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ABSTRACT

Optical sight is a new metaphorfor selectingdistant objectsor
preciselypointing at closeobjectsin virtual environments. Op-
tical sight combinesray-casting,handbasedcameracontrol, and
variablezoom into one virtual instrumentthat can be easily im-
plementedfor a varietyof Virtual, Mixed,andAugmentedReality
systems.The optical sight canbe modi�ed into a wide family of
tools for viewing andselectingobjects. Optical sight scaleswell
from desktopenvironmentsto fully immersivesystems.

Keywords: Objectselection,visionaidvirtual tools,ray-casting.

Index Terms: H.5.1 [Information Systems]: Information In-
terfacesand Presentation—Arti�cial,augmented,and virtual re-
alities H.5.2 [Information Systems]: Information Interfacesand
Presentation—UserInterfacesInputdevicesandstrategies

1 INTRODUCTION

Objectselectionis afundamentaltaskfor all systemswherevirtual-
ity is involved.Dozensof methodsandmetaphorshavebeenimple-
mentedfor objectselectionandmanipulation,including a `virtual
hand', a `world-in-miniature' anda magical`voodoodoll' (seea
shortsurvey of themostpopulartechniquesin [1]). More methods
anddesignsaredescribedin [2] andtheir numbersareconstantly
growing.

Techniquesbaseduponthe`virtual hand'metaphorbecameclas-
sicin the�eld of userinterface(UI) design.Thevirtual handis used
to manipulateobjects,steertravel direction,specifytargetsandper-
formapplication-speci�ctasks.Thevirtualhandmetaphorhasbeen
appliedfor objectselectionby directtouching[3], extendedtouch-
ing [4] and, in conjunctionwith variousforms of ray-casting,by
pointingattheobject[5, 6,7]. As discussedin [6], noiseandimpre-
cisionof trackingalongwith theinstabilityof theuser'shandsmake
it dif�cult andsometimesimpossibleto selectdistantor smallob-
jectsreliably. Unassistedpointingwith `bare-hands'maybecomea
prolonged,laborioustask,leadingto fatigue,errors,andfrustration.
Also, with unassistedpointing it is problematicto selectoccluded
or partiallyoccludedobjects.However, thesimplicity andlow com-
putationalcostof ray-castingmakesdirectpointingvery attractive
for building userinterfaces.

A varietyof techniqueswereproposedto improve theusability
of methodsbasedon ray-casting.The Flashlightmetaphorby [5]
reducestheneedfor pin-pointprecisionin selectingobjectsby re-
placingthin rayswith conic volumes. The aperturetechnique[6]
employs conesof variablesizes,which allows usersto closein on
theobjectof interestbynarrowing thecone.However, theentireob-
ject of interestmustbeinitially coveredby thepointingcone.This
requirementmaybecomeproblematicin situationswheretheobject
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andthe viewer arein closeproximity. A collectionof techniques
describedin [7] take advantageof reducingthe selectionproblem
to a2D case.Thesemethodsusetraditionalray-castingwith acom-
binationof intuitivehandpositionsthathelpaimprobingrays.

In ourwork, theopticalsightmetaphoris introducedwhichcom-
plementsexistingmethodsfor selectingobjectsthatdemandvirtual
handandray-castingtechniques.Opticalsighteliminatestheprob-
lem of selectingsmall or distantobjectsby usingvariablecamera
zoom.Handandheadstabilizationreducesthejitter problem.Fur-
thermore,theopticalsightmetaphorprovidesanintuitive and�e x-
ible context for theimplementationof a varietyof view-enhancing
interfacedevices.

2 OPTICAL SIGHT METAPHOR

In its basicform, an optical sight is a combinationof a variable
camerazoom,hand-controlleddirectionof view, andpin-pointray-
casting.As thenameimplies,theopticalsightis primarily intended
for selectingobjectsby shooting,which is accomplishedby �ring
proberaysfrom theeye-pointin thelook direction.Opticalsightis
adirectdescendantof thefamily of pointingtechniquesthatinvolve
aimingwhich weredescribedearlier. The focusof this work is to
make pointingandselectioneasier. Therefore,we do not compare
it to view enhancingvirtual interfaces,suchasthe3D MagicLens
[10], X-Rayvision [11], andthezoomtool [8].

� Basicmodel: As in therealopticalsight,theview follows the
directionof the pointinghand. Zoom is �x ed with headand
handtrackingdataun�ltered.

� Improvedmodel: Zoomis variable.Handsandheadtracking
arestabilizedby oversamplingthe raw datafrom a tracking
system.Thenumberof sub-samplesvariesto compensatefor
jitter thatincreaseswith thezoomlevel.

� An optionalcrosshairslidesover the imageplaneproviding
an additional input streamfor con�rming selections. Note
that the look direction and the headorientationare decou-
pled. While thehandis controllingtheview (i.e., de�nes the
look direction),theheadrotationcontrolsthepositionof the
crosshairon the viewing plane(i.e., servesasa pointing de-
vice). Selectionof anobjectis madewhentheobjectis placed
at the centerof the view andoverlayedby the crosshair, in
other worlds, is being pointedat both by the handand the
head.

� An optionalheadlight projector maybeattachedto theopti-
cal sight in poorvirtual lighting conditionsanda night vision
device may be usedin virtual scenarioswhenusersneedto
concealtheir position.

In the modelsdescribedabove, the optical sight is attachedto
a pointing hand,which makes it moresuitablefor target-oriented
activities. Alternatively, theopticalsightmaybecontrolledby head
orientation.In this case,it behavessimilar to a realworld viewing
device suchasa binoculars,or a telescope.Thesedevicesarewell
suitedto explorationtasks.
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Figure 1: How to operate an optical sight. ”Point-at” pose (A) along
with a ”take a good look” pose (B) form the command pose to start
the optical sight mode (C). Once the optical sight is engaged, the
extended arm can relax (D). To return to normal view, the left hand is
dropped (E).

3 IMPLEMENTATION

The optical sight was implementedaspart of the immersive sys-
tem for training triageskills VR-Triage, which is currentlyunder
developmentat theUniversityof Hawaii Schoolof Medicine. The
userinterfaceis basedon humanposesandspeci�ed by the posi-
tion andorientationof theuser's handsandhead.Handsandhead
aretrackedwith anextendedrangeFlock of Birds motiontracking
system.Thefollowing rulesdescribethecommandinterface.

The optical sight modeis initiated by extendingthe dominant
handat 75%of thearm's lengthor more(”pointing at something”
pose,seeFigure1, A). The otherhandmustbe placedabove the
eyebrows, palm down (”take a good look” posein Figure 1, B).
Upondetectionof this combination,thecommandlanguageinter-
preterturnstheopticalsighton.

In this mode,thedominanthandservesasa pointer. Theselect-
ing raysare�red from theeye-pointthroughthecenterof theview-
ing framecontinuously, with a half secondfrequency. In thenon-
immersive versionof VR-Triage, the raysare�red usinga mouse
click. To make it easierfor usersandto minimize fatigue,the re-
quirementto hold a pointingarmextendedis droppedoncetheop-
tical sightmodeis initiated(Figure1, D). While thedominanthand
is driving thedirectionof view, theotherhandcontrolszoom. By
shifting it left andright in front of the camera,the userincreases
anddecreasesthelevel of magni�cation. This replicatesthe`wide-
telephoto'slideradjustmentusedin many camcorders.In thiscase,
the slider is the handmoving alongthe X coordinatein the user's
eye space,remainingin a 50 cm-proximity from the eye in the Z
direction. Alternatively, the camerazoommay be intuitively con-
trolled by usingtheaxial rotationof thenon-dominanthand.Here,
pronationincreasesandsupinationdecreasesmagni�cation. This
methodof zoomcontrolis depictedin Figure1, D.

To returnto thenormalview, theusermustmovehisor herhand
away from the`zoomslider' zone.

In VR-Triage, theopticalsight is usedfor traveling towardsdis-
tant objects. Target-basedtravel allows one to traverselong dis-
tanceswithout continuoussteering,which minimizesfatigue.Fig-
ure2 shows snapshotsfrom thetrainingzoneof VR-Triage, which
is alsousedfor testingvariousUI techniques.A view only virtual
binocularsmodewasalsoimplemented.

To concludethissection,wereiteratethatthelook directiondoes
not needto be dependenton the orientationof the head.This po-
sition only implementationallows us to usethesameinterfacefor
immersive environmentswith either3 DOF or 6 DOF trackingde-
vices. For desktopmonitorbasedimplementations,it allows us to
useamouseinterface.Consequently, theopticalsightis fully func-
tional in both immersive and non-immersive virtual environment
applications.

4 DISCUSSION AND FUTURE WORK

In this section,we discussadditionalbene�ts andpossibleexten-
sionsof thepresentedtechnique.

Figure 2: Selecting travel destination during travel technique prac-
tice in VR-Triage. Intended travel destination: sitting character. Top:
normal view, multiple target selections (highlighted). Bottom: optical
sight view with 4x magni�cation.

4.1 Mixed and Augmented Reality Applications

Optical sight was initially testedin a purely virtual environment.
However, theoptical sightmetaphorhaspotentialfor applications
in which bothreality andvirtuality coexist. For instance,theFlat-
world systemdevelopedattheInstitutefor CreativeTechnologiesat
theUniversityof SouthernCalifornia[9] makesuseof realpropsin
conjunctionwith rear-projectedscreensdisplayingvirtual content.
In oneFlatworld application,a real roomis augmentedwith large
virtual windowsshowing streetscenesin aforeigncountry. The3D
contentis very detailedanddynamic.Virtual lighting is controlled
to presentbothdayandnight scenarios.Usersareexpectedto sur-
vey thesceneandreactappropriatelywhenneededto eventsin the
environment.Simulatedvirtual binocularsandnightvisiondevices
basedon theopticalsightmetaphorcouldplay a signi�cant role in
this system.In caseswhentraineesareexpectedto return�re, the
opticalsightcanalsoplay a role. A basicFlatworld mixedreality
systemis shown in Figure3.

In real life, optical sights,binoculars,and other view enhanc-
ing devicesbring distantobjectscloserwithout makingthemmore
available for active interaction. In our discussionof the optical
sight, it shouldbenotedthat it is very importantthatvirtual inter-
facesmatchthe user's functionality expectations.In otherwords,
a pair of virtual binocularsmust do exactly the samejob as real
ones. When this requirementis satis�ed, incorporatinginterface
toolssuchastheseto virtual environmentswill enhanceratherthan
distractfrom theuser's senseof presenceandengagement.
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Figure 3: Here, a virtual desert scene projected on two screens is
merged with the real room environment's prop window and door-
frame. In this setting, a pair of binoculars could be useful for sur-
veying the scene. View magni�cation on the screen could be trig-
gered when the user picks up a pair of tracked, real binoculars, looks
through them, and views the scene presented via the mixed reality
`window'.

4.2 X-Ray Vision

X-ray vision canbeimplementedby enablingtransparency on ren-
deredobjectsthatarehit by thepointingrays.Traversalmuststop
whenopacityreachesacertainthreshold.By adjustingthevalueof
this thresholdtheviewercaneffectively modulatethelevel of x-ray
vision. This featureaddressestheproblemof �nding andselecting
occludedobjects.

4.3 Natural LOD contr ol

Anotherapplicationof theopticalsightis to useit asalevel of detail
trigger. The actionof changingview zoomlevel couldbe usedto
switchbetween3D modelsof low andhigh geometriccomplexity,
bypassingmorecomputationallyexpensive methodsof geometric
andvisualblending.

Allowing usersto observe remotepartsof the scenewith the
samelevel of visualdetailremovestheneedto stagescenarioevents
in theimmediatevicinity of theuser. This featuremakestheentire
immersive experiencemorenaturalandmoreeffective in training
applications.

4.4 Precise Pointing at Small and Occluded Objects
with the Optical Sight

In many VR systems,boundingvolumesof varioustypesareused
for ray-objectintersectiontests.Thesetestsarerequiredfor object
selection.Whenhighprecisionpointingis necessary, it is necessary
to go beyond simpleray-sphereor ray-boxintersections.Instead,
theraymustbetestedwith all of thetargetobject'spolygons.There
area varietyof methodsfor organizinggeometryto accelerateray-
object intersectiontests. We arguethat theremay be no needfor
thesetestswhenusingthe optical sight,asthe numberof probing
rays requiredfor successfulselectionis determinedprimarily by
humanreactiontimeandis likely to bein therangeof few raysper
second.

Interestingly, increasingpointing precisionfor the optical sight
may lead to unwantedresults. Considerthe charactersshown in
Figure2. Polygon-level precisionwill resultin many missesin the
rib-cageareawhenprobingrayspassbetweentheribs. In thiscase,
boundingboxesaremoresuitable.

Consideringtheseissues,view magni�cationcoupledwith x-ray
vision mayprovide anoptimalsolutionfor selectingdistant,small,

andoccludedobjectswith theopticalsight.

4.5 User Evaluation

In our future work we plan to conducta userstudy for the opti-
cal sightmetaphor. In this study, theopticalsight implementations
mentionedin section3 would beevaluatedagainstcomparable,es-
tablishedinterfacetechniques.Additional calibrationwill help to
�nd comfortablepositionsfor zoomcontrolsandzoomrange.

5 CONCLUSIONS

We have describedthe designand implementationof the optical
sight,a new metaphorfor viewing andselectingobjectsin virtual
scenes.Webelieve thatthis techniquealongwith its variationswill
becomea usefuladditionto existing interfacesandwill hopefully
encouragethedevelopmentof new ones.
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