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Nonlinear Dynamics in Measurement Systems: Might it Help? 
 

Theoretical Hints 
 
 

Editorial 

2020 is a Year Full of Expectation! 
 

Bruno Andò 
 
Dear Members, 
 
I wish you a very warm welcome to 2020 and to this year’s first issue of Instrumentation & 
Measurement Magazine. 
 
On our side, we are glad to announce that the Magazine will move from six to nine issues per 
year beginning in 2020. 
 
Basic metrology, new methodologies, sensors and instrumentation and applications in the 
framework of instrumentation and measurement are the main topics the Magazine is focusing on.  
 
As always, our mission is to offer our readership overviews of hot subjects in instrumentation 
and measurement by properly highlighting open problems and challenges. The main goal of this 
issue of the Magazine, dedicated to “Theoretical Hints,” is to focus on the challenging topic of 
“nonlinear systems” and their contextualization in the instrumentation and measurement 
framework. 
 
Now, the question would be: Is “linear” better than “nonlinear?” This is a difficult question, 
which probably does not have a unique answer. Sometimes a “linear trend” is considered better 
than a “nonlinear trend,” since it could be more convenient and easier to deal with a linear 
model, so for practical reasons. Linear systems are very well known and their behavior can be 
always well predicted. 
 
However, I would say that sometimes nonlinear systems could be really surprising. In particular, 
nonlinear measurement devices are very interesting, since their intrinsic nonlinearity could be 
exploited to boost performance in sensing. Examples of real devices working in the nonlinear 
regime are fluxgate magnetometers that exploit the nonlinearity of a ferromagnetic core to 



improve the sensor responsivity; E-Field sensors that are based on the use of nonlinear 
ferroelectric materials; piezoelectric transducers; Squids and many others… Some of these 
devices can be used in single and coupled ring configurations, sharing complexity as well as 
outstanding performances. 
 
It is worth noticing that the behavior of many natural systems is ruled by nonlinear dynamics. 
Let’s think about neurons, as well as many sensorial functions of living organism. Fishes, as an 
example, adopt a threshold mechanism to detect weak targets of interest. Other nonlinear 
systems are able to perfectly perform in the presence of under-threshold deterministic inputs, 
exploiting the Stochastic Resonance phenomenon which is activated by the presence of noise. 
 
I would like to thank all of the researchers who contributed to this issue of the Magazine by 
providing different perspectives and addressing different subjects, to share the common objective 
of demonstrating how “nonlinear” could be convenient in the field of instrumentation and 
measurement. 
 

Have a nice time reading! 

 
Guest Editorial 

Nonlinear Sensing 
 

Adi R. Bulsara 
 

The past three decades have seen an explosion of ideas in the general field of nonlinear 
dynamics. In fact, it has become increasingly clear that areas as diverse as signal processing, 
lasers, molecular motors, and biomedical anomalies have a common underlying thread: the 
dynamics that underpin these systems are inherently nonlinear. Yet, while there has been 
significant progress in the theory of nonlinear phenomena under an assortment of system 
boundary conditions and preparations, there exist comparatively few measurement and 
instrumentation devices that actually take this rich behavior into account.  
 
In the presence of background noise (a given, for most practical applications), the underlying 
dynamic phenomena become even richer, with the noise actually mediating cooperative behavior 
that, when properly understood, can lead to significant performance enhancements and, by 
inference, improved measurement ability. A striking example of this behavior occurs, for 
example, when the underlying dynamics undergoes a bifurcation from static to oscillating 
behavior when a control parameter is swept through a critical value. If properly understood, 
theoretically, the (suitably quantified) system response can be significantly enhanced near the 
onset of the bifurcation. Examples of this behavior have been observed in a slew of laboratory 
experiments on measurement systems ranging from vibrating PET ribbons, to SQUIDs, and, 
further, this behavior has been hypothesized to account for some of the more striking information 
processing properties of biological neurons. In many cases, background noise can mediate this 
behavior, thereby playing a significant role in the optimization of the response of these systems 
to small external perturbations. This means that noise can actually help the measurement process.  



 
The (by now, well-studied) Stochastic Resonance effect is one example of an underlying 
phenomenon that pervades noisy nonlinear dynamic systems. The system response can be 
(somewhat counterintuitively) improved through a delicate tuning of the system parameters; the 
resulting behavior (that has been exploited in several devices for measurement and 
instrumentation applications to date) occurs in a very narrow parameter regime, hence a very 
good understanding of the system response is critical before exploiting this behavior. 
 
Despite the large amount of research and development in the physics of nonlinear dynamical 
systems, there have been very few engineering applications or realizations to date. A part of this 
is due to an underlying "culture of linearity": knowing that linear systems are often optimal 
performers, the tendency has been to operate nonlinear systems in a quasi-linear regime wherein 
the response may, in fact, be the best that is possible, but only under optimal operating 
conditions. Under the appropriate conditions, this might be sufficient for some measurements 
(particularly when the signal amplitude is not too weak). Given the fact that such conditions are 
rarely met in practice, it would make sense to attempt to exploit the full range of (usually 
nonlinear) behavior of a system.  
 
In this important aspect, this special issue of Instrumentation & Measurement Magazine is very 
significant: it affords examples of work carried out by non-traditional, forward-looking and 
innovative researchers, who are not content to understand and exploit the behavior of a nonlinear 
dynamic system in only a very narrow parameter regime. Operating sensors in their (natural) 
nonlinear regime leads to enhanced signal detection performance, and higher bandwidth (e.g.,                                                                                     
in nonlinear energy harvesters), among other benefits. Hence, these conditions are often optimal 
when issues like SNR, bandwidth, information transfer, etc. are relevant to the measurement 
application. It is most important, however, to bear in mind an important caveat: a sensor that is 
underpinned by linear dynamics (through construction or the underlying physics) at the outset, 
cannot be improved by forcing it to operate in a “nonlinear mode.” Hence, this special issue is 
devoted to measurement and instrumentation involving intrinsically nonlinear devices. 
 
This special issue of the Magazine provides an overview of just a few of the nonlinear sensors 
that are being researched and developed, such as: 

• A single-core fluxgate magnetometer that is operated in a biomimetic manner: it 
processes signals via a “rate code,” rather than a FFT. The sensor is used to scan for the 
iron content in the brain; this can provide a marker for neurodegenerative diseases. As a 
room temperature device costing about $200, this provides a viable/portable alternative to 
hospital scanning equipment, for certain biomedical scanning applications. 

• A description of the “Injection Locking” technique as applied to systems that are 
nonlinear and have spontaneous oscillations (usually past a critical point). This frequency 
can be calculated via bifurcation theory, or it can be measured experimentally. Then, 
applying a locking signal (at precisely the frequency of the spontaneous oscillations) 
leads to an immediate lowering of the noise floor, particularly at low frequencies where 
most magnetic detection of weak signals is carried out. A low-frequency target signal that 
might, otherwise, be buried in the noise floor then becomes visible. 

• A bio-inspired image sensor that, functionally, mimics the retina in vertebrates. The 
authors state: “We expect that by placing our simulator in the hands of interdisciplinary 



researchers, especially computational neuroscientists, mathematical scientists and 
machine learning practitioners, it will foster the development of more efficient 
representations of visual inputs in deep learning applications.” 

• A tunable strain sensor whose nonlinear response is exploited to enhance its sensitivity 
under a given set of operating conditions. When properly configured, the sensitivity 
greatly exceeds that of conventional strain sensors. The sensor exploits the piezoresistive 
behavior of MoS2 (Molybdenum Disulfide); this is the semiconductor material that 
underpins the sensor. 

• A nonlinear energy harvester that uses the response of a flexible PET ribbon to harvest 
energy from vibrations. The ribbon operates as a bistable switching device. The paper 
includes a second-order behavioral model of the underlying dynamics with a nonlinear 
restoring force. The power produced is sufficient to transmit a wireless signal to a 
transceiver placed at about 30 feet of separation. 

 
One hope is that a reading of this special issue will inspire researchers to open their minds and 
explore far beyond the "textbook" boundaries that all-too-often circumscribe the thinking of 
young scientist/engineers.  

 
 

President’s Message 

Welcome to this New Year 
 

Salvo Baglio 
 

Hello everybody and welcome to this new year.  
 
I have the great privilege and honor of offering you the best wishes for a happy and prosperous 
new year on behalf of the IEEE Instrumentation and Measurement Society Administration 
Committee!  
 
I’m sure that 2020 will be a year full of outstanding achievements for all of you, and I hope that 
our Society and our Magazine can contribute to your successes. 
 
Being the President of the Society is the greatest honor that can be bestowed on any member of 
our Society, but it also requires a strong commitment on my part  to serve, at the best of my 
capacity,  each and every member and our Society as a whole, and to offer my most sincere 
efforts to lead and drive our AdCom and the Society to even higher and more ambitious goals.  
As the new I&M Society President, I deeply feel this commitment, and I’m proud and honored to 
have been selected to lead an extraordinary group of people, our IEEE I&M Society AdCom. 
 
Thanks to the efforts and to the dedication of our past Presidents, our Society is in very good 
shape, financially sound, very well organized, and always at the forefront of science and 
technology. In fact, we offer a wide range of high-quality services to all our members and to the 
general society. 
 



My deepest personal gratitude goes to Max Cortner, our Junior Past President, for having kindly, 
firmly and wisely coached me in these two last years of my service as the Executive VP and for 
being a continuous source of inspiration, and to Ruth Dyer, our Senior Past President, for her 
kind and elegant comments that often helped me to move safely through delicate issues in the 
business of the I&M Society and the AdCom.  I feel blessed to have such a wonderful group of 
people around with so much energy and so much experience to share. The AdCom includes new, 
young, and enthusiastic members, as well as outstanding personalities from academia and 
industry who have already given a lot to our Society and who are still willing to contribute. Both 
the AdCom and the whole Society will certainly benefit of their experience and their 
contributions. 
 
I’m grateful, as the new President, to Max Cortner who in these last two years continually 
challenged the AdCom to “think strategically” and who gave the necessary support to pursue big 
initiatives for the benefit of the Society.  
 
Thanks to the efforts of our many volunteers, we are already offering a wide set of high-quality 
services to our members. We support high-quality conferences, and we continuously look for 
new conferences that provide new opportunities for cross fertilization among our members.  Our 
publications (Transactions on Instrumentation and Measurement, and the Instrumentation & 
Measurement Magazine) are obtaining outstanding results thanks to the efforts of the Editors, but 
also to the quality of the papers coming from our authors and to the efforts of our peer reviewers.  
We strive to enhance diversity throughout our Society. We work on developing and refining 
standards and various technical activities through our various technical committees. We 
encourage both new and already engaged members through our chapters. But, most of all, we 
value and support our younger members with grants and awards for students and with several 
educational initiatives (Student Contest, Demo sessions, Distinguished Lectures, Video Tutorials 
and Conference Tutorials).  All of the efforts are designed to help our members advance in their 
own professional development and to make our Society better and better. 
 
Every year in February the I&M Society Officers and Editors meet to work together on the 
strategic plan of our Society.  We will discuss and identify goals and metrics that will be steering 
our activities during this year.  
 
My intention is to exhort our Officers and Editors to “think big”, to make ambitious plans, and to 
“think globally at the IEEE level” by looking for initiatives and collaborations that can help 
interconnect our Society with other IEEE Societies and Councils and thus using the best 
opportunities offered by IEEE. Science and technology can only benefit from networking and 
cross fertilization of ideas and experiences, and the widening of our audience will help in the 
dissemination of our message in accordance with our mission: 
• Provide the most comprehensive and high-quality services to our members and related 
professionals. 
• Serve as the professional incubator for the growth of all (particularly younger) members. 
• Be in the forefront of future I&M technological advances. 
 



Keep watching our website (ieee-ims.org) and reading the newsletter (ieee-
ims.org/publications/im-society-newsletter) to stay up to date with the long list of initiatives that 
we develop and offer to our members every year. 
 
We are working hard for our Society, and we always will have new things to offer to our 
members, but we need you and your involvement. Join our Chapters, form new Chapters and 
Student Chapters, invite our Distinguished Lecturers to come for a visit, propose new topics for 
conferences and workshops, submit your papers to our conferences and journals, attend our 
conferences and be an active part of our community. 
 
Join us in our efforts to make our Society always better! 
 
You will meet AdCom members at various Society events and you will identify them from their 
name tag.  
 
President – Salvatore Baglio: salvatore.baglio@unict.it  
Executive VP– Manuel Ramirez: jmramirez@ieee.org 
Treasurer– Helena Ramos: hgramos@ist.utl.pt 
VP Finance - Kristen M. Donnell: kristen.donnell@mst.edu 
VP Education– Sergio Rapuano: rapuano@unisannio.it 
VP Membership– Ruqiang Yan: yanruqiang@xjtu.edu.cn 
VP Publications– George Xiao: george.xiao@nrc-cnrc.gc.ca 
VP Conferences– Gourab Sen Gupta: g.sengupta@massey.ac.nz 
VP Technical Committees and Standards– Marco Parvis: marco.parvis@polito.it 
Junior Past President– J. Max Cortner: j.m.cortner@ieee.org 
Senior Past President– Ruth Dyer: rdyer@ksu.edu 
Editor-in-Chief, Transactions on I&M– Shervin Shirmohammadi: shervin@site.uottawa.ca  
Editor-in-Chief, I&M Magazine– Bruno Andò: Bruno.ando@unict.it  
 
Feel free to come and talk to each of us with your ideas, proposals or even criticisms; write to me 
or to any of my fellow AdCom members if you cannot attend the conference.  We will be happy 
to interact with you, and we want all of you to feel part of the I&M Society team. 
 
I would like again to wish all of you a prosperous and peaceful 2020 and I’m looking forward to 
see you numerous attending our upcoming events or interacting with us and contributing to your 
and our Society. 
 
Ciao! 
 
 
 

Article Summaries 
 

 
RTD-Fluxgate Magnetometers for Detecting  
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Iron Accumulation in the Brain 
(Summary) 

  
Carlo Trigona, Valentina Sinatra, Bruno Andò, Salvatore Baglio, and Adi Bulsara 

 
Recently, the authors have proposed a new, non-invasive sensing approach to measure iron 
levels through the adoption of a flexible RTD-Fluxgate magnetometer, which is suitable to detect 
dc or quasi-static magnetic field targets. The major advantages of this sensor include reduced 
dimension, low power consumption, low cost, high performance in terms of resolution and 
sensitivity and, importantly, room temperature operation. This sensor has also been shown 
useable in diverse applications ranging from volcano ash fallout estimation to magnetic label-
based bioassay and biosensing. Here, the authors concentrate on the use of the RTD-Fluxgate 
magnetometer as a measurement system for the estimation of metal (specifically iron) 
compounds in the brain as a characterizing feature of neurodegenerative diseases.  
 

This text was taken from the article.  

  

Injection Locking in Self-Oscillating Magnetometers 
 (Summary)  

 
Alexander P. Nikitin and Nigel G. Stocks 

 
The focus of this article is the recent application of Injection Locking to magnetic field sensors. 
This novel application highlights the potential benefits of the IL approach but also some of the 
complexities and opportunities for further development. As with all measurement systems, the 
consideration of noise is paramount in the design of magnetic sensors. IL can be employed as a 
noise mitigation strategy in magnetometers that utilize self-oscillations as part of their detection 
paradigm; it can stabilize the oscillation frequency, potentially simplifying the measurement 
circuitry, and in some circumstances improve the signal-to-noise ratio. Here the authors review 
some magnetometers that have successfully exploited IL principles and highlight design options 
and propose a new circuit that is simple to implement and more straightforward to analyze. 
 

This text was taken from the article.  

 
Nonlinear Retinal Response Modeling for Future  

Neuromorphic Instrumentation 
(Summary) 

  
Jason K. Eshraghian, Seungbum Baek, Timothée Levi, Takashi Kohno, Said Al-Sarawi, 

Philip H.W. Leong, Kyoungrok Cho, Derek Abbott, and Omid Kavehei 
 

A prerequisite for hardware mapping of biological vision systems is understanding the 
bioprocessing between various retina cells. Here, the authors present a biologically plausible 



cellular network retina simulator, where light stimuli are accepted at the front-end array of 
photoreceptor cells, and pass through a system of nonlinear integral equations derived from 
experimental voltage- and current-clamp data used to calculate the response of each sequential 
retina cell. The authors expect that by placing our simulator in the hands of interdisciplinary 
researchers, especially computational neuroscientists, mathematical scientists and machine 
learning practitioners, it will foster the development of more efficient representations of visual 
inputs in deep learning applications. 

This text was taken from the article.  

 
Tunable MoS2 Strain Sensor 

(Summary) 
 

Igor Neri, Miquel López-Suárez, and Luca Gammaitoni 
 

Molybdenum disulfide is a promising two-dimensional semiconductor for the realization of 
electronic devices such as sensors and transducers. Among other mechanical and electronic 
properties, MoS2 shows piezoresistive effect due to the strain-induced modulation of its 
electronic band-gap. In this work the authors present how the piezoresistive property of MoS2 
can be exploited to realize a strain gauge. The non-linear response of the sensor is used to tune 
and enhance the sensitivity of the sensor in a specific strain range.  

 
This text was taken from the article.  

 
A Review of Vibrational Energy Harvesters Underpinned by a Flexible 

Snap-Through Buckling Beam 
 (Summary)  

 
Vincenzo Marletta 

 
Energy harvesting is expected to become a widely adopted technology, given its fundamental 
role enabling the development and diffusion of innovative autonomous sensing solutions of 
extremely importance in measurement related applications. Nonlinear mechanical systems like 
the beam in the Snap-Through Buckling configuration have been demonstrated to be suitable to 
enhance the performances of vibrational energy harvesters by overcoming the limits of 
traditional linear oscillators. In this work, a brief review of vibrational energy harvesters 
exploiting the advantages of the nonlinear STB configuration has been discussed. A solution 
developed by the author has then been introduced and demonstrated in three particular cases of 
study. 

This text was taken from the article.  

 
Binary Signal Transmission in Nonlinear Sensors: Stochastic Resonance 

and Human Hand Balance 



(Summary) 
 

Fabing Duan, Lingling Duan, François Chapeau-Blondeau, Yuhao Ren, and Derek Abbott 
 

Many sensors exhibit nonlinear characteristics and are deployed in noisy environments. In terms 
of device design and forming standards, this is a challenging area. However, it also presents 
opportunities for non-conventional signal processing methods based on stochastic resonance that 
have been shown to be of benefit for individual nonlinear sensors, sensor arrays, sensor networks 
and even portable devices for people with reduced sensory capacity.  Studies in stochastic 
resonance have led to evidence of noise-enhanced signal transmission and processing in 
nonlinear sensors, and noise can be exploited in the design of engineered devices and biological 
systems. This paper studies noise-enhanced signal transmission and processing in nonlinear 
sensors and also exploits the positive role of noise in the design of engineered devices that 
enhance the sensitivity of hand movements. 

 
This text was taken from the article.  

 
Linear Measurements from Nonlinear Sensors: Identifying Distortion 

with Incidental Noise  
(Summary) 

 
Lachlan J. Gunn, Andrew Allison, and Derek Abbott 

 
In previous work, the authors have shown that the input noise of a system can provide the 
necessary information to determine the function relating the input signal to the output signal, 
allowing them to invert it numerically and recover the original signal, even if the device has been 
driven quite heavily into nonlinearity.  In this article, they present a new approach to the 
handling of static nonlinearity that can be applied in post-processing without any special 
knowledge of the function that has been applied to the signal. Nonlinearity induces a predictable 
change in the noise overlaid on the measured signal, and this variation can be used to infer the 
characteristics of the system’s distortion. This opportunistic use of noise allows a degree of self-
calibration that is not possible with previous techniques and will allow for the creation of flexible 
instrumentation that can maintain linearity over a far greater range of conditions. 
 

This text was taken from the article.  

 
Rules for Optimization of Giant Magnetoimpedance  

Effect in Magnetic Microwires  
 (Summary)  

 
Arcady Zhukov, Mihail Ipatov, Paula Corte-Leon, Juan María Blanco, 

Lorena González-Legarreta, and Valentina Zhukova 
 



 
The objective of this report is to present the route of development of magnetically soft thin wires 
for applications in magnetic sensors. The authors present their experimental study of the Giant 
magnetoimpedance (GMI) effect of magnetic microwires prepared using the Taylor-Ulitovsky 
technique. They observed that the GMI effect and magnetic softness of microwires can be 
tailored either by controlling magnetoelastic anisotropy of as-prepared microwires or by 
controlling their internal stresses and structure with heat treatment. High GMI effect has been 
observed and discussed. 

This text was taken from the article.  

 
Vibrations for Fault Detection in Electric Machines 

 (Summary)  
 

Moise Avoci Ugwiri, Innocent Mpia, and Aimé Lay-Ekuakille 
 

Vibration measurement is a subject of great interest, especially for industrial applications. In 
general, vibrations indicate the dynamic behavior of machines. This paper reviews the current 
state of the art of different techniques and describes in detail vibrations signal processing for 
electrical asynchronous motors and procedures for extracting characteristics from them. The 
experimental results presented demonstrate the capability of the spectral analysis in 
asynchronous motors fault detection. 

 
This text was taken from the article.  

 
Real Time Linearization of Sensor Response Using a Novel Polynomial 

Estimation Method 
(Summary) 

 
Mohan G. Phadnis 

 
A new scheme for linearization of sensor response in real time by polynomial estimation method 
was invented. This results in fast and accurate linearization, a long-standing need of 
instrumentation designers and the process industry. A novel operator “Implied Division by 
Truncation” which works with the powering operation was conceptualized to replace division 
operation. This was done by converting the exponent of the coefficient to binary and 
partitioning it into truncation factors adopted to the processor architecture. Division by these 
factors was then a matter of Shift Right operation. Resulting remainder of <2 was handled by 
defining another operator, “Multiply by ‘n’ and divide by a power of 2” which tuned the 
coefficient precisely. The Algorithm was tested on an 8051-processor with 12 MHz clock. Each 
data sample was processed in less than 1.0 millisecond with absolute accuracy better than 0.1%. 
Results of T-type thermocouple data for a temperature range 0 to + 400 °C, using a 4th order 
polynomial giving an accuracy of 0.3 °C, are presented. 
 

This text was taken from the article.  



 
Columns 

 
 

Future Trends in I&M  
 

Indirect Sensing in Soft Robots Using Observers/Filters 
(Summary) 

 
Chee Pin Tan, Surya Nurzaman, Junn Yong Loo and Ze Yang Ding 

 
A note from Melanie Ooi: Soft robotics is a very new and interesting research area with many 
applications, and sensing in soft robots remains a big challenge. Our guest columnists from 
Monash University Malaysia, Dr. Chee Pin Tan and Dr. Surya Nurzaman, have expertise in state 
estimation and soft robotics, respectively. Together with their graduate research students, they 
share with us how state estimation can be used for indirect sensing in soft robots, thus 
contributing a solution to this long-standing challenge of enabling sensing in soft robots. 
 

This text is from the introduction to the column. 
 

Life After Graduation 
 

Nonlinear Dynamics Can Be Useful 
 (Summary) 

 
Vincenzo Marletta 

 
Undoubtedly, implementing linear (or linearized) systems continues to be convenient because 
they are easier to manage and model. However, in the real world, nature uses nonlinear processes 
to regulate the universe. Why should we not do the same on a small scale and use nonlinearity 
that we can manage? In my opinion, understanding nonlinear dynamics, their limits, the 
operating conditions and how they interact with other systems could be useful to gaining from 
their benefits. 

This is a small glimpse of text from the column. 

 
Society News 

 
I2MTC 2019 

 
Gourab Sen Gupta and Serge Demidenko 



 
The IEEE I2MTC—International Instrumentation and Measurement Technology Conference—is 
the flagship conference of the IEEE Instrumentation and Measurement Society (IMS) and is 
dedicated to advances in measurement methodologies, measurement systems, instrumentation, 
and sensors in all areas of science and technology. I2MTC acts as a catalyst to promote 
interactions between industry and academia. These features make I2MTC a unique event and one 
of the most important conferences in the field of instrumentation and measurement. A wide 
spectrum of research results was presented, with potential practical applications in current 
industrial technology, as well as industry and application driven developments. There were 413 
delegates from all over the world who participated in the 2019 conference, making it the largest 
ever conference in Australasia in the field of instrumentation and measurement. It was also the 
first time ever that this conference was held in Australasia! 
 
The Venue 
This year’s conference was held at the Grand Millennium Hotel in Auckland, New Zealand, from 
20 to 23 May 2019. Auckland is the ‘financial capital’ and the largest city of New Zealand. One-
third of the nation’s population lives here. It is a vibrant global city with top class educational 
and research establishments, advanced industries, modern architectures, as well as diverse mix of 
cultures, landscapes and tastes. Nestled between two harbors, Auckland is an amazing place of 
bays, beaches, islands, and vineyards. Auckland boasts strong Polynesian traditions and is alive 
with cultural and ethnic diversity.  
 
The 2019 Theme 
The 2019 I2MTC theme was The Lords of the IMS: Expanding the Frontiers of Metrology 
Innovations. It was not a sheer coincidence that Monday, May 20, 2019 was also the World 
Metrology Day, commemorating the anniversary of the signing of the Meter Convention in 
1875!  
 
The Technical Program 
I2MTC 2019 drew enormous interest worldwide. 573 papers were submitted for the conference 
which went through the full review process. The highest number of papers were received from 
China (248) followed by Italy (49) and New Zealand (30). The review process is designed to 
ensure high quality of accepted papers. To minimize the burden on authors, we continued the 
approach of having only three possible outcomes of the review: accept, minor revision, or reject. 
At the end of this process, 330 papers were accepted for presentation at I2MTC 2019, leading to 
an acceptance rate of 61.2%. A special thanks to all of the authors for choosing I2MTC to 
receive their high-quality papers, and to all the reviewers for their hard work and dedication to 
evaluate the papers and provide valuable comments. 
 
Papers were presented in five parallel oral tracks and poster sessions. New horizons were 
explored through the topics selected for the main tracks, complemented by special sessions, 



tutorials and plenary talks. Apart from the traditional fields of measurement and instrumentation, 
such as measurement theory, data acquisition and metrology, there were tracks on hot topics such 
as agriculture and forestry, environment, energy and power. I2MTC 2019 also featured poster 
presentation of 21 accepted TIM papers and 13 accepted late-results papers. 
 
Our Technical Program Co-Chairs, Prof. Vincenzo Piuri, Prof. Andrew Taberner, and Prof. 
Melanie Ooi, did a stellar job of putting together a very strong technical program. We would like 
to thank them from the core of our hearts. Their job was one of the hardest and most challenging. 
Each paper had to be allocated to reviewers, the received review reports analyzed, decisions 
made, and then the final fine-tuned program put together. 
 
Special Sessions and Mini-Symposium 
Traditionally, the special sessions allow in-depth discussions on niche topics. The Special 
Sessions Co-Chairs, Prof. Adam Osseiran, Dr. Ian Platt, and Prof. Kurt Barbé, coordinated the 
process of soliciting special session proposals and evaluating them through a rigorous process. 
There were nine special sessions in the conference program on topics ranging from NDT&E of 
structural health to power quality measurement and biological instrumentation. It is very 
heartening to note that the Technical Committees (TC) of the IMS played a very active role in 
proposing and organizing several of the sessions.  
 
The theme for the World Metrology Day 2019 was The International System of Units - 
Fundamentally Better. In keeping with this theme, the Measurement Standards Laboratory 
(MSL) of New Zealand organized a mini symposium on SI for the 21st Century. There were four 
presentations in this symposium including one by Dr. Lindsey Mackay of the National 
Measurement Institute, Australia. We would like to thank Dr. Farzana Masouleh and her 
colleagues at MSL for organizing the symposium. Special thanks to MSL also for sponsoring a 
keynote speaker. 
 
The Keynote Presentations 
We were very lucky to have three eminent scientists who graciously accepted to deliver keynote 
addresses during the conference. We would like to extend our sincere thanks and gratitude to all 
of the keynote speakers for sparing their valuable time to address the delegates. Dr. Alan Finkel, 
Chief Scientist of Australia, delivered a talk on The Measure of an Incurable Engineer, Dr. 
Michael de Podesta, from the NPL Temperature and Humidity Group, UK, talked about 
Redefining the Kilogram, the Kelvin, the Ampere and the Mole: Why You Should Care Even 
Though You Won’t Notice, and Prof. Cather Simpson from the University of Auckland’s Physics 
and Chemistry Department delivered her presentation on the topic of Photonics Transforming 
21st Century Sensing. We would also like to extend our sincere thanks to Prof. Juliet Gerrard, 
Chief Science Advisor to the Prime Minister of New Zealand, who kindly agreed to grace the 
opening ceremony as the chief guest of honor. All of the keynote presentations were very well 
attended, and the feedback to all of the speakers was excellent. 
 



The Tutorials 
Some years ago, we started the tradition of organizing free tutorials on the first day of the 
conference. Over the years, these tutorials have become very popular with the attendees, 
especially students. This year was no exception: almost 200 delegates registered to attend the 
tutorials. Our Tutorial Co-Chairs, Prof. Octavia Dobre and Prof. Eric Matson, worked very hard 
to line up a very interesting program of tutorial sessions which were presented by eminent 
scientists and practitioners. Three of these tutorials were delivered by industry specialists.  
 
The Social Events 
An evening welcome reception was held for all of the delegates on Tuesday, 21 May in the foyer 
of the hotel. It was very well attended. Delegates mingled with each other over drinks and food. 
On Wednesday, 22 May, the gala dinner was held at the Auckland War Memorial Museum. The 
venue is one of New Zealand's most important museums and war memorials. Its collections 
concentrate on New Zealand’s national, natural, and military history. The evening started with a 
traditional Maori welcome, followed by drinks and snacks which were served in the museum 
foyer in the ground floor. Delegates freely moved around and browsed the exhibits. Later, the 
delegates moved to the event center on the upper floor of the museum. A traditional Maori 
cultural show enthralled the audience, after which they tucked into a delicious buffet meal. 
 
The Sponsors 
We are delighted to have so many sponsors and exhibitors for I2MTC. We would like to say a 
big thank you and express deep gratitude to our silver patrons—the Auckland Bioengineering 
Institute, National Instruments, and RF Test Solutions & ADLINK; our keynote patron—the 
Measurement Standards Laboratory; and the exhibitors—Massey University, Chosun University, 
and VICOM. Support from the sponsors and exhibitors was of key importance to organize this 
conference successfully. Our deep gratitude and thanks also go to the Tourism New Zealand 
(TNZ) and Auckland Tourism, Events and Economic Development (ATEED) for their immense 
support during the various stages of the conference preparation. 
 
Please plan to join us in Dubrovnik, Croatia from 25-28 May, 2020 for I2MTC 2020!  
Additional information may be found at https://i2mtc2020.ieee-ims.org/. 
 

The print magazine includes photos from the conference events. 
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High Performance PXE Emi Receiver 
Keysight Technologies has extended the company's N9048B PXE Electromagnetic Interference 
(EMI) Receiver from 26.5 to 44 GHz, enabling customers to meet current and emerging 
compliance testing requirements according to various standards bodies, including MIL-STD-
461G and FCC Part 15. 
 
The cellular (5G) and automotive industries need to leverage higher frequencies to deliver new 
applications requiring increased spectrum resources to carry large amounts of data at faster 
speeds. These higher frequency applications must meet electromagnetic compatibility (EMC) 
compliance testing and commercial application requirements before they can be brought to 
market. EMI receivers measure unwanted emissions at high frequencies generated by a device 
under test (DUT). 
  
Keysight's PXE is a standards-compliant EMI receiver and diagnostic signal analyzer that 
provides the accuracy, repeatability, and reliability needed to test with confidence. Now 
supporting a frequency range of 2 Hz – 44 GHz, Keysight's PXE EMI receiver delivers 
sensitivity performance that allows detection of small signals close to the noise level, common in 
EMC compliant radiated emissions measurements, enabling customers to identify emissions 
caused by their device. 
  
Time domain scan (TDS) and accelerated TDS capabilities meet dwell measurement 
requirements while reducing receiver scan and test time from multiple hours to seconds.  
With full signal visibility, the real time scan (RTS) provides gapless signal capture and analysis 
in up to 350 MHz bandwidth and simultaneously displays the frequency domain, time domain 
and spectrogram, with three EMC detectors enabling customers to better understand their signals.  
 
More information is available at http://www.keysight.com. 
 
Fully Automated Electronic Emission Measurements in Real-Time 
The EMI receiver families TDEMI® from GAUSS INSTRUMENTS® provide a fully CISPR 
compliant real-time bandwidth and therefore allows them to speed up measurements and to 
reduce the measurement uncertainty significantly—both at the same time. By using the full 
automation software suite EM164k, the test procedures can be configured according to the 
CISPR 16-2-3 standard for the FFT-based measuring instruments. In comparison to the 
previously done pre-scan and final measurement strategy, the overall test quality can be 
significantly increased whereas the testing times are reduced by orders of magnitude. 
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In the past, a pre and final scan test procedure has usually been performed, to try to reduce the 
overall test time. During the pre-scan procedure, the critical frequencies with maximum 
emissions are identified. After detecting these critical frequencies, the final measurement is 
carried out in the single frequency mode with much longer dwell times to achieve a more 
accurate result. 
 
Now, GAUSS INSTRUMENTS® introduces a novel real-time scanning feature for their 
TDEMI® X test receiver series, providing a real-time bandwidth of several Gigahertz (Option 
QCDSP-UG, UFSPA-UG). Thus, the final maximization can be performed at all frequencies 
simultaneously in just one step. By the newly designed very powerful hardware module, such 
measurements across several GHz can be performed in the real-time spectrum analyzer mode, 
e.g., in the frequency range from 1 GHz to 18 GHz, all frequency points can be directly 
measured with a very high resolution in time and the result can be maximized instantaneously. 
Over the entire frequency range, the results are displayed in real-time.  
 
For the first time, a typical emission measurement in the range of 1 GHz up to 18 GHz is 
scanned in real-time by testing with the TDEMI® X test receiver.  The DUT is rotated in just one 
continuous movement and the angular position as well as the maximum level of emission is 
recorded. All of the requirements of the standards CISPR 16-2-3 as well as the ANSI and FCC 
standards are fulfilled by the TDEMI® X receiver. This allows users to make EMC testing more 
sustainable. The EM164k is not limited only to CISPR applications, but also measurements 
according to FCC and ANSI or MIL-461 and DO-160 standards are also applicable.  
 
Find more information at https://gauss-instruments.com/en/. 
 
High-Performance Oscilloscope with Bandwidth to 16 GHz 
Rohde & Schwarz expands its high-performance R&S RTP oscilloscope family, in terms of both 
bandwidth and functions for debugging and analysis. The new R&S RTP134 with 13 GHz, and 
R&S RTP164 with 16 GHz bandwidth, support four channels to 8 GHz, or two channels 
interleaved for the respective higher frequencies. For all R&S RTP models, update options 
support bandwidth increases right up to 16 GHz. 
 
The new R&S RTP models support all functions already introduced for models up to 8 GHz, 
including the high acquisition and processing rate, and the real-time de-embedding. The 
bandwidth of the industry-leading digital trigger is extended to 16 GHz to provide the highest 
precision for detecting very small and intermittent signals. The R&S RTP triggers on real-time 
de-embedded signals and supports all trigger types including pulse width, setup and hold, or runt, 
up to the full instrument bandwidth. 
  
Ideal for debugging high-speed differential signals and available for both data acquisition and 
trigger functions, the new math module introduced directly after the real-time de-embedding 
block supports addition or subtraction for any two signals, plus signal inversion and common 
mode operations. 
 
R&S RTP users can now analyze high-speed serial signals at data rates up to 16 Gbps with the 
serial pattern trigger options R&S RTP-K140/K141, which include hardware-based clock data 
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recovery for extracting the embedded clock signal as trigger reference. The trigger supports bit 
patterns up to 160 bits in length, plus decoding schemes such as 8B/10B, or 128B/132B. Eye 
diagrams for signal integrity debug, based on the embedded clock, for at-a-glance analysis with 
fast mask test or histogram function, providing results within seconds. 
 
 
The R&S RTP now also provides all of the functions required as a time domain reflection (TDR) 
and transmission (TDT) analysis system to characterize and debug signal paths, such as PCB 
traces, cables and connectors.  
 
For more information, visit: http://www.rohde-schwarz.com/ad/press/rtp. 
 
Multi-Channel Arbitrary Waveform Generators 
Designed for engineers and scientists who need to simultaneously generate multiple electronic 
test signals, Spectrum Instrumentation’s latest line of Arbitrary Waveform Generators offers 24 
to 48 synchronous channels in a single rack-unit with a very economic cost-per-channel. Ideal 
for multi-channel, automated testing applications, the eight different variants achieve full remote 
control through a simple Ethernet connection to any PC or local area network (LAN), making 
them easy to integrate into almost any test system.  
 
Spectrum’s new DN6.65x series of generatorNETBOX instruments are available with 24, 32, 40 
or 48 fully synchronous channels, complimenting the recently introduced and smaller DN2.65x 
products (that offer from 4 to 16 channels). Such a high channel count sets a new standard for 
AWGs (most conventional products only offer 1, 2 or 4 channels), while also delivering a very 
advantageous price per channel. Furthermore, setting up, programming and controlling a single 
instrument is much simpler than trying to build and operate any multi-channel system that needs 
to employ several individual AWG instruments. 
 
A wide range of signal amplitudes can be generated with programmable output swings of up to 
±6 V into high impedance or ±3 V into 50 Ohm.  
 
The new AWGs are fully self-contained and come with all of the tools necessary to generate an 
unlimited variety of waveforms. Simply connect them to a host computer (e.g., laptop or 
workstation) or anywhere on the corporate network and start up Spectrum's SBench 6 
Professional software. SBench 6 Professional is included as standard with every unit. It lets you 
control all of the operating modes and hardware settings from a simple, easy-to-use, graphical 
user interface.  
 
More information about Spectrum can be found at http://www.spectrum-instrumentation.com. 
 
Measure Efficiency of Power Devices with New Software for the Double Pulse Test 
Tektronix has announced the availability of a new software plug-in for its function generator and 
arbitrary waveform AFG31000, which allows for the basic double pulse testing of power devices 
in less than a minute, a considerably shorter time than is required by alternative methods. 
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With the new software Double Pulse Test, you can quickly define the pulse parameters through a 
single screen displayed on the large touch screen of AFG31000 generator, and then generate the 
necessary impetus to carry out the test—all in less than a minute. The application software 
allows you to adjust the impedance of the load, the duration of the pulses and the delay between 
them, up to 30 pulses. The duration of the pulses can vary from 20 ns to 150 microseconds. 
 
Tektronix claims this innovation provides a huge productivity increase for all technicians 
involved in power electronics, which results in a significant cost reduction and a significant 
improvement in time-to-market. 
 
The double pulse test is used by researchers and designers who deal with semiconductors and 
power electronics to measure and compare the switching characteristics and the dynamic 
behavior of the devices, including the most recent ones made from semiconductor materials 
having high band gap (wide bandgap), such as silicon carbide (SiC) and gallium nitride (GaN). 
 
To perform the double pulse test, it is necessary to generate with great precision at least two 
voltage pulses with variable durations to trigger the conduction of the power devices, such as 
MOSFET and IGBT. The measurements are performed using an oscilloscope, such as those of 
family Tektronix MSO Series 5. However, the generation of these pulses has always been 
problematic using the classical instrumentation, forcing engineers and designers to manually 
create waveforms using a suitable PC a microcontroller, a slow method and subject to frequent 
errors. 
 
Presented for the first time last year, the AFG31000 tool redefines the characteristics of the 
generator of arbitrary wave functions and forms through a series of innovations, including: the 
largest touchscreen of the tools on the market; a user interface completely new and InstaView™ 
patented technology, which allows to automatically detect and compensate for impedance 
mismatches; the ability to program the sequences of the waveforms; and the new ArbBuilder 
tool, which allows it to quickly create and edit the arbitrary waveform. 
 
TEK customers can download the software Double Pulse Test for AFG31000 generator for free 
from the website, at http://www.tek.com. 
 
Solid State Microwave Amplifier 
The AR Model 125S1G2z5 is a solid-state, self-contained, air-cooled, broadband amplifier 
designed for applications where instantaneous bandwidth, high gain and linearity are required. It 
is available in a stylish, contemporary cabinet for benchtop use or with cabinet removed for rack 
mounting. 
 
The Model 125S1G2z5, when used with a sweep generator, will provide 125 Watts of RF power. 
Included is a front panel gain control which permits the operator to conveniently set the desired 
output level. The 125S1G2z5 is protected from RF input overdrive by an RF input leveling 
circuit which controls the RF input level to the RF amplifier first stage when the RF input level is 
increased above 0 dBm. The RF amplifier stages are protected from over-temperature by 
removing the DC voltage to them if an over-temperature condition occurs due to cooling 
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blockage or fan failure. The Model 125S1G2z5 is equipped with a Digital Control Panel (DCP) 
which provides both local and remote control of the amplifier.  
 
All amplifier control functions and status indications are available remotely through the included 
Remotes Package. The Remotes Package includes GPIB/IEEE-488 format, RS-232 hardwire and 
fiber optic, USB, and Ethernet.  
 
For more information, please visit https://www.arworld.us/. 
 
16 GHz Sampler-Extended Real-Time Oscilloscope 
Pico Technology has introduced the PicoScope 9404-16 SXRTO, a 16 GHz sampler-extended 
real-time oscilloscope. The new model joins the 5 GHz 9404-05 model launched earlier this year. 
Ideally suited to repetitive or clock-derived signals, both models feature four high-resolution 12-
bit channels, each supported by real-time sampling to 500 MS/s per channel and up to 5 TS/s 
(0.2 ps) equivalent-time sampling. These are voltage and timing resolutions that match or more 
typically exceed the best available amongst broadband real-time oscilloscopes today.  
 
The wide-band inputs, and fine timing and voltage resolutions, display and accurately measure 
transitions as fast as 22 ps, pulses and impulses down to 45 ps wide, and allow clock 
performance and eye diagram analysis of up to 11 Gb/s gigabit signals (to third harmonic). Less 
than 2 ps RMS trigger jitter and 5 GHz trigger support margin analysis and characterization of 
today’s high-speed serial data systems, while integrated clock and data recovery to 11 Gb/s and 
an external prescaled trigger input extend the SXRTO trigger capability to the full bandwidth of 
the 16 GHz model.  
 
In contrast to “sampling oscilloscopes,” the ETS technique supports trigger and pre-trigger 
capture and the familiarity, convenience and ease of real-time oscilloscope operation. Pico’s 
SXRTO technology seamlessly transitions to single-event waveform capture at sampling rates at 
and below 500 MS/s and both sampling modes capture to memory of 250,000 samples (single 
channel), particularly valuable for the capture of slower system signals, modulation envelopes 
and repeating pulse or data patterns, for example. 
 
This USB-controlled instrument is supplied with PicoSample 4 software. The touch-compatible 
GUI controls the instrument and presents waveforms, measurements and statistics on your 
preferred size and format of display. Additionally, up to four independent zoomed trace views 
can fully reveal 12-bit, 250 kS waveform detail. 
 
For further information, visit http://www.picotech.com. 
 
Electronic Load for Low Voltage, High Current Applications 
As server computers and networking systems become more powerful, point of load DC/DC 
voltages for CPUs are continuing trend lower (below 1V) while demanding higher currents. To 
satisfy the needs of test engineers, Chroma has released a new DC electronic load for low 
voltage, high current applications. 
 

https://www.arworld.us/
http://www.picotech.com/


The 63200A-60-1000 DC Electronic Load provides up to 1,000 A @ 0.6 V (it derates linearly to 
lower voltages, e.g., 500 A @ 0.3 V) and has an overall operating range of 0-60 V & 0-1,000 A 
at 6 kW. These loads also include sine wave loading, dynamic frequency sweep to 50 kHz, 
digitizing, MPPT, and the highest accuracy available (voltage 0.015%+0.015%F.S. and current 
0.05%+0.05%F.S.). 
 
Chroma’s 63200A series high power electronic loads with built-in digital signal microprocessors 
(200 MHz) to provide optimal speed and control performance. The ultra-high density power (6 
kW@4U) not only saves room, its super high voltage (0.015%+0.015%F.S.) and current 
(0.04%+0.04%F.S.) measurement accuracy ensures the dependability of test results. In addition, 
the entire series can either be operated by hand or controlled remotely. For higher power 
demands, master/slave control can be used to parallel multiple units for operation. These 
electronic loads also have synchronous loading capabilities to simulate actual loading status. 
 
The 63200A series is complete with 150 V, 600 V and 1200 V voltage ranges and 3 kW to 24 
kW power ranges. The maximum current of a single unit is 2000 A and up to 240 kW when 
paralleled.  
 
Find more information at https://www.chromausa.com/product/programmable-dc-electronic-
load/. 
 
White Light 3D Optical Scanner 
The SmartScan R12, a new 12-megapixel version of the white light scanning system from 
Hexagon’s Manufacturing Intelligence division, has been announced. Building on a reputation 
for versatile measurement, this latest iteration of the SmartScan brings a higher level of 
resolution and accuracy to the system.  
 
The quickly and easily changed fields of view (FOVs) of the SmartScan make it a fringe 
projection system suited for every occasion, ideal for third-party metrology contractors whose 
equipment must meet the challenges of a wide range of varying applications and industries. 
 
As with other scanners in Hexagon’s AICON range, the SmartScan R12 will be completely 
compatible with turntable and turn-tilt units that allow for high-productivity semi-automated 
measurement processes. It is also combinable with AICON DPA Series photogrammetry 
solutions, allowing for extremely fast and accurate measurement of larger-volume components. 
 
Find more information at http://www.hexagon.com. 
 
Micro-Joule Fiber Laser  
TOPTICA Photonics announces the new FemtoFiber vario 1030, a versatile micro-joule fiber 
laser ideally suited for micromachining, material processing and life sciences.  
 
With a center wavelength of 1030 nm, the laser offers 2 W of output power at a repetition rate of 
up to 1MHz and a pulse duration of <300 fs. The special features of this laser include variable 
pulse duration via GDD control, adjustable repetition rate down to pulse-on-demand, and its 
superior temporal and spatial beam quality. 
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Originally developed for ophthalmic applications, the unique capabilities of the FemtoFiber vario 
1030 can be used for other applications, ranging from micromachining and material processing 
to life science applications. With its robust, compact, passively cooled design and its detachable 
laser head, the FemtoFiber vario 1030 is ideal for OEM integration and industrial use.  
 
For more information, visit http://www.toptica.com/vario. 
 
Miniature ICP Triaxial Accelerometer 
PCB Piezotronics, Inc. has released their smallest ICP® triaxial shock accelerometers—Models 
356A04 and 356A05. Developed for electronic drop testing at accelerations up to 5,000 and 
20,000 g, respectively, these models leverage the sensitivity and overload shock resistance of 
their teardrop models in a triaxial package. 
 
Models 356A04 and 356A05 are ideal for measuring shock and vibration in space-restricted 
locations and on systems sensitive to mass loading. The miniature ICP design allows for use in 
various mechanical shock applications, such as: 
 
• Drop testing—electronics 
• Environmental stress screening 
• Multi-axis shock testing 
 
These miniature triaxial ICP accelerometers feature two different sensitivity options of 1.0 mV/g 
(Model 356A04) and 0.25 mV/g (Model 356A05). Each has a flexible integral cable for ease of 
cable routing. The high overload shock limits reduce the potential for sensor damage or signal 
saturation during testing. The sensors are packaged in a rugged, hermetically sealed titanium 
housing that weighs just 0.03 oz. (0.8 gm). These accelerometers are powered by any ICP signal 
conditioner or data acquisition system that provides an excitation voltage of 18 to 30 VDC at 2 to 
20 mA of constant current.  
 
Visit http://www.pcb.com for additional information. 
 
Semiconductor Fuses with Bladed Mounting Options 
Littelfuse, Inc. has announced the expansion of its line of POWR-SPEED® PSR series high-
speed fuses by adding 275 new bolted and DIN mounting options in various sizes and amperages 
to meet global market needs. 
 
These PSR series fuses are used in power conversion and power conditioning equipment to 
provide overcurrent protection for critical power semiconductor devices such as diodes, triacs, 
IGBTs (insulated-gate bipolar transistors), SCRs (silicon controlled rectifiers), and MOSFETs 
(metal–oxide semiconductor field-effect transistors). Plus, the square body design accommodates 
up to 2,000 amperage with up to 70 percent DC interrupting rating in a smaller footprint. This 
unique, compact design saves space, providing more design flexibility in power systems. 
 
Other key benefits of the PSR series include: 
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• Different mounting terminations, including bladed and flush mount options, to meet a 
broader range of applications 
• Unique silicon sealant prevents filler leakage to increase fuse reliability and keep 
equipment safe 
• Up to 20 percent more DC voltage in standard package size than existing products 
• Up to 70 percent more DC interrupting rating than existing products 
• Third-party DC certification printed on product label, along with extensive published DC 
information with global certifications, helps streamline UL inspections 
 
For more product information, visit http://www.littelfuse.com/powerspeed. 
 


