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VIEW FROM
THE CHAIR

I

t is normal to think of our own areas of interest as a connection to
everything else -- the hub of our universe. I tend to see any thought of
planning ahead as a form of design, whether working on a complex
problem, or wondering what to have for lunch. As an engineer, I take particular
interest in how things work or are put together. My sport is archery, so I take
an interest in medieval history and once supervised a PhD on bow design. I
have written for, and occasionally edited, several magazines and technical
papers, so quickly spot poor English, both written and spoken. (Don’t get me
started on the casual use of ‘absolutely’!) That has also made me more aware
of graphic design and layout. (Why do we always see graphics of squaretoothed gears, which wouldn’t work, illustrating engineering articles?) As a
student, I was the stage manager of a university
theatre and was involved in Liverpool’s original
Everyman Theatre. When I go to a performance,
I’m aware of lighting, scenery and special effects,
as well as the performance. All of these
experiences colour the way I see the world and
bias my thinking.
If you are going to take on a new challenge, all
How do you teach an old designer new tricks,
of your past experiences can help you understand
asks Colin Ledsome CEng FIED
its problems. They can also get in the way of
finding a new solution. You focus on the problem
you had last time, rather than taking a broader
look at the whole challenge. The older you get and the more experience you
have, the more you can struggle to think of something new. The problems pile
up in your mind – if you let them. You have to find a way of looking from a
different point of view; perhaps it’s worth asking if you have the right objective.
Less-experienced people can sometimes come up with useful suggestions,
because they don’t know ‘it can’t be done’. Perhaps a new technology or
manufacturing method means that now it can be done. A ‘fact’ in any
technically-advanced field of knowledge has a half-life of about two and a half
years before it is augmented, modified or overtaken.
Keeping a genuinely open mind is not easy; the following questions might
help. Who are the customers on whose opinion your success depends? What
do they really want? What are your assumptions? Have you checked the
accuracy of your information? What are your priorities? (I often rank
requirements under these headings: essential, ideal, desirable and optional.)
What has changed since you last looked at this sort of problem? What other
expertise could help, and where can you find it? Being part of a profession
means that there is experience available to help when you need it. We are
all in this together.

Songs of
experience

Get Involved

If you would like to contribute to any discussions, write to:
Colin Ledsome
BEng MEng CEng FIMechE FIED MCMI FBIS MDS, Chair, at:
The Institution of Engineering Designers,
Courtleigh, Westbury Leigh, Westbury, Wiltshire BA13 3TA.
Or email: chair@ied.org.uk
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ASIDES

Dream house
Geometric patterns lead Colin Ledsome CEng FIED to a vision of a unique space

I

am 77, so the likelihood of me ever building my dream
house is very small. I’ve had ideas for a house for a
long time. It’s changed over the years as new things
influenced my thinking. The basic concept has been the
same for some time. It began when I was idly pondering about
tessellations. These are ways of arranging shapes, or tiles, to
completely cover a flat surface. Usually, several are chosen
which fit together in a regular repeating pattern. (Nobel prize
laureate Roger Penrose discovered a family of tile pairs which
tessellate without repetition, although there may be symmetries
-- one example is the background pattern on this page.)
There are only three regular polygons which tessellate:
triangles, squares and hexagons. Six triangles,
four squares or three hexagons surrounding
each vertex in a pattern cover a surface.
I wondered what would happen if you
didn’t cover the surface, but allowed
one or more open sides around the
contacting sides; this appears to form
rings of regular polygons. It seems
that for any regular polygon, a ring will
form if you leave the right number of
open sides between those sides in
contact with each other. The simplest
example is a ring of 10 pentagons, which
feature one open side between contacting
sides (right). Larger rings rapidly become
uninteresting, except, perhaps, to mathematicians.
As soon as I saw this result I thought, ‘house!’ As a plan
for a building, it is very flexible. It is a strong structure and

could form the plan of a multi-storey tower. It could be a
conference centre, with a large main meeting room, several
break-out rooms plus all the usual facilities in the other smaller
spaces. Other uses might include: a small school, with four
or five classrooms, or a library, with a central reading room.
Pentagonal areas do not easily divide into smaller spaces, but
would have interesting acoustics. Two or more pentagons can
be joined for larger spaces. With a tweak of the geometry, two
rings can be joined (below left).
Whatever else it could be, it was as a house that I have
thought about it most. If the central space is an open courtyard
or secluded garden, each of the main rooms, or cells, would
potentially have three walls with windows. This
would bring natural light and an open feel to
all parts of the house. With an upper floor of
bedrooms round at least part of the ring,
the ground floor could have a main
room covering two or three cells, one
cell as a kitchen/breakfast area, one
or two as a main dining room, one as a
toilet/cloakroom and one would have
to be the entrance hall with stairs.
Rooms could have connecting doors,
or open off a corridor running cloister-like
around the inner space. A gap in the ring could
connect the inner space to the outer world.
The arrangement of rooms can be flexible to
accommodate the aspect of the site (below right).
Even if I never build it, it’s good to have something in mind
for the future and perhaps be on the lookout for possible sites.

Entrance
Toilet/ Hall/stairs Kitchen/
cloakroom
breakfast

Dining
room
louis/stock.adobe.com

Main
family
room

Lounge/
study

www.ied.org.uk
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Objectification
London’s Science Museum has opened up its stored collection for the public to enjoy...and in return
has asked for help with a few pieces

T

he artefacts on show at the
Science Museum Group’s
locations, which include
not only South Kensington,
London, Manchester and York, but also
Shildon and Bradford (plus items that
it manages on behalf of the Wellcome
Trust) represent the tip of the iceberg –
only some 3% of its total holdings in the
history of science, technology, medicine,
engineering and transport.
Most of its seven million accessions,
which date back to the Great Exhibition
of 1851, are on paper – photographs
and documents -- but 500,000 are threedimensional. For the last few years,
300,000 of the small- and medium-sized
ones are being moved out of a west
London warehouse, Blythe House, and
into a purpose-built facility in Swindon,
the new national collection centre, that
will not only hold the collection but allow
special visits and tours.

6

As
part of that,
museum staff have
to unpack every item that
is being moved. In so doing, they are
photographing each one, as a result of
which the fraction of items with images
in the museum’s online database –
available via www.is.gd/xeduca – will leap
dramatically over the next few years. Of
the 290,000 records, 90,000 now have
photographs.
Curator engagement director
Jessica Bradford, keeper of collection
engagement, says: “We are not just
moving the objects. We are taking the
opportunity to understand more about
what we hold. Some of that is about
hazards, and we are also improving
collection information and solving
mysteries.”
To do so, the museum is soliciting
the help of the general public. Interested
individuals can comment on individual
items by contacting the museum
(mysteryobjects@sciencemuseum.ac.uk).
Mostly, she says, it wants to know
more about “objects that are examples
of a type that we know a little about, but
would love to enhance those with stories
and memories: science and technical
stories that are far from the surface. Our
rule is to breathe life into the objects.”

Bradford adds: “For example, an object
that we have shared that has generated
an enthusiastic response is a fretsaw
[similar to the jigsaw pictured at left].
At first look, it might seem very
technical; something from
someone’s shed. But the
stories that people have
told, their parents
and grandparents
used to make toys
or decorations with
them; they were
treasured

possessions. It might
look technical, but is deeply
connected to memories and a sense
of family history. Without public help it’s
much harder to bring them to light.”
As with any move, there are instances
of reuniting objects whose multiple
disconnected parts that had been
separated in storage, or objects that were
mislaid within the store area.
The smallest category of all, a very tiny
proportion of the collection, is objects
whose identity and purpose is genuinely
unknown by the curatorial team. “Those
are rare but interesting,” she admits.
Included in this category are generic items
with known functions but poor or absent
provenance, such as chemical glassware.
(Others are pictured above and at right).
Although the project wasn’t intended
to be a pandemic lockdown virtual
experience, as planning began last year,
the internet offers a new way for visitors
to engage with its holdings.
Bradford contends: “The power of

www.ied.org.uk
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an online collection is that millions of
people anywhere can see the objects. It
doesn’t require someone to come into the
galleries or see the label that the curator
is describing, although even then we get
letters saying, ‘I had one of those’. When
we acquire an object, we try to get oral
history; that becomes part of an object’s
formal record. This process relies on the
physical encounter with the object. But in
an online collection, there’s more scope
for people encountering something that
they didn’t expect.
“We hope to convey that a science
and technology collection isn’t just for
scientists. That’s something that we
feel is obvious as curators, because we
can see the breadth -- social, historical,
ethnographical, product design, fashion,
textiles, graphic design – all of these
things are very clear as you walk through
the physical store buildings. It’s also
clear as you browse online. It’s more than
what you might think – microscopes and
telescopes or surgical equipment.”
Although the
collection has been
online since

late 2016, the museum
launched its new campaign this
summer. Reflecting on what she’s learned
since then, Bradford says that adding
photographs to objects provides the
visitor with a more immediate experience.
“We are getting a sense as well of how
important it is to get a sense of not just
what something looks like, but what it
feels like to use it. How it smells, its
haptic qualities.”
More broadly, though, the main lesson
to the team has been the sheer popularity

of the collections. “People are really
interested in our objects. We’ve had a
huge response in terms of the numbers.
We had more than 500 emails in the first
week of publishing images. I’ve learned
– or been reminded -- that people have
an emotional attachment to objects.
Often their tone is deeply personal, with
experiences of their childhood.”
In fact, that openness has proven
to be a two-way street, she argues.
“Another impact is sharing the joy with
the wider public about what curators do.
And being open and honest about the
limits of curatorial work. We care deeply
about the objects, and have wide-ranging
expertise, but we don’t know everything.
People’s stories are a valid part of what it
means to care for a collection. A midwife
exploring objects relating to childbirth:
that’s a really powerful connection that
was not there before. The ultimate
strategy is to break down barriers
between what we believe a collection to
be, and what it actually is.”
Bradford concludes: “Whether or
not we identify our mystery objects,
suggestions will take us closer; they will
provide leads for the curators.” And that’s
because, despite what one
may think, the

museum’s
records aren’t terribly
comprehensive, she admits. “We have
big gaps in our records, partly due to
the scale of the collection. It would take
an army of thousands 10,000 years to
develop in-depth records. There’s an
opportunity there to generate an ability
to feed back part of the record through
crowdsourcing.”

NOW ON YOUR DESKTOP
The main Science Museum collection website, with search, filter and thematic links, is not the only way
to dip into the collection, explains Jessica Bradford. She says: “We have a random object generator
[a slide show, available via www.is.gd/benedi] and a Chrome extension that displays a new random
object every time you open a new tab [‘Museum in a tab’; www.is.gd/qiyite]. “This allows the
participation of people in the IED community, who are material-culture-minded; for them to see an
object could inspire a new design or remind them of something that they have encountered.” For the
more technically-minded, there is even an application programming interface (API): www.is.gd/rarili

www.ied.org.uk
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One of the IED’s oldest members reflects on a lifetime of engineering, as both student and teacher

extra theoretical work. This involved
evening classes three nights a week,
plus homework and exams in maths,
science and workshop technology.
Having completed it successfully, he
worked in machine tool maintenance
and toolmaking for a few years, until
a position opened up in the training
department of the Capenhurst gaseous
diffusion plant, which enriched uranium.
This was to educate apprentices and
graduate students.
When another training centre opened
in Preston, he went, and stayed there
until lured to nearby machine tool and
pressmakers, Rockwell Machine Tool
Co, which needed someone to set up its
new training centre. Allowed to buy any
machine tool he wanted, he set up what
was reckoned to be the best facility in
the North West, featuring innovations
such as

S

Football: klikk /stock.adobe.com
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Proud to serve
eventy years ago next year,
Neville Williams MIOSH MIET
MCMI MIED sailed to Asia to
serve in the Korean war with
the Welsh Regiment. He served for
two years as a lance corporal signaller,
keeping lines of communication open
between companies, 24 hours a day,
enduring -45° winters, monsoons and
mosquitoes, when he was not dodging
Chinese shells.
Now 90, Williams’ service gave him
confidence in himself: “It showed me,
when pushed to my limits, what can
do. That helped me get things in better
proportion afterwards. Going to night
school was no big thing. I’d even go for
a run after I’d been, sometimes. No
wonder my legs are worn out now!”
As a teenager growing up in Chester,
Williams distinguished himself
more on the football pitch than
in the classroom; he left school
at 15 with no qualifications, but in
his final year was made head boy
(education would come later). On his
return from the war, he turned down
a short-term contract with Manchester
United football club because he
could make more money working as a
tradesman during the week and playing
as an amateur in the Welsh leagues on
weekends.
He started his working career as a
bonded apprentice with Chester Hydraulic
as a fitter. “Even as an apprentice, I got
on well, because I liked engineering, I
liked work. Then I would always
talk to the blacksmith,
because they are very
knowledgeable. They must
be thinkers, because they
can knock anything out of

8

a piece of metal. I would
take a pipe that needed
to be bent and have a long
talk.” Later, he was asked,
and was given leave, to work
alongside one for six weeks,
an experience that later
proved invaluable as a teacher.
At that time, Williams chose
to take a national certificate
rather than a City & Guilds
qualification, despite the

optical sighting on the milling
machines. He was eventually put in
charge of the company’s training, where
he remained for 20 years.
But Williams found that the high
quality of his training content was not just

www.ied.org.uk
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the best books I could find, and I followed
a pattern: there was a principle and a
purpose. Because my background was
a training man, I had a proper line of
thought.” [He also obtained a teaching
qualification, after two more years of night
school].
“Leonardo da Vinci is a great friend of
mine. Every college course should teach
him. He had such an inquiring mind. He
was the first man to sketch the skeleton
of a human being, and would be for 200
years afterwards. That’s a real education.
In his paintings he was so clever. He
realised that people’s
face are not uniformly
symmetrical on the left
and right sides. That’s
why the Mona Lisa has a
curious expression. Most
people would paint each
side exactly the same, but
he noticed things like that.
That insight is worth a lot.
His scenery painting fades
into somewhere I’d like to
go, even though I’m not sure
where that is. An essential
element of design is curiosity. Nature is
fabulous. I have painted birds, animals
and trees all of my life.”
During his time as a training officer he
began to appreciate the importance, and
increasing significance, of occupational
safety. That propelled him to qualify as
a member of IOSH, by sitting a number
of safety exams in topics such as PPE,
safety techniques, management and
breathing apparatus. While the course
was difficult, it paid off, as near the end
of his time at Rockwell he did some
consultancy work, during which he
heard that the chief safety officer of
vehicle manufacturer British Leyland
was retiring, and he was able to get
the job at the site that employed
12,000. “It had a worrying need to
bring things up to date,” he recalls.
When an investment in a new
assembly hall signalled the beginning
of the end of the firm, he moved
south to join BAE Systems, where he
worked until his retirement in 1995.
Williams fondly remembers meeting
the government’s factory inspector.
While many people in industry found
kmiragaya/stock.ad

benefiting employees, who worked on the
company’s printing presses or industrial
presses in local industry, which needed
skilled craftspeople. For every 100
students that went through his facility,
the company would only keep hold of
about 40. The technical education was so
good that his students would be poached
by the police, the army, architects,
model-makers, the aerospace industry
or the electricity board – which was still
government-owned then.
The engineer says he’d always enjoyed
training, because of his gregarious
nature. That also applied in
his personal life; he and his
wife ran a youth club and the
local chapter of the Duke of
Edinburgh Awards scheme to
encourage outdoors skills.
“I liked young people. And
if they know you like them,
they take to you,” he says.
Those relationships
led him to take on a much
bigger role at his local
college. He recalls: “When
the liberal studies course came out,
I was in charge of training at Rockwell. I
found out that some of the apprentices
weren’t going.” When asked why not, one
of the boys admitted it was because an
enthusiastic theatre tutor wanted them
to do acting and put makeup on – much
to their horror. It happened that Williams
knew the head of the college, because
the firm took so many of its students, so
he complained, and was encouraged to
take over a class as a teacher. So he did.
“I made it much more realistic; we
looked at design in nature. I ran one
session where we studied birds’ beaks
and how each is designed to do what
it does, whether that’s to catch fish
or crack seeds. There are marvellous
examples in nature.” Another lesson
started with a teabag and went through
all of the processing stages involved
to turn the raw leaf into that. “Being a
training man, I laid it out so that anyone
could give the lecture.” At that stage the
head of the department called a meeting
of all of the tutors – who had all kinds
of qualifications – and told them that for
the next year he wanted them all to use
Williams’s syllabus. “I always followed

them to be
adversaries,
Williams could relate
to their point of view: ‘They just want to
do the job properly.’ He ended up taking
courses with some of them.
He joined the IED more than 30 years
ago, through a friend who was chairman
of the local IED chapter. Although his
career was more on the engineering side
than design, the latter still played a role.
He recalls how when at Leyland he had
the responsibility to sign off new machine
tools, to avoid, as he calls it, elementary
mistakes made during manufacture,
such as positioning a machine’s 80odd switches anywhere about the case,
instead of colour-coding them in groups.
“Good instruction will go quickly on a
well-designed machine, but bad design
inevitably creates lots of mistakes.”

BUY THE BOOK
Neville Williams’ memoirs of his time in Korea,
written after a chance encounter with some
Korean tourists on a Swiss holiday in 2000,
were picked up by military publisher Pen and
Sword. They were reprinted in paperback in
2019. See more details via www.is.gd/wuvima
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PROFILE

The DESIGN
of ENGINEERING
A recent project – to photograph previous winners of the prestigious MacRobert award from the Royal
Academy of Engineering – turned the process of engineering design upside down

H

ow do you capture the
essence of an invention in a
single image with no words?
This was the challenge facing
professional still-life photographer
Ted Humble-Smith, commissioned by
the Royal Academy of Engineering to
portray ten previous award-winners of
the MacRobert Award to celebrate its
50th anniversary in 2019. The collection
has returned to the centrepiece of the
Museum of Future Engineering served
on the Google Arts and Culture platform,
part of the RAE’s This is Engineering Day
on 4 November.
A vital part of Humble-Smith’s
research was to speak with the inventors
himself; and not just people around the
invention. He recalls: “It was important
to me to understand why they wanted to
do it. They were there at the time doing
the work; everything changes afterwards,
and there are Chinese whispers. These
snippets of reality helped me understand
what they were trying to do.”
For Paul Keller, inventor of Paintbox,

Kinect for Xbox 360
(Microsoft Research, 2011)
Motion-sensing device that allows gamers
to play with their body

10

a computer graphics system for television
(1988 winner), it was the desire to draw
a straight line on a screen that didn’t
digitise into the staircase of pixels
that makes up a screen. Sadly such a
simple goal was complex to implement,
as Humble-Smith reports: “It involved a
bonkers piece of maths I was never going
to understand, and when he worked that
out, he didn’t bother [to explain]. The guy
was taking a break from volunteering at
Bletchley Park reassembling one of the
coding machines. You do sit in awe of
these people.”

HUMOUR AND ENTHUSIASM
For the CT scanner (winner, 1972),
when the inventors asked HumbleSmith whether he had a degree in
maths, he replied that he had failed
his maths O-level. “I had to move the
phone away from my ear” at that point,
he remembers, “because they were
laughing so loud.”
But, through humour and enthusiasm,
he found a way. Such an outsider

CT scanner (EMI Ltd, 1972)
Rotating X-ray detector creates
first-of-a-kind brain images

approach won over Rick Parker, former
Rolls Royce engineering director. He
worked on the award-winning Pegasus
engine for the Harrier Jump Jet, the first
short takeoff and landing craft (joint
winner, 1969). It includes fans that can
swivel for lift or thrust. When shown the
concept art, which consists of a bundle
of tubes (pictured, p12), he said: “I’ve
never seen it presented that way, but
you’re right.”
This was the kind of reaction HumbleSmith was looking for. Continues the
photographer: “It’s visual, and it’s
trying to be the hook that gets people
interested.”
He elaborates: “A lot of imagery
for an engineering audience gets
bogged down in detail. If you design
something, there is only detail. And
not just in millimetres. You have got to
be that precise. You get bogged down
visually trying to represent the perfect
schematic diagram. If we are talking
to engineers, their core belief is that it
will be something that works, and they

Paintbox TV graphics system
(Quantel Ltd, 1988) Electronic pen and
touch tablet creates colour graphics
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Insight 100 airport security liquid scanner
(Cobalt Light Systems, 2014)
Lasers, liquids and prisms form a light
pattern unique to substance’s chemical
composition
won’t be happy unless it is right. That’s
the end of the story. But trying to talk
to an interested public audience, and
which, from an educational point of view,
inspires imagination. It has to look cool
to get the story out there.”
For that reason, he wanted to show
the idea, rather than how the inventions
work. The latter, he complains, leads
to a certain kind of imagery such as
exploded diagrams. “This is what a lot
of engineering imagery is. To do that is
a hugely complicated project, to properly
get measurements right. If we’re going to
show how it works, for some complicated
creations, like a CT scanner, that would
involve building basically an entire
machine made of Perspex or blocks of
metal. And then the resulting image
would need five or six pages of notes to
understand. We wanted something that
people could look at and straight away
ask, what is going on there? Rather than
having to read that, wanting to read that.”
He says that the commission was very
different from most of his still life work
for advertising, in which he is presented
with a visual idea that has been fixed by
layers of corporate approval to recreate
in photographic form. “This one is
different because someone is asking for
my interpretation. There is no wrong or
right answer. This was a more artistic
approach. It is quite rare and incredibly
enjoyable. It is also challenging, because
on your head be it.”
Actually constructing the images came
down to Humble-Smith’s own craft. He
elaborates: “One of the things that I 
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Severn bridge (Freeman, Fox and Partners, 1969)
Box-section deck aerodynamically favourable to
side-on wind forces

Resin-infused advanced composite wing (Bombardier, 2019)
The first certified wing to use resin transfer infusion, 10% lighter
than a conventional metal wing
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Klea 134a ozone-benign refrigerant (ICI, 1993)
An early replacement for chlorofluorocarbons (CFCs)

love about walking into a studio is that
there’s nothing; it’s a white space.
Everything that goes in has to be
delivered and brought in. That is your
choice. With a still life photo you’re in
charge; there are no models, no clothes,
it is a creation.”
“You know what you want to get. I
have an idea, a rough sketch – and the
case of Microsoft [the Kinect Xbox 360
motion capture device, 2011] -- it didn’t
come out that far away from that. You
know where you want to end up, and you
know how to get there, and you need bits
in the room to do it.”

Pegasus engine for the Harrier Jump Jet (Rolls-Royce, 1969)
Short take-off and vertical landing possible by nozzles
that swivel to provide lift and thrust

Intelligent PIG (British Gas, 1989)
Pipeline inspection gauge that runs in-pipe with
flow to detect defects
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Reaching the destination is another
matter entirely. “My idea is to find an
angle, have an exploration and make
the creative process freer. If you build
something and explore around that, you
can look at different angles. You can
change the lighting quickly. There is such
a thing as a happy mistake – ‘I didn’t
think that it would work shot from below,
but it looks amazing if you put the lights
up to the left.’ You can work like that
to find a more interesting image. That’s
a huge benefit. You can experiment so
much more because you don’t know
what might happen.”
For the Paintbox image, it was a
matter of a TV screen, paint and freezeframe. “It was a case of hurling as much
paint as we could to get shapes and
forms. We would throw paint and shoot
and capture. When it got going, it was
pure magic. At a frame of 1/80,000th
second, [the paint splatters] were
like looking down into an electron
microscope; it looked like particles were
disintegrating.”
That image, like about half of the
pictures, were built up digitally as a
composite image from multiple individual
exposures. Others were retouched
versions of single images.
Others had a more tortuous genesis.
The CT scanner image involves a medical
skull, and then a small shard of Perspex,
a kind of crown, that spins around the
head. It was made to do one thing – to
show lots of little stars around the head,
to indicate a point of radiation going
out to a receiver. “There was a lot of
head-scratching to understand that one,
and a lot of time about how to show it
without resorting to what they did to test
it, which was to take a brain and put
it in a bacon slicer, and put the slices
on a light box. That was really how they
compared it and tested it.
“Anyway, I had 14 crown things. I shot
them as one solid block. The form it took
in the camera I thought was rubbish. I
took the whole thing to pieces, and then
noticed that when motion was involved,
it worked – so we tried a long exposure.”
Then the lighting wasn’t right, so they
covered everything in silver foil. “There
was an evolution in that one. We kept
looking and working.”
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INNOVATION MANAGEMENT

responding

TO CHANGE

Innovation management systems in various forms have not always widely understood. In this sixth
of an eight-part series, Dr Benjamin W Watson CEng CTPD CEnv FIED considers the importance
adaptation for business continuity and innovation success

I

SO Technical Committee TC279 has
been developing new international
guidance for innovation management
systems (IMS), with International
experts from more than 40 national
committees contributing towards the
development of the ISO 56000 standard.
This innovation management guidance
provides a framework for business
continuity, resilience and growth
through innovation, with guidance for
you to benchmark your own innovation
capabilities against ISO guidelines.
The international guidance identifies
eight innovation management principles
central to success. These principles
become increasingly important during
our current time of unprecedented
change and disruption, due to the global
Coronavirus pandemic. The last edition
(July/August 2020, p15) explored the
importance of innovation culture and
described how the right culture supports
your ability to adapt during waves of
uncertainty.
The IMS standard encourages us to
create structures that can be flexible,
with processes and skill sets that can
be applied in new ways as we respond
to change, in addition to how we deliver
value. This timely adaptation relies
on the flexibility of those structures,
the right processes, people and future
focused leaders, with the capacity to
systematically anticipate and respond to
change, all of which have been discussed
through earlier editions of this IMS Series.
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Adaptability

6/

8

The ISO 56000 series provides the
following guidance about adaptability:
Anticipate, detect, analyse and
respond. Routinely observe and
anticipate shifts in the status quo,
external to your organisation including the
expectations of partners and customers
within your environment.
Align objectives with future scenarios.
Routinely develop ‘what if’ scenarios
and the implications of the scenarios
paired with appropriate objectives.
Be prepared – proactively and
reactively. Determine the ability
of your organisation to pursue new
opportunities from these shifts and match
that ability against the likely disruptions.
Better still, consider how your greatest
differentiation can become a platform
with scale into new spaces, as part of a

1

2

3

portfolio approach to innovation.
For example, your core technology or
service may be used in other applications
or markets to sustain your organisation,
while building on the foundation of
what you already have. You might also
consider how your current differentiation
can be delivered in different ways. This
speaks to a two-way pivot either with your
core capability into a new market, or a
new capability that delivers what you’re
already doing for less, perhaps with more
convenience, or in a way that responds to
new customer values.
Portfolio approach. Innovation
initiatives can be organised over
multiple time horizons with a combination
of different levels of impact from
incremental innovation to high-impact
outcomes. These varieties of innovation
initiatives build capability to maintain
core business or move into new areas, as
you anticipate what comes next! See also
‘Learning the Context,’ IED November/
December 2019, p31.

4

Dr Benjamin W Watson
International Expert Work Group for innovation
Management Systems. ISO/TC279. Innovation
Leader, 3M. Trustee and Councillor, Institution
of Engineering Designers. Contact Ben Watson
through the IED to learn more.
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Inner

SIGHT

This year’s MacRobert Award winner disguises itself within the form
factor of a traditional small digger, reveals Toby Clark

T

he annual MacRobert Award,
presented by the Royal Academy
of Engineering, is one of the
most sought-after prizes in
engineering: since its inception in 1969,
it has been given for achievements from
the Harrier’s Rolls-Royce Pegasus engine
to Johnson Matthey’s exhaust catalysts
and Renishaw’s measurement probes
(see also pp. 10-12). This year it went
to JCB for its 19C-1E electric excavator.
The JCB team beat fellow finalists Jaguar
Land Rover (for the I-PACE electric SUV)
and Babcock (for the ecoSMRT LNG
reliquefaction system), winning £50,000
and a gold medal.
The judges felt that in developing
the 1.9-tonne 19C-1E -- the only volumemanufactured battery-powered machine
of its kind on the market -- “JCB has
demonstrated the utility of electric
machines in a construction setting and
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the potential for future sustainable
innovation in the sector”. Among the
team was Bob Womersley, JCB’s product
innovation director (pictured right), who
explains the design criteria it set and the
challenges it faced.
“It was a leap of confidence in a way,”
says Womersley. “Wholly uppermost was
that it had to perform at least the equal of
a diesel machine, which was considered
a major hurdle. Of course it would
be refined and quiet, but…overriding
everything, it’s got to be commercially
competitive -- everything we are doing has
to be commercially viable for us and our
customers.”
He was confident of what was required,
because JCB’s Livelink telematics system
has been generating real-world usage
data for the past decade. As with any
excavator, the main performance criteria
would be tear-out force, lift capacity,

reach, dig depth and service speeds -- and
in all of these the electric model matches
the diesel.
Possibly the most remarkable thing
about the 19C-1E is how unremarkable it
looks. In fact, the frame and chassis are
shared with the existing diesel-powered
19C-1 excavator. Was JCB tempted to
go with a ‘clean-sheet’ design for the
electric model? “It is conceivable,” says
Womersley; “We’ve got massive optimism
for electric machines. But in 2018 we
launched the [19C-1] and from the very
outset there was going to be an electric
version. All the architecture was done
at the very outset to accommodate both
build derivatives, for cost as much as
anything.”
Was JCB tempted to use outside
consultants to help design this new
type of product? He replies: “There’s
a lot of competition in that engineering
consultancy space, but we took the
decision to do it in-house, and put a
scratch team together”. The team was led
by Lee Harper, a former JCB engineering
apprentice who is now the firm’s chief
engineer for electrification.
“It’s been de rigueur that we’ve done
3D model-based design for 15 years
now,” says Womersley. The team used
Siemens’ Solid Edge Foundation CAD,
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ELECTRIFICATION

and Mathworks Matlab to simulate control
systems, but most of the optimisation
was done using Microsoft Excel.
While the power source is electric,
the drive and digging functions are
performed by conventional hydraulics. “We
were never going to do a prototype with
electric actuators. The bulk and the cost
are firmly in the category of prohibitive,
and there is also no scope for electrical
[energy] recovery,” says Womersley. “I’ve
always had an obsession about machine
efficiency.”

CONVENTIONAL
The hydraulics themselves are
conventional enough; the pump is
“the same class as on the diesel, but
the performance is perfectly
matched so that it suits
the characteristics of
the permanent magnet
motor”. In general the
electric motor runs at
lower rpm than the
diesel: “The pump is
always working at a much
higher displacement -using a steeper swash angle
-- than it would be on a diesel
machine.”
Womersley says there is very little
learning curve for operators changing
from the diesel version, “except
sometimes it’s already started and they
don’t realise!” The motor is very quiet,
although it is constantly running at low
speed to drive the 40-bar pilot signal for
the hydraulics. “People learn to operate
the machine differently, and there is
some sophistication to the control that is
unseen to the operator. There is no direct
indication of motor speed, but there is
an auto kick-up function”. This raises the
motor speed as required when demand
is higher: “These things are really quite
important to runtime efficiency.”
So, are there any limitations at all to
the electric model? It weighs the same
as the diesel, and gives nothing away
in performance. “The most obvious one
is runtime,” says Womersley, but the
team was confident from the outset that
this would not be an issue. “We’ve got
excellent runtime on the machine and
we’ve got charging options”. The 19C-1E
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is available with either three or four 5kWh
battery packs – almost all customers
choose four – which can be recharged
overnight using an on-board charger from
a standard 110V or 240V single-phase
supply. With a 415V 3-phase supply,
an outboard charger can recharge the
batteries from empty in just two hours.
“Removable battery packs cropped up
a number of times,” adds Womersley, “but
it makes the machine more complicated,
and we had customer clinics with
specialist users who said, ‘don’t make the
battery pack easily removable -- bury it!’”
Security was the issue, because batteries
are relatively expensive parts.
The design of the battery packs was
critical, too: “We were paranoid about
the durability of the battery
-- the vibration when
operating off-road is
savage, and we were
nervous about it,”
says Womersley.
“We had experienced
cylindrical cells on
prototypes, so we
made the decision
to go with pouch cells,
and paid a great deal of
attention to mechanical design”.
The battery pack is supplied by
Sunderland-based Hyperdrive
Innovation, and comes with a
five-year/6,000-hour guarantee:
“It was necessary to show
people we had confidence.”
The 19C-1E was soon
recognised as an achievement:
it won the Royal Automobile
Club’s prestigious Dewar
trophy in 2019, following on
from winners such as the
Rolls-Royce Silver Ghost,
the Range Rover and the
Cosworth DFV Grand Prix
engine. “We didn’t have to
do anything for that,” says
Womersley, but with the
MacRobert award “there’s
an application process,
and the criteria are fairly
focused”. There were
two rounds of interviews:
“the second round was
comprehensive and

extensive, with a really powerful array
of people who’ve achieved much in
engineering.”
“We did quite well against all criteria,”
he adds, “and I think we made a real point
about commercial viability. It is a splendid
product in terms of environmental impact,
but without commercial penetration the
product is an also-ran. There’s no point in
doing things just because you can.”
And the 19C-1E really is delivering
the goods: although it obviously costs
substantially more than the diesel version,
the running and maintenance costs are
much lower, emissions are demonstrably
better and productivity can even be
higher. “The telematics is telling us
that contractors are using it for a longer
working day -- because they can!” Quieter
operation reduces environmental nuisance
and operator fatigue, and with no exhaust
fumes, the 19C-1E can operate indoors,
underground and in sites where the diesel
model could not go.
“The world demands lower CO2
production, and burning less hydrocarbons
is a virtuous circle,” says Womersley.
Already JCB has launched other all-electric
machines, and soon almost every sector
will have an electric product: “We’re very
optimistic about the future… and our
obsession with efficiency will carry on!”
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Why will legislation
always lag behind technology?
Laura Steel, a commercial solicitor with Wright Hassall, explains why creating a legal framework
for autonomous and micro-mobility vehicles is not straightforward

T

he government has identified
five main benefits of driverless
technology: better use of road
space, reduced emissions, an estimated
£50bn annual boost to the UK’s GDP,
enhanced mobility for those unable to
drive, and improved road safety (human
error is estimated to cause 85-90% of
accidents).
The latter poses a particularly
interesting challenge for regulators.
If driverless technology is unable to
eradicate all accidents -- which is seen as
the most likely scenario -- how comfortable
will the general public be when an
accident occurs over which it has little or
no control? Given the complexity of the

supply chain, where does liability lie? How
do you program a vehicle to make ethical
decisions when interacting with other
road users? And it is not just autonomous
vehicles (AV) that are giving legislators
a headache; the increasing popularity of
micro-mobility vehicles such as e-scooters
(see also pp18-19) is also creating
regulatory questions.
There are, broadly speaking, five levels
of vehicle automation, ranging from selfparking cars to cars requiring minimal,
or no, driver intervention, and it is this
latter category on which regulators are
focused. Legislation inevitably lags behind
technological development: you cannot
legislate for something that either doesn’t

Laura Steel

exist or is still in the experimental stages
of development. However, automation
technology has been in development for
over 30 years and a legislative framework
is evolving in parallel with assessments
of driver/manufacturer/programmer
liability, associated insurance and cybersecurity risks, and data privacy issues.
All forms of transport operate under
different regulatory regimes to reflect
their individual challenges. AVs, in
their specification and control systems,
operate more like automatic trams
than ordinary road vehicles but, unlike
trams whose movements are restricted
by tramlines, AV will be operating in
unpredictable environments, where
the software has to navigate random
movements of vehicles, people and
animals.
In the event of an accident, who is
responsible: the software or hardware
manufacturer, or the driver? Inevitably,
once the regulatory regime is framed
it will be refined as test cases come
before the courts. That process is
already underway, as seen in an ongoing
case in the US after an Uber self-driving
car collided with, and killed, a woman
pedestrian in 2018 (see also
www.is.gd/mesejo). Investigators found
that the driver had been distracted
while watching a TV show on her phone.
Following the accident, Uber suspended
its testing programme (and will not face
criminal charges), and the driver has now
been charged with negligent homicide and
is awaiting trial.

BUILDING PUBLIC CONFIDENCE
Building public confidence in AV
depends will depend on a robust
regulatory framework where liability is
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LEGALLY SPEAKING

clearly defined. Being able to establish
exactly what caused an accident is
also critical, and this is where AV
technology can trump conventional road
vehicles. Given the amount of data
AVs require to operate, their systems
can be programmed to store all of
the information required for accident
investigators to analyse how the accident
occurred. On the other hand, it remains
to be seen whether investigators could
really process the large volume of data
involved within a reasonable timeframe.
The use of artificial intelligence (AI)
introduces another layer of complexity.
By its very nature, AI use in AVs cannot
be tested meaningfully as it will keep
adapting the software to the situations
in which it finds itself – it would be like
trying to test a moving target. AV will
need a different approach and probably
one dependent on a different attitude to
risk. Whether the public and politicians
will accept this remains to be seen.
In the US, the National Highway Traffic
Safety Administration (NHTSA) has just
started to address regulatory barriers
by launching a consultation process
designed to improve safety and update
legislation for autonomous vehicles (such
as passenger protection requirements
in the absence of a steering wheel).
Likewise, the Chinese government is also
addressing the specific legal and moral
complexities presented by AV through

a multi-agency approach. Currently, it
restricts the use of AVs, and the person
in control of the car is liable in the event
of an accident. In Europe, data protection
is the principal focus, with an emphasis
on security and privacy issues.
In the UK, current legislation does
not cover advanced trials of AVs on
public roads, although there is a code
of practice for organisations trialling
AVs. The Department of Transport is
planning to introduce a process, via the
Centre for Connected and Autonomous
Vehicles (CCAV), to support such trials.
In the meantime, it is a legal requirement
for the vehicle to be operated by a
driver, either in situ or remotely, ready
to take control as necessary (as well
as requirements for obvious safety
considerations such as roadworthiness
and insurance).

MICRO-MOBILITY VEHICLES
In the meantime, UK legislators are
grappling with a more immediate problem
– how to deal with the rising popularity of
e-scooters (currently not allowed on either
pavements or roads). That forms part
of the government’s future of transport
regulatory review (see www.is.gd/dikuci).
In order to test the regulatory water, there
are a number of 12-month trials for rental
e-scooters under way around the UK for
which existing regulations have been
amended to allow them to be treated like

electric bikes, and to use cycle lanes
and roads. Rather bizarrely, e-scooters
will continue to be classified as a motor
vehicle; designed and built to minimum
statutory requirements, they must have
adequate motor insurance, and the users
must have a valid driving licence. This is
in line with French regulations, in which:
e-scooters are allowed on the road, but
not pavements (and riders travelling on
pavements will be fined), they must not
exceed a 25kph speed limit; riders must
be 12 years old or above; and they must
be equipped with lights, reflectors, a
braking system, and a bell.

IN CONCLUSION
The more technically complex the
product, the more legal issues will
arise. Lawyers and insurers will continue
to wrestle with a range of questions
including product liability, data protection
requirements (including the need to
balance the security and integrity of
the data, data privacy and the need for
accident investigators to access it) and
cybersecurity issues. E-scooters may
prove to be a flash in the pan, ultimately
trounced by the electric bicycle, but AVs
are a certainty. Too many governments
around the world have staked their
green credentials on the success of
AV technology to allow it to fail, so
legislators and regulators will continue
their ceaseless game of catch-up.
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Small-scale

ELECTROMOBILITY
Alongside rental schemes for manual bicycles and either docked or dockless electrically-assisted pedal
cycles, trials have begun in UK cities of dockless kick scooters, which require even less effort to zip
from A to B. Are they the urban transport mode of the future?

T

he two-wheeled side-by-side
Segway electric scooter was
hyped to become a revolution
in transport when it launched in
2000. But earlier this year, the company
announced plans to cease production.
Ironically, things have never looked
so good for standing e-scooters (distinct
from e-assist or motorised pedal cycles,
or their bigger petrol-driven Vespa-type

moped cousins). One-year trial rental
schemes of hundreds of these have
launched in UK cities this summer,
following a legal change in July. They
include Middlesborough in July (through
operator Ginger); Milton Keynes in late
August (Lime and Spin), Northampton,
Kettering, Birmingham and
Coventry in September (Voi),
Nottingham in October
(Wind).
In guidance for local
authorities, the Department
for Transport states: “To
support a ‘green’ restart of
local travel and help mitigate reduced
public transport capacity, the Department
for Transport (DfT) is fast tracking and
expanding trials of rental e-scooters.
E-scooters offer the potential for fast,
clean and inexpensive travel that can
also help ease the burden on transport
networks and allow for social distancing.”
A driving licence, either provisional
or full, with category Q entitlement is
required to ride a scooter; this is because
they are legally classed as motor vehicles
in UK trials, unlike electrically-assisted
pedal cycles – a status that is up for

review after the trial, according to DfT.
Operator Voi also requires users to have
completed its RideLikeVoila e-scooter
traffic school. Users are required to
drive e-scooters in the road (with
a speed limit of less than
30mph) or on cycle lanes;
they may not ride on the
pavement. Using private
e-scooters on public roads
remains illegal (see also pp16-7).
Rental companies provide motor
insurance for riders.
In March, transport secretary
Grant Shapps, announced the trials by
saying: “We are on the cusp of a transport
revolution. Emerging technologies are
ripping up the rulebook and changing the
way people and goods move forever...
This review will ensure we understand
the potential impacts of a wide range of
new transport modes such as e-scooters,
helping to properly inform any decisions
on legalisation.”
Lucy Yu, director of public policy at
e-scooter operator Voi, says: “In the UK,
60% of car journeys are between one and
three miles, which significantly increases
congestion. Cars no longer suit the way

ABOUT THE SCOOTERS
Smaller and simpler to operate than a bicycle, they also offer a no-effort alternative to walking in
city centres. The scooters unlock remotely, through user registration via a smartphone app or by
scanning a QR code; that same system can automatically restrict speeds in certain areas (5mph
in pedestrianised areas, according to operator Voi), and ring-fence the operational area or block
parking. To start, users push off to gain speed, then use throttle and brake controls to control speed,
which is limited to 15.5mph. Maximum motor power for the trial is 500W; maximum mass is 55kg.
After consultation, a variant with passenger seat has been allowed.
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we live today, and we estimate that 20%
of short journeys could be replaced.”
The trials follow pilot projects in other
major cities in the US and Europe.
One powerful investment force behind
e-scooters is big auto. Ford acquired Spin
in 2018. The e-Kick scooter made by
scooter firm Micro and was sold alongside
the Peugeot 3008 SUV launched in late
2016; Seat claims sales of 10,000
units of its EXS unit launched in 2018;
it announced a second higher-power,
longer-range model last year along with an
urban mobility division. About the same
time Hyundai revealed a second prototype
(pictured above) that shifts to rear-wheel
drive and adds front suspension for a
smoother ride. This double-folding concept
model that would be integrated into, and
charged by, the vehicle. With 10.5AH
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lithium
battery on
full charge,
its range is
20km.
DongJin Hyun, head
of Hyundai motor group
robotics team said: “This
is the vehicle-mounted
personal scooter which
could be featured in
future Hyundai Motor
Group vehicles. We want
to make our customers’
lives as easy and enjoyable
as possible. Our personal
electric scooter makes
first- and last-mile
commuting a joy, while
helping to reduce
congestion and
emissions in city
centres.”
A Hyundai video
imagines the
mobility potential
of e-scooters:
www.is.gd/oxapop
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Driverless
CARRIAGES
Some of the first-ever vehicles were designed to transport a group
of people from one place to another. As technology has evolved,
the stagecoach and the omnibus developed engines. The newest
designs, intended for short-distance travel, do away with drivers

L

ast month, a new design of
autonomous shuttle bus began
trials in Cambridge, ferrying up
to 12 students and workers (preCOVID-19) around the West Cambridge
campus buildings and industrial parks.
The vehicle ran in live traffic in driverless
mode, though with a recovery driver
employed for safety’s sake.
The Aurrigo Shuttle debuted in August
2020 at the Celtic Manor golf club and
resort near Cardiff, transporting golfers to
and from a newly-built conference centre to
the first tee, in a three-mile round trip. As
of mid-September, only one had been built,
with two more in build for operation by the
end of the year.
Despite being fitted with a driver’s cab,
conventional windscreen and furniture

Passengers focus on
each other rather
than looking outside
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such as lights in conventional places, the
battery-electric vehicle wouldn’t easily be
mistaken for a conventional shuttle bus.
No wheels are visible; instead its squat
body arches in the middle, while both
ends are framed with a ring of bent deep
edge-on panels.
“Generally pods and other autonomous
vehicles are a rectangle with rounded
corners, which are very product-design led.
We have tried to do something different,”
states RDM Group chief designer Elliot
Hawkins.
He says that the unusual exterior came
out of the novel body panel material used.
“It uses plastic panels that are folded;
it’s almost like origami,” he observes.
Produced by Omnia-CS, the thermoplastic
sandwich material consists of two

The unusual appearance of the Aurrigo
Shuttle comes from the body material
(shown in assembly, inset)
skins reinforced with glass fibre and a
polypropylene honeycomb core. It can be
folded manually at a bend router-cut on its
reverse using a jig. Once bent, the panel is
fastened not with glue but ‘welded’– joined
using a lamination melting process that
uses a proprietary tool and polypropylene
resin consumeable. “That forces down a
shape from flat panels. That’s a challenge,
but creates opportunities.” No finishing
is required; nor is any of the tooling that
was needed to make the vacuum-formed
panels of the company’s earlier fourperson autonomous vehicle, PodZero.
Of the look, Hawkins says: “The edges
at the front are sci-fi inspired. Once we
chose a material, it leads us down a
certain path. When I first had it, I was
trying to use it to design a normal vehicle
with curvature. Once I took on board its
constraints, it was really interesting. It
was a challenge to put shape in it. It
was a case of tying the lines together,
so there were not too many folds in the
material. That led to the aesthetic, and it’s
something that we will take forward that
theme in the brand.”
Like PodZero, the Shuttle’s wheels
are deliberately covered. Cars always
look better with bigger wheels, points
out Hawkins, a graduate of the RCA’s
vehicle design course. But covering
them allows specification of wheels and
tyres for comfort and driveability rather
than aesthetics. (However, he admits
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that dealing with flat tyres caused a few
headaches). In terms of other essential
ingredients, the 6m-long vehicle is in fact
based on a standard production chassis
whose battery-electric powertrain remains
intact, according to Hawkins.
Because speeds remain low for safety
and because most duty is in crowded
locations, aerodynamic drag is less
important than it would be for high-speed
vehicles. That, says the designer, provides
more opportunity to make a shape that
suits the occupants. “Their widest point is
at the shoulder; that dimension defined the
shape of the whole thing. That becomes
especially true in an autonomous vehicle.
The prime space is the interior.”
Here the designers were led by user
experience data created during customer
trials of the PodZero in collaboration with
JLR. Members of the public would strap
in to the vehicle and be driven around a
closed course, its Urban Development Lab,
and then fill out a survey.
“A big thing was, how do you make
people feel comfortable. In the shuttle,
there’s still a safety driver, so people feel
like they are in a bus. The next step is
to remove that cabin. The first feeling is
uneasy; they feel strange. Once they come
to trust the technology, they are fine.
“With the smaller pods, a sociable
aspect was important. There is opposed
seating; they are not sat in rows staring
at the windscreen. It’s more sociable,
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and that helps them to relax. In larger
autonomous vehicles, it’s more like a
living room. The road is secondary; they
don’t even give it a second thought.”
Omnia is a translucent material; when
lit from the interior, the whole vehicle
glows. In daytime, sunlight creates a
similar effect inside – a glow. “In daytime
when you’re sat inside, there’s a really
nice glowing in the sunlight. You could see
outside, but it makes you look inside and
be more sociable,” the designer contends.
Although it is possible to see outside,
the shuttle’s carriage-style bench seating
arrangement and four screens showed
passengers Celtic Manor promotional
videos in the recent trial. Adds Hawkins:
“That kind of stuff will only increase.
Eventually, we can imagine having no
windows, and being able to project
whatever you want: a virtual environment.”

A DIFFERENT PERSPECTIVE
That approach differs from the wraparound glazing of the EZ10 3.0
autonomous shuttle vehicle, the fourth
iteration developed by EasyMile, a
France-based partnership between
vehicle manufacturer Ligier and Robosoft
Technology. Its more radical design,
pictured p22 top, completely does away
with driver cabin. But the purpose behind
the design remains the same: to put
passengers at their ease, by allowing
them to see outside.

“The vehicle has a lot of glazing, to
allow users to have a certain panoramic
view, and also to be reassured to
see the outside,” says Ligier project
manager Yan Machebeuf. Apart from the
development of the control and safety
systems, which are outside the scope of
this article, the EasyMile partnership has
improved passenger comfort by limiting
speed and acceleration (depending on
the environment and circumstances, of
course), to make the ride smooth.
Like the RDM team, it has drawn on
extensive user testing to work out how to
put passengers at ease without a driver
or any visible means of controlling the
vehicle (apart from an emergency stop
button). “Safety is taken into account
in a different way; it’s not hardware,
but software,” says Clément Delbouys,
head of sales in Europe, Middle East and
Africa.
From the outside, the vehicles’ form
factor is very cubey. This was not so
much a consequence of the technology
as a deliberate design decision, whose
purpose is, explains Machebeuf, “to be
more reassuring for users and transport 
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Above: the EasyMile
autonomous shuttle
from Ligier and
Robosoft. Right: Local
Motors’ second iteration
of its Olli vehicle

operators and more solid than a more
playful design.”
Other key design drivers are practicality
and familiarity. Product manager Luc
Barthelemy says: “We try to use the
maximum space for passengers. But also
we try to keep them in some way thinking
about their previous bus experience. We
don’t want to build a space shuttle.”
A different design attitude led to
a similar vehicle envelope in the USdesigned Olli shuttle from Local Motors,
which was launched three years ago as a
demonstration vehicle.
The vehicle has a horseshoe-shaped
seating arrangement with a capacity of
eight. Adds vice president of engineering,
Bob de Kruyff: “When you ride in one,
you have a different feeling than being
in a traditional small bus, where you feel
crowded, you can’t see outside, and you
can’t wait to get out of it. The purpose
of the basic design is to get in and out
easily, feel like you’re not crowded and
can see the environment around.”
In all three vehicles, passengers enter
from a single set of mid-body double
doors. The new vehicle, Olli 2.0, in
production since July, features a singlepiece sliding door rather than two for
efficiency’s sake. EasyMile points out that
because of the symmetry of the vehicle,
doors can be fitted to the left flank for
right-hand-drive markets such as the UK,
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as well as on the other side for Europe
and North America.
Olli’s symmetry about its axis is only
skin-deep, points out de Kruyff. “There’s
no real reason to make the front different
to the rear, though from a mechanical
and practical standpoint, it only moves in
one direction.” Like the Aurrigo shuttle, it
incorporates a ‘steward’ seat for a safety
driver in markets
where vehicles
cannot run in fullautomatic mode,
like the US; once
the rules change,
the space can be
reallocated to a
passenger.
Also like the
UK shuttle, the
Olli2’s polymer
body is made in
an unusual way. De Kruyff explains: “The
whole upper is made in one piece, the
whole lower in one piece, both 3D printed.
By doing that, we reduced the fixturing of
the vehicle in production. The passenger
compartment is quieter. It is sealed
against dust and dirt. The 3D material
is extremely strong, which makes it a
major asset to improve crashworthiness,
because the polymer is infused with
carbon fibre.”
Unusually for shuttles, an Olli1 unit
was crash-tested, he says, in expectation
that this will be required by future US
regulations; since European regulations
treat the unit as an M2 bus, they do not

require that. Most markets require that
Olli1 passengers to be seated, so it has
seat belts fitted. Exterior design is unlikely
to change in the next few years, unless
forced by results of crash-testing safety
requirements.
But he points out that the company’s
choice of low-volume production
technology can accommodate design
changes simply through updating the
software. Its machine, based in Knoxville,
Tennessee, can produce 200 units a year.
If demand increases more than that, it will
need to build another factory.
When that will happen remains a key
uncertainty; what is clear is that the
market is changing. De Kruyff observes:
“The total market could be 10,000 in
the next couple of years, but right now is
5-600 a year.”
Some 26 first-generation Ollis were
sold. Easymile claims 160 units sold
to 31 countries. RDM Group has made
30 PodZeros for customers in Canada,
Singapore, Australia and Finland.
This wide distribution of sales is
testament to the current stage of
commercialisation of the technology,
concludes Hawkins. He explains:
“Governments all over the world have
realised that autonomous vehicles
are coming. They all want to have a
finger in the pie. The easy way is small
deployments initially; possibly that’s why
our orders are dotted all over. Lots of
people want them, but nobody is confident
enough to order 1,000. Everyone is still
learning.”

Olli’s horseshoe-shaped seating encourages
sitting (standing is usually not allowed)
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Greening
silicon valley
Consumers are becoming increasingly aware of the impact of their lifestyle on the planet. Until now,
one major blind spot has been the connected computing hardware and software that has become so
essential to modern life

A

round the time that the UK
government set binding targets
for carbon emissions in the
2008 Climate Change Act to try
to reduce the effect of global warming,
new ways for organisations to monitor
and measure their own impact on the
environment emerged. Starting in 2017,
larger businesses have been required
to produce a sustainability report.
Environmental management standard ISO
14001 was revised in 2015, claiming to
more tightly link environmental issues
and organisational strategy. For some
years now, municipal utilities have been
doing their part to make their customers
more aware of their use of electricity and
natural gas, through enhanced bills and
smart meters.
Now the spotlight is turning to
consumers’ favourite friends, the
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information and communications
technology that power phones, tablets,
computers and digital services.
Service providers lead the way – or
at least say that they do. Since
2007, search engine and
web services firm Google
has been carbon neutral,
buying its way out of
trouble with carbon
offsets for the amount of
energy consumed by the
data centres that support its
services. (By the way, in 2009
Google refuted that old statistic
that two internet searches use as
much energy as boiling a kettle; it has
estimated the energy used is 0.0003
kWh, making the ratio more like 750
searches/boiling a full kettle).
Earlier this year, software and

services giant Microsoft announced
plans for its business operations to
become carbon-negative by 2030. (Both
Google and Microsoft declined to
be interviewed for this
article.) In August,
Microsoft employee
Scott Chamberlin
posted an article
on the company’s
developer blogs
in August 2020
called ‘Introducing
software sustainability’
(www.is.gd/yuwiga). He
wrote: “Spurred on by this call to
action, many of us began organising,
focusing, and connecting the dots on all
the various aspects of where software
can play a role in this. This blog is one
output from that collective effort.”
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Valerie Lynch

After referencing eight principles
of sustainable software design (see
box), he wrote that the purpose of the
initiative behind the blog is “entirely about
decreasing the amount of carbon, waste,
or water wasted, directly or indirectly,
through improved software.”
While this subject is older than that
blog, it remains an emerging area,
according to Brunel University’s computer
science department Prof Steve Counsell
(pictured, p23). He says: “Until relatively
recently, we didn’t care too much about
energy consumption because all we
wanted was for code to work and didn’t
really care too much about how it did it.
The CPU load was largely an irrelevance
or, at least, less important than code
crashing and losing a company millions of
pounds.
“The green computing community and
the wider worries about the planet have
put issues such as energy consumption
very much on the agenda, and at large
software engineering conferences, they
even have their own tracks.”
One of the most popular approaches
to this issue in Counsell’s experience
involves reengineering or ‘refactoring’
code to accomplish the same task, while
using less energy. He explains: “Executing

FURTHER INFORMATION
Code smells – www.is.gd/dediwe
Case study, refactoring for energy savings –
www.is.gd/qumace
Climate Action tech online community –
www.is.gd/coyigu
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unnecessary parts of code contributes
hugely to energy consumption. If we can
refactor code and make the code more
efficient, we could dramatically reduce
the amount of energy we consume. Think
about a 1,000-line program with 50 lines
of duplicated, unnecessary code that we
could relatively easily remove. If that code
is run a million times during its lifetime,
that’s 50 million lines of executed line
energy consumed that didn’t need to be,
for limited invested effort.”

SMELLY CODE
A related issue is what’s called ‘smelly
code’, which is, says Counsell, lines so
badly written and maintained that they
scream out to be changed. “We get rid
of code smells by refactoring – so it’s all
linked,” he adds.
Another issue is the complexity of the
computer software platform, contends
Valerie Lynch, founder and chairman of
the board of industrial software developer
and consultancy AND Technology
Research. She observes: “Often,
developers are taught software tools
which are good, to do things in a particular
way, and they do some neat code which
they like. If I made a nice piece of code on
top of four layers [of the software stack],
that is using a lot more processing power
than even smelly code.
“I’m not an advocate of bad software
engineering, but if you have a software
audit, there will be a lot of software left
in a system that’s redundant, and no-one
has the time or the courage to remove
it. All software takes up energy, and you
need to clean it out if you are going to
make it energy-efficient.”

She founded that firm in 1980, and
contrasts the IT architecture in the
early pre-Windows days of personal
computing to today. Then, there were
only three software layers: BIOS, DOS
and an application (Lotus 1-2-3, as a
contemporary example). Today, there are
a huge number of layers to do simple
things, she complains, although qualifies
that by saying this structure allows for
extensive connectivity, which is a great
benefit.
Commercial pressures limit engineers’
ability to customise software to suit the
application. That conflicts with what Lynch
calls the ‘craft’ of software design. “When
building new technology, it’s incumbent on
us on how to build to make sure that they
are the best, and we are not just storing
up problems for later on.”
Counsell, too, is very aware of the
constraints on developers’ time. He lists
four particular challenges to overcome
in the greening of software code. First
is making the endeavour sufficiently
attractive to make it worth their while.
Second is related to that: ‘if it ain’t broke,
don’t fix it’; dealing with the risk that such
labours might affect the performance of
the code. Third is that existing software
tools in refactoring and reengineering
code are ‘pretty poor’. Fourth is that
techniques to measure the energy
consumption of software are ‘immature’.
As he says: “Instrumentation of code
is very difficult to do. The hardware
community is a lot better.”
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Lynch doesn’t disagree that hardware
current draw can be metered, but turns the
issue on its side. “In terms of technology,
this isn’t blue-sky research. You can do
it. But how often do you want to monitor?
There are smart meters, for example, that
provide anybody half-hourly data. But a lot
of people want to have data in 10-second
increments, and they can even go down to
1-second or less than that. The question
that I pose is, is that useful? Can you
do the same thing in half an hour? In a
day, half-hourly monitoring is 48 points
stored, where 5-second data is quite a few
thousand points, multiplied by each unit
over the entire country. That is the scale of
the issue.”
She expands the point: “There has
been a lot of work in [data centres]
to make them self-sustaining and
carbon-neutral using solar power. But
that doesn’t address the fundamental
question: are we storing too much data?
What do we need that data for? Even
when we process the data, we tend to
build layer upon layer of software; are
they all really necessary?” In other words,
keeping data imposes its own energy
cost, in its capture, transfer, storage,
monitoring and backup.
Her view is that the lower layers of
the software stack, where it touches
electronic components, are some of the
areas where power consumption is most
considered in design – with an extreme
case being embedded devices, systems
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that do a particular thing within a larger
structure, whose own supply of power may
be severely limited.
Also, computer chip design is
constantly moving toward miniaturisation
and reducing power. She mentions
development of SOTB chips by Renesas,
which are designed to consume very little
power (www.is.gd/cadoci). “But these
developments are not always made the
most of when you get away from the first
layer of software engineering; it all gets a
bit lost.”

ACTION
Lynch has gathered a working group
within the energy sector panel of UK
professional engineering institution IET
to examine the impact of digitalisation of
engineering. “I’m interested in the role of
software engineering, now that software
is making up a significant proportion of
the effort of product development. Many
products are just software now.”

Her goal is to find similarly-minded
professionals, in particular those
knowledgeable about the software
underpinning networks. The long-term
ambition is to amend the education
of software engineers, if gaps are
discovered. Exactly how it gets there
remains unclear, as the group is still in
the discovery phase. But she adds: “What
I do now is that when we are working as
software engineers, [energy consumption]
is not what is on our minds.
That bothers me.”
Other work Lynch is currently working
on includes a project with Cambridge
University about making software modular.
“We are exploring different models that
you might use to make it clear about the
software that you are using in a product.
If you think that you have some particular
piece of monitoring equipment, what in
that piece of software do you actually
use? Probably you don’t use it all. How
do you track and make business models
about more thoughtful usage? It could
be a service, just like paying for a mobile
phone minutes. We’ve built a platform
called Connect, and it is just trying to
make sure that when things are designed,
they are only putting in the pieces of
equipment that they really need.”
In any case, the software
sustainability movement is growing on
the back of a new computing paradigm,
the so-called internet of things (IOT).
The ability for smart connected devices
to talk to each other over the internet
without human mediation has emerged
in the past decade, and promises
to dramatically increase data traffic.
Concludes Lynch: “This is the time for us
to do it.”

The eight principles of sustainable software engineering
Carbon: Build applications that are carbon-efficient
Electricity: Build applications that are energy-efficient
Carbon intensity: Consume electricity with the lowest carbon intensity
Embodied carbon: Build applications that run on older hardware
Energy proportionality: Run servers at a high rate of utilisation
Networking: Reduce the amount of data and distance it must travel across the network
Demand shaping: Instead of shaping supply to meet demand, try shaping demand to match supply
Measurement & optimisation: Focus on end-to-end optimisations that increase the overall carbon
efficiency
Source: Principles.Green (www.is.gd/ibiquq)
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Going with the

flow
Colin Ledsome CEng FIED
considers how the idea of flow,
whether of energy, material
or information, applies to the
practise of engineering design

F

or centuries, physics was about
explaining the workings of the
human scale world; how levers
worked, boats floated, arrows
and cannon balls flew and arches stood.
Then eyes turned to the stars and worked
out the motions of the heavens and the
effects of gravity. Microscopes gave a
view of fine structure, eventually leading
to some understanding of the atomic
scale. Today the main interests are in
the incredibly small, via particle colliders,
and the astronomically large, with giant
telescopes. Questions are asked about
the constituents of atomic particles and
the beginning, and end, of the universe.
Engineers and designers work between

Stress trajectories in a spherical
dome due to wind forces

those two extremes and need to know
more about the details of the world at
human scale if they are going to meet our
more functional needs. It’s been said that
there are only three physical problems for
an engineer to solve: flow of energy, flow
of material and flow of information. Energy
includes the strain energy in a structure
(example pictured below), as well as heat,
electric power, kinetic energy and more.
Flow of material ranges from aerodynamics
and mechanical movement to traffic flow.
Information flow includes everything from
mechanical control systems to Wi-Fi. Most
products have aspects of all three.
Professional practise in engineering
design is not just about getting a product
to function and provide customer

Cablelike action

Wind

Archlike action
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satisfaction. It also includes being part
of a team as a cooperative participant
and later, a manager. It involves costing,
communication, management and
professional development, and the
accumulation of understanding and
experience. With some consideration, a
number of other flows can be added to this
list. They include: spatial relationships,
and the flows of manufacture,
finance, product evolution, authority,
communications and experience.
I struggled to find a ‘flow’ word for
‘spatial relationships,’ which seemed as
though it should flow. Then I realised that
the physical configuration of an object,
its spatial relationships and material
properties, direct the three physical flows
of energy, material and information.
Configuration is the key to solving the
physical challenges. In fact, the functional
purpose of engineering and product design
can be defined as finding a configuration
of materials that causes the three physical
flows to happen in a desirable way, to be
channelled efficiently through the product.
I found other channelling systems that
direct the other flows, all listed together in
the box on p28.
None of this negates or contradicts
any existing theories. The combination of
channelling and the environmental pattern
with which they conform matches the
concept of ‘systems thinking,’ which has
been developed in recent years. However,
it does set those theories in a common
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frame, allowing easier cross-disciplinary
comparisons to be made, perhaps
clarifying and extending theories in other
areas.
If the use of the ‘flow’ terminology
seems forced, an example may help.
On p28 is a picture of a ‘computer’ on
display at the Science Museum in London,
consisting of a series of pipes, valves and
reservoirs, which models the way money
flows around the UK economy. By adjusting
the valves, one can show the effects
of changing taxation, market activity, or
bank interest rates. Inventor Bill Phillips
produced 16 versions of this device in the
late 1940s. The one on display was used
as a teaching aid by the London School
of Economics for some years. What it
demonstrates is that the flow of water in
such a system is a close simulation of the
general flow of finance in the economy. If
the logic of these very different flows is the
same, then the flows behave in a similar
way. This can be thought of as the basis
of all theoretical modelling, by whatever
means, and depends on the similarity of
the logic between theory and reality to
produce accurate predictions.
Some years ago, working on the design
of Apollo Skylab, my team and I were
asked to estimate the vulnerability of the
station to micro-meteoroid penetration.
The station’s complex shape meant
that some parts were partly protected
by others, particularly the large solar
arrays. The problem was to calculate the

www.ied.org.uk

equivalent exposed area of the
vulnerable sections. Earlier, I had shared
an office with a section analysing the
thermal balance of the station, particularly
the radiation of heat from one part to
another. The program to do this calculated
the equivalent area of each exposed to
the other. Once you had eliminated the
percentage of heat passed to other parts,
you were left with the amount radiated
to space. Turning this around allowed us
to calculate the desired area exposed to
space. We only had to construct a basic
geometric model of the whole station as a
series of surfaces. The underlying ‘flow’ of
the two problems were identical.

PHYSICAL CONFIGURATION
We know more about this than the
other two, so there are more theoretical
details. A general theory of physical flow
must include Newton’s laws of motion,
Kirchhoff’s laws of flow around networks,
Bernoulli’s equation for fluid flow, the
laws of thermodynamics, equations of
equilibrium, equations of conservation and
more.
It soon becomes apparent that physical
flows may be scalar (described by a
number), partly or fully vectoral (having a
magnitude and direction), or even tensorial
in nature (having a multidimensional
relationship). The orientation of an
electrical conductor doesn’t affect the flow
of current, but that of a pipe affects the
vertical components of liquid flow due to
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Meetings, whether in person
or virtual, facilitate the flow of
information

gravitational effects.
Within a structure, the orientation of
each member, in any direction, helps
determine what loads it carries. This
concept of the ‘space’ where things
happen is a fundamental part of the
understanding of flow. A few basic physical
theories, and their related equations, could
be considered together as a combined
theory of physical flow.

EXPERTISE CONFIGURATION
Extensive work exists on the manufacturing
skill-set and there are many theories of
education and training, although there
are many uncontrollable factors. Some
work exists on the ways in which products
are created and evolve, particularly
within product design, but the need for
imagination limits development. The
‘space’ where this happens is within
the profession as a whole, often divided
into industry or even project groups.
Historically, this might have been thought
of as the ‘mystery’ of the craft of design.
The basic challenge in this area is the
interaction between the available body
of knowledge -- including both academicbased research and the availability of
knowledge -- and understanding from
the published records of professional
practice. Much depends on serendipity, of
practitioners being aware of an appropriate
piece of information and integrating it into
their thinking. The flow can be appreciated,
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THOUGHT EXPERIMENT
Phillips’ Economic
Computer
but is difficult to formulate. Comparison
with the flow of other areas may prove
enlightening.

ORGANISATIONAL
CONFIGURATION
Accountancy tells us the flow of financial
transactions, without necessarily
giving a hint as to why. The interaction
between the individuals in a team limits
their effectiveness. Within design and
engineering practice, questions of
authority to act, and hence accountability
for decisions, are being raised as a legal
responsibility.
Good communication has been
recognised as a vital contributor to a
successful organisation. Some theoretical
work exists, but few studies have been
done on how information is generated
and accessed in most organisations. The
organisational ‘space’ is hierarchical,
and communication between levels of
management or divisions within levels
is often limited. Communication often
happens by informal interactions. The
organisation must also communicate more
widely, both to clients/customers as well
as others in the supply chains.
The interactions between different parts
of an organisation are often constrained
by administrative or bureaucratic
requirements. These can often be useful
to allocate authority or responsibility to
groups and individuals, but tend to be

based on past experience,
so may stifle new
development (see also
p4). They can also become
an end in themselves, so
seen as more important
than actually completing
the task at hand.

CONCLUSIONS
An overall pattern emerges by putting
these ideas together. Not only are
there three groups of three flows, but
the groups have strong similarities.
Each contains a ‘materialistic’ flow:
materials, manufacture, and finance,
respectively; an ‘energetic’ flow: energy,
experience, and authority, respectively;
and an ‘informational’ flow; information,
product evolution, and communication,
respectively. And, finally, each
configuration exists within a constraining
environment and space.
If this is valid, the theoretical concepts
collapse to a single configuration,
constrained by an appropriate space
and environment and containing a
materialistic, an energetic and an
informational flow. That puts us into
entirely new territory which needs a
lot of exploration. We need a more
comprehensive, generalised theory of flow,
probably with several components.
In both material and energy flows,
there is a concept of conservation. The

THE NINE FLOWS OF ENGINEERING DESIGN
PHYSICAL CONFIGURATION (behaves in accordance with physical laws)
Flow of Material
- from fluid flow to traffic movement
Flow of Energy
- from strain energy in structures to electric power
Flow of Information
- from control systems to computing and television
EXPERTISE CONFIGURATION (assumes an environment of accepted practice and professional standards)
Flow of Manufacture
- the skills and organisational expertise of manufacture and construction
(rather than the processes itself, which brings about the physical
configuration)
Flow of Experience
- from education, and professional development to literature surveys and
directed research
Flow of Product Evolution - from individual products to industrial and market evolution
ORGANISATIONAL CONFIGURATION (assumes action within an environment of appropriate
management and business practice)

Flow of Finance
Flow of Authority
Flow of Communication

- from cash flow to sales and investment
- from organisational and project management
to professional responsibility
- from project requirements to general organisation

Image: www.is.gd/bojonu. Science Museum Group Collection © The Board of Trustees of the Science Museum
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matter in flux is
neither created nor
destroyed, but always
goes somewhere.
Perhaps we need to
consider information
in the same way.
The perception of
information occurs
when we apply a
previously-unappreciated pattern to
existing data. It may then be manipulated
and distributed, but remains as a pattern
even if we have all forgotten it. Perhaps,
therefore, conservation of information,
fundamental to the theories of atomic
physics, is a reality here as well.
There is obviously a lot of detail to be
followed up. The possibility of exchanging
theories across current functional
subject boundaries is intriguing. It raises
the prospect of rapid advances in the
theoretical base.
If the reduction to a single
configuration concept is valid, then
we are contemplating something very
fundamental and I don’t know where it
could lead. For education, it introduces
the opportunity of significantly reducing
the theoretical content and increasing
the applications orientation and project
content. The early part of the course could
introduce the general concept of flow and
its theoretical base, with lots of specific
examples. Putting in the appropriate
factors and constraints would bring the
theory into the realm of each of the
current disciplines, but with an increased
understanding, since no new basic
concepts would be involved.
The fundamental questions are:
● What is flowing?
● What gives the flow its impetus?
● What guides and constrains the flow?
This implies extension to theories in
the sciences, general management and
business, and the shape of organisations.
Perhaps this is the clue to a human scale
theory of everything. Of course, this is all
theoretical and should be approached with
caution. As I used to tell my students:
“Where there is a difference between
theory and reality, reality is always right.”
This article is a personal view and
does not represent any views or policies
of the IED.
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BS 8888:2020

A common line
BS 8888 is the descendent of the world’s original engineering drawing standard, BS 308, and a
revised version of the standard published this year is aimed at engineers who were trained using
BS 308 as well as new users, reports former IED chairman Tony Keegan CEng FIED,
who sits as an expert on British Standard and ISO technical committees. He is an independent
consultant and delivers online training in geometrical tolerancing.

much of the text has been updated and
clarified to make it easier to follow. The
latest revision includes:
● New and updated material from
recently revised international standards
● A new section on welding symbols
● An enhanced surface texture section
providing fuller requirements for surface
texture specification that now covers
‘areal’ as well as ‘profile’ specification
● A new section on statistical
tolerancing, the generic name for quality
management systems such as Six Sigma
used in manufacturing process control.
This is particularly useful in industries
involved in mass production.
The section on geometric tolerances
has been completely rewritten, with extra
material on maximum and least material
requirements that includes the direct
indication of virtual size in the tolerance.
Changes to the way profile tolerances can
be applied has also been included.
Other significant updates include the
control of the six degrees of freedom for
datum systems, and a new clause on the
application of geometric tolerances to
multiple sets of identical features.
Work is now under way on the next
revision, which is planned for 2025. The
principal focus will be the inclusion of 3D
specification with model based definition
(MBD); see also box below.

It is also intended to include use of
additive manufacturing.
Future articles will explain the use of
some of the new concepts covered by the
latest revision of the standard.

Some symbols and indicators
new to BS 8888 included in
the latest revision
Reciprocity
Developed length
Between
All over
Combined zone (orientation)
Separate zone
Unequal zone
United feature
Simultaneous requirement
Unequal tolerance zones
Intersection plane

MODEL-BASED DEFINITION

Orientation plane

This is the application of dimensions and geometrical tolerancing to a computer model during the design
process. IED would like to get in touch with current practitioners, with an eye to holding an event to discuss
present and future practices. Would interested parties please email engineeringdesigner@ied.org.uk

Collection plane
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S 8888 is a key document that
enables communication between
design and manufacturing.
Adopting its use ensures
unambiguous interpretation of design
information. This will help make sure that
products meet their design intent. Its use
will reduce queries, scrap and disputes.
Developed by experts from leading
aerospace, defence, automotive, rail,
nuclear and medical devices companies,
as well as academics from leading
mechanical engineering universities,
BS 8888 brings together, in one
document, all of the international
standards needed to prepare engineering
drawings and technical product
specifications. It serves as a gateway
to 200 or more ISO standards. It also
includes much of the basic information
engineers need on a regular basis that
are the essentials of engineering design.
BS 8888 is used by engineering
and manufacturing organisations that
design, manufacture, validate and inspect
products and their component parts using
2D drawings and 3D models. It is a ‘must
have’ document for anyone that prepares,
reads, or needs to interpret engineering
drawings and specifications.
So what’s new about the 2020
revision? The whole document has been
reviewed and many of the examples and

Direction feature
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6851
Selected and edited published applications from
recent editions of the patent journal. This month is category G: physics
Method and vessel steering
module for seismic data
acquiring and for routing a
vessel, by generating a first
straight line from a starting point
to an end point and generating
offset straight lines

GB2582064

Gary Winfield
Polarcus Shipholding
Marine seismic exploration is used to
investigate and map the structures
and character of subsurface geological
formations underlying a body of water.
Marine seismic data is typically gathered
by towing seismic sources such as a
hydrophone. It is desirable to be able to
provide a simplified desired survey path and
on the other hand, that the desired survey
path is easy to transfer to an algorithm
whereby predicted desired offsets are
communicated to a steering system of the
vessel. This allows the vessel to follow the
predicted path, especially when the survey
line has a changing heading/azimuth.
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The method comprises: generating a
first straight line drawn from the starting
point to the end point, then generating a
number of offset straight lines, each offset
line being placed perpendicular to the first
straight line and each starting in a first
point placed on the first straight line and
ending in a second point in a distance X
from the first straight line. Those second
points provide an array of cross-track offset
values that provide a survey line when
connected continuously to each other.
In that case, the vessel can navigate
substantially using the track offset values
and substantially following the survey line.

Systems and methods using
multi-wavelength single-pulse
Raman spectroscopy

GB2582070

Bradley Arnold, Christopher Cooper, John
Cataldi
University of Maryland
Since the discovery of the Raman effect in
1928 by C.V. Raman and K.S. Krishnan,
Raman spectroscopy has become an
established as well as a practical method
of chemical analysis and characterisation
applicable to many different chemical
species. When a beam of light impinges on
substances, light is scattered in different
wavelengths than the incident light. There
is a unique Raman spectrum of a particular
substance for, or associated with, each
incident wavelength. Substances which do
exhibit Raman spectra can be characterized
by means of their spectra.
For identification of unknown samples at
long range, the invention provides a multiwavelength laser source that uses a single
unfocused pulse of a low intensity but high
power laser over a large sample area to
collect Raman scattered collimated light,

which is then filtered and focused using
a singlet lens into a stacked fibre bundle
connected to a customised spectrograph,
which separates the individual spectra
from the scattered wavelengths using
a hybrid diffraction grating for collection
onto spectra-specific sections of an array
photodetector.

System and method for routing
signals in complex quantum
systems

GB2582085

Martin Sandberg, David Mckay, Patryk
Gumann, Hanhee Paik, Jay Gambetta
IBM
The present invention relates to the field
of quantum computing systems and more
particularly to wiring for interior quantum
computing circuits. The quantum bit is a
structure that processes units of quantum
information (called qubits) that are the
quantum analogue of the classical bit.
A qubit is a two-state quantummechanical system, such as the
polarization of a single photon: here the
two states are vertical polarization and
horizontal polarization. In a classical
system, a bit would have to be in one state
or the other. However, quantum mechanics
allows the qubit to be in a superposition of
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In the invention, when a file is uploaded
to a cloud storage system, the cloud
storage system may calculate a hash value
for the file. When the file is attached to
an email and is required to be sent, the
communication tool calculates a hash value
of the attached file. The email system may
perform a look up operation to compare it
with the hash value of the file in the cloud
storage system. If a same file is found,
the email system may replace a link to
the attached file with a link to the identical
file in the cloud storage. Thus, a storage
consumption for the attached file can be
reduced.
both states at the same time, a property that
is fundamental to quantum computing.
Embodiments of the present invention
disclose a computer system having a plurality
of quantum circuits arranged in a twodimensional plane-like structure, the quantum
circuits comprising qubits and busses (that
is, qubit-qubit interconnects), and a method
of formation therefor. A quantum computer
system comprises a plurality of quantum
circuits arranged in a two-dimensional
pattern. At least one interior quantum
circuit, not along the perimeter of the twodimensional plane of the plurality of quantum
circuits, contains a bottom chip, a device
layer, a top chip, and a routing layer. A signal
wire connects the device layer to the routing
layer, wherein the signal wire breaks the twodimensional plane, for example, the signal
wire extends into a different plane.

Deduplication for files in
cloud computing storage and
communication tools

GB 2582099

Hiroyuki Miyoshi, Hiroshi Araki
IBM
Consider the case of a user
sending a file stored in the
cloud to a recipient via an email
message. If the user attaches
the file to the email message
as an attached file, the same
file becomes present in both
the communication tool service
and an email system. Having
multiple copies of the same file
may consume storage space
unnecessarily.

www.ied.org.uk

Optical device for enhancing
human colour vision with
improved cosmetic appearance

GB2582117

Keenan Valentine
Hue
Optical devices that enhance normal
human colour vision and colour vision
deficiency (CVD) do not sufficiently
address the ability for people to
discern colour differences via lightness
differences, and lightness-independent
colour differences. Moreover, the
cosmetic aesthetics of such devices
need improvement, for example due to
unappealing residual cosmetic tints.
A device to enhance human colour
vision includes a substrate, on which
is a plurality of thin film layers that
include materials creating thin filmspecific reflectance spectra based on
materials that have their own respective
refractive index. It also contains a plurality
of colourant layers applied to the thin
film layers that are created based on
colourant-specific absorption spectra as
defined by selected concentrations.

In Brief
Matrix computation engine

GB 2582094

Eric Bainville, Tal Uliel, Erik Norden, Jeffry E.
Gonion, Ali Sazegari
Apple Inc
Certain long short term memory
learning algorithms used in language
detection, card readers, natural language
processing, and handwriting processing,
among other things, rely on massive
amounts of matrix multiplications. The
performance of such operations on a
general-purpose CPU is very low; while the
power consumption is very high. A matrix
computation engine is proposed.

Display device and display
device control method

GB2582106

Kabushiki Kaisha, Hiroichi Yamaguchi
Canon
Mixed reality seamlessly combines the
real world with the virtual world in real
time, but visually-induced motion sickness
may arise in users with head-mounted
displays (HMD). The present invention
provides a technique for reducing this. It
tracks movement of the display device;
and warns the system when a sicknessinducing movement will occur.

Method and device for
generating an augmented image

GB2582116

Pawel Jurzak, Maciej Stawiszynski
Motorola
Visual media may be compressed before
transmission between devices. However,
some compression methods obstruct
particular details within a captured
incident scene. The invention provides a
technique for solving problems associated
with lost or degraded image data by
adding or associating metadata to a
compressed image of features identified
in an original image but lost (or rendered
unidentifiable) in the compression
process. Based on a comparison of two
sets of keywords, the electronic processor
is configured to generate an augmented
image by associating the missing
metadata to the compressed image.
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WHAT’S HAPPENING

at the heart of engineering, has launched
the 2020/21 cycle of its Engineering for
People Design Challenge. It focuses on the
neighbouring communities of Lobitos and
Piedritas on the northern coast of Peru, an
increasingly popular tourist spot due to the
excellent surfing conditions in the region.
The two towns still experience significant
challenges in regards to sustainable waste
management, energy, food and water
supply, digital communications and transport
infrastructure. Working

■ Norwegian company BillerudKorsnäs
has launched Recyclable Flow Wrap,
a paper-based packaging solution for
confectionery packaging that enables
a shift from conventional plastic to
renewable and recyclable materials.
Flow wrap is a type of flexible packaging
used for many products in the fast
moving consumer goods (FMCG) sector;
today, plastic film flow wrap is standard for
FMCG. The new product is based on primary
fibres from well-managed forests and with
high barrier performance that can be recycled
as paper. It is suitable for medium to high
barrier requirements such as those posed by
chocolate bars and other confectionery as
well as bakery product. A patent application
is pending. Recyclable flow wrap is verified
by packaging firm Syntegon Technology and
tested with its retrofit upgrade kit “paper-ONform”. It can be installed on existing horizontal
flow wrapping machines.
■ The Institution of Mechanical Engineers has
launched its design challenge for engineering
students, supported by Autodesk. Design
Challenge 2021 will bring together teams
of first- and second-year university students
to follow a system engineering process to
develop, build and test a repeatable vehicle
that could be used for bulk materials handling
purposes. The competition is also supported
by industry partners Mercedes AMG HPP
and data storage company Mashoom. Team
information is required for the registration
deadline of 15 November 2020 via
www.is.gd/avilog.
■ Engineers Without Borders UK, leading
a movement to put global responsibility
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with EcoSwell, a local charity
established by surfers to support coastal
communities to reach the UN’s Sustainable
Development Goals, the 2020/21 competition
will encourage students to consider the
sustainability challenges and opportunities
of ecotourism to the settlements that support
it. Interested parties can sign up by emailing
challenge@ewb-uk.org
■ More than 1,700 young inventors from
27 countries and regions entered the James
Dyson Award this year, showcasing a breadth
of ingenious inventions addressing problems
such as microplastic pollution, IV infiltration
and coral-reef degradation. Panels of tech
experts, entrepreneurs and leading engineers
reviewed, discussed and debated the entries
to select a national winner and two runners
up in each participating region, totalling 81
national finalists. These finalists have now
been announced. The UK’s Tyre Collective won

for a device that collects microplastic particles
from tyres using electrostatics and airflow, to
prevent pollution.
■ Terence Conran, founder of
the Design Museum, designer,
philanthropist and businessman,
died on 12 September 2020.
He was 88 years old. He studied
textile design at London’s Central
School of Art. Leaving studies in 1948 to
seek full time employment, he set up a
workshop with his tutor, the artist and
print-maker Eduardo Paolozzi where
he concentrated his skills on furniture
design, ceramics and fabrics. The
early 1950s saw Terence work on the
Festival of Britain alongside architect
Dennis Lennon. He founded furniture
chain Habitat in 1964 and The Conran
Shop in 1972. As the founder of the
Storehouse Group he acquired the
Heal’s furniture business, set up Next and
ran British Home Stores and Mothercare. He
established an architectural practice with
Fred Lloyd Roche called Conran Roche and
eventually became Conran and Partners. He
founded the Design Museum in Shad Thames
in 1989 following an innovative start as the
boilerhouse in the basement of the Victoria
and Albert Museum. Alongside design, food
was also one of Terence’s great passions and
he became a renowned restaurateur.
■ Formerly principal designer
at Jaguar, and most recently
head of design/VP at Geely
Design UK, Wayne Burgess
has moved to Coventry design
and engineering consultancy
Paramex. He joins as chief
design officer. At Aston Martin he lead the
design team responsible for the Aston Martin
DB9 and what ultimately became the V8
Vantage. Returning to Jaguar, Wayne became
chief designer on several programs, most
notably the XF and F-Type.
■ Profiled in the last edition of ED (pp12-13,
September/October 2020), ACRIM-Wheel,
the low-cost, lightweight, all composite wheel,
has completed development and validation of
proof-of-concept stage. Consortium partners
are Carbon ThreeSixty, Far-UK, Composite

www.ied.org.uk

Institution News
In Brief...

Integration and CNC Robotics. Now they move
to the next phase of development with
the manufacture of fifty wheels by the
end of the year. Three full vehicle sets
are destined for proving on MOTIV, an
autonomous mobility vehicle using
Gordon Murray Design’s iStream
Superlight technology.

by construction contractor Fluor,
spent more than $500 million on
the process. It was the first-ever
civil nuclear power small modular
reactor design certification
application, and was included
in ‘Nuclear’s New Flavour’,
ED May/June 2020, pp257. Now, says the company,
customers can proceed with
plans to develop NuScale
power plants with the understanding that
the NRC has approved the safety aspects of
the NuScale design.

■ NuScale Power’s small modular
reactor design has successfully
completed the final phase of design
review by the US Nuclear Regulatory
Commission. The company, backed

■ A collaboration between
Gravity Industries, which has developed and
patented a 1,050bhp jet suit, and the Great
North Air Ambulance Service (GNAAS) has
resulted in a test flight at Langdale Pikes.
That saw Gravity Industries founder and chief
test pilot Richard Browning fly from the valley
bottom to a simulated casualty site on The
Band, near Bowfell. Taking around 25 minutes
to reach by foot, the Gravity Jet Suit is able to
cover that distance in 90 seconds, opening
a range of possibilities in the emergency
response arena. The ground-breaking exercise
was said to be the culmination of a year of
talks between GNAAS and Gravity Industries.

Elections & Registrations
Registration
as Chartered
Engineer
Richard Entwistle
Bristol
David Hann
Dorset
John Hunter
Aberdeenshire

Registration as
Incorporated
Engineer
David Rogerson
Essex
Election to
Member
Olusola Ajibade
Surrey

Election to
Student Member
Bournemouth
University
David Carpenter
Buckinghamshire
New University
Gregory King

Emma Fenech
George Lymn-Collins
Hampshire
Miladur Rahman
Bradford
Mathew Rodmell
Yorkshire
David Sewell
Dorset
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Malta
Aurelia Gooden
USA
Richard Malcolm
Sheffield
Holly Morris
Nottingham
David Rogerson
Essex

Coventry
University
Tereza Sitinova
India
BG Babitha
Liverpool John
Moores University
Ryan Williams

London South
Bank University
Bryan Vega Gaona

University of
Hertfordshire
Loredana Tagoe

Loughborough
University
Talya Sher

University of
Limerick (Ireland)
Ella McLoughlin

Manchester
Metropolitan
University
Harry Brench

University of
Liverpool
Cara O’Sullivan

Robert Gordon
University
Ben Rusling
Solent University
Joseph Roadnight

Brunel University
Fatima Hermosin
Acasuso
Heather Acay
Folasayo Adelakun
Somaiya Afzal
Aiman Al Husni
Mia Alamo
Saurav Ale

Faisal Alhaddad
Joseph Allen
Toby Allen
Reema Althunayyan
Joel Ambrose-Brown
Jessica Ansell
Charlotte Ansell
Frederick Anthony
Olukayode Ariyo
Joseph Arrowsmith
Adam Attewell
Harvey Badcock
Jayda Bailey
Eda Balci
Eloise Ball
Ross Ballinger
Olubusayo Bamidele
Michelle Bandera
Anduena Bardhi
George Baritsch
William Bartholomew

Matthew Bashford
Sebastien Bassant
Charlotte Bassett
Jeannine Bastard
James Battishill
Jay Bedi
Caitlin Beer
Rahima Begum
Nazifa Begum
Helen Bellhouse
Luca Bertacca
Paramveer Bhachu
Yash Bhansali
Karishma Bhugoowan
Benedict Biddell
Oliver Biddle
Braeden Bihag
Stanley Binns
Juliette Bird
Paz Blacher-Moore
Tanaka Bofu
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ELECTIONS & REGISTRATIONS

Election to
Student Member
Brunel University
(continued)
Clement Bolle
Blake Boller-Smith
Carys Bowen
Charles Boyle
Sarah Brashaw
Thomas Brew
Michelle Sambo
Briceðo
Ana Charlo Briones
Gabriel Britton
Arthur Brooks
Isabel Brown
Nicholas Brown
Jake Brown
Emily Browne
Eben Budd
Alexander Burgess
Alexander Burgstaller
Hugo Burns
Peter Bushell
Samuel Busovsky
Matthew Bye
Pashwyn Cabral
Imogen CampbellHeanue
Stuart Duncan Ian
Cameron
Chloe Canell
Jordan Carvalho
Arun Chalotra
Jake Chamberlin
Mohamed Chaudhry
Lihao Chen
Yili Chen
Cheuk Iu Cheng
Kelvin Chow
Muaz Chowdhury
Diana Cirlig
Juliette Clark
Jacob Coates
Niamh Cogley-Rock
Hannah Coombs
Jessica Cooper
Henry Copeland
Philippa Copeland
Aman Coutts
Luke Cowell
Harry Cozens
Tobias Crabtree
Edward Cray
Danielle Cropley
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Alice O’Brien Cumming
Alexander Cummings
Euan Currie
William Curry
Daniel Daborn
Yaren Dalgic
Shivangini Das
Enkh-Eryn Davaakhuu
Owain Davies
Angharad Davies
Oliver Davis
Oliver Dawson
Jack Day
Arthur Dean-Osgood
Christopher Delaney
Lillian Denson
Diaz Desagurante
Adediji Dipeolu
Laura Dixon
Phillip Dixon
Tran Doan
Enya Dodson
Arthur Donn
Alexander D’Souza
Joshua Duddridge
Wesley Duffy
Louie Duncan
William East
Jake Eccles
Kerry Edwards
William Edwards
Oghenerume
Egbeniyoko
Miles Egbuchiem
Renee Eguavoen
Jake Elston
Jordan Evans
Chengji Fang
George Farren
Isaac Faruque
Yasmine Fell
Justine Fernandez
Elise Filleul
Jonathan Fisher
Kieran Fitzgerald
Robert Foulds
Daniel Fredericks
Yimeng Fu
James Gadsden
Angus Galton
Andrew Gardner
Matthew Gardner
Rikke Geelen
Maria Georgantzi
Sirtaj Ghata-Aura
Robin Ghoshal

Charles Gilks
Xanthe Glover
Francesca Green
Peter Griffen
Gabriele Grigaite
Joe Ground
Yanjun Guan
Pablo Guembe-Young
Kripa Gurung
Umma Habiba
Aphra Hallam
Samuel Harding
William Hardy
Amin Haruna
Louie Kenneth Harvey
Hawler Hassan
Joshua Haswell
Georgina Hatch
William Hay
Moritz Hedrich
Kevin Hessabi
Silke Heyse
Max Hill
Chun Lok Adrian Ho
Jesslin Ho
Miles Holloway
Alfred Holmes
Benedict Hughes
Jason Huynh
Maria Ferreira Inacio
Mehrab Iqbal
Joseph Irvine
Ismael Ismael
Jonathan James
Jan Janiurek
Montanna Japaul
Viraj Javaharlal
Reece Jerrett
Ariane Mccormack
Jones
Jamie Jones-Blackett
Tamneet Julleekeea
Benjamin Justice
Kobithas
Kanakarathinam
Isneha Kapoor
Elias Kara
Kiarash Karimitari
Ava Kenning
Usman Khan
Yusuf Khan
Liberty Kimber
Megan King
Thomas Knipe
Iaroslav Kovalev
Kacper Krajewski

Tanaka Kungwengwe
Tsun Lai
Carrie Lam
Oliver Lambert
Edward Lawrence
Sophie Lazenby
Thomas Ledsome
Daniel Lee
Hannah-Marie Lee
George Leeson
Rosina LeftwichKallmann
Adeline Leon
Yutong Li
Joshua Li
Pak Lin
Oscar Lindsey
Alexandra Liu
Junting Liu
Alexander Lock
Jessica Logan
George Longmore
Qiantong Lu
Emily Lucas
Chukwudi Madukah
Mithun Mahendran
Skyler Manalili
Thomas Mander
Nulen Mangsatabam
Marina Marbella
Daniel Marshall
Oliver Martin
Margot Mason
Oliver Maszlin
Preetpaul Matharoo
Jacob Mcadam
Gregory Mccaffrey
Calum Mcclelland
Chloe Mccourt
Samuel Mcglynn
Henry Mcintosh
Beau Mclaren
Shin Mejia
Rebecca Mellor
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Lauren Menzel
Zoe Mercer
Stuart Meredith
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Athina Mikrou
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Edmund Miles
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Alice Mitchell
Max Mitchell
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Anavi Modi
Segomotso G
Modisanyane
Luke Moerman
Fahim Mohammed
Sebastian Morawiec
Sophie Morelli
James Morley
Madeline Mortland
Caitlyn Morton
Lewis Muggeridge
Subhan Mughal
Nivedhaa Muthu
Samuel Mytton
Belal Nada-Ali
Andrew Nagel-Smith
Julita Napieralska
Jack Nash
Rishabh Nayak
James Newell
Ka Ng
Grace Saunders Nield
Jingyu Niu
Oscar Norman
Levi Ofwono
Divine Okoroji
Omolade Ojo
Oratokhai
Lauren Ord
Jacob Osborne
Lorcan Oshea
Toby Osmond
Jake O’Sullivan
Nathan O’Toole
Ruby Ovenden
David Paling
Arphatsara Paowana
Paris
Papacharalambous
Sebastian Parker
Daniel Parkins
Ellen Parkinson
Vasily Parshin
Edouard John Parslow
Vishvesh Patel
Malav Patel
Wysiana Patricia
Kirsty Patterson
Jaskaran Pawar
Maria Pinilla Pease
Lukas Pentland
Jack Percival
Joshua Perkins
Lewis Perry
Timothy Philbin

Andrew Pickering
Jamie Pinkham
Louisa Plane
Victoria Poizer
Charles Pope
Theadora Powell
Joanna Power
Frederick Prentice
Katie Price
Owen Purvis
Niyu Qian
Jemma Queenborough
Connor Ray
Archie Read
Harvey Redfern
Isabel Rees
Matthew Reeves
Isaac Reeves
Natalia Rehakova
Michael Faria Ribeiro
Conor Michael
Harterre Richey
Coleman Deady Ridge
Dante Roberts
Jack Robson
Carl Henrik Daniel
Andersson Rodriguez
Pitchaya
Rudeenorawate
Lauren Rushen
Omar Rushton
Marisa Sabourin
Ioana-Georgiana Saioc
Palmira Pique Salvat
George Sanders
Thomas Sault
Amber Sayers
Max Schopp
James Scott-Murphy
Anisah Shoaib Shah
Sereena Shah
Kevin Shaji
Elis Sharp
John Shearer
Ruoyu Shi
Wen Shi
Lauren Shortel
Harrison Siddall
Zahra Siddiqui
Lucy Simon
Oliver Singleton
Kalani Smith
Hannah Smith
Luke Smith
Harry Snow
Eva Sobonova

Elizabeth Soremi
Kristian Stoyanov
Chanpovmeas Suon
Samantha Isabel
Supan
Thomas Sutton
Aaron Sylvester
Adam Tahir
Kamal Tallat
Zhenglin Tan
Iqbal Tanay
Jehoshua Thayaparan
Yordan Todorov
Luke Tolchard
Stephanie Tomlinson
Joseph Toumazos
Max Trafford
Brandan Traini
Oliver Treherne
Naomi Tucker
Alison Tuffin
Barnaby Twine
Daniel Valentine
Kaelum Van Der Berg
Anna Vaus
Manuela Valerie Okon
Vednyonga
Markella Viagkini
Alejandro Nunez
Vicente
Isidora Rivera Vollmer
Anmol Wadhwa
Michael Wei
Benjamin Wells
Guy Westcott
Millie Florence White
Alice Whittingham
Aaron Wilkes
Jacob Williams
Charlotte Willis
Sophie Wilson
Charlie Wilson
Dawid Wolynski
Kara Wong
Chi Wong
Noah Woodman
Jai Woolford
Xin Xu
Ben Younger
Maximillian Younossi
Minnan Yu
Wenjie Yuan
Wenhao Zhang
Yucheng Zhou
Yiwei Zhu
Auguste Zukaite
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Who are we?
This journal is produced by the IED for our Members and for those who
have an interest in engineering and product design, as well as CAD users.
The IED, established in 1945, incorporated by Royal Charter in 2012,
is a licensed body of both the Engineering Council and Society for the
Environment and we register our suitably qualified Members as Chartered
Environmentalists (CEnv), Chartered Engineers (CEng), Incorporated
Engineers (IEng) or Engineering Technicians (EngTech), Chartered
Technological Product Designers (CTPD) and Registered Product Designers
(RProdDes). We also offer professional recognition to Product Designers,
CAD Technicians, and those who teach and lecture in design or CAD.
We represent our Members’ interests at the highest levels and raise
awareness of the professional standards of our Members, whilst providing a
resource and information service, and a friendly and approachable route to
assessment and registration.
www.ied.org.uk

“For any design engineer
hoping to pursue a career in
industry, membership and
registration shows commitment

Why become a member of the IED?

to continuing professional

Membership of any professional body gives you professional recognition
and status, and an acknowledged code of conduct to work to. Membership
of the IED gives you the added credibility of being acknowledged for the
role you play in Design and Innovation, and helps to develop your skills and
knowledge in these areas.
As well as the various registrations, membership of the IED gives you the
opportunity to meet with other designers and discuss issues particular
to your field of expertise or interest. Many of our Members prefer to
communicate primarily through the discussion forums on our website,
as this lends itself to the busy work schedules – however, we also run
seminars, meetings and events where Members can carry out CPD and
meet up.
The IED is the only Institution that represents designers in all
Engineering and Product Design fields, plus those who teach these skills.

development and promoting
good practice in those with
whom we interact on a daily
basis. The IED provides a
natural home for those whose
roles encompass a diverse
range of skills.”
BH, Chartered Engineer

How do you join?
We have made the application process as simple as we can. To maintain
the high standards of membership, we need all prospective members to:
Complete an application form
Submit a CV and details of relevant educational qualifications. All applicants
are assessed by a Committee of Members.

If you are a designer who would like to gain formal professional recognition, or work in
an organisation which employs designers, and would like to have your employees gain
membership and professional recognition, contact the IED on 01373 822801 or send an email
to: membership@ied.org.uk to discuss your next step.

If undelivered, please return to:
The Institution of Engineering Designers,
Courtleigh, Westbury Leigh,
Westbury, Wiltshire BA13 3TA

