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Abstract

Thispaperdescribeswork in progressonwearablecom-
puting configurationswhich provide audio and visual out-
put basedon the positionand orientationof the user. We
introducethe ‘eSleeve’ - a wearable wrist computerwith
positionand headingsensors combinedwith a user inter-
faceemployingspeech recognitionanda smalldisplay.

Applicationsdescribedincludesearching a databaseof
locations,and implementinga minimal augmentedreality
system. The effectivenessof different approachesat con-
veying locationbasedinformationis discussedandwealso
describeour continuingresearch into positionbasedaudio
andvisualinterfaces.
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1 Intr oduction and Background

TheBristol WearableComputingprojectis partof anin-
terdisciplinaryresearchinitiative - Equator- which aimsto
promotethe integrationof the physicalwith the digital by
uncovering,andsupporting,a variety of possiblerelation-
shipsbetweenphysicalanddigital worlds[1]. TheEquator
challengebringstogetherresearchersfrom eightU.K. Uni-
versitieswho areworking onavarietyof projectsthatdraw
togetherapproachesfrom computerscience,socialscience,
cognitive scienceandart anddesign.Wearablecomputing
provides an ideal platform for developing and testingre-
latedapplicationsthat may be suitablefor widespreaduse
without the costsassociatedwith prototypingminiaturised
electronicdeviceswith embeddedcomputers.

�

Fundingfor thiswork is receivedfromtheU.K. EngineeringandPhys-
ical SciencesResearchCouncil,GrantNo. 15986.This work is alsoper-
formedin collaborationwith, andwith supportfrom, Hewlett-PackardRe-
searchLaboratories,Europe.

We areparticularly interestedin the presentationof in-
formation which is linked to physical locations[2]. Our
early work associatedweb pageswith GPSpositionsand
experimentswere carried out with applicationssuch as
tourist guides[3]. More recentlywe have becomeinter-
estedin displayswhicharedynamicallylinkedto theuser’s
positionandorientation.

Mobile and wearablecomputerswhich are able to ac-
cesssituateddigital informationhave the potentialto dis-
playphysicalanddigital artefacts.We believe thatsuchde-
viceswill createnew formsof play andentertainment;pro-
motelearning,participationandcreativity; andsupportac-
tivities both insideandoutsideof theworkplace,including
maintainingfamily andsocialrelationships.Previouswork
in this field hasusedtabletandpalmtopcomputers[4, 5],
and map basedapplicationsfor laptopsand palmtopsare
becomingavailablecommercially [6].

Figure 1. The eSleeve.

We describeresearchusingasmaller, andwearableplat-
form, the MatsucomonHandPC.This researchhas con-
tributedsignificantlyto the designof our currentwearable
infrastrucure. The onHandPCis a wristwatch computer
with a 16bit 3.6MHz CPU running a DOS operatingsys-
tem,2MB flashmemory, 102x64pixel screen,andaRS232
serial interfacethat enablescontextual datato be gathered



from devicessuchasaGPSreceiver, anelectroniccompass
andaspeechrecognitionmodule- wecall this the‘eSleeve’
- seeFigure1.

Using thesedeviceswe have testedapplicationswhich
requiresmalldatabasesandgraphics,aswell asinvestigat-
ing the potentialof a userinterfacethat combinesspeech
inputandvisualoutputin anarm-mountedform factor.

2 The eSleeve

Our intention is to experimentwith displayswhich are
moreintuitive thansimple2D maps.Full AugmentedRe-
ality (AR) wasconsideredto be beyond the scopeof this
project,howeversimilarprinciplesto thoserequiredfor AR
neededto be applied. Sensorswere thusinitially selected
by consideringtheneedfor eachof theusualsix degreesof
freedom.We assumethat theuseris eithersitting or stand-
ing ontheground;is upright(not leaningto eitherside);and
is lookingahead.TheeSleevedesignencouragestheuserto
adoptan appropriateattitude. Consequentlywe needonly
dealwith threedegreesof freedom- position(x,y) anddi-
rectionof view or heading.Thisdatacaneasilybecollected
usinga GPSreceiverandanelectroniccompass.

Theuserinterfaceemploys speechfor menu-basedcon-
trol commands,andthewatch-sizeddisplaycapableof pro-
viding both text andgraphicsfor thecomputeroutput. We
also use the onHandPC to produce‘beeps’ as a further
methodof userfeedback.Using this configurationwe are
able to explore the hypothesisthat speechwith a display
maybecomea preferredinterfaceconfigurationfor mobile
devices.

The compassand display are automaticallyalignedby
mountingthe compasson the forearmalongwith the dis-
play andspeechrecognitionmodule. The board-mounted
microphoneis optimally placedwhenthe arm is raisedto
view the display. The locationof the GPSreceiver is less
critical, only requiringline of sightto thesky. Upperarmor
shouldermountingwerefoundto besatisfactorysolutions.

Previously we have experimentedwith architectures
whichhavecontinuouslypolledsensordevicesonanumber
of communicationports.Thisapproachprovedto bepower
hungry and we subsequentlydesigned,and simulated,an
eventmanagedarchitecturewhichpromisedto achievecon-
siderablepower savings [7]. TheeSleeve affordedtheop-
portunityto carryout a limited testof thisarchitecture- see
Figure 2.

ThedesignusesaPIC microcontrollerto handlethelow
level contextual data. The PIC is continuously- andeco-
nomically- polling for dataandeventsat therequestof the
mainprocessor. Themainprocessoris usedonly whenan
eventis generatedto handledatabasequeriesandfor display
functions.

Usingacompletesystemwhichcanbeworncomfortably
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Figure 2. eSleeve Architecture.

on the forearm,we arethusableto comparethe effective-
nessof several different approachesto providing location
relateddatato theuser.

3 Applications

The main applicationsdevelopedfor our testswerethe
PubCrawl/TouristGuideoriginally prototypedontheBristol
CyberJacket [3]; a simpleaugmentedreality program;and
utility functionsavailable on demand,for example‘time’
and‘appointments’.

3.1 Pub Crawl

We neededan applicationwhich could aid the user in
findinglocationswhichwerenumerous,of everdayinterest,
andcould be easilydistinguishableusingreadily available
locationsensingtechnologyi.e. GPS.We have previously
experimentedwith sitesthat may be of interestto tourists
andwhile theseareworthwhilefor occasionaluse,they are
generallynotsitesthatareof everydayinterest.TheEnglish
public house- or pub- is well known asa placethatcanbe
visited regularly, and is also frequentlyusedasa point of
referencewhendirectionsarebeinggiven.

Theapplicationrespondsto a userrequestto ‘find pub’
by searchingthe databaseto find the threenearestpubs.
Thesearedisplayedalongwith thedistanceto thepub,and
it’s heading- seeFigure3. Theuseris ableto selecta pub
to seeadditionalinformationincludingaddressandpartic-
ular featuresof thepube.g. beergarden.Additionally the
onHandPCcanproducea beepwhenever theuserfacesto-
wardstheselectedpub.



Figure 3. PubCrawl Application.

3.2 AugmentedReality

The advent of wearablecomputerswith sufficient pro-
cessingpower to enableaugmentedreality applications
hasalreadyenabledresearchto be carriedout usinghead
mounteddisplays[8]. Theuseof suchsystemsbringschal-
lengessuchasheadtracking,minimising latency andhan-
dling lossof tracking.

We areinterestedin theopportunitiesfor theuseof aug-
mentedrealitywithoutusingheadmounteddisplays,partic-
ularly astherearesignificantissuesassociatedwith theev-
erydayuseof suchdisplays[9]. By usinganarmmounted
displaylatency becomeslesscritical andheadtrackingbe-
comesunnecessary. The separatedisplay encouragesthe
userto intuitively compensatefor tilt, skew andheight.

A model incorporatingthe main verticesof significant
buildingssituatedin Bristol City Centreis used.TheGPS
andheadingdatamakeit possibleto rendertheoutlinefaces
of thebuildingsontheonHandPCdisplayaswireframerep-
resentations- seeFigure4. Additionalusefulinformationis
thenaddedto thedisplaygivinganaugmentedrealityeffect.

Figure 4. Augmented Reality Display.

4 Resultsand Continuing Research

The applicationschosendemonstratedtwo significantly
different methodsof providing location and direction in-

formation to users. PubCrawl useda singlebeepto indi-
catethattheuserwasheadingtowardsthedesiredlocation,
whereasthe simpleaugmentedreality programguidedthe
userby employing asimplegraphicsdisplay.

Thegraphicsdisplayis effectivewhenthequality of the
modelprovidessufficient visual cuesto identify buildings
in additionto any labelling.Themodelof Bristol Cathedral
is thusinstantlyrecognisable,however lessintricatebuild-
ings,suchasan office block, do not have readily identify-
ing characteristicswhich canbe displayedusingour wire
frame model on the small display. More advancedtech-
niques,suchasbillboarding,arelimited by the processing
capabilityof theonHandPC,andthespecificationof it’sdis-
play.

While theGPSaccuracy (around5mCEP, 10m95%with
aclearview of thesky) is perfectlyadequatefor PubCrawl,
problemswereexperiencedwith theaugmentedreality ap-
plication. In the urbanenvironmentusedfor testing, the
userwasfrequentlyerroneouslypositionedby theGPSin-
sidethe buildings to be rendered.This problemwasover-
comeby simply not renderingbuildingswithin 15m- if the
userwastherealready, therewasno needto directhim fur-
ther.

Usersconcludedthat the simplemessageof ‘this is the
right direction’ given by the audio beepprovided a more
effective interfacethantheaugmentedreality display. Nev-
erthelessthe display was useful for providing textual de-
scriptionsof thenearestplacesof interest.

The otheruserinterface,speechrecognition,proved to
besomewhatunreliable.We hadexpectedthatenviromen-
tal noisewould interferewith recognition,however in this
implementationwefoundthattheuser’sintonationplayeda
moresignificantpart. This hadtheoddeffect of therecog-
nition working well whenthe userwasrelaxed, but when
the userconcentratedhardon correctintonation,or if the
userbecamestressed,therecognitionperformedbadly.

The eSleeve form factor was found to be readily ac-
ceptedby users,andthetotal integrationof theeSleeveinto
a wristwatch device was considereddesirable. The main
drawbackwasthespeechinterfacewhich at first wasfound
entertaining,but soonbecamefrustratingto use.

Curr ent Research

Thework with theeSleevehasdevelopedin two distinct
directions. Firstly, the limitations of the onHandPChave
beenaddressedby moving to a H-P Jornada568 palmtop
platform.Thisprovidesa240x320colourdisplaycombined
with a StrongARMprocessorfully capableof 3D graphics.
We have interfacedthis with anultrasonicindoorposition-
ing system[10] andelectroniccompass.Working indoors
we are able to experimentmore efficiently with different
graphics- suchas maps,radar-like displays,and field of



view. This work is beingcarriedout aspart of two of the
Equatorprojects- oneworking with informationin thecity
e.g. museums,andthe otheraiding in understandinghow
childreninteractwith virtual objectsin realspaces.There-
sultsarenow beingevaluatedwith extensiveusertesting.

Our other line of researchbuilds on the importanceof
using audio interfaces. We are constructingsoundscapes
which are locatedin virtual spaceand accessedusing a
wearablecomputerwith differentialGPSpositionsensing
andanelectroniccompass.By usingspatialisedsoundren-
deringwe areableto provide locatedaudioexperiencesto
usersin real space.Our partnersin this collaborationare
Hewlett-PackardLaboratories,Europe,who are interested
in theprovisionof serviceswhicharebothpersonalisedand
localisedusingwirelesstechnology.

TheeSleevedevelopmenthasthuscontributedpositively
to our current research,and we intend to return to arm-
mountedwearablecomputingwhenthe next generationof
wrist computersemerges.
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