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“ How do you perfect something 
you can’t see or feel?” 
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WELCOME TO ISSUE 57  
OF INTERFACE
We’re in the business of innovation – tackling our clients’ 
toughest challenges to come up with cutting-edge products 
and systems that have never been done before.

But that ‘eureka’ moment doesn’t happen by accident. 
It’s underpinned by our 50-year track record of product 
development, the combined skills and experience of our 400 
engineers and designers, and our deep understanding of our 
clients’ markets and needs.

It means we can help clients every step of the way – from an 
initial idea, through prototyping, to the successful transfer 
into manufacturing for commercial launch.

Our ‘science-led innovation’ approach means our solutions are 
built on a robust understanding of what is actually going on in 
a system at the scientific level – how the dry-hopping process 
used in the brewing industry gets more hoppy and aromatic 
flavours into beer, for example, so that we can better control 
and accelerate it to create ‘personalised’ beer.

Our state-of-the-art facilities enable us to fully test a 
development – rapidly – whenever we need to. That can involve 
anything from optimising antenna performance using our Satimo 
Stargate 64 anechoic radio test chamber to fine tuning the next 
generation of surgical devices in our simulated operating room.

And along the way we’ll be using techniques like high-speed 
visualisation to gain insights into the behaviour of complex 
systems – and computational modelling, which is bringing 
‘virtual surgery’ to life through real-time haptic simulators.

I hope you find the articles in this issue interesting, as well as 
informative. If you would like to discuss any of the topics in 
more detail, get in touch with the authors via email.

Alan Richardson, CEO – Autumn 2014



TECHNOLOGY AND PRODUCT 
DEVELOPMENT YOU CAN 
TRUST, FROM PEOPLE WITH  
A PASSION. 
That, in a nutshell, is what we offer our clients.

We have credibility won from a heritage of 50 years of 
innovative product development. 

WE DO THINGS FAST, WE DO THEM ACCURATELY – AND 
WE MINIMISE THE RISKS AT EVERY STAGE.

Our speciality is helping clients achieve the seemingly 
impossible – whether they’re the world’s largest blue-chip 
companies or the smallest start-ups.

From managing your technology and innovation pipeline to 
seeing your idea roll off the production line, we deliver real 
value to our clients. It’s not just us saying that – 95% of 
our clients say we exceed their expectations. And we’ve also 
picked up two Queen’s Awards for Enterprise along the way.

If you want to find out more, why not have a look at our website?

Or simply get in touch.

The Editor

 



NEWS

Situated on the border between Boston’s emerging Innovation 
District and the downtown area, the new space brings together 
cutting-edge technology and world-class design.

At its heart is an open-plan studio where mathematicians, 
scientists, engineers and designers work together – with 
access to top-of-the-range specialised facilities such 
as a professionally-equipped simulated operating room 
and an anechoic chamber. Other facilities include rapid 
prototyping workshops, wet labs, a dedicated ‘creativity 
space’ and a human factors suite – all under one roof.

This approach means we can deliver astonishingly quick 
results. Imagine the design iteration of a typical wireless 
bodily implant – traditionally, the round trip from design 
studio to electronics lab to anechoic chamber to operating 
room and back again can take weeks, incurring significant 

expense, delays and wasted travel time. Our new space 

allows us to take a design through all these phases during 

the course of a day – with the entire development team only 

a few steps away. 

By applying our own product development philosophy and 

techniques to the design of our new accommodation, we 

have created an energetic environment that is intellectually 

inspiring, incredibly productive and a joy to work in – all of 

which will have a profound effect on our ability to efficiently 

develop products that will delight our clients’ end users.

Come and see our new facilities – we’re just one mile from 

Logan International Airport – at 745 Atlantic Avenue, 

Boston, MA 02111.

David.Bradshaw@CambridgeConsultants.com

NEW US OFFICE OPEN FOR BUSINESS
Our US office is celebrating its 10th anniversary this year – with a move to new, 
larger premises to cater for its continuing expansion.

DOWNLOAD OUR FREE 'TOP 10' 
GUIDE TO CREATING A SUCCESSFUL 
CONNECTED PRODUCT
Download the guide at: www.CambridgeConsultants.com/connected-device-guide 
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The ‘Internet of Things’ is no longer about things. Nor, really, has it ever been about the 
internet. It is about us – you, me and the services we use. 

What we used to know as machine-to-machine communications – for monitoring expensive equipment – delivered 
radical changes across a number of industries. Complex capital equipment became available for hire, with full 
service support from the original manufacturer under the (rather awkwardly named) concept of ‘servitization’.

Ten years ago, Rolls-Royce was already earning more than half its revenues from services – long-term real-time 
monitoring, support and maintenance contracts for engines, delivered under its ‘Power-by-the-Hour’ initiative. 
Similarly, Alstom’s trains on Virgin’s West Coast line are delivered under a full-service contract where the focus 
is not simply on the supply of equipment in good working order but on the far wider issue of minimising ‘lost 
customer hours’ – the customer in this context being the passengers using the service.

So what is it about digital sensors and wireless communications that has driven this industry shift? At a 
technical level, the individual features are pretty obvious:

Measurement – how equipment is used and how well it is doing a task
Control – how equipment operates and who can do what with it
Communications – with equipment users and those supporting them

However, added together, these features delivered a total shift in the market that changed forever the 
expectations, behaviours and relationships of manufacturers, providers and customers.

The irresistible rise of smartphones has led to plenty of unexpected consequences, not least the wide availability 
of high-quality sensors that are small in almost every way – price and power as well as size. These low-cost and 
low-power electronics combine with ubiquitous communications to ensure that what we now call the Internet of 
Things is seeding this same disruptive wave of innovation across all sectors of industry and society.

Energy meters, thermostats, inhalers, heart-rate monitors, running shoes, watches and even cars are no longer 
simply products to be bought, used and replaced. They are entry points for services which not only increase the 
value of the products they service but also have the potential to outgrow them, in both time and capability.

This is a challenge for many organisations. Until recently, companies that sold products with strong brands 
through distribution models that scaled globally were kept at least one step away from their customers. These 
same organisations now also need to deliver services that interact directly – and in real time – everywhere, at 
any time, with customers whose expectations are forever increasing.

That’s why Cambridge Consultants has launched a digital services initiative. We have a long track record 
of developing devices – typically highly novel and technically advanced devices that meet tight regulatory 
requirements. Often, these devices presage a radical breakthrough in a particular market, be that satellite 
phone services or compliant drug delivery. And now we are stepping up to the challenge of understanding 
and delivering the services that go with these products – and guiding and supporting the operational change 
demanded of the businesses that need to offer them.

The Internet of Things lays down a challenge to companies in every industry. What comes fi rst – the device or 
the service?

Tim.Murdoch@CambridgeConsultants.com
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Beer has had a taste of innovation in recent years and there’s a 
growing appetite for more. You only have to look at the rise in 
speciality beers now available in the UK – or the explosion of the craft 
beer scene in the US. These really tap into the personalisation trend 
that is evident across the consumer industry.

As consumers become more selective with how they spend their hard-earned money, 
they are demanding something special. So we decided to see what we could bring to 
the party, using our ‘science-led innovation’ approach. This combines our well-proven 
innovation process with technical understanding of a problem to ensure the radical 
concepts generated have the highest chance of technical success.

Dry hopping is an age-old process used in the brewing industry to get more hoppy and 
aromatic fl avours into the beer. Traditionally, a pub landlord would throw a handful of 
hops into a keg of beer and allow it to steep for a couple of weeks, resulting in their 
special house beer – perhaps the oldest form of consumer personalisation? We grasped 
this concept and started to investigate how we could use it, but allow the consumer to 
change their beer fl avour on demand.

At Cambridge Consultants, our focus in these situations is to build enough of an 
understanding for us to then innovate around – the development world can’t afford the 
time for full university-level research, so engineering judgement based on experience 
is needed to combine research, analysis and testing to the right level. What is actually 
happening in the dry-hopping process? How can we better control and accelerate it? 
What has already been done in this area? Where else uses similar processes or has 
similar chemistry?

With these factors in mind, and the initial testing complete, the concept generation 
process could begin – looking at how the consumer might interact with it as a product, 
as well as developing the core technology to achieve the variable hoppiness we were 
after. As the architecture options were refi ned, the theory and tests could be built 
upon and used again, further reinforcing the probability of technical success.

The result? Well, we are in the process of making our fi nal demonstrator which will 
allow the consumer to interact with the beer tap like never before, adjusting the 
hoppiness level before the barman serves their drink. And the consumer engagement 
doesn’t stop there, as they will also be able to see how the natural hops are being 
added to their drink.

You could argue that the ‘science-led innovation’ approach is just good engineering 
practice. And actually, that’s perfectly correct. However, many organisations either 
don’t have the time to do this or – more often – don’t have the additional skills or 
experience needed to generate the most radical new products. I, on the other hand, 
would like to raise a glass to this approach – confi dent it will deliver my perfect 
personalised beer. Anyone for a pint?

Edward.Brunner@CambridgeConsultants.com
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DATA ACQUISITION

Wearable devices meant for biosignal measurement (eg heart 
rate) must pick out this signal from various sources of noise 
– and amplify it to a level that can be digitised and used by 
the system.

Have you ever stood next to a speaker with a mobile phone in 
your hand and heard it making ‘blip blip’ noises? Those occur 
because the speaker is acting as an unintentional radio receiver. 
Front-end circuitry is very susceptible to this kind of noise. 
Sometimes, all that is necessary to reduce this susceptibility is a 
properly placed filter or shield but this isn’t always cost-effective 
– nor does it help in reducing size. Unshielded digital circuits in 
close proximity to radio frequency interference can also cause 
bits to flip and processors to reset, causing unpredictable device 
behaviour. This can be especially worrisome for wearable devices, 
which often don’t have shielding.

Motion artefacts are yet another challenge – and are obviously 
worse on wearable devices. For example, wrist-worn pulse 
oximeters are great for usability. But when compared with 
a more traditional sensor worn on the fingernail, these 
sensors get a weaker signal that is more easily corrupted by 
movement. Well-designed data-acquisition circuits that can 
compensate for motion artefacts and other noise are essential 
for biosignal measurements to be accurate. 

ANTENNA DESIGN

To transmit data, a wireless device needs an antenna, the 
performance of which is a function of its environment, making 
design crucial. Every mechanical, electrical and material feature 
in the device affects antenna performance and reliability.

Most standard antenna designs merely treat the human body 
as a large capacitor. However, this does not yield the best 
performance because the nature of the body’s effect on the 
antenna differs, depending on the location of the antenna 
on the body, and on body morphology (eg density of fat 
vs muscle). Considering the placement of the device, and 
designing an antenna that best uses the body to optimise 
performance, is vital.

Because the shape, geometry and placement of the antenna 
determines its performance, the space allocated for it can have 
an impact on communication range and affect mechanical 
features or the dimensions of the product. Low-cost off-the-
shelf antennas are sufficient for certain applications but – to get 
superior reliability and device performance in a challenging use 
environment – a custom antenna is well worth the effort. 

BATTERY MANAGEMENT

Battery life can make or break a wearable device in the 
market. Smarter processors and wireless chips are power 
hungry even with low duty cycles. Although their average 
power consumption is low, peaks can be very high, which 
causes voltage drops and wasted power. Other components 
like vibration motors, speakers and even simple LEDs have a 
damaging effect on power consumption.  Processing of data, 
especially if complicated mathematics is involved, and storage 
to non-volatile memory are two other tasks to be wary of. 
Optimising power consumption is a balancing act that must be 
played out early in the design cycle. 

When desired battery life starts approaching months or years, 
seemingly small details can matter. Circuit boards with moisture 

A HEALTHY BALANCE
THE CHALLENGES OF DESIGNING CONNECTED WEARABLE HEALTHCARE DEVICES

Personalised healthcare is the new frontier of the 21st century – and health-monitoring devices 
are at the forefront of this trend, with wearable devices becoming increasingly popular. These 
devices typically can also send data wirelessly to a smartphone so it is available via the cloud. 
Wearable devices are possible due to powerful – yet miniature – electronics technology, better 

conformal materials, and a high degree of integration. The best devices look simple but require 
careful balancing of several design challenges to yield optimal results.  
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and residue can produce leakage currents that drain the battery. 
Even ceramic capacitors, known for being low leakage, can 
exhibit non-negligible currents with high values of capacitance.

Unfortunately, given that battery technology has not advanced 
as rapidly as other electronics, product designers must be 
smarter about design to achieve desired performance. Paper-
thin batteries are available (eg Ultralife and PowerStream) 
but still quite expensive compared with standard coin cells. 
New advances in wireless power transfer (eg Powermat and 
WiTricity) are showing some promise in enabling passive 
battery charging but custom design of the charging circuits 
will still be required to meet requirements around the amount 
of power transfer and the efficiency of transfer (which 
determines the duration of the charging process). 

INTEGRATION

Flexible electronics technology has matured significantly, 
allowing wearable products to conform more to the body. Printed 
electronics are coming of age and companies such as MC10 
are stretching the technology even further – quite literally. As 
these new form factors become affordable, mainstream products 
can become smaller and less intrusive – excellent for the user 
experience but even more challenging for the engineers. 

THE RIGHT BALANCE

According to ABI Research, 2014 will see 90 million wearable 
devices sold around the world – most of them in the health and 
wellness space. Achieving the right balance between size, cost 
and performance will separate the winners from the losers.

Joe.Bailey@CambridgeConsultants.com
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THE 

MISSING 
LINK

The wireless link is the lifeline for 
all connected wearable devices. Its 

performance is crucial – both the battery 
life and the user experience will be 

poor if this link is unreliable. But radio 
connections are invisible – so how do you 
perfect something you can’t see or feel?

Cambridge Consultants has invested in a state-of-
the-art over-the-air radio performance test facility (a 

Satimo Stargate 64 for those in the know) that quickly 
and reliably measures wireless link performance.

Being able to see this link enables our experts 
to understand how use and design affect device 
performance. It allows us to optimise electronics, 

mechanics and antennas to enhance the performance 
of connected wearable devices – delivering real 

competitive advantage in this burgeoning market.

Tim.Fowler@CambridgeConsultants.com



TURNING IDEAS INTO REALITY

Scientifi c research has a crucial role to play in the fi ght against many of the major 
challenges facing the world. From combating disease or avoiding catastrophic climate 
change to fi nding ways to feed an ever-expanding global population, new technologies 

are our best hope for fi nding practical solutions to apparently insurmountable 
problems. But too many promising innovations never see active service. So how can 

we bridge the gap from the laboratory to the front line?

THE JOURNEY FROM LABORATORY TO FINISHED PRODUCT
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This was exactly the challenge facing Clearbridge BioMedics 
(www.ClearbridgeBioMedics.com) – a spin-off from the National 
University of Singapore – whose groundbreaking cell-sorting 
technology could pave the way for a new era of cancer treatment. 
By providing an efficient way of isolating circulating tumour cells 
(CTCs), whilst keeping the cells unaltered for further analysis, it 
could be possible to provide clinicians with the information they 
need to be able to responsively control and tailor therapies – with 
minimum delay and fewer invasive procedures for the patient.

But the first task was to transfer the idea out of research and into 
the hands of users. Using a development process honed over many 
years, Cambridge Consultants worked with Clearbridge BioMedics 
to progress the initial concept through to a CE-marked prototype 
– and then helped to select and hand over to an appropriate 
manufacturing partner. Clearbridge BioMedics was able to 
maintain full ownership of the programme – and that initial idea is 
now a product which was launched commercially earlier this year.

LOOKING FOR A NEEDLE IN A HAYSTACK
The majority of cancer-related deaths occur when a tumour 
spreads from one part of the body to another (metastasises). A 
major route for this is via CTCs – cancerous cells which enter the 
bloodstream and act as ‘seeds’ for secondary tumours. In spite of 
their effect, CTCs are extraordinarily rare. In a metastatic cancer 
patient, a typical 7.5ml blood sample may only have a few dozen 
CTCs present – yet well over a billion red blood cells. Clearly it 
is necessary to find a means of sorting CTCs from the other cells 
present. If the concentration of CTCs could be enriched by a factor 
of 10,000, then instead of a needle in a haystack, the pathologist 
would, at worst, be looking for a needle in a bucket of straw.

When it approached Cambridge Consultants, Clearbridge 
BioMedics had developed a technique able to do just that. By 
using a microfluidic cell, it was able to remove 99.99% of normal 
cells from a sample in the laboratory – whilst retaining nearly every 
one of the scarce CTCs. However, Clearbridge BioMedics needed a 
way to exploit this technique in a commercial instrument.

A MULTIDISCIPLINARY APPROACH TO A 
MULTIDISCIPLINARY PROBLEM
The transfer from lab to product requires more than just an 
intimate understanding of the core technique. There is almost 
always a breakthrough element which plays a critical role – but 
it is still just one part of a complex system. The challenge is to 
architect and engineer the complete system such that the right 
decisions can be made in each case – as part of the overall 
design. The knock-on effects of apparently insignificant elements 
of a system can be striking. By making sure people working on 
different bits of the project keep talking to each other – so that 
all the design decisions are made in the context of the overall 
development – this kind of complex interplay can be rapidly 
identified, understood and managed.

This can be equally important for avoiding the penalties of 
over-specification, as well as (the more obvious ones) of under-

specification. For example, could a small increase in algorithmic 
complexity allow for a more basic sensor to be used? By using 
smarter control systems could you avoid the need to use a 
particularly high-specification actuator? Fully understanding the 
balance between different sides of a problem makes it possible 
to minimise unnecessary complexity and, as a result, the final 
product can be made cheaper, smaller and more reliable.

The role of project management in achieving this can too easily be 
underplayed – it certainly seems a world away from the romantic 
notion of a lone inventor working to meet their grand vision. But 
it is critical for developing new technology in an era when the 
world-leading expertise involved may be spread over different time 
zones and languages. For coherency, the project needs a central 
point of management which maintains the dialogue between every 
permutation of the originator, the developer and the manufacturer 
– through the medium of regular updates and a formal review 
process, as well as good old-fashioned face-to-face visits.

In the case of Clearbridge BioMedics, the result is a 
manufacturable instrument, carrying CE marking and ISO 13485 
certification, which is capable of meeting the exacting fluidic 
requirements achieved in the lab, can be easily integrated with 
standard practice upstream and downstream, and with a practical 
user interface and automated workflow. And all of this from 
something smaller than the average microwave oven. 

TAKING THE NEXT STEP
Novel diagnostic devices are an excellent archetype for this 
development model. They often represent complex, multidisciplinary 
challenges where the interplay between separate areas of the design 
can be vital. However, the spirit of the approach can be put to use in 
almost any domain when implementing a new technique or where a 
level of performance beyond the ordinary is required.

The Clearbridge BioMedics ClearCell® FX System has now 
been successfully transferred into manufacture and launched 
commercially – with the aim of helping to improve prognoses and 
cancer treatment.

So what next? We know there are no end of great ideas ready 
to take the next step – in university incubators or the research 
and development departments of blue-chip companies. But, to 
be a success, a new technology must fit into the world around 
it. It needs to take into account constraints – such as regulatory 
requirements or unit cost – and opportunities such as the 
potential to use hardware or techniques developed for another 
field. It might also need to fit in with existing infrastructure 
or user requirements. And this all needs to happen in a way 
that understands competing approaches, controls risk – and 
ultimately produces a financially successful product.

Changing the world may be no modest ambition but, with the right 
approach, we can certainly give our best ideas a fighting chance.

Alfred.Newman@CambridgeConsultants.com
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BIG BROTHER
BUT ONLY WHEN YOU NEED HIM



Nobody likes being watched. But for many young drivers it can be 
the only route to affordable car insurance.

Vehicle telematics – in the form of a ‘black box’ in the car that monitors how and 
when the vehicle is driven – can bring substantial reductions in insurance premiums 
for careful drivers. But the cost of buying and installing the devices makes mass-
market adoption unlikely.

Smartphone applications offer a low-cost alternative – opening up telematics to a 
wider audience – but they have limitations. A phone’s accelerometer will register 
the ‘acceleration’ of a user picking up and checking their phone, and this can easily 
mask the acceleration of the car itself. Also, considerable effort must be made to 
keep track of the phone’s orientation.

The main value of smartphone applications comes from the GPS data they provide. 
It can tell you when and where a car is being driven and parked, and is able to 
give an indication of the average speed a vehicle is being driven at. This is useful 
contextual data but the low latency of GPS data means it is poor at observing 
individual manoeuvres and learning how a car is actually being driven. Essentially, 
while GPS data can tell an insurer what a car is being used for, it can’t necessarily 
tell them how well it is being used to do it.

There is also concern that contextual data provided by GPS could infringe on the 
driver’s privacy. The insurer would accrue large amounts of personal user data, which 
could be used to build up patterns of behaviour – and potentially be distributed to 
third parties beyond the driver’s control.

At Cambridge Consultants we are taking a different approach, with DropTagDRIVE 
– a small puck that is simply attached to the windscreen of a car. Small and cheap 
enough to be sent through the post with annual car insurance renewal documents, 
the device consists of two accelerometers – a low-g accelerometer to pick up the 
vibrations and motion of the car, and a high-g accelerometer to measure large 
impacts like crashes.

Data can be sent to a user’s smartphone using Bluetooth – which is supplemented 
with GPS only at the user’s discretion – before being reported back to the insurer. 
The hardware and algorithms are designed to enable low-power operation – allowing 
the device to run for an entire year on a single coin cell battery. 

DropTagDRIVE  automatically determines its orientation with respect to the 
car, independent of GPS, to provide the high-quality inertial data missing from 
smartphone app solutions. Analysis of this data opens up a range of possibilities:

• Patterns of driving behaviour based on the correlation of longitudinal and 
lateral acceleration and insight into gear changing from engine vibrations

• Automated accident assist calls to emergency services if a crash is detected
• Creation of crash reports to determine fault in an accident
• Fraudulent claim detection by ensuring the device is attached to the right car
• Eco-driving coaching

All for just a couple of dollars – so you don’t even need to drive a hard bargain.

Douglas.O’Rourke@CambridgeConsultants.com
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GETTING UNDER THE SKIN

Today’s therapies are often far from ideal – particularly when it comes to ‘malfunctions’ in 
the nervous system and the organs it controls.

This set of conditions is particularly challenging to treat, yet its effect on patient quality of life can be 
immense. Anatomically these disorders are complex, often involving the mysteries of the brain and spinal 
column. Pharmaceuticals – always the fi rst port of call – have a systemic effect, with side effects common. 
Surgery offers little value. Patients need a new therapeutic option.

Enter neurostimulation – which directly infl uences the body’s regulation systems by applying electrical signals 
to specifi c nerves. Implanted neurostimulation devices are well recognised for a small set of conditions – in 
particular, for cardiac rhythm management (CRM) and chronic pain management.

But the CRM devices of the past decade have been large (requiring big internal pockets), their need for internal 
batteries and long leads has compromised their longevity (meaning regular repeat surgery), and they have been 
‘place-and-forget’ devices offering little or no ability to respond dynamically to patients. 

The balance between clinical benefi t and patient compromise inherent in these devices makes sense for 
debilitating conditions like chronic pain. However, that balance no longer holds as the industry looks to use 
neurostimulation to treat disorders such as migraine or incontinence – and even cases of obesity. For these new 
applications, traditional devices will no longer meet the clinical and patient needs.

To be successful in these new applications, the use and confi guration of devices needs to be optimised, the 
devices need to be smaller and ‘connected’, the need for re-operation needs to be reduced, and the therapy 
needs to become responsive to the needs of the patient.

These are long-term treatments. Financially, there is a large upfront investment needed for a long-term clinical 
benefi t. Devices need to be married with services – pulling usage and condition data out of the body to inform 
individual treatment and, potentially, even the whole healthcare system.

This ‘digital ecosystem of care’ is a key enabler of success for these next-generation devices – yet it is a 
continual challenge for device manufacturers, physicians, regulators and healthcare payers.

To explore this challenge – and set out a vision for neurostimulation in 10 years’ time – we hosted a workshop 
involving 18 leading players in the neurostimulation sector. 

You can read the workshop report at: www.CambridgeConsultants.com/neurostimulation-2024

Simon.Karger@CambridgeConsultants.com



The development of medical products for emerging markets is undergoing a transformation. The effects could be 
far-reaching – paving the way for a new approach to medical device design in Western markets too.

Products imported into emerging markets have traditionally been 
aimed at the top end of the market. They’ve been expensive and 
designed for Western needs – which has made them unsuited to 
the needs of the majority of potential users in the Third World.

As emerging-market manufacturers of medical products have 
become increasingly skilled, reverse engineering and copying 
has been replaced by independent product development 
aimed at the specifi c needs of the local market. Lack of 
a regulatory system for approval of medical devices has 
made it possible to maintain a high rate of innovation with 
short product cycles and niche products. This has allowed 
local manufacturers to take up to 90% of market share in 
the middle segments, where most of the growth is found in 
emerging markets.

In response to this, multinationals have changed their attitude 
to emerging markets. Instead of competing on cost by selling 
older models with lower performance, made on their existing 
production equipment, companies like Medtronic and Siemens 
are now setting up independent research and development 
functions locally.

The products developed specifi cally for emerging markets 
are often characterised by having fewer features. But they 
are as reliable as models designed for Western markets and 
often have similar performance within their feature set. Some 
of these products are even fi nding their way to the West, 
where healthcare spending is under increasing pressure. The 
Siemens Magnetom Essenza MRI scanner, for example, is 
made in China for emerging markets – but is also selling well 
in the developed world.

Cost is kept down by using a combination of local manufacture, 
appropriation of components from other industries, and the use 
of cutting-edge, sometimes unproven, technologies.

The Embrace Care infant warmer, for example, keeps premature 
babies warm using a pouch with phase-change wax (capable 
of storing and releasing large amounts of energy) instead of 
electricity – a luxury that’s often not available in emerging 
markets. Phototherapy devices for treating jaundice typically cost 
£1,800 plus £1,300 a year in light bulbs. The D-Rev Brilliance 
device does the same job for £250 and negligible running costs 
by using LEDs. In the US, a hand prosthetic can cost as much as 
$40,000. In Somalia, $100 3D-printed prosthetics are made by 
volunteers for amputee victims of civil war. 

As more medical devices are coming under regulatory control 
in emerging markets, product developers and manufacturers 
will have to fi nd ways to combine the rapid introduction of 
new components and technologies with requirements for 
documenting reliable safety and effi cacy. 

The high pressure to drive down cost, the use of standard 
– sometimes non-medical – components, and the early 
introduction of new technologies are all trends we are starting to 
see in developed markets as well as the Third World. Developed 
markets have strict regulatory systems that have encouraged 
a conservative mindset in medical product developers, often 
leading to cost being a secondary consideration.

But when the medical device industry succeeds in adapting the 
high-innovation environment of emerging markets to regulatory 
standards, the results will become a blueprint for boosting the 
pace of innovation in all four corners of the globe.

Lasse.Mogensen@CambridgeConsultants.com
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AN EMERGING TREND



The blink of an eye, a fl ash of lightning, the 
bursting of a balloon – all too fast for human 

eyes and brains to perceive and analyse. That’s 
why scientists and engineers often resort to 

high-speed photography and video to visualise 
fast-moving phenomena.

As early as 1878, cameras were used to determine 
whether all four hooves of a horse were off the ground 
at the same time during a gallop. Twelve cameras were 
positioned along the edge of a track, with the shutter of 
each camera attached to threads which were broken as 
the horse passed – triggering each camera in the correct 
sequence. The 12 images spanned a half-second interval 
– and, in two of the images, all four of the hooves were 
clearly off the ground.

In the modern-day product development environment, we 
routinely use high-speed video as a rapid diagnostic tool or to 
quickly gain insights into the behaviour of complex systems.

It’s particularly useful when theoretical predictions are 
diffi cult – such as the prediction of failure modes or 
buckling of mechanical components. We also use it when 
excessive computational resource would be required 
to simulate a system – for example, when dealing with 
multiphase fl ows, the mixing of gases and/or liquids, 
droplet or bubble formation, or jet fl ows.

After all, in today’s fast-moving world of product 
innovation, every fraction of a second counts.

Mark.Nicmanis@CambridgeConsultants.com

IN THE BLINK 
OF AN EYE
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Although vast and inhospitable, the oceans are 
an active frontier for industry and commerce – 
such as the quest to exploit the last remaining 
reserves of oil and gas. Digital technology is at 
the heart of the sophisticated control systems 
of the modern ‘intelligent oil fi eld’ (IOF). Data 
communications is the underpinning ‘glue’ 
which binds all the human and technological 
elements of the system together.

A typical IOF scenario involves the transmission of 
instrumentation data from multiple seabed sites to 
a surface platform many hundreds of metres above. 
Acoustic modems are the only feasible way to transmit 
data wirelessly through cloudy salt water, as optical and 
magnetic signals are highly attenuated. Low-frequency 
signals can travel for many hundreds of kilometres but 
require unfeasibly high-power transducers. Practical 
low-power modems have to use higher frequencies – 
resulting in much smaller ranges of just metres. This 
fundamental relationship between power, frequency, 
size and range is a diffi cult design challenge.

The best way to supercharge the physical capabilities 
of acoustic modems is by using advanced digital signal 
processing (DSP). The latest multi-core DSP units can 
handle a huge data bandwidth but require consummate 
programming expertise and experience to fully exploit 
their resources. Similarly, advances in statistical signal 
processing algorithms push the performance envelopes 
of real systems to their mathematical limits.

At Cambridge Consultants, these themes are 
routinely interwoven in our software-defi ned radio 
(SDR) programmes. We are experts at applying 
SDR signal processing techniques to RF wireless 
communications. Now we think the time is right to 
apply the same techniques to the underwater world 
of acoustic modems in the oil and gas industry.

Desmond.Phillips@CambridgeConsultants.com

LIFE UNDER THE 
OCEAN WAVES
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A SENSE OF PLACE



18Humans have an innate drive to control their environment and make 
their lives more comfortable. From the Roman underfloor heating 
systems to today’s triple-glazed, argon-filled windows, we constantly 
innovate to improve our living and working conditions.

But although our buildings today are unrecognisable compared with those of 100 years 
ago in terms of comfort and finish, they are still largely manually-operated environments. 
For the most part, we still have to walk across the room to turn the lights on and off. 
Even attempts to automate lighting using occupancy sensors have resulted in many office 
workers waving their arms around in the dark because they sat still for too long. Making 
our buildings truly intelligent so that they do things for us – without us asking – is still just 
a dream. However, that dream is getting closer to becoming a reality.

One of the historic challenges of getting ‘building automation’ into the mainstream 
has been enabling the building to recognise and monitor individual people. The most 
advanced systems today use infrared motion sensors or video cameras to try to monitor 
the movement of people – but neither of these approaches is good at determining who, 
and how many people, are present.

Once this challenge is overcome and a building knows who is inside, the next hurdle is 
finding a way to connect sensors around the premises with lights, heating/cooling systems, 
appliances, access-control mechanisms etc. Technologies such as X10, Z-Wave and 
ZigBee have had varying success in this market but none has hit the mainstream. None 
of the systems created to date offers an intuitive way of connecting people with a building.

The adoption of Bluetooth Smart into smartphones may be one piece of the puzzle that 
starts to change all that. This technology offers the potential for a building to know 
who is in which room simply by seeing which smartphones or other Bluetooth-enabled 
ID tags are present – no more waving your arms in the dark to get the lights to come 
on again. Doors could be unlocked as you approach, the air conditioning could react 
to an overcrowded room before it becomes too hot, and you’ll never struggle to find a 
colleague at work again.

Some of this is becoming a reality today. Start-up companies like August and Goji have 
residential door locks which open as your smartphone approaches. They also allow 
you to temporarily grant access to friends and family. Some of the big players are also 
wading in. The acquisition of the connected-home thermostat company Nest by Google 
earlier this year, for an eyebrow-raising $3.2bn, was one of the early moves. And at this 
year’s Apple Worldwide Developers Conference, the HomeKit was unveiled – a software 
framework for communicating with, and controlling, connected devices in a user’s home.

All these moves indicate that we may at last be opening the door to smart buildings. 
Having a communication technology which allows humans – via the ubiquitous 
smartphone – to effortlessly interact with their environment may finally enable our 
buildings to become truly intelligent.

Tim.Ensor@CambridgeConsultants.com



Artificial joints have become a fact of life for many people – with hip and knee 
replacements accounting for more than a million operations in the US and 
160,000 in the UK each year.

But while the numbers have risen over time, the replacement hip joint itself has essentially remained 
the same since the 1960s. Recent incremental advances – such as better techniques to preserve 
tissue, patient-specific sizes and osseoconductive coatings – have improved the lifespan of implants. 
But they still often fail, causing pain and discomfort to the patient.  

Implant manufacturers have achieved the incremental improvements at a high research and development 
cost, and are now searching for the last of the low-hanging fruit – improvements in the surgery. Academic 
research has shown highly experienced surgeons significantly outperform new surgeons when it comes to 
achieving optimal implant positioning – a strong determinant of implant longevity. So industry leaders are 
developing tools to improve surgeons’ skills and preoperative planning.  

Computational modelling can play an important role – real-time haptic virtual simulators are now 
becoming possible due to advances in computer power. These simulators work closely with robotics 
and provide surgeons with a realistic ‘feel’ of the surgery, as the interactions between the surgical 
tool and tissue are fed back to the surgeon via haptic devices. Virtual surgery allows the surgeon to 
redo a cut, the removal of bone tissue or the positioning of an implant over and over again until the 
method is perfected.

The latest computational models open up new possibilities for training surgeons and planning surgery 
– and, in turn, improvements in the lifespan of artificial joints. A real step forward.

Adam.Stops@CambridgeConsultants.com

A JOINT EFFORT
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The TV viewer chooses from dozens of channels in place of 
just five. The taxpayer sees the advantage of £2.4bn revenue 
from five mobile phone companies, which have bought 
licences for the radio spectrum that has been freed up. And 
users of smartphones and tablets have access to improved 
data services using the new LTE (4G) technology.

But there is a lesser-known stakeholder in this radio spectrum 
whose interests might be at risk – those who rely on short-
range radio links to make television programmes, feature films 
and live events.

TV light entertainment shows like The X Factor and The 
Voice use more than 100 radio microphones in a complex 
and fast-moving medley of competitor performances, 
interviews, judges’ deliberations and guest performances. 
The Glastonbury music festival uses three times as many to 
support all its stages, journalists, radio, TV and film makers. 
Formula One car racing uses more than 40 radio-linked TV 
cameras to give us driver’s-eye views as well as interviews from 
the starting lanes and the paddock. And in London’s West 
End, Charlie and the Chocolate Factory – just one of a dozen 
major musicals being staged at the time of writing – uses more 
than 80 radio microphones and intercom channels to support 
its complicated show and staging.

All these activities need an excellent quality of service. 
There is nothing quite so memorable – in a bad way – as a 
massive glitch or gap in the sound from a key performer. The 

occasional break-up that we tolerate on a mobile phone would 
be totally unacceptable on TV or at the Olympic opening 
ceremony. So they need radio spectrum with low interference 
from other users. Until now, TV white space – the parts of the 
UHF TV band where there isn’t a TV transmitter in range – has 
been ideal for this purpose. But a side effect of the digital 
dividend has been that the amount of this white space has 
gone down by about 22% since 2010, and there are proposals 
on the table for another spectrum sale which will reduce it by 
a further 29%.

At the same time, demand is growing – no annual show or 
event is ever smaller than its predecessor. According to the 
Department for Culture, Media & Sport, the UK’s creative 
industries are worth £71.4bn per year to the UK economy. 
Radio spectrum is a key enabler for this – but the complex 
and fragmented creative industry does not have the billions in 
cash to pay for it in competition with the mobile companies.

Cambridge Consultants has been studying this activity, talking 
to TV, theatre and event producers to gauge future demand – 
and to equipment makers and designers to see if technology 
developments in radio equipment can allow more efficient 
use of the spectrum available. We’re optimistic about the 
technology – but also well aware that considerable investment 
will be needed by users and equipment makers to avoid a fatal 
squeeze to a very lucrative industry.

Tim.Whittaker@CambridgeConsultants.com

A CHANNEL FOR INNOVATION?
The digital switchover of television in the UK has seen many of us on  
the receiving end of a range of benefits.
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UP CLOSE AND PERSONAL
HOW SEMICONDUCTOR-BASED DIAGNOSTIC TECHNOLOGIES WILL  
REVOLUTIONISE PERSONALISED MEDICINE

Personalised medicine is about providing “the right patient with the right drug at the right dose at the right 
time”. Mainstream medicine is progressing rapidly towards this much-heralded era because of the clinical 
value it offers.

A key aspect of personalised medicine is understanding how an individual patient will react to particular drug 
therapies to avoid harmful side effects. Molecular diagnostic systems can profile the DNA of individuals to inform 
clinicians of a patient’s likely reaction to a particular treatment – and doctors can then prescribe accordingly.

But conventional molecular diagnostic platforms are struggling to cope with the demands of personalised 
medicine. In some cases, the cost of a molecular diagnostic test kit – plus the cost of associated laboratory 
procedures – is prohibitively expensive. When combined with extended turnaround time, the value of the 
test diminishes further. 



The last few years have seen an emergence of semiconductor-based 
technologies in clinical diagnostics. These technologies use existing 
mature semiconductor-based components – such as field-effect 
transistors (FETs) – that are produced in the billions, and configure 
them in a way that means they can measure a biochemical reaction. 

Ion Torrent, for example, has produced a DNA-sequencing platform 
based on the measurement of pH on a semiconductor wafer. And 
DNA Electronics – a spin-out from Imperial College, London – has 
a diagnostics technology exploiting ion-sensitive FETs.

We are now seeing interesting developments of core diagnostic 
technologies by multinational semiconductor companies such as 
Panasonic, Hitachi, Samsung, Sony and Intel. These proprietary 
technologies cover a wide area of the diagnostics space including 
DNA microarrays, single-molecule DNA sequencing, polymerase 
chain reaction (PCR) and isothermal PCR.

These developments are particularly exciting as semiconductor-
based technologies will provide the basis for radically different 
molecular diagnostic system architectures, with greater 
functionality and the potential to meet the changing clinical, 
technical and commercial requirements of personalised medicine. 

Within these semiconductor technology developments we have 
identified a trend of shifting functionality from the instrument to 
the consumable, resulting in instrumentation of vastly reduced 
complexity. The elimination of a large instrument could shift the 
current value proposition in diagnostics – repeat consumables 
for an installed base of high-cost lab-based instruments – and 
introduce low-cost point-of-care diagnostic testing platforms 
suitable for personalised medicine. 

With the introduction of any new technology there are various 
factors to consider. Clinical considerations are addressed by these 
semiconductor technologies using existing life-science techniques 
such as PCR – ensuring parity between tests using existing 
diagnostic platforms and potential future tests on new platforms. 
Technical considerations are addressed by using the benefits of 
semiconductor technologies. Integration and miniaturisation of 
functions will enable instrument functions to be placed on the 
consumable, leading to radically different diagnostic system 
architectures. Consumables made with additional functionality will 
mean smaller and less complex instruments, which will be easier 
for non-skilled staff to use – and so lead to greater availability of 
diagnostic testing for routine use. 

Commercial considerations such as cost are also readily addressed 
by semiconductor-based developments. By its nature, semiconductor 
manufacturing is organised around vast economies of scale – and 
manufacturers would be able to use many existing facilities. The 
exploitation of Moore’s Law will also mean significant cost savings 
in the longer term as manufacturers use their experience of the 
consumer electronics industry with aggressive price pressures.

But although the potential of these technologies is high, 
intelligent product development will be central to the integration 
of these semiconductor technologies and the provision of robust 
clinical instruments that perform across the diagnostic workflow.

The diagnostic workflow consists of a number of steps – sample 
acquisition, sample preparation, detection, analysis and reporting.

The user interface with the system begins at the point of sample 
acquisition, where a number of collection methods may be used 
– finger stick, tissue biopsy etc. This step has to be developed 
with due regard for downstream sample preparation steps and the 
delivery of relevant reagents to enable extraction of the substance 
of interest from within the sample.

Once extracted, the substance is interrogated by the detection 
technology. Understanding the core principles of the technology 
is crucial – to ensure adequate sensitivity and specificity, 
taking into account the sensing method and the associated 
measurement process for that technology. 

The final – and potentially most important – stage of the 
diagnostic workflow is the reporting stage, when the diagnostic 
system produces actionable information. There are two 
strands to this – the graphical display of the data and the 
communication of the result to electronic health records. This 
communication could be carried out via wireless means and 
would need to take into account the security and integrity of the 
patient data.

To create a semiconductor-based diagnostic platform with the 
above capabilities will require the resolution of several technical 
challenges. The first of these relates to the clinical area of 
application and identifying the biological targets of interest. 
This will inform the performance required of the semiconductor 
diagnostic technology – specifically, the desired sensitivity and 
specificity for the biological target(s) in question.

The second technical challenge is the definition of a suitable 
system architecture. This should be designed around the 
semiconductor diagnostic technology and the supporting 
functions required (eg power supply, touchscreen) – but, most 
importantly, it should encompass the workflow for the user. The 
identification of system tasks and user tasks in the diagnostic 
process is critical at the architecture stage. This is to ensure 
the diagnostic system fits into existing clinical workflows whilst 
providing the maximum clinical benefit. 

Once the architecture has been established, the next technical 
challenge is to package all the functions into a small, compact 
footprint. This is especially relevant for point-of-care applications 
where space in a clinic is at a premium.

To sum up, it is essential to consider each stage of the diagnostic 
workflow in detail – but also in the context of the overall system 
– to find the right balance of the user steps and the system steps 
that suits a particular detection technology.

We believe solving these technical challenges for semiconductor-
based diagnostic technologies will create an exciting new wave of 
diagnostic tools for the era of personalised medicine.

But work needs to start now – regulatory requirements mean it 
could take up to five years to develop a system. And the needs of 
users – and payers – will need to be taken into account to ensure 
broad adoption by the medical community. Intelligent system 
design and development will be crucial.

Nick.Rollings@CambridgeConsultants.com



Creating products that consumers desire – and therefore want to buy – comes from 
carefully listening to, and understanding, the needs of potential users. We’ve been 
doing that for more than 50 years. But how does a company that’s grown from solving 
technical challenges hold these fragile ideas aloft during the crush of engineering 
problem solving – to achieve a final product that works well, is cost-effective to sell, 
and still delights the customer?

INVESTMENT IN EARLY UNDERSTANDING
There is no point designing for a consumer you haven’t met and don’t understand. For a few very 
talented people, this understanding seems to come from some hidden well deep inside them. Try 
watching an interview with the modest Jon Ive, who famously eschews any form of user research 
yet still shepherded in the best example of a user-focused success story of our time.

The rest of us need to spend some time understanding the potential consumer. It can be hard to 
stop yourself jumping straight in and starting the design. Everyone is excited and raring to go. But 
mistakes made at this point can be very hard to correct. Bad assumptions can become embedded 
as fact and the invested work can act as a barrier to even questioning the original decisions.

GOOD SYSTEMS ENGINEERING
Systems engineering might sound odd in an article about user-focused design. But it needs to 
be at the heart of any development. Many Cambridge Consultants projects involve complicated 
systems with mechanical, electronic and software elements working in symbiosis. 

However, the user – and their world – form part of the overall system and the design needs to 
take this aspect into account.

The systems engineering process has requirements management at its core – the art of defining 
what success for a particular product means. If there is an understanding of this at the start of 
the development, it can be translated into deeper-level requirements that can drive technical 
solutions while maintaining their link back to the original source… the user.

CHAMPIONING THE USER
Processes are all very well… actually, they are crucial if you want to have some form of 
consistency to your success. But processes are hollow without champions to embody and drive 
them. In fact, if you are willing to gamble, the champion is sometimes more important than the 
process (Jon Ive again).

So, the last of the three important pillars of creating products for users is the user champion.

The lead designers must be challenged to discover and understand the user’s needs, 
communicate them (through the requirements) and review the design as it emerges. And 
they need to stay embedded in the development team throughout the process – guiding the 
engineers where the requirements cannot hope to capture the subtleties of the user, and acting 
as the focal point of the product vision.

Remember, no matter how different the technologies, they usually have one vital thing in 
common – the user. 

Max.Middleton@CambridgeConsultants.com

23 THE CUSTOMER IS ALWAYS RIGHT…
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The ‘observer effect’ describes how the observation of an event 
can affect its outcome. If Arjen Robben is not being watched, 
will he dive?

In biological sciences, many experiments rely on the indirect observation 
of molecules. Fluorescent molecules are often used to ‘label’ proteins and 
nucleic acids – so that their presence in a sample can be detected. In many 
situations, this provides an accurate picture of events.

But, in some instances, the presence of the large fl uorescent molecules can 
affect the outcome of the experiment. This is particularly of concern during the 
development of new drugs for diseases such as cancer. During drug development, 
measuring the ability of drugs to bind nucleic acids or proteins may require direct 
observation – indirect observation can provide spurious results.

To tackle the challenge of the observer effect, Cambridge Consultants has 
developed a new ‘label-free’ system for analysing a range of biological 
molecules. We’ve combined our skills in optical systems development, signal 
processing, microfl uidics and molecular biology to devise a way of providing 
improved sensitivity at signifi cantly lower cost for multiple molecular assays – 
including those used in drug discovery.

It could even help researchers move away from the current model in life 
sciences of one instrument per test – to a paradigm where a common platform 
is used to analyse proteins, nucleic acids and cells.

The switch from specifi c labels also allows detection technologies to scale – 
making the detection of many more analytes possible without the constraints 
imposed by a relatively small number of labels. Defi nitely one to watch!

Dean.Griffi ths@CambridgeConsultants.com

SEEING IS BELIEVING
OR IS IT?
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