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THE FUTURE 
OF GPS

The improvement in the performance of 

Global Positioning Systems (GPS) has made 

it a popular tool for road navigation. Yet 

how reliable is it really and how can it be 

developed into a system robust enough 

to undertake critical tasks such as air and 

rail travel?  David Bartlett, a freelance 

consultant on GPS systems, looks at the 

history of GPS and how it can be combined 

with other technologies and satellite 

navigation systems to reach optimal 

performance.

The improvement in the 

performance of GPS over the last 

decade has been phenomenal.  

Developed originally for the 

military in the 1970s, and 

owned and operated by the US 

Department of Defense, GPS 

gradually gained a foothold in 

sea and air navigation.  More 

recently, with improved receivers 

and auxiliary technologies like 

map-matching, it has become 

the navigation technology of 

choice for road travel.  Not only 

is GPS now a standard feature 

of luxury cars, it is also widely 

available as a separate unit for 

vehicles or walkers, and is fast 

becoming an integral feature of 

many mobile phones.

DISPARATE USES
GPS is now being used in many 

serious professional applications 

including land survey, 

synchronisation of base stations 

in mobile cellular networks, and 

pay-as-you-go (PAYG) motor 

insurance as pioneered by 

Norwich Union.  In this case, a 

small black box containing a GPS 

receiver and a radio modem is 

fitted into the insured car.  The 

GPS continually monitors the 

position of the car and, each day, 

records of places and times of 

travel are uploaded to Norwich 

Union computers which 

calculate the insurance fee due.  

The system allows the user to 

make context-sensitive decisions 

about driving – for example, it is 

typically much more expensive 

to drive late at night or in the 

early hours of the morning.

Every week the media 

publicises new and novel uses 

for GPS: prisoner tracking, 

locating farm animals, location-

based gaming, lone-worker 

protection and many others.  

However, GPS does sometimes 

make mistakes, and often 

doesn’t work well indoors, if at 

all.  For a non-critical task like 

driving from A to B we can live 

with the odd error, but what 

if a failure led to the cellular 

telecommunications system 

going down, to charging the 
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wrong amount under a PAYG 

insurance scheme, or worse, to 

an air or rail crash?

So this is the rub – reliability.  

A system that satisfies all our 

navigation needs has to be 

reliable, yielding quantifiable 

performance levels for a very 

high proportion of the time.  

GPS simply has not yet reached 

this level of performance.

AS GOOD AS IT GETS?
GPS was the first Global 

Navigation Satellite System 

(GNSS) and is the only 

system generally available for 

commercial use today.  In order 

to compute a position, the 

receiver needs to be able to 

receive and accurately measure 

at least four (three for a height-

constrained solution) satellite 

signals and it needs to know 

precisely where the satellites are 

in the sky. 

However, the satellite signals 

are very low power.  To place this 

in context, the weakest signal at 

which a mobile phone works is 

about 1,000 times stronger than 

the strongest signal from a GPS 

satellite; the weakest signal at 

which a digital TV can receive a 

picture is about 100,000 times 

stronger than the strongest GPS 

signal.  When an obstruction 

obscures direct visibility of the 

satellite, the signal becomes 

even weaker and highly sensitive 

receivers with long integration 

times are needed in order to 

measure it.  

In addition to coping with 

signal attenuation, the GPS 

receiver may also need to 

The principle behind Global 

Navigation Satellite Systems 

(GNSS) – of which GPS is 

the best known – is the 

measurement of ranges 

between satellites orbiting in 

a medium earth orbit (MEO), 

about 12,000 miles above the 

surface of the earth and the 

GPS receiver.  The satellites 

orbit the earth roughly every 

12 hours, in orbital planes tilted 

approximately 60 degrees to 

the equator.

The satellites broadcast signals 

that contain their identity, 

precise position, time and 

status information.  Transmitted 

power is around 50 W – roughly 

the same as a mobile phone 

mast.  The satellites are actively 

monitored and managed by 

a system of ground-control 

stations.

A receiver that picks up 

signals from four satellites 

at once can use these 

measurements to solve the 

four unknowns: X, Y, Z and 

Time.  These are the four 

parameters that accurately 

describe its position.  The clock 

in the receiver is not identical 

to the clock in the satellites 

– though the satellite clocks are 

kept accurately synchronised 

with one another.  Therefore 

when the distance between 

the satellite and receiver is 

estimated there is slippage 

caused by the difference 

between the receiver and 

satellite clocks. 

Each GNSS typically deploys 

between 24 and 30 satellites, 

of which some are ‘hot’ spares 

used to replace a working 

satellite in the event of failure.  

Typically, about eight satellites 

are visible to the receiver at 

any one time. To get a good 

fix, at least five satellites, and 

preferably six or more are 

needed.  When people quote 

GPS as being accurate to Xm, 

what they normally mean 

is that location provided by 

eight satellites, all with clear 

unobstructed view of the sky.

So this is the rub – reliability.  A system that satisfies all our 

navigation needs has to be reliable, yielding quantifiable 

performance levels for a very high proportion of the time.  

GPS simply has not yet reached this level of performance.

contend with interference.  

Usually this is unintentional, 

arising from electrical and 

electronic systems all around 

us.  Many of these emit low-

level spurious signals in the 

GPS band (around 1.5 GHz).  

However, interference may also 

be intentional and introduced 

in the system by the US 

Department of Defense, or 

by a hostile interferer.  In either 

case, it can lead to the user 

being unable to obtain a GPS 

position fix.

DEALING WITH 
LIMITATIONS
Most of the performance 

improvements achieved by 

GPS have come from better 

receivers and their ability to 

‘dig out’ very weak signals 

from the background noise.  

This is particularly noticeable 

in ‘tracking mode’.  Once the 

receiver has acquired the 

satellite signals, it is possible for 

it to continue tracking them 

even when they are as weak as 

one thousandth of the normal 

direct signal strength. 

However, it is acquiring 

weak signals in the first place 

that is difficult.  The problem 

is that the satellite signals 

carry a data signal containing 

all the information needed 

for the receiver to compute a 

position (see How GNSS Works 

section opposite).  This data 

is transmitted at a bit rate 

of 50 bits per second which 

modulates the signal being 

measured.  During acquisition 

the receiver does not know what 

data is being transmitted and 

this uncertainty makes it more 

difficult to accurately measure 

very weak satellite signals, and 

furthermore, the receiver has to 

be able to decode the data in 

order to know how to compute 

the position. 

Dealing with interference is 

even trickier.  GPS uses two radio 

frequencies: one for commercial 

services and the other for 

military.  Commercial GPS 

receivers are based on a single 

frequency in the L1 (1.5 GHz) 

band and any interference in 

this band could stop them from 

working.  Therefore, traditional 

evasion techniques such as 

frequency-hopping or use of 

frequency (and time and space) 

diversity are not available to 

them.  Military systems have 

the benefit of both bands and 

are therefore less susceptible to 

jamming. 

The next-generation 

GPS system is presently in 

development and is expected 

to embrace additional diversity 

techniques that will enable more 

robust receivers to be built.  

These techniques will include 

additional frequency bands 

and separation of data bearers 

from navigation signals to allow 

for quicker and easier signal 

acquisition.  ‘Modernised GPS’, or 

‘GPS III’ as it is sometimes known, 

is expected to come on-line 

around 2012.

ALTERNATIVE 
SYSTEMS
While GPS III is dealing with 

some of these common 

concerns, there are some 

political factors which are 

driving the desire for additional 

GPS is a product of the US Department of Defense and it still supports a multitude of military needs.  In this picture Italian and 
Chinese UN peacekeeper soldiers use a differential GPS device to locate a precise position in relation to the UN-demarcated 
Blue Line border between Lebanon and Israel  © Hussein Malla/AP/PA Photos

Schematic created by Simon Roulstone

HOW GNSS WORKS
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GNSS.  Since GPS is managed 

and controlled by the US 

Department of Defense, its use 

for commercial services are by 

their grace and could be turned 

off at will.  In addition, GPS 

does not offer any commercial 

service-level promises.

The first alternative GNSS was 

Glonass, which the USSR began 

constructing in 1976.  However 

with the collapse of the Soviet 

Union, Glonass quickly fell into 

disuse after the completion 

of the system in 1995.  The 

Russian government has said 

that it intends to restore it to full 

operational status.

Then there is Galileo, 

the European GNSS system, 

which is being constructed to 

directly address commercial 

applications, and will carry a 

service-level agreement.  It has 

been designed to exploit multi-

band use and other technical 

innovations, to help deal with 

signal acquisition and increase 

robustness against interferers. 

The satellites orbit at a slightly 

greater inclination, which is 

claimed to give better coverage 

than GPS in the high European 

latitudes.  The system also 

integrates with the international 

Search and Rescue Satellite 

(SARSAT) system and can receive 

and pinpoint distress signals. 

Galileo has been plagued by 

delays and financial problems, 

but finally seems on track for 

operational status by about 

2012.

Having more than one 

GNSS may seem unnecessary, 

but it does provide additional 

diversity and robustness by 

having several complete 

sets of satellites, managed 

independently through different 

ground infrastructure and using 

different frequency bands.  It has 

been shown using simulations 

that combining Galileo and GPS 

measurements can improve 

overall navigation performance, 

especially in tough urban 

environments.

Transport for London (TfL) 

has conducted a series of 

detailed and comprehensive 

trials of 17 different GPS 

systems for use as road-pricing 

technology.  It concluded that 

GPS, even when supported by 

map-matching, did not provide 

a sufficiently reliable system on 

which to base a road-pricing 

enforcement system.  However, 

it is anticipated that the 

combination of GPS and Galileo, 

coupled with map-matching, 

would probably be sufficiently 

reliable to support a road-pricing 

application.

IMPROVING GPS
Back inside GPS, there are a 

few ways in which external 

information can be provided to 

the receiver in order to improve 

its performance. These methods 

are often referred to as assisted 

GPS, or GPS augmentation 

techniques.

The most common use of 

external data is to improve the 

satellite acquisition process, 

to enable weaker signals to 

be detected, or to make the 

initial acquisition much quicker 

– perhaps 5-15 seconds rather 

than the minutes it may 

take without assistance data. 

This is particularly important 

for applications in which 

position fixes are required only 

infrequently.  The information 

provided typically consists of 

the basic satellite data (identity, 

position in the sky), which helps 

the receiver narrow down the 

signal search, provided that it 

has a rough idea of its location.

If the receiver position is 

known a little more accurately, 

and it has a good timing source 

available – such as from a 

cellular telecommunications 

network – then the assistance 

data can be used to narrow the 

time and Doppler searches even 

more.  This is the technique 

pioneered by CSR, a designer 

of wireless devices, which has 

shown that in cellular networks 

reasonable tracking can be 

maintained continuously, even 

though GPS measurements are 

made infrequently (minutes 

apart).  This dramatically reduces 

power consumption and 

improves navigation indoors, 

where GPS traditionally does 

not work at all.

SIGNALLING FOR 
LAND AND SEA
There are also many independent 

systems and technologies which 

are important to GNSS, and 

are likely to continue to be so. 

Besides map-matching – without 

which most commercial GPS 

navigation systems used today 

would fail to live up to our 

MAP-MATCHING 
EXPLAINED
Under ideal conditions with 

clear visibility of the sky and the 

GPS antenna mounted on the 

roof of the vehicle the positional 

accuracy is typically about five 

metres.  However, conditions in 

the real world are seldom ideal.  

For example one may be driving 

in a built-up area in which large 

parts of the sky are obscured 

by tall buildings, overhead 

structures or trees.  Or again the 

GPS receiver may be located 

inside the car, in which case the 

car roof acts as a screen to the 

satellite signals and the receiver 

is reliant on those signals that 

can be received through the 

windows and non-metallic 

parts of the car.  In this case the 

accuracy of the position-fix may 

be no better than 20 m to 75 m, 

or even one or two hundred 

metres in extreme situations.

The way the GPS navigation 

system solves this is by placing 

the position it shows you on 

the road.  This is generally done 

by looking at sequences of 

positions which form a trajectory 

along which the car is travelling 

and this path is corrected to 

align with roads on the map.  

The position you are shown 

at by the GPS therefore looks 

sensible and you are not shown 

as driving through buildings 

or open fields.  The effect of 

this ’snap to road‘ functionality 

is best seen when you drive 

off the roads on the GPS map, 

for example on farm tracks, or 

along a new road that has not 

yet been incorporated onto the 

map.  Initially the GPS positions 

holds you on the road, even 

though you know you’ve left 

it, but then once a threshold 

(dependent on the algorithm 

being used) is passed it gives up 

and displays the actual position 

of the calculation even though it 

is not near a road.

TfL...concluded that GPS, even when 

supported by map-matching, did not provide 

a sufficiently reliable system on which to base 

a road-pricing enforcement system.

There are many projects worldwide that track mammals or large birds.  A GPS receiver weighs between five and ten grams and so has to have a large-ish carrier (mammals 
smaller than 240 grams cannot usually support them).  It is also a relatively sophisticated and expensive piece of equipment, and so has to be able to be attached securely 
– this one has been attached to the turtle with marine epoxy.  Low powered GPS taggers are used on these green turtles on the Penghu Archipelago, Taiwan, to follow 
post-nesting migrations of the females and to form a picture of their movements to stop the large-scale killing of this increasingly rare species.  There are over 100 turtles 
worldwide swimming with GPS on their back and can be followed online at www.seaturtle.org/tracking © Wally Santana/AP/PA Photos
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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 hi- 

tech 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’.

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.

needs – auxiliary motion data 

from wheel-rotation counters, 

accelerometers, magnetometers, 

rate gyroscopes and other 

devices may be used (see ‘Map-

Matching 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 ground-

based, wide-area radio location 

systems such as Decca and 

Loran C have largely fallen 

into disuse and have been 

replaced by the superior and 

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, 

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
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.
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‘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
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