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Abstract

We detail a newapproachfor interactingat a distancewith large public displaysusinga cellphoneas a
pointing device. Our approach allows cellphoneswith IrDA ports to interact with public displays
equippedwith affordable off-the-sheliwebcamditted with infrared passfilters. We detail a toolkit that
supportsgesturingand pointing from a distanceusing the cellphone We concludeby discussingother
interesting propertiesof our approach, in particular allowing data on the phoneto be movedquickly
onto a larger display for public consumption,and allowing contentto be movedbetweenmultiple
displaysin the envionmentusingthe phoneasa conduitfor the datatransfer

1. Intr oduction

The popularity and ubiquity of cellphonesmeansthat we carry more and more data with us.

Furthermore, large public displays are becoming more commonplacewithin a whole host of

environmentsjn particularthe workplace and public spacessuch as museumsand airports. We are
interestedin scenariosvherethe cellphoneuserwishesto take the contenton the phoneand display

interactand shareit on a larger display One suchexamplecould be an impromptu meetingbetween
colleaguesat a conferencewhereindividuals wish to take slidesand supportingmediastoredon their

phonesandquickly showthemto othersusinga displayavailablein the spaceln sucha scenariomany
guestionsarisesuchas:How canthe contentbe movedfrom the phoneto the large display how canthe

contentbe controlledonceup on the larger screenjike navigatinga slide deckandannotatingandhow

canotherpeoplein the groupdownloadthe publicly availablecontentontotheir personabevices?

In this paperwe attemptto addresghesequestionsy describinga new approachfor interactingwith

public displaysusing the cellphoneandinfrared (IR)-basedsensing.Otherresearcherfavelooked at
techniquedor enablingcellphonego interactwith public displays,in particularfocusingon usingthe
embeddedcameraon the phone for sensing.Two differing techniquescan be identified in the
cameraphonapproachThe first usesvisual markerson the large display which canbe processednd
identified by the cameraon the phone[2, 5, 11]. The secondusesthe opticalflow of theimagecaptured
by the phonecamerato provide direct manipulationon the screen[4, 12]. We also wish to provide
direct manipulationand gesturingon the large display surface,but insteadwe utilize an IR-based
approachwhich allows the phoneto act as a pointing devicefrom a distance.This approachhasthe
benefitthat it is reliable, robustand utilizes simpler computervision algorithms, specifically image
thresholdingandcenterof masscalculation.

Interactionfrom a distancehas beendemonstratedo be a direct, userfriendly way to interactwith
displays[6, 9, 13]. A numberof systemssuccessfullyincorporatedaserinput to achievethis goal [3, 7,
8]. However insteadof emulatingthe mouse we areinterestedn employinggesturainteraction[1, 10,
14]. Gesturingnakesaninterestingalternativeto pointerbased interactiom this case.



2.Approachand Interaction Techniques

We piggybackon the IrDA communicationport of the phoneto enablethe
phoneto be usedas a pointing deviceon a public display The IrDA port
emitsinvisible light to senddatato otherdevices.This invisible light canbe
usedasa directionallight sourceto facilitate interactionfrom a distance On

the displayside,a web camerawith an IR passfilter tracksthis light source —— v

andmapsthe positionfrom theraw videoimageto onscreercoordinates.

Our setupconsistsof a large display attachedo a computer The displayis ! 3 oy

augmentedvith anoff-the- shelfwebcamthathasan IR passfilter in front of g %

its lens. The webcamis fixed on top of the display We are using simple (z ?_4;‘ iy 2 177

imageprocessingechniquego detectthelight coneasit falls onthecamera Fig 1. Scene as seen by the

lens. The IR passfilter blocks visible light and lets through IR light, this Mage processing codelhe
. . . ; . green dot at the center

approactyivesusaclear almostblackandwhite imagewith thewhite being  coincides with the IR port.

thelR light from the phone(Figure 1). We thresholdthisimageandcalculate

the centerof massof the blob. Thesecoordinatesareboundedoy theresolutionof thewebcam(QVGA).

We mapthesecoordinategrom theraw bitmapimageto theresolutionof thedisplaysurfac(UXGA).

Althoughonecanoptto mimic the mousepointeron standardJl widgetswith sucha setup,we alsoare
exploringhow gesturesanallow the userto interactmore naturallyfrom a distance Physicalgestures
suchasthrowing, moving anddraggingcanbe exploitedto makeinteractionwith sucha setupstraight-
forward. Therearethreemajor classe®f gestures we support:

¥ Control gesturesiJsing the cellphone the usernavigateghe contenton the big display This sethas
similar mechanicandsemanticasa gesturesetfoundon TabletPCstoday

¥ DatatransferacrossdevicesA userOpicks©ontentfrom a displayin the roomanddragsit to another
displayonthe oppositeside.This gestureriggersthe datatransferoverthe networkin the background.

¥ ManipulationgesturesThe usercutsout a portion of a presentatiorfrom a displayby delineatingthe
regionof interestandOdropst ontothe otherdisplay

We have written a toolkit in .NET to supportthesedifferent typesof gestureson screen.We briefly
describesomeof theaspect®f this toolkit in the nextsection.

3. Implementation

There are two typesof gestureshat our toolkit recognizesA primary gestue is a straightline in a
certaindirectionwith a certainlengthandIR light conesize sensitivitythat canbe detectedn a given
region.Theclassis ableto introduceflexible limits to both directionandlengthof the strokeaswell as
the size of the light blob. All size informationthat the gestureusesis fractional. This makesit easyto
transfergesturedetweendifferentdisplay surfacesvithout havingto adjustthe codefor eachplatform.
The secondclassof gesturesve are supportingis complexgestue. Developersstitch togetherprimary
gesturego comeup with a complexgesture A complexgesturecan define how many times that the
compositegestureneedsto be repeatedwhetherthe user can start the gestureat any point in the
sequenceandwhetherthereversedyestureas consideredsalid.



Segmentatiorof the drawngestureis doneusinga grid defined
by the developer Figure 2 showsan upward diagonalprimary

gestureAs the usermovesfrom the bottomleft, eachcell on the

pathof the strokepicksup the motionin thatcell andpassest to

the gesturerecognizer On arriving at a new cell, the gesture
recognizer compares the running length, current heading,
boundingbox, sizeof the light coneand modifierscomingfrom

the phone associatedwith the current stroke against the

constraintgdeclaredby the developeirfor eachgestureWhenthe

stroke reachesthe region that satisfiesthe conditionsfor the

crossout gesture(the shadedregion in Fig 2), the recognizer
matcheghe currentstrokewith the crossout gesturedefinedby the developerrecognizest asa valid

gesture notifies the attachedistenersand passeshema stateobjectaboutthe recognizedyesture The

complex gestureswork in a very similar way. As eachstroke that makesup the complex gestureis

recognizedthe recognizemprogressesowardsclassifyingthe complexstrokeasa valid gestureAfter a

segment(primary gesture)in a complex gestureis recognized,the recognizerchecksthe overall

complexgestureconstraintsas well, suchas numberof repetitions,valid startingpoints and reversed
gestures.

Fig 2. Cross out in the slide viewer

We have createda slideshowsuite that supportsthe three gestureclassesve mentioned:control, data
transfer and manipulation. There are two programsin the suite. The authoringtool is a standard
Windows applicationintendedto run on a laptop. The other programis a large screenslide viewer. It
rendersthe deckdroppedontoit asa stackof slides.After creatinga slide deckon the laptop,the user
canswing his cellphoneupwardsto Opick@he deckfrom the computeranddrag his cellphonetowards
the large public displayto dropit there.This gesturetransfersthe currentsetof slideson the laptopto
the big screenover the network. Once the slides are transferred,the user can move his cellphone
sidewaydo go to the nextor previousslide, crossout the decklike sweepinga deskto clearthe slides,
and make a squareon the public display to zoom into the currentframe or zoom out. Similar to
transferringfrom the authoringtool, the usercan Opick@&ingle slidesor the whole deck from the large
public displayanddropthemontoanothedaptop.The programsusemulticastfor dataoperations.

4. Early Reflections

Althoughwe haveyet to providea formal evaluationof our toolkit, someinterestingaspectsarecoming
to light throughdeployingthe slideshowapplicationin our lab. The obviousoneis multi-usersupport.
Large public displaysnaturally lend themselvedo simultaneouscollaborativeactivities. Supportfor

multiple peopleinteractingat the sametime on the samedisplay shouldbe a part of the infrastructure.
We are currently experimentingvith modulatingthe IR signalfrom the phoneto uniquelyidentify and
trackmultiple phonessimultaneously

Feedbacks animportantissueto addressn casesvherethe the pointingmechanismis not usedto drive
a mousepointet such as relative gesturesWe considerediwo axesin this space:Explicit-Implicit,
wherethe usereithergetsa very clearmessag®r a subtlecueaboutthe currentstatusof the system,In
situ-Peripheralwhere the feedbackshowsup at the site of the gestureactivity or on the periphery
Visually distinguishingmultiple usersandcellphoneslsorequiresfurtherelaboration.



5. Conclusionsand Futur e Work

We presentedan infrastructurefor using a cellphoneto interactwith a large display In the following

iterationsof our project,we will befocusingon supportingmultiple usersandextendingthe controland
datatransfercapabilitiesaccordingly Multiple point detectionis possibleat this point by usingmultiple
grids, we would like to supportthis featureextensively By usingthe modulatedR signal,we cansend
BluetoothMAC IDs fromthe phoneto thedisplay allowing the displayto communicatevith the phone.

Our scenaricassumes networkin place.However whena networkis not available the phoneitself can
carry data betweendisplays. For example,when a user picks up a stack of photos,the photosare
uploadedo the phoneandwhenthe stackis droppedthey are copiedto the destinatiorfrom the phone.
This approachasobviousadvantages casesvheresourceanddestinatiorareseparateghysically

Improving the sensingmechanismby inferring some sensedepth using the blob size, geometryand
brightnessis possible.We are working on dynamic calibration of detectedcoordinatesbasedon the
maximum spanof the gestureacrossthe screento makeit easyto gestureat different distancesFor
morepreciseinteraction,the keypad ,joystick or the rockeron the phonecanbe leveragedor dedicated
controlsfor the interfaceon the remotedisplay We believethatthe classof applicationsenabledoy our
toolkit will allow usto observea newway of interactingwith large public displays.

6. References

[1] Y. Ayatsuka et al. Hyperpalette: a hybrid computing environment for small computing devices.@90: Extended
abstracts on Human factors in computing systgrages 133D134. 20@0CM Press.

[2] R. Ballagas et al. Sweep and point and shoot: phonecam-based interactiom foultdic displays. I€HI O05:
Extended abstracts on Human factors in computing sysfgages 1200D01203. 208&M Press.

[3] K. Cheng and K. Pulo. Direct interaction withdarscale display systems using infrared laser tracking devicaBMs
O03Asia-Pacific symposium on Information visualisatipages 67D74. 2008ustralian Computer Societinc.

[4] H. Jianget al. Direct pointer: direct manipulationfor large-displayinteractionusing handheldcamerasin CHI O06:
Proceeding®f the SIGCHIconfeenceon HumanFactorsin computingsystemspagesl1079110.2006.ACM Press.

[5] A. Madhavapeddy et al. Using Camera-Phones to Enhance HumanbComputer Interatlin@orimp O04: Breedings
of the 6th international confence on Ubiquitous Computing004. Springe¥erlag.

[6] K. Miyaoku et al. C-blink: a hue-dérence-based light signal marker foiglaiscreen interaction via any mobile terminal.
In UISTO04: 17th annuAlCM symposium on User interface softevand technologypages 147D156. 20@4CM Press.

[7] B. A. Myers et al. Interacting at a distance: measuring the performance of laser pointers and other déVit€30Mm
Proceedings of the SIGCHI conéeice on Human factors in computing systgmages 33D40. 200R%CM Press.

[8] J. Dan R. Olsen aril Nielsen. Laser pointer interaction.@l O01: Riceedings of the SIGCHI conéeice on Human
factors in computing systengages 17D22. 200ACM Press.

[9] S. N. Patel and RAbowd. A 2-Way LaserAssisted Selection Scheme for Handhelds in a Physical Environment In
Proceedings of Ubicomp 200@ages 229D236. Springéerlag, 2002.

[10] J. Rekimoto. Pick-and-drop: a direct manipulation technique for multiple computer environmeh&T ®97:
Proceedings of the 10th annu®CM symposium on User interface softerand technologypages 31D39. 199XCM Press.

[11] M. Rohs et al. Direct Manipulatiorechniques for Laye Displays using Camera Phongemo at UCS 20042004.

[12] J.Wang et al. Camera phone based motion sensing: interaction techniques, applications and performandgi Stdy
006: Ryceedings of the 19th annusCM symposium on User interface softevand technology2006. ACM Press.

[13] Wilson, A. and H. Pham.Pointing in Intelligent Environmentswith the WorldCursor In Proceedingsof INTERACT
confeence2003 2003.

[14] K. Yatani, et alToss-it: intuitive information transfer techniques for mobile device€HhO05: Extended abstracts on
Human factors in computing systemages 188191884. 200& M Press.



