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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 theuser’s handandmapit into 3D. Off-line testsshow promising
resultswith anaverageerrorsof 8cm whenpointingat a screen2m away.

1 Introduction

A virtual environmentis a computergeneratedworld whereineverythingimaginable
canappear. It hasthereforebecomeknown asa virtual world or rathera virtual reality
(VR). The ’visual entrance’to VR is a screenwhich actsasa window into the VR.
Ideally onemay feel immersedin thevirtual world. For this to bebelievablea useris
eitherto weara head-mounteddisplayor be locatedin front of a largescreen,or even
better, becompletelysurroundedby largescreens.

In many VR applications[4] theuserneedsto interactwith theenvironment,e.g.to
pinpointan object,indicatea direction,or selecta menupoint. A numberof pointing
devicesandadvanced3D mouses(spacemouses)havebeendevelopedto supportthese
interactions.Theseinterfacesarebasedon thecomputer’s termswhich many timesare
not naturalor intuitive to use.

In this paperwe proposeto replacesuchpointing deviceswith a computervision
systemcapableof recognisingnaturalpointinggesturesof thehand.We chooseto ex-
plore how well this may be achievedusingjust onecameraandwe will focuson in-
teractionwith oneof the sidesin a VR-CUBE, seefigure1 a), which is sufficient for
initial feasibilityandusabilitystudies.

2 The Approach

Thepointinggesturebelongsto theclassof gesturesknown asdeictic gestures which
MacNeill [3] describesas”gesturespointingto somethingor somebodyeitherconcrete
or abstract”.Theuseof thegesturedependson thecontext andthepersonusingit [2].
However, it hasmainlytwo usages:to indicateadirectionor to pinpointacertainobject.
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Fig. 1. VR-CUBE: a) Schematicview of theVR-CUBE.Thesizeis 2.5x 2.5x 2.5m. b) Experi-
mentalsetup.16 pointsin a .5cm rasteraredisplayed.

When the objectpointing to is more than approximatelyonemeteraway, which
is usually the casewhen pointing in a virtual environment,the pointing direction is
indicatedby the line spannedby thehand(index finger)andthevisual focus(defined
as the centre-pointbetweenthe eyes).Experimentshave shown that the direction is
consistently(for individualusers)placedjust lateralto thehand-eyeline [5].

The user in the VR-CUBE is wearing stereo-glassesand a magnetictracker is
mountedon theseglasses.It measuresthe 3D position and orientationof the user’s
headwhich is usedto updatethe imageson the screenfrom the user’s point of view.
The 3D positionof the tracker canbe usedto estimatethe visual focusandtherefore
only the3D positionof thehandneedsto beestimatedin orderto calculatethepointing
direction.

Sincewe focus on the interactionwith only one side we assumethat the user’s
torsois fronto-parallelwith respectto thescreen.Thatallows for anestimationof the
positionof theshoulderbasedonthepositionof thehead(glasses).Thevectorbetween
theglassesandtheshoulderis calledthedisplacementvectorin thefollowing. This is
discussedfurtherin section3.

The3D positionof thehandcanusuallybefoundusingmultiplecamerasandtrian-
gulation.However, experimentshave shown thatsometimesthehandis only visible in
onecamera.Thereforewe addressthesingle-cameraproblem.We exploit the fact that
the distancebetweenthe shoulderandthe hand(denoted� ), whenpointing, is rather
independentof the pointingdirection.This implies that the hand,whenpointing,will
belocatedon thesurfaceof a spherewith radius� andcentrein theuser’s shoulder.

Thecamerausedin our systemis calibrated[6] which enablesusto mapanimage
point (pixel) to a 3D line in theVR-CUBE coordinatesystem.By estimatingtheposi-
tion of thehandin theimagewe obtainanequationof a straightline in 3D andthe3D
positionof thehandis foundasthepoint wheretheline intersectsthesphere.



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

The following is doneto segmentthe user’s handandestimateits 2D position in the
image.Firstly the imageareaswherethe user’s handcouldappearwhenpointing are
estimatedusingthe3D positionandorientationof theuser’s head(from themagnetic
tracker), a modelof the humanmotor systemandthe kinematicconstraintsrelatedto
it, andthecameraparameters(calculatingthefield of view). Furthermore,a first order
predictor[1] is usedtoestimatethepositionof thehandfromthepositionin theprevious
imageframe.

Thehistogramof theintensityimagecanbeapproximatedby bimodaldistribution,
the brighterpixels originatefrom the backgroundwhereasthe darker originatefrom
theuser. This is usedto segmenttheuserfrom thebackground.Theoptimal threshold
betweenthetwo distributionscanbefoundby minimising theweightedsumof group
variances[4].

The colour variationsin the cameraimagearepoor. All coloursareclosethe the
grayvector. Thereforethesaturationof theimagecoloursis increasedby anempirical
factor. The red channelof the segmentedpixelshasmaximain the skin areasaslong
astheuseris not wearingclotheswith a high reflectancein thelong (red)wavelengths.
Thehistogramof theredchannelcanbeapproximatedasabimodaldistribution,hence
it is alsothresholdedby minimisingtheweightedsumof groupvariances.After thresh-
olding thegroupof pixelsbelongingto thehandcanbefound[4].

3 Pointing Experiments without Visual Feedback

Five userswereeachaskedto point to 16 differentpointsdisplayedon thescreen,see
figure 1 b). No visual feedbackwasgiven during theseexperiments,hencethe users
shouldbe unbiasedandshow a naturalpointing gesture.An imageof eachpointing
gesturewastakentogetherwith thedataof themagneticheadtracker. Thedisplacement
vectorbetweentheheadtrackerandtheshoulderwasmeasuredfor eachuser.

Figure2 a) shows the resultsof a representative pointing experiment.The circles
( � ) are the real positionsdisplayedon the screenand the asterisks( � ) connectedby
the dashedlines are the respective estimatedpositionswherethe useris pointing to.
Theerror in figure2 a) is up to 0.7m. Thereareno estimatesfor thecolumnto theleft
becausethereis no intersectionbetweenthespheredescribedby thehandandtheline
spannedby thecameraandthehandof theuser.

The error is increasingthe morethe userpoints to the left. This is mainly dueto
the incorrectassumptionthat the displacementvector is constant.The direction and
magnitudeof thedisplacementvectorbetweenthetrackerandshoulderis varying.

For eachusera lookup table (LUT) of displacementvectorsasa function of the
headrotationwasbuild usingthe shoulderpositionin the imagedataandthe tracker
data.Figure2 b) showstheresultof arepresentativepointingexperiment(sameasused
in figure 2 a) usinga LUT of displacementvectorsto estimatethe3D positionof the
shoulder. Notice that after the positionof the shoulderhasbeencorrectionestimates
for the left columnis available.In figure2 c) theaverageresultof all experimentsare
shown. Eachinnercircle illustratestheaverageerrorwhile eachoutercircle illustrates
themaximumerror. Thetotalaverageis 76mm andthemaximumerrorto 30mm.
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Fig. 2. Resultsfrom pointingexperiments.Seetext.

4 Discussion

In this paperwe have demonstratedthat technicalinterfacedevicescanbereplacedby
a naturalgesture,namelyfingerpointing.During off-line testswe showedtheaverage
errorto be76mm andthemaximumerrorto 308mm. Thiswefind to bearatheraccurate
resultgiven the useris 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
andcancorrecton thefly.

Currentlywearederivingexplicit expressionsfor theerrorsourcespresentedabove.
Furtherexperimentswill be donein the VR-CUBE to characterisethe accuracy and
usabilityassoonastherealtimeimplementationis finished.Theexperimentswill show
whetherthemethodallowsusto replacethetraditionalpointingdevicesasis suggested
by ouroff-line tests.
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