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I t is with pleasure that I present to you the Special Issue on 
Instrumentation and Measurement in Canada as a dou-
ble issue.

When the Instrumentation & Measurement Magazine (IMM) 
Editor-in-Chief Prof. Bruno Andò asked me to be the Guest Ed-
itor for this Special Issue (SI), I knew immediately that I will 
have no shortage of submissions whatsoever, a fact that can 
also be seen by the number of accepted articles pushing the SI 
to a double issue. You see, Canada and in particular its capital 
city Ottawa have a very old history with I&M in general and 
with the IEEE I&M Society (IMS) in particular.

Some in our I&M community know of EEMTIC: Electri-
cal and Electronic Measurement and Test Instrument Conference, 
which was the predecessor of IMS’s current flagship confer-
ence IEEE I2MTC. What might surprise you is that EEMTIC 
was always held in Ottawa from 1966 to 1981. I2MTC itself has 
been hosted in Canada three times, twice in Ottawa and once 
in Victoria, BC, and will be hosted again in Ottawa in 2022. So 
it’s no wonder that Canada’s National Capital Region is con-
sidered the country’s I&M hub, because of the said history and 
hosting the University of Ottawa, Carleton University, Uni-
versité du Québec en Outaouais, Canada’s National Research 
Council (NRC) which comprises the country’s various me-
trology, standards, and calibration laboratories, centers, and 
services, plus a huge high-tech industry with presence from 
major I&M companies such as National Instruments, Keysight 
Technologies, Rohde & Schwarz, Tektronix, Guildline Instru-
ments, and Measurements International, the latter two being 
Canadian companies. But, as we will see from the articles be-
low, great I&M research work is done not just in Ottawa, but 
all over Canada.

For this SI, I invited three sets of potential Canadian au-
thors: (1) authors who had published a noticeable number of 
articles in the past few years in IEEE TIM and IEEE IMM; (2) 
authors with noticeable I&M aspects in their research and af-
filiated with Canada’s top-12 research Universities (https://
researchinfosource.com/top-50-research-universities/2019/
list); and (3) authors reached through a general Call for Pa-
pers distributed to all IMS chapters in Canada and posted on 
the IMM’s website. All submissions were reviewed accord-
ing to IMM’s standard review process under the supervision 
of the EiC and without my involvement. The final result is a 

rich SI with a wide representation of authors from across Can-
ada from Carleton University, Concordia University, Lakehead 
University, McMaster University, NRC, Simon Fraser University, 
University of British Columbia, University of Calgary, University 
of Manitoba, University of Ottawa, Université du Québec en Outa-
ouais, University of Waterloo, University of Windsor, and Western 
University, and in the diverse topics of Medical Measurements, 
Noise Measurements, Machine Learning and Automaton, Measure-
ment Fundamentals, and Sensing and Monitoring. In this Part A, 
we present the former three topics, as described next.

We start with Medical Measurements and, unsurpris-
ingly, we open with the most important topic of the year 2020: 
COVID-19. In “Health Monitoring Systems for Elderly Dur-
ing COVID-19 Pandemic: Measurement Requirements and 
Challenges,” Yassine from Lakehead University covers the 
measurement requirements of intelligent health monitoring 
systems, their strength, weaknesses, and open challenges spe-
cifically for the elderly in long-term senior care homes who 
unfortunately account for 50% of the total COVID-19 fatali-
ties in Canada.

Continuing with the elderly, in “Bed-Based Health Mon-
itoring using Pressure Sensitive Technology: A Review,” 
Cohen-McFarlane et al. from Carleton University focus on an 
important topic not just for Canada, where the population of 
adults 65 years and older will grow from 6.4 million in 2018 
to 16.1 million by 2068, but also for most developed countries 
which face a very similar situation. To reduce the expected 
strain on the healthcare system, researchers have focused on 
remote health monitoring, and this article specifically reviews 
pressure sensors in that domain to monitor older adults at 
home.

The next article “Biomedical Diagnosis of Infant Cry Sig-
nal Based on Analysis of Cepstrum by Deep Feedforward 
Artificial Neural Networks” by Lahmiri et al. from Concor-
dia University switches the theme from the elderly to infants 
and proposes an Artificial Intelligence (AI) based computer-
aided diagnosis system to distinguish between healthy and 
unhealthy infant cry signals, a capability that is becoming ap-
pealing for medical diagnosis in clinical milieu.

In “Internet of Things for Sleep Monitoring,” Jaworski et 
al. from Simon Fraser University present an overview of both 
wearable and non-wearable IoT technologies with a prototype 
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sleep tracking platform as an experimental demonstration. 
Such sleep devices help individuals optimize their sleep loca-
tion and environment to get the most rest and improve their 
health and quality of life. The article demonstrates the fea-
sibility of IoT-based at-home sleep and contributes to future 
IoT-based sleep research.

“Automated Biosignal Quality Analysis of Electrocardio-
grams” by Abdelazez et al. from Carleton University addresses 
a common and dangerous problem in medical measurements: 
contaminated biosignals, which can lead to misinformation 
with dire implications such as the misdiagnosis of critical 
conditions. Here, the authors introduce a framework of ap-
proaches specifically for ECG biosignal quality analysis and 
present examples by their own research group as well as other 
research groups.

Liu et al. from University of British Columbia present the 
next review article “Recent Advances in Sparse Representa-
tion Based Medical Image Fusion,” whose coverage ranges 
from the conventional local and single-component Sparse 
Representation (SR) methods to the latest global and multi-
component SR methods. Medical image fusion combines 
multi-source information captured by different imaging mo-
dalities and is of great significance for precise diagnosis and 
treatment. The article also presents several major challenges 
remaining in this direction and discusses future prospects.

We close this topic with “Progress in the Assessment of Ar-
terial Stiffness” by Bolic et al. from University of Ottawa about 
arterial stiffness, which is related to the extent of hardening 
of the wall of the artery and is an important and independent 
predictor of cardiovascular events. The article describes how 
this is currently measured and points to new developments 
that might lead to measurement outside of specialized clinics 
in the future. Hence, it not only reviews existing systems for 
estimating arterial stiffness but also points to new directions 
in multiple areas including sensors, modeling, and machine 
learning.

Next, we move to the Noise Measurement topic and the 
article “Thermal Noise Measurement and Characterization 
for Modern Semiconductor Devices” by Chen from McMaster 
University, who presents a solution for thermal noise measure-
ment and characterization of advanced nanoscale transistors, 
providing detailed procedures for the noise measurement 
system, DUT design, noise parameter de-embedding, noise 
source extraction, and noise source implementation. These 
should provide essential insight for system engineers, process 
engineers, and circuit designers to enhance the performance of 
their noise measurement systems, technologies, and circuit de-
signs for low-noise applications.

Ghaderi and Bahreyni from Simon Fraser University, in 
“Synchronous Demodulation for Low Noise Measurements,” 
provide an overview and tutorial of the application of synchro-
nous demodulators to low noise measurements. Synchronous 

demodulators are used extensively for precise measurements 
and reduction of noise bandwidth in a wide range of applica-
tions, and this article explains the theory of how to amplify 
a narrowband signal to reduce the amount of measurement 
noise by considering the process as a multiplier followed by a 
low-pass filter, as well as the applications and design consider-
ations for using synchronous demodulation.

The last article in this topic is “Noise-Parameter Mea-
surements of Very-Low-Noise Amplifiers at Ambient and 
Cryogenic Temperatures,” by Sheldon and Belostotski from 
the University of Calgary, that reviews noise-parameter mea-
surements of RF circuits, such as astronomy-grade low-noise 
amplifiers, operating from a few hundred MHz to many GHz. 
The article focuses on thermal noise, also known as Johnson or 
Nyquist noise, although the same discussions are applicable 
to shot noise too.

The last topic of Part A, Machine Learning and Automa-
ton, opens with article “Machine Learning in Measurement 
Part 1: Error Contribution and Terminology Confusion” in 
which my co-author Al Osman and I take an in-depth look at 
the application of Machine Learning (ML) in a measurement 
instrument. We describe how ML is used in indirect measure-
ment, how it contributes to systematic and random errors of 
measurement, and how to avoid confusion when dealing with 
seemingly equal ML and I&M terminology which however 
may or may not be the same, in fact being false friends in many 
cases. While educational on its own, the article also serves as 
a prelude to Part 2 which describes how to quantify the uncer-
tainty caused by ML methods in a measurement instrument. 
That article will appear in the SI’s Part B which will be pub-
lished as the May 2021 IMM Issue.

The next article, “Intelligent Agricultural Machinery Using 
Deep Learning” by Thomas et al. from University of Manitoba, 
focuses on the application of the AI method of Deep Learn-
ing to a specific agricultural machinery, while at the same time 
offering enough content for the reader to have a good under-
standing of how to consider AI for not only other agricultural 
applications such as sorting and grading produce, but also 
other areas in which AI can be part of a system that includes 
sensors, hardware and software to make accurate decisions.

In “Application of Machine Learning in Outdoor Insulators 
Condition Monitoring and Diagnostics,” El-Hag from Univer-
sity of Waterloo summarizes the process of the application of 
ML to outdoor insulator diagnostics, from capturing a signal 
until a decision is made, including examples of applying ML 
to assess the conditions of both ceramic and non-ceramic insu-
lators, especially those that are related to the Canadian power 
grid. Examples of shortcomings of existing methods and the 
future potential of ML applications in assessing the health con-
ditions of outdoor insulators are also highlighted.

In the next article, “FOPID Control with Parameter Op-
timization for Hydrostatically-Actuated Autonomous 
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Excavators” by Moghaddam et al. from University of Man-
itoba, we learn about autonomous earth–moving machines 
which are more efficient than the conventional ones and ca-
pable of operating with minimal supervision. Authors then 
present the development of a controller for this new class of 
modernized excavators by applying a fractional-order pro-
portional–integral–derivative (FOPID) control to a newly 
designed electro-hydrostatic actuator circuit for these ma-
chines. Experimental results indicate that the proposed 
controller is capable of controlling the speed of the link with 
negligible error.

Last but not least, Abouheaf et al. from University of Ottawa 
present “Responding to Illegal Activities along the Canadian 
Coastlines Using Reinforcement Learning,” which elaborates 
on how ML can be leveraged to develop a solution for the 
contemporary problem of maintaining security of maritime 
domains in Canada. ML is particularly well-suited for such a 

problem because of the complexity and ill-conditioned nature 
of the system when inserted as a middle layer to interface with 
low-level hardware such as sensors and actuators, and high-
level decision-making kernels, providing robustness in the 
face of various types of uncertainties and disturbances.

I would like to thank all of the submitting authors and re-
viewers, as well as IMM’s Prof. Bruno Andò and Ms. Kristy 
Virostek for their help and support. I hope you enjoy this Part 
A, and please don’t forget to check out Part B as well, which 
will cover the remaining topics of Measurement Fundamen-
tals, and Sensing and Monitoring in the May 2021 Issue.
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Editor-in-Chief, IEEE Trans. on Instrumentation and Measurement
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Professor, School of Electrical Engineering and Computer Science
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I2MTC 2021/May 17-20, 2021 (virtual event)
IEEE International Instrumentation and Measurement 
Technology Conference
Glasgow, Scotland
https://i2mtc2021.ieee-ims.org/

SGSMA 2021/May 25-27, 2021 (virtual event)
IEEE International Conference on Smart Grid Synchro-
nized Measurements and Analytics
Split, Croatia
http://www.sgsma2021.org/

MeMeA 2021/June 23-25, 2021 (virtual event)
IEEE International Symposium on Medical Measurements 
and Applications 
Neuchâtel, Switzerland 
https://memea2021.ieee-ims.org/

SAS 2021/August 2-4, 2021 (virtual event)
IEEE Sensors Applications Symposium
Sundsvall, Sweden
https://2021.sensorapps.org/

IST 2021/August 24-26, 2021 (virtual event)
IEEE International Conference on Imaging Systems and 
Techniques
Kaohsiung, Taiwan 
https://ist2020.ieee-ims.org/

AUTOTESTCON 2021/August 30-September 2, 2021
AUTOTESTCON
Oxon Hill (National Harbor), MD
https://autotestcon.com/

AMPS 2021/September 29-October 1, 2021 (virtual event)
IEEE International Workshop on Applied Measurements 
for Power Systems
Cagliari, Italy
https://amps2021.ieee-ims.org

ROSE 2021/October 28-29, 2021 (virtual event)
IEEE International Symposium on RObotic and Sensors 
Environments
New York, NY, USA
https://rose2021.ieee-ims.org

For more information on these and other meetings, please go to the I&M Society Web site at www.ieee-ims.org.


