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EXECUTIVE SUMMARY

A wireless sensor network (WSN) is a
collection of autonomous nodes which offers
distributed services: each node is capable of
sensing and processing the data in situ under
program control; all the nodes are connected
as an ad hoc wireless network which
collaborate to process information in a
distributed manner. The resources (memory,
battery power, processor speed) in each WSN
node tend to be quite modest when
compared to a modern PC. 

WSNs are important because they link the
digital world of computers to the physical
world of sensory data such as temperature,
pressure or acceleration. For example, a WSN
on the person can monitor the body
temperature, the vital signs of the heart or
track the movement of the limbs, and this
information can potentially be stored,
manipulated and accessed remotely over the
Internet. 

WSN is therefore an enabling technology with
the potential to revolutionise Information and
Communication Technology (ICT) as we know
it, with its potential impact comparable to the
microprocessor’s 30 years ago. The mission
encountered applications of WSNs in areas
such as the monitoring of industrial plants,
building control, environmental monitoring,
disaster response, precision agriculture and
health monitoring. 

The Global Watch Mission to California was
timely: WSN is at the cusp of transition from
active academic research to a fledgling new
industry. Start-up companies such as Dust
Networks, Ember, Millennial Net, Tendril
Networks and Scalable Network Technologies
have spun out of universities recently;
pioneers such as Crossbow Technology are 

consolidating their position with new
products for deploying WSNs; established
multinational companies such as Intel, IBM,
Microsoft and Sun Microsystems are
investing in R&D in WSN; new research
centres such as the Center for Embedded
Networked Sensing (CENS) at University of
California at Los Angeles (UCLA) and the
Center for Information Technology Research in
the Interest of Society (CITRIS) at the
University of California at Berkeley (UCB), are
pioneering new application areas for WSNs in
large multidisciplinary teams.

The principal aim of the mission was to
understand the forces shaping the
embryonic WSN industry in the US, ie identify
and understand the technical, commercial,
investment and marketing challenges, and the
nature of partnerships between academia,
government and industry which has helped to
create this industry, and to sustain and
advance progress in this area.

This report details the findings of the mission
and recommends the following actions:

• Raise awareness of WSNs in the UK.
Policy and decision makers in the UK
Government and industry should be made
aware of the potential impact of the
emerging WSN technology on the
economy, industry and lifestyle. This
enabler technology presents opportunities
for component manufacturers, system
integrators, software service providers,
OEMs, application developers and other
end users.

• Support the culture of cross disciplinary
collaboration in the UK, which is so evident
in the development of WSN in the US
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Research Centres, by actively encouraging
and rewarding collaboration between the
creative communities, scientists and
engineers.  This will lead to richer
understandings and novel developments in
the application of this new technology.

• Fund universities and industry to develop
better development tools for WSNs which
allow end users to author and control their
own WSN experiences. As the topic of
software development tools for WSNs is
still in its infancy the corresponding
infrastructure has to develop as well but it
is an area that has definite potential for
exploitation in the UK.

• Invest in learning by placing the technology
in the hands of school children and young
people. They are the consumers who will
drive this area in ways yet to be imagined.
The BBC Micro and Computer Literacy
Project in the early 1980s, and the more
recent LEGO Mindstorms are examples of
the educational impact of placing new
technology in the class room.

• Invest in national infrastructure projects
which would both leave a legacy for the
common good and have beneficial spin-offs
for the WSN industry. Example projects
include national flood control,
environmental and pollution monitoring,
remote health monitoring for the National
Health Service, or smart learning
environments in school classrooms.
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The advent of wireless sensor networks
(WSNs) is seen as the next logical step in the
progress within ICT industries. It is part of the
greater trend towards distributed computing
coupled with effective wireless
communication. As such many of the drivers
for WSNs are coincident with those for ICT in
general; however, the advent of WSN
technology can also be viewed as the next
major qualitative change that will have a
dramatic effect within ICT and the other
industries that it enables.

WSNs connect the physical world of our
surroundings to the vast computing and
storage resources of the Internet. Many of
the issues encountered in the world of the
networked computer are just as pertinent to
the world of the WSN, such as the security,
integrity and provenance of the data and
information, or the reliability and efficiency of
the wireless communication and networking.
What is different is that WSN solutions are far
more challenging given the modest
resources, such as energy, memory and
processor speed, available in the WSN node.
For these reasons, WSN has been an area of
active research during the last decade. 
There have been recent signs of a fledgling
WSN industry as evidenced by the number of
start-up companies spinning out of university
research. This view is reinforced by signs of
R&D investment in WSN by larger players
such as Intel, IBM, Microsoft, and Sun
Microsystems. Multidisciplinary research
centres such as the Berkeley Wireless
Research Center are researching the
miniaturisation of WSNs which will impact
society in applications yet to be imagined.

The aim of the mission was to understand
the key factors which have shaped the
development of WSN in the US, such as the
technical and commercial drivers and
marketing of the technology; applications,
potential markets and barriers to growth;
investment issues, funding policies and the
nature of partnerships between academia,
government and industry. 

1 INTRODUCTION



There are three main hardware components in
a WSN: the sensor, the processor and the radio
for wireless communication. A key trend has
been the embedding of processing with the
sensor within devices in order to provide higher
functionality. Microprocessors and
microcontrollers are now ubiquitous: they are
found within everything from domestic
appliances to medical equipment and industrial
production processes. This trend is set to
continue – for example, it is estimated that
40% of current vehicle costs are determined by
electronics and software and that 90% of
future vehicle innovations will be based on
electronic embedded systems.

Closely coupled with the embedding of
processing within devices is the need for
sensing. Without access to sensory data,
systems cannot interact with their environment
and their processing capabilities are redundant.
Sensors can range from simple contact
closures through to imaging devices. As
embedded processing has increased, so has
the proliferation of sensors. This had led to the
widespread availability of cheap high-quality
sensors together with markets for more
specialist versions.

As we have moved towards embedding more
intelligence within devices there has been an
inevitable desire to link those systems together
to give increased functionality and make
greater use of the information that they
individually collect. The advances in networking
and communications technologies over the last
few decades have made this increasingly
feasible and cost-effective.

Distributed sensor systems are now
widespread but they are predominantly static
installations with communication over physical 

wires. They range from industrial and building
control systems to retail logistics systems and
CCTV systems for safety and security. In
industrial applications many of the sensors
measure traditional quantities such as
temperature and pressure; however distributed
sensor systems employ a much broader range
of sensors including readers for barcodes and
radio frequency identity (RFID) tags.

As the technology for WSNs develops there
will be a shift away from static installations with
fixed wiring. This will partly be driven by lower
installation cost and also by the increased
functionality provided by mobile distributed
systems. In fixed installations, physical wires
are being replaced by wireless links in
applications such as environmental monitoring,
perimeter security and industrial automation. In
such applications the cost and inflexibility of
deploying fixed wiring can be significant. In
addition, applications such as emergency
response and disaster management require the
fast deployment of sensor networks which
may not be possible with fixed wiring.

While reducing the cost and increasing the
flexibility of installations is an early driver for
the increasing use of WSNs, longer term
benefits and opportunities will arise from the
increased functionality afforded by mobile,
geographically dispersed sensor networks.
Currently most interest in this area is in
transport applications and the niche area of
emergency response where either the mobile
entity is comparatively large or the carrying of
sensors is of particular benefit. But with the
miniaturisation of wireless sensor nodes it is
anticipated that they will be incorporated into
mobile consumer devices. In the very long
term, it is envisaged that the wireless sensor
nodes will become very small – the size of a

2 TECHNICAL AND COMMERCIAL DRIVERS FOR WSN
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matchstick head – and very cheap (less than a
dollar). This will enable radically different
applications in pervasive and ubiquitous
computing than currently possible.

From a commercial perspective, the basic need
is to deliver higher functionality at lower cost as
these both increase the overall size of markets
by enabling new applications and allowing
companies to remain competitive. In addition,
reliability of the hardware, software and
networking is essential together with low
installation and ownership costs for the
customers. However, complementary to these
needs is a series of technical innovations which
both enable business opportunities and are also
driven by them. The primary technology
developments in WSNs so far have been in the
areas of wireless communications and low-
power systems, although it is widely
acknowledged that innovation in flexible
software development environments is critical
to the technology being more widely adopted.
In the longer term, miniaturisation is also seen
as important which should lead to new classes
of applications, such as body area networks
and intelligent ambient environments. 

Low power operation is a fundamental
requirement for wireless sensor networks.
Many of the advantages of such networks
disappear if individual nodes require an
external power source, therefore most
devices are designed to run off batteries,
supplemented by scavenged power (from
solar or mechanical motion). While there have
been significant advances in low-power
circuitry, radio communications dominate the
power consumption. This requires the careful
use of the radio using techniques such as duty
cycling to reduce its power consumption, so
that the battery lifetimes are comparable to
the deployment lifetimes of nodes, thereby
avoiding the need to replace batteries.

Although improvements in battery technology
would be welcomed by people designing
WSNs, the general view is that the power

density of batteries cannot be increased as fast
as developments within the electronics and
software of the devices and as a consequence
it is not a high priority. It is likely that the size of
batteries will not be seen as an issue until there
is a need to produce much smaller sensor
nodes.

The wireless communications standard most
widely adopted in WSNs is based on IEEE
802.15.4 standard.  Bluetooth is also used in
some applications, but in general this is a
result of the designs predating the 802.15.4
standard.  Bluetooth has a higher power
consumption than 802.15.4 and has a less
flexible network topology.  There is no
consensus on the use of Zigbee within the
radio communication community.  Many
companies are supporting Zigbee because it
contains the functionality they need and they
see the need for common standards to
promote interoperability.  However, Zigbee 1.0
is also seen as being strongly biased towards
automation applications and not being ideal in
other situations.  It remains to be seen
whether Zigbee develops into a more general
standard.  Further into the future, ultra wide
band (UWB) is being considered, but the
mission did not detect any new innovations in
UWB technology that would have a
significant impact in the near term.

Another significant technical barrier to the
uptake of WSN technology is the difficulty in
developing software for the applications. For
historical reasons, the operating system TinyOS
and the closely associated programming
language nesC have been widely used in
research environments. However, both
received widespread criticism during the
mission. A different approach is being
advocated by Sun Microsystems by adopting
an existing programming language with a large
programmer base, ie Java and a virtual machine
targeted at resource-constrained platforms.



8

WIRELESS SENSOR NETWORKS – A MISSION TO THE USA

3.1 Introduction

The WSN market in the US is still in its infancy
with the demand for wireless sensor nodes, or
motes, being led mainly by researchers in
universities. There is an emerging interest in
industry with major players such as IBM, Intel,
Microsoft and Sun Microsystems all having
significant in-house research and development
activities in the WSN area. Experience in the
industrial monitoring market has shown that
economic benefit can be derived most quickly
through saving in wiring costs. Building control
was expected be another large market by now,
but has not taken off as expected so far,
possibly due to a more conservative uptake of
new technology in this sector. Defence and
security are likely to be niche application
domains, which is not surprising given that
early stage research in WSN was funded by the
Defense and Advanced Research and

Procurement Agency (DARPA). 
There was general consensus that WSNs
were emerging from the laboratory into the
marketplace in the US, but reliability and
economic issues need to be resolved in order
for the WSN market to develop rapidly over
the next two to five years. However, more
than one company marketing executive
cautioned that the large WSN market
predictions in the media were not credible. In
the longer term, 10 to 15 years from now, one
can expect to see amazing new applications
of miniature WSNs in ambient intelligent
environments. It is however unlikely that the
industry will be driven forward through the
pursuit of one specific ‘killer application’. 

It was instructive to learn from Crossbow
Technology’s experience regarding the factors
which motivated its customers to adopt WSN
solutions:

3 POTENTIAL APPLICATIONS AND MARKETS FOR WSNS

Research
M,T,U 

2002

(Courtesy Crossbow Technology)   

Size

Building automation 
M,T
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time 2012

Consumer 
U, T

M = Monitoring 
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U = Ubiquitous 

Environmental 
agriculture 

M

Defence & 
security 

M,T 

Electric power 
& utilities 

M
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supply chain 

M

Transportation
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M

Present 

Industrial
monitoring

M

Exhibit 3.1 Projection of relative market sizes and adoption time for WSNs for different market sectors
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• Target areas with no fixed infrastructure in
place, eg mining and construction sites.

• Lower cabling costs and shorter installation
time which can produce savings in the
region of $40 to $2,000 per foot.

• Real-time data for asset and stock
management.

• Mobility is either essential or
advantageous, eg high value goods
tracking, emergency first responders, and
visitor management.

• Increase in productivity – automatic
machine monitoring of capital equipment,
reduction in data entry error, and more
data for proactive maintenance.

• Remote feedback and control – sense and
respond, automated meter reading and
temperature control.

• Health and social care monitoring,
particularly retrofitting into existing buildings.

• Geospatial sensing arrays and multimodal
data integration: critical phenomena often
occur at a small scale which is sensed by
WSN and these data are integrated with
those from other sources such as
satellites. 

Home control and lighting are likely to be one
of the first mass markets for inexpensive
WSN products, which are also the focus of
large commercial lighting and industrial
automation companies such as Philips and
Honeywell. The market for Zigbee-enabled
WSN devices has been slow to take off, with
one supplier commenting that this market
resembled the development of USB devices,
which were introduced in 1995-96 but took
six to seven years to be widely adopted.
There may also be a problem with early
adopters having recently invested in
Bluetooth technology, and are therefore
reluctant to change. 

The integration of WSNs in mobile phones is
another potential mass market. According to
Qualcomm’s predictions, applications driving
cell phone usage in the future will be equally
divided between video and music, and sensor

applications such as positioning, safety and
environmental monitoring. One idea is to
include inexpensive sensors in the mobile
phones, which is projected by Deloitte &
Touche to reach 2 billion subscribers by 2006,
for very large scale collection of data of fine
granularity eg spatially located data on pollution
or radiation.

3.2 Environmental monitoring

The Center for Embedded Networked
Sensing (CENS) at UCLA is taking a lead in
the research and deployment of WSNs for
environmental monitoring. This has the
potential to reveal new information at a much
higher degree of spatial resolution than
hitherto possible, which could lead to new
scientific discoveries and a better
understanding of managing complex
environmental issues. 

CENS’ ambition is to ‘create programmable,
autonomous, distributed, multi-modal, multi-
user observatories to address compelling
science and engineering issues’. The belief is
that the user can interact with the WSN to
dynamically analyse data and adjust and
optimise the WSN deployment. This can be
viewed as a new kind of scientific instrument
that has the potential to transform observability
in environmental and ecological sciences. 

The work at CENS covered four broad areas:

3.2.1 Seismic monitoring

CENS has deployed a 50-node WSN in
collaboration with Caltech which is
geographically spread with the distance
between the nodes varying between tens of
metres and tens of kilometres.

The system is based on WiFi-enabled nodes
running Linux, with commercial off-the-shelf
(COTS) sensors. This system is predominantly
solar-powered and is always on.
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3.2.2 Terrestrial monitoring

Terrestrial monitoring is based on observing
the biological and chemical cycles of nature.
Soil is highly heterogeneous, and is therefore
suited to measurements by dense embedded
sensor networks. The deployment uses
motes with COTS transducers which collect
data samples once every six minutes. 

3.2.3 Aquatic monitoring

The monitoring of streams and rivers requires
WSNs with mobility to augment the fixed
network. Should the fixed sensors, after
deployment, appear to be badly placed to
observe key features, then robots are employed
for sensor driven sample collection at the points
of interest. In situ chemical and physical testing
of soil samples takes place on the robot and
stationary nodes; however, biological testing has
to be performed later in the laboratory as
commercial biological sensor technology has
not sufficiently matured for automatic local
analysis.

3.2.4 Contamination Monitoring

The monitoring of contamination in water and
the uptake of nutrients from the soil during
plant growth has been made possible using
WSNs. High spatial resolution monitoring has
enabled the modeling and monitoring of
nitrate uptake and contamination in the river
bed which has not been possible using other
sampling techniques. 

The National Ecological Observatory
Network (NEON1) will be a large programme
of environmental monitoring sponsored by
the US government beginning in 2006. The
$300-400 million programme (subject to final
budget approval) will give the US industry
significant impetus and will drive the
creation of WSN system design tools and
developer interfaces.

3.2.5 Habitat monitoring 

Professor David Culler and his team at UC
Berkeley have deployed since 2002 a network
of more than 20 motes on the Great Duck
Island2 to monitor the island’s habitat and the
breeding habits of Leach Storm Petrels. The
motes were placed in six burrows and the
surrounding brush, covering an area just larger
than half a football field.

Exhibit 3.2 Seismic monitoring using WSNs 
(Courtesy Professor Deborah Estrin, CENS, UCLA)

Exhibit 3.3 WSN-based terrestrial monitoring  
(Courtesy Professor Deborah Estrin, CENS, UCLA)

1 www.neoninc.org



11

WIRELESS SENSOR NETWORKS – A MISSION TO THE USA

The sensors continue to transmit data about
the conditions in the burrows and the island’s
microclimate. 

3.2.6 Monitoring for conservation

Professor Steven Glaser and his team at UC
Berkeley are deploying peer-to-peer networks
of wireless sensors at Masada – a first century
BC mountaintop palace complex on the shores
of the Dead Sea in Israel. The aim is to be able
to track the temperature of buildings,
barometric pressure, humidity and vibration in
an attempt to prevent further decay of the
fragile structures. Another conservation project
is being developed along similar lines aimed at
protecting Buddhist caves along the Old Silk
Route in China. 

3.3 Creative industries

CENS in collaboration with the UCLA School
of Theatre, Film and Television is investigating
the potential use of WSNs in the US film
industry with the overall aim of reducing the
costs of film production. One example is an
automatic means of managing continuity
during filming, by using WSNs to record the
level of lighting, and the location of players

and objects in the scene which are currently
managed manually. WSNs could be used to
create an automated system for tracking
people, assets and ambient conditions during
production to provide a detailed spatially-
referenced audit trail. Such a system should
be inexpensive and therefore unlikely to use
GPS to derive location information. It was
noted that the US film industry offers very
small grants, if at all, for technical research. 

3.4 Precision agriculture

WSNs can be used in precision agriculture to
monitor conditions and target the delivery of
scarce resources (eg water) and harmful
material (eg pesticides), and the prevention of
frost damage, by adapting the delivery to the
actual conditions close to the crop. CENS has
dispersed motes with cameras in vineyards to
determine the optimal time to harvest by
inspecting the colour of the grapes. Crossbow
Technology is investigating new markets such
as the driverless control of farm vehicles
using WSNs for automated guidance to an
accuracy of 1 cm.

3.5 Disaster response

One of the programmes at the California
Institute for Telecommunications and
Information Technology (Calit2) is driven by the
desire to understand how best to respond to
the unexpected. The Wireless Internet
Information System for Medical Response in
Disasters (WIISARD)3 project is investigating
the best way to triage casualties and manage
care in chaotic situations following disasters,
such as a biological attack, a bridge collapse or
an earthquake. The emphasis of Calit2’s work
is on the seamless interconnectivity between
handheld, wirelessly enabled devices in order
to ‘… demonstrate live, cross-platform
distribution of data over multiple cells in an
802.11 network with robust connectivity’. 

Exhibit 3.4  Monitoring of contamination using WSNs 
(Courtesy Professor Deborah Estrin, CENS, UCLA)

2 www.greatduckisland.net

3 https://wiisard.org
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3.6 Automotive

The car will be a critical element within
intelligent transport infrastructures of the
future. Innovation in the automotive sector will
be driven by competition between global
manufacturers alongside government-led
environmental and safety legislation. WSN
usage can be broadly divided into three areas:
closed loop applications inside the vehicle,
applications between vehicles on the move and
between vehicles and fixed infrastructures. The
US Department of Transport has outlined a
range of technologies for the future which
include fleet management systems, electronic
payment systems for tolls and fares, automatic
passenger counters, traffic signal priority and
automatic vehicle location.

The market for networked sensors within the
cars is likely to be huge. Larry Smarr, Director of
Calit2, noted that the sensors and microchips
connecting cars to the web will quickly overtake
the installed base of desktop PCs: ‘If there are a
hundred million cars with 25 embedded
processors each – that is 25 times the number 
of PCs connected to the Internet today.’
Networked cars and roads will be at the
forefront of Calit2’s mission to help extend the
Internet throughout the physical world.

A key technical problem for automotive
manufacturers is that new features using WSNs
in the car will have to interact with a number of
existing subsystems, including carefully
managed data interactions between the safety-
critical and the non-critical systems. A project
sponsored by Toyota and Ford at Calit2 is
developing a methodology and toolset for the
specification, design and implementation of
networked automotive software components.4

Another project involving Toyota and BMW
aims to detect the condition of drivers, ie their
attention, position and wakefulness. Results of
this project could help in responding to a
proposed Californian state mandate that every

car in the state would be required to detect the
position of the occupants within the vehicle,
and control the airbag release according to the
size and orientation of the passenger.

3.7 Health

WSNs in combination with intelligent
networked services are likely to have a major
impact on the management and delivery of
healthcare, and also on the pharmaceutical
supply chain. This mission visited only one
company – Cardionet – which was focused on
the health domain. Other health-related WSN
applications encountered included the use of
Zigbee wireless devices for asset tracking in
hospitals, and for communicating between
wearable physiology monitoring devices and
smart gym machines; and the suggested
integration of air quality monitoring data with
over the counter sale of drugs at pharmacies
in order to provide early warning services for
hay fever or asthma sufferers. 

Cardionet supply a three-electrode
electrocardiogram (ECG) monitor worn as a
pendant which transmits the data wirelessly
at 915 MHz, 1mW, using a spread spectrum
algorithm to a local PDA-style base station.
The base station in turn transfers daily reports
to physicians. Level 1 life-threatening alerts
are sent out immediately over the cellular
network (they do not initiate a local warning to
the user). The rate of level 2 alerts can be set
by the physician, and re-programmed over the
network. Analysis software displays graphs of
trends in the heart rate which are used by
physicians to optimise drug regimes to reduce
fibrillation. Cardionet emphasised that it
markets an entire monitoring service and not
just a product. 

The service is approved across the US under
Medicare and has a customer base
numbering around 900 people. Cardionet now
has approval to use the system in hospitals
and in residential settings.

4 www.calit2.net 



13

WIRELESS SENSOR NETWORKS – A MISSION TO THE USA

The next generation system will perform more
processing in the pendant, which will solve one
of the problems with the current system which
beeps when the base station is out of range.
The pendant will have the capacity to store 4
days worth of data. The system will have a
cellular modem and will be Bluetooth-enabled
for uploading to the telephone base station. 

3.8 Industrial monitoring

Industrial monitoring is likely to be the fastest
developing market for WSNs, particularly as a
wire replacement option for new plants. For
example, in the San Diego area alone there are
currently in excess of 500 industrial freezer
systems being monitored by WSNs. SYS
Technologies specialises in industrial monitoring
and has about 1,000 sites, and 5,000 sensor
points across different domains including:

• Chemical storage tanks (US market size:
10M units) 

• Construction pile depth control for bridge
construction (0.5M)

• Pipelines
• Cooling towers
• Industrial batteries (remote telecom

sites/mobile phone base stations) (8M)
• Industrial freezers in biotech and

pharmaceutical industries (2M)
• Recreational water points
• Steam traps and pumps
• Asset tracking – focus on locating vehicles

within 5 metres in parking lots 

• Profile the usage of expensive scientific
instruments and measurement equipment
in order to optimise rental costs

Crossbow Technology, in collaboration with Intel
and BP – the global energy company – has
been investigating the use of WSNs to monitor
the temperature and vibration of equipment on
oil tankers. In its experience radio propagation
was not an issue, but special packaging was
required to create an intrinsically safe enclosure.

In 2005, Dust Networks in collaboration with
Tridium – a buildings control company, and
Teng – an architectural design and construction
company, installed a WSN to monitor
temperature and energy usage in a health
clinic for the Chicago Public Health Service. 

The Intel WSN team have used vibration
signatures on machinery to identify problems
early which would pre-empt breakdowns. This
is a well-established method in which data is
typically collected manually with a handheld
device at regular intervals. The Intel team
installed 30 motes in multi-clusters in its chip
fabrication plants and ran the data collection
(once per hour, three seconds per mote) for
two months. 

Radio and MAC protocol performances were
key: 2.4 GHz operating frequency was more
tolerant to industrial interference than at 
900 MHz mainly due to the frequency hopping
capability. Ralph Kling of Intel is of the opinion
that a major barrier to further adoption of WSNs
in industrial monitoring is the sheer amount of
new data that will be produced and more work
has to be undertaken to understand how best to
filter the data and mine it for information.

Intel has collaborated with the
Massachusetts Institute of Technology (MIT)
on water and sewer pipeline monitoring in
Boston. The system monitored water
pressure (for leakage detection) and water
quality using pH sensors (to monitor the
concentration of hydrogen ions) as a stand-in
for future high-spec water sensors. 

Exhibit 3.5 Cardionet pendant 
(Courtesy: Cardionet, San Diego, USA)



A variety of wireless protocols were used in the
system: the gateways were attached to lamp
posts and used WiFi and GPRS to link back to a
central point, with the manhole antenna and
lamp post connected via Bluetooth.

Automated meter reading (AMR) is a specific
class of monitoring which has been driven by
legislation in some European countries which
require domestic utility meters to be read
every three months. Coronis, a French
company, has developed its proprietary
Wavenis technology for AMR, homecontrol
and industrial automation markets. It has sold
around 400,000 units to date based on a
mesh networking device with up to 1 km line-
of-sight radio range, and 10 to 15 year battery
life on a pair of specialist AA batteries.5

It was felt that industry adoption rates could
be faster if the industrial monitoring services
market led by major companies were more
aggressive in introducing new products
(which at the moment is on average once in
18 months), this in turn would create a
faster sales cycle for component and
subsystems suppliers. One commentator
held the view that the US industrial
automation and building automation market
will be worth $100 million in 2006, and $500
million by 2010, and that the adoption rate
would be regulated by end user’s concerns
over data reliability and power management.

3.9 Supply chain management

The development of radio frequency
identification (RFID) technology will continue to
have a significant impact on the supply chains
of many industries. Goods with RFID tags will
include automatic identification of the product
and its intended destination. Both RFID and 
sensor networks share a common real-time
data infrastructure for the back-end. RFID
might be the initial low cost technology for 

tracking goods; however, in two to five years
this might well be replaced with WSNs to
enable more detailed audit of transit history
through the extended supply chain.

One view expressed was that the
requirements of large supermarket chains,
such as WalMart, and homeland security will
drive the need for active monitoring of
shipping containers for improved inventory
control and security assurance. Crossbow
Technology is investigating the use of its
motes in tracking goods in the supply chain for
these purposes. 

3.10 Construction industry

WSN technology has found applications in the
construction industry, such as its use in building
pilings, where embedded sensors detect when
the piles have been driven to the correct depth.
It has also been used to restrict, for safety
reasons, the presence of equipment in certain
zones on the construction sites by sensing their
presence and issuing alarms.
Control4 markets WSN-based control and
management solutions for domestic use
which sells for $2,000-2,500 per home.6
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Exhibit 3.6 The development of WSNs in Boston to
monitor water quality and pressure (Courtesy Intel
Corporation)

5 www.coronis-systems.com

6 www.control4.com
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Eaton Electricals markets a Zigbee-based flood
monitoring inside-the-house and page device
for alerts which sells for $250-500 per home.7

3.11 Future markets

WSNs, especially miniaturised versions, are
considered to be a key enabling technology
for intelligent ambient environments, which
aim to embed computation resources in the
surroundings. This would enable people to
interact with computers more naturally than
they currently do, and derive personalised
context sensitive services. One of the goals
of ubiquitous computing is to enable devices
to sense changes in their environment and to
automatically act on these changes and adapt
to them, based on an interpretation of the
user’s needs and preferences. Ubiquitous
computing encompasses a wide range of
research topics, including distributed
computing, mobile computing, sensor
networks, human-computer interaction and
artificial intelligence. Most commentators
regard the commercial advent of ubiquitous
computing to be at least 10 years away, and
that WSNs will play a pivotal enabling role. 

7 www.homeheartbeat.com



4.1 Introduction

There was a strong emphasis, especially in the
US universities, on collaboration in
multidisciplinary teams, where the merging of
different skills and expertise is considered as a
vital driving force in innovation and
development. In many cases, interdisciplinary
work is considered as being fundamental to the
US successes in WSN and funding is actively
sought to support such working scenarios. For
example, in institutions such as Calit2, CITRIS
and PARC, multi-disciplinary teams of
engineers, artists, designers and computer
scientists are considered as key to envisaging
new areas of development.

4.2 Key stakeholders

This section provides an overview of the key
stakeholders operating within collaborative
programmes, and the underlying influences
which contribute towards creating and
sustaining such working environments.

4.2.1 Government agencies and
research laboratories

One of the key government agencies is the
Defence Advanced Research Projects Agency
(DARPA),8 which has kickstarted and supported
a range of WSN programmes during the last
decade, with emphasis on security and
homeland defence. One of the key US
government research laboratories working in
this area is the Lawrence Livermore National
Laboratory, an R&D institution the focus of
which is developing novel technological
solutions for US national security.

4.2.2 Research laboratories of
multinational companies (MNCs)

Several large companies such as Intel,
Microsoft, PARC and Sun Microsystems are
actively researching and developing
technological solutions and applications in
the WSN space. Much of this research is
funded by the companies themselves and
therefore feeds back into their cycle of
development and innovation. 

4.2.3 Universities

Early research in WSN at universities such as
UC Berkeley and UCLA has laid the foundation
for this discipline. Bodies such as CENS and
Berkeley Wireless Research Center (BWRC)
within the University of California system have
been collaborating with industry and
government agencies in pushing the envelope
in wireless technology, networking solutions,
programming paradigms and operating
systems. Umbrella bodies such as CITRIS at
UC Berkeley have been instrumental in
providing a bridge between academia and
industry, fostering multidisciplinary research
and helping develop government policy on the
future impact of WSNs on society. 

4.2.4 Small to medium-sized enterprises
(SMEs)

Many of the smaller companies visited were
either spinoffs from university research (Dust
Networks from UCB) and Scalable Networks
from UCLA), or had close relationships with
WSN research in academia (the UCB motes
were commercialised by Crossbow
Technology). Many of their clients were
engaged in defence- and security-related

4 PARTNERSHIPS BETWEEN ACADEMIA, INDUSTRY AND GOVERNMENT  

8 www.darpa.mil
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work funded by government defence
contracts. The exception was Cardionet,
which focused on health monitoring, and was
primarily funded by private investors. There
was also evidence of diversification: Scalable
Networks was beginning to enter the
automotive industry in Europe, and SYS
Technologies with its expertise as solution
providers in real-time sensor data capture and
visualisation, was beginning to see its WSN
solutions being adopted in the industrial
monitoring sector. 

4.3 Key factors driving collaboration

Several underlying factors have been identified
which have created and sustained collaboration
and cross fertilisation of ideas between the key
stakeholders identified previously. The
interaction between these factors paints a
complex picture which mirrors a tradition of
interdisciplinary research and development
within California, changes in state funding and
recent socio-political developments. 

4.3.1 Funding policy

Over a decade ago DARPA made a key
decision to fund early research in WSN based
on the recommendations of a RAND
Corporation study. Professor Kris Pister, (then
at UCLA) and a participant in the RAND study,
proposed in 1994 to DARPA to research ‘Low
Power Wireless Integrated Microsensor’,
mainly as a vehicle to pursue his research
interest in MEMS technology. 

Other societal factors have contributed to the
growth in funding of WSN research. There
was a shift in emphasis in the military after
the Cold War from field warfare to urban
warfare in the second half of the 90s. This
trend accelerated after 2001 with the advent
of homeland security concerns. The events on
9/11 also underlined the need for
technological support for fire and disaster
management strategies. The California Energy
Commission presented other opportunities for

WSN solutions, most notably in effective
management of power distribution and energy
conservation after the power outages in recent
years. California has also been at the forefront
of tackling environmental issues, in particular
water conservation and the effects of intensive
agriculture such as nitrate pollution. This
presented requirements for finer resolution
data monitoring techniques to inform
environmental management. In summary,
agencies such as DARPA, the Department of
Defence (DoD); Central Intelligence Agency
(CIA) and the Californian state energy and
environmental agencies, in addition to
traditional sources of research funding such as
the National Science Foundation (NSF), have
been instrumental in funding and nurturing
research and development in WSN. 

4.3.2 Industrial partnerships

Alongside the core research funding from
DARPA and NSF, collaborative research with
industry was another source of research
investment. Universities found themselves in a
situation where they had to justify increasingly
the commercial and practical applications of
their research. The Discovery Grant,
established by the former governor of
California, Gray Davis, was one of several
initiatives where industry funding was matched
dollar for dollar by the state government (circa
$100 million). Such programmes have ensured
that Californian universities maintain their
innovative edge despite government cut backs.

The Center for Information Technology
Research in the Interest of Society (CITRIS), at
UC Berkeley, was founded thanks to the Gray
Davis initiative. Three other centres relevant to
WSN were also established: QB3 (Quantum
Biology & Biomedicine), Calit2 (Information
and Communications) and CNSI
(Nanotechnology). From industry’s point-of-
view such a funding model provides excellent
gearing for internal research investment, since
for a modest annual subscription companies
have access to the centre’s research activities
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under favourable IP conditions. 
As US government research investment
through organisations such as DARPA continues
to shrink, centres such as these are becoming
increasingly important to industry. 

4.3.2.1 Calit2

The Calit2 centre was founded as a result of
the Davis initiative. In 2002, it received 
$1.8 million in a matched Discovery Grant to
leverage the funding raised from Ericsson,
Hewlett-Packard, Intel and IBM.

For an annual subscription of up to $120,000
per annum (less depending on the size of the
company), the companies gain privileged
access to research at the centre which they
review and discuss collectively at the annual
conference. Feedback from industrial partners
drives the research agenda as companies
select appropriate research proposals
suggested by the academic staff.

The outcome of this model at Calit2 is that
the research agenda is driven by industry
with projects targeted to meet industry’s
requirements. The projects are typically three
to five years in duration, often with PhD
students attached. It was common for a
company researcher to spend a period of six
or more months at Calit2. The PhD students
were encouraged to spend time as interns at
the company and are usually employed by
them once the project is completed. 

4.3.2.2 CITRIS

CITRIS is another beneficiary of the Davis
initiative, and is a collaborative effort of four
Californian universities centred at Berkeley.
CITRIS is best described as a ‘Centre of
Centres’ – an umbrella organisation which
brings together 30 research centres, more than
200 faculty members and 60 industrial partners.

CITRIS was founded in 1999 with its 11
founding industry partners (IBM, HP,
Microsoft, Sun Microsystems, Infineon,
Nortel Networks, ST, Ericsson, Marvel,
BroadVision and Intel) pledging $6 million in
total over four years. The core aim of this
interdisciplinary network is to carry out
research on grand-challenge social and
commercial problems which involve
pervasive, secure, energy-efficient and
disaster-proof information. Research into
multidisciplinary applications of WSN is
facilitated by CITRIS. Although both CITRIS
and Calit2 are based on a subscription model
for industrial partners, the dynamics of
interaction are quite different in the two
centres. Gary Baldwin, Executive Director of
CITRIS, and members of the Berkeley
Wireless Centre noted that the extent to
which industry drives the research agenda
depends on the arrangement between the
professor, the department and the company
in question. Consequently, it is not always the
case that the partner companies have such a
direct influence on research, as in the case of
the Calit2 model.

4.3.3 Shared IP and open standards

Many individuals both from companies and
academia emphasised the importance of
open standards and shared IP models. Many
believed that such a model was central to
progress, providing a common platform from
which new open source and commercial
products could advance. Again this policy
reflects a long history in Californian
universities and companies of
interdisciplinary, open and peer-based
production practices, which resonate across
the history of computing and the Internet. In
recent years open source models of
development have been increasingly
recognised as playing an important role in
what has been termed ‘hybrid’9 and

9 Lin, Y. (forthcoming). Hybrid Innovation: How does the collaboration between the FLOSS community and corporations happen? Knowledge, Technology and Policy.

McGowan, D. (2005). Between logic and experience: error costs and United States v. Microsoft corp. Berkeley Technology Law Journal, 20, (2). Boalt Hall

School of Law, University of California, Berkeley
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‘democratic’10 models of innovation, which
broadly refer to the process whereby people
collectively develop their understandings and
knowledge of shared problems. Such
practices were evident in the kinds of IP
policies and tools being developed in the
WSN field.

For example, at Calit2, all IP is shared among
the partner companies. Although companies
can issue publication delays and may have
certain ‘dues’ over a particular project, such
situations were exceptions rather than the
norm. Partner companies only have privileged
access to IP for a maximum of two years,
after which it is made public and open for
anyone to use and develop. Professor Kris
Pister and Professor Deborah Estrin reiterated
the importance of shared, open source
policies for early research and development.
In particular Pister discussed how open
models ensure that researchers and
developers are not reinventing the wheel, as
everyone is aware and has access to each
others’ work, which in turn pushes the field
forward rather than holding it back with
restrictive IP licences.

Open systems were also considered central
to achieving common standards and
collectives such as the Zigbee Alliance11, an
association of companies working together to
enable reliable, cost-effective, low-power,
wireless networks were currently driving
global standards. Although it is unclear as to
whether Zigbee is considered as the best
means of achieving this standard, the Zigbee
stack is providing developers with an open,
flexible tool, which they can modify to meet
their needs. 

Similarly, TinyOS used by many WSNs is 
an open-source operating system designed
for WSNs. 

4.3.4 Rewarding of collaboration

The Discovery Grants and industry-university
liaison in centres such as CITRIS have created a
climate where interdisciplinary collaboration is
funded and rewarded. At a time when
traditional sources of funds from DARPA and
NSF are contracting, the universities have had
to seek greater industrial collaboration, which is
driving innovation in WSN. This transition has
been aided by a long history in collaborative
enterprises in California, particular at
universities such as UC Berkeley. This culture of
collaboration was particularly evident in
companies such as Dust Networks and
Crossbow Technology, established by
researchers working in the WSN field. Such
companies demonstrate how collaborative
enterprise is supported, with academics
spinning out companies based on their
research, while still maintaining links with the
university and benefiting from multiple funding
sources and the nexus between universities,
venture capitalists, commercial and
government funding. 

4.3.5 Compelling practical
demonstrations

A very practical outcome of this model of
interdisciplinary collaboration has been a
series of authentic and compelling practical
demonstrations of WSN, working in the ‘real
world’, which demonstrated the social and
economic benefits of WSN. The examples
were considered by US colleagues as
compelling evidence for the potential of WSN
and justification for further investment. 

Many of the demonstrations also showed
how DARPA funds have been appropriated to
develop new solutions with environmental
and social implications. However, the market
is still at an early stage, with the US leading
in particular niche areas – security, defence
and environmental monitoring and emerging

10 von Hippel, E. (2005). Democratizing Innovation. Cambridge, MA. MIT Press.

11 www.zigbee.org/en/index.asp



applications in industrial monitoring and
healthcare. Given current concerns (eg urban
warfare and environmental impacts) it is not
surprising that these areas have emerged as
initial target markets. 

4.3.6 Building communities of users

John Suh, Senior Engineer at Crossbow
Technology, discussed how, for WSN to
progress, there needs to be more people
actively using sensors and developing real
applications. For this to happen Crossbow
considers education as central to its overall
mission. This involves not only providing
industry clients with the tools and skills to run
their systems, but also involves rolling out
their sensor boards to universities at a
reduced price. The latter Suh considers as
essential in educating the next wave of WSN
programmers and innovators and also
ensures that Crossbow’s product becomes
the most recognised in the field.

A similar approach was discussed by Roger
Meike, Senior Director of Sun Labs. Meike
and colleagues spoke specifically about
building communities of young developers,
who would use their Java-based products
(Sun Spots12 and Squawk13) to build the next
generation of WSN applications. To achieve
this they are actively working with educators
and young people, particularly those who
already had a specialised interest in
programming. Their belief is that by working
with such gifted young people and providing
them with the tools to author WSN devices
they can provide possibilities for real next-
generation applications. This approach
complements contemporary understanding in
the field of education and media, where users
are no longer considered as passive
consumers of products but active producers
creating new modes of practice and thus
driving developments in hardware and
software applications. 

Predictions by Crossbow Technology and
many others concurred that it will be
consumer applications that really drive this
market within the next 10 years. Companies
such as Intel, PARC and Sun Microsystems
are already showing signs that they consider
consumer communities, particularly within the
arts, the workplace, tertiary and secondary
level education as key target groups. Already
they are considering how to develop products
that allow these audiences to author and
develop their own WSN experiences. Central
to their strategy is educating new users and in
this respect learning is playing a central role in 
the transition from the industrial to the
consumer sector.
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12 http://research.sun.com/spotlight/SunSPOTSJune30.pdf

13 www.research.sun.com/projects/dashboard.php?id=155 
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5 INVESTMENT ISSUES IN DEVELOPING WSNS

5.1 Introduction

The WSN industry is still in its infancy and
has yet to attract capital investment on a
major scale. In the USA, government funding
– in particular funding from those government
agencies associated with defence and
security – has been crucial in the initial
development of WSN technology. This applies
both to university programmes and also to
the early stage funding of companies spun
out to commercialise the technology.

5.2 University research and

development funding

WSN technology has been nurtured in its
early stages in university environments,
particularly Berkeley (which is strong in the
area of hardware/software platform
development) and UCLA (which has focused
on WSN deployment and applications). It is
estimated that in the US over $100 million in
government funding has been invested in
university WSN research projects since 1998.
DARPA was quick to recognise the potential
of WSN in a wide range of security and
defence applications, and has funded both
early stage and follow-on projects at UC in
Berkeley and UCLA. 

5.2.1 UC Berkeley 

One of the first DARPA-funded university
research projects in this area was the ‘Smart
Dust’ project at UC Berkeley led by Professor
Kris Pister. It ran from 1998-2001 and led to
the development of the first generation of
WSN motes. The research carried out under
the Smart Dust programme has helped to
seed many additional projects and research
fora at Berkeley, including:

• NEST: a DARPA-supported programme to
develop an open experimental
software/hardware platform for network
embedded systems technology, accelerating
the development of algorithms, services and
their composition into challenging
applications.

• FPS: a network protocol for radio power
scheduling in wireless sensor networks –
funded by the National Science Foundation
(NSF).

• PicoRadio: the development at BWRC of ad-
hoc, ultra low-power wireless networking
platforms, encompassing RF circuit design,
networking, positioning, low voltage digital
design, antenna design and low power
analogue design – with funding from DARPA,
NSF and the California Energy Commission.

• Telegraph: a database customised for
streaming data such as that found in sensor
networks – with funding from NSF and
industrial collaborators.

• TinyOS: an open source operating system
designed for wireless embedded sensor
networks, and TinyDB: a query processing
system for extracting information from a
network of TinyOS sensors – both supported
by DARPA and industry partners.

5.2.2 UCLA

Researchers at UCLA have also been
instrumental in developing WSN technology,
with a number of research projects being
carried out under the largely DARPA-funded
Wireless Integrated Network Sensors (WINS)
umbrella during the late 1990s. In 2002 the
NSF established the Centre for Embedded
Networked Sensing (CENS) based principally
at UCLA, with NSF funding approaching 
$40 million over a five year period. CENS’
mission is to apply this new technology to
critical scientific and social applications.



Although the initial stages of WSN technology
development have been strongly supported by
DARPA (and to a lesser extent by NSF), the
majority of the ongoing research projects at
universities visited during the mission were no
longer DARPA funded. Two major reasons
were cited: firstly, DARPA funding priorities
have now changed to favour short term
research (ie a maximum of 12 months
duration), making it more difficult for
universities to compete for DARPA funding:
secondly, many research projects are now
looking beyond basic technology development
to focus on complex WSN applications and
these application-focused projects require
multi-disciplinary research teams which fall
outside the traditional DARPA-funded
university research programme (single PI, one
or two graduate students). These multi-
disciplinary application-focused research
programmes are being tackled most
successfully by the new wave of academic
research institutions such as CENS, Calit2 and
CITRIS, which pool industry and government
funding to fund cross-disciplinary projects. It is
likely that the next wave of WSN innovations
will emerge from multi-disciplinary research
organisations such as these.

5.3 Venture funding for start-ups

With the roots of WSN so firmly in the
academic environment, it is not surprising that a
number of university spin-outs have emerged as
commercialisation vehicles for the technology.
However the WSN market is seen by the
investment community to be very early stage,
thus traditional venture capital funding is hard to
come by. A report from the October 2005
Wireless Sensing Solutions (WSS) Conference
held in Chicago stated that ‘Venture capitalists
are still waiting for that key applications driver
that will push interest in the industry to the
edge. At the 2005 WSS Conference
representatives from leading VC firms such as

APEX Venture Partners, Mobius Venture and
AXA Private Equity all agreed that key
applications and substantial customer bases are
still missing in the sensing world, which is
creating some degree of reluctance among the
bigger players in the investment community.’14

Despite the current reluctance of VC investors to
commit large scale funding for WSN start-ups,
WSN hardware platforms and software tools are
beginning to appear on the market supplied by
companies such as Crossbow Technology, Dust
Networks, Sun Microsystems and Scalable
Network Technologies. 

5.3.1 Crossbow Technology

Crossbow Technology was founded in 1995
as a supplier of inertial sensors for aviation,
land and marine applications. Through the
design, production and sales of these high-
end sensor product lines, Crossbow gained a
reputation as a supplier of high-technology,
robust and reliable sensor modules. In 2002,
through links with research groups at UC
Berkeley, Crossbow began to manufacture
and ship the ‘Mica’ motes. To support the
development of the wireless sensor
networking activity within Crossbow, the
company has obtained funding from strategic
investors – in particular Cisco and Intel. This
funding has allowed Crossbow to develop the
programming tools and applications support
required for early stage WSN customers. The
strategic investment from Intel has also seen
Crossbow license a WSN gateway node
reference design from Intel – Stargate –
based on Intel’s XScale processor. The relative
ease by which Crossbow has been able to
attract external investment for developing its
wireless sensor business can be attributed to
a large extent to the fact that the company
had established credibility through its existing
inertial sensors product line. (For a case study
on Crossbow Technology, see Appendix A.)
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14 www.rfidupdate.com
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5.3.2 Scalable Network Technologies
(SNT) 

SNT develops simulation software for the
optimisation of wired, wireless and mixed
networks. QualNet, SNT’s flagship product,
reduces development costs for networking
products while providing enhanced levels of
planning intelligence for existing networks.
QualNet grew out of a DARPA-funded project at
UCLA called GloMoSim, the goal of which was
to build fast and accurate analysis tools for
complex communication infrastructures,
addressing a central requirement of the
emerging digitised battlefield. SNT started in
2000 as a consulting business for the design
and evaluation of large, heterogeneous
communication systems, but by the end of its
first year of operations it transitioned into a
software developer.  

5.3.3 Dust Networks

Dust Networks was founded in 2002 by a team
including Professor Kris Pister of UCB. The
company’s mission is to provide wireless mesh
networking systems to solution providers,
integrators and OEMs for enterprise-class
monitoring and control applications. Kris Pister
was one of the key technologists in the
development of WSN hardware, but felt
frustrated by the speed of technical
advancement of commercial WSN systems. He
founded Dust Networks to accelerate the
technical development and commercialisation of
WSN technology. Dust has focused on
developing a technically superior solution for
WSN, with proprietary protocols for robust and
reliable network operation. 

Despite being a leading academic and
evangelist for WSN technology, and the
technical advantages of Dust’s products, Kris
Pister acknowledges that obtaining funding for
the company has not been easy. DARPA
funding was crucial in keeping the company
afloat in the early days. In February 2004 the
company closed a Series A funding round led
by In-Q-Tel, the investment arm of the CIA.

‘Kris Pister is known as the most aggressive
technologist in wireless sensor platforms,
pushing for extremely low-power and reliable
networks,’ said Gilman Louie, CEO of In-Q-Tel,
in a statement. ‘Dust’s low cost, low energy,
miniaturised solution makes possible new
applications that were never before feasible.
For people who want to know more about the
environment, Dust is the indispensable piece of
the solution, be it for situational awareness in
an office building or a government application.’ 

The CIA appears intent on exploring wireless
sensor networking. ‘The next generation of
computing will seamlessly network billions of
embedded devices,’ In-Q-Tel CEO Gilman
Louie said in a statement. In addition to Dust,
In-Q-Tel has also invested in WSN companies
Ember and Tendril. Tendril develops software
applications for seamlessly combining
wireless sensor and control networks, while
Ember sells wireless chips based on the
emerging ZigBee technology. 

The funding strategy chosen by Dust – to focus
on government security and defence
applications for early stage investment and
customer deployment – is one that others also
see as a viable option for WSN start-ups.
MetaCapita is a VC start-up that is building an
investment fund that will primarily fund efforts
that initially target government applications. Ron
Finlayson, a director of MetaCapita, believes
that a lot of new wireless sensing projects will
be driven by government opportunities, which
then evolve into commercial applications. ‘VCs
who are not comfortable with the government
sector obviously aren’t going to get anywhere.’

Although the WSN product offerings of the
three companies outlined above have a
strong differentiation, there is nonetheless an
underlying similarity in that all three
companies exploit technologies that were
originally developed under DARPA-funded
university research programmes. Indeed Kris
Pister, Dust CTO, believes that DARPA
funding has been ‘absolutely instrumental’ to
the creation of this emerging industry. 
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6.1 Introduction

The market for wireless sensor networks in
2005, although small, was clearly defined and
growing. There is little evidence that any
company we visited is making a profit from
WSN at this stage. The current focus is on
industrial applications where cost and sensor
size are less important. Industrial customers
are opting for WSN solutions instead of wired
systems to reduce installation time,
disruption to the workplace and setup costs.
WSN suppliers are identifying relatively small
but very targeted markets and attempting to
meet their customers’ needs in that area
before advancing to another market segment.
Zach Cybulski of Cardionet described the
process as ‘one foxhole at a time’.

The current market for WSN includes
industrial monitoring and control, inventory
tracking, border control and surveillance,
communications infrastructure in
underground mines and battlefield, building
control and energy conservation and health
monitoring in the home and in the gym.

Future markets in three to five years include
the automotive sector, environmental
monitoring, disaster management, precision
agriculture and virtual sensing using
distributed sensors.

Consumer applications and commercial
location-based pervasive and ubiquitous
services are not currently being developed.
The consensus was that these applications
are five to eight years away. 

Exact figures for the current size of the WSN
market are not available but estimates of the
market suggest a figure between $10 million

and $100 million in value for this financial
year, probably at the lower end of the range.
By 2010 the size of this market could grow to
$500 million but there was no consensus on
the size of the market and others such as
Intel were more sceptical that growth would
occur at such a rate. Sun will be launching in
2006 the SunSPOT – a Java platform for
developing applications for networks of small
devices, and aim to ship 250,000 units in the
first year. Sun’s vision is of a ‘network of
things’ driven by WSNs in which a trillion
nodes may exist by 2012.

6.2 Barriers to growth

A major barrier to growth is the lack of an
enterprise level application development
environment which is flexible and easy to use,
coupled with a WSN platform technology
which is reliable, scalable and energy-efficient.
Another major barrier is the lack of standards
for the wireless communication protocol and
for integrating the different subsystems which
constitute a WSN platform. The current
commercial offerings are proprietary and
closed systems which are monolithic, ie it is
not possible to pick and mix components and
subsystems from different vendors.

6 MARKETING OF WSN TECHNOLOGY IN THE US
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Ralph Kling at Intel believes that the volume of
data produced by WSNs is a significant
problem. Kris Pister at DUST emphasised
reliability and data security as requirements for
customers. Several companies mentioned that
longevity was important and a barrier to growth
until battery life and power issues had
progressed so that WSNs could function for five
to 10 years independently. Jim Reich at PARC
believes that a turning point in the market will
come once WSNs are programmable platforms
and become multi purpose.
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The mission clearly demonstrated that WSNs
are an important enabler technology which
will have an impact on ICT on a scale similar
to the microprocessor’s 30 years ago. Start-
up companies offering technological solutions
in the WSN space are beginning to spin out
of academia in the US. Larger multinationals
such as IBM, Intel, Microsoft and Sun
Microsystems have invested in significant
research and development programmes in
this sector. This is evidence that the WSN
industry is poised to grow in the next few
years. UK industry and policy makers should
be aware of the potential economic impact of
this emerging technology and be prepared to
exploit it accordingly. 

A WSN is composed of a number of
components and subsystems – sensor, radio,
microprocessor, battery, wireless networking
protocol, distributed programming
environment and application development.
These subsystems are the products of well
developed industries in their own right. The
subsystems have to be modified, integrated
and optimised to respect the constraints of
the WSN domain. For example, traditional
wireless networking protocols are too heavy-
weight for the modest resources of a WSN
platform and have to be accordingly
customised. The development of the WSN
industry is an opportunity for component
suppliers, subsystem manufacturers, system
integrators and software solution providers.  

There are clear lessons to be learnt for UK
academia, industry and policy makers. The
principal one is that interdisciplinary
collaboration between academia and industry
has been essential to the emergence of WSN
in the US and its continued success. The US
has developed a culture where long-term
cross-disciplinary collaboration is supported,
sustained and rewarded. Funding strategies
are targeted at industry-academic
partnerships, open IP policies are advocated
and open source tools are developed so that
the whole community can collectively benefit
from the outcomes of early phase research.
This level of state-supported interdisciplinary
collaboration and the ethos of open standards
should be encouraged in the UK. Although
there are rich examples in the UK and
pockets where multidisciplinary projects and
programmes have proved to be successful,
such examples tend to be sporadic and short
lived. Many reports have noted that the UK
currently lags behind other EU countries in
developing open source polices15. If not
addressed, this could lead the country to
miss out on important opportunities for
innovation and technical development in the
WSN sector. 

7 CONCLUSIONS AND RECOMMENDATIONS

15 Peeling, N., & Satchell, J. (2001). The Analysis of Impact of Open Source Software. QinetiQ. London. www.govtalk.gov.uk/documents/QinetiQ_OSS_rep.pdf.

Retrieved 11th November 2005. 

Ghosh, R. A., Krieger, B., Glott, R., & Robles, G. (2002). Free/Libre and Open Source Software: Survey and Study. Maastricht, The Netherlands, International

Institute of Infonomics.
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The following recommendations were drawn
by the mission members. The UK should:

• Ensure funding strategies move towards
building interdisciplinary teams for
innovation, not only in WSN, but in other key
technology areas. These disciplines need to
be sustained and linked throughout the
development cycle of a project. Strategies
should also be implemented which provide
resources for successful partnerships to
continue working after the project or
programme period.

• Encourage and reward multidisciplinary
collaborative projects. As noted, such
partnerships in the US are actively
encouraged, with particular funding available
for such partnerships. Collaborative teams in
many of the large academic and research
laboratories we attended included computer
scientists, engineers, physicists, artists and
educators. Interdisciplinary teams lead to
rich understandings and novel
developments; the UK should capitalise on
its creative communities and provide ways
for them to work in partnership with
computing, science and humanities teams.

• Actively fund and support companies 
and organisations who are demonstrating
WSN applications. Compelling
demonstrations are ‘live’ scenarios which
fuel people’s imagination, motivate the
industry to invest in the area and provide
real situations for testing current
developments. As demonstrated in the 
US they are key to showcasing the
potential of the area to investors as well 
as helping people understand the everyday
implications of WSN.

• Invest in learning; young people are the
future users of WSN networks. They are
the consumers who will drive this area in
ways yet to be imagined. Developing tools
and interfaces that allow end users to
author and control their own WSN
experiences is essential. As the area is still
in its infancy, this side of the market has
yet to emerge but is one potential area that
the UK could exploit. 

• Invest in several national ‘beacon projects’
which bring together academia, industry
and national laboratories to demonstrate
the application of WSNs in chosen
domains. These projects will create a
lasting legacy of WSN-based national
infrastructure for the common good: such
as for environmental monitoring, flood
control or remote health monitoring for the
National Health Service, to name a few. 
In addition, these beacon projects will be
showcases for UK academia and industry
working in collaboration and training a new
generation of well-qualified scientists and
engineers who will be at the vanguard of
the emerging wireless sensor network age. 
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Appendix A
CASE STUDY – CROSSBOW TECHNOLOGY

Crossbow Technology is one of the leading
systems developers and integrators in the
field of wireless sensor networks (WSNs) in
the USA. The company was formed in 1995,
funded by a series of capital and venture
capital investors, when Crossbow’s main
business was the manufacture of a wide
range of inertial sensors, mostly for military
applications in advanced missile guidance and
navigation. Subsequently, the scope of its
business developed and now encompasses
the manufacture of sophisticated MEMS-
based inertial navigation sensors for new
markets in precision agriculture and advanced
navigation aids. In 2002 Crossbow Technology
increased its scope still further to include WSN
systems through an integration of sensors,
wireless and computer technologies to create
a series of WSN miniaturised systems using
TinyOS, culminating in its latest version, the
MICA™ mote, which incorporates Intel’s
Xscale™ processor.

One of Crossbow Technology’s aims in the
field of WSNs is to meet industrial
requirements for sensor networks through a
combination of in-house integration of
components and collaborative development of
key components. Such developments are
frequently undertaken with the manufacturers
and designers of those components, often
with a view to reducing still further the power
consumption of the off-the-shelf hardware. In
addition to hardware development, Crossbow
Technology foresees the need to make the
end-user programming of such WSNs much
easier than is currently possible by software
development tool kits.

As a way of demonstrating the performance of
its systems and improving the reliability of its
WSN platforms, Crossbow Technology has
undertaken a number of demonstrators and in
so doing worked with a number of major
players in the oil, energy transmission and
agricultural industries. Crossbow Technology
perceives long-term growth in the market with
strong future industrial up-take and it works
extensively with academia and sees students
as the originators of future WSN applications.
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Appendix B
MISSION TEAM DETAILS

Matt Adams  

Blast Theory

Unit 43a, Regent Studios
8 Andrews Road
London E8 4QN
Tel: +44 (0)20 7249 5551
Fax: +44 (0)20 7249 5559
E-mail: matt@blasttheory.co.uk
Website: www.blasttheory.co.uk

D K Arvind

Reader in Computer Science 
Director, Research Consortium in Speckled
Computing
School of Informatics

University of Edinburgh
Mayfield Road, Edinburgh 
Scotland EH9 3JZ
Tel: +44( 0)131 6505176
Fax: +44 (0)131 6677209
E-mail: dka@inf.ed.ac.uk
Website: www.specknet.org

Alison Burdett

Director of Technology
Toumaz Technology Ltd

Suite F Centurion Court
85 Milton Park
Abingdon OX14 4RY
Tel: +44 (0)1235 438955
Fax: +44 (0)1235 438970
E-mail: alison.burdett@toumaz.com
Website: www.toumaz.com

Teresa Dillon 

Learning Researcher
Formerly of NESTA Futurelab

1 Canons Road
Harbourside
Bristol BS1 5UH
Tel: +44 (0)117 9158200
Fax: +44 (0)117 9158201
E-mail: teresa.dillon@polarproduce.org

Paul Garner

Head of Pervasive Technology
ICT Research Centre

BT Group Chief Technology Office
Adastral Park
Martlesham Heath
Ipswich
Suffolk IP5 3RE
Tel: +44 (0)1473 664116
Fax:  +44 (0)1473 606702
E-mail: paul.2.garner@bt.com

John Gilby

Chief Scientist 
Sira Ltd 

South Hill
Chislehurst
Kent BR7 5EH
Tel: +44 (0)20 8467 2636
E-mail: john.gilby@sira.co.uk
Website: www.sira.co.uk
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George Matich     

Chief Technology Officer (Communication and
Network Systems)
SELEX Sensor and Airborne Systems

SiGMA House
Christopher Martin Road
Basildon
Essex SS14 3EL
Tel: +44 (0)1268 887624
Fax: +44 (0)1268 885232
E-mail: george.matich@selex-sas.com
Website: www.selex-sas.com

Graham Peggs  

Head of Science: Dimensional and Optical
Metrology
National Physical Laboratory

Hampton Road
Teddington
Middlesex  TW11 0LW
Tel: +44 (0)20 8943 6247
Fax: +44 (0)20 8943 7153
E-mail: graham.peggs@npl.co.uk
Website: www.npl.co.uk
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Appendix C
HOST ORGANISATIONS

Center for Embedded Networked Sensing
(CENS)
3531 Boelter Hall
University of California at Los Angeles
Los Angeles, CA 90095-1596

Contact:  Professor Deborah Estrin
Tel: +1(310) 206 3923
Fax: +1(310) 206 3925
Email: destrin@cs.ucla.edu
Web: http://research.cens.ucla.edu

Scalable Network Technologies
6701 Center Drive West, Suite 520
Los Angeles, CA 90045.

Contact:  Steve Norry
Tel: +1(310) 338 3318
Fax: +1(310) 338 7213
Email: Stephen@scalable-networks.com
Web: www.scalable-networks.com

California Institute for Telecommunications
and Information Technology (Calit2)
University of California, San Diego
9500 Gilman Drive
La Jolla, CA 92093-0436

Contact: Professor Ingolf Krueger
Tel:   +1(858) 822 5116
Fax: +1(858) 534 7029
Email: ikrueger@cs.ucsd.edu
Web:   www.calit2.net

Figure 8 Wireless, Inc
10509 Vista Sorrento Parkway
Suite 420, San Diego, CA 92121.

Contact:  Zin Thein Kyaw
Tel:    +1(858) 552 8500
Fax:    +1(858) 552 8501
Email: zkyaw@f8w.com
Web:   www.f8w.com

SYS Technologies 
5050 Murphy Canyon Road
Suite 200, San Diego CA 92123

Contact:  Matt Kim
Tel:      +1(858) 715 5500
Fax:     +1(858) 715 5510
Web:   www.systechnologies.com

Cardionet
1010 Second Avenue
Suite 700, San Diego, CA 92101.

Contact:  Zach Cybulski
Tel:      +1(619) 243 7573
Fax:     +1(619) 243 7707
Email:   zcybulski@cardionet.com
Web:   www.cardionet.com

Crossbow Technology, Inc
4145 N. First Street
San Jose, CA 95134

Contact:  John Suh
Tel.    +1(408) 965 3310
Fax:   +1(408) 324 4840
Email:  jsuh@xbow.com
Web:   www.xbow.com 



Berkeley Wireless Research Center
University of California
2108 Alston Way, Suite 200
Berkeley, CA 94704-1302

Contact:  Gary Kelson 
Tel:      +1(510) 666 3108
Fax:     +1(510) 883 0270
Email:  gkelson@bwrc.eecs.berkeley.edu
Web:  http://bwrc.eecs.berkeley.edu

Center for Information Technology
Research in the Interest of Society (CITRIS)
University of California
280 Hirst Memorial Mining Bldg.
Berkeley, CA 94720-1764

Contact:  Gary Baldwin
Tel:      +1(510) 643 8489
Fax:     +1(510) 642 1800
Email:  garyb@eecs.berkeley.edu
Web: www.citris.berkeley.edu

Dust Networks
30695 Huntwood Avenue
Hayward, CA 94544

Contact:  Professor Kris Pister
Tel: +1(510) 548 3878
Fax:   +1(510) 540 9671
Email:  kpister@dustnetworks.com
Web: www.dustnetworks.com

PARC Palo Alto Research Center
3333 Coyote Hill Road
Palo Alto, CA 94304

Contact:  Jim Reich
Tel:     +1(650) 812 4630
Email: jreich@parc.com
Web: www.parc.com

SUN Microsystems
16 Network Circle
Menlo Park, CA 94025

Contact:  Roger Meike
Tel:     +1(650) 785 9515
Fax:    +1(650) 786 5059
Email:  roger.meike@sun.com
Web:  www.research.sun.com

Lawrence Livermore National Laboratory
7000 East Avenue
Livermore, CA 94550

Contact:  John Chang
Tel:   +1(925) 422 1100
Fax:   +1(925) 422 1370
Web:  http://www.llnl.gov

Intel Corporation
Corporate Technology Group
SC12-3-19
3600 Juliette Lane
Santa Clara, CA 95052

Contact:  Ralph Kling
Tel:    +1(408) 765 5949
Email:  rkling@mipos2.intel.com
Web: www.intel.com
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Appendix D
LIST OF EXHIBITS

Exhibit Page Caption  

3.1 8 Projection of relative market sizes and adoption time for WSNs for
different market sectors

3.2 10 Seismic monitoring using WSNs

3.3 10 WSN-based terrestrial monitoring

3.4 11 Monitoring of contamination using WSNs

3.5 13 Cardionet pendant

3.6 14 The development of WSNs in Boston to monitor water quality 
and pressure

6.1 24 WSN sales projections until 2008
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Appendix E
GLOSSARY

AMR automated meter reading
BWRC Berkeley Wireless Research Center (US)
Calit2 California Institute for Telecommunications and Information Technology (US)
Caltech California Institute of Technology (US)
CCTV closed circuit television
CENS Center for Embedded Networked Sensing (US)
CIA Central Intelligence Agency (US)
CNSI California NanoSystems Institute at UCLA (US)
COTS commercial off the shelf
CTO Chief Technology Officer
DTI Department of Trade and Industry (UK)
DARPA Defense Advanced Research Projects Agency (US)
ECG electrocardiogram
ICT information and communication technology
IP intellectual property
MEMS micro electromechanical system
NEON National Ecological Observatory Network (US)
NSF National Science Foundation (US)
OEM original equipment manufacturer
OS operating system
PC personal computer 
PDA personal digital assistant
QB3 California Institute for Quantitative Biomedical Research (US)
R&D research and development
RFID radio frequency identification
SME small and medium-sized enterprises
UCB University of California at Berkeley (US)
UCLA University of California at Los Angeles (US)
USB universal systems bus
VC venture capital(ist)
WSN wireless sensor network
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Grant for Research and Development – 
is available through the nine English Regional
Development Agencies.  The Grant for Research
and Development provides funds for individuals
and SMEs to research and develop technologically
innovative products and processes. The grant is
only available in England (the Devolved
Administrations have their own initiatives).
http://www.dti.gov.uk/r-d/

The Small Firms Loan Guarantee – is a UK-
wide, Government-backed scheme that provides
guarantees on loans for start-ups and young
businesses with viable business propositions.
http://www.dti.gov.uk/sflg/pdfs/sflg_booklet.pdf

Grant for Investigating an Innovative Idea – 
is designed to help UK businesses develop
innovative products, processes or services that
are in the very early stages of development. 
http://www.dti.gov.uk/innovative-idea/index.htm

Knowledge Transfer Partnerships – enable
private and public sector research organisations 
to apply their research knowledge to important
business problems. Specific technology transfer
projects are managed, over a period of one to
three years, in partnership with a university,
college or research organisation that has 
expertise relevant to your business.
http://www.ktponline.org.uk/

Knowledge Transfer Networks – aim to improve
the UK’s innovation performance through a single
national over-arching network in a specific field of
technology or business application. A KTN aims 
to encourage active participation of all networks
currently operating in the field and to establish
connections with networks in other fields that
have common interest. 
http://www.dti.gov.uk/ktn/

Collaborative Research and Development –
helps industry and research communities work
together on R&D projects in strategically
important areas of science, engineering and
technology, from which successful new products,
processes and services can emerge.
http://www.dti.gov.uk/crd/

Access to Best Business Practice – is available
through the Business Link network. This initiative
aims to ensure UK business has access to best
business practice information for improved
performance.
http://www.dti.gov.uk/bestpractice

Support to Implement Best Business Practice

– offers practical, tailored support for small and
medium-sized businesses to implement best
practice business improvements.
http://www.dti.gov.uk/implementbestpractice/

Finance to Encourage Investment in Selected

Areas of England – is designed to support
businesses looking at the possibility of investing
in a designated Assisted Area but needing
financial help to realise their plans, normally in 
the form of a grant or occasionally a loan.
http://www.dti.gov.uk/regionalinvestment/

Other DTI products that help UK businesses acquire and
exploit new technologies



Global Watch Information

Global Watch Online – a unique internet-
enabled service delivering immediate and
innovative support to UK companies in the
form of fast-breaking worldwide business and
technology information. The website provides
unique coverage of UK, European and
international research plus business
initiatives, collaborative programmes and
funding sources.
Visit: www.globalwatchservice.com

Global Watch magazine – distributed free
with a circulation of over 50,000, this monthly
magazine features news of overseas
groundbreaking technology, innovation and
management best practice to UK companies
and business intermediaries.
Contact:
subscriptions@globalwatchservice.com

UKWatch magazine – a quarterly magazine,
published jointly by science and technology
groups of the UK Government. Highlighting
UK innovation and promoting inward
investment opportunities into the UK, the
publication is available free of charge to UK
and overseas subscribers.
Contact:
subscriptions@ukwatchonline.com

Global Watch Missions – enabling teams of
UK experts to investigate innovation and its
implementation at first hand. The technology
focused missions allow UK sectors and
individual organisations to gain international
insights to guide their own strategies for
success.
Contact:
missions@globalwatchservice.com

Global Watch Secondments – helping small
and medium sized companies to send
employees abroad or receive key people from
another country. Secondments are an
effective way of acquiring the knowledge,
technology and connections essential to
developing a business strategically.
Contact:
secondments@globalwatchservice.com

Global Watch Technology Partnering –
providing free, flexible and direct assistance
from international technology specialists to
raise awareness of, and provide access to,
technology and collaborative opportunities
overseas. Delivered to UK companies by a
network of 22 International Technology
Promoters, with some 8,000 current
contacts, providing support ranging from
information and referrals to more in-depth
assistance with licensing arrangements and
technology transfer.
Contact: itp@globalwatchservice.com

For further information on the Global Watch
Service please visit
www.globalwatchservice.com

The DTI Global Watch Service provides support dedicated
to helping UK businesses improve their competitiveness
by identifying and accessing innovative technologies and
practices from overseas. 



Printed in the UK on recycled paper with 75% de-inked post-consumer waste content

First published in February 2006 by Pera on behalf of the Department of Trade and Industry

© Crown copyright 2006

URN 06/514


