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Mobile phonesare mainly interacted with thr ough buttons, thumbwheels
or pens. However, mobile devices are not just terminals into a virtual

world; they are objects in a physical world. The concept of Mixed

Interaction Space(MIXIS ) expandsthe interaction with mobile phoneinto
the physical world [Hansenet al. 2005]. MIXIS usesthe camerain mobile
devices to track a xed-point and thereby establishesa 3 dimensional
interaction spacewherein the position and rotation of the phone can be
tracked. In this paperwe demonstratethat MIXIS opensup for new exible

waysof interacting with mobile devices. We presenta setof novel, exible

applications built with MIXIS and we show that MIXIS is a feasibleway of
interacting with mobile devicesby evaluating a MIXIS application against
a traditional mobile interface. Finally, we discusssomedesignissueswith

MIXIS .

Keywords: mixed interaction space,mixed reality, mobile HCI, zoomable
interfaces, mobile computing, spatial avare displays, dravable
interfacesgesturanteraction.
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Figure 1: (a) Diagramof the Mixed InteractionSpace (b) Diagramof gesturedor interaction.

1 Intr oduction

Mobile devicessuchasmobile phonesandPDA's have beenadoptednto our daily
life. Researcherat Nokia have obsened that an importantfactor contributing to
this is the personalizatiorof the device, not just the communicationpossibilities
[Vananen-\aino-Mattila & Ruuska2000]. In constantuse the mobile device
becomesa personalobjectto such extent that it intensi es the users feeling of
beinginseparabldrom this uniquething. Still, the mobile devices are more and
morebecomingapersonatomputerin bothfunctionalityandinteraction.The most
commoninteractionis throughbuttons,thumbwheebr pen,andthroughsomething
that can be characterizedhs a downscalingof the classicWIMP interface. The
mappingof navigationandfunctionality to buttons,wheelsandiconsis not e xible
and with low degreesof customization. The standardtechniqueto view a large
pictureor mapis scrollingby repeatedlypressa button,roll athumbwheebr draga
pen,andit is impossibleto combinethe manoeuvrevith zoom,sincethe userhasto
divertthe attentionswitchingbuttonto changeunction.

Designing for small mobile devices involves the classical problems of
limited screenspace, mapping functionality to small multifunctional buttons
andtraditionally a 2D interface. Theseproblemscanbe reducedby expandingthe
interactionspaceoutsidethe limits of the screenandthe physicalframes,and by
usingnaturalbodygesturestheinterfacecombinethedigital andthe physicalworld
in anew 3D interactionspace. By transformingthe interfaceof the device into a
3D objectit becomesa spacebelongingto therealworld insteadof thedigital, and
thereforereduceghe cognitive loadontheuser

1.1 The Conceptof MixedInteraction Space

In this paperwe presenta setof applicationghatexpandthe classicalinterfaceand
interactionof the mobile device, to createa more naturalinteractionwith a mixed
reality interface. Theapplicationsarebuilt on mixedinteractionspacdHanseretal.
2005],anddemonstrat@ new way to interactwith digital informationby usingthe
existing cameraof a mobile device to extract location and rotation of the device.
Independentf the applicationsthe concepis to expandtheinterfaceof the mobile
device outsidethe display by usingthe spacebetweenthe front of the cameraand
a x ed-point,asillustratedin Figurela. The spacebecomeghe interactionspace
for gesturaecognition.Moving the phonein theinteractionspacecanbe mappedo
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actionsin the graphicaluserinterfaceshavn in thedisplayor anactionon a nearby
device or display

To interactwith the systemthe useronly needonehandfor the mobile device,
andthenusethe naturalgesturef the body to addresghe system.Dependingon
the applicationthe device can be seenas having one to four degreesof freedom
[Beaudouin-LaforR000]. Figure 1b displayshow a four degreeof freedomdevice
canbegeneratedby trackingthe positionandrotationof the device.

Thesizeof theinteractionspacesetsthebordershothfor thegesturgecognition
input and for the augmentednterface,andis dependenbn the size of the circle
symbol representinghe x ed-pointand its distancefrom the viewpoint of the
camera.A largersymbolspansa largerinteractionspaceandthereforethe gestures
canbecoarserThefactthatthereis no x edsizeopensup for thepossibilityto have
small mixed interactionspaceswherethe userhave to use ne motor coordination
or largespaceshatrequiresthe userto uselargermovement.

The symbol can be anything as long as the cameracan detectit. In the
implementectoncepiacircle is used,it canbedravn or be a partof a decoratiorof
sometypeandit canconsisof differentcolours.Choosingsimplesymbolsandusing
tolerant detectionalgorithmsopensup for the possibility of dravable interfaces.
The symbolcanalsobe associatedavith a uniqueid, andcombinedwith sometype
of genericprotocol to sendinformation, the conceptcan be usedfor controlling
penasie devicesin theervironment.

Even thoughthe interactionis basedupon naturalbody gesturesthe concept
doesnot requireexternal sensortechnologyor specializechardware. The concept
canbeimplementedn standardnobile phonesor PDA's equippedwith acamera.

The applicationspresentedin this paper are built upon the principles of
direct manipulation[Shneidermanl998], the actionsare rapid, incrementaland
reversible and whose effect on the objectis visible immediately The usersare
ableto actthroughgesturingandthe displayfeedbaclor device functionalityoccurs
immediatelywhich corvey the senseof causality

In this paperwe will demonstrat¢hatMIXIS is a new and e xible conceptfor
interactingwith mobile devices that combinessomeof the propertiesof tangible
interfaceswith traditionalmobile device interaction. We will arguefor the novelty
and e xibility of theconcepty presentingour applicationsbuild with theconcept.
We have discussedeveralof theapplicationsatsmallworkshopsandwe have made
a formal evaluationof one of the applicationsto investigateand demonstrateéhat
MIXIS is alsoa feasibleway of interactingwith mobile devices. Finally, we will
discussmappingandidentity; two centralaspect®f MIXIS.

2 RelatedWork

Beaudouin-Lafonf2004] claims that it is becomingmore importantto focus on
designinginteractionratherthan interfaces. Inspired by that, we argue that our
applicationsarenew comparedo relatedwork becausehey:

1. supporta high degreeof mobility in the sensehatit is not dependingon ary
externaltrackinghardware;
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2. arehighly e xible becausea wide setof differentapplicationscanbe built by
usingthe mixedinteractionspacen differentways;and

3. provide a naturalmappingbetweengesturesand the interface sincewe are
ableto getquitepreciseénformationaboutthe positionof themobiledevice in
4 dimensions.

2.1 Newlnteraction Techniquesfor Mobile Devices

Several projects have explored different new interaction techniquesfor mobile
devices[Fitzmauriceetal. 1993;Yee2003;Patridgeetal. 2002;Fallmanetal. 2004;
Masui et al. 2004]. Fitzmauriceet al. [1993] usesa 6D input device to navigate
in a virtual world, Yee[2003] usesspecialhardwarefrom Sory to tracka PDA and
interactwith differentapplicationsising3 dimension@ndPatridgeetal. [2002]have
equippedasmallportabledevice with tilt sensorgor text entries.Thesesystemsaise
specializedrackinghardwarethatlimits the mobility [Fitzmauriceet al. 1993;Yee
2003;Masuietal. 2004] or tracksthe device in just two dimensiongFallmanet al.
2004;Yee2003;Masuietal. 2004],constraininghe e xibility of thesystems.

Accelerometersganinteractwith anapplicationby usingtilting, rotationand
movemenif thedevice asinput. Theclearadvantageof thisinteractiontechniquds
its independencef the surroundingsvhy it supportamobility verywell. It supports
new waysof interactingwith applicationse.g.scrollingin applicationdy tilting the
device [Harrisonetal. 1998].

2.2 Using Cameraswith Mobile Systems

Other projects have experimentedwith using the cameraon mobile devices
for tracking and augmentingreality [Rekimoto & Ayatsuka2000; Rohs 2004;
SemaCodeCorporation 2005; OP3 2005]. Several of these projects aim at
augmentingreality by using bar codesin the ervironmentto imposea 3D digital
imageon reality [Rekimoto& Ayatsuka2000]anddo not focuson the interaction.
SemaCod€orporation2005] is focusingon how to bridgethe gapbetweerdigital
and physical material. OP3 [2005] and Rohs [2004] focus on the interaction,
but both systemsrely on tracking two dimensionalbarcodeand not on drawable
symbols.

Interaction techniques that use integrated cameras strongly resemble
interactionghatcanbe designedvith accelerometersThe movement,rotationand
tilting of thedevice, canpartly be extractedfrom runningoptical o w algorithmson
thecameramages.However, thecameramagescanprovide moreinformationthan
themovementtilting or rotationvector It canbe usedto identify a x edpoint,and
it cancalculateits relative rotation,tilting andpositionaccordingo this point.

2.3 Physicalinterfaces

MIXIS is relatedto tangibleuserinterfaces(TUl) in the sensehat both interaction
techniquegdry to bridgethe physicalwith the digital [Ishii & Ullmer 1997]. TUls
focusonhidingthecomputeandhaving theinteractionmainlyin thephysicalworld.
This opensup for highly intuitive interfaces put TUIs arenot thatsuitablefor more
adwancednterfaceswith muchfunctionality, becauseachobjector functionin the
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programwould have to be associateavith a physicalrepresentationMIXIS usesa
combinationof the physicalanddigital world. Most of the interactionpossibilities
arepresentedn the digital world, but to guidetheinteractionandto build shortcuts
in the navigationa x ed-pointis usedin therealworld.

3 Applications

3.1 Implementation

Basedon the conceptualiscussionwe designedandimplementeda componento
trackthe positionandrotationof a mobile device within the mixedinteractionspace
andidentify a symboldrawvn in the centreof thecircle. Thereafterfour applications
basedn the conceptwereimplemented.

One of our main designgoal was to build a systemthat everyonecould use
anywherewithout having to acquireary new kind of hardware.Usingthe cameraof
mobiledevicesto tracka x edpointful lled ourrequirements.

A circleis choseras x ed-pointin our prototypeimplementatiorof MIXIS, and
it is appropriatedor severalreasons:

1. It isasymbolmostpeoplerecognizeandareableto draw.
2. Thereexistsalightweightalgorithmfor nding acirclein apicture.

3. Theradiusof the circle providesinformationaboutthe distancebetweerthe
cameraandthecircle.

4. Thecircleis suitableasaframefor differenticons.

To detectthe circle, we implementedhe RandomizedHoughCircle Detection
Algorithm as describedby Xu et al. [1990] on the phone. The main reasonfor
choosingthe randomizedversionis thatit is lightweight and muchfasterthanthe
Non-RandomizedHough Algorithm [K&lvidinen et al. 1995]. We optimizedthe
algorithmfor the speci c useby e.g.looking for only onecirclein the picture.

The systemis implementedin C++ for SymbianOS 7.0s on a Nokia 7610
mobile phone. To keepthe interaction uent andto reducethe memoryused,we
capturevideoin aresolutionof 160x120pixelsin mostof theprototypeapplications.
In someof the applicationswherean instantresponsdrom the programwas not
requiredwe used320 240pixels.

In the currentimplementatiora black circle on a mainly non-blacksurfaceis
tracked. The circle doesnot have to be perfect,the algorithm easily recognizesa
handdrawn circle andthe algorithmis alsoableto nd the circle in differentlight
conditions,which makesit morerobustfor usein differentenvironments.Figure2
demonstratekow the applicationsusethegenericcomponent.

3.2 Applications

We haveimplementedour applicationghatusethemixedinteractionspaceconcept.
To testthefeasibility of the conceptwe carriedout a formal evaluationof oneof the
applicationsanda setof workshopgdiscussingsomeof the otherapplications.The
conclusiondrom the evaluationarepresentedh the next section.
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Example Application
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Figure 2: Diagramof the systemandhow the applicationsusethe genericcomponent.Dependingon
whatapplication the communicatiormodelis usedto communicatevith externaldevices.

3.2.1 ImageZoom\ewer

The rst applicationallows the userto panandzoomsimultaneouslyn a pictureby
moving the phonein the mixedinteractionspace seeFigure 1c. Whenmaoving the
phonecloserto or furtheraway from thecircletheapplicationzoomin andoutonthe
image. Moving the phoneto the left — right or up — down makesthe application
pantheimagein thedirectionthe phonemoved.

We have workedwith abasicscenarionavigationonamap.Mapsarenormally
toolargeto t onthescreerof amobiledeviceandusersmeedothanoverview of the
entiremapanddetailslik e streethames.In Figure3c we demonstrat¢he useof the
ImageZoom\ewerfor browsinga subway map,hereusingaprintedcircle placedon
awall. Thearrow pointsat thevisual cuedisplayedon top of the mapthatindicated
whatkind of interactionthe userwas performing. In the picturethe visual cue on
thedisplayshaws thatthe userhasplacedthe physicalcircle slightly to theright of
the centreof the cameraview why the visible areaof the mapis panningslowly to
theleft. Theapplicationgesemblesheapplicationimplementedyy Yee[2003] and
Fallmanet al. [2004], but in our applicationno specializedracking equipmentis
usedandwe wereableto bothpanandzoomatthe sametime.

3.2.2 LayerdPieMenu

In the application called LayeredPieMenuavIXIS is investigatedand used to
navigate a menu structure. The interactionspacecan contain numerousmenus
organizedaspie menugCallahenetal. 1988]ontop of eachother Whenthecamera
recognizeghe circle a pie menuappearsand augmentgshe circle on the display
The pie menuconsistsof up to eight function segmentsthat surroundan info text
explaining which menuis at hand. The functionsin eachmenucan be selected
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Figure 3: MIXIS applicationga) Diagramof the LayeredPieMenapplication.(b) DROZO in useon a
wall display (c) ImageZoom\ewer in use.(d) DravME, “Call Andy?” “no” D left, “yes” b right.

by panningthe phonetowardsthe speci ¢ sggmentsand back to the centre. By
makinga simplegesturgowardsthe circle andbackagainthe next menuis selected
and moving the phoneaway from the circle and back again selectsthe previous
menu.Thediagramin Figure3ademonstratethe principle of the LayeredPieMenu
applicationwherevirtual pie menusarestacled on top of eachother

3.2.3 DrawME

In the DrawME applicationthe device is, besidedrom recognizingthe cleancircle,
alsoableto distinguishbetweera setof handdravn symbolswithin thecircle. Like
in Landay& Myers[2001] DrawME opensup for the idea of dravableinterfaces
wherethe useris ableto draw shortcuts,to applicationsin the real world e.g.on
paper whiteboardsandwalls. In a sensehe useraddanotherayer or functionality
to disposableloodling. Whenthe userdraws a circle containinga speci ¢ symbol
the camerarecognizeghe input and performsthe function mappedto the speci ¢
symbol. The algorithmstoresa setof masksof known symbolsand nds the best
matchbetweerthe symbolin the centreof the circle andthe known masks.At the
momentthe maskis hard-codedo the differentsymbols,but we are working on
a userinterfacefor creatingand mappingnen symbols. In DrawME we mapped
differentsymbolsto the singlefunctionof calling a certaincontactfrom theaddress
bookillustratedin Figure3d. To eithercon rm or rejectcallingthecontaciappearing
on the display the userpantowardsthe yes and no icons displayedon the phone
interface.

3.2.4 DROZO

The applicationDrag, Rotateand Zoom (DROZ0O) focuson how the mobile device
canbeusedto interactwith penasve devicesin the surroundingequippedwith an
interactie circle. The commandsaresentthrougha genericprotocol,seeFigure2.
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We enhancedhe applicationby putting a circle underneathan x-ray pictureon a
large wall display allowing the userto dragthe picturearoundon the screernusing
the mobile device. The useris ableto zoomin andout on the picture by moving
the device closerto or away from the display andto rotatethe picture by rotating
the phone. In our rst prototypewe usedGPRSto communicatebetweenthe wall
andthephone put in thenew versionwe useBluetoothto communicatéetweerthe
device andthe screen.To beableto rotatethe picturewe addeda smallmarkto the
circle thatallowedusto detectrotationasillustratedin Figure3b.

4 Evaluation

Our main purposeof introducingthe MIXIS conceptis not to argue that this is
necessarg fasterway to interactwith mobile devices: Our mainpurposés to shav
analternatie andmore e xible interactionconcept.With the ImageZoom\iver we
performeda usability testwith fteen persongo seeif it is feasibleto useMIXIS

asaninteractiontechnique.We have had somepreliminaryexperiencewith some
of the otherapplicationsat a workshopwherewe invited a group of usersandtheir
childrento testsomeof theapplications However, in thispapemwewill focusmainly
ontheusabilitytestof ImageZoom\ewer.

4.1 Usability Testof ImageZoom\Vewer

We wantedto investigatef userswere ableto useour interfaceasef cient asthe
traditional interface offered by mobile devices,to usethe result as guidelinesfor
further development. Thereforea usability study was conducted,comparingthe
ImageZoom\Vewer applicationto a standardapplicationfor picture viewing from
Nokia. An evenmoreimportantaspectwasto testif MIXIS waspercevedasafun
complemento traditionalinteractiontechniques.The participantavere 15 in total,
andthey hadvariousdegreesof experiencdrom mobile devices,spanningrom not
owning oneto softwaredeveloperdor mobilephones Noneof themhadever before
seenor usedgesturanteractionfor mobile devices.

Thetestwasperformedn aquietconferenceéoom,aNokia 7610mobilephone
was used,and therewas a drawn circle on a white paperon the table. The two
taskswere designedto test map viewing, a typical use casefor mobile devices,
including shifting degreesof zoom for overviev and detail. For eachof the two
tasksacornventionalNokiainterfacefor imageviewing usingbuttonswascompared
to the ImageZoomVvewer application. Each participantdid both tasksusing both
interfaceswherehalf of the participantsstartedout with the corventionalinterface
andhalf with thenew interfaceandthenswitchedfor thesecondask.Beforestarting
instructionswere givenin both techniquesandboth interfaceswere practisedon a
dummydatasetfor afew minutesbeforeproceedingvith timing tasks.For eachtask
anew datasetwasused o reducelearningeffects. The orderin which thedifferent
datasetswereusedchangedor half of thetestgroup.

41.1 Taskl

First application: Given a subway map,locatethe blue line andfollow it from the
most southernend stationto the mostnorthernend stationof thatline. Readthe
namef the endstationsoutloud.
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Figure 4: Experimentaldatafrom the usability test where ImageZoomVéwer was testedagainsta

corventional Nokia interfacefor viewing pictures. The barsrepresenthe time to completetwo tasks
(T1 andT2) for eachinterface.
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Figure5: Subjectve preferencefrom the usabilitytest.

Secondapplication:Locatethe greenline andfollow it from the mostsouthern
to the mostnorthernstation.Readthe namesof the endstationsoutloud.

4.1.2 Task2

Secondapplication:Givenasecondsubway map,locatea stationin the centreof the
mapandtell outloud the colourof all the linesthatstopthere.Follow oneof those
linesto thetwo endstationsandtell the nameof those.

Firstapplication:Go to a differentcentrestationandtell whatlines stopthere.
Follow one of thoselines to its both end stations,and tell the namesof the end
stationsoutloud.

4.2 Resultof Usability Testwith ImageZoom\Vewer

Independenbf what datasetor interface,the usererror rateswere not signi cant,
andtherewasno differencebetweenthe two datasetsfor eachtask. After the test
wasover, theparticipantsvereaskedwhich applicationthey preferred. Themajority
of the test persons80%, strongly preferredimageZoom\ewer for map viewing.
Figures4 & 5 presenta summaryof the experimentadata.

The corventionalinterfacewas 6% fasterthen ImageZoom\vewer in the rst
test, but in the secondtestthe ImageZoom\Vewer was 9% faster asillustratedin
Figure4. Theseresultsshowv that gestureinteractionwith ImageZoom\ewer is a
quicker methodthe secondime, concludingthatwith somepracticethe conceptis
actuallya moreeffective navigationaltechnique.
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During the usertests,it becameobviousthatthe distancebetweenthe camera
onthe mobile device andthe circle on the objectwasvery relevant. Thefemaletest
personsvereabit shorterin height,andthe positioningof a circle onthetablemade
the phoneendup closerto thefaceleadingto thattheinteractionwasnot naturalto
thesameextentasfor themen.It wasalackin ourtestthatthetestpersonaverenot
asledto testdifferentpositionsof boththe circle andof themseles,to nd themost
comfortableandeffective distance.

The most positve commentswere aboutthe direct connectionbetweenthe
physical movementand the interface, and also the possibility to pan and zoom
simultaneouslyTheoverall experiencevasthatit wasintuitive, fun andeffective.

Themostfrequentcomplaintconcernedherefreshrateandthe sensitvenes®f
thesystem.This problemwasdueto the sizeof thecircle: we shouldhave chosera
largercircle, sinceenlaging thecircle alsoenlagesthe spanof theinteractionspace
and thereforethe gestures. The ImageZoom\Vewer was due to the sensitveness
considereda bit lessprecisethanthe corventionalinterface. In somecaseshere
werecommentsaboutthe smallsize of the letters,which wasa problemdueto the
guality of the picturewe hadchosen.

5 Discussion

The main outputsfrom the trackingcomponentrethe locationandrotationof the
devicein relationto the x ed-pointandin somecasesnformationaboutthe symbol
inside the circle. Applications can usethis informationin a numberof ways to
interactwith the device. This e xibility openup for the creationof a wide variety
of differenttypesof applicationsas shavn above. We found two aspectselevant
in describingthe characteristic®f the differentapplication. The rst washow the
movementbf thephonein themixedinteractionspacevasmappedo theapplication
andthe secondwasif thetracked x ed-pointwasassociatedvith anidentity or ID.

Below we will thoroughlydiscusghesetwo aspects.

5.1 Mapping Applicationsto the Mix edInteraction Space

Basicallytwo differenttypesof mappingwerefound presenin the applicationswve
explored,naturalandsemantianapping.

5.1.1 Natural Mapping

Inthe rst typeof applicationsvetriedto make atight couplingbetweerthephysical
movementandthe application trying to accomplismaturalmappingintroducedby
Norman[2002,p.23]. Oneexampleof thisis in the ImageZoom\ewer application,
wheremaving the device to the left, right, up or down makesthe applicationpan
theimage. Moving the phonecloseror furtheraway from the circle the application
zoomin andout. Anotherexampleis the DROZO applicationthat usesthe rotation
of the phoneto rotatethe currentpicture.

To furtherdiscussmappingwe neecdto introducea distinctionbetweerabsolute
and relative mapping. In absolutemappingthere exists a one to one mapping
betweena speci ¢ positionin the mixed interactionspaceandthe application.e.g.
eachtime the phoneis in a speci ¢ positionin the spacethe applicationwill scroll
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Figure 6: Diagramof the stablezonein relationto the drawn circle.

andzoomto the sameposition. The projectsuggestedby Yee[2003] useswhatwe
call absolutemapping.

Relative mappingmapsa speci ¢ positionin the spaceto a movementvector
insteadof a position.Keepingthedevice in the centreof the mixedinteractionspace
resembleghe movementvector null, which we call the stablezoneillustratedin
Figure6. If the device is moved outsidethe stablezonethe positionof the device
is mappedto a movementvectorin the application. e.g. moving the device to the
left of the stablezonewould be mappedo keepscrollingto theleft until the device
is movedbackinto the stablezone. The further away the device is moved from the
stablezonethefastertheapplicationscrolls. Theprojectsuggestethy Fallmanetal.
[2004] usesrelative mapping.

We exploredbothrelative andabsolutemappingin e.g.the ImageZoom\ewer
application. With absolutemappingmoving the phonetowardsthe circle results
in a zoomedin picture, moving the phoneto the left edgeof the spacemovesthe
focusto theleft edgeof the pictureandsoon. Oneof the problemswith absolute
mappingis thatthe Mix edInteractionspaceéhastheform of aninvertedpyramid(see
Figure 1a), meaningthat, if the device is closeto the x ed-point,thex, y planeis
smallerthanwhenthedeviceis farfrom the x ed-point.This propertymakesmixed
interactionspaceunsuitablefor absolutemappingor atleastabsolutenappingonall
threeaxes. It is still possibleto useabsolutemappingfor instancefor zoomingand
thenuserelative mappingfor panning.We foundtwo otherproblemswith absolute
mapping. Theimagecapturedby the camerahasto have similar sizeasthe picture
beingwatched;otherwisea small movementwith the device will make the picture
jump several pixels. Secondly becauseghe mechanisnfor determiningthe exact
positionandradiusof thecircle is not alwaysexact, the picturebecomesnorevivid
thanwith relative mapping.

Relative mappingis bestsuitedin our applications. As an example,using a
circle with a diameterabout2.5cmmadea stablezoneapproximatelylOcmabove
thecircle asillustratedin Figure6. Whenthe device is within this zonethe picture
is x edandwhenmoving the phoneforward towardsthe circle or away from the
circle the pictureis zoomedin or out with a speedrelative to the distancefrom the
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stablezone.The sameappliesfor panning.The disadwantagewith relative mapping
is thatit doesnot provide the samespatialawarenesssabsolutemappingaboutthe
positionon the picture. Relatve mappingis usedin the evaluatedapplications.

5.1.2 Semantidviapping

The secondtype of mappingwe useis what we call semanticmapping. With
semantianappingmoving thephonein aspeci c directiondoesnot necessarilynap
to theapplicationmoving in the samedirection. With semantianappinga metaphor
is usedto bridgebetweerthe physicalmovementandthe actionon the device. For
instancemoving the phoneto theleft might correspondo the actionplay media le
andnot to move left. This kind of mappingresembleshe mappingusedin gesture
basedapplicationwhereperforminga gesturels mappedo a speci ¢ functionand
notthe samemovementin theinterface.

A characteristiof semantianappingis thatit is discrete;the spaces divided
into differentzonesthat canbe mappedto activate differentfunctions. e.g.in the
LayeredPieMenmoving thephonedown towardsthe x ed-pointandinto thestable
zoneis mappedto the function "go to the next menu'. The semanticmapping
betweenthe gesturein the interactionspaceand the applicationcan be arbitrary
which alsoresultsin problemswith purely gesturebasedinterfaces. How arethe
gestureghe systemrecognizesvisualizedand how are thesegesturesmappedto
the differentapplicationsWith LayeredPieMenuve usethe displayof the mobile
device to guidethe user By graphicallyvisualizethe differentmenuitemsin the
displaythe userwashelped guring out e.g.thatmakinga gestureto theleft would
activatethefunctiondisplayedo theleft onthescreen.

5.2 MixedInteraction Spacewith or without Identity

One of the main strengthswe found of Mixed Interaction Spacein comparison
to othersystemgRohs 2004; SemaCodeCorporation2005; OP32005] is thatthe

systemalsoworkswith simplesymbolse.g.acircle drawn by hand.We found, that

a setof very differentapplicationscould be designeddy giving the circle different
typesof identity. We madea distinctionbetweerinterfacesneedingsolelya simple

circle to function (simple x ed-pointinterfaces)interfaceshatusesa simple x ed-

pointwith anassociateétondravn by hand(dravableinterfacesandinterfaceshat

needto associat@ uniquelD with the x ed-point(identity interfaces).

5.2.1 SimpleFixed-Pint Interfaces

The simplecircle interfaceprovedto be the most e xible. A simpleinterfacejust
needgo have the softwareto recognizea circle to work. Thecircle couldbedravn

with apen,but we alsoexploredhow to usedifferentthingsasa marker lik e special
nger ringsor a blackwatch. ThelmageZoom\Vewer andthe LayeredPieMenare
examplesof simpleinterfaces.

5.2.2 Drawablelnterfaces

The main characteristiof dravableinterfacesis that the systemis canrecognize
different symbolsdravn by handwithin the circle and provide a set of different
mixed interactionspaceson top of eachcircle, asillustratedin DrawME. Landay
& Myers [2001] presentan applicationrecognizingthe widget in a handdravn
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interface.We wish to pursuethe possibilitywith dravableinterfacesbut, in contrast
to Landay& Myers,in our systemthedrawing is the actualinterface.

Instead of squeezinga lot of functionality into a single device, dravable
interfacesare able to customizethe interfacewith only the functionsrequiredin
the given situation. The dravn symbolscanbe seenas physicalshortcutsinto the
digital world andresembleTuls that alsotry to distribute the controlsto the real
world. Oneof the problemswith TUIs aspointedout by Greenbeg & Boyle [2002]
is thatyou have to carryalot of specialtangibleobjectswith you if youwantto use
theseinterfacesn amobilesetting.Greenbey & Boyle [2002] proposeusingeasily
customizableéangibleobjects but still youhaveto usea setof tangibleobjects.With
drawvableinterfacesall you needis a drawvable surfaceanda pen,andafter usethe
interfacecanbewiped out or thrown away.

Anotheradwantagewith dravableinterfaceds thateachcircle canbeassociated
with a 4D mixed interactionspacewith the interactionpossibilitiesdemonstrated
in, for example,ImageZoom\Vewer. Furthermorehis applicationcanbe combined
with the LayeredPieMenwonceptasa fastphysicalshortcutto certainprede ned
functionsin the phone for example thefour mostcalledpersonssend/receie mail
andsoon.

The numberof symbolsthe systemrecognizesandtracksis dependenbn the
software,the hardwareandthe context. Sometimest is dif cult for the application
to recognizea colourbecausehe colour seenby the cameradepend®n the quality
of the camera,the lightning, the pen usedto draw the colour, and the surface.
Thereforea small setof differentcoloursare bestsuitedfor drawing the symbols.
The samerestrictionappliesfor symbols.Becausdhe symbolsarehanddravn and
not computemgeneratedo symbolsnever looks exactly the same.Choosinga setof
symbolsthatdoesnot resembleeachotherworks bestwith dravableapplications.

Drawable interfacesopensup for a whole new areaof customizationand
personalizatiorof the interfaceof the mobile device, which is oneimportantfactor
contributing to the succes®f mobiledevices. Theuseris ableto adjustthedevice to
recognizenen andpersonakymbols,to make it evenmore’intelligent' andunique,
sincethe userbecomeghe interfacedesigner In the workshopwith DrawME, the
participantsstronglywelcomedthis possibility to customizationpoth becauset is
fun andthatit providesthe ability to personalizeheir device. The workshopalso
taughtustheimportanceof having the userin total control of the mapping,andnot
have automaticmappingof ary kind. We considerthatit shouldbe fun to interact
with technologyandespeciallywith themobileandpersonatlevices.Schneiderman
[2004] highlightsthis aspectvith arecentquestion:

Did anyonenoticethatfun is partof functionality?.

5.2.3 IdentityInterfaces

In the nal type of interfaceshe x ed-pointis associatedvith a speci ¢ identity or
uniquelD. Theidentity canbe readby printing a barcoden the circle [SemaCode
Corporation2005], providing the identity by using shortrangeBluetooth (seefor
exampleBlip Systemshttp://www.blipsystems.com/pr by RFID tags[Want et al.
1999]. The correspondingnixed interactionspacecanthenbe storedin the device,
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transmittedthroughfor instanceBluetoothor downloadedfrom the Internet. We
usedidentity interfacesin the DROZO application.

Identity interfacesare especiallysuitablefor interactingwith externaldevices
or asshortcutsto speci ¢ placeson the Internet. Using MIXIS to interactthrough
identity interfacescan be seenas a possiblemethodto interactwith the “invisible
computer'.Whencomputergjetsmaller embeddear eveninvisibleit is becoming
moredif cult for theuserto know how to interactwith them. A circle onawall can
beusedasavisual cue,signallingthe existenceof a hiddenMiIXIS interfaceandcan
at the sametime be usedas x ed point for the interactionspace. In this way, the
contet canbe usedto reduceinterfacecompleity.

6 Conclusion

The maincontrikbution of this paperhasbeento introduceMix ed InteractionSpace,
a conceptthatinvestigateand demonstrat¢hat the interactionwith mobile devices
is not somethinghathasto be limited to the screerandbuttonson the phone. By
usingthe cameraof amobiledevice we areableto combinethe phonesabilitieswith
thephysicalervironmentandintroducea new interactionconcept.

In this paperthe mainfocushasbeento introduceMiXIS anddemonstratsome
novel applicationswith the concept. The applicationsusethe cameran the mobile
deviceto tracka x edpointandtherebyestablisha 3 dimensionainteractionspace
whereinthe positionandrotationof the device is calculated.The rst application,
ImageZoom\Vewer, allows the userto panand zoom simultaneouslyon a picture
by moving the phonein the mixed interactionspace. In the applicationcalled
LayeredPieMenuhe mixed interactionspaceis usedto navigate a layeredmenu
structure.In the DrawME applicationthe device is ableto distinguishbetweenra set
of handdrawn symbolswithin the circle. The applicationDrag, Rotateand Zoom
(DROZO) focuson how the mobile device can be usedto interactwith penasive
devicesin the surrounding®quippedvith aninteractve circle.

Mappingandidentity, two centralissueswith MIXIS have beendiscussednd
somerelevantdistinctionsand designchallengesave beenpointedout. However,
mappingand identity are just two aspectof MIXIS andwe can seeseveral other
possibilitiesn combiningtangibleinterfacesandmobilephones Becausg¢hemobile
phoneis a highly personaldevice mostpeoplehave we are,for example,currently
looking into how to usethe conceptto designmulti-userapplicationsand so far
MIXIS seemgo have someinterestingpropertiesn this domain.
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