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Professor Dame Sally Davies, Chief Medical Officer 
visits the SPHERE house in December 2014. 
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It givesme greatpleasureto introduce{tI9w9Ωǎ
April 2015 Newsletter, giving a brief update of
theǇǊƻƧŜŎǘΩǎprogressoverrecentmonths.

It is often my happy task to talk to academics,
funders, industry and the media in the UK and
overseas about SPHERE. As I describe our
progressit is easyto forget that the project is
only 18 months into its five year trajectory and
that the impressiveresearchresults that ȅƻǳΩƭƭ
find described herein represent just the first
glimpsesof what the projectwill achieve.

While the activities presentedhere are indeed
not yet mature, the visionof the project is now
firmly established; SPHEREwill conduct cutting
edge fundamental research, it will present its
results in the highest quality scientific
publicationsand it will partner with clinicians,
citizens and communities to undertake large
scaleresearchfor societalbenefit.



Highlights

The first SPHEREBluetooth LEwearablesensorhas
been produced. {tI9w9Ωǎown ultra low power
design is uniquely optimised for long-term data
collectionand will therefore underpin researchboth
in andoutsideof SPHEREfor yearsto come.

The energy harvesting team have demonstrated
how to run wearabledeviceswithout batteries by
transferring energy safely and efficiently through
the air. In scenarioswhere patients cannot be
expectedto regularlyrechargebatteries,this will be
a game-changerfor personalhealthdevices.

The SPHEREliving lab (house) has successfully been
instrumented with sensingtechnologyand the variousdata
sensor sources have been integrated. Initial studies to
calibratethe systemarenow underway.

SPHEREconducted a study involving five men
andwomenwith tŀǊƪƛƴǎƻƴΩǎDisease,all in their
70Ωǎand all at high risk of falling. Thisidentified
a number of activitieson which to focus future
work.

The ά5ǊŜǎǎκ{ŜƴǎŜέwearable technology
competition, launched by the President of
Singapore (left) on his state visit to the UK,
produced eight high-quality entries. George
Ferguson,Mayor of Bristol,awardedteamΨYoΩthe
winningprizefor their CognitiveBehaviourTherapy
device.
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Research

{tI9w9Ωǎenvironmental sensors have been
designedto function on low power (makingthem
suitablefor long term deployments),to be low-cost
and to be flexible in order to accommodate
different types of data collectionon demand. The
ARM M4 based solution (pictured) is in the final
stagesof testing and the circuit will be sent for
fabricationin the earlysummer.

TheSPHEREtechnologyhasbeendevelopingquicklyover recent months in all areas. Significant
milestoneshavebeenreachedin the different activities.

The vision team are developing a video
based action recognition and multi-user
tracking system for the house
environment. This solution will allow the
system to estimate the activity/inactivity
levelof the userduringtheir dailylife.

The platform hasbeen tested in {tI9w9Ωǎ
houseandintegratedwith the other sensor
systems; providing a unique multisensory
systemfor datacollection.

On-going video work includes a collaboration with respiratory physicians in Bristol
developingandvalidatingvideo-basedsystemsfor monitoringbreathing.
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Research   

SPHEREconducteda studyinvolvingfive menandwomenwith tŀǊƪƛƴǎƻƴΩǎDisease,all in their
70s andall at highriskof falling. Eachof them were observedover sixweeksand,on multiple
occasions,they were recordedmovingaroundtheir homesso that it waspossibleto identify
activitieson whichto focusour future SPHEREwork.

Field-testingvideoandwearableSPHEREsensors
confirmed how much more challenging the
residentialenvironment is as a researchsetting
than the tightly controlled laboratory.
Nevertheless, the study identified habitual
activities, performed within a specific zone at
home,on whichfuture studieswill focus.

The findings will help SPHEREto avoid
intrusively over-observingpeople at home
and failing to observepertinent featuresof
their mobility and balance. Both problems
haveplaguedother researchersin the field.
This researchwill also inform researchers
on whereto placesensorswithin the home.
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SPHEREis investigatinga variety of methods for powering autonomousbody-worn healthcare
devices. The material scienceelement is being carried out at SouthamptonUniversity,while
antennadesign,power electronics,and low-power systemswork is carried out in the Electrical
EnergyManagementResearchGroupat BristolUniversity.

Thechallengeof inductivepower transfer is
getting power to moving targets, where
there is a low magnetic coupling between
coils,andwhere the coils' quality factorsare
low due to the use of textile and
miniaturizedcoils. Researchershave shown
in the lab how to obtain sufficient power
transfer levelswhilst respectingthe strictest
safetylimits.

In theory,power canalsobe radiatedto devices
by wireless routers. The integration of this
wirelesspower transferconceptinto body-worn
products is challenging. SPHEREis developing
increasingly smaller and more efficient
rectifying antennasfor this purpose,as well as
the associatedultra-low power electronicsthat
will convert this highly intermittent source of
power to useableenergyfor e.g. a smartwatch.

Textile antennas would increase flexibility
and comfort, and give designersthe ability
to integrate large area antennas into
garments and furniture. SPHERE is
investigating how to make materials that
provide both the mechanicaland electrical
propertiesrequired. Forexamplethe project
has characterized the electrical losses of
numerous commercial textiles and other
flexible materials, in order to produce a
suitablecompositestructure.

Research   
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SPHEREwould like to use groups of sensors
together to create classifiersthat are robust in a
multi-residentenvironment.

Givena new house,is it possibleto automatically
learn the topology of the sensorssimply from
sensor activations? SPHEREhas shown that
through the application of standard signal
processingand information theoretic approaches,
it is possible to automatically learn about the
topology of the house. Researchers have
demonstrated this result on several datasets,
showingthat the method is robust to the layoutof
the house and the number of residents in the
house.

SPHEREresearchersare developingtheoretical and empiricalevaluationof static and structured
classificationmodelson structureddatasetswhich shouldinform SPHEREof what modelsto use.
Researcherscanencodethe structuralnatureof theseproblemsinto features,which:

Å reducestrainingtime significantly
Å reducesnumberof parametersto estimate
Å increasesinterpretabilityof models

In parallel, SPHEREresearchers at the
University of Reading are aiming to
provideaccessto fine detailsof the ǳǎŜǊΩǎ
motion for applications such as
rehabilitation. To do so, an innovative
method is beingdevelopedto recoverthe
3D body posture with a minimal number
of bodyworn inertial sensors.

Research   
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Currentresearchfocuseson:

Å integratingenergyharvesting
Å optimising the wireless performance

throughadvancedcodingtechniques
Å intelligent antenna design (in collaboration

with Toshiba)
Å providingindoor localisationservices.

The first prototype of the SPHEREwearabledevicehasbeen designedwith ultra-low power
consumptionand flexible,wide operatingvoltagerequirements. It measuresjust 2x4 cm and
featuresa bespoke,novel,approachto BluetoothLowEnergycommunication,two three-axis
accelerometers,temperaturesensorsandplentyof optionsfor externalsensingdevices.

Measurementsand experimentsconducted in the SPHEREhouse and in the University of
.ǊƛǎǘƻƭΩǎlaboratory facilities have demonstrateda life expectancyof up to 10 months when
powered by a coin cell battery, while maintaining full-house wireless coverage. This is a
substantial improvement on current state of the art devices,but just the first step in the
wearabletechnologydevelopmentfor SPHERE.

Research   
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In the last six months the development , design,deployment and monitoring team have
focusedon the important practicaltasksof instrumentingthe SPHEREliving lab with sensing
technologyandintegrationof varioussensordatasources.

Firstly,environmentalsensorswere installedand
their data was integrated into the system
capable of collecting and reliably storing
receivedinformation.

Subsequently,the wearable sensor system was
integratedand tested. Thefinal step, completedin
the last few weeksis the integration of the video
monitoringcomponent.

Other challengesincludedtime synchronisationof various
system components, setting up communication
infrastructure,formulation of taxonomyof home activities
andbuildingof an interactivedashboarddisplayingthe live
stateof sensorsin the SPHERElivinglab.

Experimentsare now underwayin the house,with subjects
following a defined άǎŎǊƛǇǘέ. Theseresults are informing
studydesignfor free-livingexperimentslater this summer.

The SPHEREuser advisory groups and the
PEP-R advisorygroup visited the houseand
gave invaluable feedback on a number of
user-acceptanceissues.

Research ïSPHERE house   

8



Research - PhD students

SPHEREcurrently hassixPhDstudents. Theyare a playingan important role in the project,
developingideas and helping the team as a whole. Here are the stories of two of the
students.

Paul Worgan is undertaking a human-
computer interaction PhD with the SPHERE
project. His PhD is focused on providing
power to wearablehealth sensingsystemsin
a flexible and convenient manner. He has
been exposed to a fantastic range of
disciplines including human-computer
interaction, human factors engineering,
energymanagementandhealthcare.

Ruth White is currentlyworkingtowardsa PhDin Cyberneticsat the Universityof Reading
as part of the SPHEREIRCproject. Her researchfocuseson understandinghigher level
routine behavioursin ǇŜƻǇƭŜΩǎdaily activitiesto provideusefuldiagnosticinformation for
healthcareneeds. Sheis usinga machinelearningtechnique,originallydevelopedby the
text processingcommunity,knownastopic models.

Additionally,SPHEREcurrently has 15 Mastersstudentsworking on projects acrossall
work packages,suchasAutomatedestimationof Cognitiveimpairment.
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User-Centred Design

SPHEREhascompleteda study on άUnderstandingtechnologyand healthcarepracticesfor the
individual,in the homeandin the community: anethnographicstudy.έ

The aim of this study was to explore ǇŜƻǇƭŜΩǎcurrent technology- and healthcare-related
behavioursin the contextof the individual(on-body),their homeand the community,aswell as
the effectof thesecontextson their technologyandhealthcarepractices.

SPHERE was particularly interested in thoughts on the importance of language 
used to describe the technology. The researchers attended a workshop to 
explore how the project can improve the way SPHERE is described to the public.

The study gave SPHERE useful suggestions about 
how technology could be helpful for specific 
health and care needs, as well as making us think 
about how researchers speak about technology. 
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SPHEREhas two public advisory groups,
with 24 active members. Alongside the
User-Centreddesignstudy group and the
PEP-Rgroup, they havegivenfeedbackon
research, recruitment, design and ethics
and have a real impact in helping the
project focuson the user.



Public Engagement
SPHEREorganiseda regionalwearabletechnologyfor healthcompetitionά5ǊŜǎǎκ{ŜƴǎŜέin the
Autumn2014.

Wearable technology has the potential to change
people'slives. SPHEREran a competitionto find those
individuals who could join multi-disciplinary teams
made up of scientists,medics,engineers,designers,
textile artists and school children to compete to
designa wearableitem that will havean impacton an
ƛƴŘƛǾƛŘǳŀƭΩǎhealth.

Over 60 participants entered the competition.
Participants were a mixture of tech
professionals,studentsand schoolpupils. They
formed into eight interdisciplinary teams to
produce some highly innovative and exciting
wearabletechnology.

The winning team was chosenin December,
with Mayor of Bristol, George Ferguson,
handinga prizeto teamΨYoΗΩwho produceda
wearable device to help those undergoing
CognitiveBehaviouralTherapy.

The competition had a real impact on the
participantsand the SPHEREproject. It was
an incredible and rare opportunity for the
participantsto work and learn with others
from different disciplines. The project also
greatlyraisedthe profile of SPHERE.
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