THE FUTURE OF GPS

WEALTH CREATION

UWB (ultra-wideband) and other
bespoke radio location systems,
not to mention the role that
radar has in positioning objects
in airspace.

FUTURE TAKE-UP

‘Galileo Constellation.’ The Galileo positioning system is a planned Global Navigation Satellite System, to be built by the
European Union (EU) and European Space Agency (ESA). It is intended to enable Europe to become a major partner in the
setting up of a civilian satellite service by 2012 © ESA-J.Huart

needs – auxiliary motion data
from wheel-rotation counters,
accelerometers, magnetometers,
rate gyroscopes and other
devices may be used (see ‘MapMatching explained’ section).
High-performance dynamic GPS
receivers used for precision and
aeronautical work are usually too
costly and bulky for mass-market
commercial systems, which
consequently rely on much
cheaper partial integration with
other sensor data.
Given recent GPS
improvements the old groundbased, wide-area radio location
systems such as Decca and
Loran C have largely fallen
into disuse and have been
replaced by the superior and
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better performing GPS system.
However, the shipping industry
is actively promoting the
development of eLoran. This is a
modernised version of Loran – a
terrestrial radio navigation that
uses a network of low-frequency
ground transmitters. The
receiver picks up and decodes
the signals from at least two
or three different transmitters
and, using these measurements,
computes the receiver position.
Accuracy of at least 10 m is
being claimed. Since the system
is based on completely different
radio modes, and very different
radio spectrum, it is felt that
eLoran provides a viable parallel,
or backup, system for GPS for
shipping, and for high-reliability

road transport applications.
For specialised local area and
high-precision, real-time tracking
and positioning systems, it is
likely that a number of other
technologies will continue
to find niche markets. These
include positioning within
wireless LANs (local area
networks) using the WLAN
signals, optical target tracking,

It is likely that GPS will remain
the hub around which
navigation applications are
centred for some time to
come, although gradually
this role will be taken on by a
few different GNSS, including
Galileo and Glonass, which will
work alongside GPS. However,
the role of other techniques,
such as map-matching and
inertial systems, as well as GNSS
assistance and augmentation
data, is likely to be critical in the
future success of GNSS.
For many tasks, especially
those that are not critical, GPS
alone is adequate. For the rest,
the perceived success of GNSS
(and GPS) will be underpinned
by many other underlying
positioning techniques and
technologies. It will be the way
these disparate technologies can
be fused together that will lead
to wide-scale robust and reliable
positioning for navigation
applications.

BIOGRAPHY – David Bartlett
David Bartlett is a Chartered Engineer and member of the IET.
He runs his own business at www.pyxidium.co.uk providing
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www.cambridgewireless.co.uk

CAN REGIONAL
CLUSTERS BE
ENGINEERED?

A healthy set of start-up companies in high-technology industries is widely seen as
important for developed countries. It is believed that such companies drive innovation,
generate growth and generally enable a country to make good use of key knowledge
workers. New companies tend to develop in groups or ‘clusters’. Professor William Webb
FREng has studied the phenomena in the UK and considers whether these clusters can be
manufactured.

There is no precise definition of exactly what
constitutes a cluster, although most would
agree that it means companies working
in the same or related fields of science
and technology and grouped in the same
geographical area.
There are many clusters throughout
the UK. Oxfordshire, for example, is the
home of motorsports, including most of
the Formula 1 industry. The Midlands is
historically a centre for manufacturing.
Perhaps the best-known of the UK’s hitech clusters is in Cambridge. Sometimes
known as ‘Silicon Fen’, Cambridge is a key
area for start-ups in telecommunications
and biotechnology. Something like 25% of
all the high-technology start-ups in the UK
originate within the Cambridge Cluster and
around 7% of the venture capital for all of
Europe is directed there.
Cambridge appears so successful at
generating high-technology start-ups that

many other areas of the UK have sought to
replicate the effect, often through regional
initiatives. The InfoLab21, for example, seeks
to promote a vibrant start-up community in
Lancaster by forming strong links between
academia and industry. To date, however,
initiatives aimed at starting new clusters
have had limited success.

THE CAMBRIDGE CLUSTER
Entities such as clusters are ideal research
territory for management institutions,
and much has been written about the
Cambridge Cluster. The intention here is to
provide an overview on the key issues.
The seeds that led to the cluster were
sown in the early 1970s. In 1970, Trinity
College opened the Cambridge Science
Park. At that time there were just two
science parks in the UK; the second, set up a
year later, was at Heriot-Watt University near
Edinburgh, later dubbed ‘Silicon Glen’.

The Cambridge Science Park encouraged a
slow and steady growth in the number of
new companies and consultancies in the
area. It was not until 1985 though that the
phenomenon began to be recognised and
the cluster label first appeared. Growth in
Cambridge then accelerated into the 1990s
and peaked around 2000, maintaining an
approximate steady state after that. It is not
clear if the slow-down is an effect of the
global problems with telecommunications
and whether growth will subsequently
resume. Certainly there is still a lot of
appetite within Cambridge to move back
into strong growth.
Researchers who have looked at the
Cambridge Cluster, still argue over how
and why it came about. Most agree that
a number of factors have played a part in
creating what has come to be known as the
‘Cambridge phenomenon’.
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The evidence and intuition strongly suggests that most
entrepreneurs start up companies where they happen to be
located. On top of all the risks and stress of a start-up, few
want, or consider it necessary, to relocate.

RANDOM ATTRACTION?
The first key factor seems to be that the
Cambridge cluster emerged through a
bottom-up rather than top-down process.
It was not due to central planning by, for
example, a regional administration, but
through the uncoordinated actions of a
number of key individuals.
The links with the University of
Cambridge and its colleges were also
an important factor. This was initially
through the provision of a research park
by a couple of colleges and then through
the willingness, sometimes passive rather
than active, of the university to allow
members of staff to develop their ideas
commercially. It is also postulated that the
reputation of Cambridge both attracted
the highest quality individuals as students
and entrepreneurs who wished to benefit
from a link to a prestigious body. Finally, the
Cambridge brand is very powerful around
the world, providing credibility to companies
linked to the university.
Some also suggest that the
establishment of key consultancies was
critical. An early example, Cambridge
Consultants, had the dual advantage of both
attracting highly skilled individuals to the
area and creating an environment where
other companies – both consultancies and
start-ups – were readily spun off. Indeed,
the role of consultancies could be more
important than that of the university.

INDIVIDUALS
MAKE A DIFFERENCE
A few key individuals played a major role in
the history of the Cambridge phenomenon.
For example, Hermann Hauser was involved
in Acorn Computers. At first acting as an
‘angel investor’, using his own funds and
expertise to nurture new businesses, Hauser
44
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subsequently formed Amadeus Capital. This
fund has provided venture capital to many
major Cambridge companies and has been
involved in a number of initiatives to further
the role of Cambridge (read more about
Hermann Hauser in Ingenia 33).
A further factor in the growth of
the Cambridge Cluster has been the
importance of the many networks of
individuals that exist in the area. For
example, the Cambridge Network brings
together key individuals across multiple
disciplines and maintains links with
alumni, often in other countries, linking
the cluster to other important international
clusters. The networking has now
developed to such an extent that there
is even one promoting innovation and
entrepreneurial thinking among the
university’s undergraduates.
To summarise, some of the recurring
elements in the emergence of successful
clusters are: the presence of a few key
individuals who establish successful
companies; help in the forming of local
networks; the provision of angel funding;
and the presence of the right environment
in terms of academic and consulting
opportunities.

HOME PREFERENCES
Can areas that lack these attributes still
develop clusters? The evidence and
intuition strongly suggests that most
entrepreneurs start up companies where
they happen to be located. On top of all
the risks and stress of a start-up, few want,
or consider it necessary, to relocate. Hence,
any attempts to form a cluster, rather than
to leave one to emerge organically, must
either attract into the region people who
will go on to form new companies, or
encourage those already living locally to
become entrepreneurs.

Existing clusters are good at doing both,
tending to attract focused, skilled staff into
the region to work for established companies.
They also encourage individuals to start
up their own companies both because the
infrastructure to do so is in place and because
individuals have positive exposure to those
who have successfully started companies
already. The risks for start-ups in the area are
reduced because even if they fail, they are
likely to be able to find other opportunities
without needing to relocate.
All this makes it clear that it is relatively
hard to start a cluster, but once formed
successfully a cluster should become selfsustaining. It also suggests that it might
be progressively harder to form clusters.
Once a few clusters are established, they
will attract entrepreneurs away from other
areas and into a new area – just as it is
progressively harder for competitors to
enter an established market unless they can
differentiate themselves in some way.
The problems faced by anyone wanting
to create new clusters also raises the
intriguing question as to whether a country
is best served by having a few large clusters
or multiple smaller ones. However, while
regional development agencies consider
their geographical areas in isolation – with
many trying to clone existing biotechnology
clusters, for example – answering this
question is not likely to change current
policy, at a regional level at least.

HOW TO SEED A CLUSTER
Experience suggests that successful clusters
start themselves. There is little evidence
that it is possible to proactively start a
successful cluster, especially given that it
gets increasingly hard to succeed after the
first successful cluster is established. Indeed,
the evidence from those who have tried to
start clusters is just that – it is very difficult.

The Cambridge Cluster is a dynamic environment, with new companies incorporating and more mature companies relocating, merging or going out of business. The area
contained within the Cambridge Cluster is approximately 80 km across, accounting for an area of approximately 2100 km2 Diagrams reproduced from The Supercluster Question
– The Cambridge Cluster Report 2006 © Library House
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...the ‘product champions’ for any new cluster help in forming
local networks that can share knowledge. They can form
critical links between individuals and can provide something of
a safety net and lobby for change where needed.
Success has been patchy. Having said that,
the Cambridge Cluster took around 15
years to become noticeable and a further
ten to become a major entity. Few regional
initiatives continue for such a long time.
To some degree then, it may be too early
to judge, or it may be that clusters have
been adjudicated failures and the funding
stopped too soon.
A key ingredient for any new cluster
is the need for a few key individuals with
successful track records as entrepreneurs.
This is because these individuals start their
own companies – often going on to start
a series of high-tech companies – and act
as role models. These serial entrepreneurs
provide encouragement and their successes
persuade others to follow in their footsteps.
(See examples of Professor Sir Michael Brady
and Professor Peter Denyer on the opposite
page.)
These individuals also bring funding
with them, either directly through their
own angel funding or indirectly through
their contacts with venture capitalists. They
also bring critical experience. Research
shows that start-ups are much more
likely to succeed where they have strong
involvement from successful entrepreneurs.

ACADEMIC CONNECTIONS
There are other factors that may be helpful
in the birth of a cluster. A link to a university
provides an increased flow of ideas, adds to
the pool of individuals who may become
entrepreneurs and is a key mechanism for
developing a science park. However, the
evidence suggests that the university link
will provide only a small percentage of ideas
and individuals. In any case, with most
universities in the UK boasting a science park
or some other form of incubator – there are
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now more than 100 science parks in the UK
– it is hard for any one university to stand
out in the way that Cambridge and HeriotWatt did in the 1970s.
Good infrastructure is appealing, but of
less interest to high-tech companies than
manufacturers, especially if it comes, as it
does in some locations, at an elevated price
tag. Financial support may also help a little,
particularly for marginal cases.
Finally, the ‘product champions’ for any
new cluster help in forming local networks
that can share knowledge. They can form
critical links between individuals and can
provide something of a safety net and lobby
for change where needed. Equally important,
they can introduce sources of finance into the
networks that they help to create.

A WORD OF CAUTION

on, say, employment or the average salary
in a region. Why this is the case is also
the subject of much discussion and is not
conclusive. For example, a different funding
model that did not require an exit strategy
for investors within a few years might aid
longer term growth. However, regional
development agencies should be aware that
even if they beat the odds and form a cluster
it is unlikely to solve all of the problems in
their region.
Does this mean that all the current
efforts to form clusters are in vain? Not
necessarily. They may work if the region
can import a few key individuals or if such
individuals can be ‘home grown’ and the
venture can be given sufficient time. Finally,
in a changing world, what has worked in the
past may not prove to be applicable in the
future.

Although the Cambridge Cluster is widely
admired, it generates relatively little wealth
and employment for the region. Even the
most successful companies, such as ARM
and CSR, both with huge stock-market
valuation for their businesses of creating
chips mostly for telecommunications
applications, employ relatively few people in
the region.
The successes in Cambridge have
generated substantial wealth for their
founders but have had little overall effect

BIOGRAPHY – Professor William Webb FREng
Professor William Webb joined Ofcom as Head of Research and Development and Senior
Technologist in 2003. He previously worked for a range of communications consultancies
in the UK and spent three years providing strategic management across Motorola’s entire
communications portfolio. William has published ten books, is a Visiting Professor at
Surrey University, was elected a Fellow of The Royal Academy of Engineering in 2005 and
is a Fellow of both the IET and the IEEE.

INNOVATION
ENTREPRENEURS
Michael Kenward OBE writes about why two eminent researchers
decided to leave the senior common room and take the risks
and responsibilities of starting new businesses. Thanks in part to
their entrepreneurial successes, both professors now live in the
middle of clusters.

Successful entrepreneurs are
an essential component of any
attempt to seed new innovation
clusters. The problem is where
do you find such people?
Fortunately, there are succesful
role models out there. Sir
Michael Brady FREng FRS and
Peter Denyer FREng FRSE are
both engineering professors
who have not just started
one successful business; they
have become self confessed
’innovation junkies’.
There are some interesting
parallels in the experiences of
Brady and Denyer. They both
learned the hard way that some
investors are more interested
in money than in science and
technology. Yet, despite nailbiting encounters with bank
managers and other ‘near death’
experiences for their ventures,
Brady and Denyer not only
thrived on the experience but
also went on to create many
subsequent start-ups.

PROFIT AND
PRINCIPLES
Both engineers did research
that, they felt, could combine
the essential ingredient of any
innovative new business – they
offered technologies that could
do something for people, and
be profitable in the process.
For both Denyer and Brady it
was not really the chance to
make money that turned them
into entrepreneurs. They both
believed that their research
could change things but not
if they left it to the slowly
grinding wheels of ponderous
big companies. Denyer wanted
to replace the prevailing
technology for electronic
imaging while Brady wanted to
revolutionise medical imaging.
Professor Denyer’s group at
Edinburgh University worked
on new ways of capturing
images electronically. Electronic
cameras were beginning to
appear at the beginning of
the 1990s, with camcorders

becoming increasingly popular.
“They used a technology called
charge-coupled devices, CCDs,
as the element that actually
sensed and captured images,”
explains Professor Denyer. He
had other ideas, based on
less exotic semiconductor
technology, the CMOS chips that
dominate modern electronics.
No one took him seriously
but thanks to a grant of £120,000
from the EPSRC, the Edinburgh
team persevered and built the
scientific foundations of what
was to become Vision, his first
company.

LIFE-CHANGING
MOMENT
A professor in the engineering
department at Oxford University,
Brady was one of the UK’s
leading researchers in robotics.
He had already set up a business,
Guidance Control Systems,
to commercialise the group’s
research in robotics. Then came
an event that changed his
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