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ABSTRACT
We give a survey of theresearchprojectREAL, wherewe investi-
gatehow asystemcanproactively assistits userin solvingdifferent
tasksin an instrumentedenvironmentby sensingimplicit interac-
tion andutilising distributedpresentationmedia.Firstweintroduce
the architectureof our instrumentedenvironment, which usesa
blackboardto coordinatethecomponentsof theenvironment,such
asthesensingandpositioningservicesandinteractiondevices. A
ubiquitoususermodelprovidescontextual informationontheusers
characteristics,actionsandlocations.Theusermayaccessandcon-
trol their pro�le via a web interface. In the following, we present
two mobile applicationsto employ the environmentalsupportfor
situateddialogues,a shoppingassistantand a pedestriannaviga-
tion system. Both applicationsallow for multi-modal interaction
througha combinationof speech,gestureandsensedactionssuch
asmotion.

Keywords
Multi-modal speechandgesturalinterface,transparentusermod-
elling, instrumentedenvironment,pedestriannavigation

1. INTRODUCTION
The projectREAL is concernedwith the main question:How

cana systemassistits userin solving different tasksin an instru-
mentedenvironment? Such environmentsconsistof distributed
computationalpower, presentationmediaandsensorsasdescribed
in section2, andalsoentail theobservationandrecognitionof im-
plicit userinteractionsin theenvironment.Thisoffersthepossibil-
ity to infer abouta user's plan(s)andintentions,andto proactively
assistin solvingtheir task.

We focusour intereston two particulartasksin an airport sce-
nario, shoppingandnavigation. In the shoppingscenario,we ex-
plorehow to assisttheuserin achieving their goalof thebestpos-
sible buying decisionwithin a given limited time. We employ an

� REAL is a Projectof the Collaborative ResearchProgram378
”Ressource-Adaptive Cognitive Processes”

Permissionto make digital or hardcopiesof all or part of this work for
personalor classroomuseis grantedwithout fee provided that copiesare
not madeor distributedfor pro�t or commercialadvantageandthatcopies
bearthisnoticeandthefull citationon the�rst page.To copy otherwise,to
republish,to postonserversor to redistributeto lists,requiresprior speci�c
permissionand/ora fee.
ITI Workshop,Part of AVI 2004(AdvancedVisualInterfaces)2004Gallipoli
(Lecce),Italy
Copyright 200XACM X­XXXXX­XX­X/XX/XX ...$5.00.

RFID-technologybasedinfrastructureof readersandlabeledprod-
uctsto senseimplicit userinteraction,suchaspickingupaproduct
from theshelfor puttingit into theshoppingcart.Wecanimaginea
varietyof mobileandstationarydevicesto beusedfor information
presentationanddialogueswith the user. Someusermight prefer
their own PDA or smartphone,othersmight usea shoppingcart
equippedwith a touchscreen.It is alsodesirableto involve large
public displaysfor the presentationof rich mediacontent,which
otherwiseareusedto displayadvertisements.Ourcurrentassistant
is introducedin section4. In order to enterthe shopandto pick
up a certainproduct,the userpursuescertainnavigationalgoals.
Thereforewe areintegratingour previously developedstand-alone
pedestriannavigation systeminto the instrumentedenvironment,
which provides for routing andpositioningservices.Besidesthe
navigationalaid,thesystemalsooffersanexplorationmode,which
allows theuserto queryinformationon pointsof interestwithin a
three-dimensionalnavigationalmap.Theusermayformulatetheir
requestusingcombinedspeechandstylusgestures,asdescribedin
section5.

2. ARCHITECTURE
The architectureof the intelligent instrumentedenvironmentis

shown in Figure1. Thelayoutvertically arrangesthecomponents
in layers,representingthe �o w of information from the physical
devicesupwardsto the logical services.Thecomponentsutilise a
commonblackboardfor their communication,which they useto
readrequestsand to write responsemessages.The diagramalso
distinguishesbetweenpersonalandpublic devices,which areor-
deredfrom left to right. In thepositioning-layer, we adoptinfrared
andradio-frequency technologyin twocomplementaryapproaches.
As shown on the left, we mark theuseror any mobileobjectwith
a visual or radio-frequency identi�cation tag. We usethe knowl-
edgeaboutthe locationof the receiving cameraor antennato es-
timate the object's position. We alsodeploy a public beaconin-
frastructurein theenvironment.Thebeaconsareusedto provide a
positionidenti�cation signalfor thepedestriannavigationcompo-
nent,which will beexplainedin furtherdetail later in this section.
Theinteraction-layercomprisesthephysicaldevicesusedfor inter-
action. The left handside of the diagramshows the user's own
personaldigital assistantand the shoppingcart equippedwith a
tabletPC,which is temporarilyassociatedwith asingleuser. They
provide the userinterfacefor the navigation and shoppingassis-
tants.Othercomponentsof theassistant,suchassensingtechnol-
ogy, implementedservicesandknowledge,areclusteredvertically
above them.Next to thepersonaldevices,theinstrumentedshelfis
shown. Eventhoughit is inherentlypublic,wecurrentlyonly allow
a singleuserto pick up productsat any onetime (to avoid misin-
terpretations).The smart-door-displaysprovide a public interface



Figure1: Overall systemarchitecture

to entermessagesfor theroominhabitants.They alsopresentper-
sonalnavigation aid to usersin their vicinity. On the right hand
side,thepublicinteractiondevicesprovidedby theenvironmentare
shown, suchasvariouspublic displaysanda loudspeaker system.
On the sensinglayer, the diagramdepictsthe technologieswhich
areavailableon a device to sensetheuserinteraction.ThePocket
PCandTabletPCbothprovide a microphonefor speechinput and
a touch-screenfor stylus interaction. The PDA hasa built-in in-
fraredsensorto receivebeaconID' sandoptionallyanRFreaderto
scanfor RF beacons.Additionally, it is equippedwith a bluetooth
GPSreceiver for outdooruse.Thecollectedpositioningsignalsare
sentvia theblackboardto thepositioningservice.Thecartandthe
shelfareinstrumentedwith anRF receiver/antenna.They continu-
ally scanfor RFID-taggedproductsandevaluatechangesaspick-
up or put-down gestures.The servicelayer draws the borderline
betweenphysicalandlogical components.It providestheservices
of the environment,which implementthe necessaryfunctionality
for the navigation andshoppingassistanceapplications.The ser-
viceswill beexplainedin theapplicationsections4 and5. Thetop
layer comprisesknowledgeaboutlocation,user, activity andpre-
sentationplanning.Thelocationmodelconsistsof ageometricand
symbolicmodel,thelatteris providedtogetherwith theusermodel
by theubiquitousworld modelcalledUbisWorld.

3. UBIQUIT OUS USER MODELLING

Figure2: Transparent web interface to the user model

Ubiquitouscomputingin an instrumentedenvironmentas de-
scribedabove poseschallengesand new applicationsto the �eld
of usermodelling. A specialisedmarkuplanguageUSERML and
the appropriatequery languageUSERQL have beendevelopedto
allow for theexchangeanddistributedstorageof partialusermod-
elsandcontext models(Heckmann& Krüger, 2003).Theunderly-
ing modelof so called”SituationalStatements”is basedon ideas
of thesemanticwebwith RDF/RDFS1, which meansthatcomplex
descriptionsaboutresourcescan be uniformly de�ned. Suchre-
sourcesare identi�ed with quali�ed Uniform ResourceIdentifers
(URI)2 with the slight differencethat they have an optional frag-
ment identi�er with an additionalpart separatedby a dot. Situ-
ational statementsare introducedin (Heckmann,2003)as an in-
tegratingdatastructurefor usermodelling,context-awarenessand
resource-adaptive computing.

RDF descriptions,which togetherwith the rei�cation mecha-
nism form a powerful knowledge representationframework, are
representedby triples. Situationalstatementscanhowever beseen
asExtendedTriples, thatextendthebasicsubject-predicate-object
triple with temporal-andspatialrestrictionsaswell asmeta-data
aboutownership,andprivacy, evidenceandcon�dence. A whole
collectionof situationalstatementsis calleda Situation. As coun-
terpart to the exchangelanguageUSERML, which forms an or-

1http://www.w3c.org/RDF
2http://www.w3.org/Addressing/



dinaryXML application,thedomainontologyUSERMODEL ON-
TOLOGY hasbeendevelopedto introduceconceptsof theusermod-
elling researchareaasreferableresourcesin thesemanticweblan-
guagesDAML 3 andOWL. Oneadvantageof this modularisedap-
proachin which theontologyandthe representationalformalisms
are separated,is that everybodycould de�ne their own ontology
while usingthe samerepresentationandtools. The ontologyde-
�ned for ourinstrumentedenvironmentiscalledUBISWORLD ON-
TOLOGY andapartfrom the usermodelcoversall elementsfrom
physicalobjects,locations,times,their propertiesandfeatures,ac-
tivity andinferenceelements(Wasingeret al., 2003).

From the userperspective, it is crucial to have insight into the
usermodel and to control privacy levels. Our usermodelserver
providesacomfortableweb-basedinterfaceto transparentlyaccess
thepropertiesof any modeledobjectwithin theenvironment.Fig-
ure 2 shows the propertiesof the userMargeritta asan example.
In the uppersection,the web form allows the userto enternew
propertiesasstatements,by usingthe UBISWORLD ONTOLOGY.
In our example,we aregoingto expressthatMargerittahasa high
interestin festivals for recreation. Besides,the interfacegives a
listing of her modeledproperites.For example,the �rst property
saysthat sheis a vegetarian. This statementabouther nutrition
habitsis setby herselfto bepublicandmaybeusedby commercial
services,like theshoppingassistantpresentedin thefollowing sec-
tion. If thestatementwould have beenthe resultof an automated
inference,shecould seethe origin of creationandthe con�dence
valueof the assumption.If the inferencewerewrong, Margeritta
couldmanuallyoverridetheassumption.

4. SMART SHOPPING ASSISTANT
In contrastto explicit human-computer-interaction,whereauser

controls an application's behaviour through buttons, menus,di-
alogs,or somekind of written or spoken commandlanguage,one
of our �rst applicationsdevelopedfor the instrumentedenviron-
ment (seeSection2) usesimplicit interactionsand is driven by
the user's actionsin the environment. The prototypeof an in-
telligent, adaptive shoppingassistant,namedSMART SHOPPING

ASSISTANT (SSA), offersvalue-addedservicesin ashoppingsce-
nario (seealso Schneider, 2003). The assistantusesRadio Fre-
quency IDenti�cation (RFID) sensorsand plan recognitiontech-
niquesto transparentlyobserve a shopper's actions.Fromtheob-
servedactionsthesysteminferstheshopper's goals.Usingthis in-
formationa proactive mobileassistantmountedon a shoppingcart
offers supportduringshopping.The type of value-addedservices
offered, e.g. while buying groceries,rangefrom simple product
comparisons,andanalysisof goodsin theshoppingcart for cross-
selling recommendations,to the suggestionsof recipes. Another
specialityof the systemlies in its ability to make useof a user
modelin orderto adaptvalue-addedservicesto specialpreferences
(e.g.nutritionhabits)andneedsof theindividual customer.

Duringshopping,relevantuseractionsfor exampleincludemov-
ing aroundin the store,looking at itemsof interestor advertising
displays,or physicallyinteractingwith products.Relevantcontext
for exampleincludesa usermodelasprovided by the aforemen-
tionedUSERMODELSERVER (seesection3),alocationmodel,and
theproductsavailablein thestoreor involvedin a user's action.

The SSA comprisesa centralserver, a modi�ed shoppingcart
or basket, and instrumentedshelves. Both, the shoppingbasket
andtheshelf,have beenequippedwith RFID readersasshown in
the�rst imageof �gure 3, to allow for therecognitionof products
taggedwith RFID transponders.In additionto thebasket, a PDA

3http://www.daml.org/ontologies/444

is usedasthe primary userinterface. Alternatively to the basket,
we have a shoppingcartwith integratedRFID antennaanda tablet
PCmountedon thecart's handrail,hostingtheshoppingassistant,
controllingtheRFID reader, andconnectingthecartwith thecen-
tral server via wirelessnetwork. With this setup,useractionslike
takinga productandputting it down canberecognisedby repeat-
edlypolling thetransponder's IDs in theantenna�eld of eachshelf
andshoppingcart.Theseobservationsarefedinto theshoppingas-
sistantapplication,which is providedasaserviceby theintelligent
environment. Theapplicationreactsto theseobservationsandthe
context providedby theuser, andoffersvalue-addedserviceslike
productcomparisonsor cross-sellingrecommendations.An exam-
ple is shown in �gure 3. Theinformationis sentto thepresentation
planningservice,which selectsan appropriatedisplayandgener-
atesa resourceadaptive presentation.

Figure3: User interactions serve asinput for the assistant

5. PEDESTRIAN NAVIGATION ASSISTANT
Being at the right placeat the right time is a essentialprecon-

dition for any userinteractionwithin therealworld. Thusfor any
givenusertask,it is mostlikely thatanavigationalsub-goalexists.
Beingawareof this, we have spentconsiderableresearcheffort in
thedevelopmentof indoorandoutdoorpedestriannavigationsys-
tems,aspublishedin (Baus,Krüger, & Wahlster, 2002),and re-
cently the BMW PERSONAL NAVIGATOR (Krügeret al., 2004).
Whereasthepredecessorsystemshave beendesignedasindepen-
dentdevices,thenew navigationalassistantutilisesthepositioning
servicesandinfrastructureprovided by the instrumentedenviron-
ment.

The mobile device sendsall positioningdatareceived by GPS
andbeaconsto this service,which fusesthedifferentsensorinfor-
mation(like IR andRF beacon-IDsandgeo-coordinatesby GPS)
andmatchesthemwith spatialknowledgeof theenvironment.The
positioningservicereturnsa symboliclocationidenti�er aswell as
geometriccoordinatesfor mapvisualisationandthegenerationof
situatednavigationalaid. Optionally, themobileusermayspecify
their userpro�le, in orderto updatethelocationinformationin the



ubiquitoususermodelUbisWorld. This is our framework to enable
adaptive user-interfacesfor situatedinteraction,andlocationbased
servicesin general(seesection3). Theuserinterfaceof ourpedes-
trian navigation assistantis basedon a three-dimensionalinterac-
tive map(seeFigure4 A). Theuseof 3D VRML landmarkmodels
allowsfor differentperspectives,suchasaplanview andatethered
view, aswell aspanandzoomcapabilities.Theassistantsupports
two differentmodesof operation:navigationandexploration.

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

Theprior allows theuserto plana routeto a certaindestination,
usingtheenvironmentsroutingservice.Theseroutescanbeeither
indoor or outdoor. Upon downloadingthe route, the usercanbe
directedalongtheroutethroughtheuseof graphical,acousticand
spoken navigationalaids. In this mode,the systemrespondspri-
marily to thesensedchangeof locationandrequiresno additional
userinput.

Asidefrom thenavigationmode,theusercanatany timeswitch
into anexplorationmode.In thismode,they canleavetheirplanned
routeandexploretheir surroundingenvironment,queryingwhatit
is thatthey see.Oftentheseuser-queriestaketheform of combined
speechandgesture,in which the usercanspeakandpoint simul-
taneouslyat objectson the PDA display in front of them. Com-
monuser-requests(currentlyin German)take the form of: “What
is that?” and“describethis landmarkto me” (for moredetailssee
Wasinger, Stahl,& Krüger, 2003).

Otherfunctionsof thenavigationsystemincludeamemofeature
that storesnotes(text / graphics/ speech)to the user's localised
positiononthemap,andtheability to re-listento position-sensitive
informationregardingdistanceto nearbylandmarks.

Like its predecessorsystems,the userinterfaceis designedto
adaptto theuser's currentsituationandresources(seeKray, 2003;
Wasingeret al., 2003). Although the combinationof speechand
gestureoffers thehighestgradeof �e xibility to theuser, in certain
situationseithermodalitymaynotbeappropriate.Thusthesystem
may be solely usedby a traditionalgraphicalinterface,or solely
without theneedof vision. This is anew andchallengingsituation,
which appliesfor freehandoperation,for deviceswithout display,
or visually impairedusers. In our system,we implementedvoice
controlfor all menuitemsandweusespeechsynthesisand3D spa-
tial audiocuesto convey informationaboutthedistanceandorien-
tationof nearbylandmarks.A �rst userstudywith a blind student
hasbeenpromising. Although the GPSpositioningaccuracy was
foundto beinsuf�cient for navigationalaid, theuserdid appreciate
theinformationonstreetsandlandmarks.

Indoors,thenavigationsystemutilisesthesmartdoordisplaysto
presentvisualandacousticguidanceinformationon location(see

Figure4B).ThedevicesarebasedonPocketPCPDAs thatarewall-
mountednext to theregulardoordisplays.They have beenprimar-
ily designedto communicatemessagesbetweenthe absentroom
inhabitantandvisitors. A secondrole is to presentarbitrarySMIL
encodedmultimediacontenton requestvia the blackboardarchi-
tecture. The mobile navigation system's mapcontainsactivation
areasfor the smartdoor displaysalong the way. Upon entering
suchanarea,theassistantassignsthedisplayto show routedirec-
tions. Sincethe displaysarerathersmall, an individual soundis
usedto draw theuser's attentionto them.

6. RELATED WORK
The CONTEXT TOOLKIT (Salber, Dey, & Abowd, 1999)aims

to supportthe developmentof context-aware applicationswithin
computationally-enhancedubiquitouscomputingenvironments.Context-
aware information servicesadaptto any information that can be
usedto characterisethe situationof a user, suchas their location
andobjectsandpersonsin thevicinity.

TheStanfordInteractiveWorkspaceIROOM (Fox,Johanson,Han-
rahan,& Winograd,2000;Schreyer, Hartmann,Fischer, & Kunz,
2002) is a collectionof linked softwareandhardware that allows
usersto interactwith their applicationsuiteon threelarge smart-
boarddisplays.TheiRoomarchitectureprovidestheEVENTHEAP

tuplespacefor thecoordinationof its components.In comparison
with the event messagingconcept,the persistenceof information
within thetuplespaceleadsto severaladvantages,suchasdynamic
coordination,failuretoleranceandanonymouscommunication.

TheAmbienteprojectat theFraunhoferIPSI (Institut Integrierte
Publikations-undInformationssysteme),persuesresearchon inter-
active communications-andcollaborationlandscapes.Severalso-
calledRoomwarecomponentsandartefactshave beendeveloped.
Their BEACH software(Tandler, 2003)providesa model for the
creationandhandlingof hypermediadataandfor collaboration.

TheHermesproject(Cheverst,Dix, Fitton,& Rounce�eld,2003)
has equippedtwo corridorsof the Departmentof Computingat
LancasterUniversitywith interactive doordisplaysbasedonhand-
helddevices. On theborderlinebetweenprivateandpublic space,
they provide simple asynchronousgraphicaland textual messag-
ing servicesbetweenof�ce occupantsandanyonepassingby their
of�ce.

In the Smartkom (Wahlster, 2003) framework, a mobile hand-
heldassistantwasdevelopedto processmulti-modalinputandout-
put (speechandgesture)duringa navigationaltask.Thepresented
informationcombinedmaps,naturallanguageanda life-lik e char-
acter.

In 2003,theMETROGroupopenedits FUTURESTORE4 in Rhein-
berg, Germany, to thepublic. RFID technologyis usedto trackthe
locationof eachindividual productin order to develop new pro-
cessesin inventorymanagement.The storealsooffersnew infor-
mationpossibilitiesfor thecustomer, suchasa personalshopping
assistant,informationterminalsandadvertisingdisplays,all based
on theRFID tags.

7. OPEN ISSUES
As statedby this survey, we have until now solely considered

interactionswith a single user in our instrumentedenvironment.
Multi userinteractionin instrumentedenvironmentsraisesmany
new researchquestions(Kray, Wasinger, & Kortuem,2004).There
is an increasedinterestin how to conferour methods,techniques
andconceptsdevelopedsofar, to allow for theinteractionsof mul-

4http://www.future-store.org/



tiple usersor usergroupsat thesametime in our instrumenteden-
vironment.Someconceptshave alreadybeendevelopedandpub-
lished in (Kruppa, 2004; Rocchi, Stock, Zancanaro,Kruppa, &
Krüger, 2004).
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