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Abstract. Thispaperdescribeshedevelopmenbf anaturalinterfaceto avirtual
ervironment. The interfaceis througha natural pointing gestureand replaces
pointing deviceswhich arenormally usedto interactwith virtual ervironments.
The pointing gestureis estimatedn 3D usingkinematicknowledge of the arm
during pointingandmonocularcomputervision. The latteris usedto extractthe
2D positionof the users handand mapit into 3D. Off-line testsof the system
shav promisingresultswith anaverageerrorsof 76mmwhenpointingatascreen
2m away. Theimplementatiorof a realtime systemis currentlyin progressand
is expectedo run with 25Hz.

1 Intr oduction

In recentyearsthe conceptof a virtual ervironmenthasemeged.A virtual erviron-
mentis a computergeneratedvorld whereineverythingimaginablecanappearlt has
thereforebecomeknown asa virtual world or rathera virtual reality (VR). The'visual
entranceto VR is a screenwhich actsasa window into the VR. Ideally onemay feel
immersedn thevirtual world. For this to be believablea useris eitherto weara head-
mounteddisplayor be locatedin front of a large screenpr evenbetter be completely
surroundedy largescreens.

Theapplicationareasof VR arenumeroustraining (e.g.doctorstrainingsimulated
operationgd13], flight simulators),collaboratve work [9], entertainmentge.g.games,
chatrooms,virtual museumg17]), productdevelopmentand presentationge.g.in ar-
chitecture,constructionof cars,urbanplanning[12]), datamining [3], researchand
art. In mostof theseapplicationsthe userneedsto interactwith the ervironment,e.g.
to pinpointan object,indicatea direction, or selecta menupoint. A numberof point-
ing devicesandadvanced3D mousegspacemouseshave beendevelopedto support
thesanteractionsAs mary othertechnicaldeviceswe aresurroundedvith, thesenter-
facesarebasedon the computers termswhich mary timesarenot naturalor intuitive
to use.This is a generalproblemof HumanComputerinteraction(HCI) andis anac-
tive researcharea.The trendis to develop interactionmethodscloserto thoseusedin
human-humaimteraction,.e. the useof speectandbodylanguagggestures)15].



At the authors’department virtual ervironmentin the form of a six sidedVR-
CUBE!, seefigure 1, hasbeeninstalled.A Stylus[19] is usedaspointing device when
interactingwith thedifferentapplicationsn theVR-CUBE (figure1 b). The3D position
and orientationof the Stylusis registeredby a magnetictracking systemand usedto
generatea bright 3D line in the virtual world indicatingthe users pointing direction,
similarto alaserpen.

In this paperwe proposeto replacepointing devices, suchas the Stylus, with a
computervision systemcapableof recognisingnaturalpointing gesturesof the hand
without the useof markersor otherspecialassumptionsThis will make the interac-
tion lesscumbersomendmoreintuitive. We chooseto explore how well this may be
achieved usingjust one cameraln this paperwe will focuson interactionwith only
oneof thesidesin the VR-CUBE. This is sufficient for initial feasibility and usability
studiesandexpendabléeo all sidesby usingmorecameras.
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Fig. 1. VR-CUBE: a) Schematiwiiew of the VR-CUBE. The sizeis 2.5x 2.5 x 2.5m. Note that
only threeof the six projectorsandtwo of the four camerasare shovn. b) Userinsidethe VR-
CUBE interactingby pointingwith a Stylusheldin theright hand.

2 Pointing Gesture

The pointing gesturebelongsto the classof gestureknown asdeictic gestures which
MacNeill [16] describess”gesturegointingto somethingor someboditherconcrete
or abstract”.Theuseof thegesturedepend®n the context andthe persorusingit [14].
However, it hasmainlytwo usagesto indicateadirectionor to pinpointacertainobject.
A directionis mainly indicatedby the orientationof thelower arm.
Thedirectionwhenpinpointingan objectdepend®n the users distanceto the ob-
ject.If anobjectis closeto the userthedirectionof theindex fingeris used.Thisideais

1 A VR-CUBE is a comparabldnstallationto a CAVE™(CAVE Automatic Virtual Erviron-
ment)[5] of the ElectronicVisualizationLaboratory University of lllinois at Chicago.



usedin [6] whereanactive contouris usedto estimatethedirectionof theindex finger.
A stereosetupis usedto identify the objectthe useris pointingto.

In the extremecasethe useractuallytoucheshe objectwith theindex finger. This
is mainly usedwhenthe objectsthe usercanpoint to arelocatedon a 2D surface(e.g.
a computerscreen)very closeto the user In [20] the userpointsto text andimages
projectedontoa desk.Thetip of theindex fingeris foundusinganinfra-redcamera.

In [4] the deskpointedto is largerthanthe length of the users arm anda pointer
is thereforeusedinsteadof theindex finger. Thetip of the pointeris found usingback-
groundsubtraction.

Whenthe objectpointingto is morethanapproximatelyonemeteraway the point-
ing directionis indicatedby theline spannedy the hand(index finger) andthevisual
focus(definedasthe centre-poinbetweerthe eyes).Experimentshave shovn thatthe
directionis consistently(for individual users)placedjust lateralto the hand-ge line
[21]. Whetherthis is doneto avoid occludingthe objector asa resultof the propri-
oceptionis unknown. Still, the hand-ge line is a rathergood approximation.n [11]
thetop pointonthe headandtheindex fingerareestimatedasthe mostextremepoints
belongingto the silhouetteof the user Sinceno 3D informationis availablethe object
pointingtowardis foundby searchingtriangularareain theimagedefinedby thetwo
extremepoints.

In [10] a densedepthmapof the scenewhereina useris pointingis used.After a
depth-backgroundubtractionthe dataare classifiedinto pointsbelongingto the arm
andpointsbelongingto the restof the body Theindex finger andtop of the headare
foundasthetwo extremepointsin thetwo classes.

In [7] two camerasare usedto estimatethe 3D positionof the index finger which
is found asthe extremepoint of the silhouetteproducedutilising IR-camerasDuring
aninitialisationphasehe useris askedto point at differentmarks(whosepositionsare
known) on a screen.The visual focus point is estimatedasthe corvergencepoint of
linesspannedy theindex-fingerandthe differentmarks.This meanghatthelocation
of the visualfocusis adaptedo individual usersandtheir pointing habit. However, it
alsomeanghatthe useris notallowedto changethe body position(exceptfor thearm,
naturally)during pointing.

2.1 Context

In our scenaridhedistancebetweertheuserandthescreeris approximatelyl-2 meter
Objectscanbe displayedto appearoth closeto andfar from the user e.g.0.1 or 10
metersaway, thusbothcasesnentionedabose mightoccur However, pointingis mainly
usedwhenobjectsappearo be at least2 metersaway, hencethe pointing directionis
indicatedby theline spannedy thehandandthevisualfocus.

The userin the VR-CUBE is wearingstereo-glasseseefigure 1 b). A magnetic
tracker is mountedon theseglasseslt measureshe 3D positionandorientationof the
users headwhich is usedto updatethe imageson the screenfrom the users point
of view. Onecould thereforesimply usethe positionand orientationof the tracker as
the pointing direction.However, consciousheadmovementsfor pointinghasshavn to
be ratherunnaturaland will possiblytransformthe carpal-tunnekyndromeproblem
into the neckregion [1]. Furthermoredueto the Midas TouchProblem[1] it is not as



practicalasit soundsHowever, the 3D positionof the tracker canbe usedto estimate
the visual focusandthereforeonly the 3D positionof the handneedsto be estimated
in orderto calculatethe pointing direction. This couldthenbe usedto replacepointing
deviceswith a naturalandmoreintuitive action- the pointinggesture.

Estimatingthe exact 3D position of the handfrom just one camerais a difficult
task. However, the requiredprecisioncan be reducedby makingthe usera 'part’ of
the systemfeedbackioop. The usercan seehis pointing directionindicatedby a 3D
line startingat his handandpointingin thedirectionthe system'thinks’ heis pointing.
Thus,theusercanadjustthe pointingdirectionon thefly.

2.2 Contentof the Paper

The remainingpart of this paperis structuredasfollows. In sectionthreethe method
usedto estimatehepointinggesturas presentedSectionfour presentshe experiments
carriedoutto testthe proposednethod.Finally the methodandresultsarediscussedn
sectionfive.

3 Method

Sincewe focuson theinteractionwith only onesidewe assumdhatthe userstorsois
fronto-parallelwith respecto thescreenThatallows for anestimatiorof thepositionof
theshouldebasenthepositionof thehead(glasses)Thevectorbetweertheglasses
andtheshouldeiis calleddisplacementectorin thefollowing. Thisis discussedurther
in section4.2. The pointing directionis estimatedasthe line spannedy the handand
thevisualfocus.In orderto estimatethe positionof the handfrom a singlecamerave
exploit thefactthatthe distancebetweerthe shoulderandthe hand(denotedR), when
pointing, is ratherindependenof the pointing direction. This implies that the hand,
whenpointing, will be locatedon the surfaceof a spherewith radiusR andcentrein
theusersshoulden Xg, Ys, Zs):

(X —Xs)*+ (Y -Ys)’+(Z2-Zs)* = R 1)

Thesecoordinate®riginatefrom the cave-coordinatesystemwhich hasits origin in
thecentreof thefloor (in thecave) andaxesparallelto thesidesof thecave. Throughout
therestof this paperthe cave coordinatesystemis used.

The camerausedin our systemis calibrated to the cave coordinatesystem.The
calibrationenablesisto mapanimagepoint (pixel) to a 3D line in the cave coordinate
system By estimatingthe positionof the handin theimagewe obtainanequationof a
straightline in 3D:

X Xy D,
Pt)=Po+t-D = |V |=|Y | +t-|Ds (2)
Z Zo D3

2 We useTsai’s calibrationmethod[22] with full optimisation



whereP,, is the optical centreof the cameraandD is the directionunit vectorof the
line.

The3D positionof thehandis foundasthepointwheretheline intersectshesphere.
This is obtainedby insertingthe threerows of equation? into equationl resultingin a
secondrderequationn t. Complec solutionsindicatenointersectiorandaretherefore
ignored.If only onerealsolutionexist we have a uniquesolution,otherwisewe haveto
eliminateoneof thetwo solutions.

A solutionwhichis notwithin thefield-of-view with respecto theorientationof the
trackeris eliminated.If furthereliminationis requiredwe useprediction,i.e. to choose
themostlikely positionaccordingto previouspositions.This is donethrougha simple
first orderpredictor Thepointingdirectionis hereaftefoundastheline spannedy the
non-eliminatedntersectiorpoint andthe visualfocuspoint. Theline is expressedsa
line in spacesimilar to the onein equation2. For a pointing directionto be valid the
positionof thetracker andthe handneedto be constanfor a certainamountof time.

3.1 Estimating the 2D Position of the Hand in the Image

TheVR-CUBE attheauthors'departmenis equippedvith four miniatures-videocam-
eraswhich areplacedin its four uppercorners.They may be usedfor usability studies
andfor computewision basediserinterfacesTheonly illumination sourcesluringim-
agecapturearethe CRT-projectors, which areback-projectingmageswith 120Hz on
the six sidesof the VR-CUBE, seefigure 1. This givesa diffuseambientillumination
insidethe VR-CUBE which changests colourdependingnthedisplayedmagesThe
brightnesdnside the VR-CUBE is determinedby the displayedimagesaswell. The
averagebrightnessn a’normal’ applicationis 25 Lux, which s ratherlittle for colour
machinevision. The autogain of the camerass thereforesetto maximumsensitvity,
the shutteris switchedoff, andthe maximumopeningis used,which resultsin noisy
imageswith little colourvariations.

Hiroseet al. [9] recentlyproposeda systemto seggmentthe userin a VR-CUBE
from thebackgroundn orderto generate videoavatar They usedinfraredcamerago
copewith thepoorlight conditionsandsimulateareferencébackgroundmagewhichis
thensubtractedrom theinfraredimagecontainingthe user They getsatisfyingresults.

The simulationof the backgroundalso gives information aboutthe illumination
the useris exposedto. This could be used,e.g.to estimatean intensity thresholdfor
sgmentingthe user However, dueto the orientationof the camerasn the VR-CUBE
this would be calculationintensive becausehe camerasfield of view coverspartsof
threesides,that meansa backgroundmagehasto be synthesisedFurthermorethe
imageprocessings taking placeon anothercomputeythusalot of datawould have to
betransfered.

In this projectwe areusingoneof thes-videocamerasnda priori knowledgeabout
thescenaridn thecamerasfield of view:

— Only oneuseratatimeis presenin the VR-CUBE

3 CathodeRay Tubeprojector Eachprojectorconsistsof threeCRTs. Onefor red, green,and
blue,respectiely. TheVR-CUBE is equippedvith ELECTRICHOMEMARQUEER) projec-
tors



— The 3D positionandorientationof the users headis known by a magneticracker

— The backgrounds brighterthanthe user becausean imageis back-projectecn
eachside andthe sideshave, especiallyat the shorterwavelengths,a higher re-
flectancehanhumanskin

— Skinhasagoodreflectancdor long wavelengths

Figure 2 shows the algorithmto segmentthe users handand estimateits 2D po-
sition in the image.Firstly theimageareaswvherethe users handcould appeawhen
pointingareestimatedisingthe 3D positionandorientationof theusershead(from the
magnetictracker), a model of the humanmotor systemandthe kinematicconstraints
relatedto it, andthe cameraparametergcalculatingthe field of view). Furthermorea
first orderpredictor[2] is usedto estimatethe positionof the handfrom the positionin
thepreviousimageframe.In thefollowing we will, however, describeour algorithmon
theentireimagefor illustrative purposes.

3D head position
and orientation from
magnetic tracker mapped
into 2D image plane

RGB Constrain Adaptive Increase Threshold Label Determin 2D
Camera search area| ] 11resholding == a4 ration[ ] Red Channel ™ Objects [ ] Position of largest ----
Image of Intensity Image Objects

Fig. 2. Sgmentatioralgorithmfor the 2D positionestimationof thehandin thecameramage.

The histogramof the intensityimagehasa bimodal distribution, the brighter pix-
elsoriginatefrom the backgroundvhereaghe darker originatefrom the user figure 3
a). This is usedto sggmentthe userfrom the backgroundThe optimal thresholdbe-
tweenthe two distributions can be found by minimising the weightedsum of group
varianceq18]. The estimatedhresholdis indicatedby the dashedine. Figure3 b) is
theresultingbinaryimageafterapplyingthis threshold.

The colour variationsin the cameraimageare poor. All coloursare closethe the
grayvectot Thereforethe saturationof theimagecoloursis increasedy anempirical
factor Thered channelbf the segmentedpixelshasmaximain the skin areaqfigure 4
a) aslong asthe useris not wearingclotheswith a high reflectancan the long (red)
wavelengthsThe histogramof thered channelis bimodal,henceit is alsothresholded
by minimising the weightedsumof groupvariancesAfter thresholdinga labelling[8]
is applied.Figure4 b) shawvs the sgmentatiorresultof the threelargestobject.As the
positionof the headis known the associableskin areasare excluded.The remaining
objectis the users hand.Its positionin the imageis calculatedby the first central
momentgcentreof mass)8J.
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Fig. 3. Sggmentationof the user a) Histogramof the intensityimage. The dashedine is the
thresholdfound by minimisationof theweightedsumof groupvariance b) Thresholdedmage.
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Fig.4. a) Red channelof the pre-sgmentedcameraimage.b) Thresholdeded channelafter
labellingthe threelargestobjects.The gray valuesof the imagesareinvertedfor representation
purpose.



4 Experimental Evaluation

This sectionpresentghe experimentalevaluationof the differentpartsof the system.
Firsttheaccuray of pointingasdescribedn section3 is tested Secondlythe sggmen-
tation of the hand(section3.1) is tested.The implementatiorof a real time systemis

currentlyin progressthustestwith visualfeedbackor theuserarenotyetavailable.

4.1 Segmentationof the Hand in the Cameralmage

Severalimagesequencesf usergCaucasiamace)pointinginsidethe VR-CUBE were
takenunderdifferentapplicationshencedifferentbackgroundsindillumination condi-
tions.The2D positionestimatiorof thehandhasbeentestedff-line onthesesequences
(figure 4). Only qualitative resultsare available until now. The 2D positionestimation
worksrobustly if a mixture of coloursis displayedwhichis the casein the majority of
the applicationsThe skin sgmentatiorfails if the displayedimagesaretoo darkor if
onecolouris predominante.g.if thered CRT-projectoris notusedatall for displaythe
measurementsf thered channebf the camerebecometoo noisy.
Theimplementatiorof a realtime systemis currentlyin progressThe calculation
intensie partis the 2D estimationof the handpositionwhich is working in afirst non-
optimisedversionon entireimageswithout reducingto regionsof interest)with 10Hz
on 320x240pixels imageson a 450MHz Pentiumlll ™. We expectto get 25Hz after
introducingthereducedsearchareaandoptimisingthe code.

4.2 Pointing Experiments without Visual Feedback

This subsectiordescribegointing experimentsandtheir results,which were doneto
evaluatetheaccurag of the pointingdirectionestimationdescribedn section3. A user
wasasledto pointto 16 differentpointsdisplayednthescreerasshovnin figure5. No
visualfeedbackvasgivenduringtheseexperimentshencethe usershouldbe unbiased
andshav a naturalpointing gesture Experimentswith five differentuserwere done.
An imageof eachpointing gesturewas taken togetherwith the dataof the magnetic
headtracker. The displacementectorbetweenthe headtracker andthe shoulderwas
measuredor eachuser

During the evaluationof the datait turnedout that the uncertaintyof the position
estimateof the headfrom the magnetictracker wasup to 15cmin eachdirection. It is
atthemomentnot possibleto calibratethe device in orderto achiese ahigheraccurag.
Thiserroristoolargeto beusedasheadpositioninformationin themethoddescribedn
theprevioussection.n orderto getamoreaccurate3D positionof theusers’headshe
visual focus point was segmentedn the imagedataandtogetherwith the X position
of the tracker, the 3D position of the visual focus point was estimated This position
wasthenusedto estimatethe position of the shoulderby the displacementectoras
describedn section3. Figure6 a) shavstheresultsof arepresentatie pointing experi-
ment.Thecircles(o) aretherealpositionsdisplayedon the screerandthe asteriskg*)
connectedy the dashedine arethe respectie estimatedoositionswherethe useris
pointingto. Theerrorin figure6 a)is upto 0.7m. Thereareno estimategor thecolumn
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Fig. 5. Experimentaketupfor pointing experimentswithout visual feedbackin the VR-CUBE.
Theuserhasa distanceof approximately?2m from the screerwherel6 pointsin a0.5mrasterare
displayed.

2.5 25 25
ol 0o *-0  xo o 2 Oy @ ® & 2
gls— o*/‘;o * O Fs) gl.s G £ @ Q gl.s
] B B
No1f o _o° o 2 N1 e G Q & N1
. *
0.5 o o) 0 © 0.5 q Gy Q O% 0.5
Y ¥ *
0 0 0
0.5 0 -0.5 -1 1 0.5 0 -0.5 -1 1 0.5 0 -0.5 -1
y axis (m) y axis (m) y axis (m)
a b c

Fig. 6. Resultsfrom pointingexperimentsThecirclesin thetwo first figuresarethereal positions
onthescreenThe asterisksarethe estimatecpointingdirectionsfrom the systema) Theresults
of arepresentate user usinga constantisplacementector b) The resultsof a representate
user usinga LUT for thedisplacementector c) Theinnercircle shavs the averageerror of all

experimentsTheoutercircle shaws the maximumerrorof all experiments.




to theleft becausehereis nointersectiorbetweerthespherdn equationl andtheline
spannedy the cameraandthe handof the user

Theerroris increasinghe morethe userpointsto theleft. Thisis mainly dueto the
incorrectassumptior{madein section3) thatthe displacemenvectoris constantThe
directionandmagnitudeof the displacementectorbetweerthetracker andshouldetis
varying.Thisis illustratedin figure7.

Displacement Vector

A\{ Tracker V4
<&

Shoulder Estimated shoulder positior /

Fig. 7. a+b) The userandthe displacementector betweenthe tracker and shoulderseenfrom
above (a) andfrom the theright side(b). c) An illustration of the errorintroducedby assuming
thetorsoto befronto-parallel.

Figure7.aand7.billustratethe directionandmagnitudeof the displacementector
betweenthe tracker and shoulderwhenthe users headis looking straightahead As
the headis rotatedto the left the shoulderis alsorotatedasillustratedin figure 7.c.
Thisresultsin awrongcentreof the sphereandthereforea wrongestimationof the3D
handposition. The erroris illustratedasthe anglee. Besidethe rotationthe shoulder
is alsosqueezedvhich makestherelationbetweerthe tracker (head)rotationandthe
displacementectornon-linear

Figure 8 shavs the componentof the displacementector for the 16 test-points
in figure5 (for arepresentatie user)estimatedrom the shoulderpositionin theimage
dataandthetrackerdata.For eachuseralookuptable(LUT) of displacementectorsas
afunctionof theheadrotationwasbuild. Figure6 b) shavstheresultof arepresentatie
pointingexperiment(sameasusedin figure 6 a) usinga LUT of displacementectors
to estimatehe 3D positionof theshoulderNoticethatafterthepositionof theshoulder
hasbeencorrectionestimatedor theleft columnis available.

Table 1 shavs the averageerrorsandthe maximumerrorsof the five pointing ex-
perimentsn mmfor therespectie pointsonthescreenTheseerrorsarealsoillustrated
in figure 6 ¢) wheretheinnercircle indicateshe averageerrorsandthe outercircle the
maximumerrors.Theaverageerror of all pointsin all experimentds 76mm.
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Fig. 8. Componentgx,y,z) of thedisplacementectorasa function of thetest-pointsn figure5.

Table 1. Averageerrorsand(maximumerrors)in mm for therespectie pointson the screen.

y axis
zaxis 750 250 -250 -750
2000 84(210) 50(100)52(110)67(253)
1500 126(208) 45 (161) 55 (105) 59 (212)
1000 104(282) 67 (234) 57 (195) 76 (259)
500 105(298) 86 (281) 91 (308) 85(282)
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5 Discussion

In this paperwe have demonstratedhat technicalinterfacedevices can be replaced
by a naturalgesture namelyfinger pointing. The pointing gestureis estimatedasthe
line spannedy the 3D positionof the handandthe visualfocus,definedasthe centre
point betweenthe eyes. The visual focus point is at the momentestimatedfrom the
imagedataanda X measureln the future this shouldbe givenfrom the positionand
orientationof the electromagnetictracker mountedon the stereoglasseavorn by the
user The 3D positionof the handis estimatedasthe intersectionbetweena 3D line
spannedy the handand cameraanda spherewith centrein the shoulderof the user
andradiusequalto thelengthof theusersarmwhenpointing, R. Pointingexperiments
with five differentuserweredone.Eachuserwasaslkedto pointto 16 pointsatascreen
in 2mdistanceDueto, especiallymovementf theshouldeduringpointingerrorsup
to 700mm betweerthe estimatedandthe real positionon the screerwasobsened. To
reducethe errorsa LUT wasusedto correctthe positionof the shoulder This reduced
theaverageerrorto 76mmandthemaximumerrorto 308mm. Thiswefind to bearather
accurataesultgiventhe useris standingwo metersaway. However, whetherthis error
is too large depend®n the application.

In thefinal systemthe estimategointingdirectionwill beindicatedby abright3D
line seenthroughthe stereoglassestartingat the finger of the userandendingat the
objectpointedto. Thus,theerroris lesscritical sincethe useris partof the systemoop
andcancorrectonthefly. In otherwords,if theeffectof theerrordo nothindertheuser
in accuratepointing (usingthe feedbackof the 3D line), thenthey may be acceptable.
However, if they do or if the systemis to be usedin applicationswhereno feedback
is presentg.g.in a non-virtualworld, thenwe needto know the effect of the different
source®f errorsandhow to compensatéor them.

Theerror originatesfrom five differentsourcesthe tracker, theimageprocessing,
thedefinitionof the pointingdirection,theassumptiorof thetorsobeingfronto-parallel
with respecto the screenandtheassumptionthat R is constant.

Currentlywe arederiving explicit expressiongor theerrorsourcepresentecbove
andsettingup testscenariogo measurehe effect of theseerrors.Furtherexperiments
will bedonein the VR-CUBE to characteris¢he accurag andusabilityassoonasthe
real time implementatioris finished.The experimentswill shav whetherthe method
allows usto replacethetraditionalpointingdevicesasis suggestetby our off-line tests.

Anotherissuewhich we intendto investigateis the Midas Touch Problem- how
to inform the systemthat a pointing gestureis presentln a simpletestscenariowith
only one gesture- pointing, it is relatively easyto determinewhenit is performed.
As mentionedabove (seealso[10]) the gesturds recognisedvhenthe positionof the
handis constantfor a numberof frames.However, in morerealistic scenariosvhere
multiple gesturescan appeay the problemis more difficult. One type of solutionis
presentedh [7] wherethethumbis usedasamousebottom.Another andmorenatural,
is to acommandatthe gesturewith aspoleninput[4], e.g.”selectthat(point) object”.
Which pathwe will follow is yetto bedecided.
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