Health Research |
Member of Royal Society of
Canada College of New Scholars,
Artists and Scientists (2015)

BESSMA MOMANI

BRUCE MUIRHEAD
Chair in Public Policy,
Egg Farmers of Canada

LINDA NAZAR
Officer of the Order
of Canada

PEDRO VIEIRA
2015 Sloan Research Fellowship

ZHOU WANG
Member of Royal Society of
Canada College of New Scholars,
Artists and Scientists (2015) |
67th Emmy Engineering Awards

INSPIRING RESEARCH INNOVATION

CHRIS ELIASMITH

DAVID BLOWES
NSERC Synergy Award
for Innovation (Category
Two: Large Companies)

KAREN COLLINS
Member of Royal Society
of Canada College of
New Scholars, Artists
and Scientists (2015)

DAVID CORY
Royal Society of
Canada Fellow (2015)

DAVID JOHN
Order of Merit, Federal
Republic of Germany

MOHAMED KAMEL
Royal Society of Canada
Fellow (2014)

SCOTT LEATHERDALE
Applied Public Health Chair,
Canadian Institutes of
Health Research

XUEMIN SHEN
Royal Society of Canada
Fellow (2015)

SUSAN TIGHE
Member of Royal Society
of Canada College of
New Scholars, Artists
and Scientists (2014)

COSTAS TZOGANAKIS
2015 Heinz List Award for
Significant Achievements in
Polymer Devolatilization
and Reactive Processing

distinguished

awards
CAROLYN HANSSON
Member of the
Order of Canada

Member of the Order
of Canada

SUSAN ROY
Governor General’s
History Award

Pierre Elliott Trudeau
Foundation Fellowship

PHILIPPE VAN CAPPELLEN
Royal Society of Canada
Fellow (2015)
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GARRY REMPEL

ERIC HELLEINER
Royal Society of
Canada Fellow (2015)
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COMMERCIALIZATION AND
ENTREPRENEURSHIP
» 14 new alumni startups received
up to $60,000 each to help
commercialize an innovation
and start a business through AC
JumpStart — University of Waterloo

RESEARCH FUNDING

RECOGNITION

» Waterloo secured $20.1 million in international
research funding (including $15.7 million from the U.S.)

» Canada’s top university for innovation for
24 consecutive years (Maclean’s magazine)

» Waterloo faculty, staff, and students attracted more
than $181 million from public and private sources
» Federal funds make up more than 50% of
research funding including a $10-million
grant from the Research Support Fund

» Research University of the Year among
Canadian comprehensive universities for
8 years in a row (Re$earch Infosource Inc.)
» 19 Waterloo researchers received Early
Research Awards from the Ministry of
Research and Innovation — more than
any other institution that applied

TRI-AGENCY

26.6%

RESEARCH EXCELLENCE

» Waterloo ranked first among comprehensive
universities in Social Sciences and
Humanities Research Council grants
per full-time faculty member

INDUSTRY

$181M

13.6%

25.9%

FEDERAL,
EXCLUDING
TRI-AGENCY

RESEARCH
FUNDING
OTHER

16.3%

17.6%

PROVINCIAL

FUNDAMENTAL AND
APPLIED RESEARCH

of research excellence and innovation

» 31% of research funding is from industry
(13.6% directly from industry and 17.4%
matched by industry)
» 6.3% of Waterloo publications were in
collaboration with industry partners
» Collaborative research partnership established
with Grand River Hospital to further healthrelated research and advance care for patients
in the areas of aging and older adult care,
innovation in healthcare delivery, and cancer care
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cultivating
an ecosystem

PARTNERSHIP
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