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WELCOME TO ISSUE 58  
OF INTERFACE
The race is on to make every product a ‘connected device’. 
But how do you balance the conflicting demands of customers 
who want their latest gadgets to be smaller and lighter but 
with improved performance and longer battery life?

Where do you start if you’re a sportswear brand and you want 
to make your clothing ‘smart’ – or a pharmaceutical company 
keen to deliver your latest drug via a connected injection pen?

The challenges posed by disruptive technology are what our 
engineers thrive on. And the result is truly groundbreaking 
innovations. Take Pizzicato, for example – the world’s first all-
digital radio transmitter and a turning point in radio design. 
Or XelfleX – our novel smart textile that turns garments into 
active motion sensors.

Cutting-edge technology on its own is not enough, though. It’s 
vital to underpin the technology with a clear understanding of 
the regulatory environment and the principles of ‘quality by 
design’, the mathematics and science behind the technology 
– things like interfacial phenomena – and, of course, the user 
who will be at the heart of any breakthrough product or service.

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 – Spring 2015



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
NEW FACILITIES SUPPORT GROWTH
Hot on the heels of our move to new, larger premises in the US, we’ve unveiled a £6m investment in 
new facilities in the UK to keep pace with our rapid growth.

The new building – at our Cambridge Science Park headquarters – has been called the Auton 
Building in recognition of Dr Paul Auton, who was CEO of Cambridge Consultants from 1983-1998.

It contains a mixture of open-plan office space for 120 engineers and world-class engineering 
facilities, including a dedicated optics lab to enable the safe use of class-4 lasers for development 
work on the next generation of sensors for industries ranging from oil and gas to medical devices.

Work is already well under way on the next phase of our building expansion plans – a three-storey 
extension which will double the size of the Auton Building.

A NEW WAVE OF 
INNOVATION
Emerging markets will be the catalyst that ignites a new wave of 
surgical innovation, according to a new report. But the surgical 
device industry will need to rethink how it develops products for 
these markets.

The report says surgery in emerging markets will not share 
the same future as surgery in developed markets. Different 
commercial, clinical, user and technical challenges will drive 
‘need-based’ innovation – resulting in new products and solutions 
that are tailored for emerging markets.

“Emerging markets offer a unique opportunity for the surgical 
device industry to reinvent its role in advancing healthcare,” 
said Rahul Sathe, a principal mechanical engineer at Cambridge 
Consultants, who co-authored the report with senior human factors 
engineer Leslie Johnston. “But the surgical device industry must 
alter how it innovates in order to grow, succeed and serve these 
new markets.”

To request a copy of the report – Emerging markets: the next 
frontier for surgical innovation – visit:  
www.cambridgeconsultants.com/2014-surgical-innovation-report



QUALITY BY DESIGN

If your washing machine suffers a mechanical failure, it’s annoying. But what if 
you’re a diabetic and your injector pen jams in the middle of your insulin dose? 
Or an asthma sufferer and your inhaler lets you down during an attack?

That’s why a ‘quality by design’ (QbD) approach is crucial 
when it comes to product development – and why the US 
Food and Drug Administration advocates the adoption of 
QbD practices in pharmaceutical development.

But what does this mean to engineers on the ground – and 
how can you ensure the principles are translated down into 
the mechanisms when a product is designed?

At Cambridge Consultants, we do a whole host of advanced 
development, engineering and testing activities to ensure 
we really understand our designs. But we also apply some 
simple fundamental approaches right from when we are 
conceptualising a mechanism through to when we are 
capturing details on engineering drawings.

It can all be broken down into six activities that are  
key to ensuring designs are grounded in sound 
engineering principles.

DEFINE THE MOVING PARTS
As soon as you have a concept for a mechanical system, 
determine which parts need to move – and when –  
to ensure you understand the full scope of the 
mechanical requirements.

UNDERSTAND THE CRITICAL PARTS
Once you start sketching actual concept mechanisms, 
capture information about the effect of each individual part 
on the performance of the mechanism. This will highlight 
the most important pieces of the jigsaw for each function.

DETERMINE THE HIERARCHY
Work out which critical parts control and guide other parts 
– and track this right back to the user holding the device. 

The chassis that guides the hub and needle of an injector, 

for example, might be controlled by a button on the casing 

that needs to be pressed by the user.

DEFINE THE CRITICAL PART INTERACTIONS
The next step is to modify the design to ensure all the 

critical parts are well guided and controlled – a shaft in a 

bearing, for example, needs to be long enough to do its job 

as intended. This often requires ingenuity to meet space, 

cost and functional requirements while ensuring designs 

remain easy to manufacture and fit for purpose.

FINE TUNE THE DETAILS
Analyse the design to make sure the moving parts are 

working correctly and with enough clearance between them 

– and ensure any guidance handovers work smoothly. If, for 

example, a needle in an injector is guided by a different part 

when it is moving from when it is held prior to insertion, you 

need to be sure the parts can’t jam between the two positions.

CAPTURE THE INTENT
Finally, use drawings with suitable data, dimensions 

and tolerances to capture the design intent of the 

features critical to the part interactions – and ensure the 

measurements are suitable for manufacturing.

The overall effect of ensuring that parts are well guided 

and the interactions between them are well understood 

is to eliminate simple device failures such as mechanical 

jamming. This basic approach, combined with our creativity 

and engineering expertise, means we can produce world-

class products that work every time.

Ralph.Lamble@CambridgeConsultants.com
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NO BATTERIES 
REQUIRED
Ask about developments in silicon and 
processors over the last couple of decades 
and processing power will usually be the 
first thing that springs to mind. Moore’s Law 
is widely known and we’ve got used to the 
increases in performance that it predicts.

Less is said about the power consumption of processors. 

But large strides have been made in this, often driven by 

the need to minimise the heat generated as the processing 

speed increases and, more recently – as most processors are 

now battery powered – by the need to extend battery life.

Even less is said about the batteries themselves – probably 

to hide the fact that, whilst processing power has increased 

dramatically, battery performance has stagnated. From 

a consumer’s point of view, batteries are rarely viewed 

positively – they need to be either replaced or recharged, 

and cause immense frustration if they run out. And this 

frustration could be set to grow as the ‘Internet of Things’ 

becomes a reality. Things like sensors for your home, 

personal devices like fitness bands, smart watches – 

everyone could have a small collection of these devices that 

will need to be powered.

Enter energy harvesting – with devices powered by 

scavenging energy from the environment or from 

mechanical actions that are part of a product’s normal use. 

Unfortunately, there is often a mismatch between the 

amount of energy available from harvesting and that 

required for normal use – or it may not be available at 

the time it is needed. A solar cell will not generate much 

energy at night, for example, and mechanical energy 

cannot be harvested unless the device is moving. This 

means either adding a storage element, such as a battery 

or capacitor, or combining multiple energy harvesting 

techniques – or both. This can make devices much larger 
and unwieldy. 

When designing low-power systems it is often possible 
to exploit an extreme asymmetry between a permanently 
powered device and one using energy harvesting. A light 
bulb and switch is a good example – as the bulb typically 
has a permanent power connection, it can constantly listen 
for a signal from an energy-harvested switch to turn on. With 
a phone, though, this is not an option as it will periodically 
turn off its radio to conserve power – which makes the design 
challenge harder for an energy-harvesting accessory. 

All is not doom and gloom, however. Silicon has seen great 
advances – and communication is at the top of the list. The 
latest radios being designed are some of the most energy 
efficient ever available to product developers. These radios 
are becoming so efficient that they are at the point where 
it is feasible to power more and more applications using 
energy harvesting. 

We’ve shown it is possible to sense the amount of drug 
being delivered in an injection pen and forward that 
information to a smartphone – all from the energy harvested 
from simply removing the cap. Just think how many devices 
have caps, lids or hinges – they could all potentially use 
energy harvesting instead of batteries. It is still a difficult 
design challenge but, with further advances in silicon and 
other components, the challenge is getting easier.

Robert.Milner@CambridgeConsultants.com
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05 CHANGING PLACES…
When you add milk to your cornflakes, how quickly do they 
go soggy? Does this happen any faster with whole milk 
than semi-skimmed? Is your coffee machine set so that 
the pressure, temperature and flow rate of water through 
the pods extract the maximum flavour from grounds of a 
certain particle size?

These are all questions and scenarios that we tend not to think about 
on a day-to-day basis – but they are dominated by what’s known as 
‘interfacial phenomena’. So what are interfacial phenomena and why are 
they important for product design and function?

In essence, interfacial phenomena are what occur where two different 
phases come together – a solid and a liquid, for example, or a liquid and 
a gas. It is the physical and chemical changes at these interfaces that 
can lead to true innovation and game-changing products.

The interface could be the point at which the water and fat phases 
of the milk hit the surface of your cornflakes, for example, or where a 
complex topical formulation such as sunscreen is applied to your skin. 
Familiar examples of interfacial phenomena include water-repellent 
fabrics, non-stick Teflon® and the action of detergents when they 
dissolve grease and form bubbles in cleaning products.

We work with a range of clients who are interested in interfacial 
phenomena – in everything from consumer and industrial products to 
medical technology. We get involved when materials or formulations need 
to be packaged, heated, mixed, dispersed, dispensed or measured. In 
each of these scenarios, a material is interacting with a device or surface 
– and the physics and chemistry happening at that interface are crucial.

Testing and understanding interfacial phenomena adds an extra dimension 
to our product development activities. It gives our clients a clearer picture 
of how their products – whether that’s coffee grounds or a diagnostic 
reagent – will interact with the systems we are developing for them. How 
will the viscosity of a fluid change within a dispensing system –  or what will 
happen to the size of particles within an aerosol device or in an emulsion?

The ‘quality’ of foam, for example, depends on the bubble size 
distribution. So getting that milk foam, hair mousse or topical 
dermatology product to dispense and spread over the intended surface 
relies on getting not only the basic formulation right but also the 
structure of the liquid/gas dispersion.

So next time you’re wondering what kind of sunscreen to buy for your 
holiday – and why some are easier to apply or feel greasier than others 
– think of interfacial phenomena. Because someone, somewhere has 
worked hard to create the perfect experience for you.

Peter.Luebcke@CambridgeConsultants.com



Cataract is the leading cause of preventable 
blindness worldwide. Surgery is relatively 
simple these days – the cloudy lens of the 
eye is removed and replaced by a plastic 
intraocular lens (IOL). Globally, about 20 
million cataract operations are carried out 
each year.

Following cataract surgery, most patients have glasses-free 
vision for distant objects. But they still require glasses for 
reading. This is a remarkable achievement – but can we do 
better?  Can we ensure that all patients have glasses-free 
vision altogether?

Currently, selecting the IOL is a highly empirical process 
based on few available measurements, arbitrary formulae that 
have little connection to the detailed anatomy of the individual 
eye that is being operated on, and the surgeon’s experience.

There is still a lot of scope for improving the way we correct 
cataractous eyes. New technology can empower surgeons 
by developing personalised models of a patient’s eye and 
combining them with advanced accurate metrology, as well as 
by automating surgical tools and using real-time feedback.

Some IOLs are multifocals, providing both near and far 
vision simultaneously. But they have had limited success – 
partly because of unwanted out-of-focus halos, for example, 
from car headlights at night. Ideally, we should be looking 
for IOLs which can dynamically change focus – just like the 
natural eye lens in a young person. 

Such a lens would not only provide an ideal solution for 
cataract surgery but could be attractive to people in their 
late 40s who are naturally losing the ability to focus for 
reading. Imagine walking into a clinic and having your vision 
corrected to a degree that is better than you’ve ever had.

David.Lara@CambridgeConsultants.com
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A RETAIL 
REVOLUTION

The challenges and rewards of innovation  
in the retail environment



Innovation is rapidly becoming a ‘must have’ for the market leaders 
in the retail sector. In many cases, it’s being driven by the rapidly 
growing availability of mobile devices and other technologies to 
both the retailers and the customers they are engaging with.

This dramatic rise in innovation has brought many changes. 
Less than five years ago, the term m-commerce would have 
been unfamiliar to many retail specialists. Now, the range of 
technologies that have become part of ‘business as usual’ for 
retailers is bewildering. The ability to delight customers through 
innovative experiences driven by technology is often the key to 
continuing the relentless drive for customer loyalty and increased 
revenues. As a result, many of the most successful global 
retailers are investing heavily in technology innovations and 
achieving some impressive results – which in turn is either killing 
their competitors or leaving them in serious trouble. The efforts 
of high-value retailers such as fashion houses are hard to miss 
and the evolution of the loyalty card to the loyalty app is not lost 
on many shoppers with smartphones. 

Mobile, online and near field communication based payments 
are drawing closer to the holy grail of a ‘frictionless’ (ie effortless) 
payment experience. And retailers are working towards bringing 
these payment systems – as well as supply chain management, 
store management and product inventory systems – into more 
unified and integrated systems. The often-used term omni-channel 
is becoming a reality – giving customers the ability to buy and 
receive products using a combination of online and in-store 
approaches. Sales assistants are using tablets and mobile store 
front applications that integrate with back-end systems to help 
customers make product choices in more intuitive ways – and, as a 
result, customers are flocking back to the bricks-and-mortar stores.

Retailers are also using technology to manage and measure 
things like inventory status and footfall to ensure their stores 
are as efficient as possible, with waste minimised, and to 
give shoppers a better in-store experience. Indoor location 
technologies are being used, for example, to help shoppers 
navigate to areas of specific interest and enable retailers to view 
how their store space is being used – giving them the data to 
make informed choices on where and how they locate products 
within their store. Image recognition technologies are being used 
to measure in-store stock levels to allow fast replenishment as 
well as a better understanding of the demographics of shoppers.

The more successful retailers are driving innovation by closely 
aligning the objectives of their IT/technology teams with those of 
their customer experience teams. This helps ensure innovations 
are relevant to increasing profitability – by raising customer 
satisfaction levels, increasing efficiency and eliminating lost 
selling opportunities.

The customer is king so retailers need to make sure their 
customers enjoy the buying process as much as possible. Today’s 
customers are increasingly technology literate and open to the 
use of technology to help with the buying process. This includes 
everything from when they first become aware of a product 

through to the actual purchase and ongoing support. They also 
expect the entire process to delight and have minimal barriers 
to completion. Meeting this need is crucial to competing in the 
modern retail space. And as well as significantly increasing a 
retailer’s market share, successful innovation can create barriers 
to entry for potential competitors. 

Increasing profitability is not just about delighting your customers 
or creating the perfect pricing strategy, it’s also about reducing 
costs. Once again, technology has an important role to play and 
there are many ways to make improvements. The more obvious 
solutions are often the most effective and it’s relatively easy to see 
that innovative technology can help to reduce the energy overheads 
of maintaining a store or help with loss prevention. However, 
technology can also help with the efficiency of logistics, provide 
valuable real-time insight into store and stock management – and 
target the largest costs associated with retailing by increasing the 
sales efficiency of the assistants who interact with customers. 

But although the reason for technology innovation may seem 
clear, the same cannot be said for the delivery of it. It’s all too 
simple to point to a well-known technology and say: “We need 
that.” However, it’s often difficult to know which technology will 
be effective in your organisation or if it will work well with your 
customers. Knowing which technology solution to implement is 
critical to success.

Before a company can begin designing your brilliant new 
product or service, they need to evaluate in detail the best 
strategy for your organisation and its needs. This is the first 
stage of innovation management. Depending on the maturity 
of your strategic plan, innovation can involve everything from 
corporate strategic visioning, through developing a research and 
development technology portfolio, to idea creation and selection 
around an individual need or concept.

To succeed in this process you need information from a large 
number of sources which must all be brought together with a 
deep understanding of a wide variety of technologies that might 
be appropriate for the problem – sometimes from outside the 
retail industry. Once this information is available, you can start to 
consider what the right innovation path is for your company.

If the product or service that has been selected is as innovative 
and world leading as you hope, then it is almost certainly going 
to require the development of new technology. At the very least 
it will include a radical new application of existing technology 
and, in some cases, a complex user interface or algorithm 
development to solve a particular challenge. This often means the 
expertise needed isn’t available in-house to develop the complete 
solution from initial designs and prototyping to preparation for, 
and transfer to, manufacture.

At Cambridge Consultants, we’re used to the challenge of a 
complex shopping list of requirements – often the ingredients for 
a truly world-class product development.

Dipak.Raval@CambridgeConsultants.com



Point-of-care (PoC) diagnostics are about to be at the epicenter of 
two colliding sets of trends in the consumer and healthcare markets.

In the high-tech consumer space, the pervasive themes are the ‘Internet of Things’ 
and automation – you only have to look at the number of demonstrations and talks 
on those topics at the 2015 International CES. These trends are driving smart 
objects that, for example, not only turn up the heat but learn how warm we like a 
room at different times of day and autonomously control the thermostat to adjust 
to our preferences.

Meanwhile, in the healthcare space, the ever-present need for healthcare 
efficiency (better outcomes for reduced cost) and the rapidly expanding ‘consumer 
healthcare’ arena, where people as consumers – rather than patients – manage 
their own health and well-being, are fuelling the rise of homecare ecosystems.

The intersection of these trends creates a unique opportunity for home-use 
PoC diagnostics to seamlessly close the loop between treatment delivery and 
treatment monitoring. 

IMPACT ON THE ROLE AND FUTURE OF DIAGNOSTICS
The current homecare system is very much focused on care delivery, and more 
often than not it relies on subjective symptom feedback rather than actual 
improvement monitoring. Monitoring of a treatment’s effectiveness usually still 
relies on laboratory-based diagnostic testing. With the advent of technologies like 
connected drug delivery devices – electronic inhalers that monitor proper usage, 
for example, and connected injection pens which track patient compliance – we 
are starting to see traces of the feedback loop that will ultimately lead to ‘closed’ 
systems or ‘artificial organs’. These are systems that will not only deliver therapies 
but also include built-in diagnostics to monitor the effects of the treatment and 
ultimately adjust the dosing regimen accordingly. Home-use PoC diagnostics – and 
ultimately on-board diagnostics – are poised to become ubiquitous.

IMPLICATIONS FOR POC DIAGNOSTIC DESIGN
On this road to artificial organs, there will be a transient period between stand-
alone PoC home-use diagnostics and fully automated, closed-loop systems which 
will present technology and design challenges for PoC diagnostics. The likely 
proliferation and adoption of home-use monitoring will, in itself, bring challenges. 
There will also be a need to drive consumer trust in technology solutions for 
monitoring – and to make the technology so robust that it can disappear into the 
background of people’s lives.

At Cambridge Consultants, our focus is on understanding the context and environment 
of use such that solutions seamlessly integrate into people’s lives to achieve not just 
acceptability but true adoption. Putting the human at the centre of this closed loop is 
vital to realising the technology vision of integrated on-board diagnostics.

Melanie.Turieo@CambridgeConsultants.com

DAWN OF A GOLDEN ERA?
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Make it smaller, lighter, lower 
power… oh, and don’t forget the 

performance improvement.

That was the challenge from our long-standing client 
Northrop Grumman when it approached us to help 
develop a new generation of its market-leading air traffic 
control radio – the Park Air T6. Clear differentiation from 
its competitors was required – its key objective was to 
wow the market. And not just on first sight but also as 
people learned the details of the product.

To achieve this, small improvements wouldn’t be 
enough. The new product needed to be less than half 
the size of its predecessor, less than half the weight, 
more power efficient – and still deliver significant 
performance improvements.  

We started by exploring the ‘art of the possible’ in air 
traffic radio design with the Park Air T6 engineering 
team. With some experimentation and modelling, 
preferred architecture options were identified. We 
planned a rapid prototype development to de-risk the 
design, resulting in a jointly developed ‘works-like’ 
prototype to show performance.

The next challenge was how to fit all this great 
technology into a small package that would be easy to 
manufacture and enhance the Park Air T6 reputation 
for high reliability and high performance. So we 
constructed origami-style models of the key elements 
and worked out how we could assemble them. That led 
to the creation of a ‘looks-like, works-like’ prototype.

The new product fulfils all the technical promise 
identified in those early brainstorms, and beautifully 
meets the overall design objective. And it also delivers 
greater performance, power efficiency and many 
new benefits to customers. At its recent launch, the 
Park Air T6 radio was acclaimed by customers and 
competitors alike with one word… “WOW!”

Tim.Fowler@CambridgeConsultants.com

THE

FACTOR



A DISRUPTIVE 
INFLUENCE…
From connected cash registers to mobile payments, the financial sector is 
experiencing technology disruption at an increasing pace. Crowdfunding is a good 
example, with global funding platforms such as Kickstarter helping to bring to life 
projects which would not have received traditional venture capital funding.

The UK makes a strong base for the financial technology (FinTech) sector with its combination of 
technology talent and financial services. But recent developments such as Visa and Mastercard 
starting hardware labs in San Francisco and New York, and strong Silicon Valley backing, 
alongside large-scale payment rollouts in India and China, make this a global phenomenon. 

The battle for a slice of mobile payments is nearing a close as consumers finally get to see the 
benefits of contactless payments in the US as well as the rest of the world. Banks are unifying 
around the host card emulation (HCE) standard, which involves a smart card using software – 
although this brings security risks, and system architecture updates are required to mitigate 
them. Apple, Google and Samsung are backing a different form of near field communication, 
with an ‘embedded secure element’ on the smartphone. And mobile network operators and 
smart card manufacturers are, to some extent, wondering how they missed the boat.

Some commercial discussions are no longer keeping up to date with rolled-out technology – an 
example being the Merchant Customer Exchange retailer consortium that found Apple Pay 
worked in its stores – but promptly turned it off for consumers while it develops its competing 
standard, which is due to roll out this year.

The industry is not alone in finding that the regulatory environment needs to adapt faster – 
the Food and Drug Administration, for example, has to consider approving mobile operating 
system upgrades for medical applications on a weekly basis rather than its traditional device 
approvals over a period of some years. The payment card industry (PCI) compliance body has 
made moves to support start-up technologies – not always siding with the powerful incumbent 
payment networks.

And wearables are making a splash in the world of finance too – especially for payments – due 
to their increasing ability to authenticate a user by context (activity and nearby devices as well 
as location) alongside standard multifactor security. 

So why now for FinTech? What is actually new? There is a range of success stories – from the 
M-PESA money transfer service demonstrating impressive consumer pull in Africa to digital 
payment company Square and taxi firm Uber, which have enabled customers to use their 
mobile phone as a ‘bank’ in their pocket. Starbucks is another example, with its gamification of 
payments and unified ordering.

From these examples to crowdsourced lending, the common theme is scalability – using the 
power of consumer volume to push the art of the possible (as well as the regulators) into 
exciting new territory. It’s an area close to our hearts as we continue to design services for the 
connected world.

Jon.Edgcombe@CambridgeConsultants.com
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Mathematics is all around us, hidden inside the electronics 

of a huge variety of devices we use every day. But there’s 

more to numbers than meets the eye – in more ways than 

one. Applying the right maths can give you a whole new 

perspective on things you thought you understood.

If you have a sizeable set of data for almost anything, a 

mathematical rule called Benford’s Law can be used to 

determine whether the data is likely to be true and reliable 

– or made up – without knowing anything about the thing 

it relates to. The data could be employee expenses, for 

example, economic data, votes cast at different polling 

stations, house numbers, populations of cities or physical 

parameters from objects, such as length.

Benford’s Law describes the frequency distribution of 

the first digits in a set of numbers. You might think, for 

example, that the numbers 1-9 would all be equally likely 

to appear as first digits – but this is not the case. In fact, 

the most likely first digit is a 1 and the least likely is a 9.

Physicist Frank Benford first noticed these patterns in 

numbers when he spotted that pages near the start of his 

book of log tables were more worn than those near the end. 

He realised that he must be looking up numbers beginning 

with a 1 more frequently than those beginning with a 9. 

Hence he concluded that, in the real world, there must be 

more numbers around with smaller first digits – and went 

on to formulate this mathematically.

In 1993, Benford’s Law was used as evidence in a fraud 

case in the US. A manager working for the State of Arizona 

was found guilty of diverting almost $2m of state money 

to an account in the name of a fake vendor. The cheques 

were mostly between $70,000 and $100,000 – meaning 

that almost all the figures began with larger digits. When 

people make up financial data, they generally pick either 

digits with equal probability or – as was the case here – 

higher digits. Automated comparison of data with Benford’s 

Law can quickly flag up anomalies, which can then be 

investigated in more detail.

So why does this law make sense? An easy example to 

illustrate it is house numbers. The only time when there 

will be an equal distribution of first digits is when there are 

9, 99 – or 999 etc – houses on a road. Since most roads do 

not have these numbers of houses, there are generally far 

more house numbers beginning with a 1 than a 9.

The same applies to finance. Typically, there are many small 
transactions – but, the larger the transaction is, the fewer of 
them occur. This creates a bias towards numbers starting with 
a 1. You probably spend between £10 and £20 (transactions 
starting with a 1) far more often than you spend £90-100 
(starting with a 9). But what if all prices doubled, you might 
ask? Then the first digits would be different and Benford’s Law 
would be broken, wouldn’t it? In fact, it wouldn’t, because all 
your transactions that used to be £5-10 or £50-100 would 
now be doubled, and begin with a 1. And if you do the maths, 
you’ll find that, on average, you’ll still have the same number 
of transactions starting with each digit as you had before! This 
demonstrates the invariant property of Benford’s distribution 
– that if you multiply everything by a number (due to inflation, 
for example, or by switching to a different currency), the law 
still applies.

If you look at the first digit of a set of numbers randomly 
chosen between 0 and 100, the frequency distribution will 
be much the same for each digit. If you then double each 
one of those random numbers a random number of times, 
the distribution of first digits will form a descending curve, 
with 1 appearing most frequently and 9 at the tail end – 
following Benford’s distribution almost perfectly.

And that’s not all – Benford’s Law has a wealth of other 
applications, including predicting the size of donations 
to charities, modelling wealth distribution in a country, 
detecting fraud in eBay bids or flagging up rigged elections.

In product development, we use maths all the time, 
particularly in algorithm design – to turn the data coming 
out of the electronics in our products into meaningful, 
useful results.

Our DropTag condition monitoring system, for example, 
uses algorithms to detect a whole host of things – from your 
driving style for insurance premium purposes to whether a 
valuable package has been dropped in transit.

And the algorithms in our XelfleX wearable technology could 
soon be analysing your tennis swing, based on information 
coming from optical fibres sewn into your sleeve – and 
automatically telling you what you need to do to improve.

At Cambridge Consultants, we like to understand the real 
maths behind difficult problems – which all adds up to 
great product development.

Ben.Windsor@CambridgeConsultants.com

IT ALL ADDS UP
The power of maths in analysing things you think you understand
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PART OF THE FABRIC
It calls itself the global stage for innovation – the annual Consumer Electronics 
Show (CES) in Las Vegas. It’s a great place to tune in to innovation trends as 
well as see new technology and products. We’ve been exhibiting in the digital 
health and sports and fitness area of CES for some years now and this year it 
was busier than ever – full of new products and services from both consumer 
and healthcare brands. Wearables, it seems, are a hot topic.

I’ve been concerned for a while that so-called wearable technology isn’t very wearable. It’s been 
mostly confined to wristbands which is, of course, fine – it works for watches – but no one calls 
a watch a ‘wearable’. A watch is a watch, it’s an accessory, it’s jewellery, it’s not clothing. It’s 
admired for its engineering as well as its fashion appeal; it’s not ‘wearable’. The next leap for 
wearables will come when they are being designed by fashion designers – not engineers. After 
all, I wouldn’t expect to buy a mobile phone designed by Ted Baker or Banana Republic.

We aren’t fashion designers but we might have invented something that will help address this issue.

It all started when my colleague Martin and I were chatting in the pub. Martin has worked on 
fibre-optic sensors for industrial and oil and gas applications that are incredibly sensitive and 
very clever – for measuring at nanometre precision. These sensors cost thousands of dollars, 
however, so we were musing on whether you could use similar techniques with cheap plastic 
fibre and very low-cost electronics. That’s when we drew a picture of a plastic fibre embedded 
into a shirt which could measure your joint angles and be used for motion capture, sports 
training or posture therapy.

The fascinating part of this, from a technology perspective, is that the fibre is the sensor. It isn’t 
just the connector for the data – the fibre itself makes the measurement. The basic principle 
is simple. Bend an optical fibre slightly, and a small fraction of the light travelling in the fibre 
is scattered back towards the source. The more you bend the fibre, the more light is scattered 
back. By sending a pulse of light down the fibre – a bit like a radar pulse – the reflections from 
multiple sensors on the same fibre can be separated. A garment can have several sensors with 
only one fibre.

The next morning we realised this was still a good idea, so we developed a prototype and took 
it to CES. I’ve done a lot of CES shows and this was one of those lovely occasions where we 
were right on top of a wave of innovation. The market is ready for this next step – one journalist 
described their ‘wristband fatigue’ and there is a real sense that embedding technology into 
clothing in a low-cost and practical way is the next step towards mass-market adoption.

I’d love it if our XelfleX wearable technology makes it to market. But whether it does or not, 
it will be technology like this that turns wearable technology into fashion. Washable, flexible, 
durable, just another part of the fabric. Gore-Tex...Lycra…XelfleX…? We’ll see.

Duncan.Smith@CambridgeConsultants.com
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A MARVEL OF SCIENCE
THE HIDDEN WORLD OF OPTICAL FIBRE SENSORS

The largely unseen optical fibre that we take so much for granted today is a marvel 
of science. Normally consisting mostly of pure silica, it has a diameter of just a few 
millionths of a metre and levels of impurity in the glass of a few parts per billion – 

leading to optical losses close to the theoretical limit. Optical fibre is also extremely 
strong and, when deployed correctly, has a lifetime of more than 25 years.
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Optical fibre sensors can be used to measure a variety of things – 
from temperature, pressure and strain to acoustics, rotation, and 
electric and magnetic fields. They have a number of key advantages 
over conventional electronic sensors that make them suitable for 
use in complex applications and harsh environments. These include 
high sensitivity and resistance to electromagnetic interference. They 
are also suitable for explosive environments as they generally use no 
electrical power at the measurement location. And they are reliable 
in harsh environments – with only a handful of components in the 
deployed part of the sensor, the probability of failure is very low.

So where are you likely to find these marvels of science? If 
you’ve flown in an Airbus A380 or Boeing 787 aircraft, you’ve 
relied on a fibre-optic gyro to get you safely to your destination – 
they’re used to provide very precise navigation information. Your 
journey to work through road or rail tunnels – and, in fact, your 
office building itself – are likely to be protected by a distributed 
temperature sensing (DTS) system that uses optical fibres to 
detect and locate the rapid rise in temperature arising from a fire.

Power cable monitoring is another use of optical fibres. DTS can 
detect and locate the appearance of hot spots arising from failing 
insulation in things like power transmission networks and subsea 
cables – potentially allowing an operator to perform preventive 
maintenance rather than simply reacting to failures. In addition, 
the use of dynamic cable rating software in conjunction with 
DTS allows an operator to run power cables at their maximum 
capacity, providing a real economic benefit.

Because of its continuous sensitivity along a cable, DTS can also 
be used as a leak detection system in situations where a leak 
generates a localised temperature anomaly – as is the case with 
liquefied natural gas or insulated steam pipes. DTS can rapidly 
and reliably detect and locate any anomaly – activating alarms and 
emergency shutdown systems automatically, if required. In long, 
buried pipelines, the monitoring of temperature can be combined 
with a distributed acoustic sensor (DAS) system to rapidly detect 
both leaks and unauthorised activities along the pipeline route.

Fibre sensors can also be found embedded in the offshore risers 
that convey oil and gas from the seabed to the surface in oil and 
gas fields. The risers range in length from a few hundred to a few 
thousand metres – and monitoring their integrity is essential for 
safety and environmental protection. Fibre sensors can monitor both 
the temperature of the fluid being conveyed – for flow assurance 
purposes – and the mechanical strain (and hence fatigue) of the 
riser. These measurements enable an operator to optimise the 
amount of electrical heating – or chemical injection – needed to 
maintain flow, and to track the wear and tear of the riser. This in 
turn offers the potential to reduce running costs, perform proactive 
maintenance and extend the economic lifetime of the riser.

As the oil and gas industry searches ever further from shore 
for oil reserves – and produced oil tends towards being heavier 
and more viscous – challenges relating to flow assurance are 
becoming increasingly significant. The use of DTS to monitor 
temperature continuously along subsea flowlines and pipelines 

enables operators to optimise the use of electrical heating 
techniques to maintain flow – avoiding waste by focusing heating 
energy only on pipeline sections prone to cold spots.

Optical fibre sensors are also beginning to replace traditional 
electronic downhole pressure/temperature gauges in more 
extreme applications – and adding new levels of functionality 
and understanding of well performance, with a growing track 
record of in-well measurements of distributed temperature and 
acoustics, permanent seismic sensor systems and novel fibre-
based flow meters.

The oil and gas industry is making increasing use of optical fibre 
sensors for seismic monitoring. Offering improved performance 
– such as wider bandwidth and lower noise – and reliability over 
conventional geophone devices, these are typically deployed 
permanently in oil and gas wells to monitor the movement of 
reservoir fluids and so aid productivity, as well as monitoring the 
fracturing process. Their ability to detect microseismic events 
also enables an operator to monitor the stability of the formation 
surrounding the well. Systems deployed permanently on the seabed 
are also used for monitoring larger areas such as an entire oilfield.

Security is another area where optical fibre can come to the rescue 
– the use of distributed acoustic measurements can detect and 
locate human and other activity along a single buried optical cable. 
This type of technology is being adopted increasingly in areas such 
as sensitive borders, long pipelines and secure installations.

Meanwhile, fibre-based strain sensors can be embedded in civil 
engineering structures and alongside longer assets, such as oil and 
gas transmission pipelines, to monitor small ground movements 
or frost heave which, over time, can lead to structural failure. And 
low-cost versions woven into fabric are opening the door to a new 
generation of truly wearable technology (see page 15).

But even though optical fibre sensors offer many advances 
over conventional electronic sensors, they do have limitations. 
Electronic sensors will often be cheaper, unless very long 
distances need to be monitored – or the environment is harsh 
and they will therefore need regular replacement. Distributed 
fibre-optic sensors also have limits to their spatial resolution.

Design and implementation of effective fibre sensing systems 
can also be challenging. Some types of fibre sensor are sensitive 
to the quality of optical connectors used – the performance of 
telecoms-grade connector designs is sometimes not good enough. 
Fibre sensors can produce large amounts of real-time data, and 
solution designers may need to consider ways of reducing, storing, 
transmitting, interpreting and visualising data so as to be able to 
extract useful, actionable information. And, for some applications, 
optical fibres require specialist installation teams to ensure success. 

But when a fibre sensor system is implemented well, new 
users are astounded at the levels of performance that can be 
achieved – and they join the growing group of converts to this 
fascinating technology.

Andrew.Strong@CambridgeConsultants.com
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20 A HEALTHY DOSE  
OF PROTECTION
Wireless communications are now pervasive in our lives, with smartphones 
and tablets leading the way. Just as smart homes with wirelessly connected 
light switches and energy meters are gaining a foothold, medical devices with 
communication capabilities are also becoming mainstream.

Whether they connect via Bluetooth Smart to a smartphone or via Wi-Fi to a hospital network, 
the proportion of medical devices that are wirelessly connected is increasing. With the rise in 
connected devices and systems, the volume of data gathered is rising – as is the threat of cyber 
attacks. The security of wireless medical devices and their resilience against malicious – as well 
as unintentional – interference is now in the spotlight. 

Networks of connected medical devices hold sensitive data and often perform life-critical 
functions. A strong focus is therefore required on device – as well as system – security. The 
Food and Drug Administration (FDA) recently issued guidance on test and regulatory submission 
requirements for wireless medical devices. It specifies the types of mitigations that must be 
implemented to ensure data is protected when stored or transmitted by wireless devices. As you 
might expect, the FDA has taken a risk-based approach, requiring a higher level of protection 
and testing for devices that may cause harm. 

Typically, data/device security is achieved via authentication and encryption methods. Wireless 
medical devices are no exception. The choice of encryption technology will depend on the 
criticality of the data. Devices with higher risk profiles may need to invest in sophisticated 
algorithms to ensure end-to-end security of the data – while for low-risk devices, a simple 
encryption method may suffice.

Authentication implies obtaining confirmation of user credentials at the time of use. Device functions 
meant for different users (patient, physician etc) must be protected via appropriate authentication 
barriers. But these must be implemented bearing in mind the burden they may place on the user 
and, more importantly, the environment and circumstance of device usage. For example, requiring an 
eight-digit password entry on an emergency-use drug delivery device will not be a wise choice.

There are aspects other than malicious hacking that also require attention. A crowded network 
may result in dropped data packets – and therefore lost data from devices on it. A few years 
ago, wireless medical devices were using dedicated frequency bands. However, as the use of 
unlicensed bands for Wi-Fi and Bluetooth increases, the threat of interference also increases.

Quality of service (QoS) is a measure that determines how devices are treated on a network and 
which devices receive priority. For devices where lost data packets cannot be tolerated, it is 
important to specify an appropriate QoS level so they can be appropriately handled. Other non-
malicious interference – such as electromagnetic interference in a noisy environment or power 
surges – can also cause malfunctions in wireless devices. So appropriate shielding must be 
incorporated, and robust testing done in the potential use environments.

The scrutiny of wireless medical devices by the FDA and other agencies is bound to increase in 
the coming years. The recent guidance provides information on the minimal requirements for 
obtaining approval but does not supply all the answers. The best devices will take into account 
their use scenarios – and balance security measures against potential risks.

Vaishali.Kamat@CambridgeConsultants.com



A NEW WAVE OF INNOVATION
There is something almost magical about radio electronics. It takes a message 
– voice or data, for example – launches it invisibly into the air and recovers 
it, reliably, many miles away. Over the last century, radio engineers have 
refined the analogue circuitry that makes this possible – driving to ever higher 
performance, power efficiency and miniaturisation.

But now Cambridge Consultants has demonstrated a world first – a radio transmitter, codenamed 
Pizzicato, built solely from off-the-shelf digital components. To understand just how disruptive 
this approach could be, consider the challenge that conventional radio technology is facing.

In recent decades, digital techniques have been incorporated into radios. A modern mobile 
phone uses sophisticated software to encode robust signals which can pass unscathed through 
its analogue radio transmitters and receivers. Such hybrid ‘software-defined radios’ have 
provided a tenfold improvement in the data rate we can squeeze into a radio channel. 

However, to give the next billion people access to mobile broadband or allow the ‘Internet of 
Things’ to scale to 100 billion devices, we need a more dramatic improvement. Good radio 
spectrum is a scarce resource – only low frequencies (a gigahertz or lower) propagate well over 
distance or through walls and so they are in great demand. The situation is analogous to the oil 
and gas industry, where the easy-to-reach reserves are running dry so more efficient combustion 
techniques are sought and less accessible reserves are tapped. 

For radio, greater efficiency requires the use of dynamic or ‘cognitive’ techniques to sense the radio 
environment and switch parameters on the fly. This could give access to more of the estimated 90% 
of the allocated spectrum which is not in use at any one time. The ‘less accessible reserves’ of radio 
are the higher carrier frequencies of 10GHz and beyond. Tapping into these will require techniques 
such as meshing and beamforming to circumvent the inherently poor range. 

As we attempt to realise these changes, the analogue parts of radios will become an increasing 
bottleneck. Crowding 50 analogue radios together on one chip, switching their operational 
parameters every few microseconds and expecting them to work at 60GHz is an analogue 
designer’s nightmare. 

So, can we get rid of the analogue radio parts? Pizzicato is a software radio transmitter in the 
purest sense. New mathematical tricks allow standard digital computing to directly generate 
high-frequency radio signals. Our first demonstration creates 14 simultaneous cellular base 
station signals. 

But it is the potential which is so exciting. A Pizzicato-based on-chip radio would directly benefit 
from Moore’s Law – shrinking in cost, size and power consumption with each new generation of 
silicon fabrication. It could be programmed to generate almost any combination of signals at any 
carrier frequencies, nimbly adapting its behaviour in a way that is impossible in conventional radios. 

It is early days for this new technology, and further innovations are needed before radios with 
analogue components can be finally consigned to history. But at Cambridge Consultants we 
believe that radio design has reached a turning point. We have created a glimpse of future 
disruptive technology – a radio built purely from computing power.

Monty.Barlow@CambridgeConsultants.com
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Sensing technologies are prolific. From our cars 
to our clothes, sensors are everywhere, helping 
products inform and support us as users. So why is 
it that in the most critical of places, where sensors 
could save lives, they are mysteriously rare? 
Today’s surgical devices make very limited use of 
integrated sensing, yet the potential for sensors to 
revolutionise surgery is huge.

Our ability to safely and accurately carry out surgery relies 
primarily on the surgeon’s core skills – to navigate anatomy, 
avoid critical structures, identify the right tissues to resect 
and accurately use surgical tools to deliver a good outcome. 
The potential for disaster is high, yet we do very little – 
technologically – to help surgeons reduce the risks. 

Take critical structures, for example. Blunt dissection is a 
crucial task for any surgeon and one that often represents 
a huge proportion of total surgery time – and so cost. Why? 
Because a surgeon’s worst nightmare is to accidentally cut a 
nerve or blood vessel – and these are difficult to see, even if 
you know where they should be. So why do surgical tools not 
help surgeons identify these structures in real time?

The technology exists. Our latest surgical concept system 
Chimaera (www.CambridgeConsultants.com/Chimaera) 
explores sensing technologies and the impact their integration 
might have on surgery. We found there were at least three 
potential sensing systems capable of detecting nerve proximity 
– and integrating them enables even non-surgeons to quickly 
understand how to execute (simulated!) surgery that is almost 
impossible today.

Sensing and surgery are a natural combination and will 
become commonplace in the years to come.

Simon.Karger@CambridgeConsultants.com

YOU KNOW IT 
MAKES SENSE
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24
EVERY CLOUD HAS 
A SILVER LINING
Recent years have seen a massive rise in the everyday use of ‘cloud’-
based applications such as messaging and data storage. Along with 
this demand has come the realisation that the building blocks of 
this revolution can work equally well in other industries – such as 
communications networking.

The technical game changer is the availability of general purpose, powerful computing engines 
which can implement any number of different functions that can be changed in real time under 
software control. This allows communications networks to become rapidly scalable, upgradable 
and responsive to consumer demand.

The most obvious commercial driver for adoption of this technology is the commoditisation of 
network hardware which will bring cost savings. But there are also benefits when it comes to 
business growth. As networking becomes more software defined, businesses can become less 
constrained by capital expenditure and can afford to develop and trial new services rapidly.

The obvious winners in this new software-defined networking (SDN) world will be the mobile 
network operators (eg Vodafone and EE) who can commoditise their suppliers and adapt to their 
customers’ rapidly changing demands for new services. Meanwhile, the network equipment 
providers – such as Ericsson and NSN – have scrambled to reposition themselves as software 
businesses with complex, proprietary product offerings.

Perhaps the real winners in SDN will be the new entrants who can now leap the technology 
development chasm to achieve a swift connection with users. I call this group the ‘niche 
operators’ – companies that are large users of communications services but perhaps don’t realise 
how much control they could have by behaving as an operator of a niche service.

Tim.Phipps@CambridgeConsultants.com
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