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ABSTRACT

We give asuney of theresearctprojectREAL, wherewe investi-
gatehow asystencanproactiely assisits userin solvingdifferent
tasksin aninstrumentedervironmentby sensingmplicit interac-
tion andutilising distributedpresentatiomedia.Firstwe introduce
the architectureof our instrumentedervironment, which usesa
blackboardo coordinatehe component®f the environment,such
asthe sensingandpositioningservicesandinteractiondevices. A
ubiquitoususermodelprovidescontetualinformationontheusers
characteristicsactionsandlocations.Theusemayaccessndcon-
trol their pro le via awebinterface. In the following, we present
two mobile applicationsto emplogy the ervironmentalsupportfor
situateddialogues,a shoppingassistantand a pedestriamaviga-
tion system. Both applicationsallow for multi-modalinteraction
througha combinationof speechgestureandsensedactionssuch
asmotion.
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1. INTRODUCTION

The project REAL is concernedvith the main question: How
cana systemassistits userin solving differenttasksin aninstru-
mentedervironment? Such ervironmentsconsistof distributed
computationapower, presentatioomediaandsensorasdescribed
in section2, andalsoentailthe obseration andrecognitionof im-
plicit userinteractiondn the ervironment.This offersthe possibil-
ity to infer abouta users plan(s)andintentions,andto proactvely
assistin solvingtheirtask.

We focusour intereston two particulartasksin an airportsce-
nario, shoppingand navigation. In the shoppingscenariowe ex-
plorehow to assistthe userin achieving their goal of the bestpos-
sible buying decisionwithin a given limited time. We emplg/ an
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RFID-technologybasednfrastructureof readersaandlabeledprod-
uctsto sensamplicit userinteraction suchaspicking up aproduct
from theshelfor puttingit into theshoppingcart. We canimaginea
variety of mobile andstationarydevicesto beusedfor information
presentatiorand dialogueswith the user Someusermight prefer
their own PDA or smartphonepthersmight usea shoppingcart
equippedwith atouchscreenlt is alsodesirableto involve large
public displaysfor the presentatiorof rich mediacontent,which
otherwiseareusedto displayadwertisementsOur currentassistant
is introducedin section4. In orderto enterthe shopandto pick
up a certainproduct, the userpursuescertainnavigational goals.
Thereforewe areintegratingour previously developedstand-alone
pedestriamavigation systeminto the instrumentedervironment,
which providesfor routing and positioningservices. Besidesthe
navigationalaid, the systemalsooffersanexplorationmode which
allows the userto queryinformationon pointsof interestwithin a
three-dimensionalavigationalmap. The usermay formulatetheir
requesusingcombinedspeectandstylusgesturesasdescribedn
sectionb.

2. ARCHITECTURE

The architectureof the intelligent instrumentedervironmentis
shavn in Figurel. Thelayoutvertically arrangeshe components
in layers,representinghe o w of information from the physical
devicesupwardsto thelogical services.The componentaitilise a
commonblackboardfor their communicationwhich they useto
readrequestsaandto write responsanessagesThe diagramalso
distinguisheshetweenpersonaland public devices, which are or-
deredfrom left to right. In the positioning-layerwe adoptinfrared
andradio-frequeng technologyin two complementargapproaches.
As shawvn on theleft, we markthe useror ary mobile objectwith
a visual or radio-frequeng identi cation tag. We usethe knowl-
edgeaboutthe location of the receving cameraor antennao es-
timate the objects position. We also deploy a public beaconin-
frastructurdan the ervironment. The beaconsreusedto provide a
positionidenti cation signalfor the pedestriamavigation compo-
nent,which will be explainedin furtherdetail laterin this section.
Theinteraction-layecompriseghephysicaldevicesusedfor inter-
action. The left handside of the diagramshaws the users own
personaldigital assistantand the shoppingcart equippedwith a
tabletPC, which is temporarilyassociateavith asingleuser They
provide the userinterfacefor the navigation and shoppingassis-
tants. Othercomponent®f the assistantsuchassensingechnol-
ogy, implementedservicesandknowledge,areclusteredvertically
abore them.Next to the personabevices,theinstrumenteghelfis
shavn. Eventhoughit is inherentlypublic, we currentlyonly allow
a singleuserto pick up productsat ary onetime (to avoid misin-
terpretations).The smart-dootdisplaysprovide a public interface



Figure 1: Overall systemarchitecture

to entermessagefor theroominhabitants. They alsopresenper
sonalnavigation aid to usersin their vicinity. On the right hand
side,thepublicinteractiondevicesprovidedby theervironmentare
shavn, suchasvariouspublic displaysanda loudspea&r system.
On the sensingayer, the diagramdepictsthe technologiesvhich
areavailableon a device to sensehe userinteraction. The Poclet
PCandTabletPCboth provide a microphonefor speectinputand
a touch-screerfor stylusinteraction. The PDA hasa built-in in-
fraredsensotto receve beaconD' s andoptionallyanRF readetto
scanfor RF beaconsAdditionally, it is equippedwith a bluetooth
GPSrecever for outdooruse. Thecollectedpositioningsignalsare
sentvia the blackboardo the positioningservice.The cartandthe
shelfareinstrumentedvith an RF recever/antennaThey continu-
ally scanfor RFID-taggedproductsandevaluatechangesspick-
up or put-davn gestures.The servicelayer dravs the borderline
betweerphysicalandlogical componentslt providesthe services
of the environment,which implementthe necessaryunctionality
for the navigation and shoppingassistancapplications. The ser
viceswill beexplainedin theapplicationsectionst and5. Thetop
layer comprisesknowledgeaboutlocation, user actiity andpre-
sentatiorplanning.Thelocationmodelconsistof ageometricand
symbolicmodel,thelatteris providedtogethemith theusermodel
by the ubiquitousworld modelcalledUbisWorld.

3. UBIQUITOUSUSERMODELLING

Figure2: Transparent web interface to the user model

Ubiquitous computingin an instrumentedervironmentas de-
scribedabore poseschallengesand new applicationsto the eld
of usermodelling. A specialisednarkuplanguageUserML and
the appropriatequerylanguageUserQL have beendevelopedto
allow for theexchangeanddistributedstorageof partialusermod-
elsandcontext models(Heckmann& Kriuger 2003). Theunderly-
ing modelof so called”Situational Statementsis basedon ideas
of the semantiovebwith RDF/RDFS, which meanghatcomple
descriptionsaboutresouces can be uniformly de ned. Suchre-
sourcesareidenti ed with quali ed Uniform Resourcddentifers
(URI)? with the slight differencethat they have an optional frag-
mentidenti er with an additional part separatedy a dot. Situ-
ational statementsre introducedin (Heckmann,2003)asan in-
tegratingdatastructurefor usermodelling, context-awarenessand
resource-adapté computing.

RDF descriptions,which togetherwith the rei cation mecha-
nism form a powerful knowledge representatioriramenork, are
representedy triples. Situationalstatementsanhowever be seen
asExtendedTriples, thatextendthe basicsubject-predicate-object
triple with temporal-and spatialrestrictionsaswell as meta-data
aboutownership,and privagy, evidenceandcon dence. A whole
collectionof situationalstatementss calleda Situation As coun-
terpartto the exchangelanguageUserML, which forms an or-
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dinary XML application,the domainontology USERMODEL ON-

TOLOGY hasbeendevelopedo introduceconcept®f theusermod-
elling researclareaasreferableresourcedn the semantioveblan-
guageDAML > andOWL. Oneadwantageof this modularisedap-
proachin which the ontologyandthe representationdbrmalisms
are separatedis that everybodycould de ne their own ontology
while usingthe samerepresentatiomndtools. The ontology de-
ned for ourinstrumentecervironmentis calledUBISWORLD ON-

TOLOGY andapartfrom the usermodel coversall elementfrom

physicalobjects ocations times,their propertiesandfeaturesac-
tivity andinferenceelementgWasingeretal., 2003).

From the userperspectie, it is crucial to have insightinto the
usermodelandto control privagy levels. Our usermodel sener
providesa comfortablenveb-basedhterfaceto transparentiaccess
the propertiesof any modeledobjectwithin the environment. Fig-
ure 2 shows the propertiesof the userMargeritta asan example.
In the uppersection,the web form allows the userto enternew
propertiesas statementshy usingthe UBISWORLD ONTOLOGY.
In our example,we aregoingto expressthat Margerittahasa high
interestin festivals for recreation. Besides,the interfacegives a
listing of her modeledproperites.For example,the rst property
saysthat sheis a vegetarian. This statement@bouther nutrition
habitsis setby herselfto be publicandmaybeusedby commercial
serviceslik e the shoppingassistanpresentedh thefollowing sec-
tion. If the statementvould have beenthe resultof an automated
inference,shecould seethe origin of creationandthe con dence
value of the assumption.If the inferencewerewrong, Margeritta
couldmanuallyoverridethe assumption.

4. SMART SHOPPING ASSISTANT

In contrasto explicit human-computeinteraction,whereauser
controls an applications behaiour through buttons, menus, di-
alogs,or somekind of written or spolen commandanguagepne
of our rst applicationsdevelopedfor the instrumentederviron-
ment (see Section2) usesimplicit interactionsand is driven by
the users actionsin the ervironment. The prototypeof an in-
telligent, adaptve shoppingassistantnamedSMART SHOPPING
ASSISTANT (SSA), offersvalue-addedervicesn ashoppingsce-
nario (seealso Schneider2003). The assistanuusesRadio Fre-
queng IDenti cation (RFID) sensorsand plan recognitiontech-
niguesto transparentlybsere a shoppers actions. Fromthe ob-
senedactionsthe systeminfersthe shoppers goals.Usingthisin-
formationa proactve mobile assistanmountedon a shoppingcart
offers supportduring shopping. The type of value-addedervices
offered, e.g. while buying groceries,rangefrom simple product
comparisonsandanalysisof goodsin the shoppingcartfor cross-
selling recommendationgp the suggestion®f recipes. Another
speciality of the systemlies in its ability to make useof a user
modelin orderto adaptvalue-addedervicego specialpreferences
(e.g.nutrition habits)andneed=f theindividual customer

Duringshoppingrelevantuseractionsfor exampleincludemov-
ing aroundin the store,looking at itemsof interestor adwertising
displays,or physicallyinteractingwith products.Relevant context
for exampleincludesa usermodel as provided by the aforemen-
tionedUSERM ODEL SERVER (seesection3), alocationmodel,and
the productsavailablein the storeor involvedin a users action.

The SSA comprisesa centralsener, a modi ed shoppingcart
or baslet, andinstrumentedsheles. Both, the shoppingbaslet
andthe shelf, have beenequippedwith RFID readersasshawvn in
the rst imageof gure 3, to allow for the recognitionof products
taggedwith RFID transpondersin additionto the baslet, a PDA

3http://iwww.daml.og/ontologies/444

is usedasthe primary userinterface. Alternatively to the baslet,
we have a shoppingcartwith integratedRFID antennaandatablet
PC mountedon the cart's handrail,hostingthe shoppingassistant,
controllingthe RFID readerandconnectinghe cartwith the cen-
tral sener via wirelessnetwork. With this setup,useractionslike
taking a productand puttingit down canbe recognisedy repeat-
edly polling thetranspondes IDs in theantennaeld of eachshelf
andshoppingcart. Theseobserationsarefedinto the shoppingas-
sistantapplicationwhichis provided asa serviceby theintelligent
environment. The applicationreactsto theseobserationsandthe
context provided by the user and offers value-addedservicedike
productcomparison®r cross-sellingecommendationsAn exam-
pleisshavnin gure 3. Theinformationis sentto the presentation
planningservice,which selectsan appropriatedisplay and gener
atesaresourceadaptve presentation.

Figure 3: Userinteractions sewve asinput for the assistant

5. PEDESTRIAN NAVIGATION ASSISTANT

Being at the right placeat the right time is a essentiaprecon-
dition for ary userinteractionwithin the realworld. Thusfor ary
givenusertask,it is mostlikely thata navigationalsub-goakxists.
Being aware of this, we have spentconsiderableesearcleffort in
the developmentof indoor and outdoorpedestriamavigation sys-
tems, as publishedin (Baus,Kriiger & Wahlster 2002), andre-
cently the BMW PERSONAL NAVIGATOR (Krlgeret al., 2004).
Whereaghe predecessasystemshave beendesignedasindepen-
dentdevices,the new navigationalassistanttilisesthe positioning
servicesandinfrastructureprovided by the instrumentederviron-
ment.

The mobile device sendsall positioningdatareceved by GPS
andbeacondo this service which fusesthe differentsensoiinfor-
mation(like IR andRF beacon-IDsandgeo-coordinateby GPS)
andmatcheghemuwith spatialknovledgeof theenvironment.The
positioningservicereturnsa symboliclocationidenti er aswell as
geometriccoordinatesor mapvisualisationandthe generatiorof
situatednavigationalaid. Optionally, the mobile usermay specify
theiruserpro le, in orderto updatethelocationinformationin the



ubiquitoususermodelUbisWorld. Thisis our framework to enable
adaptve userinterfacefor situatednteraction,andlocationbased
servicesn generalseesection3). Theuserinterfaceof our pedes-
trian navigation assistants basedon a three-dimensionahterac-
tive map(seeFigure4 A). Theuseof 3D VRML landmarkmodels
allowsfor differentperspecties,suchasaplanview andatethered
view, aswell aspanandzoomcapabilities.The assistansupports
two differentmodesof operation:navigationandexploration.

A) B)

O— 0

Figure 4: Navigation aid is provided by the mobile navigation
assistantA) and (stationary) smart door displaysB)

The prior allows the userto planarouteto a certaindestination,
usingthe ervironmentsrouting service.Theseroutescanbe either
indoor or outdoor Upon downloadingthe route, the usercanbe
directedalongthe routethroughthe useof graphical,acousticand
spolen navigationalaids. In this mode,the systemrespondspri-
marily to the senseathangeof locationandrequiresno additional
userinput.

Asidefrom the navigationmode theusercanatary time switch
into anexplorationmode.In thismode they canleavetheirplanned
routeandexplore their surroundingernvironment,queryingwhatit
is thatthey see.Oftentheseuserqueriegake theform of combined
speechandgesture,in which the usercan speakand point simul-
taneouslyat objectson the PDA displayin front of them. Com-
mon userrequestgcurrentlyin German)take the form of: “What
is that?” and“describethis landmarkto me” (for moredetailssee
WasingerStahl,& Kriiger 2003).

Otherfunctionsof thenavigationsystemncludeamemofeature
that storesnotes(text / graphics/ speech)o the users localised
positiononthemap,andtheability to re-listento position-sensitie
informationregardingdistanceto nearbylandmarks.

Like its predecessosystemsthe userinterfaceis designedto
adaptto the users currentsituationandresourcegseeKray, 2003;
Wasingeret al., 2003). Although the combinationof speechand
gestureoffersthe highestgradeof e xibility to theuser in certain
situationseithermodalitymay not be appropriate Thusthe system
may be solely usedby a traditional graphicalinterface, or solely
withoutthe needof vision. Thisis anew andchallengingsituation,
which appliesfor freehandoperation for deviceswithout display
or visually impairedusers. In our system,we implementedvoice
controlfor all menuitemsandwe usespeectsynthesiand3D spa-
tial audiocuesto corvey informationaboutthedistanceandorien-
tation of nearbylandmarks.A rst userstudywith a blind student
hasbeenpromising. Although the GPSpositioningaccurag was
foundto beinsufcient for navigationalaid, theuserdid appreciate
theinformationon streetsandlandmarks.

Indoors thenavigationsystemutilisesthe smartdoordisplaysto
presentvisual and acousticguidanceinformationon location (see

Figure4B). Thedevicesarebasedn PocletPCPDAs thatarewall-

mountednext to theregulardoordisplays.They have beenprimar

ily designedto communicatemessagebetweenthe absentroom
inhabitantandvisitors. A secondoleis to presentarbitrary SMIL

encodedmultimediacontenton requestvia the blackboardarchi-
tecture. The mobile navigation system$ map containsactivation
areasfor the smartdoor displaysalong the way. Upon entering
suchanarea,the assistantissignghe displayto shav routedirec-
tions. Sincethe displaysare rathersmall, an individual soundis

usedto draw theusers attentionto them.

6. RELATED WORK

The CONTEXT TooLKIT (Salber Dey, & Abowd, 1999)aims
to supportthe developmentof contet-aware applicationswithin
computationally-enhancediquitouscomputingervironments.Context-
aware information servicesadaptto ary informationthat can be
usedto characterisehe situationof a user suchastheir location
andobjectsandpersonsn thevicinity.

TheStanfordnteractve WorkspaceRoom (Fox, Johansoriian-
rahan,& Winograd,2000; Schrger, Hartmann Fischer & Kunz,
2002)is a collectionof linked software and hardware that allows
usersto interactwith their applicationsuite on threelarge smart-
boarddisplays.TheiRoomarchitecturerovidesthe EVENTHEAP
tuplespacdor the coordinationof its componentsln comparison
with the event messagingconcept.the persistencef information
within thetuplespacdeadsto severaladvantagessuchasdynamic
coordination failuretoleranceandanorymouscommunication.

The Ambienteprojectatthe FraunhofetPSI (Institut Integrierte
Publikations-undInformationssystemepersuesesearcltoninter-
active communicationsand collaborationlandscapesSeveral so-
calledRoomwarecomponentandartefactshave beendeveloped.
Their BEACH software (Tandler 2003) provides a modelfor the
creationandhandlingof hypermedialataandfor collaboration.

TheHermegroject(Cheverst,Dix, Fitton,& Rounce eld,2003)
has equippedtwo corridors of the Departmentof Computingat
Lancastetniversitywith interactive doordisplaysbasedn hand-
held devices. Onthe borderlinebetweenprivateandpublic space,
they provide simple asynchronougraphicaland textual messag-
ing servicesbetweerof ce occupantandarnyonepassingoy their
of ce.

In the Smartlom (Wahlster 2003) framework, a mobile hand-
heldassistantvasdevelopedto processnulti-modalinputandout-
put (speectandgestureduring a navigationaltask. The presented
informationcombinedmaps,naturallanguageanda life-lik e char
acter

In 2003,theMETRO Groupopenedts FUTURESTORE*in Rhein-
bery, Germary, to thepublic. RFID technologyis usedto trackthe
location of eachindividual productin orderto develop new pro-
cessesn inventory managementThe storealsooffers new infor-
mationpossibilitiesfor the customersuchasa personakhopping
assistantinformationterminalsandadvertisingdisplays,all based
ontheRFID tags.

7. OPENISSUES

As statedby this surney, we have until now solely considered
interactionswith a single userin our instrumentedernvironment.
Multi userinteractionin instrumentedervironmentsraisesmary
new researclyuestiongKray, Wasinger& Kortuem,2004).There
is anincreasednterestin how to conferour methodstechniques
andconceptslevelopedsofar, to allow for theinteractionsof mul-

*http:/ww future-store.ay/



tiple usersor usergroupsat the sametime in our instrumenteden-
vironment. Someconceptshave alreadybeendevelopedand pub-
lishedin (Kruppa, 2004; Rocchi, Stock, Zancanaro Kruppa, &
Kriger 2004).
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