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EDITOR’S COMMENT

I had the pleasure and the privilege of attending 
our sister publication Startup Magazine’s 
annual Hustle Awards on the 21st of July at The 

Steel Yard, London. 

The evening was designed to recognise the 
outstanding achievements of individuals and 
companies and showcase the exciting innovations 
created by startups and entrepreneurs.

Entries were judged by professionals who are at 
the very top of the industry and who understand 
why innovation in technology, standards and best 
practices are so important.

The awards were hosted by the hilarious Laura Lexx, 
an award-winning comedian, writer, and actor.

The Early Stage Innovation Award winner was a 
particular highlight for me. The ZipCharge Go is a 
game-changing solution to solve the biggest barrier 
to the adoption of electric vehicles: charging anxiety. 
Over 40% of car-owning households can’t charge at 
home as they don’t have off-street parking.

The Go is a low-cost, battery-based EV charger that 
is easy to use, small, compact, and portable – it’s 
a power bank for an EV. It provides convenient 
charging no matter where you park. However, the Go 
is much more than an EV charger – it’s a smart energy 
storage device that will intelligently manage energy 
more efficiently to lower costs and support grid 
resilience.

All the judges were excited by the huge potential of 
ZipCharge’s technology to overcome major hurdles 

Everyday I’m Hustling…
that are currently affecting this sector.

Another notable winner, and one I found particularly 
inspiring, was Dr Pauldy Otermans who won the 
Inspirational Womxn of the Industry Award. Dr 
Pauldy Otermans is the founder, chair and principal of 
Otermans Institute – a young international company 
that is upskilling a generation of underserved 
learners from remote UN camps to villages in remote 
and developing/underdeveloped countries and 
neurodiverse learners in the UK.

Dr Otermans is also one of the leading experts of 
AI in Education and she is building a curriculum 
to improve employability among students. Her 
research has helped build OIAI: an AI-driven virtual 
teacher serving refugee learners by giving them a 24/7 
personalised teacher for learning and her work has 
served over 30,000 learners across 10 countries in 
just 2021.

The judges were gripped by Dr Pauldy Otermans' 
entry, and she was a unanimously agreed upon 
winner.

Other winners of the evening included:

• Most Innovative Tech – aisle 3 
• Founder of the Year – Seon 
• Green Award – measurable.energy 
• Mentor of the Moment – Kaitlin Fritz 
• Most Successful Scale-up – Doctify 
• Outstanding Supporter of the Year – Raising 
Partners 
• Social Impact Hero – Care Matched 
• Top Performing Team – Altnets 
• Workspace of the Year – Allia Future Business 
Centre

I think that it’s vitally important we shine a light 
on those individuals and businesses who are 
raising standards across the sector and doing so 
will help inspire others to start their own creative, 
entrepreneurial journey. 

Remember, it’s never too late to give in to that 
entrepreneurial itch!

Paige West, Managing Editor  
Electronic Specifier 
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ELECTRONICS NEWS

NEWS

President Joe Biden released the 
first full-colour image from NASA’s 
James Webb Space Telescope  during 
a public event at the White House in 
Washington.

This first image showcases the 
powerful capabilities of the Webb 
mission, a partnership with the ESA 
(European Space Agency) and CSA 
(Canadian Space Agency). Webb’s first 
full-colour image reveals thousands of 

galaxies, including the faintest objects 
ever observed in the infrared.

The James Webb Space Telescope 
is the world's premier space science 
observatory. Webb will solve mysteries 
in our solar system, look beyond to 
distant worlds around other stars, and 
probe the mysterious structures and 
origins of our universe and our place 
within it.

First images revealed from NASA’s Webb telescope

A £12m fund to establish the UK as 
a world leader in the technologies 
of the future – from flying cars to 

vaccine-carrying drones – opened for 
applications on Thursday the 21st of 
July 2022.  

The Regulators’ Pioneer Fund will 
enable regulators and local authorities 
to test and experiment with bold and 
ambitious regulatory approaches to 
tackle the most pressing issues of 
the day – from treating disease and 
delivering vaccines to tackling regional 

inequality, to name just some examples. 

The Government opens the third 
and largest ever round of the Fund to 
bids of up to £1m per project and will 
particularly welcome those initiatives 
aimed at tackling the cost of living, 
aiding the transition to net zero, or 
supporting efforts to 'level up' the UK.

Flying taxis and vaccine-carrying drones

                         NEWS
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NEWS

The 12th of July marked the official 
completion of the TE-1 electric 
development project, with the 
release of the final prototype's 
test results that exceed the project 
objectives and demonstrate the 
success of this unique collaboration.

The TE-1 significantly exceeds the real-
world range of the equivalent electric 
motorcycles available today with a 

category-leading 100-mile range, based 
on live testing and official projections. 
130kW (177PS/175bhp) peak power 
delivers a standard of acceleration, 
achieving 3.6 seconds 0-60mph, and 
6.2 seconds 0-100mph combined with 
a 20-minute charge time (0-80%) – 
faster than today’s equivalent electric 
motorcycles. At 220kg, the bike is up 
to 25% lighter than comparable electric 
motorcycles.

Test results for the final prototype electric Triumph

EssilorLuxottica and Politecnico 
di Milano have created the first 
ever joint research centre aimed 
at designing the smart glasses of 
the future: EssilorLuxottica Smart 
Eyewear Lab.

The project will encompass the 
industrial research and experimental 
development of devices underlying 
a new generation of wearables which 
are capable of autonomous network 
connectivity. It is a pioneering and 
tangible project that will enable the 
development of technologies and 

services by means of a widely used 
interface, such as eyewear.

The EssilorLuxottica Smart Eyewear 
Lab will initially last five years and 
will employ, when fully operational, 
over 100 researchers and scientists 
working closely together in a dedicated 
space within the Innovation District, 
which the Politecnico di Milano is 
currently developing in the Parco dei 
Gasometri, located in the Bovisa area 
in Milan. The University therefore aims 
to bridge the gap between universities 
and businesses – developing a highly 

international research environment 
that fosters synergies and transversality.

Smart glasses of the future

Anritsu and Yotavis launch lab for communication tech

Anritsu Corporation and its 
authorised Swiss distributor 
YOTAVIS AG have launched 
the Swiss Communication 
Competence Centre (SCCC): an 
open telecommunication test 
laboratory that allows companies 
and engineers to test new products 
and innovations for quality, 

performance, and compatibility.

The laboratory, located in the 
Switzerland Innovation Park in Biel/
Bienne, offers an extensive range of 
measurement equipment, as well 
as a team of telecommunications 
technology specialists. These facilities 
allow companies and engineers to 
conduct a wide variety of measurement 

tasks within the neutral and 
confidential confines of the SCCC.

The SCCC is a creative space that will 
accelerate the use of the best new 
modern communication technologies 
in rapidly developing products such 
as autonomous cars, drones, wearable 
devices, smart IoT devices, and much 
more.
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WOMEN IN TECH

Susan now has 30 years of experience 
in UK manufacturing and industrial 
environments. Her first role at 

SolutionsPT was as a Business Unit 
Manager of the AVEVA UK & Ireland 
division, formerly Wonderware UK & 
Ireland. She was promoted to general 
manager back in 2016, assuming full 
responsibility for all SolutionsPT 
operations. 

Prior to joining SolutionsPT, Susan worked 
with global suppliers and manufacturers of 
high-tech products for the education market. 
This experience gave her an insight into the 
challenges faced by manufacturers and also 
the barriers to introducing digital technology 
to a new market. She also saw first hand many 
of the blockers that exist when it comes to 
education and STEM topics, particularly around 
encouraging the next generation of women to 
join the technical workforce.

Electronic Specifier’s Paige West spoke to 
Susan about her career, her experience as a 

WOMEN IN TECH

woman in this field and her insight into the 
barriers surrounding STEM education.

Why did you decide to pursue a career in this 
field? 

I actually fell into technology and engineering 
by accident, and I will admit I wasn’t overly 
into the subject as a child! But I do come from 
a long line of engineers and only later in life 
have I come to fully appreciate the immense 
importance of the industrial sector to society – 
something that should really be instilled in all 
young people from an early age. Many of my 
school friends in the US went on to study STEM 
subjects as it seemed an exciting career path 
for women but relatively few of them are still 
working in the industry, which I think is a sad 
thing.

What has been your experience as a woman in 
this field? 

I have been very lucky to work in environments 
that separate themselves from outdated gender 
roles and have embraced and encouraged 

Susan Roche was born and raised in Boston, Massachusetts. She first came 
to England as a teenager for a year at the University of East Anglia during her 
degree. Needless to say, she loved it and after going back to the US to complete 
her degree, she came back to the UK to start her career in sales and marketing 
while studying for an MBA from Manchester Business School.

DESIGN

Encouraging the next generation of 
women to join the technical workforce

susan roche, general 
manager, solutionspt
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diversity and have been willing to invest in my 
development and future – but I understand that 
this isn’t the common experience for women in 
STEM.

I would not be where I am today if my past 
employers had not supported my MBA 
education or taken a chance on someone 
who did not have engineering or technical 
qualifications. In fact, many of our best technical 
experts – of any gender – at SolutionsPT  have 
not had a formal background in technology or 
engineering. We have trained and developed 
them to create the expertise that we need. 

Women that have an interest in STEM topics 
really just need to be given that chance and to 
have organisations believe in them.

Could you name a few challenges (or 
obstacles) you think women in this field face? 

The societal pressures surrounding women in 
STEM topics is a major obstacle that must be 

addressed at all levels. While we have come far 
as a society in breaking down gender barriers, 
there are still archaic ideas that exist and can 
easily influence career decisions. It’s hard when 
you are the only woman in the room, or you 
don’t see role models that you identify with, 
either in the company you’re working in or in 
the wider media.  

There is also a problem in our industry that 
many organisations and roles are simply not 
family friendly and insist on a high stress, long 
hour culture. This needs to change as it is simply 
not healthy or sustainable for any length of time 
for either men or women. I think we are starting 
to see that change, especially with the increase 
of flexible working brought on by the pandemic.  

Why do you feel that there are so few women 
in this field? 

I think it takes time and a lot of determination 
to redress an imbalance so deeply ingrained in 

WOMEN IN TECH
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society, but I do think it is possible. We need 
role models! We need an education pathway 
that girls and boys both find appealing – since 
the issue is not only one of balance but of 
numbers. We need that to be flexible, so kids 
aren’t forced down an education path too soon 
in their lives.  

Engineering, at least here in the UK, also 
needs to be seen as the highly skilled, well-paid 
profession that it is. 

I believe things are starting to change but for 
many years our brightest and best have been 
encouraged to become doctors, lawyers, or 
investment bankers, not engineers. I have 
the great pleasure of seeing and experiencing 
first hand many of the fantastic engineering 
companies in the UK at work and meeting the 
inspiring men and women who maintain the 
fine British heritage in our field. I can assure any 
readers that UK engineering is full of potential, 
and full of interesting and fulfilling careers and 
opportunities for men and women. In fact, I 
think the digital era offers immense promise to 
the UK and I’m really proud to lead a company 
dedicated to its success, and one which 
exemplifies what is possible when we invest in 
human, machine, and digital capital.

I understand that SolutionsPT is supporting 
primary schools in Manchester to increase 
awareness of engineering among teachers and 
their pupils. Are you involved in this project, 
and if so, how? Also, why do you feel this 
project is so important? 

Primary Engineer is a very important partner 
organisation for us as it works closely with 
educators and organisations to inspire the next 
generation of the industrial workforce. 

I am particularly keen to champion class 
opportunities and do my bit to encourage girls 
to consider an engineering career, and, perhaps 
more importantly, demonstrate to boys from 
a young age that women can play a part in the 
sector. 

We need to find ways to not only get women 
and young girls excited by STEM but to get 
them to stick with it throughout their education 
and careers. 

At a young age, the interest in STEM topics 
is perfectly level between boys and girls. It’s 
only later in life that it becomes a more male- 
dominated area. What must change is how 
women are supported from school into the 
workforce, and how we communicate what 
a fulfilling and rewarding career path STEM 
subjects open up. We need to help young people 
to overcome the societal pressures that so many 
women in technology have faced, and not lose 
their interest in engineering, in making things, 
fixing things, improving things, and bringing 
their ideas, backgrounds and viewpoints into 
our field.

We need these young people to join our 
profession more than ever: the skills gap is 
becoming an even greater issue as expert 
employees are reaching retirement age and 
taking their expertise with them. 

What would be your advice for women and 
young girls considering a career in this field?

Give it a go – and if you don’t like it at first, 
change your organisation, not your career 
ambitions. 

You don’t have to start out as a massive tech 
enthusiast, that can come later. Don’t be 
influenced by outdated thinking and if you 
can’t find that role model to relate to, work at 
becoming that role model so you can be looked 
up to by future generations. 

As more of our world is dictated and formed 
by technology, it is important that we have a 
diverse mix of people creating and inputting 
into that technology. Otherwise we will wake up 
one day in a world that has not really been made 
or designed for us all, just the select few.

WOMEN IN TECHWOMEN IN TECH
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Online learning, a (and perhaps 
the) core subset of e-learning, 
offers students the chance to 

interact with their curriculum in ways 
that sometimes challenge the role of the 
traditional seminar and lecture theatre.

Here are three key points of online learning: 
the user experience (UX), the user interface 
(UI), and – tying both of these concepts 
together – the learning management system 
(LMS). Learning management systems 
embody forms of e-learning (often training 
and test materials, as we’ll cover later) that 
are uploaded to, and delivered by, a type 
of dedicated educational software. Again, 
such software is often online (particularly 
Cloud-based), so this article will look at 
Cloud-based LMSs and how their UX and 
UI designs are vital to online e-learning.

The next section will go over the role of 
such design concepts.

The user experience and user 
interface in LMSs

E-learning online: learning management 
systems and their designs

Especially in the context of creating LMSs, 
software designers will benefit from acting 
on the importance of the user experience 
(UX) and user interface (UI). As covered on 
Electronic Specifier before, the UX covers 
the question of how intuitive (or coun-
ter-intuitive) the user finds their interaction 
with a product; and the UI is the means by 
which the user makes their interaction with 
a product (as such, the UI is often used in 
the context of software design, and covers 
such elements as the application’s menus 
and control inputs).

The ideal design of any software is therefore 
a design that offers a seamless blend 
between the UI and UX, and it’s with this in 
mind that the next section covers the user 
interface and user experience as a means to 
ensure successful e-learning in engineering 
education.

Bringing the UI and UX to 
engineering education
Any designer of engineering e-learning 
software would benefit from considering 

E-LEARNING

The role of e-learning (electronic learning), particularly in the context of engineering 
education, is becoming more and more clear as technological progress allows STEM 
students the chance to engage with their university materials anywhere on the Internet. 
Electronic Specifier’s Sam Holland discusses learning management systems and how 
implementing their designs are key to e-learning in engineering.

E-LEARNING
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engineering education, not just as a means 
to test students’ industry knowledge – but 
as a trade.

Consider the value of learning management 
systems whose user interfaces offer 
students the ability to navigate digital, 3D 
models of a prototype (and all from the 
comfort of their laptop or PC). Just one 
example of 3D modelling is a fully-rotatable, 
realistic depiction of a motorcycle engine 
to help engineering students understand its 
components.

Nevertheless, there is currently no LMS, 
even if it were to be used in conjunction 
with the most enhanced virtual reality 
applications, that will be a full replacement 
for in-person training and engineering 
practices. But the benefits of well-designed 
e-learning software remain clear, 
particularly when they are used as part of 
an education programme that joins both 
online and in-person training and teaching. 
(This is an approach to e-learning that’s 
often called ‘blended learning’.)

Reinforcing memory and 
cognition
A well-equipped learning management 
system invites a thorough level of 
engagement from the student in both their 
user interface and their user experience. 
Such an LMS allows that user to appreciate 
the engaging nature of the engineering 

industry while also placing further 
educational tools at their fingertips. For 
instance, think of the application of an 
LMS that offers further tools within the 
interface, such as online bookmarks and 
note taking apps.

Such applications will offer the student, 
not only a means to engage with 3D models 
and engineering competence tests, but 
also reinforce their knowledge with a 
whole suite of software tools that can 
reinforce their memory, cognition, and 
overall engagement with their syllabus. 
This is especially as cloud-based learning 
management systems offer on-the-go 
training and education, so a student’s 
storage of their own notes and links may 
be re-visited and utilised anywhere with an 
Internet connection.

This is, again, vital: it is, by their very 
nature of being online e-learning platforms, 
that learning management systems offer 
a customisable, interactive, and easily 
accessible set of educational materials 
in engineering. By offering such a level 
of ‘always-on’ engagement, those LMSs’ 
user experiences and user interfaces offer 
engineering students a means to reinforce 
their memory and ability to comprehend 
their syllabus. And this is wherever – and 
whenever – they have the time to log in, 
learn, and practice.

E-LEARNING
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WOMEN IN TECH

As the risk to patients rises, so do the 
certification costs (IEC60101-1, ISO13485, 
FDA-21CRF-Part807, and others). Original 

designs need to be maintained ‘as-is’ for as long 
as possible. Semiconductor end-of-life presents 
a serious challenge to the support of Biomedical 
products with long in-service lives and committed 
maintenance periods.

It is not uncommon for large medical systems to have a 
concept-to-EOL (end-of-life) lifecycle of 20 years, including 
in-service support. By contrast, semiconductor lifecycles 
continue to shorten especially those of the key processor/
FPGA/memory components. It is inevitable that a supply gap 
of some kind will need to be bridged.

What can you do to mitigate the risk long-term?

Component end-of-life, which is foreseen, might be 
undesirable, but it is generally manageable, at a cost. 
Typically, customers commit to a last-time-buy of finished 
components and the safe long-term storage of the 
semiconductors – often through a third-party because the 
storage and handling of ICs require special conditions. 
While this solution ties up cash in long-term component 
and storage costs, at least precious design and qualification 
resources are spared. Where future demand exactly matches 
last-time-buy supply, this is a perfectly adequate solution.

However, as the current market conditions demonstrate, 
circumstances can change, both in terms of demand and 
supply. 

Supply issues over the last 12 months have undermined 
the normal delivery certainties. COVID-19-related 

Breathing life into end-of-life 
medical device designs

SPONSORED

manufacturing, shipping disruptions, and even unexpected 
natural disasters have led to supply chain uncertainty 
and lengthening lead times. Component discontinuation 
notices have risen by 15% over the same period as 3rd party 
fab priorities have changed and the industry refocuses 
its fab investments to address a lower powered battery 
dominated landscape.

It has never been so critical for companies in the medical 
sector to:

• Insist on the maximum number of cross-references from 
the design phase onwards 
• Plan component purchases further in advance 
• Consider carrying more inventory of critical 
semiconductors 
• Monitor critical lead-times and component lifecycles 
regularly 
• Understand supply risks and prepare dual/multi-sourcing 
strategies to cover all eventualities 
• Partner with a 100% authorised supplier to help manage 
and maintain consistent longevity of supply

Rochester Electronics’ focus on providing a continuous 
source of semiconductors aligns strongly with the long 
lifecycle requirements of equipment manufacturers. 
Rochester provides 100% authorised stock of active 
and EOL devices from over 70 leading semiconductor 
manufacturers. As a licensed semiconductor manufacturer, 
Rochester has manufactured over 20,000 device types. 
With over 12 billion die in stock, Rochester has the 
capability to manufacture over 70,000 device types. 

For more information visit: www.rocelec.com

Biomedical devices are categorised in 
terms of risk to the patient. Class I devices 
with low/moderate risk to health; Class 
II intermediate-risk equipment such 
as Ultra/CT scanners; and Class III/IV 
devices which are critical to sustaining 
life such as dialysis equipment and 
pacemakers. 

DESIGN READER OFFER
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The PIC32CM LS60 Curiosity Pro kit is ideal 
for evaluating and prototyping with the 
secure and ultra-low power PIC32CM LS60 

Arm Cortex-M23 based microcontrollers. The MCU 
integrates TrustFLEX ECC608 secure subsystem 
& Arm TrustZone Technology in one package. 
Additionally, it features enhanced peripheral touch 
controller (PTC) and smart analog such as Op 
Amps, ADC, DAC, and Analog comparators.

The PIC32CM LS60, which integrates Microchip's Trust 
Platform secure subsystem, makes it easier to develop 

Win a Microchip PIC32CM LS60  
Curiosity Pro Evaluation Kit

Win a Microchip PIC32CM LS60 Curiosity Pro Evaluation Kit (EV76R77A) from 
Electronic Specifier Design and if you don’t win, receive 15% off your next purchase plus 
free shipping.

end products using one microcontroller rather than two 
or more semiconductor chips. Now, designers can go to 
one trusted source to find a 32-bit MCU that is designed 
to protect products and the end user from remote or 
physical attacks on their smart home devices, smartphone 
or tablet accessories, portable medical devices, wearables, 
connected appliances and industrial robots.

It has an Arduino Uno connector, mikroBUS socket and 
extension headers to expand the development. The kit 
includes an on-board Embedded Debugger, eliminating the 
need for external tools to program or debug. The PIC32CM 
LS60 is compatible with the MPLAB Data Visualiser and 
Power Debugger tools that can be used to monitor, analyse, 
and fine tune power consumption numbers in real-time. 
This makes it easier for customers to develop low-power 
applications and release extended-battery-life products to 
market faster.

For your chance to win a Microchip PIC32CM LS60 
Curiosity Pro Evaluation Kit or receive 15% off your next 
Microchip purchase and free shipping, visit https://page.
microchip.com/ES-D-LS60.html and enter your details in 
the online entry form.

READER OFFER
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Two factors are making a perfect 
storm for the silicon capacitor 
market. The first is the shortage of 

supply of multi-layer ceramic capacitors 
(MLCCs) – not many companies make 
them but they are considered a mainstay 
of circuit design. Their role is to filter 
signals and delay voltage fluctuations 
and store electric charges for the smooth 
operation of telecomms, industrial and 
consumer products.

Replacing ceramic with silicon as a 
dielectric material is becoming popular, 
reports Transparency Market Research; 
global sales increased from 1.6bn in 2017 to 
1.7bn in 2018, a CAGR of 8%. 

In its Global Silicon Market Size 2022, 
analyst Market Watch estimated that the 
silicon capacitor market will be worth 
$1502.5m in 2022, and $1956.7m by 2028, 
a CAGR of 4.5%. Silicon delivers high 
temperature stability, making it attractive 
for high frequency applications. The 
smaller, thinner form factor, compared 
with MLCCs are also responsible for silicon 
capacitors being used in automotive and 
healthcare product designs.

Why silicon?
Ceramic capacitors are subject to 
degradation over time and subject to 
temperature and voltage changes. Silicon, 
on the other hand, is stable over these 
parameters. Ceramic capacitors also need 
space between them on a board to optimise 
signal performance but in November 2021, 
Empower Semiconductor introduced the 
E-Cap silicon capacitor series, of multiple 
discrete capacitance arrays. The technology 
delivers a capacitor density that is over 
five times that of leading MLCCs, claims 
the company, while offering improved 
equivalent series inductance (ESL) 
and equivalent series resistance (ESR) 
characteristics.

The company was packaging the silicon 
die in its integrated voltage regulators 
(IVRs) but then realised there is a broader 
opportunity for the technology’s use 
outside of the company. 

Now, the company has announced the 
second generation, also manufactured using 
foundry partner, TSMC’s trench capacitor 
process technology. “We have increased 

Another step for silicon capacitors 
Empower Silicon has 
announced the second 
generation of E-Cap 
silicon capacitors, saving 
space and increasing 
density in wearable 
products and data 
centres. Caroline Hayes 
talks to Senior Vice 
President of sales and 
marketing, Steve Shultis.

POWER: MANAGEMENT

Figure 1. Comparison of 
multi-layer ceramic 
capacitors with E-Cap 
silicon trench capaci-
tor technology.
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the density and the package size is 
smaller,” explains Shultis. Although silicon 
capacitance technology is good for very high 
frequency applications, it is also good for 
high frequency decoupling, he says, and the 
E-Cap second generation typically targets 
applications that need decoupling at around 
100 to 500MHz. 

Capacitance consolidation
The new E-Cap integrated capacitor 
arrays are claimed to have the highest 
performance and smallest size. Densities 
are 1.1µF/mm2, which is over twice the 
density of alternative silicon capacitor 
technologies, says Empower. Reductions 
in thickness, result in less than 50µm 
in overall height. Multiple, matched 
capacitance values (from 75pF to 5µF at 2V) 
can be integrated into a single die and form 
factors can be customised for a specific 
application in terms of space and height 
requirements. 

This goes beyond replacing one-for-one, 
says Shultis. “You can consolidate the 
entire network [of decoupling capacitors] 
onto a single die with multiple connectors. 
The significant consolidation of the space 
and the size is there. This technology is 
absolutely ideal for saving space in high 
performance applications.” This offers 
a design advantage in, for example, data 

centres, where there are large decoupling 
networks for the power management 
performance. 

 “We take it to a different level,” declares 
Shultis. “We can take the whole [power 
decoupling capacitor] network and put it on 
a single die with multiple connectors.”

There is a choice of packaging options: 
bumps or copper pads. The nature of the 
bump package is that there is less material, 
particularly copper, to connect to the PCB 
or substrate, explains Shultis, and there is 
therefore less resistance. Copper pads, on 
the other hand, are easier to work with for 
assembly but performance is lower with 
regards to ESR in particular, in comparison 
with the bump package.

The 100-500MHz range means that E-Cap 
is suitable for power management in 
processors used in IoT nodes, in wearable 
devices, such as AR/VR glasses and smart 
watches as well as in data centre processors.

The E-cap arrays are primarily custom 
built although the company offers some 
as standard products. Working with a 
customer for a specific development, which 
may include multiple configurations on 
the same die, typically takes two to three 
months, says Shultis. The company expects 
to introduce more arrays as standard 
products by the end of the year.

Figure 2. E-Cap can slim down the design of telecomms equipment, healthcare, wearable and mobile device design.

POWER: MANAGEMENT
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WOMEN IN TECH

As the world seeks environmentally 
sound energy solutions, electric 
power is rapidly rising in 

importance due to its ability to replace 
fossil fuels which have a finite availability 
and are demonstrated to be harmful 
to the environment. For decades, the 
semiconductors that form the basis of 
every electronic device have been largely 
silicon-based. As design goals become ever 
more challenging - particularly in respect 
of efficiency, power density and size - new 
wide bandgap devices are replacing silicon 
in many designs.

Two application areas that have become popular 
and show potential for significant additional 
growth are solar power and electric vehicles 
(EVs). Both of these application areas require an 
inverter. In solar this is used to convert the DC 
voltage from the photovoltaic (PV) panels into 
an AC grid voltage. In EVs, the battery voltage 
feeds an inverter that provides a multi-phase 
drive to the traction motor (Figure 1). 

Thermal management implications 
for SiC-based designs

POWER: SIC MANAGEMENT

One of the primary ways to increase power 
density and reduce size / weight is to generate 
less waste heat during operation. This is 
achieved through more efficient designs 
which, in turn, is heavily reliant upon the 
semiconductors used in the design. Size and 
weight are primary considerations for inverters 
as they may be rooftop-mounted in solar power 
installations, while in EV applications space 
is always limited, and any additional weight 
reduces the all-important vehicle range.

Semiconductor losses
In any semiconductor-based switching design, 
which includes inverters, there are two primary 
types of loss, i.e. conduction and switching.  
The conduction loss is proportional to the 
on-resistance of the semiconductor device and 
is calculated as the product of the drain current 
and drain source voltage (ID * VDS).

When comparing the voltage drop (VDS) 
characteristics of an SiC FET against a silicon 
(Si) IGBT, it is noticeable that VDS is generally 
lower for a given current in the SiC device. It 

Silicon carbide (SiC) -based switching devices characteristics are key to meeting 
the challenges of solar inverters and electric vehicles, say onsemi’s Didier 
Balocco and Paul Klausner.

DESIGN
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is also worth noting that, unlike IGBTs, VDS in 
SiC FETs is directly proportional to ID, meaning 
that it is significantly lower at lower currents. 
This is significant in modern power applications 
as it means that efficiency is significantly better, 
with lower losses and heat generated, even at 
lower power levels where solar and automotive 
inverters spend a significant proportion of their 
working life.

The switching losses in a power system relate 
to the amount of charge required to switch the 
device. This gate charge (Qg) is required every 
switching cycle and is larger for Si MOSFETs 
than for SiC devices. As designers increase 
switching frequencies – so that the size and 
weight of magnetic components can be reduced 
– the difference in switching losses between Si 
and SiC devices becomes more pronounced. 

Thermal management
One aspect of the heat created by losses is 
its impact on component density, which will 
directly impact the size of the end application. 
Components do not only raise their own 
internal temperature, they raise the ambient 
temperature of the entire application. 
Ensuring that the temperature rise does not 
lead to component failure relies on thermal 
management at a system level. 

There are many factors affecting the amount 
of thermal management required in any 
design. While the amount of waste energy 
being dissipated due to losses in the circuitry 

is probably the most significant factor, 
maintaining a safe operating temperature is the 
ultimate aim.

SiC devices are able to operate at higher 
frequencies and temperatures than Si 
devices. This tolerance for higher operating 
temperatures means that the need for 
thermal management is reduced because it is 
permissible to allow a greater thermal rise in 
the devices themselves. This means that when 
comparing a Si-based design with the equivalent 
SiC-based design, there is a significantly 
lower thermal management burden, based 
on the combination of lower conduction and 
switching losses as well as the higher operating 
temperatures.

Primarily there are two approaches to thermal 
management, active or passive. The passive 
approach uses heatsinks in various forms to 
channel excess heat from the heat generating 
device to the ambient air. The capacity of a 
heatsink increases as its size increases and its 
ability to dissipate heat rapidly is proportional 
to the available surface area, which explains the 
sometimes complex designs that aim to get the 
greatest surface area in the smallest volume.

Active approaches generally involve some form 
of air-moving device such as a fan. As these 
strategies use forced airflow, they can produce 
a greater cooling effect within a smaller space. 
However, there are some inherent drawbacks 
including the reliability of the fan itself, the 
necessity for an opening in the inverter housing 

POWER: SIC MANAGEMENT

Figure 1. A typical EV powertrain showing the inverter stage
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to let air in and out and the fact that the fan 
will also need electrical energy to operate; all 
of which will have an impact on overall system 
efficiency.

By way of comparison, a typical SiC diode 
exhibits 73% lower losses than the equivalent 
silicon diode when operating at 80kHz. As a 
result, in the high power inverters found in solar 
applications and EVs, the efficiency benefits of 
SiC devices will have a very significant impact 
in reducing the thermal management needs of 
power systems, potentially by 80% or more.

Total cost comparisons
Although SiC devices have been shipping to 
customers for some time, the perception that 
SiC-based designs will ultimately cost more 
than a Si-based design has slowed the adoption 
in some quarters. However, a direct comparison 
of the relative cost of Si and SiC devices without 
considering the impact of each technology on 
the overall system cost can lead designers to the 
wrong conclusion.

Consider a Si-based power solution at around 
30kW. The semiconductor devices used for 
switching add up to about 10% of the bill of 
materials (BoM) cost. The primary passive 
components (i.e. inductors and capacitors) 
account for the majority of the remaining 

expenditure, at 60% and 30% respectively.

While it is true that SiC devices have a unit 
cost that is greater that their Si equivalents, 
the performance of the SiC devices allows 
the values of the inductors and capacitors to 
decrease by 75%, significantly reducing the size, 
weight and cost. This alone can reduce the total 
SiC-based BoM to a point that is lower than 
the equivalent Si-based solution. As explained, 
however, the cost of thermal management in a 
SiC-based solution is also significantly lower. 
Adding in this cost saving means that the SiC 
design is more efficient, smaller, lighter and 
lower cost by some margin.

The latest 1200V and 900V N-channel SiC 
MOSFETs from onsemi, for example, include 
a fast intrinsic diode with low reverse recovery 
charge to significantly reduce losses, even when 
operating at higher frequencies. The small chip 
size helps with high frequency operation as 
does the reduced gate charge (as low as 220nC) 
which lessens switching losses.

Available with ID ratings up to 118A, these 
new SiC MOSFETs improve overall system 
efficiency and EMI while allowing designers to 
use fewer (and smaller) passive components. 
Where higher current handling is required, 
the devices can also be configured to operate 
in parallel, due to their positive temperature 
coefficient / temperature independence. 

With power designers being challenged to 
deliver designs and systems that are more 
efficient, reliable and smaller, they are looking to 
new technologies such as SiC to help them meet 
these challenges and also to achieve a lower 
total cost.

SiC-based switching devices offer designers 
the ability to operate at higher temperatures 
and frequencies with lower losses which are all 
key in meeting these challenges. Furthermore, 
these electrical performance benefits mean 
that the thermal management requirements 
and component values of passive devices are 
significantly reduced, delivering further cost and 
size / weight reductions. As a result, SiC designs 
are able to achieve higher levels of performance 
than Si ones at a reduced size and cost.

WOMEN IN TECHPOWER: SIC MANAGEMENT

Figure 2. Comparison 
of VDS for Si IGBTs and 
SiC FETs



MEET THE 
AWARD-WINNING 

HANI™
Omega’s latest 

  innovation for non-invasive   
temperature measurement



DESIGN

22 ELECTRONICSPECIFIER.COM

Analyst, Yole SystemPlus, recently 
published its GaN Power 
Transistor Comparison 2022 

report, which said that the power GaN 
market is expected to reach $2 billion 
in 2027. Another analyst, Grand View 
Research estimates the global GaN market 
was worth $1.22 billion in 201 and predicts 
a CAGR of 24.4% between 2022 and 2030.

GaN is being adopted in many designs 
which exploit its faster performance, higher 
energy efficiency and higher operating 
frequencies compared with silicon (Si). Its 
stumbling block has been price compared 
with Si but the cost is coming down, says 
Yole SystemPlus, with prices increasingly 
acceptable to end users. The market has 
broadened from GaN-focused companies, 
like GaN Systems, EPC and Innoscience, 
to Infineon, NXP and Texas Instruments 
offering GaN in their device portfolio. This 
has driven adoption, says Yole: “New major 
players like STMicroelectronics are entering 
the market, and there is increased adoption 
of monolithic power GaN ICs in various 
mobile charges with a power rating up to 
130W at affordable prices.” 

Oluwasayo Loto, technology and cost 
analyst at Yole SystemPlus, explains the 
diversity within the market and what 
engineers need to consider: “With GaN 
being a relatively new technology compared 
to silicon, GaN device manufacturers offer 
different approaches to device design, 
integration, and packaging. Due to the 
technical difficulty in GaN epitaxy, most 
manufacturers outsource the various stages 
of device manufacturing, thereby changing 
their business models from pure device 
manufacturing business models. GaN 
business models are now very varied”. 

Market acceptance
GaN-based transistors account for 35% 
of the global revenue, according to Grand 
View Research. Markets exploiting GaN’s 
performance characteristics include ICT 
(information communication technology), 
where the power consumption and 
efficiency are an advantage for IoT-enabled 
products, for example, but they are also 
finding applications in small cell and 
remote networks, data centres, servers, 

Gan gains on silicon and  
keeps on going

Gallium Nitride (GaN) has been nipping at 
silicon’s heels for dominance in IC design for 20 
years. Its adoption is accelerating as prices fall and 
new uses for high power density chips are found. 
Caroline Hayes provides a status update.

POWER: GAN TECH

EPC Space offers radiation-hardened GaN transistors
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satellite comms and base transceiver 
stations. 

In 5G networks GaN is energy efficiency 
and increasingly used in monolithic 
microwave integrated circuit (MMIC) 
power amplifiers for wireless cellular 
basestations and also in automotive 
collision avoidance systems.

Space conscious 
In factory automation, the robotic 
systems are using GaN devices in servo 
drives for motion control. GaN devices 
yield higher precision while producing a 
more compact drive for the motors which 
allows them to be used in new applications 
such as the motors controlling the turning 
circle of small, automated warehouse 
robots, for example.

The smaller device package size means 
that GaN devices are increasingly used in 
consumer products – particularly as the 
price differential with silicon reduces. In 
automotive design, GaN is used in lidar 
systems as well as lighting and navigation 
systems for real time driver assistance 
systems. 

It is in electric vehicles (EVs) where there is 
the most interest. Dr Daniel Sherman, vice 
president of R&D at Visic Technologies. 
“Engineers can use GaN to create power 
electronics systems that are four times 
smaller and lighter and have four times 
less energy loss than Si-based systems,” he 
says. In addition, GaN devices require fewer 
materials to produce, lower capacitances 
per voltage and resistance compared to 
silicon, which improves switching and 
conduction efficiency.  

EV adoption
In EV on-board charging systems, GaN 
technology can improve the efficiency of 
the inverter to increase the battery range. 
“GaN based technology opens the door 
towards faster motor frequencies, which 
in turn will provide even more efficient 
motors,” says Sherman.  “Alternatively,  

efficiency increases can keep the same 
driving distance and reduce the required 
battery capacity”. 

The need for power density and energy 
efficiency with compact end products 
are compelling arguments for GaN but 
GaN devices still have some technical and 
commercial challenges, according to Yole 
SystemPlus. 

Alongside improvements in manufacturing 
yield and electrical performance, there 
is still a need for “large-volume market 
adoption driven by targeted applications 
(for instance, automotive)” to further 
reduce the cost of GaN devices, advises the 
analysts' 2022 comparison report.

POWER: GAN TECH

Figure 1. Die cross-section of GaN Power’s GP165010DF56 (Source Yole SystemPlus)

Figure 2. The Syng Cell Alpha wireless speaker has a GaN-based power supply from GaN 
Systems which eliminates heatsinks.
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Raising the Bar on  
Autonomous Vehicle Safety

SAE International (formerly the 
Society of Automotive Engineers) 
defines six levels of vehicle 

autonomy, with Level 0 representing fully 
manual and Level 5 representing fully 
autonomous.

Today’s most advanced autonomous vehicle 
systems rate only Level 3, which means 
they are capable of making some decisions 
such as acceleration or braking without 
human intervention. Getting from Level 3 
to Level 5 will require many breakthroughs, 
including closing the gap between software 
simulation and roadway testing, and 
training ADAS and autonomous driving 
algorithms to real-world conditions.  

Keysight’s latest innovation, the Radar 
Scene Emuator (RSE), goes a long way 
toward bridging these gaps. 

Software simulation plays an important 

role in autonomous vehicle development. 
Simulating environments through software 
can help validate the capabilities of ADAS 
and autonomous driving systems. 

But simulation cannot fully replicate 
real-world driving conditions or the 
potential for imperfect sensor response — 
something that fully autonomous vehicles 
will inevitably have to contend with. 

OEMs rely on road testing to validate ADAS 
and autonomous driving systems prior 
to bringing them to market. While road 
testing is and will continue to be a vital and 
necessary component of the development 
process, it is time-consuming, costly, and 
difficult to repeat specifically in the area of 
controlling environmental conditions. 

Relying on road testing alone to develop 
vehicles reliable enough to navigate 

T&M: RADAR SENSOR TEST

The fully autonomous vehicles of the not-so-distant future promise tremendous gains 
in automotive safety and transportation efficiency. But to fulfil this promise, automotive 
OEMs must move beyond contemporary levels of vehicle autonomy. Making that leap 
will require overcoming a unique set of challenges for testing automotive radar sensors 
in advanced driver assistance systems (ADAS) and autonomous driving systems, as well 
as developing new methodologies for training algorithms that conventional solutions are 
ill-equipped to address.

By Thomas Goetzl, Vice President of Automotive and Energy Solutions at Keysight Technologies

Figure 1. Keysight Tech-
nologies Radar Scene 
Emulator
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urban and rural roadways safely 100% 
of the time would take decades. In order 
for development to occur in a realistic 
timeframe, training algorithms are needed.

Validating radar-based autonomous driving 
algorithms is a crucial task. The sensors 
capture information about road and traffic 
conditions and feed that information to 
processors and algorithms that enable it 
to make decisions about how the vehicle 
should respond to any given situation. 

Without proper training, autonomous 
vehicles could make decisions that 
undermine driver, passenger, or pedestrian 
safety. 

Just as people become better drivers with 
time and experience, autonomous driving 
systems improve their ability to deal with 
real-world driving conditions with time and 
training. 

And achieving Level 5 autonomy will 
require complex systems that exceed the 
abilities of the best human drivers. 

Premature road testing of unproven ADAS 
and autonomous driving systems also 
creates risks. OEMs need the ability to 
emulate real-world scenarios that enable 
validation of actual sensors, electronic 
control unit code, artificial intelligence, and 
more. 

Current lab-based simulation solutions 
do not provide a true approximation of 
real-world driving scenarios. They have a 
limited field of view and cannot resolve 
objects at distances of less than 4 meters. 

Some of these systems use multiple radar 
target simulators, each presenting point 
targets to radar sensors and emulating 
horizontal and vertical position by 
mechanically moving antennas around. This 
mechanical automation slows overall test 
time. 

Other solutions create a wall of antennas 
with only a few target simulators, enabling 
an object to appear anywhere in the 

scene, but not concurrently. In a static or 
quasi-static environment, this approach 
enables test with a handful of targets 
moving laterally at speeds that are limited 
by the speed of robotic arms.  

Current simulators can emulate a maximum 
of just 32 objects – including vehicles, 
infrastructure, pedestrians, obstacles, and 
other objects. This is far fewer objects 
than a vehicle traveling on the road may 
encounter at any given time. 

Testing radar sensors against a limited 
number of objects delivers an incomplete 
view of driving scenarios and masks the 
complexity of the real world. 

To advance autonomous driving technology 
to Level 4 and Level 5 autonomy, 
automotive OEMs need solutions capable of 
rendering more objects faster and at closer 
distances. 

To help bridge these gaps, Keysight 
developed a proprietary scalable emulation 
screen that combines hundreds of 
miniature target radar simulators and 
can emulate up to 512 objects at distances 
as close as 1.5 meters. The result is a 
deterministic real-world environment for 
lab testing complex scenes that previously 
could only be tested on the road. 

Keysight believes this technology goes a 
long way toward bridging two important 
gaps on the road to Level 5 vehicle 
autonomy, bringing safer and more efficient 
transportation with fewer fatal accidents 
and less time wasted in traffic.  

T&M: RADAR SENSOR TEST

Figure 2. Standalone circuit board including 8 individual miniature RF front ends, each with 
its own antenna. This board is the functional building block of the Radar Scene Emulator’s 
hardware, which when arranged in a semi-circular array of sixty-four circuit boards, forms 
the emulation screen.
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These three attributes are the key 
to understanding the depth of 
an AI’s unique power. And like 

many things, the more you cultivate and 
calibrate these foundational elements, 
the better the AI algorithm will perform 
in the long term. Now that we understand 
the three areas to explore let's dive into 
the first component, measurement depth, 
and how it’s critical to the foundation 
of building a robust, high-performing AI 
algorithm.   

Measurement depth  
Metrology is the study of measurement 
science and measurement depth plays 

a crucial role in building a robust 
algorithm. The Gaugemaker’s Rule, or 
10:1 rule, states that a measurement 
device must be 10x more precise than the 
desired measurement. The reason that 
measurement depth is so critical is that it 
determines the possible level of precision 
and sets the algorithm's maximum 
potential. Therefore, the more precision 
you have in any given measurement, the 
greater the AI algorithm’s potential. 

Metrology focuses on the deep 
understanding of a particular measurement. 
That measurement can be as simple and 
distinct as voltage, ground, or temperature 
or as multi-modal as the functioning of 
aircraft control surfaces, or as complex as 
maximising throughput on a manufacturing 
assembly line. Whether you are measuring 
a single parameter or several, the depth 
of each measurement determines the 
level of programmability that’s possible. 
For instance, measuring a 3 Volt system 
to 1/10th of a volt is not as insightful as 
measuring to 1/1000th of a volt. 

Depending on the system that voltage 
is powering, the extra precision may 
be critical for battery life or maybe a 

Determining the Potential of Your AI 
Algorithm Starts with Measurement 

At the core of every AI algorithm are three basic ingredients: 1) the ability to measure, 
2) knowing how much of what you measure needs to be processed, and, of course, 3) the 
ability to process more than one input at a time. To what depth a system can measure can 
be thought of as its potential. Determining what aspects of those measurements must be 
sent to the processor can be thought of as delivering that potential. Finally, knowing how 
to combine the salient parts of those measurements in the correct proportions, known as 
sensor fusion, is the key to exploring an algorithm’s IQ or reasoning potential. Augment 
that sensor fusion with a feedback loop and the algorithm will have the ability to check 
and course-correct its logic, a necessary ingredient in machine learning.   

By Jeff Harris, Vice President, Global Corporate and Portfolio Marketing, Keysight Technologies

T&M: METROLOGY
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distraction. Maximising the potential of 
any algorithm requires matching the entire 
end-to-end measurement needs to the 
needed depth. This is true no matter what’s 
being measured, even data systems, which 
may not be as immediately intuitive, so let’s 
look at one of those examples.    

How to optimise 
measurement  
Enterprise IT stacks are now a complex 
web of interconnected data systems, each 
exchanging information aimed at tuning an 
organisation’s operations. These technology 
stacks include an array of software such as 
CRM, ERP, databases, order fulfilment, and 
each with unique data formats and custom 
application programming interfaces (APIs). 

According to Salesforce, the average 
company has over 900 applications in its 
tech stack, many of them cloud-based and 
all of them experiencing software updates 
that can have ripple impacts. Identifying 
and isolating problems, much less 
optimising performance across multiple 
intersecting software applications, is 
akin to finding a needle in a collection of 
interconnected haystacks.  

Each software application in a tech stack 
has a different sponsor in an enterprise – 
finance, human resources, sales, marketing, 
supply chain – and that primary org’s 
considerations are top of mind for IT. 
Every enterprise has custom workflows and 
integrations with numerous applications 
and backend systems, and user journeys 
span various paths and are rarely linear. 
Therefore, even if two enterprises used 
identical applications in their tech stack, 
mapping all the exchange points and 
validating the end-to-end operation 
would be unique. If there were ever an 
application in need of AI, this would be 
it. The measurements, in this case, could 
be the intersystem data input points, the 
intrasystem data exchange points, and the 
data display points.  

 Understanding how an AI algorithm would 

operate in a system like this would start 
with understanding how it measures points 
data in three key areas:   

1. Measuring how users’ interface with the 
application, regardless of the operating 
system, which in some cases involves 
employing robotic process automation 
(RPA) when button pushes are required 

2. Measuring the data exchanges 
between and command APIs that link the 
systems in a complex technology stack to 
ensure they are occurring correctly 

3. Measuring on-screen information 
across omni platforms (desktops and 
mobile) such as images, text and logos as a 
human would to see how they render 

Evaluating the measurement efficacy 
starts with its ability to measure regardless 
of operating system, software versions, 
devices, or interface mechanisms. The 
more conditions under which the AI cannot 
measure, the less impactful it will be in 
operation.   

Conclusion 
Whenever you assess the potential of 
anything, start with the foundation. At the 
foundation of every AI system is its ability 
to measure. The more it can measure, the 
more impactful it has the potential of being. 
Look at what it is capable of measuring 
and, more importantly, where it is not 
capable. Limited sensing results in limited 
AI algorithm potential. The old adage from 
Lord Kelvin stands true today that “if you 
cannot measure it, you cannot improve 
it.” To understand the true power of any 
AI, make sure to start by analysing its 
measurement breadth and depth.  

T&M: METROLOGY
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We may be talking about 
anechoic chambers for 
antenna testing or for 

automotive NVH (Noise, Vibration, 
Harshness) and performance testing – 
or indeed those in the world of satellite 
communications and broadcasting.  

Accordingly, integrated high-current MPE 
filters provide essential EMC protection for 
incoming power lines on RFI-shielded test 
chambers designed in-house, manufactured, 
and installed by NTD Shielding of St 
Helens, Merseyside. 

During 2019 NTD Shielding Services 
installed and commissioned a high- 
performance RF chamber for the BBC. 

The high-performance chamber measures 
2.4 x 2.4 x 3.6m and incorporates a full 
electrical package with fibre-to-data 
conversion. Within this system MPE 
filters were vital to provide protection and 

Power line filters safeguard 
EMC test chambers 

electrical immunity for the incoming power 
lines, a Vesda fire detection system and a 
‘test-in-progress’ status warning light. 

MPE’s EMC filters were specified to ensure 
the high efficiency of the RFI shield and also 
the EMC compliance of the whole electrical 
system and each of its incoming lines. The 
power line filters manufactured by MPE for 
this application provide 100dB of insertion 
loss performance across a full frequency 
range extending to over 20GHz. A variety 
of MPE filters for up to 32A current were 
required to meet the demands of the 
application. 

In another set of applications, NTD 
Shielding Services installed three bespoke 
chamber solutions for Isotropic Systems 
at Reading, each incorporating MPE’s 
high-performance EMC filters. 

A pioneer in the satellite communications 
market, Isotropic Systems has a host of 

T&M: EMC

In most situations nowadays systems must be available 24 hours a day, seven days a week 
and operate safely and securely without any interruption in service due to interference. 
That is no more so than in the universe of EMC test chambers. Such specialised chambers 
test electronic devices against regulatory standards applicable to both radiated and 
conducted radio frequency emissions and immunity. 

Eurofighter Typhoon 
on EMC test
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ambitious new satellite constellations from 
SES, Inmarsat, SpaceX, OneWeb, Telesat 
and Amazon currently being developed 
and deployed in conjunction with GEO 
HTS assets. Central to these development 
programmes, Isotropic required a high-per-
formance in-house EMC testing capability 
as a critical resource. 

NTD Shielding Services installed the 
three bespoke chambers between January 
and March 2020, with commissioning 
completed shortly afterwards. In support 
of these works MPE supplied a range of its 
high-performance filter solutions, including 
extended performance variants which 
provided high levels of attenuation through 
to 40GHz. 

The first chamber at Isotropic Systems 
measured 4.5 x 9.5 x 4.5m, featuring 
double access doors, access ramps and 
fire detection systems, with integral 16A 
and 32A extended performance filters 
from MPE. Measuring 3.5 x 10.5 x 3.5m, 
the second chamber was equipped with 
semi-automatic pneumatic doors, USB 
ports, a media conversion pack and fire 
detection systems. Again, MPE’s 32A filter 
solutions were utilised. 

Completing the installation was a 40GHz 
ultra-performance, millimetre wave, mobile 
chamber, measuring 1.3 x 2.8 x 1.3m and 
incorporating MPE’s DC filter solutions. 

MPE’s EMC filters were specified on all 
three applications at Isotropic Systems to 
ensure the high-performance of each EMC 
chamber and also the EMC compliance of 
each electrical system and its incoming 
lines. In this case the power line filters 
manufactured by MPE provide 100dB of 
insertion loss performance across a full 
frequency range to more than 40GHz. 

Among other test chambers in current 
service in the UK which incorporate 
MPE protection solutions are those for 
the Microwave Vision Group (MVG) and 
Horiba MIRA Ltd. 

At Horiba MIRA in Nuneaton, 

Warwickshire, MPE upgraded the 
protection on a chamber to meet the 
requirements of the electric vehicle market. 
MPE delivered both AC and DC filters, 
with the DC filter providing a very high 
attenuation performance of 100dB from 
10KHz through to 18GHz and being rated 
for 800A at up to 1500V DC. 

Whilst the chamber itself measured around 
20 x 11 x 7.5m, the available space for any 
new filters was of primary concern, as was 
the overall increase in weight to the existing 
structure from the filters. MPE therefore 
adapted designs from its high-current 
DC filter catalogue range, ensuring that 
envelope size and weight limits were met. 

MPE also designed and delivered custom 
busbar configurations and custom 
enclosure hardware for both external and 
internal mounting to the existing structure. 
The result was a smooth and efficient filter 
installation, minimising the need for MIRA 
to make changes to its existing chamber. 

T&M: EMC

An array of high-per-
formance power line 
filters from MPE

NTD Shielding installs 
RF chamber for the 
BBC, Shepherd's Bush
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Software developers targeting 
robotics applications face a growing 
struggle to meet performance 

requirements, ensure real-time 
determinism, and ensure adequate 
safety and security. Increasingly, the 
general-purpose nature of the scalar 
(CPU) processor architectures at the 
heart of the machine, together with 
limitations on performance scaling, 
presents a barrier to meeting the diverse 
requirements placed on today’s industrial 
robots. Common problems include time 
inefficiencies that impact determinism, 
excessive power consumption, and 
security issues. A further challenge to 
security is that the hardware cannot be 
reconfigured to update protection against 
evolving cyber-threats. 

A new generation of computing platforms, 
better suited to the demands of robotics, 
is now emerging. These modules comprise 
heterogeneous processing elements that 
allow roboticists to build flexible compute 
architectures. This article assesses their make-up 
by examining the various compute resources 

that are available to roboticists, including CPUs, 
DSPs, GPUs, FPGAs, and ASICs. Each has 
specific strengths and therefore a continued 
role as the evolution of robotics technology 
progresses.

Compute technologies for 
robotics applications
Scalar processors (CPUs)

CPUs, as scalar processing elements, can handle 
complex algorithms with diverse decision 
trees and a broad set of libraries in an efficient 
manner. Although CPUs are highly flexible, and 
multi-core processors can handle different tasks 
running simultaneously without distractions 
or coordination problems, their underlying 
hardware is fixed. Most CPUs still operate 
on the stored-program computer principle, 
where data is brought to the processor from 
memory, operated on, and then written back 
to memory. The focal point of the architecture 
is the arithmetic logic unit (ALU), which 
requires data to be moved in and out for every 
operation. Fundamentally, each CPU operates 
in a sequential fashion, one instruction at a time, 

Making robots more efficient 
with adaptive computing

As roboticists encounter limitations imposed by traditional processor architectures, 
customisation and parallelism are needed to meet forthcoming performance, security, 
and safety challenges. Víctor Mayoral-Vilches, Robotics System Architect, Adaptive & 
Embedded Computing Group, AMD discusses.

IOT: ROBOTICS
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and many steps are typically needed to complete 
a task. 

Despite these drawbacks, scalar CPUs have a 
fundamental role in modern robot architectures. 
They are well suited to coordinating information 
flows across the various subsystems and 
components for sensing, actuation, and 
cognition. 

Vector processors

Vector processing elements (DSPs, GPUs) are 
more efficient at a narrower set of parallelisable 
compute functions, but they experience latency 
and efficiency penalties because of inflexible 
memory hierarchy. 

GPU architectures contain large numbers of 
cores that are optimised to do a few specific 
tasks. It is most efficient for them to execute 
these simultaneously and concurrently. Hence 
vector processors overcome one of the major 
drawbacks of CPUs in robotics with their ability 
to process large amounts of data in parallel.

Programmable logic (FPGAs)

Unlike processors that contain general-purpose 
processing units and memory structures, 
programmable logic (FPGAs) can be precisely 
customised as needed to perform a particular 
compute function. Although highly effective 
for latency-critical real-time applications, this 
imposes extra programming complexity. Also, 
reconfiguration and re-programmability have 
longer compile times when compared to scalar 
and vector processors. 

Robot designers can use FPGAs to create 
runtime-reconfigurable robot hardware 
that can be re-programmed and adapted via 
software. These engines can handle data-flow 
computations quickly and efficiently and so 
are well suited to uses such as interfacing with 
sensors and actuators, as well as dealing with 
networking aspects. Designers can also create 
custom hardware acceleration kernels to handle 
data-processing tasks they would otherwise 
need to assign to vector processors.

Application-Specific Integrated Circuits 
(ASICs)

In an ASIC, the processing elements can be 
customised, as with an FPGA. However, once 
determined it cannot be modified. This fixed 
architecture allows unmatched performance 
and power efficiency, as well as the best prices 
for high-volume mass production. On the other 
hand, ASICs can take months or even years to 
develop and do not allow for any changes. They 
cannot adapt to ensure the robot will keep up 
with future productivity enhancements.

Adaptability is important because robotic 
algorithms and architectures are still evolving 
rapidly. An ASIC-based accelerator could 
fall significantly behind the state-of-the-art 
algorithms. Given the time taken to develop the 
ASIC, this could begin to happen soon after – or 
even before – it enters production. At this stage 
of the robot-technology lifecycle, their use is 
limited.

Realising adaptive computing 
in robotics
Robots are networks of networks that exchange 
data on a continuous basis throughout the entire 
machine, from sensors, to compute engines, 
and back to the actuators at their extremities. 
We can visualise these networks as the nervous 
system of the robot, which facilitates exchanging 
information. As in the human nervous system, 
these exchanges are critically dependent upon 
deterministic performance and real-time 
responsiveness if the robot is to behave 
coherently. This is difficult to guarantee using 
scalar and vector processors, with their fixed 
architectures. 

The customised, highly parallel architectures 
implemented in FPGAs and ASICs offer the 
opportunity to overcome these limitations. 

IOT: ROBOTICS
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The FPGA, in particular, by enabling soft-
ware-defined hardware for robots, introduces 
a fundamental shift in the approach to 
software development in robotics. Instead of 
programming functionality in the CPU, working 
within the limitations imposed by the CPU’s 
pre-defined architecture and constraints, 
building a robotic behaviour with FPGAs 
is about programming an architecture that 
performs the desired task.

Roboticists need suitable tools and hardware 
to properly leverage the flexibility of FPGAs 
when building adaptable robots that exhibit 
deterministic, real-time behaviour. A Sys-
tem-on-Module (SOM) like the Xilinx Kria K26 
is one example, designed for edge applications 
and with high-speed interfaces, memory, and 
power on-board. It contains a Zynq UltraScale+ 
MPSoC System-on-Chip (SoC) that provides 

programmable logic cells and DSP slices while 
handling scalar and vector processing workloads 
with a quad-core application processor complex, 
dual-core real-time processor, and a 2D/3D GPU. 

In addition to the SOM, appropriate libraries 
and utilities are needed to build industrial-grade 
robotics solutions. The Kria Robotics Stack 
(KRS) (Figure 2) is tightly integrated with 
the Robot Operating System (ROS), which is 
the de facto framework for robot application 
development, and simplifies the use of hardware 
acceleration. The SOM provides native support 
for ROS 2, which boosts performance in robotics 
and industrial automation applications.

This stack uses the ROS 2 Software 
Development Kit (SDK) and works with the 
ROS 2 ecosystem to help build robot systems 
with deterministic, real-time performance 
using a modular approach. It leverages known 
techniques like Quality of Service (QoS) 
mechanisms and Time Sensitive Networking 
(TSN) and includes application-level 
acceleration kernels, ROS communication 
middleware, and a runtime tool that facilitates 
interactions with the FPGA. A hypervisor helps 
support mixed criticality using virtual machines.

Conclusion
Adaptive, accelerated computing leveraging 
FPGAs can enhance the performance of 

industrial robots while 
also improving energy 
efficiency and permitting 
future-proof flexibility 
and security. Realising 
these next generations 
of machines requires 
suitable hardware, such 
as SOMs that combine 
FPGA logic with scalar 
processors and GPUs, as 
well as software and tools 
that can be easily used 
with a framework familiar 
to roboticists, such as 
ROS 2.

Figure 2. Essential libraries and 
utilities for hardware-accelerated 

robotics. click here

Figure 1. An FPGA 
System-on-Module 
provides a platform 
for real-time, deter-
ministic robotics.  
click here

IOT: ROBOTICS
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A collaboration between Teledyne 
e2v, Klepsydra Technologies and 
Beyond Gravity enables space 

designers to manufacture systems and 
solutions that were not feasible in the 
past. 

“Teledyne e2v has been ensuring that its 
platforms bring the right level of maturity 
and quality and are perfectly capable of 
working together with third parties and 
product implementations,” said Thomas 
Guillemain, Marketing & Business 
Development, Data Processing Solutions.

He continued: “There is a key challenge to 
implement lots of reliability together with 
lots of computing in space, also known 
as Edge computing, to treat more data in 
space, rather than sending it to the ground.”

What are the drivers?
Space equipment is difficult to build as 
everything must be launched into space, 
and it therefore needs to withstand the 
force, vibrations and shock involved in the 
launch. Once equipment is launched into 
space, it faces further problems including 
having to serve a long operation time with 
little to no maintenance, micrometeorites, 
extreme temperatures, and radiation. 

Traditionally, the most performant 
computers aren’t necessarily used in 
space as its more important to have a 
reliable system. For instance, the more 
performative a processor is the more 
prone it is to any kind of particle radiation. 
However, there is now a desire for better 
performance for space applications, 
especially those related to AI. Spacecraft 
autonomy, AI for Earth observation, and 
Edge processing are three key drivers for 
such a development. 

Spacecraft autonomy

Both the private and public space 
sector have already launched satellite 
constellations into space, including Star 
Link. If you have hundreds of satellites, 
you cannot control them by a team on 
the ground individually. Therefore, those 
satellites need a higher degree of autonomy 
to work.

Also, as a nation we want to travel back 
to the Moon! We want to explore Mars 
and the rest of space as and when that 
becomes possible. This also requires more 
autonomous spacecrafts; after all, in deep 
space, any signal could travel for minutes or 
hours. 

AI in space is taking off

As an emerging area in the satellite industry, Edge computing in space has seen increased 
innovation, with many new companies working on different applications. Today’s world is 
Edge-hungry, predicted by 2025 to have 75% of all data produced and processed at the Edge. 
This is exacerbated by the proliferation of sensors, connected devices and wireless networks, 
meaning data is produced at an astronomical rate. Electronic Specifier’s Kiera Sowery 
explores further.
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AI for Earth observation

Many applications for imagery on Earth 
would have useful applications in space, 
including natural disaster early-warning 
systems, automatic recognition of forest 
fires and glacier movements, automatic 
tracking of ships and aircrafts and smart 
farming. Other applications are also likely 
to emerge over the next few years.

Edge processing

We now have a ‘data bottleneck’. 
Traditionally, the images created in space 
were sent to dedicated data centres to be 
processed. However, now that we have 
better sensors, larger datasets can be 
created in space, but they cannot be sent to 
data centres fast and efficiently. 

Edge processing offers a solution to this. 
Edge processing means that the data is 
processed at the Edge (close to where it 
is generated) – in this case, the satellite or 
spacecraft. 

Beyond Gravity provides a processing 
platform to maximise the value of the data 
generated in space.

This solution, called LYNX, is based 
on LS1046-Space (a quad-core ARM 
Cortex-A72 processor by Teledyne e2v). It 
features over 30k DMIPS, is available in two 
form factors, has a power consumption of 
up to 40W, and is radiation tolerant up to 
100krad(Si) TID. Future generations are 
planned, including REFLEX, an FPGA-based 
product, and ALEX, which is GPU based.

Beyond Gravity develops and manufactures 
products for satellites, launch vehicles, 

and other spacecraft. In particular, it 
provides Edge computing platforms 
hardware, meanwhile parts of the software 
framework may come from partners, 
which is where Klepsydra Technologies 
comes in. Klepsydra Technology is a 
software company developing on-board 
data processing solutions for real-time 
applications, providing Edge computing 
software for today’s data-hungry world. 
Its software has been deeply optimised for 
Beyond Gravity’s Lynx computer, therefore 
enabling real AI onboard.

Our data hungry world
Space computers are undergoing an 
important challenge as the number of 
sensors and data sources inside satellites 
continue to grow, and more data needs 
to be processed. We are reaching a point 
where it’s common to lose some data 
during onboard processing, which can lead 
to critical failures that cannot be ignored, 
including collision, mission failure, and 
crashes across the globe. 

There was a solution created in the early 
2010s within the financial industry. The 
solution was trading software using 
cutting-edge lock-free programming 
techniques; however few developers have 
the required skills.

Klepsydra’s software can improve computer 
resources by eight fold, reduce power 
consumption by 50%, and provide no data 
losses. The company created its own AI 
software based on this solution using a 
high-performance, advanced parallelisation 
method. 

Credit: Teledyne

IOT: AI IN SPACE
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IOT: AI IN SPACE

The solutions cover a range of uses for 
latency throughout the CPU.

The software is already used by ESA for 
Earth orbit testing and sun imagery weather 
classification. Performance benchmarks 
also show that Klepsydra AI on the Lynx 
computer performs up to four times better 
than others, making space missions more 
reliable and successful.

QlevER Sat: deforestation
Teledyne e2v provides radiation-tolerant 
compute-intensive solutions, solving the 
key problems discussed earlier. These 
include LS1046-Space, DDR4T04G72M and 
QLS1046-Space. There are three key pillars 
to the success of Teledyne’s radiation- 
tolerant computing solutions, including a 
robust and proven space manufacturing 
flow, radiation characterisations and agile, 
highly-skilled R&D and technical support.

The following trends and innovations are 
enabled by the solutions: 

• on-board processing, autonomous/AI 
image processing

• new space platforms and landers

• ground-sat and sat-2-sat communications 

• heterogenous data analytics

The collaboration between the three 
companies allows projects to take place that 
wouldn’t otherwise be possible. 

This includes a smart satellite featuring a 
high-resolution image sensor from Teledyne 
e2v with a compute-intensive processing 
module running on innovative space AI 
algorithms. 

The system is designed for 6U Earth 
observation CubeSats, reducing link 
bandwidth by processing images into 
simplified binary maps before transmission 
to the ground. Deforestation is the primary 
use case; however, it could also be used 
to monitor volcanic activity and glacial 

movement, evaluate damage caused by 
natural disasters and also performs defence 
related tasks.

Processing is in a 1.8Ghz 64bit Teledyne 
quad-core Qormino QLS1046-Space 
module, which has ARM Cortex A72 
cores alongside 4Gbyte of DDR4 memory. 
Imaging data is captured using a 16Mpixel 
Emerald CMOS sensor, also from Teledyne.

“To ensure that Qormino is robust 
enough to deliver long-term operation 
when exposed to space conditions, and 
mitigate the threat of errors occurring, our 
components are subject to extensive Space 
High Reliability qualification, radiation 
characterisation and mitigations,” said 
Guillemain.

He continued: “These cover both the 
processor and the accompanying memory. 
The modules can cope with total ionising 
dose levels above 100kRad and have single 
event latch-up resilience beyond 60MeV.
cm2/mg. An operational temperature range 
of -55°C to +125°C is supported.”

What’s next?
Teledyne aims to further develop its com-
puting-intensive solutions to serve Edge 
computing in space, with higher CPU 
capabilities, improved power efficiency, 
bigger DDR4 densities and integration 
in systems in packages. Also, increasing 
activities on reference designs and key 
companion chips selection for platforms 
are all key to ease system developments and 
reduce time to market for customers. 

“To be able to this, we need to gain 
extensive testing and proof of evidence 
that it will work in the expected way,” said 
Guillemain.

“What we can expect in the future is more 
capabilities and computation, making faster 
decisions and actions in different areas, 
providing that the foundation has been 
demonstrated in advance, which is where 
we invest.”
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IOT: DRONES

5x extended drone range makes 
humanitarian missions possible

The world’s first commercialised hydrogen fuel cells for drones delivers breakthrough 
performance with power modules

Doosan Mobility Innovation 
(DMI) is delivering humanitarian 
relief to remote locations 

using drones powered by its innovative 
energy-dense hydrogen fuel cells. With 
two hours of flight time, the drones 
have transported masks and emergency 
supplies from mainland USA to the Virgin 
Islands, mainland Korea to Jeju Island 
and ascended Mt. Hallasan, the tallest 
mountain in South Korea, to deliver 
medical AEDs (automated external 
defibrillators). This technology paves the 
way for developing mobile robots with 
extended range and load capacity. 

DMI, a subsidiary of the Doosan Group, 
was established in 2016 to leverage 
the Doosan Group’s hydrogen fuel cell 
technology to develop a hydrogen fuel 
cell power pack for mobile devices and a 
mobility solution using it. Currently, the 
DMI hydrogen fuel cell drones are being 
used for critical applications such as 

delivering emergency supplies to remote 
locations, marine search and rescue and 
monitoring large agricultural areas and vast 
solar farms. 

After securing the reliability, durability, 
and stability of the hydrogen fuel cell, DMI 
achieved the world’s first commercialisa-
tion and mass production of the 2.6kW 
hydrogen fuel cell DP30 power pack. The 
DP30 offers energy density at 400-500W·h/
kg, which is four to five times that of a 
conventional battery. This translates to 
two hours of flight time for an unmanned 
aerial vehicle (UAV), more than five times 
longer than other drones, solving one of the 
biggest problems in the industrial drone 
market: short flight time.

Hydrogen fuel cell power packs offer 
significant advantages for drones, where 
available payload space and weight are 
limited, because they only need a stack and 
hydrogen container to generate electricity. 
In such fuel cell power packs, hydrogen and 

DMI drones delivered emergency medical supplies to 
the Virgin Islands
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oxygen act as fuels for a stack composed 
of numerous cells made up of a polymer 
electrolyte membrane and two electrodes. 
This stack generates ions and electrons 
through the reaction between hydrogen and 
oxygen, and because oxygen can be readily 
obtained from the atmosphere, the fuel 
cell power pack need only provide its own 
source of hydrogen.

Benefits for fuel cell-powered drones are 
significant. For infrastructure inspection, 
a DP30 fuel cell powered drone can 
monitor a distance of 50km or more per 
flight, compared to only 10km per flight 
for a battery-powered drone. In terms 
of reachable range, a fuel cell-powered 
drone can cover up to 4,000km2 from the 
centre versus only 300km2 for a standard 
battery-powered drone. The benefits 
for operators are significant, as greatly 
extended flight time maximises utilisation 
in infrastructure inspection, public safety, 
logistics, construction/mining, forestry, and 
agriculture.

DMI successfully performed a 
demonstration of these benefits with a solar 
panel inspection at Korea’s largest solar 
energy plant in Solasido, Haenam. With a 
capacity of 98MW, the energy plant was 
completed this year. Using a DP30 powered 
drone equipped with a common camera 
and a thermographic camera, the image of a 
section of this power plant of about 20MW 
was obtained by just two automatic grid 
flights. When performing the same mission 

using a battery-powered drone, more than 
six battery replacements are required.

DMI also demonstrated the beneficial 
impact of extended range with a 
demonstration of delivering emergency 
medical supplies to an island at a distance 
of 70km and are actively developing 
additional applications, such as delivering 
COVID masks and emergency supplies to 
islands near Jeju Island, delivering medical 
AEDs to Mt. Halla, plus inspecting offshore 
wind power plants, inspecting domestic 
power lines, monitoring gas pipelines, 
monitoring agricultural products, searching 
for missing persons and investigating and 
managing rivers. The company is also 
focusing on the logistics field, where it can 

Solar panel inspection in Haenam Solasido is achieved with far greater efficiency and speed by DMI drones

The DMI hydrogen fuel cell power pack DP30 offers energy density at 400-500W·h/kg, 
which is four to five times that of a conventional battery

IOT: DRONES
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maximise the advantages of long-term flight 
of hydrogen fuel cell drones.

High-density power design 
to optimise power pack 
performance
Developing a hydrogen fuel cell for mobile 
devices requires overall technological 
innovation from materials science to 
full system-level design optimisation. 
The key to mobility is miniaturisation, 
increasing efficiency and lowering system 
weight. Moreover, high-energy output and 
durability should be incorporated for a long, 
stable flight. Therefore it is necessary to 
reduce the weight of the stack, configure 
a powertrain with high power density and 
simplify the design of the overall power 
pack including peripheral components to 
fully optimise the system.

Core to these design goals is the 
architecture and implementation of the 
systems power delivery network (PDN). 
The DP30 power pack has two main 
powertrains that supply power to the 
drone’s rotors and the controller for the 
two stacks. Because of the wide range and 
variable output voltage of the DP30 power 
pack, from 40 to 74V, the powertrains were 
designed to ensure a tightly regulated 48V, 
12A output to the rotor motors of the drone, 
plus a 12V, 8A output to the stack controller 

board and fans.

To achieve high efficiency and high energy 
density in the PDN, DMI selected Vicor 
PRM buck-boost regulators and a ZVS buck 
regulator. The PRMs support up to 74V 
open circuit voltage (OCV) of the hydrogen 
fuel cell stack and perform a stable voltage 
regulation to 48V.

In the drone’s rotor-side PDN, 
two PRM buck-boost regulators 
(PRM48AF480T400A00) are configured in 
parallel to supply the 12A required by the 
rotors. The PDN for the digital controller 
board in the stack, uses a lower-power PRM 
(PRM48AH480T200A00) followed by a 
48V-to-12V ZVS buck regulator (PI3546-00-
LGIZ).

“The innovation of the DP30 required us 
to consider how to implement an efficient, 
energy-dense power delivery network. Vicor 
has more than 40 years of experience in 
power conversion topologies, component 
design, and packaging technology was 
important to our success. Vicor supplied 
products of exceptional energy density 
that provide the best combination of size, 
power loss, and efficiency. In particular, its 
solution is supplied as a modular product 
incorporating individual power elements. 
This simplifies system design, facilitates 
miniaturisation and lightening, and is much 

Structure of Hydrogen Fuel Cell Power Pack

IOT: DRONES
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more reliable than using individual discrete 
components. Vicor has been recognised 
for its reliability through military-grade 
products for decades and offers high mean 
time between failures (MTBF). Its products 
also feature easy heat dissipation through 
high efficiency and module-based package,” 
said Soonsuk Roh, Business Execution 
Team Manager, DMI.

Collaborating and innovating 
with high performance power 
modules
Apart from the 2.6kW DP30 power pack 
currently being produced, DMI plans to 
diversify product lines by power capacity. 
The company is expected to develop 
products with various capacities, ranging 
from the 1.5kW hydrogen fuel cell power 
pack that is scheduled to be released 
next year to a 10kW one, and to launch 
corresponding drones suitable for each 
power pack. 

The Vicor modular approach to power 
enables scalability to support such diverse 
product lines. This also allows DMI to focus 
on solving other engineering problems, 
such as stack structure changes, powertrain 
and peripheral components and heat 
dissipation methods, all of which arise 
from the expansion of power capacity. 
With Vicor, DMI is better able to pursue 
its main objectives: to increase durability 
and stability as well as achieve the 
miniaturisation and lightening of fuel cells 
with high energy density.

In addition to the recent work in hydrogen 
fuel cell power packs for drones, DMI 
has formed an Urban Air Mobility (UAM) 
consortium with Hyundai Motor Company, 
Hanwha Systems, Korean Air, and SK 
Telecom and is pushing to develop drone 
taxis. DMI is saving lives and expanding 
to new frontiers with its world changing 
technology.

Doosan Mobility Innovation
Doosan Mobility Innovation (DMI) is a 

subsidiary of Doosan Group, one of the 
leading global companies in the hydrogen 
fuel cell market. It was established in 2016 
to develop hydrogen fuel cells for mobile 
devices. Doosan Group has built a complete 
technology, supply, and production system 
ranging from materials to systems in the 
markets of the phosphoric acid fuel cell 
(PAFC) for 50 years and solid polymer 
electrolyte membrane fuel cell (PEMFC) 
for 30 years, supplying fuel cells for 
automobiles, households, power generation, 
and buildings. Meanwhile, DMI has focused 
on the development of hydrogen fuel cells 
for mobile devices based on Doosan’s 
proven hydrogen fuel cell technology 
and various experiences in the stationary 
applications sector. Moreover, it contributes 
to the development of the unmanned aerial 
vehicle (UAV) industry, such as drones and 
drone taxis. For more information, visit 
www.doosanmobility.com.

About Vicor Corporation
Vicor is the leader in high-performance 
power modules, enabling customer 
innovation with easy-to-deploy modular 
power system solutions for power delivery 
networks that provide the highest density 
and efficiency from source to point-of-load.   
Vicor serves customers in enterprise and 
high-performance computing, industrial 
equipment and automation, robotics, UAVs, 
vehicles and transportation, satellites, and 
aerospace and defense. 
www.vicorpower.com

IOT: DRONES

Vicor PDN solution for the DMI DP30 hydrogen fuel cell power pack 
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The robot’s wireless 
communications and onboard 
navigation systems enable them 

to receive commands on where to go 
next. AMRs can navigate to the requested 
location without being programmed 
and can even find an alternate path 
if an obstacle is encountered. They 
can make warehouse operations, 
manufacturing processes, and workflows 
more efficient and productive by 
performing non-value-added tasks, such 
as transporting, picking up, and dropping 
off materials, to free-up people to perform 
complex tasks that add value. Although 
it’s a relatively young technology, AMRs 
have already branched off into many 
distinct varieties, each of which is 
optimised to perform a specific type of 
task.

AGVs vs AMRs
Automated Guided Vehicles (AGVs) can 
deliver material to a specific location with 
more flexibility than a conveyor system but 
are still much less flexible than AMRs. Like 

Autonomous mobile robots (AMRs) are used in many industries in a growing 
variety of logistics applications. Unlike fixed material transport systems like 
conveyors, AMRs can drive around a facility unlimited by a fixed route. Rolf Horn, 
Applications Engineer at Digi-Key Electronics discusses.

conveyors, AGVs have a fixed route. But with 
AGVs, the route can be more easily and quickly 
modified than conveyor systems. AMRs can 
work collaboratively with people, offer much 
greater flexibility, and find the most efficient 
route to accomplish a specific task. If an AMR 
encounters an obstacle, it can change its course 
accordingly and continue to its destination. If 
an AGV encounters an obstacle, it stops and 
requires assistance before continuing along 
its preassigned track (Figure 1). AMRs use 
a combination of onboard and centralised 
computing power and sophisticated sensors 
to interpret their environment and navigate 
around both fixed obstacles and variable 
obstacles such as forklifts, people, AGVs, and 
other AMRs.

The Integration Toolkit (ITK) is Omron’s 
interface that enables centralised integration 
between the AMRs and client application 
software such as a manufacturing execution 
system (MES) or a warehouse management 
system (WMS). For example, AMRs can 
be integrated with the warehouse’s control 
systems in a warehouse and distribution centre 
environment, giving the AMRs increased 

Autonomous mobile robot 
types and applications

IOT: AMR
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flexibility to create their routes between 
locations. The result is a robot that is much 
better able to work with humans.

An AMR can also work like an 
AGV
Some AMR applications need the robot to stop 
at a specific location with high accuracy and 
repeatability. Fleet managers using Omron 
AMRs can select from two high-accuracy 
positioning systems; cell alignment position 
system (CAPS) and high accuracy positioning 
system (HAPS). CAPS or HAPS can improve 
goal arrival precision from about ±100mm to 
±8mm. The main safety scanning laser on the 
front of the AMR is used by CAPS technology to 
detect a target location and enables the AMR to 
move to the location with high accuracy.

HAPS technology can also consistently move 
through a defined space with enhanced 
precision and/or precisely stop at a predefined 
goal, but with a twist. Using HAPS, the AMR can 
follow magnetic tape (mag tape) on the floor to 
navigate to a goal, similar to an AGV. A HAPS 
sensor underneath the AMR is used to smoothly 
transition from fully autonomous mode to the 
path defined by the mag tape. The AMR then 
uses a combination of onboard sensors and 
floor markers to precisely navigate and stop at 
specific locations (Figure 2).

 When operating in HAPS mode, an Omron 
AMR can enter and leave a mag tape path at 
any point. That enables the AMR to smoothly 
transition from natural feature and autonomous 
navigation to AGV-like mag tape guidance. If 
it’s outfitted with front and rear HAPS sensors, 
the AMR can accurately move backward and 
forward along the mag tape path.

The Omron AMR system can be customised 
by developers, integrators, and end-users 
for various payloads and tasks (Figure 3). In 
addition to the facility integration possibilities 
supported by ITK, the combination of CAPS 
and HAPS increases the capability of these 
AMRs when accurate and repeatable positioning 
is needed.

Safe roboting
Safe operation is mandatory for AMRs. 
Examples of standard safety sensors include 
rear sonar and front lasers for obstacle 
detection, a front bumper sensor to stop the 
AMR if it contacts with an object, and light 
disks to alert people in the vicinity that the 
AMR is operating (Figure 4). Optional sensors 
can be added for specific requirements, such as 
identifying protruding or hanging obstructions. 
AMRs are required to comply with various 
national and international safety regulations 
such as EN 1525 (Safety of Industrial Trucks, 
Driverless Trucks and Their Systems), ANSI 
56.5:2012 (Safety Standard for Driverless, 
Automatic Guided Industrial Vehicles and 
Automated Functions of Manned Industrial 
Vehicles), and JIS D 6802:1997 (Automated 
Guided Vehicle Systems - General Rules on 
Safety).

System-level safety 
assessments
Meeting various national and international 
standards is only the start of AMR safety. They 
are getting more complex and handling heavier 
payloads, creating new safety challenges. To 
address the evolving safety concerns with 
AMRs, Omron offers a safety consulting service 
that provides design assistance, risk assessment, 
testing, and validation of AMR deployments. For 
example, the new ISO 3691-4 standard includes 
specific requirements for clearance between 

IOT: AMR

Figure 1. When an AMR approaches an obstacle (left), it can independently navigate around 
it. When an AGV approaches an obstacle (right), it stops until help arrives. (Image source: 
Omron)
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mobile robots and other structures. Support 
provided by Omron Safety Service consultants 
include:

• Layout design review and zones identification 
as required by ISO 3691-4

• Design calculations, especially in applications 
with high traffic or where heavy loads are being 
moved

• On-site solution testing and validation

AMR fleet manager
It’s almost unheard of to deploy a single AMR. 
Fleets of 100 AMRs are common, and Omron 
has an AMR management solution that provides 

built-in data capture, analytics, and reporting 
to enable organisations to optimise the 
performance of the overall facility operation as 
well as the resident robot fleet. The Enterprise 
Manager 2100 network appliance is a hardware 
and software solution designed to manage a 
fleet of AMRs. Queuing management software 
is used to communicate with the individual 
AMRs; it assigns tasks to each AMR based on job 
requests from users or automated equipment.

The Omron Fleet Operations Workspace 
(FLOW) solution runs on the Enterprise 
Manager 2100 and provides an intelligent fleet 
management system that monitors mobile 
robot locations and traffic flow. The Enterprise 
Manager 2100 enables users to manage and 
update AMR configurations. It coordinates the 
interaction and movement of AMRs, so each 
robot knows the location and path of any AMR 
in its vicinity. By automating various robot 
management tasks, FLOW software reduces 
programming demands on manufacturing 
execution systems (MES) and enterprise 
resource planning (ERP) systems. 

Simulation can optimise 
fleets of AMRs
Even before the EM2100 network appliance 
is deployed for fleet management, Fleet 
Simulator software enables users to plan 
traffic and workflows for fleets of autonomous 
mobile robots and helps identify and solve 
possible problems. AMR localisation, path 
planning, obstacle avoidance, task simulation, 

IOT: AMR

Figure 2. Omron CAPS (left) uses the AMR’s front scanning laser combined with autonomous 
navigation to locate and move to a target location with high precision. HAPS (right) uses 
a combination of markers such as magnetic tape and onboard sensors to navigate to and 
stop at specific areas. (Image source: Omron)

Figure 3. AMRs are 
available in various 
configurations 
optimised to perform 
specific tasks. (Image 
source: Omron)
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and fleet management based on a map of 
the actual facility can be accurately modelled 
using Omron’s Fleet Simulator. In addition, 
the simulations can be used to optimise the 
composition of the AMR fleet and predict 
throughput. An EM2100 can be configured as a 
Fleet Simulator at the factory or with a software 
update in the field.

AMR wellness
Once in the field, AMRs are expected to 
operate almost continuously, and preventative 
maintenance can be a crucial element in 
successful deployments. To support that need, 
Omron offers Wellness Visits that include 
regular in-facility evaluations of the condition 
of individual AMRs, enabling maintenance to 
be scheduled in advance, minimising costly 
downtime. 

Summary
AMRs are being used to make warehouse 
operations, manufacturing processes, and 
workflows more efficient and productive by 
picking up and dropping off materials, freeing 
up people to perform complex tasks that 
add value. As the variety of tasks using AMRs 
has expanded, new AMR formats have been 

IOT: AMR

Figure 4. Omron AMRs comply with ISO EN1525, JIS D6802, and ANSI B56.5 safety standards, have multiple standard sensors 
dedicated to safety and can be outfitted with optional sensors for enhanced safety in specific application scenarios. 
(Image source: Omron)

developed, complicating the management of 
AMR fleets. Managing fleets of AMRs begins 
with simulating the interactions of AMRs in 
a synthetic environment before launching 
the fleet. Once the fleet has been deployed, 
AMRs must operate safely, efficiently, and with 
minimal downtime. Centralised hardware and 
software appliances are available that can be 
used to simulate potential AMR deployments as 
well as monitor the safe, efficient, and reliable 
operation of AMR fleets.

Figure 5. Omron fleet simulator runs on the 2100 Enterprise Manager network appliance 
and can optimise an entire fleet of heterogenous AMRs before deployment. (Image source: 
Omron)
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Taking inspiration from his father, 
an aerospace engineer, Navjot has 
always been obsessed with new 

and innovative things from a very young 
age. He studied aerospace engineering 
at Queen Mary University of London 
and went on to join one of the world’s 
key graduate programmes at a global 
technology company, making vacuum 
cleaners. 

Three years on, Navjot felt his engineering 
innovations could be put to a bigger, 
more positive use. So, he applied for an 
International Placement Programme at 
Engineers Without Borders UK – a charity 
that sends engineers around the world to 
work on social projects. He landed a role in 
India, making efficient cookstoves with an 

Engineering a more efficient and 
sustainable future 

organisation called Prakti. 

Whilst working on this project, Navjot 
lived in a very rural village. Water was 
only switched on twice a day, once at 6am 
and again at 6pm – and that was only for 
about 15 minutes which meant there was 
a mad dash to fill every available utensil 
before it was switched off again. It was here 
that Navjot noticed his neighbour, Divya, 
perform the back-breaking work of hand 
washing clothes because she couldn’t afford 
an electric washing machine. 

Did you know that 70% of the world’s 
population lack access to an electric 
washing machine?

Handwashing clothes sounds like a simple 
task, but it is such an inefficient way of 

DESIGN: INNOVATIONS

The Washing Machine Project is an organisation providing displaced and 
low-income communities with an accessible, off-grid washing solution. 
Electronic Specifier’s Paige West spoke with Navjot Sawhney, Founder 
of The Washing Machine Project about the inspiration behind the or-
ganisation’s foundation and the impact the machines have had on lives, 
worldwide.

Divya helping refugees in 
an off grid, low water 
environmenT
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performing this kind of everyday, mundane, 
relatively unproductive task and it’s often 
taken for granted. Not only that, but it 
also affects the well-being and livelihood 
of women worldwide – in that it is so time 
consuming and unpaid, so it limits the 
capacity for them to do paid work.

This is when Navjot had his lightbulb 
moment – maybe he could make a washing 
machine.

Navjot comments: “The art of washing 
clothes has been around for centuries, 
and electric machines have been around 
for years so we’re not doing anything new, 
we’re just making it accessible for the vast 
majority of the world’s population who 
are absolutely on the poverty line or are 
refugees.

“To begin with, we spent a lot of time 
and effort trying to do as much research 
as possible on washing habits. In the 
last three years, we’ve interviewed about 
3,500 families on washing habits, across 17 
different countries. What it gave us was a 
very good indication of how big the drum 
size needs to be, how much weight people 
are comfortable carrying, where they 
normally wash their clothes, how much they 
spend on detergent, etc. and we designed 
around that.” 

The Divya 1.5 is a manual, off-the-grid 
washer-dryer machine. Inspired by a 
salad spinner, it saves up to 75% of the 
water and 50% of the time compared to 

handwashing, thanks to powerful and 
intelligent components. It weighs 35kg, has 
a load capacity of 5kg, spins around 500 
revolutions per minute and has one to five 
gearing ratios. The target cost is £50, and it 
comes with a two-year warranty. 

Watch the video to see how the Divya 1.5 
works. 

The Washing Machine Project designs, 
manufactures and distributes these 
machines to dozens of villages around the 
world. Not only that, but the machines 
have been distributed to people in refugee 
camps globally as a means to give them 
access to clean clothes. The first batch of 30 
machines were sent to a camp in northern 
Iraq back in 2021 and more recently, in June 

Did you know that 
70% of the world’s 
population lack 
access to an  
electric washing 
machine?
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DIVYA 1.5
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2022, the machines were sent to Ukrainians 
displaced by the Russian invasion. 

Navjot travelled to Poland to meet with 
groups supporting Ukrainian refugees and, 
at the time of writing, he was in Lebanon 
also offering his support.

By 2023, the plan is to have at least 7,500 
machines available to disadvantaged 
families and communities in 10 countries, 
providing relief to around 100,000 people. 
But to continue the good work, the project 
requires essential funding and support.

Already, the project partners with agencies 
to provide aid and opportunities to 
their beneficiaries as well as corporate 
organisations and universities to provide 
outreach opportunities to students. 
One such corporate organisation is RS 
Components, who chose The Washing 
Machine Project as its first global charity 
partner, pledging to support the project for 
three years. With an innovative engineering 
solution at its heart, the mission of The 
Washing Machine Project resonated 
with Electrocomponents’ own, as both 
organisations share the ambition of creating 
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a more sustainable world.

The project also has the support of 
organisations such as The United Nations 
and Oxfam and have featured on platforms 
like the BBC and in The Guardian.

Navjot continues: “The project isn’t just 
me now. We have seven full-time staff and 
around 20 volunteers from around the 
world.”

By providing refugees and indigent citizens 
with an alternative to handwashing, Navjot 
and his team are saving communities time, 
water, and energy as well as mitigating the 
associated health risks. 

In a world were climate change (as clearly 
highlighted recently with the heat wave in 
Europe), water and fuel shortages are fast 
becoming critical in many areas, Navjot 
and his team require considerable R&D 
support, financial backing, and distribution 
assistance so if you, your company, financial 
institution or charity can provide any 
assistance at all, please contact  
hello@thewashingmachineproject.org or 
karen@kmpr.co.uk.
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Navjot Sawhney 
demonstrating how 
Divya operates
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