Body Sensor Networks are a specific category of wireless sensor 
networks intended to operate in a pervasive manner for on-body 
applications.  Much of the theory relating to general wireless 
sensors relates also to Body Sensor Networks (BNSs) and issues 
such as power optimisation, battery life performance and radio 
design are key.  These issues are examined in the first section of 
the chapter and key design considerations such as the correlation 
between Moore’s Law (i.e. integration density) and power/battery 
performance are discussed.  Key to body worn sensors are issues 
such as usability, durability, robustness, how well the sensor ‘fits’ 
in with the application and reliability and security of the data.  
Sensor networks suffer from the so called ‘reliability dilemma’ 
which means that the more reliable and secure you want to make 
data transmission, the higher the data overhead and
consequently the higher the power required.  Hence battery life is 
reduced.  These issues are discussed and some of the techniques 
for overcoming this dilemma are discussed.  System-On-Chip 
developments which promise to significantly advance sensor 
integration (and reduce cost) and some of the current offerings in 
this area are presented.  Notable research projects in this space 
are summarised and current research within the EU is also 
summarised. 
This document also examines the software aspects of wireless 
sensor networks and presents a brief history of operating systems 
development from the original single thread, event-driven TinyOS 
to some of today’s multithread systems such as Contiki and 
Mantis.  As sensor networks have evolved from the domain of the 
programmer and scientist to general use, so have the means of 
developing solutions and rapid prototypes.  No longer do users 
need to be proficient programmers and developers and 
environments such as Moteview, LabVIEW and BioMOBIUS™ are CAPSIL Background and Common Clinical Requirements 
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presented as environments that facilitate non programming users 
to build solutions and rapid prototypes.  
Barriers to the general adoption of Body Sensor Networks are 
then discussed.  These issues are mirrors of barriers to 
telehealthcare and telemedicine in general, and include lack of 
reimbursement policy, lack of standards, interoperability issues, 
privacy and security concerns and broadband proliferation issues.  
These are presented with suggestions of how government 
influence may help to remove these barriers.  
The document finishes with a review of pilot activity and trials 
that have been carried out both in the domain of telemonitoring 
i.e. medical monitoring from the home, and also Ambient Assisted 
Living.  
Note: Follow the links within the text for more information on particular
subjects from the CAPSIL Wiki
Links to CAPSIL Wiki 
Further information on issues discussed in this chapter can be 
found in the CAPSIL Wikiat this link
Online versions of this chapter and other chapters  from the 
CAPSIL Roadmap can be found on the CAPSIL Wikiat this linkCAPSIL Wireless Body Sensor Networks 
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2 RECOMMENDATIONS 
&ACTIONS 
A necessary step in to 
promote the use of wireless 
sensor systems in healthcare 
applications is the generation 
of ‘hard data’ that shows 
clinical benefits, cost benefits 
and general improvement in 
wellbeing.  This data will act 
as the catalyst to initiate and 
fund fundamental technical 
research, which needs to 
happen.  In summary the 
gaps, and hence actions that 
need to be taken, are: 
Pilot Results 
DisseminationPerform more 
large-scale pilots 
intelemonitoring and Assisted 
Living areas. This scale pilots 
are crucial. A large number of 
small-scale ‘sandboxed’ 
efforts have been completed 
to date. Now, commercial 
devices are available and 
certified so it is time to start 
gathering return of 
investment data to build a 
business case.  There is a lack 
of ‘hard data’ in the Assisted 
Living area many of the 
results reported are very 
general in nature and lack 
specific detail.  For 
‘completed’ projects, result 
dissemination needs to be 
improved and strong 
emphasis needs to be placed 
on project follow up.  
Research Focus Particularly 
in the Ambient Assistive 
Living there are a significant 
amount of basic research in 
progress and numerous ‘metoo’ prototyping and lab-type 
pilots.  More emphasis needs 
to be placed on integrated 
services i.e. not just 
standalone ‘one off’ type 
solutions.  Secondly more 
emphasis should be placed on 
commercialisation of the 
research and go-to market 
initiatives encouraged.  
Power Sources No matter 
how intelligent the routing 
mechanism or how adaptive 
the network, if the sensor 
loses power the sensor is 
simply non functional.  
Significantly more work is 
needed on alternative low 
cost power techniques such as 
solar, fuel cells and RF 
coupling. 
Usability and Durability. 
Much of the work in this space 
has stopped at lab type 
‘prototype solutions.  More 
commercial devices are 
needed and more studies 
needed on performance in 
real world applications CAPSIL Wireless Body Sensor Networks 
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Autonomic Networks. 
Substantive effort is needed 
in the self-organising 
properties of sensor networks.  
Also end-to-end pilots are 
needed that demonstrate the 
autonomic properties of 
sensor networks.  In 
healthcare the Reliability 
Dilemma is particularly 
important, i.e. data needs to 
be secure and reliable, but 
this brings high overheads in 
terms of data size, power 
consumption and scalability.  
This dilemma needs attention 
through appropriate studies.  
Body Sensor Networks need 
to be recognised as a special 
category of sensor networks 
as the requirements can be 
quite different from general 
wireless sensor networks. 
Biocompatibility and RF 
Effects. Given the amount of 
information on aspects of 
sensor network design, there 
is very little information on 
biocompatibility of sensor 
materials.  Much of the efforts 
here are at the basic research 
level (materials science, 
garment fabrication etc) and 
this is appropriate as the 
promise of wearable devices 
is quite considerable.  
However more initiatives 
aimed at investigating the 
long term relationship 
between the sensor interface 
and the human body/skin are 
required.  For example RF 
produces a heating effect 
which could possibly damage 
human cells.  Even with low 
emitted and radiated power 
levels, it remains to be proven 
what the effect on human 
tissue over time (and with 
many sensors on the body) 
would actually be.  “What will 
it be like in 2020 when there 
are 10 worn body sensors on 
my body, is there a 
cumulative negative health 
effect over time ?”. 
Privacy and Data 
Ownership.In parallel with 
the technical research, 
research in to the societal, 
ethnographic and 
demographic effects of 
wireless sensor networks 
need to be performed.  This 
encompasses the privacy 
debate also. Concerns such as 
profiling, 'big brother', 'one 
big database' etc need to be 
addressed up front and 
policies developed and agreed 
ahead of the technology 
becoming mature.  Issues 
around data ownership when 
data travels across multiple 
(perhaps international) 
boundaries arise.  Also the 
legal aspects need to be 
reviewed, who is liable etc.   CAPSIL Wireless Body Sensor Networks 
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Development Environment
Sensor network operating 
systems have long been the 
domain of programmers and 
technical architects.  
Development environments 
where programming detail is 
abstracted to a high level are 
needed. These can be used by 
non-technical people 
(example nurses, doctors) to 
quickly set up and test 
prototype networks.  These 
environments need to be user 
friendly, intuitive, support 
high level user interfaces with 
extensive support and training 
available. CAPSIL Wireless Body Sensor Networks 
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3 KEY DESIGN 
CONSIDERATIONS AND 
CHALLENGES 
This section provides an 
overview on the current state 
of the art in the field of 
wireless sensor networks as 
applied to body sensing 
applications, both in the 
commercial and research 
context. Key design 
considerations of Body Sensor 
Networks will be outlined and 
gaps identified for further 
research. 
Designers of body sensor 
network systems, face many 
design challenges, many of 
which are inversely related. 
Lo et al [1], Hanson et al [2] 
and Stankovich et al [3] 
describe many of the issues 
involved.  Some of the 
fundamental parameters 
which must be considered 
involve how the network 
processes information i.e. 
locally or remotely, the type 
and protocol used in wireless 
transmission, battery power 
consumption and 
optimisation, the type of 
sensor device, the operating 
system being used, the data 
format used, privacy and 
security requirements and 
issues of robustness and 
reliability. 
On-Board Processing versus 
Off-Board Processing. 
Modern sensors contain much 
more circuitry per footprint 
than previous generations 
which in turn gives them 
much higher functionality.  
However this additional 
functionality comes with an 
associated cost in terms of 
the battery power 
consumption.  Local 
processing is desirable from a 
data reliability perspective as 
it avoids interference effects 
from an ever increasing 
number of radio’s 
continuously transmitting 
data.  Therefore as body 
worn, and sensor applications 
in general, are becoming 
more pervasive as part of an 
assisted living technology 
solution mix, there will be an 
increased need to process 
locally on each sensor node to 
minimise the amount of data 
traffic being sent to 
aggregation devices via radio 
signals.  CAPSIL Wireless Body Sensor Networks 
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Power Consumption and 
Battery Life Issues 
A significant amount of 
research has been published 
on the topic of low-power 
sensor networks. 
Raghunathan et al [4] have 
provide a good overview of 
the issues.  Wireless sensor 
networks use battery sources 
to power the circuitry on the 
sensor device.  This includes 
the entire signal processing 
circuitry, the sensing 
elements (temperature etc) 
and also the on-board radio 
that is used for the wireless 
communications to external 
systems (such as data 
aggregators, and monitoring 
devices).  Battery life is 
obviously a critical component 
of a sensor network and the 
goal is to preserve battery life 
as long as possible to extend 
the battery replacement 
cycle.  The average power 
consumption of wireless 
sensor devices has exhibited a 
downward trend over the last 
decade (thanks to Moore’s 
Law). However battery power 
innovations have not followed 
suit.  It is clear that advances 
in computational capability far 
outstrip those in battery 
power innovation and so 
smart techniques to conserve 
power in wireless sensor 
networks are crucial.  Some 
of the more common methods 
employed for power 
optimisation include (Dutta et 
al [5]) 
• Low duty cycle – Less ‘On’ 
time. 
• Clock gating. 
• Adaptive routing 
algorithms 
• Dynamic Power 
Management 
• Multiple sleep states. 
• Dynamic Voltage Scaling 
• Power Scavenging Methods 
• Vibration – Example 
Piezoelectricity 
• Alternative energy sources 
such as solar. 
• Fuel cells – Promising but 
may not be practical
Power Optimising Techniques 
A typical alkaline battery 
provides about 50 watt-hours 
of energy, which equals less 
than a month of continuous 
operation for a standard Mica 
sensor node in full active 
mode.  Replacing batteries for 
a large scale network is very 
expensive and impractical (as 
sensor nodes may be 
embedded in hard-to-get-at 
places, inside the human body 
for example).  Therefore it is CAPSIL Wireless Body Sensor Networks 
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important to preserve battery 
power for as long as possible.  
Several methods are 
employed to preserve battery 
life including adaptive routing, 
power management, dynamic 
voltage scaling, dynamic 
frequency scaling and power 
scavenging techniques such 
as vibration (piezo) and solar 
systems.  
The majority of energy-aware 
algorithms constitute routing 
or media access control 
protocols, a range of energyaware algorithms exist for 
WSNs and these have been 
described by Koumpis et al 
[6] and Healy et al [7], 
including energy harvesting 
management,duty-cycle 
control, topology control, and 
data processing.  Any solution 
must however be practical, in 
a suitable form factor to fit 
the application in question. 
Table 1 lists the more 
common power scavenging 
techniques (source UC 
Berkeley). We can see that 
technologies such as Fuel 
Cells are promising in terms 
of power output, however 
suffer from the problem of 
large size and thus become 
impractical for small sensor 
node applications.  
Significant additional work on 
power scavenging techniques 
needs to be performed before 
it becomes a 
replacement/back up to 
conventional batteries.  As 
networks scale, issues such as 
autonomic computing,selfhealing, adaptive routing and 
power management schemes 
need to be addressed. Issues 
of data privacy and security 
need further work within a 
medical context, as most 
work to date has been for 
small scale general purpose 
applications, i.e. not lifecritical. 
Reliable and Robust Body 
Sensor Networks 
Necessary to achieve 
communications and it is 
important that the data can 
be trusted for accuracy and 
authenticity.  With these 
constraints in mind some key 
design parameters need to be 
considered.  These include the 
following: CAPSIL Wireless Body Sensor Networks 
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1. Radio TypeBluetooth and 
802.15.4 radio are the most 
commonly used radio’s with 
growing interest the use of 
UWB and to a lesser extent 
802.11 (WiFi).  Bluetooth has 
a high data rate over short 
distance and for medical 
applications where data 
packets may be quiet large 
(overhead is large to ensure 
reliability), this is an 
important feature. However 
the power consumption of 
Bluetooth devices can be 
quite high. A newly emerging 
technology called Wibree, 
sometimes referred to as 
Bluetooth Low Energy 
technology is a lower power 
version of Bluetooth.  Wibree 
has been designed to provide 
enhanced power performance 
over Bluetooth. Wibree may 
potentially be very important 
in future medical sensor 
applications.
2. Radio Range Radio range is 
also a major limitation of 
current wireless sensor 
technologies.  Real world 
performance of Bluetooth and 
802.15.4 radios is generally 
poor and in the case of 
802.1.5.4 it is affected 
significantly by EMI -
Electromagnetic Interference 
and by architectural features 
such as solid walls, radiators, 
foil-backed insulation etc. 
Range can be improved by 
increasing the transmission 
power however this requires 
increased power consumption. 
See Wiki for full details 
of Radio types & 
design considerations 
at this link
‘The Reliability Dilemma’ 
In typical wireless ad hoc 
networks, reliability and 
scalability are always 
inversely coupled.Thus, it 
becomes more difficult to 
build a reliable ad hoc 
network as the number of 
nodes increases.  Increased 
network overheads (control 
packets) with the increased 
size of the network means 
increased battery power 
consumption.  
Further details on 
Reliability can be 
found in the CAPSIL 
Wiki at this link
Data Security and Privacy 
Ensuring that sensed 
information stays within the 
sensor network and is 
accessible only to trusted 
parties is an essential step 
toward achieving security. 
Issues such as  Denial of 
Service attacks and 
Eavesdropping need to be 
protected against and privacy 
considerations such as  ‘Big 
Brother’,  ‘Profiling’ and  ‘One CAPSIL Wireless Body Sensor Networks 
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Big Database’  need to be 
addressed in any large-scale 
implementation. 
Full details of Data 
Security and Privacy 
topics and relevant 
legislation in Europe and USA 
can be found in the CAPSIL 
Wiki at this link.
Biocompatibility 
The interface of the sensor 
node to the human is very 
important in body sensing 
networks.  The material from 
which the sensor is made 
must be capable of 
performing the sensing 
robustly while at the same 
time causing no side effect 
problems to the human 
interface i.e. skin or other 
surface. Examples of such 
problems include itch/rash 
and even cell tissue damage. 
Further work is needed, as 
published work to date is 
rudimentary and sparse.
See the CAPSIL Wiki 
for Further details on 
Biocompatibility at this 
link
RF Effects on Human Body 
Little is known about the 
effect on RF on for example 
human biologics (ingredients 
such as are used in the 
manufacture of certain 
modern biologics drugs) are 
known to be very susceptible 
to temperature and 
environmental change. It is 
also known that RF fields 
cause heating effects on 
human cells and tissue. Also 
important is the electrical 
effects of the human body on 
radio signals. Authors such as 
Higgins [8] have described 
some of the attenuation 
effects that can occur to make 
the field performance 
unpredictable and the 
importance of designing the 
antenna for the body 
situation. CAPSIL Wireless Body Sensor Networks 
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Electrical Compliance 
The areas of interest here 
concern  Radiated Emissions
and  Electromagnetic 
Immunity.  Of concern is the 
potential susceptibility of 
Body Sensor Network nodes 
to interference from external 
sources thus disrupting the 
network or corrupting data.  
International standards exist 
that deal with these aspects 
including IEC EN 61000-4-3 
[9] and IEC EN 55024 [10]. 
The use of the Carrier Sense 
Multiple Access with Collision 
Avoidance) CSMA/CA obliges 
network designers to take into 
account interference issues 
among near operating 
networks or from electronic 
and telecommunication 
devices working in the 
surrounding environment.  
Full details on Electrical 
Compliance Aspects can 
be found in the CAPSIL 
Wiki at this link
Other Design Considerations 
Other miscellaneous design 
guidelines for Body Worn 
Sensor systems may seem 
obvious however they are 
worth noting. Some of these 
include: 
• Safety – The sensor system 
should pose no safety risks 
such as fire or trip hazards. 
• Regulations – All sensor 
systems must meet 
applicable regulations such as 
FCC and CE. 
• Sensor systems should be 
unobtrusive and practical for 
example charging. Sensors 
that need to be worn to bed 
must not obstruct the users 
sleep patterns. 
• The installation must be 
reversible, cause no damage 
and be brief in nature (less 
than 90 minutes). 
• Sensor systems must co-exist 
with consumer electronics.  
Many sensors use the 
crowded ISM radio band as 
do coreless telephones, 
wireless routers, microwave 
ovens and other home 
consumer devices. It is 
important that no corruption 
of data takes place due to 
interference. 
• Sensor Reporting and 
Maintenance – Each sensor 
should be identifiable and 
report multiple parameters 
such as version number, 
configuration parameters, 
human-adjustment features, 
clock synchronisation 
condition, charger connection 
status and others. CAPSIL Wireless Body Sensor Networks 
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Processing & Presentation of 
Data 
The scenario below illustrates 
the challenge as we move to 
proliferation of more and 
more sensor devices.  As we 
proceed toward the so 
called‘Internet of Things’ the 
significant data challenges will 
be: 
• How to aggregate the data 
from all the various sensor 
devices i.e. data fusion as 
originally described by 
Delin et al [11]. 
• What to do with this data 
when collected 
• How to use this data 
intelligently and make 
good decisions(example, 
healthcare decisions) 
• How to present this data to 
the user in a non-technical 
and intuitive way, querying 
etc 
• How to allow the user to 
make changes to the 
network in a simple and 
intuitive way.  
Computational techniques 
such as Inferencing and 
Artificial Neural Networks 
(ANN) can be used to ‘learn’ 
about systems and to provide 
context(based on input 
parameters, past information 
and probabilities/likelihoods 
etc). Web 2.0 and MIT’s M 
Language [12] are also 
promising developments in 
this area. 
Further information on fusion 
techniques and data 
processing can be found in 
the “Monitoring Systems” 
chapter 
Body Sensor Networks 
Operating Systems 
The role of any operating 
system (OS) is to promote 
development of reliable 
application software by 
providing a convenient and 
safe abstraction of hardware 
resources.  In PCs and 
servers, the OS allocates 
application processing threads 
to processors, maps virtual 
addresses to locations in 
memorywhile manipulating 
disks, networks and 
peripherals on behalf of the 
application. 
The operating systems used 
with wireless sensor network 
systems tend to be less 
complex than general-purpose 
operating systems. This is due 
to the physical and logical 
device size and the need to 
‘load the device’ as little as 
possible (power and load 
optimisation can be achieved 
by suitable operating system 
design as described by Dutta 
et al [5]).  Wireless Sensor 
operating systems evolved 
from the first commercial CAPSIL Wireless Body Sensor Networks 
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wireless sensor mote called 
Réne.  The operating system 
supporting the mote was 
called TinyOS and was an 
event-driven, single thread 
system written in NesC –
Network-Embedded-C 
Operating Systems have since 
evolved in to multithreaded 
systems using time slicing 
and pre-emptive techniques.  
Current operating system 
examples include  MANTISand 
Contiki.
Evolution of Wireless 
Sensor Operating 
Systems can be found 
on the CAPSIL Wiki  at 
this link. 
Sensor Networks Development 
Environments 
A drawback to the common 
wireless sensor network 
operating systems is the 
complex nature of the 
required setup and device 
programming.  Knowledge of 
source code programming is 
needed to setup network 
sensor systems and this setup 
is not something that can be 
turned around quickly.  For 
example if a doctor or nurse 
or other non-technical 
professional who wants to set 
up a clinical prototype sensor 
systems (while performing 
basic research, or exploring 
solutions development), they 
are required to learn the 
source code language (C for 
example) or enlist the aid of a 
technical professional to help 
them.  An environment that 
allows researchers to easily 
and quickly build sensor 
networks without having to 
deal with embedded code 
development is a preferred 
option. They can then move 
very quickly from design and 
simulation to deployment, 
prototyping, and final system.  
Such an environment would 
have an intuitive graphical 
user interface operating in a 
drag-and-drop (windows-like) 
fashion with multimediabased demos, tutorials and 
sample programs available to 
use.  This is the core idea of 
sensor network development 
environments.   
Some commercially available 
examples of these high-level 
development environments: 
• MoteView– Legacy 
environment shipped with 
Crossbow motes.
• Labview- Graphical User 
Interface Environment for 
Non Technical Users. 
• Viptos – A ‘Development 
environment for Developers’. 
• BioMOBIUS – A clinical 
environment for nontechnical personnel to quickly 
develop biomedical research 
prototypes [13].CAPSIL Wireless Body Sensor Networks 
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The BioMOBIUS system is a good 
case in point and is aimed at 
rapid prototype development of 
biomedical research applications 
by non-software skilled 
researchers. Increased 
availability of such systems is 
necessary to allow non-technical 
personnel to set up sensor 
networks quickly and effectively. 
High-level abstraction from lowlevel source code is very 
important. More effective 
development environments are 
required across the range of 
sensor network applications.  
4 INTEROPERABILITY AND 
DATA FORMATS 
The data flowing through a 
wireless sensor network assumes 
different formats as it moves up 
the stack from the physical layer 
to the application layer. At the 
transmission level the format 
may be dictated by a protocol 
such as HL7 or by a privacy 
regulation i.e. anonymous and 
non-referencing. At the physical 
layer the data will take the 
format perhaps of IP data and 
may be encrypted for security 
Table 2. Operating Systems (OS) and the Sensor Nodes associated. Also some key OS features.CAPSIL Wireless Body Sensor Networks 
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and privacy.  Schemes such as 
public key encryption, triple DES 
may be appropriate at this level.  
Schmitt et al provide an overview 
of the issues relating to standards 
and interoperability from 
applications of sensor networks 
to personal healthcare [14]. The 
major issue is the lack of any 
high-level data format standard.
While methods of data packet 
transfer are defined inlow-level 
standards, the method and 
format of data sent  out of the 
network is generally not.  How 
the data is actually delivered into 
an application isleft to the 
discretion of the developer. 
Different developers produce 
different solutionshence the 
interoperability problem. 
The main standards initiatives 
pertaining to body sensor 
networks can are as follows;
• ISO/IEEE 11073 - Low-level 
data standards (Medical 
Instrumentation Bus). Defines 
Plug and Play for 10 devices 
including Pulse Ox, Blood 
Pressure and Glucose Monitor. 
• IEEE P1451 - Aimed at 
realising ‘plug and play’ 
transducer (sensor) devices 
that are network independent.   
• Continua Alliance - Industry 
leading alliance concerned 
with providing high-level 
interoperability between 
different personal healthcare 
devices. Goal is to have 
'Certified' devices that assures 
consumer of interoperability. 
• The IHE Initiative - Long 
running initiative. Concerned 
with end-to-end Healthcare 
interoperability across general 
healthcare systems such as 
medical imaging, radiology 
and hospital IT systems. 
Regular 'Connectathons' are a 
feature. 
• Health Level 7 - Long 
running initiative Concerned 
with the highest level 
(Application) of the ISO stack. 
Goal is to provide common 
messaging format across 
healthcare systems including 
administration and billing 
systems 
5 EUROPEAN UNION 
FUNDED RESEARCH 
INITIATIVES 
EU funded research in this area 
involves mainly the physical and 
chemical processes of making the 
sensor devices useable and 
practical.  A large amount of work 
has focused at weaving sensing 
devices and signal processing 
circuitry into textiles and 
garments that can be worn 
‘comfortably’ and are practical in 
their usage.  These sensing 
devices measure different 
parameters such as ECG and 
EMG, depending on the project 
and have explored novel 
interfaces, substrates and fabric CAPSIL Wireless Body Sensor Networks 
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devices into which body worn 
sensors can be easily integrated. 
A large focus of these research 
initiatives has been designing 
practical sensors that are easily 
integrated in to everyday life; 
ideally the wearer is not even 
aware of the devices (for example 
integrated into clothing and 
shoes).  Design challenges to be 
considered include for example 
how ‘washable’ sensor based 
garments can be.  A summary of 
these research initiatives is 
presented in Table 3.  
For full details on EU 
Funded Research 
Initiatives go to the 
CAPSIL Wiki at this link
6 GLOBAL RESEARCH 
PROJECTS – COMMERCIAL 
AND ACADEMIC 
Globally many examples of body 
sensing systems have appeared 
and much research literature has 
been published.  Many of these 
have demonstrated the ‘Usability’ 
and ‘Practicality’ aspects that are 
central to adoption of Body 
Sensor Networks. Some of these 
are listed here. Click on the titles 
to follow the Wiki links for further 
detail: 
• The VivometricsLifeshirt - A 
wearable ‘shirt’ for detection of 
sleep Apnoea. 
• The Vibering – A pair of rings 
and a wrist watch for aiding the 
hearing impaired. CAPSIL Wireless Body Sensor Networks 
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• The Nike and iPod rock and 
Run System – A personal 
training system featuring sensor 
enabled Nike training shoes and 
an iPod. 
• “The Underpants That Could 
Save Your Life” – Showing the 
breadth of research being carried 
out, this prototype measures 
blood pressure via an underpants 
garment.  
• miTAG. Emergency Response 
System – This system involves 
body worn vitals signs monitoring 
sensors for emergency response 
situations. 
• AcTis. University of Alabama 
prototype system, aimed at poststroke Rehabilitation.  Poststroke rehabilitation, orthopaedic 
rehabilitation and cardiac 
recovery. 
• ALARM-Net. Assisted-Living and 
Residential Monitoring Network 
for pervasive, adaptive 
healthcare. University of Virginia 
prototype for Ambient Assisted 
Living environments.   
• CodeBlue System. ECG, Pulse 
and Motion Analysis from Harvard 
University. End-to-end system 
from sensor s to elaborate user 
interface 
Further details on 
Commercial and Academic 
Global Research Initiatives 
can be found on the CAPSIL Wiki 
at this link
7 MINIATURISATION OF 
BODY SENSOR NETWORKS 
- SYSTEM-ON-CHIP (SOC) 
DEVELOPMENTS 
System-On-Chip refers to the 
technology of integrating all the 
functions of a modern computer 
or electronic system on to a 
single substrate chip.  The chip 
contains functions such as a main 
CPU processor (DSP or other), 
memory, input/output ports (USB 
or other), Digital and Analog 
signal processing circuitry (ADCs 
and DACs), radio technology 
(802.15.4 for example) and 
power management circuitry.  It 
is early days yet in terms of 
published research on SoC 
devices perform in real life pilots, 
however the development of 
some of these devices is very 
promising and it likely that more 
products be launched in the 
future.  
Note: the bulk of effort in the 
SoC space are on generic 
applications i.e. not targeted at 
medical or body worn sensing in 
particular. 
• University of California 
Berkeley’s Spec [15] – Perhaps 
the first research based attempt 
at SoC was the Spec device from 
Jason Hill et al at University of 
California Berkeley in 2003.  At 
only 5mm2
, the Spec chip 
combines a RISC core, 3K of 
memory, 8 bit On-chip ADC and 
an FSK radio transmitter. CAPSIL Wireless Body Sensor Networks 
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• Chipcon C2430 SoC [16] – 
Reported in 2005 as being the 
first commercial SoC on the 
market, this device includes an 
IEEE 802.15.4 and ZigBeecompliant RF transceiver core in 
a 7x7 mm package. 
• WiseNetSoC[17]Developed in 
Switzerland by the CSEM 
Institute. This comprises a 
complex, low power, low voltage 
chip that combines sub gigahertz 
radio transceiver, a digital 
processing part with an 8-bit lowpower microcontroller 
(CoolRISC), read only memory 
(ROM) and special low-leakage 
static random access memories 
(SRAM), power management, an 
analogue to digital converter 
(ADC) and a sensor interface on 
an area of less than 12 mm2
  .
• The Future of System on Chip 
–  Intel’s 
“BiolectricWonderchip” [18] - 
July 2008, 
Techradar.comreported on a chip 
under development in Intel’s 
product development labs in 
Israel that could revolutionise 
both System on Chip and also 
sensor technologies in one go. 
According to Intel’s Ilanl Levy, 
“We have developed a single-die 
chip with 148 different sensors 
capable of multiple levels of 
analysis," In theory, the single 
chip Intel has developed is 
capable of performing any bodilyfluid based diagnostic currently 
available. 
8 BARRIERS TO ADOPTION 
OF BODY SENSOR 
NETWORKS
There are several barriers that 
have slowed the adoption of 
telehealthcare in general and 
hence Body Sensor Networks, 
these include: 
Lack of Reimbursement 
PolicyThe evidence suggests that 
people in general are unwilling to 
invest in out-of-pocket home 
healthcare monitoring 
technologies at this time.  A large 
part of this comes down to the 
lack of awareness of the benefits 
of the technology placed 
alongside the out-of-pocket costs 
of purchasing the technology.  
Standards &Interoperability
This has been covered in an 
earlier section. 
Privacy and Security– Lack of 
policy and framework across 
geographies and technical 
reliability issues of sensor 
networks. CAPSIL Wireless Body Sensor Networks 
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Broadband Proliferation  
Broadband proliferation is a key 
requirement for robust and 
reliable communications.  The 
lack of broadband access 
particularly in less developed 
countries, is improving slightly, 
however cost and  ‘advertised’
versus ‘actual’ speeds remains an 
issue.  
Perception & ApprehensionThe 
digital divide’ that exits between 
‘older’ and younger people results 
in older people being significantly 
less comfortable with newer 
technologies.  Also attitudes 
among medical personnel often 
hinder the use of newer 
technologies (“this is the way 
we’ve always done it….”).  
Note: Click on the titles 
above to find out more 
about each area at the 
CAPSIL Wiki.
The Work Package on “Home and 
Mobile Monitoring Systems”
contains a full account of the 
Technical and Non-Technical 
Barriers to adoption 
9 PILOT AND TRIALS 
ACTIVITY 
Pilot and trials activity can be 
broken in to two categories, 
these are:  
1. Telemonitoring Pilot Activity – 
mainly concerned with clinical 
monitoring in the home and 
commonly involves measurement 
of parameters such as blood 
pressure, glucose, weight and 
peak flow (spirometry).  It 
typically involves the deployment 
of commercial devices that are 
connected to a central 
aggregation device or server that 
passes data back to a monitoring 
centre. 
2. Assisted Living Pilot Activity – 
Mainly concerned with monitoring 
AAL situations and Activitys Daily 
Living (ADLs) for elderly or 
disabled people.  The goal is to 
identify ‘norms’ of behaviour so 
that deviations from the ‘norm’ 
can be detected and acted upon 
before a problem becomes acute.  
Examples include detecting 
excessive carbon monoxide in the 
air, flood alert systems, 
medication reminder systems and 
fall monitors. CAPSIL Wireless Body Sensor Networks 
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9.1 European Telemonitoring 
Pilots 
The pilot activities that have been 
carried out to date have been 
mainly in the telemonitoring 
domain and have involved mainly 
Congestive Heart Failure and 
COPD monitoring. Of course there 
have been ‘ones and twos’ of 
isolated pilots looking at specialist 
activities such as warfarinselfmanagement and pain relief 
programmes, however the 
mainstream pilot activity has 
remained centred on the main 
chronic diseases.  This is not 
surprising considering that this is 
where the lead markets will be 
for telehealthcare.The most 
immediate return of investment 
will be seen in these areas, hence 
the early focus.  
For the telemonitoring pilots that 
have been carried out to date, 
the data is encouraging and most 
pilots have reported positive 
results.  
Full details of these 
European Telemonitoring 
pilots can be found on the 
CAPSIL Wikiat this link
A full table of telemonitoring 
pilots in Europe is given in table 4 
in Appendix A. However in 
summary the following can be 
noted; 
• The pilot activity in 
telemonitoring has been of small 
scale; however most have 
recorder user satisfaction and 
compliance of over 90%. Because 
the pilots have been of limited 
scale, the statistical significance 
of the results are questionable 
• Where financial return of 
investment data has been 
projected, very positive results 
have emerged.  For example the 
UK Broomwell/NHS Cardiac 
Telemedicine service which 
provides quick ECG monitoring 
and reduces secondary referrals, 
have projected that based on 
extrapolated results, £100M 
could be saved each year in a 
nationwide implementation 
scenario.  
• Not all pilots have been 
unanimously positive, for 
example the Home or Hospital 
Heart Failure (HHH) Project noted 
“no significant difference between 
telemonitoring and usual care”.  
They do concede though that 
sample size was an issue and 
more large scale activity is 
needed. Pilots involving 
thousands of people are needed 
to properly build the business 
case for telemonitoring. 
• All pilots reported reduced bed 
days for hospital stay and 
reduced admissions frequency.  CAPSIL Wireless Body Sensor Networks 
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9.2 European Assisted Living 
Pilots 
Assisted living pilots or ‘Ambient 
Assisted Living’ pilots have 
lagged the general telemonitoring 
type pilots mainly due to nonavailability of commercial off-theshelf (COTS) devices.  A 
significant number of ‘lab type’ 
projects have focussed on 
verifying technology prototypes 
and technical architectures, 
however large-scale trials in reallife environments are only really 
happening since around 2008.  
Some notable Assisted Living 
pilots in progress include the UK 
Whole Systems Demonstrators 
(WSD) project, which will be the 
largest ever trial of telehealthcare 
and includes both a 
telemonitoring component and a 
large AAL component.  It is 
involving thousands of people 
across three UK cities and is far 
reaching in its scope. Its 
objective is to generate a 
‘statistically significant’ data set, 
perhaps the first such data set in 
the world in the telehealthcare 
area. Results due in 2010/2011.  
Other pilot projects of note 
include the Bristol Assistive Living 
Technology pilots.Both assistive 
living devices (medication 
prompts &smoke alarms) and a 
telemonitoring suite were used. 
This project reported savings of 
£471, 500 over a6 month trial 
period with 174 users and 22 
carers.  Again, the sample size 
and trial period were very small, 
however the recorded results are 
still encouraging.  
There are many European funded 
projects in progress at the 
moment including the OASIS 
project, Netcarity Project, 
Cogknow Project, SENSACTION 
and MonAMI Project. The 
emphasis is mainly on areas of 
Ambient Assisted Living with 
slightly different focus between 
projects.  
For example the SENSACTION 
project is concerned with the 
practical aspects of body-worn 
sensors for medical interventions, 
whereas the OASIS project is 
concerned with provision of 
holistic ‘services’ within the 
Ambient Assisted Living 
environment. There has also been 
a range of small projects aimed 
at cognitive decline and 
Alzheimer’s including the UK 
based Richmond Alzheimer’s and 
Carers pilot and the EU funded 
Cogknow project, which is 
specifically aimed at the 
development of a prosthetic 
device for people suffering with 
mild dementia.  A full table of 
European pilot activity in this 
domain is given in table 5 in 
Appendix A. 
Although it is relatively early in 
the lifecycle of AAL Pilots, some 
issues exist that need to be 
addressed, these include: 
• As with the Telemonitoring arena, 
sample sizes have been tiny and 
therefore not significant.  
Projects such as the Whole 
System Demonstrators and EU 
funded projects like Long Lasting 
Memories, should change this 
over the coming 2-3 years. CAPSIL Wireless Body Sensor Networks 
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• Results’ reporting so far has been 
very poor.  Even for projects that 
are reportedly finished, 
dissemination of results is quite 
poor.  More emphasis needs to 
be placed on proper project 
evaluation and follow up. 
• More coordination across regions 
and countries is needed to 
increase the efficacy of any trial.  
For instance several local 
authorities have completed small 
pilots in their own region and 
while commendable at one level, 
more tiny ‘sandboxed’ pilots do 
not advance the situation in any 
regard.  
• A lot of research focus currently 
is on basic science aspects of 
body sensor networks.  More 
projects need to be focused on 
the integration of commercially 
available solutions (to help build 
the business case) and not ‘wait’ 
for the lab prototypes to become 
commercialised. 
• More focus should be placed on 
commercialisation of prototype 
devices.  Many research institutes 
across the world are involved in 
‘me-too’ work and essentially 
producing similar end products.  
Research funding should 
incorporate more of a 
commercialisation focus to 
encourage entrepreneurialism 
and move solutions beyond the 
lab environment. 
9.3 Trials and Pilot Activity in 
Japan 
Projects run in Japan are mostly 
single studies, done for a 
research paper, as opposed to 
what a  pilot in the US or Europe 
consists of. There are potentially 
pilots running as well, but these 
are either not publicised or not 
accessible. The following are 
some of the research bodies in 
Japan.:
Click on the titles of each 
research body to view their 
websites.  
YAMATAKE CARE-NET CO. 
LTD.Provides assisted care and 
home monitoring services for 
elderly living at home. 
Occasionally they participate in 
collaborative research with 
universities to perform 
development and testing of new 
technologies, such as wearable 
body sensors.  
NTT – NIPPON TELEGRAPH & 
TELEPHONEThe largest 
telecommunications company in 
Asia, NTT develops not only 
communications infrastructure, 
but technologies and services 
that utilize communications 
technologies, such as home and 
mobile monitoring as well as 
wearable body sensor 
technologies for health and 
wellbeing.
PANASONICDeveloping a variety 
of products that can be used for 
home and mobile monitoring, 
Panasonic has begun developing 
body area network technologies CAPSIL Wireless Body Sensor Networks 
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such as paste-on-sensors to 
monitor health conditions[19].  
AIST - ADVANCED INDUSTRIAL
SCIENCE AND 
TECHNOLOGYGovernment 
organisation charged with 
researching technologies that are 
beneficial to both society and the 
environment. Work done by 
groups such as the Digital Human 
Laboratory and the Intelligent 
Systems Institute includes 
research in to utilizing wearable 
body sensors in order to monitor 
human behaviour and other 
bodily information.  
WIN - NPO: THE ADVANCED 
INSTITUTE OF WEARABLE 
ENVIRONMENTAL INFORMATION 
NETWORKS:A Non-profit 
organisation dedicated to 
supporting and coordinating 
research between academic and 
commercial entities to further the 
field of wearable sensor 
networks. 
NICT – NATIONAL INSTITUTE OF 
INFORMATION AND 
COMMUNICATION 
TECHNOLOGYAn incorporated 
administrative agency, the NICT 
is charged with conducting and 
promoting research in the fields 
of information and 
communication technologies. 
They have conducted numerous 
tests in the field of assisted 
ambient living as well as the 
development of wearable body 
sensor technologies.
