
MixedInteractionSpace—Expandingthe
InteractionSpacewith MobileDevices

ThomasRiisgaard Hansen,Eva Eriksson &
AndreasLykke-Olesen†

Centre for PervasiveHealthcare& Centre for InteractiveSpaces,
ISISKatrinebjerg, Departmentof ComputerScience,
Universityof Aarhus,Denmark

Email: {thomasr, evae}@daimi.au.dk

† Departmentof Design,AarhusSchoolof Architecture, Denmark

Email: alo@interactivespaces.net

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 camera in 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 paper wedemonstratethat 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 interactionspace,mixed reality, mobile HCI, zoomable
interfaces,mobile computing, spatial aware displays, drawable
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Figure1: (a)Diagramof theMixedInteractionSpace.(b) Diagramof gesturesfor interaction.

1 Intr oduction

Mobile devicessuchasmobilephonesandPDA's have beenadoptedinto our daily
life. Researchersat Nokia have observed that an importantfactorcontributing to
this is the personalizationof the device, not just the communicationpossibilities
[Vänänen-Vaino-Mattila & Ruuska2000]. In constantuse the mobile device
becomesa personalobject to suchextent that it intensi�es the user's feeling of
being inseparablefrom this uniquething. Still, the mobile devices are more and
morebecomingapersonalcomputerin bothfunctionalityandinteraction.Themost
commoninteractionis throughbuttons,thumbwheelor pen,andthroughsomething
that can be characterizedas a downscalingof the classicWIMP interface. The
mappingof navigationandfunctionalityto buttons,wheelsandiconsis not �e xible
and with low degreesof customization. The standardtechniqueto view a large
pictureor mapis scrollingby repeatedlypressa button,roll a thumbwheelor draga
pen,andit is impossibleto combinethemanoeuvrewith zoom,sincetheuserhasto
divert theattentionswitchingbuttonto changefunction.

Designing for small mobile devices involves the classical problems of
limited screen space, mapping functionality to small multifunctional buttons
andtraditionally a 2D interface. Theseproblemscanbe reducedby expandingthe
interactionspaceoutsidethe limits of the screenandthe physicalframes,andby
usingnaturalbodygestures,theinterfacecombinethedigital andthephysicalworld
in a new 3D interactionspace.By transformingthe interfaceof the device into a
3D objectit becomesa spacebelongingto therealworld insteadof thedigital, and
thereforereducesthecognitive loadon theuser.

1.1 TheConceptof MixedInteraction Space
In this paperwe presenta setof applicationsthatexpandtheclassicalinterfaceand
interactionof the mobile device, to createa morenaturalinteractionwith a mixed
reality interface.Theapplicationsarebuilt onmixedinteractionspace[Hansenetal.
2005],anddemonstratea new way to interactwith digital informationby usingthe
existing cameraof a mobile device to extract location and rotation of the device.
Independentof theapplications,theconceptis to expandtheinterfaceof themobile
device outsidethe displayby usingthe spacebetweenthe front of the cameraand
a �x ed-point,asillustratedin Figure1a. The spacebecomesthe interactionspace
for gesturerecognition.Moving thephonein theinteractionspacecanbemappedto
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actionsin thegraphicaluserinterfaceshown in thedisplayor anactionon a nearby
deviceor display.

To interactwith thesystemtheuseronly needonehandfor themobiledevice,
andthenusethenaturalgesturesof thebody to addressthesystem.Dependingon
the applicationthe device can be seenas having one to four degreesof freedom
[Beaudouin-Lafon2000]. Figure1b displayshow a four degreeof freedomdevice
canbegeneratedby trackingthepositionandrotationof thedevice.

Thesizeof theinteractionspacesetsthebordersbothfor thegesturerecognition
input and for the augmentedinterface,and is dependenton the size of the circle
symbol representingthe �x ed-point and its distancefrom the viewpoint of the
camera.A largersymbolspansa largerinteractionspaceandthereforethegestures
canbecoarser. Thefactthatthereis no�x edsizeopensupfor thepossibilityto have
smallmixed interactionspaces,wheretheuserhave to use�ne motorcoordination
or largespacesthatrequirestheuserto uselargermovement.

The symbol can be anything as long as the cameracan detect it. In the
implementedconcepta circle is used,it canbedrawn or bea partof a decorationof
sometypeandit canconsistof differentcolours.Choosingsimplesymbolsandusing
tolerantdetectionalgorithmsopensup for the possibility of drawable interfaces.
Thesymbolcanalsobeassociatedwith a uniqueid, andcombinedwith sometype
of genericprotocol to sendinformation, the conceptcan be usedfor controlling
pervasivedevicesin theenvironment.

Even thoughthe interactionis baseduponnaturalbody gestures,the concept
doesnot requireexternalsensortechnologyor specializedhardware. The concept
canbeimplementedonstandardmobilephonesor PDA's equippedwith acamera.

The applicationspresentedin this paper are built upon the principles of
direct manipulation[Shneiderman1998], the actionsare rapid, incrementaland
reversibleand whoseeffect on the object is visible immediately. The usersare
ableto actthroughgesturingandthedisplayfeedbackor devicefunctionalityoccurs
immediatelywhichconvey thesenseof causality.

In this paperwe will demonstratethatMIXIS is a new and�e xible conceptfor
interactingwith mobile devices that combinessomeof the propertiesof tangible
interfaceswith traditionalmobiledevice interaction.We will arguefor thenovelty
and�e xibility of theconceptby presentingfour applicationsbuild with theconcept.
Wehavediscussedseveralof theapplicationsatsmallworkshops,andwehavemade
a formal evaluationof oneof the applicationsto investigateanddemonstratethat
MIXIS is alsoa feasibleway of interactingwith mobile devices. Finally, we will
discussmappingandidentity; two centralaspectsof MIXIS .

2 RelatedWork

Beaudouin-Lafon[2004] claims that it is becomingmore important to focus on
designinginteractionrather than interfaces. Inspiredby that, we argue that our
applicationsarenew comparedto relatedwork becausethey:

1. supporta high degreeof mobility in thesensethat it is not dependingon any
externaltrackinghardware;
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2. arehighly �e xible becausea wide setof differentapplicationscanbebuilt by
usingthemixedinteractionspacein differentways;and

3. provide a naturalmappingbetweengesturesand the interfacesincewe are
ableto getquitepreciseinformationaboutthepositionof themobiledevice in
4 dimensions.

2.1 NewInteraction Techniquesfor Mobile Devices
Several projects have explored different new interaction techniquesfor mobile
devices[Fitzmauriceetal. 1993;Yee2003;Patridgeetal. 2002;Fällmanetal. 2004;
Masui et al. 2004]. Fitzmauriceet al. [1993] usesa 6D input device to navigate
in a virtual world, Yee[2003] usesspecialhardwarefrom Sony to tracka PDA and
interactwith differentapplicationsusing3dimensionsandPatridgeetal. [2002]have
equippedasmallportabledevicewith tilt sensorsfor text entries.Thesesystemsuse
specializedtrackinghardwarethat limits themobility [Fitzmauriceet al. 1993;Yee
2003;Masuiet al. 2004]or tracksthedevice in just two dimensions[Fällmanet al.
2004;Yee2003;Masuiet al. 2004],constrainingthe�e xibility of thesystems.

Accelerometers,caninteractwith an applicationby usingtilting, rotationand
movementof thedeviceasinput. Theclearadvantageof this interactiontechniqueis
its independenceof thesurroundingswhy it supportsmobility verywell. It supports
new waysof interactingwith applicationse.g.scrollingin applicationsby tilting the
device [Harrisonet al. 1998].

2.2 UsingCameraswith Mobile Systems
Other projects have experimentedwith using the camera on mobile devices
for tracking and augmentingreality [Rekimoto & Ayatsuka2000; Rohs 2004;
SemaCodeCorporation 2005; OP3 2005]. Several of these projects aim at
augmentingreality by usingbar codesin the environmentto imposea 3D digital
imageon reality [Rekimoto& Ayatsuka2000]anddo not focuson the interaction.
SemaCodeCorporation[2005] is focusingonhow to bridgethegapbetweendigital
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
interactionsthatcanbedesignedwith accelerometers.Themovement,rotationand
tilting of thedevice,canpartlybeextractedfrom runningoptical�o w algorithmson
thecameraimages.However, thecameraimagescanprovidemoreinformationthan
themovement,tilting or rotationvector. It canbeusedto identify a �x edpoint,and
it cancalculateits relativerotation,tilting andpositionaccordingto this point.

2.3 PhysicalInterfaces
MIXIS is relatedto tangibleuserinterfaces(TUI) in the sensethat both interaction
techniquestry to bridgethe physicalwith the digital [Ishii & Ullmer 1997]. TUIs
focusonhidingthecomputerandhaving theinteractionmainlyin thephysicalworld.
This opensup for highly intuitive interfaces,but TUIs arenot thatsuitablefor more
advancedinterfaceswith muchfunctionality, becauseeachobjector functionin the
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programwould have to beassociatedwith a physicalrepresentation.MIXIS usesa
combinationof thephysicalanddigital world. Most of the interactionpossibilities
arepresentedin thedigital world, but to guidetheinteractionandto build shortcuts
in thenavigationa �x ed-pointis usedin therealworld.

3 Applications

3.1 Implementation
Basedon theconceptualdiscussionwe designedandimplementeda componentto
trackthepositionandrotationof amobiledevicewithin themixedinteractionspace
andidentify a symboldrawn in thecentreof thecircle. Thereafterfour applications
basedon theconceptwereimplemented.

One of our main designgoal was to build a systemthat everyonecould use
anywherewithouthaving to acquireany new kind of hardware.Usingthecameraof
mobiledevicesto tracka �x edpoint ful�lled our requirements.

A circleis chosenas�x ed-pointin ourprototypeimplementationof MIXIS , and
it is appropriatedfor severalreasons:

1. It is a symbolmostpeoplerecognizeandareableto draw.

2. Thereexistsa lightweightalgorithmfor �nding a circle in a picture.

3. Theradiusof thecircle providesinformationaboutthedistancebetweenthe
cameraandthecircle.

4. Thecircle is suitableasa framefor differenticons.

To detectthecircle,we implementedtheRandomizedHoughCircle Detection
Algorithm as describedby Xu et al. [1990] on the phone. The main reasonfor
choosingthe randomizedversionis that it is lightweight andmuchfasterthanthe
Non-RandomizedHough Algorithm [Kälviäinen et al. 1995]. We optimized the
algorithmfor thespeci�c useby e.g.looking for only onecircle in thepicture.

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 instantresponsefrom the programwas not
requiredwe used320� 240pixels.

In thecurrentimplementationa black circle on a mainly non-blacksurfaceis
tracked. The circle doesnot have to be perfect,the algorithmeasily recognizesa
handdrawn circle andthealgorithmis alsoableto �nd thecircle in differentlight
conditions,which makesit morerobust for usein differentenvironments.Figure2
demonstrateshow theapplicationsusethegenericcomponent.

3.2 Applications
Wehaveimplementedfour applicationsthatusethemixedinteractionspaceconcept.
To testthefeasibilityof theconceptwe carriedouta formalevaluationof oneof the
applicationsanda setof workshopsdiscussingsomeof theotherapplications.The
conclusionsfrom theevaluationarepresentedin thenext section.
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Figure 2: Diagramof the systemandhow the applicationsusethe genericcomponent.Dependingon
whatapplication,thecommunicationmodelis usedto communicatewith externaldevices.

3.2.1 ImageZoomViewer
The�rst applicationallows theuserto panandzoomsimultaneouslyonapictureby
moving thephonein themixedinteractionspace,seeFigure1c. Whenmoving the
phonecloserto or furtherawayfrom thecircletheapplicationzoomin andoutonthe
image.Moving thephoneto the left — right or up — down makestheapplication
pantheimagein thedirectionthephonemoved.

Wehaveworkedwith abasicscenario;navigationonamap.Mapsarenormally
toolargeto �t onthescreenof amobiledeviceandusersneedbothanoverview of the
entiremapanddetailslike streetnames.In Figure3c we demonstratetheuseof the
ImageZoomViewerfor browsingasubwaymap,hereusingaprintedcircleplacedon
a wall. Thearrow pointsat thevisualcuedisplayedon topof themapthatindicated
what kind of interactionthe userwasperforming. In the picturethe visual cueon
thedisplayshows thattheuserhasplacedthephysicalcircle slightly to theright of
thecentreof thecameraview why thevisible areaof themapis panningslowly to
theleft. Theapplicationsresemblestheapplicationimplementedby Yee[2003]and
Fällmanet al. [2004], but in our applicationno specializedtrackingequipmentis
usedandwe wereableto bothpanandzoomat thesametime.

3.2.2 LayeredPieMenu
In the application called LayeredPieMenusMIXIS is investigatedand used to
navigate a menu structure. The interactionspacecan contain numerousmenus
organizedaspiemenus[Callahenetal. 1988]ontopof eachother. Whenthecamera
recognizesthe circle a pie menuappearsand augmentsthe circle on the display.
The pie menuconsistsof up to eight function segmentsthat surroundan info text
explaining which menuis at hand. The functions in eachmenucan be selected
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Figure 3: MIXIS applications(a) Diagramof theLayeredPieMenuapplication.(b) DROZO in useon a
wall display. (c) ImageZoomViewer in use.(d) DrawME, “Call Andy?” “no” Ð left, “yes” Ð right.

by panningthe phonetowardsthe speci�c segmentsand back to the centre. By
makingasimplegesturetowardsthecircleandbackagainthenext menuis selected
and moving the phoneaway from the circle and back againselectsthe previous
menu.Thediagramin Figure3ademonstratestheprincipleof theLayeredPieMenu
applicationwherevirtual piemenusarestackedon topof eachother.

3.2.3 DrawME
In theDrawME applicationthedevice is, besidesfrom recognizingthecleancircle,
alsoableto distinguishbetweena setof handdrawn symbolswithin thecircle. Like
in Landay& Myers [2001] DrawME opensup for the ideaof drawableinterfaces
wherethe useris able to draw shortcuts,to applicationsin the real world e.g.on
paper, whiteboardsandwalls. In a sensetheuseraddanotherlayeror functionality
to disposabledoodling. Whentheuserdraws a circle containinga speci�c symbol
the camerarecognizesthe input andperformsthe function mappedto the speci�c
symbol. The algorithmstoresa setof masksof known symbolsand�nds the best
matchbetweenthesymbolin thecentreof thecircle andtheknown masks.At the
momentthe maskis hard-codedto the different symbols,but we are working on
a userinterfacefor creatingandmappingnew symbols. In DrawME we mapped
differentsymbolsto thesinglefunctionof callinga certaincontactfrom theaddress
bookillustratedin Figure3d. To eithercon�rm or rejectcallingthecontactappearing
on the display the userpan towardsthe yes andno iconsdisplayedon the phone
interface.

3.2.4 DROZO
The applicationDrag,RotateandZoom (DROZO) focuson how themobiledevice
canbeusedto interactwith pervasivedevicesin thesurroundingsequippedwith an
interactive circle. Thecommandsaresentthrougha genericprotocol,seeFigure2.
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We enhancedthe applicationby putting a circle underneathan x-ray pictureon a
largewall display, allowing theuserto dragthepicturearoundon thescreenusing
the mobile device. The useris ableto zoomin andout on the pictureby moving
the device closerto or away from the display, andto rotatethe pictureby rotating
the phone. In our �rst prototypewe usedGPRSto communicatebetweenthe wall
andthephone,but in thenew versionweuseBluetoothto communicatebetweenthe
deviceandthescreen.To beableto rotatethepicturewe addeda smallmarkto the
circle thatallowedusto detectrotationasillustratedin Figure3b.

4 Evaluation
Our main purposeof introducing the MIXIS conceptis not to argue that this is
necessarya fasterway to interactwith mobiledevices:Ourmainpurposeis to show
analternativeandmore�e xible interactionconcept.With theImageZoomViwer we
performeda usability testwith �fteen personsto seeif it is feasibleto useMIXIS
asan interactiontechnique.We have hadsomepreliminaryexperienceswith some
of theotherapplicationsat a workshopwherewe invited a groupof usersandtheir
childrento testsomeof theapplications.However, in thispaperwewill focusmainly
on theusabilitytestof ImageZoomViewer.

4.1 UsabilityTestof ImageZoomViewer
We wantedto investigateif userswereableto useour interfaceasef�cient asthe
traditional interfaceofferedby mobile devices, to usethe result as guidelinesfor
further development. Thereforea usability study was conducted,comparingthe
ImageZoomViewer applicationto a standardapplicationfor pictureviewing from
Nokia. An evenmoreimportantaspectwasto testif MIXIS wasperceivedasa fun
complementto traditionalinteractiontechniques.Theparticipantswere15 in total,
andthey hadvariousdegreesof experiencefrom mobiledevices,spanningfrom not
owningoneto softwaredevelopersfor mobilephones.Noneof themhadeverbefore
seenor usedgestureinteractionfor mobiledevices.

Thetestwasperformedin aquietconferenceroom,aNokia7610mobilephone
was used,and therewas a drawn circle on a white paperon the table. The two
taskswere designedto test map viewing, a typical usecasefor mobile devices,
including shifting degreesof zoom for overview and detail. For eachof the two
tasks,aconventionalNokiainterfacefor imageviewing usingbuttonswascompared
to the ImageZoomViewer application. Eachparticipantdid both tasksusingboth
interfaces,wherehalf of theparticipantsstartedout with theconventionalinterface
andhalf with thenew interfaceandthenswitchedfor thesecondtask.Beforestarting
instructionsweregiven in both techniquesandboth interfaceswerepractisedon a
dummydatasetfor afew minutesbeforeproceedingwith timing tasks.For eachtask
a new datasetwasused,to reducelearningeffects.Theorderin which thedifferent
datasetswereusedchangedfor half of thetestgroup.

4.1.1 Task1
First application:Given a subway map,locatethe blue line andfollow it from the
mostsouthernendstationto the mostnorthernendstationof that line. Readthe
namesof theendstationsout loud.
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Figure 4: Experimentaldata from the usability test where ImageZoomViewer was testedagainsta
conventionalNokia interfacefor viewing pictures. The barsrepresentthe time to completetwo tasks
(T1 andT2) for eachinterface.

Figure5: Subjective preferencesfrom theusabilitytest.

Secondapplication:Locatethegreenline andfollow it from themostsouthern
to themostnorthernstation.Readthenamesof theendstationsout loud.

4.1.2 Task2

Secondapplication:Givenasecondsubwaymap,locateastationin thecentreof the
mapandtell out loud thecolourof all thelinesthatstopthere.Follow oneof those
linesto thetwo endstationsandtell thenameof those.

First application:Go to a differentcentrestationandtell what linesstopthere.
Follow one of thoselines to its both end stations,and tell the namesof the end
stationsout loud.

4.2 Resultof UsabilityTestwith ImageZoomViewer

Independentof what datasetor interface,the usererror rateswerenot signi�cant,
andtherewasno differencebetweenthe two datasetsfor eachtask. After the test
wasover, theparticipantswereaskedwhichapplicationthey preferred.Themajority
of the test persons,80%, strongly preferredImageZoomViewer for mapviewing.
Figures4 & 5 presenta summaryof theexperimentaldata.

The conventionalinterfacewas6% fasterthenImageZoomViewer in the �rst
test,but in the secondtest the ImageZoomViewer was9% faster, as illustratedin
Figure4. Theseresultsshow that gestureinteractionwith ImageZoomViewer is a
quicker methodthesecondtime, concludingthatwith somepracticetheconceptis
actuallyamoreeffectivenavigationaltechnique.
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During theusertests,it becameobviousthat thedistancebetweenthecamera
on themobiledeviceandthecircle on theobjectwasvery relevant.Thefemaletest
personswereabit shorterin height,andthepositioningof acircleonthetablemade
thephoneendup closerto thefaceleadingto that theinteractionwasnot naturalto
thesameextentasfor themen.It wasa lack in our testthatthetestpersonswerenot
askedto testdifferentpositionsof boththecircleandof themselves,to �nd themost
comfortableandeffectivedistance.

The most positive commentswere about the direct connectionbetweenthe
physical movementand the interface, and also the possibility to pan and zoom
simultaneously. Theoverallexperiencewasthatit wasintuitive,fun andeffective.

Themostfrequentcomplaintconcernedtherefreshrateandthesensitivenessof
thesystem.Thisproblemwasdueto thesizeof thecircle: we shouldhavechosena
largercircle,sinceenlargingthecirclealsoenlargesthespanof theinteractionspace
and thereforethe gestures. The ImageZoomViewer was due to the sensitiveness
considereda bit lessprecisethan the conventionalinterface. In somecasesthere
werecommentsaboutthesmall sizeof the letters,which wasa problemdueto the
qualityof thepicturewehadchosen.

5 Discussion

Themainoutputsfrom the trackingcomponentarethe locationandrotationof the
device in relationto the�x ed-pointandin somecasesinformationaboutthesymbol
inside the circle. Applicationscan usethis information in a numberof ways to
interactwith the device. This �e xibility openup for thecreationof a wide variety
of different typesof applicationsasshown above. We found two aspectsrelevant
in describingthe characteristicsof thedifferentapplication.The �rst washow the
movementof thephonein themixedinteractionspacewasmappedto theapplication
andthesecondwasif thetracked�x ed-pointwasassociatedwith anidentity or ID.
Below we will thoroughlydiscussthesetwo aspects.

5.1 MappingApplicationsto theMixedInteraction Space
Basicallytwo differenttypesof mappingwerefoundpresentin theapplicationswe
explored,naturalandsemanticmapping.

5.1.1 Natural Mapping
In the�rst typeof applicationswetriedto makeatight couplingbetweenthephysical
movementandtheapplication,trying to accomplishnaturalmappingintroducedby
Norman[2002,p.23]. Oneexampleof this is in theImageZoomViewerapplication,
wheremoving the device to the left, right, up or down makesthe applicationpan
theimage.Moving thephonecloseror furtheraway from thecircle theapplication
zoomin andout. Anotherexampleis theDROZO applicationthatusestherotation
of thephoneto rotatethecurrentpicture.

To furtherdiscussmappingweneedto introduceadistinctionbetweenabsolute
and relative mapping. In absolutemapping there exists a one to one mapping
betweena speci�c positionin themixed interactionspaceandtheapplication.e.g.
eachtime thephoneis in a speci�c positionin thespacetheapplicationwill scroll
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Figure 6: Diagramof thestablezonein relationto thedrawn circle.

andzoomto thesameposition. Theprojectsuggestedby Yee[2003] useswhatwe
call absolutemapping.

Relative mappingmapsa speci�c positionin the spaceto a movementvector
insteadof aposition.Keepingthedevice in thecentreof themixedinteractionspace
resemblesthe movementvector null, which we call the stablezoneillustratedin
Figure6. If the device is movedoutsidethestablezonethepositionof the device
is mappedto a movementvector in the application. e.g.moving the device to the
left of thestablezonewould bemappedto keepscrollingto theleft until thedevice
is movedbackinto thestablezone.Thefurtheraway thedevice is movedfrom the
stablezonethefastertheapplicationscrolls.Theprojectsuggestedby Fällmanetal.
[2004]usesrelativemapping.

We exploredbothrelativeandabsolutemappingin e.g.theImageZoomViewer
application. With absolutemappingmoving the phonetowardsthe circle results
in a zoomedin picture,moving the phoneto the left edgeof the spacemovesthe
focusto the left edgeof the pictureandso on. Oneof the problemswith absolute
mappingis thattheMixedInteractionspacehastheform of aninvertedpyramid(see
Figure1a), meaningthat, if the device is closeto the �x ed-point,the x, y planeis
smallerthanwhenthedevice is far from the�x ed-point.Thispropertymakesmixed
interactionspaceunsuitablefor absolutemappingor at leastabsolutemappingonall
threeaxes. It is still possibleto useabsolutemappingfor instancefor zoomingand
thenuserelative mappingfor panning.We foundtwo otherproblemswith absolute
mapping.The imagecapturedby thecamerahasto have similar sizeasthepicture
beingwatched;otherwisea small movementwith thedevice will make thepicture
jump several pixels. Secondly, becausethe mechanismfor determiningthe exact
positionandradiusof thecircle is not alwaysexact,thepicturebecomesmorevivid
thanwith relativemapping.

Relative mappingis bestsuitedin our applications. As an example,usinga
circle with a diameterabout2.5cmmadea stablezoneapproximately10cmabove
thecircle asillustratedin Figure6. Whenthedevice is within this zonethepicture
is �x ed andwhenmoving the phoneforward towardsthe circle or away from the
circle thepictureis zoomedin or out with a speedrelative to thedistancefrom the
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stablezone.Thesameappliesfor panning.Thedisadvantagewith relative mapping
is thatit doesnotprovide thesamespatialawarenessasabsolutemappingaboutthe
positionon thepicture.Relativemappingis usedin theevaluatedapplications.

5.1.2 SemanticMapping
The secondtype of mappingwe use is what we call semanticmapping. With
semanticmappingmoving thephonein aspeci�c directiondoesnotnecessarilymap
to theapplicationmoving in thesamedirection.With semanticmappinga metaphor
is usedto bridgebetweenthephysicalmovementandtheactionon thedevice. For
instancemoving thephoneto theleft might correspondto theactionplaymedia�le
andnot to move left. This kind of mappingresemblesthemappingusedin gesture
basedapplicationwhereperforminga gestureis mappedto a speci�c functionand
not thesamemovementin theinterface.

A characteristicof semanticmappingis that it is discrete;thespaceis divided
into differentzonesthat canbe mappedto activatedifferent functions. e.g. in the
LayeredPieMenumoving thephonedown towardsthe�x ed-pointandinto thestable
zone is mappedto the function `go to the next menu'. The semanticmapping
betweenthe gesturein the interactionspaceand the applicationcan be arbitrary
which alsoresultsin problemswith purely gesturebasedinterfaces. How are the
gesturesthe systemrecognizesvisualizedand how are thesegesturesmappedto
thedifferentapplications?With LayeredPieMenuwe usethedisplayof themobile
device to guidethe user. By graphicallyvisualizethe differentmenuitemsin the
displaytheuserwashelped�guring out e.g.thatmakinga gestureto theleft would
activatethefunctiondisplayedto theleft on thescreen.

5.2 MixedInteraction Spacewith or without Identity
One of the main strengthswe found of Mixed InteractionSpacein comparison
to othersystems[Rohs2004;SemaCodeCorporation2005;OP32005] is that the
systemalsoworkswith simplesymbolse.g.a circle drawn by hand.We found,that
a setof very differentapplicationscouldbe designedby giving thecircle different
typesof identity. We madea distinctionbetweeninterfacesneedingsolelya simple
circle to function(simple�x ed-pointinterfaces),interfacesthatusesa simple�x ed-
pointwith anassociatedicondrawn by hand(drawableinterfaces)andinterfacesthat
needto associatea uniqueID with the�x ed-point(identity interfaces).

5.2.1 SimpleFixed-Point Interfaces
The simplecircle interfaceproved to be the most �e xible. A simple interfacejust
needsto have thesoftwareto recognizea circle to work. Thecircle couldbedrawn
with a pen,but we alsoexploredhow to usedifferentthingsasa marker like special
�nger ringsor a blackwatch.TheImageZoomViewerandtheLayeredPieMenuare
examplesof simpleinterfaces.

5.2.2 DrawableInterfaces
The main characteristicof drawable interfacesis that the systemis canrecognize
different symbolsdrawn by handwithin the circle and provide a set of different
mixed interactionspaceson top of eachcircle, as illustratedin DrawME. Landay
& Myers [2001] presentan applicationrecognizingthe widget in a handdrawn
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interface.We wish to pursuethepossibilitywith drawableinterfacesbut, in contrast
to Landay& Myers,in our systemthedrawing is theactualinterface.

Insteadof squeezinga lot of functionality into a single device, drawable
interfacesare able to customizethe interfacewith only the functionsrequiredin
the given situation. The drawn symbolscanbe seenasphysicalshortcutsinto the
digital world and resembleTUIs that also try to distribute the controlsto the real
world. Oneof theproblemswith TUIsaspointedout by Greenberg & Boyle [2002]
is thatyouhave to carrya lot of specialtangibleobjectswith you if you wantto use
theseinterfacesin amobilesetting.Greenberg & Boyle [2002]proposeusingeasily
customizabletangibleobjects,but still youhaveto useasetof tangibleobjects.With
drawableinterfacesall you needis a drawablesurfaceanda pen,andafter usethe
interfacecanbewipedoutor thrown away.

Anotheradvantagewith drawableinterfacesis thateachcirclecanbeassociated
with a 4D mixed interactionspacewith the interactionpossibilitiesdemonstrated
in, for example,ImageZoomViewer. Furthermorethis applicationcanbecombined
with the LayeredPieMenuconceptasa fastphysicalshortcutto certainprede�ned
functionsin thephone,for example,thefour mostcalledpersons,send/receivemail
andsoon.

The numberof symbolsthesystemrecognizesandtracksis dependenton the
software,thehardwareandthecontext. Sometimesit is dif�cult for theapplication
to recognizea colourbecausethecolourseenby thecameradependson thequality
of the camera,the lightning, the pen usedto draw the colour, and the surface.
Thereforea small setof differentcoloursarebestsuitedfor drawing the symbols.
Thesamerestrictionappliesfor symbols.Becausethesymbolsarehanddrawn and
not computergeneratedto symbolsnever looksexactly thesame.Choosinga setof
symbolsthatdoesnot resembleeachotherworksbestwith drawableapplications.

Drawable interfacesopensup for a whole new area of customizationand
personalizationof the interfaceof themobiledevice, which is oneimportantfactor
contributingto thesuccessof mobiledevices.Theuseris ableto adjustthedeviceto
recognizenew andpersonalsymbols,to make it evenmore`intelligent' andunique,
sincetheuserbecomesthe interfacedesigner. In theworkshopwith DrawME, the
participantsstronglywelcomedthis possibility to customization,bothbecauseit is
fun andthat it providesthe ability to personalizetheir device. The workshopalso
taughtustheimportanceof having theuserin total controlof themapping,andnot
have automaticmappingof any kind. We considerthat it shouldbe fun to interact
with technology, andespeciallywith themobileandpersonaldevices.Schneiderman
[2004]highlightsthis aspectwith a recentquestion:

Did anyonenoticethatfun is partof functionality?.

5.2.3 IdentityInterfaces
In the�nal typeof interfacesthe�x ed-pointis associatedwith a speci�c identity or
uniqueID. The identity canbereadby printing a barcodein thecircle [SemaCode
Corporation2005], providing the identity by usingshort rangeBluetooth(seefor
exampleBlip Systems,http://www.blipsystems.com/)or by RFID tags[Want et al.
1999]. Thecorrespondingmixedinteractionspacecanthenbestoredin thedevice,
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transmittedthroughfor instanceBluetoothor downloadedfrom the Internet. We
usedidentity interfacesin theDROZO application.

Identity interfacesareespeciallysuitablefor interactingwith externaldevices
or asshortcutsto speci�c placeson the Internet. Using MIXIS to interactthrough
identity interfacescanbe seenasa possiblemethodto interactwith the `invisible
computer'.Whencomputersgetsmaller, embeddedor eveninvisible it is becoming
moredif�cult for theuserto know how to interactwith them.A circleona wall can
beusedasavisualcue,signallingtheexistenceof a hiddenMIXIS interfaceandcan
at the sametime be usedas �x ed point for the interactionspace.In this way, the
context canbeusedto reduceinterfacecomplexity.

6 Conclusion
Themaincontribution of this paperhasbeento introduceMixedInteractionSpace,
a conceptthat investigateanddemonstratethat the interactionwith mobiledevices
is not somethingthathasto be limited to thescreenandbuttonson thephone.By
usingthecameraof amobiledeviceweareableto combinethephonesabilitieswith
thephysicalenvironmentandintroducea new interactionconcept.

In thispaperthemainfocushasbeento introduceMIXIS anddemonstratesome
novel applicationswith theconcept.Theapplicationsusethecamerain themobile
device to tracka �x edpoint andtherebyestablisha 3 dimensionalinteractionspace
whereinthe positionandrotationof the device is calculated.The �rst application,
ImageZoomViewer, allows the userto panandzoomsimultaneouslyon a picture
by moving the phonein the mixed interactionspace. In the applicationcalled
LayeredPieMenuthe mixed interactionspaceis usedto navigate a layeredmenu
structure.In theDrawME applicationthedevice is ableto distinguishbetweena set
of handdrawn symbolswithin the circle. The applicationDrag,RotateandZoom
(DROZO) focus on how the mobile device can be usedto interactwith pervasive
devicesin thesurroundingsequippedwith aninteractivecircle.

Mappingandidentity, two centralissueswith MIXIS have beendiscussedand
somerelevantdistinctionsanddesignchallengeshave beenpointedout. However,
mappingand identity are just two aspectsof MIXIS andwe canseeseveral other
possibilitiesin combiningtangibleinterfacesandmobilephones.Becausethemobile
phoneis a highly personaldevice mostpeoplehave we are,for example,currently
looking into how to usethe conceptto designmulti-userapplicationsand so far
MIXIS seemsto havesomeinterestingpropertiesin this domain.
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