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In work to date,an“applicationintegration”framework for wearablecomputing,known
asSulawesi, hasbeendeveloped[3]. Althoughit incorporatesanumberof innovations,
andis at thelimits of whatcanbeachievedontoday’shardwareusingtoday’ssystems,
it is acknowledgedthatSulawesiis only a first stepon theroadto a truewearableuser
interface(WUI). This documentoutlinesthe author’s ultimategoal andsuggestsone
technologythat canbe exploited by applicationswriters to make themfit neatly into
futureapplicationintegrationframeworks.

The desktop metaphor is dead

As we all know, graphicaluserinterfacesemploy a desktopmetaphor:overlapping
windowsmimic sheetsof paperlying onadesk;diskdirectoriesappearasfolders;ser-
vicesarerepresentedby icons;andso on. This is an excellentmetaphorfor making
computersapproachableto novicesandcasualusersbut is alsoseverely limiting: ex-
perienceduserstendto migratetowardstypedcommandsor suffer frustrationandthe
spectreof repetitivestraininjuries.

As othershave commented[1], this metaphoris inappropriatefor wearables.The
practicalproblemsarewell-rehearsed:the LCD technologiesusedin head-mounted
displaysareoften too low-contrastto be usedin “augmented”(see-through)modein
daylight; keyboardand mousealternativesare cumbersomeanddegradeinteraction
speedmarkedly; andsoon. However, mostcrucial in thecontext of this documentare
two otherproblems.

� Programsthat employ graphicaluserinterfacesalmostinvariably make useof
graphicalwidgetssuchasbuttonsandmenusat too low alevel. Furthermore,the
existenceof thegraphicaluserinterfaceinvariablypermeatestheentireprogram.

� Graphicaluserinterfacesareintendedto beguidedby theuser. In otherwords,
they arereactive, performingoperationsin responseto inputfrom theuser. How-
ever, the majority of researchersin wearablecomputingare working towards
proactive schemes,in which the systemunobtrusively volunteersinformation
thatmaybehelpful to theuser. Rhodes’remembrance agent [2] is agoodexam-
pleof a proactivesystem.
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A better metaphor for a WUI

The principal aim of Sulawesi is to supportmulti-modal interactions.The systemis
able to receive inputs from a numberof devices, including typed and spoken com-
mands,andcanrendertextual informationin eitherform. The form of the rendering
canbe specifiedby the user(e.g., “tell me the time” and“show me the time”) or can
bedeterminedat run-timefrom GPSandaccelerometerdatasothat, for example,au-
dibleoutputis usedwhentheweareris moving. For systemssuchasthese,thedesktop
metaphoris totally inappropriate.

Theauthorbelievesthata bettermetaphorfor a WUI is a personal assistant (PA).
A good(human)personalassistantis unobtrusive,predictswhatinformationis needed
andpreparesit in anticipationof its need,schedulesmeetingsandappointments,etc.
— preciselythedesiderata of a WUI. Althoughthereis no needwhy a “wearablePA”
shouldbeanthropomorphic,theauthorcontendsthatthis is desirableashuman-human
interactionis muchmorenaturalthanhuman-computerdialogues.Achieving human
characteristicsmayinvolveaspectsof affectivecomputing[4]; it is certainlydesirable
to embue the softwarewith the ability to adaptto the wearer’s mood. For example,
immediatelyaftertheauthorhasgivenalecture,wemightenvisageadialoguebetween
him andhis wearablePA of theform (wherethewearer’s inputsareemboldened):

PA wakeup.
While you were teaching,therewere two telephonecalls to your office andsix
incomingemails.Noneof theemailsweremarkedurgentbut oneof themis from
theheadof department.Wouldyou like to processit now?
No. Did the telephone callers leave messages?
Yes. I canplay themto you; but sincethat lecturewasto first-yearstudents,why
don’t you have a cupof coffeefirst, like youusuallydoafterseeingthem?
OK. Has Neill arrived at the University yet?
Not yet; he’s half-waybetweenhis homeandtheUniversity.

Notethis this exchangewould work equallywell audiblyor in visual form — but it is
very differentfrom the typesof interactionthatwould occurwith a GUI. We believe
that thesekinds of dialoguescanjust aboutbe handledwith simplenatural-language
parserssuchasthat encounteredin Sulawesi. Note, however, that even this level of
PA supportrequiresa network connection,a computerin the wearer’s office capable
of controllingatelephone,accessto thewearer’s incomingemail,andposition-sensing
technologyin the wearablecomputers. It probablyalso requiresa multi-processor
architecture,so that decodingandplaying out continuousmediadoesnot inhibit in-
teractionwith theuser. (Indeed,suchtasksmaybecarriedout mostappropriatelyby
specializedco-processors.)Furthermore,thewearablePA hasmonitoredthewearer’s
habitsand is trying to schedulethings to accommodatethem,somethingthat is just
aboutpossibleto achieveon today’ssystems.

Controlling dialogues and exchanging information

The typesof interactionin the above exampleinvolve questionsandanswersin both
directions.It is fairly easyto write a singlefunctionthatcanproduceyes/nodialogues
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in verbal, typedandgraphicalforms. However, unlessall thesedialoguesare to be
hard-wiredinto programs,someway is neededto beableto specifythemin the data
communicatedbetweenservicesandoutputrenderers.A schemebasedaroundXML
hasattractions,particularlysinceit is predictedthatsoftwaresystemswill beincreas-
ingly written in scriptinglanguages[5] andXML-derivedlanguagescanbegenerated
andprocessedon thefly.

HTML, of course,alreadyprovidestagsto provide emphasisand this canapply
equallywell to audibleandvisualforms.Sable1 usesanXML-lik esyntaxfor control-
ling prosodywhichcanalsoberenderedin visually. VoiceXML2 mayalsobevaluable
herefor specifyingandcontrollingdialoguesthatmaybeaudibleor typed.Equallyim-
portantis theuseof XML-derivedmark-uplanguagesfor specifyingtypesof content
thatarenormallyrenderedgraphically:

� MathML is usedfor specifyingmathematicalexpressions. As with the TEX
model from which it derives, it can be spoken almostas it is in a form that
experiencedmathematiciansareableto visualize.

� A standardis finally beingproducedfor vectorgraphics,namelyscalable vector
graphics (SVG). This allows for the productionof diagrams,graphs,andeven
cartoons,in anXML framework.

� Someof the work taking placeunderthe ægisof the Web3Dconsortium(see
http://www.web3d.org/) is refining the existing VRML97 standardand
re-castingit into anXML framework. This will allow virtual environments,in-
cludingsomeaspectsof sharedones,to bespecifiedusinganXML-derivedlan-
guage.

Thebiggestomissionis in theuseof anXML framework for rasterdata,i.e. still and
moving imagery. Indeed,it is difficult to seehow rasterdatacouldconvenientlybefit-
tedinto XML — though,sinceHTML (andhenceXML-derivedanaloguesof HTML)
providestheIMG tag,thereis anXML-basedroutefor passingevenrasterdata.
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