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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 pointingandmonocularcomputetrvision. The latteris usedto extractthe
2D positionof the users handandmapit into 3D. Off-line testsshawv promising
resultswith anaverageerrorsof 8cmwhenpointingata screer2m away.

1 Introduction

A virtual ervironmentis a computergeneratedvorld whereineverythingimaginable
canappearlt hasthereforebecomeknown asa virtual world or rathera virtual reality
(VR). The 'visual entrance’to VR is a screenwhich actsasa window into the VR.
Ideally onemay feelimmersedn the virtual world. For this to be believablea useris
eitherto weara head-mountedisplayor be locatedin front of alarge screenpr even
better be completelysurroundedy largescreens.

In mary VR applicationd4] theuserneeddo interactwith theervironment,e.g.to
pinpointan object,indicatea direction,or selecta menupoint. A numberof pointing
devicesandadvanced3D mousegspacenouseshave beendevelopedto supportthese
interactionsTheseinterfacesarebasedon the computerstermswhich mary timesare
not naturalor intuitive to use.

In this paperwe proposeto replacesuchpointing deviceswith a computervision
systemcapableof recognisingnaturalpointing gesturef the hand.We chooseo ex-
plore how well this may be achieszed usingjust one cameraandwe will focuson in-
teractionwith one of the sidesin a VR-CUBE, seefigure 1 a), which is sufficient for
initial feasibility andusability studies.

2 TheApproach

The pointing gesturebelongsto the classof gesturesknown asdeictic gestures which
MacNeill [3] describess’gesturegpointingto somethingor somebodyeitherconcrete
or abstract”.The useof the gesturedepend®n the context andthe personusingit [2].
However, it hasmainly two usagesto indicateadirectionor to pinpointacertainobject.
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Fig. 1. VR-CUBE: a) Schematiwiew of the VR-CUBE. Thesizeis 2.5x 2.5x 2.5m. b) Experi-
mentalsetup.16 pointsin a.5cmrasteraredisplayed.

Whenthe object pointing to is more than approximatelyone meteraway, which
is usually the casewhen pointing in a virtual ervironment,the pointing direction is
indicatedby theline spannedy the hand(index finger) andthe visual focus (defined
asthe centre-pointbetweenthe eyes). Experimentshave shavn that the directionis
consistently(for individual users)lacedjust lateralto the hand-ge line [5].

The userin the VR-CUBE is wearing stereo-glasseand a magnetictracker is
mountedon theseglasseslt measureghe 3D position and orientationof the users
headwhich is usedto updatethe imageson the screenfrom the users point of view.
The 3D position of the tracker canbe usedto estimatethe visual focusandtherefore
only the3D positionof thehandneedgo be estimatedn orderto calculatehepointing
direction.

Sincewe focus on the interactionwith only one side we assumethat the users
torsois fronto-parallelwith respecto the screenThatallows for an estimationof the
positionof theshouldetbasednthe positionof the head(glasses)Thevectorbetween
the glassesandthe shoulderis calledthe displacemenvectorin the following. This is
discussedurtherin section3.

The3D positionof thehandcanusuallybefoundusingmultiple camerasndtrian-
gulation.However, experimentshave shovn that sometimeghe handis only visible in
onecameraThereforewe addresghe single-camergroblem.We exploit the factthat
the distancebetweerthe shoulderandthe hand(denotedR), whenpointing, is rather
independenbf the pointing direction. This implies that the hand,when pointing, will
belocatedon the surfaceof a spherewith radiusR andcentrein theusers shoulder

The camerausedin our systemis calibrated 6] which enablesusto mapanimage
point (pixel) to a 3D line in the VR-CUBE coordinatesystem By estimatingthe posi-
tion of the handin theimagewe obtainanequationof a straightline in 3D andthe 3D
positionof the handis foundasthe pointwheretheline intersectghe sphere.



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

The following is doneto segmentthe users handand estimateits 2D positionin the
image.Firstly the imageareaswherethe users handcould appeamwhen pointing are
estimatedusingthe 3D positionandorientationof the users head(from the magnetic
tracker), a modelof the humanmotor systemandthe kinematicconstraintgelatedto
it, andthe cameraparametergcalculatingthe field of view). Furthermorea first order
predictor[1] is usedto estimatehepositionof thehandfrom the positionin theprevious
imageframe.

Thehistogramof theintensityimagecanbe approximatedy bimodaldistribution,
the brighter pixels originatefrom the backgroundwhereasthe darker originate from
theuser Thisis usedto segmentthe userfrom the backgroundThe optimalthreshold
betweerthe two distributionscanbe found by minimising the weightedsumof group
varianceg4].

The colour variationsin the cameraimageare poor. All coloursare closethe the
grayvectot Thereforethe saturatiorof theimagecoloursis increasedy anempirical
factor The red channelof the sggmentedpixels hasmaximain the skin areasaslong
astheuseris notwearingclotheswith a high reflectancen thelong (red) wavelengths.
Thehistogramof thered channelcanbe approximatedisa bimodaldistribution, hence
it is alsothresholdedy minimisingtheweightedsumof groupvariancesAfter thresh-
olding thegroupof pixelsbelongingto the handcanbefound[4].

3 Pointing Experiments without Visual Feedback

Five userswereeachasledto pointto 16 differentpointsdisplayedon the screensee
figure 1 b). No visual feedbackwas given during theseexperiments hencethe users
shouldbe unbiasedand shov a natural pointing gesture An imageof eachpointing
gesturevastakentogethemith thedataof themagneticheadtracker. Thedisplacement
vectorbetweerthe headtracker andthe shouldemwasmeasuredor eachuser

Figure 2 a) shaws the resultsof a representatie pointing experiment.The circles
(o) arethe real positionsdisplayedon the screenand the asteriskg(x) connectecby
the dashedines are the respectie estimatedpositionswherethe useris pointing to.
Theerrorin figure2 a) is up to 0.7m. Thereareno estimatesor the columnto theleft
becauséghereis no intersectiorbetweerthe spheredescribedy the handandtheline
spannedy the cameraandthe handof the user

The erroris increasingthe morethe userpointsto the left. This is mainly dueto
the incorrectassumptiorthat the displacementectoris constant.The directionand
magnitudeof the displacementectorbetweerthetracker andshouldeiis varying.

For eachusera lookup table (LUT) of displacemenvectorsasa function of the
headrotationwasbuild usingthe shoulderpositionin the imagedataandthe tracker
data.Figure2 b) shavstheresultof arepresentatie pointingexperimentsameasused
in figure 2 a)usinga LUT of displacemenvectorsto estimatethe 3D positionof the
shoulder Notice that after the position of the shoulderhasbeencorrectionestimates
for theleft columnis available.In figure 2 c) the averageresultof all experimentsare
shavn. Eachinnercircle illustratesthe averageerrorwhile eachoutercircle illustrates
themaximumerror. Thetotal averages 76mm andthe maximumerrorto 30mm.
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Fig. 2. Resultsfrom pointing experiments Seetext.

4 Discussion

In this paperwe have demonstratethattechnicalinterfacedevicescanbe replacedoy
a naturalgesture namelyfinger pointing. During off-line testswe shovedthe average
errorto be 76mmandthemaximumerrorto 308mm. Thiswe find to bearatheraccurate
resultgiventhe useris standingtwo metersaway. However, whetherthis erroris too
largedepend®n theapplication.

In thefinal systemthe estimategointingdirectionwill beindicatedby abright3D
line seenthroughthe stereoglassesstartingat the finger of the userandendingat the
objectpointedto. Thus,theerroris lesscritical sincethe useris partof the systemoop
andcancorrecton thefly

Currentlywe arederiving explicit expressiongor theerrorsourcepresente@bove.
Furtherexperimentswill be donein the VR-CUBE to characterisg¢he accuray and
usabilityassoonastherealtimeimplementations finished.Theexperimentswill shov
whetherthe methodallows usto replacethetraditionalpointing devicesasis suggested
by our off-line tests.
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