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Abstract—This paper examines the process of customizing
Particle sensors for use in a home energy monitorinproject. Our
developments affected sensor hardware, sensor soétve and data
capture. The developed sensors have been deployadwo homes
in the UK. We examine the issues in using 3rd partyoolkits to
undertake research and suggest design and procesthancements
to better assist with the deployment of sensors immes.
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. INTRODUCTION

The domestic environment has long been seen as
opportunity space for the deployment of ubiquitoamputing
devices, with much research being focussed on ratadeling
the workings of modern households. Findings of sstcidies
are used to better inform deployments of ubicompags into
purpose built homes of the future [1] [2]. Thesddings bear
little resemblance to the actual homes of the dawasing
stock which have typically evolved in size and asfructure
over the years [3]. It is these mutated buildirus will need
to be designed for if ubicomp applications in tleemle are to
have a more mainstream uptake.

As part of a study into ubiquitous computing in dstic
environments we wished to monitor the total enarggge in
the home. We did this by deploying our own sensmmo
wireless tranciever boards called “Particles”, eeleiss sensor
node toolkit, developed by Teco [4]. Our sensorsnitoo
power consumption from the electricity mains int@ thouse
and the water temperature differentials about thiéieb The
temperature differentials were chosen as an eapitwn than
measuring the actual gas mains input to the prppgsing
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ultrasonics. These sensor readings were wirelessbdcast to
a computer which acted as a data logger and reléyed
readings through the home wireless (802.11) networkur

lab.

In this paper we discuss the design, developmenit
installation issues surrounding the use of sensansl
“Particles”. Rather than discussing application anymnities
for these wireless sensor nodes, a topic which been
extensively covered by other research [5] [6] [¥], [we
discuss the difficulties encountered in buildingl ateploying
such devices for real home environments, and make
suggestions to better inform their design. Thidniportant
because if we are to move ubicomp research frortofyme
iadab deployments to everyday deployments in anttbe
settings, then we need to understand the lessanst léom
such experiences and develop more repeatable dmastro
processes and technologies to enable this depldyriée
data collected is currently being analysed and Wl the
subject of another paper.

an

Il. ' WHAT WE WANTED TO DO AND WHY

Results of previous studies on experiences of uke
domestic technology had revealed concern with gnesg to
be one emerging theme [5]. In order to allow inteadis to
better understand energy consumption within the ehowe
wanted to monitor the usage of the two main eneegpurces
feeding the home; that of gas and electricity. gdine real
time data from these sensors we wished to invdstigassible
carbon usage representations which were to beagispland
presented to the household.

Since we were interested in the effect that these
representations might have it was necessary to rtakde a
base line study in which we monitored the houséebkold
existing energy usage. To do this we needed tololewvao
sensors that could be interfaced onto two sepédPatdicles”,
one a current clamp sensor and the other a seffies o
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multiplexed temperature sensors. It was importéat this
deployment of sensors be as transparent as podsikilee
occupants of the house so as to limit any resultimgnge in
behaviour that might occur through being awarehefénergy
services being monitored.

We have chosen Particles as our platform as theyige

with and then describe our work to address the ssecyg
reconfigurations for our research; and approacindtallation
and maintenance in the home. This work took placthiee
phases: setting up the development environment
conducting preliminary testing in the lab; condngtifurther
testing by installing the prototype into a researth home;

both hardware and software middleware on top ofclwvhi and finally moving the installation into a partiait’s home to

sensor network applications can be developed. Weedato

deploy our own custom-built sensors running our cwstom-

built algorithms using off the shelf infrastructyseovided by

Particles. This is because using off the shelfastfiucture

saves developing hardware and low-level softwardctwh
allows us to focus on our real research questi®asticles

provided an affordable platform, which had a gooatah to

our technical needs.

Based on critical reflection and previous expergnuith
home studies, we adopted the following as desinatdperties
of sensor networks to be installed in homes foreassh
studying deployment experiences over time. Thedede:

Easy reconfigurability: It should be possible to deploy
algorghm

custom-built sensors running custom-built
Moreover, a sensor network should actively suppibe
addition of new nodes and sensors and facilitateility to
easily relocate sensors should the need arise.

Non-invasive installation:sensor deployment should not

involve cutting of wires/pipes.

Low maintenance: The need for frequent
replacement should be minimised. In particulamis tase, as
the project is investigating “green” issues, oveflgquent
battery replacement would be a poor reflection. Ekhasor
hardware must be robust and be able
transportation and being set up.

Low-impact on the occupants of the horie installation
needs to be unobtrusive, transparently safe, astéged from
children and pets.

Installation needs to be easily and quickly conféglto the
layout of the home as there is limited scope fte-gisits and
lengthy in-home procedures in the lives of busytip@ants.
As well as technical interest our project is stadyithe
opinions-of-, reactions-by- and impact-on- the gants of the
home of feedback on the sensed data. So site wviwist
involve the participants and combine more humareetspof
the research rather than take on the character cafmgplex
technical installation. Flexibility is needed tchedule visits at
times that suit the occupants of the home and thétsiis
needed once in the home to that the researchergumss.
Once installed further site visits may be requireddiscuss
findings, correct problems found and advance ttemach.
However, these typically need to be arranged iraade and it
is important not to erode the goodwill of partigigs (or affect
their behaviour) by becoming a constant presencehdir
homes.

.
We shall summarise the hardware and software wéedta

EXPERIMENTAL DESIGN IN THELAB

monitor their energy usage patterns. We discuds ieatirn.

A. Development Environment

1) Particles:
The Particle computer system that we have usdtki2/32
version of the pParticle. This includes a built-in

microcontroller, flash memory, a real time clockwer supply
circuits, radio transmitter, LEDs, buzzer and arbaard
connector providing access to the [12C and serial
communication lines, digital /0 pins and pins pding
access to the on-board 10-bit Analog-to-Digital anter [9].
The Particle provides a connector for a sensorcho&lie have
used the sSimp, bespoke temperature sensor, aadohbte
boards. The Particle is powered by a single 1.5%&ba

The Particles come preloaded with its own softweaked
the ‘Particle-Base system’. The code we used wasotie
available for 2/32 version of Particles which casoabe
downloaded from the Particle’s website. It is venittin C and
source code is supplied in order to integrate nedecto be

batteryprogrammed into the PIC. It includes files suppwytithe

boards, sensors and system level tasks including
functionality and running the protocol stack. lder to upload
our own programs, we used the GALEP-4 universal

to  withstafjogrammer along with the GALEP32 software uploadad

our computer.

The compiler we have used is the CCS compiler osrsi
3.222. We had to be careful about the compilerioersve
used since there were problems in compiling thetidbar
software for the 2/32 Particle with the earliersiens. Some
of the functions written for 2/32 were not beingagnised by
the older versions of the compiler. Moreover, ewéth this
compiler, we were sometimes getting error messagfbsthe
compiler halting the build. These were documentedrs with
the CCS compiler [10] which could be ignored as.tex files
were still being generated.

We have used a 1.5 GHz Celeron M Laptop with 1 MB L
cache, 512MB DDR2 running a Microsoft Windows XP2SP
Home edition. Three pieces of software ran on #ptolp in
relation to the gathering of sensor data.

1. A Particle bridge which allows data to be reashf the
Particle hardware attached to the laptop.

2. A Particle logger which read data from the Rhetbridge
and writes to a log file

3. A log copier which copies logs from the laptopan ftp
site every hour.

These three software elements needed consistenityeiin
labelling between the data collected from the tansrs
through to that reported to the data logger. Thegie also a
need to ensure strict version control to these wso#é

and

(O
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components.

B. Reconfiguration for New Sensors

We have used the flexibility afforded by the Pdescto
develop the necessary new hardware and softwaverdrior
the types of sensors we wanted to deploy.

On choosing the “Particle” as our sensor node hoael
wished to exploit the sensor’'s sSimp piggy backrdébaehich
had spare connection points made available forutiee of a
force sensor of the variable resistor type. This w@en as a
quick and simple way in which to add a purposetkaghsor
which could report electrical current usage of ans:@urrent
supply. This sensor used a clamp which detectedciul
current which after some signal conditioning predda 0 to
3.3 voltage swing as an analogue input to the igtatt This
approach was taken so that we could deploy thepcktraight
away in to our lab’s small kitchen area as a piiekmy test
and monitor electricity usage. We saw this as a way
identifying “problem” areas with our equipment astenario
as quickly as possible and therefore inform ouidtand
system design.

Whilst running the system in the lab to test thenitowing
of electricity use, we wanted to prepare the cotamnector
board supplied by Teco, to interface our two bespsdnsors:
the electricity sensor and the multiplexed tempeeasensor.
Both of these sensors were non invasive types,dighchot
require any interruption of services, which avoidey chance
of high-voltage exposure or leaking pipes.

1) Current Sensor

and ADC reading, due to the circuit used. While thdio

protocol of the Particle forces maximum computirigtss
(without extra work to recover from interrupts)esie delays
could be managed.

C. Hacking the electronics and software:

Although we are told within the on-line documeittatthat
the sSimp board has the option of adding a forosmeto the
board, we had difficulty in identifying where oretlhoard we
were to wire such a sensor. The documentationh®rsSimp
board did not include a circuit diagram nor coule find any
help via the on-line forums mediated by Teco. Theeze a
number of possible places where the designer’s infigle
placed available pins and we used our multimetetrytcand
electronically decipher which of the holes in theakd were
the ones to use for activating the force sensoutinphis
approach did not prove conclusive so we placedsa o the
on the forum site and asked for help. After a feaysdwe
received a response from one of the mediators wided us
to some solder points on the board that we didniéne
consider investigating. With this information we reeable to
proceed with interfacing our sensor on to the fersensor
input with little further difficulty.

D. Data Reporting and the Radio Protocol

Since a substantial percentage of battery powexpgnded
in radio communication, our power saving algorithhes/e
focussed on reducing the rate of transmission ofa.da
However, we chose not to radically rework the eéxgst
Particle network protocol. This protocol is call@areCon

We bought a commercial clamp-on current sensor lwhi¢11]. This is an ad-hoc self organised synchronigestocol

uses inductance to generate a reading. We usedexgmns:
one designed for a single socket and another éomtins feed
into the house. These gave full-scale deflectiond0A and
50A respectively, and in each case had a resolufoR56
steps due to the processing within the sensor.

using Time Division Multiple Access (TDMA). The dubc
link establishment takes 12ms. Each time slot & TDMA
structure is 13ms long. Each packet consists ofy&tBof
payload. A data rate of 48kBits/s at a frequenc8&8 MHz is
promised [11].

We used a redundant input on the plug-in sSimposens We found that both types of sensors had a certaguat of

board to connect our electricity and have madentteessary
changes in the driver software provided for theedosensor.
The driver code was changed to include a 10-bit A@@sor

noise. This was about 1% of the full scale deftecti
However, significant changes (domestic appliancedaps
being operated) generate readings which are ggnifi

as our default ADC. It also entailed rescaling thkies being beyond this. Homes naturally have periods of inégti(e.g.
read to sweep between OV to 3.3V since Particleskvad during the day when people are at work/school andight
3.3V. when they are asleep), periods of occupancy buy onl
2) Temperature Sensors occasional activity with respect to our sensorg. (@ilet visits
We developed a board to attach to the plug-in etk while watching TV) and periods of greater inputwak to our
sensor board (which simply exposes the connectos fir sensors (e.g. meal times). The goal of the relemrdo
soldering). This new board multiplexes six voltatigider provide a real-time representation of energy usethe long-
sensor circuits and allows the driving of thesessemto be term aggregation and scheduling of communicatidra &
switched on and off. We used this to connect séxrthistors, scientific monitoring experiment might apply cant® used
which could then be read in turn to give varioungerature here.
readings. Separate thermistors allowed a moreghtfarward The driver code for the sSimp board allows the data to
installation as they could be taped to pipes maghethan be varied, up to a maximum interval. Clearly a Endow,
PCB mounted devices. Again, this required somdata rate would miss interesting activity while guent
modifications to the driver code to extract the adafor transmission will drain the battery far too quickiyowever as
instance each sensor required 5ms delay betweératant the rate can be varied if we can remove the no@a the data
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then during periods of inactivity we can use a lomgrval

(which happily provides some redundancy and feddlblaat

the system is working), and when significant charige
detected the frequency can be increased. This apiproould
be refined further (we do not modulate load on@dJ) and
benefits from being a very simple network wherehesensor
node reports to a mains-powered laptop.

The following algorithm was worked into the exigtin
Particle code: We maintain an average of the lasteadings.
The current reading is compared to this. If it ifedent by
more than a set threshold then the rate at whith idasent is
set to once every 6.66 seconds; otherwise therdggas set to
7.1 minutes. These time values came from the wayPHrticle
code was organised to set the times for the rateladé
sending. To increase the time intervals betweenlisgnof
data to more than 7.1 minutes would have meanbstantial
reworking of the code. This would have defeated aor of
rapid deployment of our application. The Partideeps for 3
seconds between taking readings.

The electricity sensor sends data once every @66nsis if
the reading is 5% above or below the average. Vdlise was
reached by carrying out observations starting \sgtting up
the sensor to send data at the higher rate if eéading was
10% above or below the average. However, the vafu€%
resulted in the sensors missing events such asguom of an
electric kettle in the lab. Subsequently, the 5%ueawas
selected and major events began to be detected.

The water sensor had trigger levels of 5% over &%
under. This 1% value was chosen due to the themasdia in
the sensor and the slow heat dissipation in thespipur
sensors were attached to. Due to the slow hedpdigm, the
difference between the first and the tenth readiag less than

interval between sending data though that mighgikers
substantial reworking of the code if we want to (kethe
protocol intact

IV. INSTALLATION AND EXPERIENCE IN THE HOME

Rather than going straight into our participantaiée with
our technology we thought it prudent to first itistaur
equipment into the home of one of our researchénis was
seen as an opportunity to identify site specifichpems which
may exist that were not apparent in the lab.

A. Researchers home

Once we had completed our pre—installation visitere we
planned our equipment placement and considerechehéth
and safety implications. We installed and ran; ghe sensor
(10amp), the temperature sensor, and a wireless Idgger
computer, for a two week period over Christmas.

A number of site specific issues became apparairigithis
period, many of which have potential design imglaas for
both the system and the devices used within. Tlaeseas
follows:

1) Positioning of sensor nodes

We were interested in monitoring the electricitpges about
a power extension block that was connected to asnaall
outlet socket from the wall in the living room. #ie same
time as this we wanted to place the temperatursossron to
the pipes about the boiler which was kept in a capth in the
kitchen. We needed to position the computer doiveg data
logging within wireless range of the two sensors.

After considering other operational issues aboug t
placement of the computer, we decided the idealveituld be

5%. Selecting the 1% value meant that we could mof®mewhere out of the way in the kitchen. This ditlcause us

accurately discern events like a hot water tapgaimed off.

any difficulty and, after checking that the comnuation was

We were more interested in on/off events than a&ctuateady and repeatable, we settled on a positiomeMer we

temperature and we found that detectable cooliragtest
within 60s, which was sufficient for this project.

The code we hacked was the driver code fors8ienp
board’s set of 6 sensors. This code already prdvide the
synchronisation of sending of data with the timetsslof the
Awarecon protocol. We needed to change the codes $o be
able to drive our set of 6 temperature sensorss Wais done
for each sensor by having the 10 bit ADC read tbkage

did need to consider the dynamics of the home amdthings
changed during the day. Were there likely to bestels of
people the kitchen in the evening? Was stuff gdiogbe
brought in to the house that might interfere witle tradio
signal? Will other electrical devices not currerdhtive about
the house have an effect?

The two sensors needed to be placed in quite differ
environments each with its challenge for mountioge a

values inputted from the temperature sensor anch thgusty, hot boiler cabinet, the other a confinedtehed back-

converting them to swing between 0V and 3.3V. Weanged
the pin definitions as well as added code to drie
multiplexer of our custom built sensor board. Weoahad to
weave in our power saving algorithm into the drigede. This
meant carefully walking through the code to decidere to
add our code and yet not break the existing funetities
These changes gave us an improvement in batter§rdim
10-12 hours to over 5 days. We also changed thierhest
from the AA size to D size further boosting thetbat life to
around 3 weeks. This avoided unnecessary visits flus
battery replacement. We can look to ways of inéngathe

space within a television cabinet. Ensuring theitjwrs and
orientation of the sensors was achieved with ugaffer tape.
Protection from dust, water or being knocked, wawiped by
housing the boards in a splash proof box. Even ik
arrangement, the wires that ran from the transduterthe
signal processor and wireless transmitter, provezbtential
shag risk which the people in the house needeé tonare of.

2) People

Whilst placing the technology in our researchersnk it
became apparent that we needed to be sensitivik ob the

occupants of the house. We found concern from some

members of the household to having “sensors” iir theme.
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What would such data reveal about them? Do theyt wach
information to be highlighted? Also unexpected éssuvere
identified as problematic, such as the LED lighttbe board
and the fan noise from the laptop computer weradoio be
annoying. Although these concerns are social iir theture,
we found it imperative to be sensitive to them. Witt the
agreement of all members of the household it iskelyl the
study will be accepted or, if it is the interprétatof the data
accurate.

In summary though, both trial installations — ie tlab and
in a home — were found to be critical for helpings@re that

a) Temperature sensor

After our site visit we rethought our initial cheidor the
temperature sensor placement, which was in the isiore
heating cabinet and considered alternative optitts. had
two candidates (Fig 2), either on the pipes coethim the
immersion heater cabinet in the bathroom, or atfwatboiler
in the toilet. After deciphering the pipes for themersion
heater and comparing their function with those lalée at the
boiler, we chose the boiler. The boiler was usedifie hot
water and central heating in the house and fedntingersion
heater which had an electric element to supplemanther

many problems were identified and fixed before thgeating.

deployment in a ‘real’ participant’s home.

B. Participants home

Our participants, Peter and Jane (Pseudonyms userd,a
middle aged couple with one 14 year old son livinga
Victorian terraced house in the South of England.

As with our researcher's home, we undertook a pr
installation site visit where we discussed whatwighed to do
as well as possible sites for placement of thepment. The
position of our sensors and the computer hostirgy dhta
logger can be seen in Fig 1.

Flight of—». Q¢
steps
. leading Cupboard
Toilet upstairs o éé
QQ Power supply Laptop
T @) base
Station(3)
‘ T Dining Electricity mains-
" tabl icf ins-
4 Flight of avle Site of electricity sensors
Steps leading to @)
kitchen & Immersion heater
dining area
Boiler-site of
temperature . L.
sensors (1) Kitchen and dining area
Fridge
Hot Plates
Courtyard Bathroom
¥ N

Fig. 1. Plan of the Kitchen and bathroom areasvsi® placement of our
technology

1) Positioning of sensor nodes

What became quickly apparent were the differenc
between our researcher’s, and our participant'sisés. The
participant’'s house was spread over three flood laad a
smaller cross-section which lead to many of thhties being
squeezed in. Another feature was of this houseitsaege, it
had evolved over the years with rooms changing fammd
function with the various owners. An example of #ffect of
this can be seen with the boiler being mountedhin tbilet
space, and the service pipes squashed betweeopha the
boiler and the ceiling, as shown in Fig 2 (left).

This choice meant that the thermistors had to lzqul
within a narrow space on to the pipes at the tothefboiler.
These thermistors had a limited length of cablelabie to the
Particle radio transceiver which had to be pladedecto the
boiler. The top of the boiler was initially considd but seen
to be too hot when running, so we mounted the ¢eiaer box
?0 the wall with gaffer tape. This was not seenaasideal
solution but to extend the wires on-site was naisgale in the
time available. Clearly we would have benefited Having
another site visit to identify the required transelu wire
lengths before installing the equipment.

Fig. 2. Left. Service pipes about the boiler to ebhiour sensors were
attached, Right. Service pipes in the immersiorenazabinet.

b)

For this study we had decided to monitor the maipst to
the house and not a particular 13 amp plug, asidiendthe
researcher’'s house. This change was taken to gewerall
impression of the household energy profile rathanta single
distribution point. In our participants house theras a small
cabinet which housed the electricity meter to whictwas

Current sensor

ésgraight forward to clamp our sensor onto, se&fig

The positioning of the Particle transceiver waswise non
problematic since it could easily sit on the bottathe
cabinet without being disturbed.
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Fig. 3 Left. Sensor in the corner of the mains wabi Right. The mains
cabinet to the house by the ceiling of the corridor

c) Data logging Computer

As with the researcher’'s house we needed to plezedta

logger in range of the two Particles whilst outtbé way
enough not to be knocked by people passing. Althaug had
changed the position of the temperature sensorswerm
fortunate to be able to use the original site iifiet which
was by a boot rack in a narrow corridor.
Although the hardware was sited to minimise disouptwe
did not consider that the software too needed ptiote from
other services running in the background of thedams
operating system. For example we found automatiatgs via
a wireless network to be the cause of the loggofgvare to
stop, but it took some time to recognise this a&s groblem
and not a problem with source code.

At the time of writing, this installation in now mning the
participant's home and we are working with themesplore
patterns of energy usage and issues around feedibadage
information. The findings of this study will be dysed and
reported elsewhere. Our focus here is to go onrafiect on
the experiences we have had in working with sensmi
Particle boards and trying to deploy these in arergday’
home.

V. DESIGN IMPLICATIONS

In designing and deploying our sensors into an ageer
home we came across many challenges. Here wetrefigbe
lessons learnt through having to resolve thesel@nuh These
insights have implications for both the sensor Hodesigner
as well as the systems integrator. We present tieserking
with  toolkits, lessons about the design process al
methodologies for deployment.

A. Working with toolkits

The use of both hardware and software toolkitsrafiech
promise in supporting rapid prototyping of distitibdi sensor
arrangements.
deployments in space and in scope facilitates usetered
prototyping of ubicomp sensor arrangements in-situ.

An example of this can be seen by Peter and Jase&ing
sensor data collected from an earlier time, askedniore
information about the electricity use within a partar time of
day when they believed the washing machine to heCam
response is to place another wireless sensor moliteei with

the washing machine’s electric plug, and use trdsled
granularity to further inform our representationsige. To
achieve this modification to our system we will dee:

1. Add an additional current sensor to another sensor
node board.

2. Package the new sensor into a household plug and
interface to the Particle.

3. Load existing code to new board

4. Test the new plug sensor arrangement in the
research lab.

5. Conduct pre-installation visit with prototype
sensor board, checking for health and safety
issues, as well as performance monitoring.

6. Register full scale deflection for the new sensor
and calibrate

7. Adjust receiving code

8. Adjust logger code to include new sensor

9. Rewrite display software with appropriate scaling

to reflect changes.

The need to make these incremental changes to yaepblo
devices with a minimum of disruption is centralptmtotyping
in the home. This intrinsic need has implications toolkit
design:

1) Hardware

Interface connection points should be physicallyd an
electronically robust, allowing for disconnectionnda
reconnection of input sensors. Easily configuraipidicator
LED’s that can reflect system behaviour becomesefulifault
finding tool by saving dismantling and re-fixing dhe
installation, which can often be the cause of frth
breakdowns.

2) Software

Many applications of pervasive computing lie in themain
of non-IT researchers. Commonly understood lessong
might not be known to non-IT researchers leadingrtoneous
design decisions. In the case of our temperatunsosewe
needed to edit 259 lines and add 254 lines of dodahe
driver code for sSimp, across a total of 11 files.

Therefore, sufficient attention might be paid &sign user
friendly interfaces with easy to use ‘hooks’ intdet
software/hardware capabilities of the tool-kit. $&ehooks
jhpight be designed so as to ensure that the undgrigtegrity
of the tool-kit is maintained but at the same tiappropriate
flexibility is afforded to the application develage The
technical details of such hooks would have to bedparent to
the user who can instead focus on applying the 'sook
capabilities to their specific problem domains.

3) Packaging

The ability to quickly rearrange sens The environments that these wireless sensor nodgshe

placed in can vary hugely. They can often be sitethoist,
hot, dusty or dirty places, or close to electrolycaoisy
equipment like washing machines or kitchen equigntiée
coffee grinders or food mixers. Busy people thotdages
might be the place of interest or as in one of cases, the
narrow space between boiler and ceiling. In our two
deployments we came across hot, dry, dusty, nelestirically
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noisy, people busy and potentially gaseous enviess

The packaging for these sensor nodes, and anyvezcei

technology, needs to provide a fixing method, fraraple;
screw holes, clamp or magnet.
protection, both physical and electronic, from ém¥ironment
whilst at the same time offer easily viewed indicdtghts to
assist in situ maintenance and fault finding.

4) Support

In using toolkits to further our designs it becamssential to
have points of reference to which we could turnvie found
the lack of circuit diagram for the sensor boardantea delay
of approximately 10 days to our deployment scheduitee
access to, and navigation of, these stores of rimdtion
became crucial and will quite often be the diffaeietween
success and failure. The cost of support can b&taotial with
many man hours spent in writing manuals for diffieresers
who have different levels of engagement with thaigment.
The creation of well written support documentatisnoften
under valued and the user testing process to infsuch
documentation ignored. However there are some el
support documentation that can be key in gettingrijpps with
development platforms. These are discussed below;

a) Documentation

out our research within the domestic environment?
Installation in a real home brings to light manguss
surrounding the reliability of underlying infrastture which

It should also pmovidare hard to anticipate. Maintaining installatioms another

person’s house is an expensive and time-consumismnéss.
The response to an installation by the inhabitéms have to
live with it may be emotional or illogical. In thleome in
which we installed energy sensors, Peter claimedcaoe
noticed that he heard his freezer starting up nofien since
we had installed the sensors.

Designs can significantly benefit from crunching tivhole
design cycle into a shorter, faster, overlappingrasp
[appliance design] which brings the user closeh&designer
and builder. The traditional design process of gxgting in
the laboratory moving through to testing in theldfidas
increasingly been challenged. This being replacét the
user being involved in the initial design discussioand
laboratory prototyping, whilst bringing the fielésting of
designs forward to include further prototyping imfeed by
both user and site.

Contrary to this approach, the research communitylved
with deploying pervasive technologies into domestic
environments have invested significantly into msgd built
homes of the future [12] [13] [14], using thesdest beds for

Documentation very much becomes the backbone behidlicomp device study. Whereas these “homes of uhee”

understanding the scope of the toolkit and consatu¢he
quality of information should be accurate, easihderstood
and organised in a logical fashion. This documémathould
also be aligned to version control of hardware aaftware
platforms.

undoubtedly have much to offer researchers, theyecshort
in reflecting a true image of real homes with edesy
occupancy. If we acknowledge the value of plackath “user
centered design” and “device fit”, what are theigssthat need
to be considered when putting ubicomp prototypés neal

The use of schematics for over viewing the toaskit’ home environments?

software and hardware processes can be particulseffyl, as
are circuit diagrams of interface boards. If su@grhms are
coupled with application examples of typical configtions, a
very useful landscape from which to further develapnm is
provided.

b) Forums

Online forums supported by the toolkit provider armther
potentially rich source of information disseminatiovhere
experiences from other toolkit users can be mimetilessons
learnt shared. These sites are often arranged tuyvhee or
software categories and it can be difficult to feupport for a
particular issue that will more often than not hagéerences
across a number of such categories. A good seagihescan
be very helpful here.

B. The design process

When using real working homes as an applicationadorit
is essential to prototype device design in situtisat the
symbiotic relationship between place, user andaegan be
better understood. This is by no means a misuraetddesign
concept, prototyping beta release equipment “an‘“sis quite
normal practice, and taught the world over as &egial part
of the design process. So what is so different gbatrying

C. Methodology for deploying sensor networks in evayyd
homes

In being invited into someone’s home there is artedreat
the relationship between researcher(s) and homepaot(s)
with the greatest of respect. This starting point o
acknowledging the privileged position the researcisein,
should drive a professional approach that enshesdfe and
sensitive deployment of any technology. Such anrcaah
should include the following;

1. Risk assessment and hazard identification for
technology undertaken for operation in the research
laboratory, as well as for placement in the home.

2. Pre-testing of the equipment as closely as postible
the actual deployment circumstances prior to the
installation.

3. Pre-installation site visit to foresee installation
challenges and identify equipment needed. Thisccoul
range from mounting brackets through to extensions
for antennas, power or sensors.

4. A strategy for what happens to the installation avhe
the power is cut from any mains driven equipment
should be developed.
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More flexible strategies for problem diagnosis sincwhen these two elements come together that ubiggito
the researchers do not have contorl over thechnology applications within the domestic envinemt have

environment and more lateral thinking might beheir best chance of working technically and sdyial

requried to understand problem sources

6. Consideration should be made of the insurance
implications. What happens if your device burns the
house down? In our case we were covered
university policies.
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overlooked. Often concerns are not talked aboli
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directly but might be played out through an@llowing their homes to be used in this project.

unwillingness to have the technology placed in a
particular place or on at a certain time of dayr Fo
example both Peter and Jane were sensitive [
“outsiders” having hold of the captured data befigv
that they could be the target of company mail shots 2l
even worse notafying criminals of occupancy
patterns. Another concern might be being placed on
data collection devices (audio or video), when the?]
would wish not to. [4}
8. Submission of study proposal to ethics committee.

All of the above suggestions minimise the inconganée to
the home owner and reassure them of a professammbach
being taken. It is noted that the above methodolgi
approach to undertaking ubicomp research in evgryd&]
environments has been based on a white middle feasky in
the United Kingdom, and to do such research outthie
demographic, our approach would need to be sestitio
differing cultures. (8]

VI. CONCLUSION
[9]

Rapid prototyping of sensor networks within dorrcesti[lO]
[11]

environments is not an easy process, with manyideraions
to be accounted for by the designers. The roleookits to

facilitate the design process needs to be clearfjerstood.
Wireless sensor nodes integrated into ubiquitouspeting

devices are an emerging technology, and conseguéml
supporting technologies are also in their infatilst it is a

clear advantage to use such toolkits, it has beeexperience
that much work needs to be done in using theséitsalbhich

are still the domain of the engineering specialist.

A well established principle in industry to fadlie the [14

acceptance of new technologies into new or existiagkets is

to mediate between the end user and the development

engineer, through employing application engineefhie
application engineer understands the domain thath su
developments are to be situated in, and as suatblésto apply
their skills to better inform the equipment devetemt, whilst
at the same time fully exploit the development'sstng
technical scope.

Placing sensor driven ubiquitous technology intea life
domestic environment within a research context, ateta the
sensing platform to be robust, flexible and higtdyfigurable,
whilst at the same time the researcher needs tabie to
understand both the environment and the technolttgis

(12]

[13]
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