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Abstract: Thispaperpresentsanaugmentedrealitysystemthatmakesuseof aconsumer-level mo-

bile deviceequippedwith aninertialorientationsensor. Thedevicemapsorientationalinformationto

userinteractions.Furthermore,we utilize orientationto determineportionsof theoperator's context.

Thesystemmakesuseof thelocation-andcontext-awareplatformNexus[HKL + 99] to furtherre�ne

theuser's context information. To evaluatetheacceptanceof thepresentedsystema userstudywas

performed.
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1 Intr oduction

Mostaugmentedreality(AR) systemsmakeuseof advanceddisplayandtrackingtechnology. Optical

or videosee-throughhead-mounteddisplaysandhighprecisionexternaltrackingsystemsareusedto

achieveoptimalresultsin termsof precision,updaterate,andquality. But on theotherhand,theuser

acceptanceof thesesystemsis low asmany of themarevery expensive anduncomfortableto wear.

Additionally, aninadequateuserinterfaceoftenhindersaneasyoperation.

Mobile deviceskeepgettingsmaller, faster, andcheaper, andadditionallyhave morefunctionality

embeddedthanany previousgeneration.This enablesandencouragesmoreandmorepeopleto use

thesedevices.Therefore,our systemis build on a consumer-level TabletPCthatwasequippedwith

anorientationsensorshown in Figure1. Anotherexamplewherealternative consumer-level devices

areusedto build anAR systemis theAR-PDA project[AP01].

With theuseof anorientationsensorthesystemis ableto provideanadditionalpossibilityto interact

with the device in an intuitive way. It is shown how changesin orientationcanbe mappedto user

interfacesof existing applicationsin a genericway. Furthermore,the systemusesthe Nexus plat-

form [HKL + 99, CKL00] to retrieve additionalinformationof thecurrentuser's context. Nexus is a

middlewarethatconnectsprovidersandclientsof context-awareapplications.Theplatformprovides

a detailedmodelof therealworld to location-awareandcontext-awareapplicationsthatcanbeused



Figure1: TabletPCwith a mountedinertial sensor.

in in-doorandout-doorscenarios[HKL + 99]. Context-awareapplicationscaneasilyquerythestate

of real-world andvirtual objectsvia a well-de�ned protocol.To �nd adequatemappingsandparam-

etersof the user's context to systeminteractions,several userinterviews wereevaluatedduring the

implementationof theprototype.Furthermore,two additionalexampleapplicationsareshown where

tilt operationsareusedasUI. The acceptanceof the presentedprototypesis summarizedin a short

overview of thefeedbackgivenby theinterviewedusers.

Theremainingpaperis organizedasfollows: First, we will give a summaryof previouswork done

in the areaof userinterfacesin AR environments.Afterwardsa shortsurvey on inertial sensorsis

given. In thefollowing two sectionselaborateon theproposedconcepts.Thenext sectiondescribes

theprototypeimplementations,followedby theresultsandaconclusion.

2 PreviousWork

Theexplorationof user-friendly andintuitive input interfaceshasbeengoingon sincethe invention

of electronicdevices,especiallycomputers.Conceptsthatareeasyto understandandhandlefound

their way to nowadayscommoncomputersystems.Userinterfacesin augmentedreality systemsare

mainly basedon simplebuttonsof VR basedinput devices. Only few researchis donein adapting

conceptsof ubiquitouscomputinginterfacetechniquesto augmentedreality systems.Alternative in-

put interfacesto navigatethrougha menuon a hand-helddevice is presentedby J.Rekimoto[Re96]

who usesorientationto selectdifferentmenuoptions.B. L. Harrisonet al. [HFG+ 98] show theben-

e�t of utilizing differentsensorsto capturegesturesof theoperator. A similar setupis describedby

K. Hinckley et al. [HPSH00]. J. F. Bartlett [Ba00] shows an alternative input techniquewere the

orientationof a hand-helddevice is usedto scroll andnavigatewithin an electronicphotoalbum.

Using device tilt gesturesasa text input methodis presentedby K. Partridgeet al. [PCS+ 02]. D.



Tanetal. [TPB+ 01] usesomeinteractiontechniquesbasedonchangingtheorientationof augmented

objects.Verplaetsepresentsa goodsurvey on inertial proprioceptive devices[Ve96]. Schmidtet al.

show a simplehand-heldprototypeequippedwith two mercuryswitchesto recognizethe orienta-

tion of the device [SBG99]. A survey of context-awareresearchis presentedby G. Chenand D.

Kotz [CK00].

3 Inertial Orientation Sensing

Thepresentedconceptsfor a userinterfacearebasedon thedevice's orientation.An orientationcan

be measuredrelative to the previous orientationor absoluteto a given coordinatesystem.Relative

orientationcan be capturedby inertial sensorsthat are basedon, e.g.gyroscopes.For measuring

theabsoluteorientationa couplingmustbeestablishedbetweenthedevice andthereferencecoordi-

natesystem.Usinga high-precisiontrackingsystemcalibratedin referencecoordinatescandirectly

provide theabsoluteorientationincluding theabsoluteposition. Thesesystemsrequiremassive ex-

ternalinstallationandarethereforeonly functionalwithin a limited area.Comparedto inertial sensor

systemsthis is a majorde�cit. A moreelegantmethodto captureorientationabsoluteto world co-

ordinatesis to combineaninertial orientationsensorwith additionalsensors.An accelerometerthat

candetectthe steady1G earthgravity vectordescribesthe orientationrelative to the earthsurface.

Combininganelectroniccompasswith anorientationsensorhelpstodescribethedirectionin cardinal

points.Althoughacompassitself wouldprovideabsolutedirectionalinformationin mostapplications

it is only usedto reducedrifting andstabilizeadifferentialorientationsensor. Thiscombinationhelps

to overcometheinertiaof acompassandon theotherhandreducesdrifting of theinertial orientation

sensorduringmotionlessperiods.

Most commerciallyavailableoff-the-shelfinertial orientationsensorsaredesignedfor virtual real-

ity (VR) applicationsanddiffer greatlyin precisionandprice. We equippedour prototypewith an

InertiaCube2 from InterSense[II03] which is acombineddeviceof threegyroscope,threeaccelerom-

eter, andthreemagnetic�eld sensors.Thesensoris designedfor high-precisionheadtrackingin VR

andhas,therefore,a very small form factor—roughly30mm3—andweightsonly 25g. It hasa price

of about$1700. We alsobuilt a cheaperprototypeorientationsensorwith lessprecisionbut equal

form factor, basedon two accelerometersandamicrocontrollerwith aninvestmentof about$25.

4 Mapping Orientation to User Interaction

Thechangeof thedevice'sorientationcanbemappeddirectlyto somecommonuserinteractions.The

choiceof thismappinggreatlyaffectstheacceptanceof thesystem,becausetheoperationsperformed

when the orientationof the device is changedshouldalways be obvious to the user. In general,

thereare threepossibilitiesto map orientation: a discrete,a partially constant,and a continuous

mapping.In eachcasetheangleto theuser's referenceoperatingorientation,referredto astilt angle,

must be known as illustratedin Figure 2. The referenceorientation,also referredto as reference



Figure2: Maximumrangeof tilt operations.
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Figure3: De�ning differentkey eventsfor differ-
enttilt angles.

plane,representsthe default orientationof the device whenthe userdoesnot apply any orientation

changesfor interaction.Thesetupof the referenceplaneshouldbeaccomplishedby theusersince

it changesdependenton the user, his working position,andenvironmentallighting conditions. It

is obvious that a recon�gurationbecomesnecessaryvery frequentlyasuserstend to changetheir

working position from time to time. Therefore,an adequatesolution is to setupa single button

to capturethe currentorientationas new referenceplane. Anotherchallengefor the systemis to

recognizewhen the usertilts the device but doesnot want to perform any userinteraction. This

happensin caseswhentheuserstopsworkingwith thesystemandsetsit down onatableor whenthe

userchangeshisworkingposition.Thesystemwill misinterpretthisnew orientationandwill execute

interactionevents.To prevent this behavior thesystemsomehow mustrecognizeif theusertilts the

deviceexplicitly for userinteraction.To solve thisproblemRekimotosuggeststo usea clutch button

to activatethe tilt functionality [Re96] which allows to usetilting for userinteractiononly during

the button is pressed(clutch mode). Secondly, a lock modecan be integratedwherethe mapping

of orientationto interactioncanbe turnedon or off. The clutch modeoffers the additionalbene�t

that eachtime the button is pressedthe referenceplanecould be readjustedto the currentdevice

orientation.Therefore,the referenceplaneadjustmentis embeddedwithin theactivationprocessof

theuserinteractionvia tilt gestures.Duringourprototypedevelopmentit turnedout thatusersdid not

tilt thedevice for morethanabout30 degrees,thusinteractiontechniquesthatrequiremoreextreme

changesin orientationwereneglected. On the otherhandasuserscannothold the device without

slight changesin orientationa deadzoneis usedto preventexecutionof eventsat orientationsonly

slightly differentthanthereferenceplaneascanbeseenin theFigure4.

Discretemapping usesa thresholdon the tilt angleto recognizeuserinteractionevents. A typical

examplefunction to mapthe tilt angleto discreteuserinteractioneventsis shown in Figure4, left.

This techniquecan,e.g.,beusedto simulatesinglekey-presseventsor togglingof applicationstates.

Partially constantmapping canassigndifferenteventsbasedondifferenttilt angles.To decidewhen

to measurethetilt angle,atimercanbeusedto measurethetimewhentheorientationdoesnotchange

signi�cantly. If this timer exceedsa userde�ned thresholdit is assumedthat theuserpositionedthe

device to its desiredorientationand the systemmeasuresthe tilt angle. Another possibility is to

storethe anglewherethe userstoppedthe tilt gestureandstartsto changethe orientationback to

the referenceplane. This tilt angleis thenusedto decidewhich actionhasto beexecutedby using
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Figure4: left: functionto mapdiscreteevents,middle: functionto mapdifferentevents,right: func-
tion to mapmultiple events.

a mappingfunctionasshown in Figure4, middle. Figure3 illustratesthedevice heldat diversetilt

anglesto triggerdifferentevents.This methodcan,e.g.,generatea cursordown key-pressevent for

slight tilt gesturesandapagedown key-presseventfor moreseriouschangesin orientation.

Continuousmapping allowsto generatemultipleeventswithin a timeperiod.Thenumberof events

generateddependson thetilt angle.Themorethedevice is tilted themoreeventsaregenerated.The

typicalmappingfunctionusedin this scenariois illustratedin Figure4, right. Thismappingis useful

to, e.g.,chooseelementswithin a list wheretheuserscanstepthroughlist elementsor scrollwindow

content,at varyingspeeds.

Application-dependentmappingsof orientationtouserinteractionallowsmoresophisticatedmapping

techniques,especiallyif moreinformationabouttheuserscurrentcontext is available. In particular,

AR applicationscanbene�t from moreintuitive andsupportive userinterfacesasthe usershave to

interactwith therealandvirtual world concurrently. But alsotheentertainmentsectormayusethis

kind of userinput to enablegameslikethedexterity puzzleor thewell-known computergameMarble

Madnessby Atari.

5 Selectthe Mapping of User Interaction via Context Inf ormation

Thetasksthatauserwantsto performareoftencontext sensitive. Many work in thisareacontributes

to thetopicof location-awareor, in general,context-awaresystems[BD03,CK00,SBG99,HKL + 99].

As our proposedconceptis orientation-aware with an inertial sensorand generallycontext-aware

throughtheNexusplatform,context situationscanbeestimatedbasedonmany information,e.g.,the

applicationstatus,userinteraction,device orientation,statusof the environment,or locationof the

user.

Most mobiledevicesaredesignedto beoperatednot just whenholdingstill but alsowhile in move-

ment. However, the precisionof many input devices—like, e.g., touch-panelpens—suffers signif-

icantly from movement.Picking small graphicaluserinterface(GUI) elementswhile standingstill

seemsto be no problemfor mostusers,but becomesa big challengewhenwalking. Sensingthe

orientationof thedevicewith highprecisionallowsto recognizethedevice'soperationalstatus,i.e. if

it is operatedwhile moving or not. With this informationtheuserinterfacecanbemodi�ed to, e.g.,



includelessfunctionality andlarger control elementsthat areeasierto tap. Furthermore,if the de-

vice experiencesno movementsat all—lessthanthe naturalshiver of a humanhand—itmusthave

beenlaid down. A device suchasa mobile phonecanthensuspendmostfunctionsto save energy

since,in general,it is operatedin-hand. In contrast,if thesensorrecognizeshuge,rapidchangesin

orientationit canbeassumedthat thedevice is currentlytransportedandthat theheavy movements

make it impossibleto work with it. It canthereforejustaswell shutdown andsavepower. Providing

thepossibility to senseanabsoluteorientationby addinga gravity sensorasdescribedin Section3

allows to addfurtherfunctionalityto thesystem.This simpleenhancementallows to retrievecontext

informationandsupporttheuserby, e.g.,automaticallychangingthescreenorientationfrom portrait

to landscapeandvice versawhich is particularlyusefulon small-screendevicesassmartphonesor

PDAs asshown by [SBG99].

All of thepreviously mentionedinteractiontechniquesarepossibleby just capturinginertial orienta-

tion changes.Exploiting thepossibilitiesof theNexusplatformenablesthesystemto acquiremuch

morecontext information. E.g., the userposition in combinationwith the statusof environmental

lighting conditionscanbe usedto adaptthe backgroundlighting or contrastof the display. Events

thatoccurin therealworld canin�uence theapplication,e.g.,a ringingphonecanalsopausetheap-

plicationor mutethevolume.But additionalinformationfor realandvirtual objectscanbeaccessed

with Nexusand,consequently, orientation-baseduserinteractioncanbeusedto navigatethoughthe

availabledata.

6 Prototype Implementation

To verify theproposedconceptsof userinteractionwe developedanAR applicationthatimplements

several methodsto performuserinteractionby orientation. To show that the conceptof usingori-

entationis not only limited to AR applicationstwo othersimpleprototypesarepresented:a generic

orientationdriver to controlanexistingwindow systemandasimplecomputergame.

6.1 AugmentedReality Explorer

AR systemsrequirethe device locationandorientationin orderto augmentthe virtual andreal in-

formation. While sensingtheorientationcanbehandledwith inertial sensors,theabsolutelocation

cannotbe determinedeasily and often requirescostly additionalhardware. Therefore,we imple-

mentedan AR explorer usingthe following assumptions:the usersexplore only singleobjectsand

maintaina�x eddistanceto them.Therefore,orientationalinformationis enoughto evaluatetheposi-

tion of thedisplayrelative to theobject.A TabletPCwasequippedwith theoff-the-shelforientation

sensorInertiaCube2 form Intersense[II03](seeFigure1). The prototypeimplementationdisplaysa

virtual objectat thesamelocationandorientationasthereal-world object.Theusercanexplorethe

objectfrom differentviews without learninghow to navigate,just by moving thedisplayaroundthe

objectasshown in Figure5. Therefore,theAR explorercanbeseenasamobileAR window asoften



Figure 5: AR-Explorer to explore objectsby orienting the display and switching irrelevant parts
transparent.

usedin medicalapplications[SSSW03].

The systemhasboth operationmodesimplemented:the clutch modeandthe lock mode. The user

interfacevia orientationis divided into two parts: The orientationis permanentlyusedto calculate

theview directionto theexplorationobjectandif theclutchbuttonis pressedor thelock modeis ac-

tivated,orientationis mappedto userinteractionfunctions.The�rst partensuresthattheorientation

of the virtual objectremainsregisteredwith the real-world objectascanbe seenin Figure5. The

mappingof tilt gesturesto userinteractionfunctionalityallowstheuserto selectdifferentpartsof the

objectwith left or right tilt gesturesandto modify themby tilting thedeviceupor down. For thepart

selectionwe useda continuousmappingto allow theusera precise(slow) navigationwith slight tilt

operationsandfaststeppingthoughthepartsusingmoreextremetilt gestures.To modify theselected

partof thevirtual objectapartiallyconstantmappingis usedto applyfour differentfunctionsto mod-

ify or interactwith theselectedpart.Two eventsareusedto switchpartsto two differenttransparency

levels.Furthermore,partscanbecompletelyremovedfrom thevirtual object.At last,it is alsopossi-

ble to displayadditionaldatathat is acquiredfrom theNexusplatform. Theapplicationoverlaysan

informationwindow to visualizethedataandenterstheinformationnavigationmodewherechanges

of orientationonly affect thenavigationwithin the informationview. This maycontain,e.g.,a tech-

nical manual,a userguide,or any othergraphical/textual information. To storethe informationthe

hypertext transferprotocol(HTTP) is used.To navigatewithin HTTPdocumentswith tilt operations

weencounteredtheproblemthattheuserwantsto scroll thedocumentandadditionallywantsto step

throughtheincludedlinks. Naturally, bothoperationsshouldbemappedto thesameup or down tilt

gesturewhich is, in general,notpossible.An adequatesolutionis to scroll andstepthroughthelinks

simultaneously:Whenthe usertilts the device the informationdisplaystepsto the next link if and

only if thelink is containedin thecurrentlyvisible areaof thedocument.In all othercasesthepage

is scrolled. This behavior canbe further re�ned so that the systemonly stepsto the next link if it

is shown in a userde�ned areaof thescreen.The imagesequencein Figure6 shows successive tilt

operations,thegreenishareade�nestheregion in whicha link mustbevisible in orderto beselected.
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Figure6: Tilt operationsresult in successive scroll and link-stepactions. Initially, the �rst link is
marked. After a tilt gesturethenext link is selected.Tilting againscrollssincethefollowing link is
outof thegreenishlink area. A furthertilt scrollsandadditionallymarksthelastlink.

Additionally, left tilting is discretelymappedto stepbackto the previous pageof the displayedin-

formationandwith right tilt operationsit is possibleto selectlinks within theHTTP document.The

informationwindow is closedif the �rst informationpageis displayedandtheusertries to go back

to thepreviouspage.

6.2 GenericOrientation Dri ver

For this prototypewe usedthe samehardwaresetupasbefore(seeFigure1). The genericdriver

applicationhasalsobothoperationmodesimplemented.In thedefault con�guration theorientation

is mappedto the scrollbarsusinga continuousmappingto allow arbitraryscrolling speeds[Ba00,

HFG+ 98]. Therefore,any applicationwhichusesscrollbarsbene�tsfrom thenew input technique.A

schematicillustrationof thealgorithmis shown in Figure7.

For applicationsnotmakinguseof scrollbars,inputvia tilt gesturesis exploitedby sendingkey-press

eventsto the application. The prototypeallows a per-applicationdiscretekey-mappingcon�gura-

tion. Whenan orientationchangeis recognized,the systemsearchesthe setupfor the currentwin-

dow in focus. If no specialcon�guration is found,thedefault behavior—mappingorientationto the

scrollbars—isapplied.Thisallows usersto con�gure a wide rangeof applicationsto beoperatedvia

tilt operations.

Thefunctionalityto navigatewithin WWW pagesvia tilt operations—asdescribedin Section6.1—is

alsointegratedand,therefore,thedriverallows to browsetheinternetwith just tilting operations.

Theprototypecanalsodetecttheorientationrelative to the1Ggravity vectorwhich is usedto imple-

mentanautomaticscreencon�gurationfrom landscapetoportraitorientationandviceversa[SBG99].
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Figure8: PlayingTrackballs(aMarbleMadnessclone)via tilting thedevice.

A thresholdpreventsscreenrecon�gurationsif nosigni�cant tilt in eitherdirectionis recognized,e.g.

if thedevice is lying ona table.

As asimplecontext-awarefunctionalitythesystemdetectsif it is lying upsidedown, i.e. if thedisplay

is facingtheground.It is assumedthatusersdonotoperatethedevice in thispositionand,therefore,

thesystementerssuspendmode.

6.3 Gaming Entertainment

Sensingtheorientationof thedevicealsogivesriseto new applicationsandinteractiontechniques.In

theentertainmentareatheorientationcanalsobeusedfor gamesof many kindsas,e.g.,racinggames

or simple dexterity-puzzle-like games. We adaptedthe opensourcegameTrackballs [BRP+ ]—a

MarbleMadnessclone—usingthedeviceorientationfor steeringtheball (Figure8).



AR-Explorer AR-Explorer AR-Explorer GenericDriver Gaming

View Orientation PartSelection Info. Browsing Scrolling Entertainment

Handling + + � + +

Advantage (++) + � 0 +

Precision 0 + 0 + ++

Intuitively ++ ++ � ++ ++
Usable

Table1: UserFeedbackonPrototypes.

7 PrototypeEvaluation and Results

To evaluatetheprototypeapplicationsa shortuserpoll wasperformed.Theusersweregivena short

introductionto our orientation-awaresystem.Thereafter, theusersoperatedtheapplicationsandhad

to rank the application's user interfaceon several aspects.The scaleof the rating at eachaspect

reachedfrom minustwo up to plus two. Seven usersparticipatedin our study, for all of themthe

conceptof operatinga userinterfaceby changesin orientationwastotally new. The userfeedback

on how comfortabletheapplicationcanbeoperatedis expressedin Handling. TheAdvantage item

ranksthebene�t of orientationalinput versuscommoninput techniques.If thenew input technique

providesenoughprecisionis expressedin Precision. Finally, in Intuitively Usablethe usershadto

ratehow intuitivetheinterfacecanbeoperated.Theresultsaresummarizedin Table1.

Somecharacteristicsof the orientation-aware user interfacecould be seenin all interactionsthat

wereperformed.Dueto thedevice con�guration theclutchmodecanhardlybeoperatedin portrait

orientationasthebuttoncannolongerbeusedergonomically(seeFigure1). But thisproblemis even

moresevereif commonuserinterfacetechniquesareusedwheremorebuttonshave to be operated

to performthesameinteraction.Harrisonet al. addressedthis problemin [HFG+ 98]. Operatingthe

devicewith thestyluswhile theusersheldthedevice with onehandwaspracticallyimpossible.The

weightof thedevice(approx.1.4kg)is far tooheavy to behandledergonomicallywith only onehand.

Additionally, theusersfoundit quitehardto operatethestyluswhile moving.

AR-Explorer View Orientation. To evaluatethe view manipulationof the AR-Explorerthe users

hadto explorevariouspartsof theexaminationobject. All usersintuitively usedtheTabletPCasa

window andcouldeasilyperformthe task. Two usersclaimedtheweightof thedevice restrictsthe

handling. The advantageof usingorientationalinformationto determinethe view directionversus

de�ning it manually, e.g., via cursorkeys, is huge. Nevertheless,comparedto otherAR window

devicesthereis even a slight disadvantage,especiallyin termsof precisionanddrift of the inertial

sensor.

AR-Explorer Part Selection.For selectingsubpartsof theexplorationobjectsmostuserschosethe

clutchmodeasthey sometimeswalkedaroundtheobjectto getabetterview of thecurrentlyselected

partand,therefore,hadto deactivatethetheuserinteraction.Four userspreferredtheuserinterface



usingleft/right cursorkeysto selectparts.Duringtheselectionof partsmoreextremetilt gesturescan

beusedto stepthoughthelist of partsvery fast.

AR-Explorer Inf ormation Browsing. Theuserswereableto scroll theinformationwindow content

intuitively. But many usershadproblemsselecting/following links andafterwardsreturningto the

previous page. All of the usersneededfurther explanationto understandthe concept. Five users

claimedthattheinteractionmethodis non-intuitiveandtoocomplicatedto beoperatedeasily.

Generic Dri ver Scrolling. To prove thepresentedmappingsthescenariowhenreadinga long (ap-

prox.8 screens)webpagewasanalyzed.Mostusersusedthelock modeto readthewebpage,setting

thereferenceplanein awaythatthewindow contentscrolledataspeedcorrespondingto theirreading

speed.Two participantsusedtheclutchmode.They scrolledstep-by-stepeachtime by pressingthe

clutchbutton,scrolling,andreleasingthebutton.

Gaming Entertainment. All usersnaturallyinteractedwith thedevice andtried to keeptheball on

its track.Theusersin ourstudyweregreatlyamusedby its simpleandintuitivehandling.

The studypointsout that a UI operatedby orientationis in somescenariosa practicalinteraction

technique.For someinteractiontasksit is even preferredcomparedto commoninterfaces,e.g.,a

stylus.In addition,for moresophisticateduserinteractionthereis still only onebuttonto bepressed

whereasusingcommonuserinterfacestheuserhasto rememberthefunctionalityandplacementof

all usedbuttons. Anotherproblemis that thereis only limited spacefor buttonson a device. The

studyalsoshowed that both operationmodeshave their advantagesanddisadvantages.The clutch

modeis easyto handleandmisinterpreteduserinteractionoccursseldom.Thelock modeis preferred

whenthe usercontinuouslyusesthe userinterface,e.g.,while readinga text. In contrast,the poll

alsoclearlystatesthat interactionvia tilt operationsis not yet perfectin all applications.Navigating

within HTTPdocumentsusingtilt gestureswasfoundstill notgoodenoughto beusedin practiceby

mostusers.

8 Conclusion

We have shown an alternative userinterfacefor mobile devicesin AR environments.Orientational

information is mappedto several userinterfacefunctionsto control the applicationvia simple tilt

gestures.The presentedprototypeis alsoable to recognizesomestatesof the device's context to

supporttheuser. Theperformeduserpoll to evaluateourproposedmethodshows thatsomeapplica-

tionsbene�t from acontext-awareuserinterface,especiallyapplicationsrunningin AR environments.

Nevertheless,theevaluationalsoshowedthatfor somecasesthepresenteduserinteractiontechniques

areinadequateand,therefore,additionalconceptshave to befound. In futurewe would like to add

moresensortechnologiesto ourprototypeto developmorereliablecontext recognitiontechniques.
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