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Abstract. Thispaperdescribesthedevelopmentof anaturalinterfaceto avirtual
environment.The interface is througha naturalpointing gestureand replaces
pointingdeviceswhich arenormally usedto interactwith virtual environments.
The pointing gestureis estimatedin 3D usingkinematicknowledgeof the arm
duringpointingandmonocularcomputervision.Thelatter is usedto extractthe
2D positionof the user’s handandmapit into 3D. Off-line testsof the system
show promisingresultswith anaverageerrorsof 76mm whenpointingatascreen
2m away. Theimplementationof a real time systemis currentlyin progressand
is expectedto runwith 25Hz.

1 Intr oduction

In recentyearsthe conceptof a virtual environmenthasemerged.A virtual environ-
mentis a computergeneratedworld whereineverythingimaginablecanappear. It has
thereforebecomeknown asa virtual world or rathera virtual reality (VR). The’visual
entrance’to VR is a screenwhich actsasa window into theVR. Ideally onemayfeel
immersedin thevirtual world. For this to bebelievablea useris eitherto weara head-
mounteddisplayor be locatedin front of a largescreen,or evenbetter, becompletely
surroundedby largescreens.

Theapplicationareasof VR arenumerous:training(e.g.doctorstrainingsimulated
operations[13], flight simulators),collaborative work [9], entertainments(e.g.games,
chatrooms,virtual museums[17]), productdevelopmentandpresentations(e.g.in ar-
chitecture,constructionof cars,urbanplanning[12]), datamining [3], research,and
art. In mostof theseapplicationstheuserneedsto interactwith the environment,e.g.
to pinpointanobject,indicatea direction,or selecta menupoint. A numberof point-
ing devicesandadvanced3D mouses(spacemouses)have beendevelopedto support
theseinteractions.As many othertechnicaldeviceswearesurroundedwith, theseinter-
facesarebasedon thecomputer’s termswhich many timesarenot naturalor intuitive
to use.This is a generalproblemof HumanComputerInteraction(HCI) andis anac-
tive researcharea.The trendis to develop interactionmethodscloserto thoseusedin
human-humaninteraction,i.e. theuseof speechandbodylanguage(gestures)[15].
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At the authors’departmenta virtual environmentin the form of a six sidedVR-
CUBE1, seefigure1, hasbeeninstalled.A Stylus[19] is usedaspointingdevicewhen
interactingwith thedifferentapplicationsin theVR-CUBE(figure1 b).The3Dposition
andorientationof the Stylusis registeredby a magnetictrackingsystemandusedto
generatea bright 3D line in the virtual world indicatingthe user’s pointing direction,
similar to a laser-pen.

In this paperwe proposeto replacepointing devices,suchas the Stylus,with a
computervision systemcapableof recognisingnaturalpointing gesturesof the hand
without the useof markersor otherspecialassumptions.This will make the interac-
tion lesscumbersomeandmoreintuitive. We chooseto explorehow well this maybe
achieved using just onecamera.In this paperwe will focuson interactionwith only
oneof thesidesin theVR-CUBE. This is sufficient for initial feasibility andusability
studiesandexpendableto all sidesby usingmorecameras.

CRT projector CRT projector

CRT projector

Screen
CameraCamera

User

a b

Fig.1. VR-CUBE: a) Schematicview of theVR-CUBE. Thesizeis 2.5 x 2.5 x 2.5m. Note that
only threeof the six projectorsandtwo of the four camerasareshown. b) UserinsidetheVR-
CUBE interactingby pointingwith a Stylusheldin theright hand.

2 Pointing Gesture

Thepointinggesturebelongsto theclassof gesturesknown asdeictic gestures which
MacNeill [16] describesas”gesturespointingto somethingorsomebodyeitherconcrete
or abstract”.Theuseof thegesturedependson thecontext andthepersonusingit [14].
However, it hasmainlytwo usages:to indicateadirectionor to pinpointacertainobject.
A directionis mainly indicatedby theorientationof thelowerarm.

Thedirectionwhenpinpointinganobjectdependson theuser’s distanceto theob-
ject. If anobjectis closeto theuserthedirectionof theindex fingeris used.This ideais

1 A VR-CUBE is a comparableinstallationto a CAVETM(CAVE AutomaticVirtual Environ-
ment)[5] of theElectronicVisualizationLaboratory, Universityof Illinois at Chicago.
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usedin [6] whereanactivecontouris usedto estimatethedirectionof theindex finger.
A stereosetupis usedto identify theobjecttheuseris pointingto.

In theextremecasetheuseractuallytouchestheobjectwith theindex finger. This
is mainly usedwhentheobjectstheusercanpoint to arelocatedon a 2D surface(e.g.
a computerscreen)very closeto the user. In [20] the userpoints to text and images
projectedontoa desk.Thetip of theindex fingeris foundusinganinfra-redcamera.

In [4] the deskpointedto is larger thanthe lengthof the user’s arm anda pointer
is thereforeusedinsteadof theindex finger. Thetip of thepointeris foundusingback-
groundsubtraction.

Whentheobjectpointingto is morethanapproximatelyonemeteraway thepoint-
ing directionis indicatedby theline spannedby thehand(index finger)andthevisual
focus(definedasthecentre-pointbetweentheeyes).Experimentshave shown that the
direction is consistently(for individual users)placedjust lateral to the hand-eye line
[21]. Whetherthis is doneto avoid occludingthe objector asa resultof the propri-
oceptionis unknown. Still, the hand-eye line is a rathergoodapproximation.In [11]
thetop point on theheadandtheindex fingerareestimatedasthemostextremepoints
belongingto thesilhouetteof theuser. Sinceno 3D informationis availabletheobject
pointingtowardis foundby searchinga triangularareain theimagedefinedby thetwo
extremepoints.

In [10] a densedepthmapof the scenewhereina useris pointing is used.After a
depth-backgroundsubtractionthe dataareclassifiedinto pointsbelongingto the arm
andpointsbelongingto the restof the body. The index fingerandtop of the headare
foundasthetwo extremepointsin thetwo classes.

In [7] two camerasareusedto estimatethe3D positionof the index fingerwhich
is found asthe extremepoint of the silhouetteproducedutilising IR-cameras.During
aninitialisationphasetheuseris askedto point at differentmarks(whosepositionsare
known) on a screen.The visual focuspoint is estimatedas the convergencepoint of
linesspannedby theindex-fingerandthedifferentmarks.This meansthatthelocation
of the visual focusis adaptedto individual usersandtheir pointinghabit.However, it
alsomeansthattheuseris notallowedto changethebodyposition(exceptfor thearm,
naturally)duringpointing.

2.1 Context

In ourscenariothedistancebetweentheuserandthescreenis approximately1-2meter.
Objectscanbe displayedto appearboth closeto andfar from the user, e.g.0.1 or 10
metersaway, thusbothcasesmentionedabovemightoccur. However,pointingismainly
usedwhenobjectsappearto beat least2 metersaway, hencethepointingdirectionis
indicatedby theline spannedby thehandandthevisualfocus.

The userin the VR-CUBE is wearingstereo-glasses,seefigure 1 b). A magnetic
tracker is mountedon theseglasses.It measuresthe3D positionandorientationof the
user’s headwhich is usedto updatethe imageson the screenfrom the user’s point
of view. Onecould thereforesimply usethe positionandorientationof the tracker as
thepointingdirection.However, consciousheadmovementsfor pointinghasshown to
be ratherunnaturalandwill possiblytransformthe carpal-tunnelsyndromeproblem
into theneckregion [1]. Furthermore,dueto theMidasTouchProblem[1] it is not as
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practicalasit sounds.However, the3D positionof thetracker canbeusedto estimate
the visual focusandthereforeonly the 3D positionof the handneedsto be estimated
in orderto calculatethepointingdirection.This couldthenbeusedto replacepointing
deviceswith a naturalandmoreintuitiveaction- thepointinggesture.

Estimatingthe exact 3D position of the handfrom just one camerais a difficult
task.However, the requiredprecisioncanbe reducedby making the usera ’part’ of
the systemfeedbackloop. The usercanseehis pointing direction indicatedby a 3D
line startingat his handandpointingin thedirectionthesystem’thinks’ heis pointing.
Thus,theusercanadjustthepointingdirectionon thefly.

2.2 Content of the Paper

The remainingpart of this paperis structuredasfollows. In sectionthreethe method
usedto estimatethepointinggestureis presented.Sectionfour presentstheexperiments
carriedout to testtheproposedmethod.Finally themethodandresultsarediscussedin
sectionfive.

3 Method

Sincewe focuson theinteractionwith only onesidewe assumethat theuser’s torsois
fronto-parallelwith respectto thescreen.Thatallowsfor anestimationof thepositionof
theshoulderbasedonthepositionof thehead(glasses).Thevectorbetweentheglasses
andtheshoulderis calleddisplacementvectorin thefollowing.Thisis discussedfurther
in section4.2.Thepointingdirectionis estimatedasthe line spannedby thehandand
thevisual focus.In orderto estimatethepositionof thehandfrom a singlecamerawe
exploit thefactthatthedistancebetweentheshoulderandthehand(denoted� ), when
pointing, is ratherindependentof the pointing direction.This implies that the hand,
whenpointing,will be locatedon the surfaceof a spherewith radius � andcentrein
theuser’s shoulder�����	��
��
������� :

������� � ��������
���
 � ������� �!�"� � ���$# �%� (1)

Thesecoordinatesoriginatefrom thecave-coordinatesystemwhichhasits origin in
thecentreof thefloor (in thecave)andaxesparallelto thesidesof thecave.Throughout
therestof this paperthecavecoordinatesystemis used.

The camerausedin our systemis calibrated2 to the cave coordinatesystem.The
calibrationenablesusto mapanimagepoint (pixel) to a 3D line in thecavecoordinate
system.By estimatingthepositionof thehandin theimagewe obtainanequationof a
straightline in 3D:
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2 WeuseTsai’scalibrationmethod[22] with full optimisation
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where )+* is theoptical centreof the cameraand - is the directionunit vectorof the
line.

The3Dpositionof thehandis foundasthepointwheretheline intersectsthesphere.
This is obtainedby insertingthethreerowsof equation2 into equation1 resultingin a
secondorderequationin ' . Complex solutionsindicatenointersectionandaretherefore
ignored.If only onerealsolutionexist wehaveauniquesolution,otherwisewehaveto
eliminateoneof thetwo solutions.

A solutionwhichis notwithin thefield-of-view with respectto theorientationof the
tracker is eliminated.If furthereliminationis requiredweuseprediction,i.e. to choose
themostlikely positionaccordingto previouspositions.This is donethrougha simple
first orderpredictor. Thepointingdirectionis hereafterfoundastheline spannedby the
non-eliminatedintersectionpoint andthevisual focuspoint.Theline is expressedasa
line in spacesimilar to the onein equation2. For a pointing directionto be valid the
positionof thetrackerandthehandneedto beconstantfor acertainamountof time.

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

TheVR-CUBEattheauthors’departmentis equippedwith four miniatures-videocam-
eraswhich areplacedin its four uppercorners.They maybeusedfor usabilitystudies
andfor computervisionbaseduserinterfaces.Theonly illuminationsourcesduringim-
agecapturearetheCRT-projectors3, which areback-projectingimageswith 120Hz on
thesix sidesof theVR-CUBE, seefigure1. This givesa diffuseambientillumination
insidetheVR-CUBEwhichchangesits colourdependingonthedisplayedimages.The
brightnessinside the VR-CUBE is determinedby the displayedimagesaswell. The
averagebrightnessin a ’normal’ applicationis 25 Lux, which is ratherlittle for colour
machinevision. Theautogainof thecamerasis thereforesetto maximumsensitivity,
the shutteris switchedoff, andthe maximumopeningis used,which resultsin noisy
imageswith little colourvariations.

Hiroseet al. [9] recentlyproposeda systemto segmentthe userin a VR-CUBE
from thebackgroundin orderto generatea videoavatar. They usedinfraredcamerasto
copewith thepoorlight conditionsandsimulateareferencebackgroundimagewhichis
thensubtractedfrom theinfraredimagecontainingtheuser. They getsatisfyingresults.

The simulationof the backgroundalso gives information about the illumination
the useris exposedto. This could be used,e.g. to estimatean intensitythresholdfor
segmentingtheuser. However, dueto theorientationof thecamerasin theVR-CUBE
this would be calculationintensive becausethe cameras’field of view coverspartsof
threesides,that meansa backgroundimagehasto be synthesised.Furthermore,the
imageprocessingis takingplaceon anothercomputer, thusa lot of datawould have to
betransfered.

In thisprojectweareusingoneof thes-videocamerasanda priori knowledgeabout
thescenarioin thecamera’sfield of view:

– Only oneuserata time is presentin theVR-CUBE
3 CathodeRayTubeprojector. Eachprojectorconsistsof threeCRTs. Onefor red,green,and

blue,respectively. TheVR-CUBEis equippedwith ELECTRICHOMEMARQUEE R
?

projec-
tors
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– The3D positionandorientationof theuser’sheadis known by a magnetictracker

– The backgroundis brighter thanthe user, becausean imageis back-projectedon
eachside and the sideshave, especiallyat the shorterwavelengths,a higher re-
flectancethanhumanskin

– Skinhasagoodreflectancefor longwavelengths

Figure2 shows the algorithmto segmentthe user’s handandestimateits 2D po-
sition in the image.Firstly the imageareaswherethe user’s handcould appearwhen
pointingareestimatedusingthe3D positionandorientationof theuser’shead(from the
magnetictracker), a modelof the humanmotor systemandthe kinematicconstraints
relatedto it, andthecameraparameters(calculatingthefield of view). Furthermore,a
first orderpredictor[2] is usedto estimatethepositionof thehandfrom thepositionin
thepreviousimageframe.In thefollowing wewill, however, describeouralgorithmon
theentireimagefor illustrativepurposes.

Constrain
search area

Adaptive
Thresholding
of Intensity Image

Increase
Saturation

Label
Objects

Determin 2D
Position of largest
Objects

3D head position
and orientation from

magnetic tracker mapped
into 2D image plane

RGB

Image
Camera Red Channel

Threshold

Fig.2. Segmentationalgorithmfor the2D positionestimationof thehandin thecameraimage.

The histogramof the intensityimagehasa bimodaldistribution, the brighterpix-
elsoriginatefrom thebackgroundwhereasthedarker originatefrom theuser, figure3
a). This is usedto segmentthe userfrom the background.The optimal thresholdbe-
tweenthe two distributionscanbe found by minimising the weightedsumof group
variances[18]. Theestimatedthresholdis indicatedby thedashedline. Figure3 b) is
theresultingbinaryimageafterapplyingthis threshold.

The colour variationsin the cameraimagearepoor. All coloursareclosethe the
grayvector. Thereforethesaturationof theimagecoloursis increasedby anempirical
factor. Theredchannelof thesegmentedpixelshasmaximain theskin areas(figure4
a) aslong asthe useris not wearingclotheswith a high reflectancein the long (red)
wavelengths.Thehistogramof theredchannelis bimodal,henceit is alsothresholded
by minimisingtheweightedsumof groupvariances.After thresholdinga labelling[8]
is applied.Figure4 b) shows thesegmentationresultof thethreelargestobject.As the
positionof the headis known the associableskin areasareexcluded.The remaining
object is the user’s hand.Its position in the image is calculatedby the first central
moments(centreof mass)[8].
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Fig.3. Segmentationof the user. a) Histogramof the intensity image.The dashedline is the
thresholdfoundby minimisationof theweightedsumof groupvariance.b) Thresholdedimage.

a b

Fig.4. a) Red channelof the pre-segmentedcameraimage.b) Thresholdedred channelafter
labelling the threelargestobjects.Thegrayvaluesof the imagesareinvertedfor representation
purpose.
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4 Experimental Evaluation

This sectionpresentsthe experimentalevaluationof the differentpartsof the system.
First theaccuracy of pointingasdescribedin section3 is tested.Secondlythesegmen-
tation of the hand(section3.1) is tested.The implementationof a real time systemis
currentlyin progress,thustestwith visualfeedbackfor theuserarenot yetavailable.

4.1 Segmentationof the Hand in the Camera Image

Severalimagesequencesof users(Caucasianrace)pointinginsidetheVR-CUBEwere
takenunderdifferentapplications,hencedifferentbackgroundsandilluminationcondi-
tions.The2Dpositionestimationof thehandhasbeentestedoff-line onthesesequences
(figure4). Only qualitative resultsareavailableuntil now. The2D positionestimation
worksrobustly if a mixtureof coloursis displayed,which is thecasein themajority of
theapplications.Theskin segmentationfails if thedisplayedimagesaretoo darkor if
onecolouris predominant,e.g.if theredCRT-projectoris notusedatall for displaythe
measurementsof theredchannelof thecamerabecometoo noisy.

Theimplementationof a real time systemis currentlyin progress.Thecalculation
intensivepart is the2D estimationof thehandpositionwhich is working in a first non-
optimisedversionon entireimages(without reducingto regionsof interest)with 10Hz
on 320x240pixels imageson a 450MHz PentiumIII TM. We expect to get 25Hz after
introducingthereducedsearchareaandoptimisingthecode.

4.2 Pointing Experiments without Visual Feedback

This subsectiondescribespointing experimentsandtheir results,which weredoneto
evaluatetheaccuracy of thepointingdirectionestimationdescribedin section3. A user
wasaskedto pointto16differentpointsdisplayedonthescreenasshown in figure5.No
visualfeedbackwasgivenduringtheseexperiments,hencetheusershouldbeunbiased
andshow a naturalpointing gesture.Experimentswith five differentuserweredone.
An imageof eachpointing gesturewas taken togetherwith the dataof the magnetic
headtracker. Thedisplacementvectorbetweenthe headtracker andthe shoulderwas
measuredfor eachuser.

During the evaluationof the datait turnedout that the uncertaintyof the position
estimateof theheadfrom themagnetictracker wasup to 15cm in eachdirection.It is
at themomentnotpossibleto calibratethedevice in orderto achieveahigheraccuracy.
Thiserroris toolargeto beusedasheadpositioninformationin themethoddescribedin
theprevioussection.In orderto getamoreaccurate3D positionof theusers’headsthe
visual focuspoint wassegmentedin the imagedataandtogetherwith the � position
of the tracker, the 3D positionof the visual focuspoint wasestimated.This position
wasthenusedto estimatethe positionof the shoulderby the displacementvectoras
describedin section3. Figure6 a)showstheresultsof arepresentativepointingexperi-
ment.Thecircles( @ ) aretherealpositionsdisplayedon thescreenandtheasterisks( A )
connectedby the dashedline arethe respective estimatedpositionswherethe useris
pointingto. Theerrorin figure6 a) is upto 0.7m. Therearenoestimatesfor thecolumn
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Fig.5. Experimentalsetupfor pointing experimentswithout visual feedbackin the VR-CUBE.
Theuserhasadistanceof approximately2m from thescreenwhere16pointsin a0.5m rasterare
displayed.

1 0.5 0 −0.5 −1
0

0.5

1

1.5

2

2.5

y axis (m)

z 
ax

is
 (

m
)

1 0.5 0 −0.5 −1
0

0.5

1

1.5

2

2.5

y axis (m)

z 
ax

is
 (

m
)

1 0.5 0 −0.5 −1
0

0.5

1

1.5

2

2.5

y axis (m)

z 
ax

is
 (

m
)

a b c

Fig.6.Resultsfrom pointingexperiments.Thecirclesin thetwo first figuresaretherealpositions
on thescreen.Theasterisksaretheestimatedpointingdirectionsfrom thesystem.a) Theresults
of a representative user, usinga constantdisplacementvector. b) Theresultsof a representative
user, usinga LUT for thedisplacementvector. c) Theinnercircle shows theaverageerrorof all
experiments.Theoutercircleshows themaximumerrorof all experiments.
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to theleft becausethereis no intersectionbetweenthespherein equation1 andtheline
spannedby thecameraandthehandof theuser.

Theerroris increasingthemoretheuserpointsto theleft. This is mainlydueto the
incorrectassumption(madein section3) that thedisplacementvectoris constant.The
directionandmagnitudeof thedisplacementvectorbetweenthetrackerandshoulderis
varying.This is illustratedin figure7.

B BB BCC

ε

Y∆ Z

∆X

Tracker

Shoulder

Displacement Vector

∆ R

R

Hand position
Estimated hand position

Shoulder position

Estimated shoulder position

cba

Fig.7. a+b) The userandthe displacementvectorbetweenthe tracker andshoulderseenfrom
above (a) andfrom the theright side(b). c) An illustrationof theerror introducedby assuming
thetorsoto befronto-parallel.

Figure7.aand7.billustratethedirectionandmagnitudeof thedisplacementvector
betweenthe tracker andshoulderwhenthe user’s headis looking straightahead.As
the headis rotatedto the left the shoulderis also rotatedas illustratedin figure 7.c.
This resultsin a wrongcentreof thesphereandthereforeawrongestimationof the3D
handposition.The error is illustratedasthe angle D . Besidethe rotationthe shoulder
is alsosqueezedwhich makestherelationbetweenthe tracker (head)rotationandthe
displacementvectornon-linear.

Figure8 shows the componentsof the displacementvector for the 16 test-points
in figure5 (for a representativeuser)estimatedfrom theshoulderpositionin theimage
dataandthetrackerdata.For eachuseralookuptable(LUT) of displacementvectorsas
afunctionof theheadrotationwasbuild. Figure6 b) showstheresultof arepresentative
pointingexperiment(sameasusedin figure 6 a) usinga LUT of displacementvectors
to estimatethe3D positionof theshoulder. Noticethatafterthepositionof theshoulder
hasbeencorrectionestimatesfor theleft columnis available.

Table1 shows theaverageerrorsandthe maximumerrorsof the five pointingex-
perimentsin mm for therespectivepointsonthescreen.Theseerrorsarealsoillustrated
in figure6 c) wheretheinnercircle indicatestheaverageerrorsandtheoutercircle the
maximumerrors.Theaverageerrorof all pointsin all experimentsis 76mm.

10



0 2 4 6 8 10 12 14 16
−200

−100

0

100

200

x 
(m

m
)

0 2 4 6 8 10 12 14 16
−300

−250

−200

−150

−100

y 
(m

m
)

0 2 4 6 8 10 12 14 16
−260

−240

−220

−200

z 
(m

m
)

point #

Fig.8. Components(x,y,z) of thedisplacementvectorasa functionof thetest-pointsin figure5.

Table1. Averageerrorsand(maximumerrors)in mm for therespective pointson thescreen.

y axis
z axis 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 demonstratedthat technicalinterfacedevices can be replaced
by a naturalgesture,namelyfinger pointing.The pointing gestureis estimatedasthe
line spannedby the3D positionof thehandandthevisual focus,definedasthecentre
point betweenthe eyes.The visual focus point is at the momentestimatedfrom the
imagedataanda � measure.In the future this shouldbegivenfrom thepositionand
orientationof theelectromagnetictracker mountedon the stereoglassesworn by the
user. The 3D positionof the handis estimatedas the intersectionbetweena 3D line
spannedby thehandandcamera,anda spherewith centrein theshoulderof the user
andradiusequalto thelengthof theuser’sarmwhenpointing, � . Pointingexperiments
with fivedifferentuserweredone.Eachuserwasaskedto point to 16pointsatascreen
in 2m distance.Dueto , especially, movementsof theshoulderduringpointingerrorsup
to 700mm betweentheestimatedandtherealpositionon thescreenwasobserved.To
reducetheerrorsa LUT wasusedto correctthepositionof theshoulder. This reduced
theaverageerrorto 76mm andthemaximumerrorto 308mm. Thiswefind to bearather
accurateresultgiventheuseris standingtwo metersaway. However, whetherthis error
is too largedependson theapplication.

In thefinal systemtheestimatedpointingdirectionwill beindicatedby abright3D
line seenthroughthestereoglassesstartingat the fingerof theuserandendingat the
objectpointedto. Thus,theerroris lesscritical sincetheuseris partof thesystemloop
andcancorrectonthefly. In otherwords,if theeffectof theerrordonothindertheuser
in accuratepointing(usingthefeedbackof the3D line), thenthey maybeacceptable.
However, if they do or if the systemis to be usedin applicationswhereno feedback
is present,e.g.in a non-virtualworld, thenwe needto know theeffect of thedifferent
sourcesof errorsandhow to compensatefor them.

Theerror originatesfrom five differentsources:the tracker, the imageprocessing,
thedefinitionof thepointingdirection,theassumptionof thetorsobeingfronto-parallel
with respectto thescreen,andtheassumptionthat � is constant.

Currentlywearederiving explicit expressionsfor theerrorsourcespresentedabove
andsettingup testscenariosto measuretheeffect of theseerrors.Furtherexperiments
will bedonein theVR-CUBE to characterisetheaccuracy andusabilityassoonasthe
real time implementationis finished.The experimentswill show whetherthe method
allowsusto replacethetraditionalpointingdevicesasis suggestedby ouroff-line tests.

Another issuewhich we intendto investigateis the Midas TouchProblem- how
to inform the systemthat a pointing gestureis present.In a simpletestscenariowith
only one gesture- pointing, it is relatively easyto determinewhen it is performed.
As mentionedabove (seealso[10]) thegestureis recognisedwhenthepositionof the
handis constantfor a numberof frames.However, in morerealisticscenarioswhere
multiple gesturescan appear, the problemis more difficult. One type of solution is
presentedin [7] wherethethumbis usedasamousebottom.Another, andmorenatural,
is to acommandatethegesturewith a spokeninput [4], e.g.”selectthat(point) object”.
Whichpathwewill follow is yet to bedecided.
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