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OF INTERFACE
From surgical robots to artificial intelligence, it can often feel
like machines are centre stage when it comes to breakthrough
innovation. Every day we read about the latest connected
wearable fitness tracker or smart manufacturing process.
Advances in machine vision, for example, are opening the door
to machines being able to interact with the natural world to
boost food production. And digital health solutions incorporating
low-cost sensors and mobile technology are poised to transform
surgical care, particularly in emerging markets.
But here at Cambridge Consultants we know that truly worldclass innovation is not just about groundbreaking technology
– important though that is, of course. The vital ingredient of
our success in cutting-edge product design and development
is our people.
That’s why we’re excited about our recent acquisition of
Synapse Product Development – a 150-strong group of
brilliant engineers, based mostly in Seattle and San Francisco
on the West Coast of the US. They are kindred spirits – great
innovators with an appetite for challenging projects and the
same client focus that we are so proud of.
The acquisition is the latest phase in our global expansion –
we now span 16 time zones. But, more importantly, we are
now even closer to our clients wherever they are in the world.
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 2016

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
ONE IN A BILLION
A breakthrough in DNA synthesis has led to the creation of
our latest spin-out company – Evonetix. The joint venture,
supported by technology entrepreneur and venture capitalist
Hermann Hauser, heralds a new era.
It opens the door to the kind of rapid drug discovery that is crucial for truly
personalised ‘precision’ medicine or the race against time to find the next
generation of antibiotics. The focus of Evonetix is producing DNA with very high
accuracy – in nature, for example, the error rate is less than one in a billion.
High-quality DNA is crucial for enabling widespread use of synthetic biology
techniques to unlock advances in personalised medicine. “We have a track
record of creating spin-outs that change market dynamics and disrupt whole
industries,” said Ray Edgson, ventures director at Cambridge Consultants.

‘ONE-STOP SHOP’
We’re teaming up with Singapore incubation firm Clearbridge Accelerator to create a
‘one-stop shop’ for medical technology start-ups in the region. The aim is to fast-track
the commercialisation of innovative ideas, ranging from breakthrough diagnostic and
surgical technology to cutting-edge connected devices.
We’re providing product development services – acting as a virtual research and development centre.
Clearbridge Accelerator is offering mentorship by seasoned entrepreneurs and advice on strategic,
regulatory and operational issues, as well as financial guidance and access to funding.
“Our extensive track record of world-class product development enables us to offer a rapid, reliable route
to convert early-stage technology into ready-for-market solutions,” said Dr Miles Upton, Asia general
manager at Cambridge Consultants. “This collaboration with Clearbridge Accelerator will give new
companies in the region a fast track to vital competitive edge.”
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AN EYE FOR DETAIL
Current surgical robots – such as Intuitive’s da Vinci system for laparoscopic
surgery and Stryker’s Mako system for orthopaedic joint replacements – augment
the precision with which surgeons can manipulate tissue during operations.
In the case of da Vinci, not only is the surgeon’s precision
improved through hand-motion scaling and tremor reduction,
it’s done through a small port into the body – robot
instruments have only an 8mm diameter.

One candidate anatomy for a smaller surgical robot is the
eye. Cataracts – where the lens of the eye becomes cloudy –
affect 80 million people globally, with a quarter of sufferers
functionally blind. Yet cataracts are curable through surgery.

But although the manipulation abilities of current robots are
impressive, there are still parts of the body that remain out of
reach due to their small size. For example, the implantation of
small electrodes around specific nerves – either in the brain or
the body – remains difficult. Delivery of targeted therapies like
drugs or stem cells to specific tissue layers is also challenging
due to the fine tissue manipulation and discrimination needed.
Compounding these issues are the difficulties of remote access
– surgically reaching the specific region of the body is difficult,
not just the tissue manipulation when you get there.

Increasing the quality and availability of cataract surgery has
widespread health benefits. And from a technical standpoint,
the eye is a good place to start when it comes to nextgeneration surgical micromanipulators. Accessing the eye from
the external environment is straightforward – more so than
reaching a similar-sized area deep within the brain, for example
– and the tissue interaction forces are relatively small.

We envision that surgical robotics will evolve to meet these
size and access constraint challenges by incorporating
next-generation micromanipulator technology. This includes
combining advances in materials, fabrication and actuator
design to meet the required size and force scales. But even at
the small scale, most tissue manipulation involves the fracture
and cleaving of tissue – which requires high forces relative to
the small motions. So the technology challenge is not simply
one of scaling down current techniques.

We’re investigating micromanipulator technologies for cataract
surgery that we hope will enable surgeons to manipulate
tissue within the eye as easily as they work on larger organs
in the body. We’re seeing that a combination of hyperelastic
materials, microfabrication techniques and novel piezoelectric
actuation schemes should give the dexterity and range of
motion needed for cataract surgery.
That manipulation ability will hopefully herald a new
generation of surgical robotics – with a much wider range of
benefits for patients.
Chris.Wagner@CambridgeConsultants.com
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THE INNOVATION SQUEEZE
The ever-growing challenge to differentiate is causing ripples from the
intellectual property (IP) vendor to the semiconductor manufacturer
and through to the original equipment manufacturer (OEM).
Semiconductor manufacturers need to provide so much more than just silicon. Devices are
getting smaller, average selling prices are often related to the area of silicon, and they must
sell in increasing volumes just to maintain revenue.
Semiconductor manufacturers have responded by providing more than just devices. But then
there is the ‘long tail’ – an increased number of customers but with varying skillsets and
each driving lower volumes. This increases the support burden and drives the need for more
turnkey platforms, including reference designs, mobile apps, integration with cloud service
and pre-certification of various standards.
Much greater investment is required, and the resulting semiconductor offering often
resembles a product, even before the OEM has started development. IP vendors too are
broadening their portfolio to include easy connection to cloud services, intuitive tool chains
and wireless IP.
So the gap between the technology sourced from the semiconductor manufacturers and an
end product is shrinking.
This shift may reduce risk and time to market – but it’s not all good news. With more and more
functionality being provided out of the box, semiconductor manufacturers and OEMs must make
use of what’s provided, since their competitors surely will. But they risk commoditisation and
there is a pressing need to innovate – in order to differentiate – elsewhere.
So here lies the challenge – to be busy doing more but also carve out time for innovation. You
have to speculate to accumulate, as they say…
Jez.Stark@CambridgeConsultants.com
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THE APPLIANCE
OF SCIENCE
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When I’m asked if I’m a scientist or an engineer, my answer is: “Yes”. I’m
an applied scientist – so my domain bridges the gap between scientists and
engineers. We take those fundamental scientific understandings and apply
them to the real world for everyone’s benefit.
Chemists, physicists and biologists form the core of what is usually described as
fundamental science. The majority of them live in universities and do research that
increases our understanding of things. But they investigate phenomena that are pretty
much guaranteed not to influence what’s in the shops next Christmas. They are answering
questions like: What can the shift in the wavelength of the cosmic microwave background
tell us about the age of the universe?
However, university science faculties also have a lot of researchers who are far more focused
on real-world problems and products – the applied scientists! These are the scientists
who often make their way into industry and team up with engineers to help develop the
numerous products that we all take for granted.
Let’s think of the most ubiquitous high-tech device in the world – the smartphone.
Undoubtedly one of the most influential product developments of recent times. The most
revolutionary aspect of this device has to be the gesture-enabled touchscreen. This changed
our whole concept of how we interact with devices – but it’s as much chemistry, physics and
materials science as it is engineering.
The touch sensor is made from transparent conducting ceramics, conductive silver inks,
glue that conducts electricity – and optically clear pressure-sensitive adhesives to hold it
all together. Chemists and materials scientists developed all these novel materials, as well
as the production processes that allow you to print, etch, strip and stick the various bits
together – while the physicists worried about matching all the refractive indices so you don’t
get weird rainbow patterns and stripes all over your Facebook updates.
But it’s not just at the high end of electronics where scientists lend a hand – if anything, their
influence is more evident in everyday products. For example, in 1938 a chemist called Roy
Plunkett discovered how to make a very slippery, white plastic that repelled water and seemed
very inert to other chemicals. His company – DuPont – called his new material Teflon.
Since then, thousands of scientists have used it in everything from frying pans and steam
irons to waterproof jackets, coatings to keep school uniforms stain free and sterile substrates
to implant in the human body. Engineers know about Teflon and will pick it out of their
materials toolbox – but chemists are still working out new ways to use it.
Think of the household products you use – how many of them are the work of scientists? The
complex mix of surfactants and bleaches that keeps your toilet clean. The high-tech fabric
conditioner that keeps your clothes smelling fresh in the wardrobe for months, with the
fragrance released only when you wear your shirt. That’s the same microcapsule technology
that keeps the flavour in chewing gum locked up until you chew it.
All these products have a massive impact on our everyday lives – but without applied
scientists they would have never seen the light of day. That’s why the application of
fundamental science to real-world problems is such a key ingredient of successful cuttingedge product development.
Steve.Thomas@CambridgeConsultants.com
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GLOBAL BUT LOCAL
The latest phase of our global expansion has seen Synapse Product Development join the
Cambridge Consultants family this summer. Synapse is a 150-strong group of brilliant
engineers, based mostly in the US in Seattle and San Francisco.

We are extremely excited about this acquisition for many
reasons. Firstly, it meets one of our stated goals – to have
a substantial US West Coast presence. Secondly, it means
we have a whole new bunch of talented colleagues to work
with. And, most importantly, we are able to offer our clients a
combined set of skills and services that is unprecedented at
the innovative end of the development market, where both CC
and Synapse sit.
We now have nine offices spanning 16 time zones, and more
than 700 staff. We are all pinching ourselves a bit, if I’m honest.
According to the acquisition announcement, we are now a
“global product development powerhouse” or – as technology
magazine Engadget put it – a “consulting giant”. I find this
quite amusing because the benefit I see is almost the opposite
– we are able to be more local and just as personal as we
ever were, if not more so. There are far more of us and the
chances are we will be closer to you, wherever you are as a
client or partner, better able to tailor our project teams to your
needs, and more available when you need us. In other words
friendlier, not more corporate.
I can say that with confidence as if we are one company
already, not because I underestimate the challenge of joining up
two successful businesses with distinct cultures, but because in
Redwood Stephens and the Synapse team I see kindred spirits.
They are great innovative engineers with the same client focus,
and a set of values that is like ours but viewed from the West
Coast rather than from Boston and Cambridge.
So I feel just the same as when we take on any other big,
challenging project – there is risk and uncertainty, and a huge
prize, but we have the perfect team. So I can look you, reader,
in the eye in the same way as I look any client in the eye when
I know we can overcome the risks and challenges, and deliver
the right business result. We’ll do it by tackling the risks
head on, working hard, involving our best brains and most
experienced hands, not pointing fingers when things go wrong
and, above all, by working together.
Synapse was founded in 2002 and has grown to about 150
staff, with a presence in Orlando and Hong Kong as well as
the West Coast offices. It has a prestigious list of clients,
particularly in the consumer electronics and wearables
sectors, including brands like Microsoft, Philips, Valve and, of
course, many other household names that we can’t divulge.
Connectivity is key for many of its projects – from connected
inhalers to a connected stadium for the San Francisco 49ers.

Synapse adds considerable experience to our joint team
in skills areas such as electronics, mechanics, software
development and radio frequency (RF), as well as a strong
new product introduction capability and supply chain
management in Hong Kong. The Synapse team is particularly
good at squeezing a lot of functionality into unreasonably svelt
industrial designs, as tends to be the norm with wearables.
Synapsters breathe different air than we do in rarefied
Cambridge and redbrick Boston – and there are cultural
differences as a result, shall we say. Clients skateboard
to meetings from time to time, which I haven’t seen in
Cambridge. But the cultural differences are far smaller than
the similarities. As we do, they like to have fun – not because
they don’t take their work seriously but because, like us, they
know that a culture of fun and support is best for nurturing
innovation and innovators, and dealing with the pressures of
demanding timescales and technical challenges that are our
way of life.
I’m excited for my team, not only because of the new projects
for new clients we are working on together but also because
of the huge opportunity for career development presented
by our international growth. I’ve already had members of my
Cambridge team ‘transplanted’ to our offices in Boston and
Singapore, and the leap in their career development is a delight
to behold. Such a substantial presence on the West Coast offers
more of that for my Cambridge and Boston teams. It also offers
reciprocal benefits for some Synapsters, too, who will enjoy new
career opportunities within our global yet local operation.
With my recruitment hat on, the “global powerhouse” label
shows how ambitious we are as a business and that we can
create these sorts of opportunities for people – which is a very
important differentiator for us in a competitive recruitment
market. How many other companies can point to teams this
talented around the world, and a leadership with this degree
of confidence in the future?
So I’m very excited to see what more we can offer to our
clients together, and I feel very privileged to be part of the
team that is bringing Synapse and Cambridge Consultants
together. If you attend CES or Innovation Day, you’ll see us
together – if not before.
Now I’m off to find the beanstalk to see if I can share a beer
with that consulting giant.
Duncan.Smith@CambridgeConsultants.com
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ON YOUR MARKS
The ‘quantified-self’ movement has led to vast numbers of people using
wearables and smartphones to track various aspects of their health. This digital
health revolution is delivering data that captures the expression of life.

When this data can be matched to particular diseases through
appropriate validation, a vast pool of patient-generated data turns
into a set of valuable digital biomarkers that can give advance
warning of injury or illness. Using these digital biomarkers to
personalise medicine and manage disease presents a huge
opportunity for reducing costs and improving people’s lives.
Biomarkers are indicators of someone’s biological condition and
are measured to provide clues as to whether an individual has
signs of illness – or to see how they are reacting to treatment.
Biomarkers can be substances introduced into the body to
examine a particular organ or function, or they can be present
in the body and indicate a particular disease – for example, the
presence of an antibody may indicate an infection.
Biomarkers have been used for a long time in clinical and
pre-clinical studies to provide an indication of how effective a
therapy is and when it has done its job. And although it is still
early days for digital biomarkers – and for proving their value –
we believe they could have a tremendous impact on population
health management, as well as at an individual level. In
particular, they could help tackle the chronic disease burden that
is crippling health systems around the world.
Let’s start with the individual. Traditional methods for managing
diseases like diabetes, hypertension, chronic obstructive
pulmonary disease and even neurodegenerative diseases have
been centred on sporadic visits to the physician’s office, coupled
with intermittent gathering of metrics. In this model, the care
plan does not incorporate daily habits and lifestyle-related issues
such as sleep patterns, diet, the level and nature of activity,
anxiety, stress, etc. – rendering it inadequate for effective
management of lifestyle diseases.
Now, with the availability of consumer-friendly devices, it is
possible to gather long-term contextual data that can help improve
understanding of how a disease develops in individuals – and
eliminate the bias created by the ‘white-coat’ effect. This paves
the way for personalised disease management solutions to be
deployed. Insights into people’s lives – that would otherwise not be
linked with their disease – can be understood and a more complete
picture of the patient’s life can be built up to inform treatment.
Digital biomarkers are easier to analyse and correlate than
traditional tests, so a richer multivariate data set can be made
available to physicians – enabling them to make better-informed
therapy decisions. They can then use clinic visits to engage with
patients and focus on what the data is showing – rather than
gathering single data points, as they do today. We believe the use
of digital biomarkers and other tools to effectively improve care
delivery on a micro and macro level will significantly increase

our chances of tackling the chronic disease burden faced by
communities around the world.
When it comes to the population as a whole, there is no doubt
that, as discrete digital health systems connect, digital biomarkers
emerge and actionable insights increase. As large sets of historical
anonymised data build up, analytics can shed light on things like
the beginning of an epidemic, triggers of adverse events and trends
that lead to exacerbations. This in turn can prevent emergency
room visits by enabling pre-emptive action to be taken.
It is easy to see how population-based healthcare solutions can
get to market quickly, as they do not diagnose or treat disease
but simply provide insights and trends, avoiding regulatory
compliance and tolerating ‘noisy’ data. Before digital biomarkers
can be used to manage individuals, however, we need ways of
dealing with potentially noisy and less trustworthy user-generated
data. But that is not the only challenge we face.
Digital healthcare technologies are starting to mature. However, to
realise the potential of digital biomarkers, patient-centric wearable
devices and other solutions are required to ensure long-term usage.
A standard must be established for accuracy of measurements,
as well as for the data format. Systems will be required to collate
disparate data sets centrally. If industry players invest in gathering
data but lock it down in silos, we will lose the opportunity to learn
and build richer analytics – thus early movers must be encouraged
to share data sets for the greater good.
Finally, research and validation will be required to identify
relevant and meaningful measurements that can serve as
biomarkers for particular diseases. To enable use in clinical
decision making, regulatory approval may be required, similar to
that for traditional biomarkers, but acceptance from the clinical
community will be more critical in determining widespread use.
While all this may take time – and the widespread use of digital
biomarkers may be years away – we can make a difference
today. Digital services that use the right technology and provide
a rich and meaningful user experience can go a long way
towards engaging individuals, modifying their behaviour and
nudging them to take responsibility for their own health – a
much-needed phenomenon and one that has been strangely
uncommon until recently.
Digital biomarkers present an as-yet untapped field of
opportunity. Much work remains to be done before their true
value can be realised. But, combined with user-centred services,
they have the potential to make a significant impact on long-term
health outcomes – and healthcare systems in general.
Vaishali.Kamat@CambridgeConsultants.com
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Artificial intelligence (AI) has finally arrived. Since
the 1970s it has weathered two ‘AI winters’ – periods
of almost worldwide funding freezes and technical
stagnation – and has bounced back stronger than ever.
With AI now solving real, practical problems and a vast
worldwide effort to drive it forward, the cat will never get
back in the bag.
Around 2010 a perfect storm was brewing. Silicon
chips were finally fast enough to tackle useful problems;
internet companies such as Facebook and Google could
see real business benefits from AI optimisation of news
feeds and search results; and everyday internet users –
hundreds of millions of us – were unknowingly providing
rich datasets for training AI.
Old AI techniques such as expert systems and
fuzzy logic are now dying out, replaced by a new

TO
BOLDLY
GO…

wave of computationally intensive machine learning
algorithms. In this vanguard are new techniques in
deep learning and reinforcement learning. The former
can automatically find models of relationships buried in
datasets. The latter tasks an agent with maximising its
future rewards in an uncertain environment.
Reports of successful application of these new techniques
are published almost daily – autonomous buses, breast
cancer screening, assessment of music copyright
infringement, optimisation of traffic light patterns and
many more. A flood of open-source toolboxes such as
TensorFlow and Torch allow anyone to dabble in AI.
So, what is the catch? Uncertainty. How an AI-based
system will perform when it matures is notoriously
difficult to predict. Even if it achieves some goals,
it can be impossible to pick apart a trained system
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and understand how it is doing so – any more than
examination of a human brain would tell us why it is
partial to certain music. This is an uncomfortable fit
with the classic engineering approach of functional
decomposition and verification.
Comparison with biology and the natural world hints
at the different way we should treat AI development. It
may be built from software and silicon chips but AI will
flourish better in a virtual greenhouse than under classic
software development methodologies. The more strains
of models we can grow, the more we can understand
where the richest pickings are to be found. AI can even
be used to manage this environment – AI developed for
the sole purpose of supporting AI development.
At Cambridge Consultants we are investing heavily to
build our virtual greenhouses. Our long-term AI research

programmes are sweating state-of-the-art compute
resource (our own local clusters and cloud-based compute)
to assess new algorithmic hopefuls against long-standing,
calibrated challenges such as optimising the deployment
of cellular infrastructure. Our practical experience with a
host of AI techniques provides our customers with valuable
insight into how AI can revolutionise their products and
services, whilst our custom facilities and working practices
allow us to execute development programmes with speed
and certainty.
AI can seem unfamiliar or even scary, both in what it
can achieve and how it must be handled. However, it
can be tamed. Only those who do not embrace AI –
and so lose out on its game-changing potential – have
anything to fear.
Monty.Barlow@CambridgeConsultants.com
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BAC(TERIA) TO THE FUTURE
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Sensor technology underpins all science and engineering. It is the core
technology for quantifying and controlling systems of all kinds.
Nature builds exquisite molecular sensors within cells, with
unbeatable sensitivity and specificity. Such sensors are
also exceedingly inexpensive to make – when needed, an
organism just grows some more.
Engineering cells to make sensors is known in research.
Examples include environmental sensors to detect
heavy metal and organic contaminants such as xylene
and toluene in soil and water, human diagnostics for
monitoring levels of theophylline (an asthma medication)
or hormones in the blood, and industrial sensors
for detection and monitoring of chemicals such as
mevalonate (a compound used in artificial flavourings)
and lindane (a pesticide).
The opportunity to design and build a low-cost, ultrahigh-performance sensor to detect almost any desired
substance – and to provide an output via a choice of
electrical, chemical or optical signalling – is incredibly
powerful and exciting.
The engineering of biological systems is set to be the
next big disruptive technology. By combining engineering
approaches with biological systems, you open up entirely
new ways of solving difficult problems. That’s why we’re
taking our extensive experience in sensor development and
combining it with molecular biological methods to create
processes, techniques and equipment to make engineered
biological sensors a commercial reality.
Traditional sensors are a combination of hardware (such
as optics and electronics) and software (such as analysis
algorithms). You find an optimum design using these tools
to give the desired sensor performance for the thing you
want to measure. We have now added a new designed

component to the system – the biology or ‘wetware’, which
brings a whole new set of challenges.
The first challenge we’re tackling is how to design, build
and test the wetware quickly and efficiently. To create a
biological sensor you have to alter the DNA of an organism
to include the specific functions you want. Today, we can
read DNA (via sequencing) and write DNA (via synthesis)
but the world is still learning how to design functions from
DNA and build predictive tools.
In the absence of prediction, you have to experiment – and
experiments get very large. We’re working on automation
hardware and software to perform more than 16,000
biology experiments in parallel with more than half-amillion data points.
The second challenge we’re tackling is how to integrate
hardware, software and wetware into a low-cost commercial
product. We’re answering some tricky questions regarding
product development processes. How do you plan and
synchronise the development activities? What is the wetware
equivalent of ‘proof-of-principle’ or ‘first prototype’? How
do you carry out system design and optimisation tasks
when your system includes wetware? What is the regulatory
situation to take such products to market?
To help solve these challenges, we’ve built a new
microbiology lab and brought together a multidisciplinary
team able to work in specialisms ranging from molecular
biology to embedded code.
This new discipline – known as synthetic biology – is poised
to revolutionise how products are developed and made.
Richard.Hammond@CambridgeConsultants.com
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MAKING THE
RIGHT CONNECTIONS

16

We’ve filled our lives with objects and devices. From kitchen
appliances to car keys, from dog leads to table lamps, we’re
surrounded by objects of varying usefulness and appeal. A recent trend
that adds value to these ‘dumb’ devices is to provide connectivity, so
that they can be accessed, interrogated and controlled remotely.
Of course, we’ve come a long way since the humble TV remote control entered the
living room. As the connectivity trend has gathered momentum, application developers
have built tools that allow consumers to see the status of windows, doors, fridges,
thermostats, heating systems and other devices around the home. The big idea is to
make this information available to each of us, increasing control and enabling smarter
interactions with the objects around us.
These services are now enabled by the near-universal availability of smartphones,
mobile applications and, most fundamentally, an array of wireless technologies. Think
Sigfox, LoRa and NB-IoT. These technologies, whether standards-based or proprietary,
must be able to connect a large number of sensors and actuators, typically with low
data throughputs and low power consumption. Service providers in these emerging
applications have begun to look for additional revenue sources and alternative ways of
providing value to their customers.
One approach is to increase the level of automation of the service being offered.
In automated systems, for example those designed to control room temperature, a
controlling ‘intelligence’ makes low-level decisions and initiates actions that save the
user having to check the status of connected devices.
A further step comes with the evolution from automation to autonomy. Autonomous
systems apply intelligence to situations that they haven’t previously encountered,
providing even more enhanced services. Alexa – Amazon’s cloud-based voice assistant
– is today being used in a variety of autonomous applications, including integration
with autonomous cars and smart home devices.
The ability to control and monitor external devices in this way also gives rise to new
business models – transforming what was previously a one-off product sale into a
longer-term services relationship. In the same way as car insurance premiums are
partially based on driving distances and behaviours, usage-based monetisation of
connected systems can return control to the consumer and enable the provision of
higher-value services. The term ‘servitisation’ has been coined to describe this process
of creating value by adding services to products.
Next, consider the ‘circular economy’, where our consumption of goods and services
is regenerative by design, and which aims to promote shared use – keeping products,
components and materials at their highest utility and value at all times. Think of car
clubs enabling consumers to use mobile apps to rent cars by the hour. These services
often use a variety of connected sensors, tracking devices, etc. to enable the service.
It’s clear that applying connectivity to our ‘dumb’ devices can add huge value, by
gathering insights and supplying services tailored to individuals. This might be in the
form of providing information, supporting decisions or making autonomous actions on
behalf of users. New services are emerging, spending habits are evolving and whole
new business models are being created.
Derek.Long@CambridgeConsultants.com

17

THE BIGGER PICTURE
I’m standing in front of a large screen showing the ebb and flow of passengers on the
London Underground. It sits on the familiar canvas of Google Maps so I can zoom
around London watching the lines expand and contract with the rush-hour traffic.

On a whim, I tap on Westminster station and close it in the
middle of rush hour – and instantly see the surrounding
lines grow as they start to carry thousands of additional
commuters. Changing the view from lines to stations, I can
now see all the stations colour-coded as commuter home or
work stations or as transit stations, and also some anomalies
like social destinations near theatres and cinemas.
And it’s all so simple and intuitive.
But a peek behind the scenes would reveal sophisticated
analytical algorithms running on the latest processors or
in the cloud – enabling me to uncover these interesting
behaviours. Every day the London Underground carries

more than four million people between 270 stations – every
journey creating a piece of data. The power of analytics
can be seen when data is turned into information that can
change what we do. This requires understanding the user’s
needs to drive a combination of appropriate analysis and
effective visualisation.
In the modern world, sensors are everywhere, creating a
flood of data from devices ranging from smartphones to
cars and smart inhalers to tractors. Effective data analysis
and intuitive visualisation has never been so important in
helping us to understand big data to support big decisions.
Paul.Baxter@CambridgeConsultants.com

AS A RULE…
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It’s often claimed that regulation stifles innovation. “It’s just a
roadblock to creativity,” say the critics. However, I would argue
that the exact opposite is true.
Regulations are in place to protect the environment, employees, employers and
consumers. They are often driven in the first place by the influences of professionals
and the concerns of the public – and they are there to guide and protect us.
But it is rare for a regulation to appear out of the blue. So savvy companies can preempt regulations – by using them as a guide to where to focus their innovation efforts.
It’s not just the medical industry that is heavily regulated. Many other industry sectors
are already affected – for example, the fast-moving consumer goods (FMCG), automotive
and telecommunications sectors. And certain changes or tightening of regulations can
have a huge effect on an industry, changing it beyond recognition.
But, if organisations embrace impending change and keep their finger on the pulse,
these changes can be a catalyst guiding them towards opportunities for innovation. And
breakthroughs in areas of recent or impending regulation can be game changers through
which whole markets are won or lost.
Regulatory activity is unlikely to ease in the future and no doubt this will continue to be
seen as a potential problem by some companies. But others will take it as a roadmap to
success. Technology is evolving at an ever-increasing rate – and understanding both the
regulatory and technology landscapes is critical to success.
So how prepared are you for the next evolution of your industry?
Sajith.Wimalaratne@CambridgeConsultants.com
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MAKING THE SWITCH

From pain relief and antihistamines to nicotine replacement therapies, you’ll
now find a wider choice than ever before on the shelves of your local drugstore.
Medications that were previously only available on prescription are increasingly
being sold over the counter (OTC) – without any requirement to visit a doctor first.
More than 100 of the OTC treatments (across ingredients,
strengths or indications) on the market today were available only on
prescription less than 40 years ago. If you’re a smoker who wants
to quit or you suffer from allergies, heartburn or insomnia, it’s now
easier than ever to get the treatment you need at an affordable price
– while, at the same time, reducing healthcare costs.
Consumers win by getting much easier access to the medications
they need without having to go via an appointment at the doctor’s
surgery. They also avoid prescription charges – so reducing the
cost of healthcare.
Doctors win by being able to focus their time on patients
and conditions that really require their skills and attention to
diagnose and treat, rather than having a surgery full of people
with simple-to-treat common ailments.
Consumer healthcare manufacturers win by having their products
more widely available and accessible, with the buying decision in
the hands of consumers. Switching to OTC is also a way of extending
the product lifecycle – with refreshed branding, new positioning in
the market, etc. – meaning greater return on investment.
But clearly there are risks. There will be a reason why a
prescription drug was categorised as such in the first place – why
it was considered necessary to have a doctor in the loop! As you’d
expect, the Food and Drug Administration (FDA) – and other
relevant national regulatory bodies – have a rigorous and datadriven process for ‘switches’ to OTC. It takes significant time and
effort to gather the appropriate evidence and make the decision on
whether or not a switch should be approved. Also, to reassure the
nervous out there, these aren’t happening without careful planning
– on average, there have been two switches a year since 2000.
Consider some of the hurdles that need to be overcome to enable
a switch…
The consumer needs to be able to accurately self-diagnose their
condition and determine the appropriate medication – not only
for their condition but also for them as an individual. They need
to be able to decide if it is safe for them to take, bearing in
mind any other pre-existing conditions. They need to be able to
self-administer the correct dosage of the drug. And they need to
determine when they should stop taking the medication.
There are risks at all of these stages. For example, many
conditions may present similar symptoms that could be
misdiagnosed – resulting in a more serious condition being
wrongly treated. There may be a very narrow safety/effectiveness

window when it comes to the dosage – or the medication may
require a particular regime for administering it that is not
intuitive to follow. In all of these scenarios, there are significant
risks involved in taking the doctor out of the loop.
As you can imagine, many of the ‘easy’ and obvious switches
have already been done. For switches that have already happened
– e.g. cold medication – it’s been determined that the drugs
are safe and effective and that consumers can recognise and
treat the conditions without intervention from a healthcare
practitioner. It’s been decided that there is significant advantage
in making the medications more widely accessible and that the
risks can be mitigated through appropriate use of ‘drug facts’
labelling. Rigorous testing will also have been done by human
factors engineers to determine if the target audience can absorb
the relevant information and make the right decisions – unaided
– to enable them to safely take the medication.
So what’s next? What about the more ‘difficult’ switches?
The role of the pharmacist is an interesting one. In the US there
is no middle ground between prescription drugs and OTC ones
as there is no ‘pharmacist-directed’ classification as there is in
the UK. But we already see US pharmacists being involved in
immunisations and health advice so it’s an obvious next step that
is currently being resisted by the FDA.
Also, technology can help…
Imagine if an easy-to-use diagnostic unit could be used inside a
drugstore to correctly determine a customer’s condition and the
appropriate medication – removing the need to consult a doctor.
Imagine if an interactive app could help guide the consumer
through the process of correctly administering the drug in a way
that is much easier to follow than a simple pamphlet. Imagine
if the medication was incorporated in a combination device that
made dosing and administration extremely simple and impossible
to get wrong. Imagine if the consumer could have a home
diagnosis kit that would enable them to determine when they
should reduce the dose or stop taking the medication.
Any approach must be thoroughly investigated and submitted,
with appropriate evidence, to the regulatory bodies. But
technology is opening up options for unlocking other potential
switches – bringing benefits to consumers, healthcare systems
and manufacturers.
Ruth.Thomson@CambridgeConsultants.com
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AN INJECTION OF INNOVATION
Biologics account for around 40% of all drugs under
development across top-tier pharma companies.
A closer look at the global biologics pipeline suggests that almost
half of such drugs under development (excluding vaccines) are a
specific type of biologics – monoclonal antibodies (mAbs). A third
of all biologics (about 300) are intended for cancer treatment,
and the vast majority of these – 90% – are mAbs.
This shows a major shift in oncology research – and it’s
starting to pay off. The use of mAbs to treat breast cancer
– and the latest immunotherapies to treat some of the most
complex forms of cancer – have resulted in significant
improvements in overall survival and cure rates.
With more novel treatments, such as targeted immunotherapies,
in the pipeline – along with advances in diagnostic, imaging
and surgical technologies – the prognosis for fighting cancer is
more promising than ever. A direct consequence of this will be
a shift in cancer treatment to a care model which resembles the
ones used for chronic conditions like diabetes or rheumatoid
arthritis – where patients lead a near-normal life with the help
of ongoing treatment.
As a result, there is an emerging need to introduce some
of the new cancer therapies via self-administration delivery
systems. In fact, it is expected that self-administration will
become the norm for cancer patients in the near future.
But although disposable drug delivery platforms such as patch
pumps, auto-injectors and injection pens are commonly used
for the treatment of chronic conditions such as diabetes,
rheumatoid arthritis and multiple sclerosis, such platforms
may not be ideal for the latest oncology drugs. Apart from
the very different patient needs in the case of oncology, the

biophysical properties of mAbs, and the way they move around
the body, vary greatly – and commercially available injection
pens or patch pumps will not offer a one-size-fits-all solution.
A ground-up approach is needed to design oncology drug
delivery systems for self-administration. Devices which
are versatile and durable, and can eliminate complicated
preparation and reconstitution steps, will be of great value.
Additionally, devices that can deliver a combination of drugs,
either in sequence or simultaneously, will have a place in the
delivery of oncology drugs.
The ability to monitor – or even predict – side effects
associated with oncology drugs will also be extremely valuable.
For example, drug delivery devices may be paired with
Bluetooth-enabled monitoring devices which can pick up
vital signs. Unexpected changes in vitals would be recorded
and analysed, and the drug administration rate changed
accordingly – or even stopped completely if needed.
This may all suggest that the introduction of advanced drug
delivery systems for treating cancer patients with biologics is
going to push up costs. However, health economics analyses
suggest the opposite. Self-administration can save the cost
of hospital-based treatment, free up healthcare staff, and
minimise the associated loss of productivity for patients and
families. On top of this, it can offer the vital intangible benefit
of improved quality of life for patients.
Read more on this topic in our white paper – Technology
enablement: a new paradigm for oncology patient therapy
empowerment – available at: www.cambridgeconsultants.com/
technology-enablement-oncology
Harshal.Shah@CambridgeConsultants.com
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AN EYE ON THE FUTURE
Machine vision has been around since the 1960s – ‘electric eyes’ have been used
in all types of industrial machines. Modern devices are almost unrecognisable in
comparison – they can read barcodes, align parts or make railway crossings safe.
However, they still work in a very binary, black/white, pre-programmed way – they can’t cope with situations
which are outside their designers’ expectations. Although there are machine learning developments – think
of Facebook being able to spot your pet in a photograph – these systems aren’t fast enough.
Why is the need for machines to interact with the natural world so important? Food production is one
obvious answer. UK farming land, for example, has greater potential than almost anywhere else in the
world – but needs management on a yard-by-yard basis. Harvesting is often done manually but pickers
can be inconsistent in their judgement of ripeness, and are increasingly hard to hire.
How can machines take on these random, natural processes? You need a link between the noisy, unreliable
camera data and the process you’re trying to control. These techniques are actually well understood – they
have been used to interpret radar data, track aircraft and even navigate the Apollo missions. The rediscovery
of these classical control techniques, and their application to machine vision problems, is just beginning.
The hardware is now ubiquitous but users are finding that ‘off-the-shelf’ machine vision solutions can’t
work effectively in an agricultural environment. The answer doesn’t lie in new science or mathematical
methods but the combination of multiple, well-developed techniques to create a specialised solution.
Simon.Jordan@CambridgeConsultants.com

23

WHY BOTHER?
Deny yourself that biscuit. Get off the bus one stop earlier.
Turn off the water as you brush your teeth. Why bother?
None of it really matters – it’s all ‘too small’.

But the economics of the small things do matter.
Turning off that tap as you brush will save you about 1p – or
around 10 litres of water. Do it all year and that is a little over
£7. Not much of an incentive to change my behaviour but it
all adds up. In a year, across Europe, this becomes around £4
billion and 1.5 million Olympic swimming pools’ worth of water –
numbers which are unimaginable as we watch that clean drinking
water spiral down the plughole.
There are so many of us that our simple everyday choices matter
– for the planet and for the businesses that seek to provide us
with services. And for you and me, too, small things quickly add
up. Life expectancy for those born into the developed world’s
middle classes is currently increasing at the rate of 3-4 months
every year. Now, surely, there is a motivation that should register.
But it is the small decisions that make this happen. And looking
forward to dying at 83 rather than 79 doesn’t particularly help
when faced with the stark choice that is ‘biscuit or banana’.
The millennial generation is splintering into different groups
– from the binge-drinking “couldn’t give a damn as I’ve got so
much debt anyway” group to the new “young fogey” who is more
mindful, eating well, drinking less, working harder and exercising
more. But few of any type pay into a pension or spend money on
streamed music. So, how do we motivate people to change their
behaviour for the greater benefit when the value for them today is
less than a penny?
The cost to the NHS of missed outpatient appointments is
estimated at £225m every year. Sending text reminders reduces
non-attendance from around 14% to 11%. The UK’s Department
of Health ‘behavioural insights team’ has gone further to look
at the content of the text to see what effect it has. General
reminders about date and time are the basics. But include in the
text the specific costs to the NHS of a patient not turning up,
and non-attendance falls again – to around 8%.
This is ‘nudge’ – the art of affecting behaviours without near-term
reward; making the natural and default option the one that is for
the greater good.
Painting lines on roads that appear to reduce the width of the
road through notoriously dangerous bends reduces accidents by
a third. In other places, removing road markings reduces vehicle
speeds by 13%.
Selective positioning of food in a cafeteria to encourage better
choices makes a difference. Simply putting the higher-calorie
items at the back of a buffet is enough to reduce a diner’s calorie
intake. So too is the choice of utensils – less ‘productive’ ones
lead to smaller portion sizes. It is perhaps not surprising that this
is the mirror opposite of the techniques employed for years by
supermarkets, coffee shops and e-commerce sites to get us to do
precisely the contrary – consume more.

Sending a well-shaped text message is clearly useful for the
NHS. However, as my bank, dentist, gym and supermarket take
this up, it starts to feel like more spam.
The Fogg Behavioural Model tells us that triggers calling for
an action work only if matched by our motivation and ability to
respond. This is just as true for nudges – triggers hidden in the
fabric of our world. Nudges rely on barriers to action being so low
at the time that motivation worth less than a penny still works.
The road and cafeteria examples above both have a strong sense
of ‘context’. The nudges occur in just the right place and at just
the right time – part of the fabric that gently steers decisions we
are already processing.
The digital world has invested heavily in understanding context
– with real-time bidding for advert impressions being the most
rampant example and one whose cookies continue to feed on all
our posts, purchases and likes. And with the Internet of Things
we now have even more insight into context – from location
and proximity information as a result of the internet becoming
mobile, to sharing our actions through our interaction with all
those connected sensors.
We are fast getting to a point where advert, email, text and
notification will be bettered by nudge – no longer just carefully
timed messages with an explicit call to action but subtle changes
designed into the how, when and where information is given to
us. Indeed, as our ability to harness large data sets and artificial
intelligence grows, it is just as likely that the nudge will be
directed to us across our networks – arriving via friends or loved
ones. There will be no escape.
And that is the key to nudge – experimentation; lots and all the
time. Nudges are subtle and hard to predict – when do you add
lines to a road and when do you take them away? In the digital
world, we have an unprecedented ability to do this – to measure,
analyse, suggest hypotheses, and test and measure again; a
never-ending iteration of continuous improvement.
Nudge has its detractors. German academics, for example,
are exploring the ethical implications of nudge. Should we be
designing systems to affect an individual’s free will – even in
the pursuit of the greater good? Surely, each should be able to
make up their own mind free of another’s manipulating forces.
However, with the prevalence of product placement and carefully
placed marketing across all our media – and supermarkets driving
our consumption ever onwards – viel Glück damit.
Nudge is an inescapable part of life. It is not just that we
understand it more now; its use to manipulate us over the last
century is obvious. It is more that we are becoming digitally literate
and confident enough to engage with it – increasingly comfortable
in a Faustian pact that gives businesses permission to nudge us
but only if they can justify the benefits and engender our trust.
Tim.Murdoch@CambridgeConsultants.com

25

EMERGING
OPPORTUNITIES
More than 85% of the world’s population lives in emerging
markets. Yet many of these people have no access to
affordable quality healthcare, particularly complex
treatment like surgery.
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The surgical device industry has unprecedented growth opportunities through
treating these new – and very large – patient populations. However, inadequate
hospital infrastructure, a scarcity of qualified clinicians and fragmented healthcare
ecosystems prevent successful surgical care.
How can companies capitalise on emerging markets’ growth while maintaining
developed markets’ success? How will emerging markets influence patient care and
the nature of medical innovation?
To debate such questions, we hosted a thought leadership workshop for senior
leaders in the surgical device industry – to envision how the rise of emerging
markets will impact the global landscape of surgical care over the next 15 years.
Workshop delegates represented a wide spectrum of backgrounds and hailed
from multinational companies, dynamic start-ups and hospitals. Many delegates
had extensive experience of operating in China and India, Southeast Asia, Latin
America, the Middle East and Sub-Saharan Africa. Our delegates envisioned a
number of fascinating trends in surgical care to expect by the year 2030.
They predicted that emerging markets will disrupt the surgical device industry by
2030 by focusing industry and clinical practice on delivering affordable quality
surgical care for very large patient populations. This in turn will influence how
developed markets – particularly the US – tackle reducing healthcare costs.
Patient expectations and hospital ecosystems will dramatically evolve and, in some
cases, leapfrog developed markets. Even today, some hospitals in India have better
outcomes for cardiac surgery than top hospitals in the US or UK. Top-tier hospitals in
China are now being designed to be eco-friendly, sensor-rich and cloud-connected.
The delegates felt conventional business models will not work for emerging markets
healthcare. New revenue models and service offerings are needed, and industry/
hospital/non-profit partnerships will allow companies to capitalise on large volume
to drive profitability. Companies that do not adapt their organisation and business
models risk loss of global market position.
The opportunity for digital health disruption is great in emerging markets –
infrastructure and regulations are not long-standing legacy and still being formed,
offering a lower barrier to innovation.
Enabling technology that is robust, usable and affordable will unlock access to
patient care. Low-cost sensors, mobile and wireless systems, connected ecosystems
and user-friendly cloud-based software will allow more patients to access care,
improve physician education and help track clinical outcomes.
The workshop delegates concluded that a consortium of leading multinational
companies will be needed to influence and collaborate with emerging markets
governments, healthcare systems, distribution networks and payors to truly enable
affordable accessible quality surgical care.
The workshop report – Emerging markets: transforming surgical care globally by 2030
– is available at: www.cambridgeconsultants.com/2016-emerging-markets-report
Rahul.Sathe@CambridgeConsultants.com
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ALL UNDER
CONTROL –
OR IS IT?
As technology advances, the performance gap between modern,
state-of-the-art manufacturing facilities and older production
plants becomes ever more pronounced.
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New machinery may bristle with sensors and control loops that make adjustments on the
fly. But older equipment – based on technology that was state-of-the-art at the time – still
relies on experienced operators, manual adjustments and post-production quality checks.
This is often bad news when it comes to yields, reliability, utilisation and profitability.
Many manufacturing companies are content to work within the performance limitations
of their legacy equipment. But increasing competition from low-cost manufacturers with
highly automated new plant means this complacency could soon lead to an inability to
compete effectively.
But before writing off and replacing equipment, it is well worth exploring the latest
technologies that can offer new insights, understanding and control of these older
processes. Innovative monitoring and control – when applied appropriately – can have a
dramatic effect on the performance of a production process.
Upgrading a production process in this way often calls for a range of scientific skills
and knowledge that most manufacturers don’t have in-house. The initial challenge in
developing a cost-effective monitoring and control solution is combining an in-depth
understanding of the critical parameters of a manufacturing process with an up-to-date
awareness of sensing technologies.
Key to success is deploying the right sensors, with the appropriate accuracy and speed.
If the measurements chosen are wrong or applied incorrectly, there is a very real risk
that the data collected can be error-prone – leading to a ‘garbage in, garbage out’
scenario. Importantly, the sensors selected should bring minimal risk of disruption to
the process, particularly in early trials.
Once data from the sensors has been collected and combined – typically in a central
server –the second challenge is to analyse the data correctly, comparing it with
production performance data to yield actionable information. This can involve potentially
complex mathematical analysis, even in seemingly simple production processes.
The potential benefits of this science-led approach can be significant. Once a process is
under improved control, the manufacturer can expect greater product yields and better
quality assurance through tighter management of key variables provided by continuous
monitoring. Such a system can also provide early warning of parameters drifting or
potential machine breakdowns. In the longer term, the same sensors can even start to
form the basis of a predictive maintenance system. Depending on how the monitoring is
implemented, set-up times can also improve – providing a further cost saving.
Innovative solutions can sometimes come from unexpected sources. For example,
we transferred a technology from medical diagnostics to a continuous manufacturing
process – to provide a new way of monitoring the properties of a product in real time
without the need for any physical contact. This has the potential to remove the need for
slow and costly manual measurements.
We are also working with manufacturers to evaluate their existing processes from a
fundamental engineering and logistics standpoint – and helping them to improve
utilisation, product quality and yields.
Bringing broad engineering and scientific skills and real-world production experience to
the manufacturing sector can make a real difference to the financial performance of our
clients’ operations.
Andrew.Strong@CambridgeConsultants.com
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