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Abstract

Thispaperdescribesvorkin progressonweartablecom-
puting configuationswhich provide audio and visual out-
put basedon the positionand orientation of the user We
introducethe ‘eSlee/e’ - a weamble wrist computerwith
positionand headingsensos combinedwith a userinter-
faceemployingspeeb recaynitionanda smalldisplay

Applicationsdescribednclude searching a databaseof
locations,and implementinga minimal augmentedeality
system. The effectivenes®f different approachesat con-
veyinglocationbasednformationis discusseéndwe also
describeour continuingreseach into positionbasedaudio
andvisualinterfaces.

Keywords- wearablecomputerarchitecture, augmented
reality, location sensing GPS, compass,speeb recayni-
tion.

1 Intr oduction and Background

The Bristol WearableComputingprojectis partof anin-
terdisciplinaryresearchnitiative - Equator- which aimsto
promotethe integration of the physicalwith the digital by
uncovering, and supporting,a variety of possiblerelation-
shipsbetweerphysicalanddigital worlds[1]. The Equator
challengebringstogetherresearchergom eightU.K. Uni-
versitieswho areworking on avariety of projectsthatdraw
togetherapproachefrom computersciencesocialscience,
cognitive scienceandart anddesign. Wearablecomputing
provides an ideal platform for developing and testingre-
lated applicationsthat may be suitablefor widespreadise
without the costsassociateavith prototypingminiaturised
electronicdeviceswith embeddedomputers.

*Fundingfor thiswork is recevedfromtheU.K. EngineeringandPhys-
ical ScienceRResearctCouncil, GrantNo. 15986. This work is alsoper
formedin collaboratiorwith, andwith supportfrom, Hewlett-PackardRe-
searchLaboratoriesEurope.

We are particularlyinterestedn the presentatiorof in-
formation which is linked to physicallocations[2]. Our
early work associatedveb pageswith GPSpositionsand
experimentswere carried out with applicationssuch as
tourist guides[3]. More recentlywe have becomeinter-
estedn displayswhich aredynamicallylinkedto the users
positionandorientation.

Mobile and wearablecomputerswhich are able to ac-
cesssituateddigital information have the potentialto dis-
play physicalanddigital artefacts.We believe thatsuchde-
viceswill createnew formsof play andentertainmentpro-
motelearning,participationandcreatvity; andsupportac-
tivities bothinsideand outsideof the workplace,including
maintainingfamily andsocialrelationships Previouswork
in this field hasusedtabletand palmtopcomputerd4, 5],
and map basedapplicationsfor laptopsand palmtopsare
becomingavailablecommercially [6].

Figure 1. The eSleeve.

We describeesearclusinga smaller 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 screenanda RS232
serialinterfacethat enablescontectual datato be gathered



from devicessuchasa GPSrecever, anelectroniccompass
andaspeechrecognitionmodule- we call thisthe‘eSleeve’
- seeFigurel.

Using thesedeviceswe have testedapplicationswhich
requiresmall databaseandgraphicsaswell asinvestigat-
ing the potentialof a userinterfacethat combinesspeech
inputandvisualoutputin anarm-mountedorm factor

2 TheeSle@e

Our intentionis to experimentwith displayswhich are
moreintuitive thansimple 2D maps. Full AugmentedRe-
ality (AR) was consideredo be beyond the scopeof this
project,howeversimilar principlesto thoserequiredfor AR
neededo be applied. Sensorsverethusinitially selected
by consideringhe needfor eachof the usualsix degreesof
freedom.We assumehatthe useris eithersitting or stand-
ing ontheground;is upright(notleaningto eitherside);and
is lookingahead TheeSle@e designencouragetheuserto
adoptan appropriateattitude. Consequentlye needonly
dealwith threedegreesof freedom- position(x,y) anddi-
rectionof view or heading.This datacaneasilybecollected
usinga GPSreceiver andanelectroniccompass.

The userinterfaceemploys speectfor menu-basedon-
trol commandsandthewatch-sizedlisplaycapableof pro-
viding bothtext andgraphicsfor the computeroutput. We
also use the onHandPC to produce‘beeps’ as a further
methodof userfeedback.Using this configurationwe are
ableto explore the hypothesisthat speechwith a display
may becomea preferredinterfaceconfigurationfor mobile
devices.

The compassand display are automaticallyaligned by
mountingthe compason the forearmalongwith the dis-
play and speechrecognitionmodule. The board-mounted
microphoneis optimally placedwhenthe armis raisedto
view the display The locationof the GPSrecever is less
critical, only requiringline of sightto thesky. Upperarmor
shouldemountingwerefoundto be satishctorysolutions.

Previously we have experimentedwith architectures
whichhave continuouslypolledsensodevicesonanumber
of communicatiomports. This approachprovedto be power
hungry and we subsequenthdesigned,and simulated,an
eventmanagedarchitecturavhich promisedo achieve con-
siderablepower savings [7]. TheeSleee affordedthe op-
portunityto carryoutalimited testof thisarchitecture see
Figure 2.

Thedesignusesa PIC microcontrollerto handlethe low
level contextual data. The PIC is continuously- and eco-
nomically- polling for dataandeventsat therequesbf the
main processar The main processois usedonly whenan
eventis generatedo handledatabaseueriesandfor display
functions.

Usingacompletesystemwhich canbeworncomfortably

Compass GPS

I

\ A A /

Micro Controller
A nitialise

Speech Re¢

]

Polling

v Event

onHand PC

Figure 2. eSleeve Architecture.

on the forearm,we arethusableto comparethe effective-
nessof several differentapproacheso providing location
relateddatato theuser

3 Applications

The main applicationsdevelopedfor our testswerethe
PubCravl/TouristGuideoriginally prototypedontheBristol
CyberJackt [3]; a simpleaugmentedeality program;and
utility functionsavailable on demand for example‘time’
and‘appointments’.

3.1 Pub Crawl

We neededan applicationwhich could aid the userin
findinglocationswhichwerenumerouspf everdayinterest,
and could be easily distinguishableusing readily available
locationsensingtechnologyi.e. GPS.We have previously
experimentedwith sitesthat may be of interestto tourists
andwhile theseareworthwhilefor occasionalise they are
generallynotsitesthatareof everydayinterest.The English
public house- or pub- is well known asa placethatcanbe
visited regularly, andis also frequentlyusedasa point of
referencevhendirectionsarebeinggiven.

The applicationrespondgo a userrequesto ‘find pub’
by searchingthe databasdo find the three nearestpubs.
Thesearedisplayedalongwith the distanceo the pub,and
it's heading- seeFigure3. The useris ableto selecta pub
to seeadditionalinformationincluding addressand partic-
ular featuresof the pub e.g. beergarden. Additionally the
onHandPCcanproducea beepwhenever the userfacesto-
wardsthe selectecpuh
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Figure 3. PubCrawl Application.

3.2 AugmentedReality

The adwent of wearablecomputerswith sufficient pro-
cessingpower to enable augmentedreality applications
hasalreadyenabledresearcho be carriedout using head
mounteddisplays[8]. Theuseof suchsystemsringschal-
lengessuchasheadtracking, minimising latengy andhan-
dling lossof tracking.

We areinterestedn theopportunitiesfor the useof aug-
mentedeality withoutusingheadmounteddisplays partic-
ularly astherearesignificantissuesassociatedavith the ev-
erydayuseof suchdisplays[9]. By usinganarm mounted
displaylateng becomedesscritical andheadtrackingbe-
comesunnecessary The separatalisplay encourageshe
userto intuitively compensatéor tilt, skew andheight.

A modelincorporatingthe main verticesof significant
buildings situatedin Bristol City Centreis used. The GPS
andheadingdatamakeit possibleto rendertheoutlinefaces
of thebuildingsontheonHandPQisplayaswireframerep-
resentations seeFigure4. Additional usefulinformationis
thenaddedo thedisplaygiving anaugmentedeality effect.
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Figure 4. Augmented Reality Display.

4 Resultsand Continuing Reseach

The applicationschosendemonstratedwo significantly
different methodsof providing location and direction in-

formationto users. PubCravl useda single beepto indi-
catethatthe userwasheadingiowardsthe desiredocation,
whereaghe simple augmentedeality programguidedthe
userby emplogying asimplegraphicsdisplay

Thegraphicsdisplayis effective whenthe quality of the
model providessufiicient visual cuesto identify buildings
in additionto ary labelling. Themodelof Bristol Cathedral
is thusinstantlyrecognisablehowever lessintricate build-
ings, suchasan office block, do not have readily identify-
ing characteristicsvhich canbe displayedusing our wire
frame model on the small display More advancedtech-
nigues,suchasbillboarding,arelimited by the processing
capabilityof theonHandPCandthespecificatiorof it’ sdis-
play.

While theGPSaccurag (aroundsm CER 10m95%with
aclearview of thesky) is perfectlyadequatdor PubCravl,
problemswereexperiencedwvith the augmentedeality ap-
plication. In the urbanervironmentusedfor testing,the
userwasfrequentlyerroneouslypositionedby the GPSin-
sidethe buildingsto be rendered.This problemwasover-
comeby simply notrenderingouildings within 15m- if the
userwastherealreadytherewasno needto directhim fur-
ther.

Usersconcludedthat the simple messagef ‘this is the
right direction’ given by the audio beepprovided a more
effective interfacethanthe augmentedeality display Nev-
erthelesghe display was useful for providing textual de-
scriptionsof the nearesplacesof interest.

The otheruserinterface,speectrecognition,provedto
be somavhatunreliable. We hadexpectedthaternviromen-
tal noisewould interferewith recognition,however in this
implementatiorwe foundthattheusersintonationplayeda
moresignificantpart. This hadthe odd effect of therecog-
nition working well whenthe userwasrelaxed, but when
the userconcentratedhard on correctintonation,or if the
userbecamestressedthe recognitionperformedbadly.

The eSlewe form factor was found to be readily ac-
ceptedby usersandthetotal integrationof theeSle@e into
a wristwatch device was considereddesirable. The main
dravbackwasthe speechnterfacewhich at first wasfound
entertainingput soonbecamdrustratingto use.

Curr ent Reseach

Thework with theeSle@e hasdevelopedin two distinct
directions. Firstly, the limitations of the onHandPChave
beenaddressedy moving to a H-P Jornadab68 palmtop
platform. This providesa 240x320colourdisplaycombined
with a StrongARMprocessofully capableof 3D graphics.
We have interfacedthis with anultrasonicindoor position-
ing system[10] and electroniccompass.Working indoors
we are ableto experimentmore efficiently with different
graphics- suchas maps,radarlike displays,and field of



view. This work is beingcarriedout aspart of two of the
Equatorprojects- oneworking with informationin the city
e.g. museumsandthe otheraiding in understandindow
childreninteractwith virtual objectsin realspacesThere-
sultsarenow beingevaluatedwith extensive usertesting.

Our otherline of researchbuilds on the importanceof
using audio interfaces. We are constructingsoundscapes
which are locatedin virtual spaceand accessedising a
wearablecomputerwith differential GPS position sensing
andanelectroniccompassByY usingspatialisedsoundren-
deringwe areableto provide locatedaudioexperiencego
usersin real space. Our partnersin this collaborationare
Hewlett-PackardLaboratories Europe,who are interested
in the provision of servicesvhich arebothpersonalisednd
localisedusingwirelesstechnology

TheeSle&edevelopmentasthuscontributedpositively
to our currentresearchand we intendto returnto arm-
mountedwearablecomputingwhenthe next generatiorof
wrist computeremenes.
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