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ABSTRACT

Optical sightis a nev metaphorfor selectingdistant objectsor
preciselypointing at close objectsin virtual ervironments. Op-
tical sight combinesray-casting,handbasedcameracontrol, and
variablezoominto one virtual instrumentthat can be easily im-
plementedor a variety of Virtual, Mixed,and AugmentedReality
systems.The optical sight canbe modi ed into a wide family of
tools for viewing and selectingobjects. Optical sight scaleswell
from desktopervironmentgo fully immersive systems.

Keywords: Objectselectionyision aid virtual tools,ray-casting.

Index Terms: H.5.1 [Information Systems]: Information In-
terfacesand Presentation—Arti cial,augmentedand virtual re-
alities H.5.2 [Information Systems]: Information Interfacesand
Presentation—Usénterfacesnput devicesandstratgjies

1 INTRODUCTION

Objectselections afundamentataskfor all systemsvherevirtual-

ity isinvolved. Dozensof methodsandmetaphorsiave beenimple-

mentedfor objectselectionand manipulation,including a “virtual

hand', a "world-in-miniature' and a magical ‘voodoodoll' (seea

shortsuney of themostpopulartechniquesn [1]). More methods
anddesignsare describedn [2] andtheir numbersare constantly
growing.

Techniquedaseduponthe virtual hand'metaphobecamelas-
sicin the eld of userinterface(Ul) design.Thevirtual handis used
to manipulateobjects steertravel direction,specifytargetsandper
formapplication-speci dasks.Thevirtual handmetaphohasbeen
appliedfor objectselectionby directtouching[3], extendedtouch-
ing [4] and,in conjunctionwith variousforms of ray-casting,by
pointingattheobject[5, 6, 7]. As discusseéh [6], noiseandimpre-
cisionof trackingalongwith theinstability of theusershandsmake
it dif cult andsometimesmpossibleto selectdistantor small ob-
jectsreliably. Unassistegbointingwith “bare-handsmaybecomea
prolonged]aborioustask,leadingto fatigue errors,andfrustration.
Also, with unassistegbointingit is problematicto selectoccluded
or partially occludecdbbjects.However, thesimplicity andlow com-
putationalcostof ray-castingnakesdirect pointing very attractve
for building userinterfaces.

A variety of techniquesvere proposedo improve the usability
of methodshasedon ray-casting.The Flashlight metaphorby [5]
reduceghe needfor pin-pointprecisionin selectingobjectsby re-
placingthin rayswith conic volumes. The aperturetechnique[6]
emplgys conesof variablesizes,which allows usersto closein on
theobjectof interestoy narraving thecone.However, theentireob-
jectof interestmustbeinitially coveredby the pointingcone.This
requiremenmaybecomeproblematidn situationsvheretheobject
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andthe viewer arein closeproximity. A collectionof techniques
describedn [7] take adwantageof reducingthe selectionproblem

toa2D case.Thesamethodausetraditionalray-castingvith acom-

binationof intuitive handpositionsthathelpaim probingrays.

In ourwork, theoptical sightmetaphois introducedvhich com-
plementsxisting methoddor selectingobjectsthatdemandvirtual
handandray-castingechniquesOpticalsighteliminatesthe prob-
lem of selectingsmall or distantobjectsby usingvariablecamera
zoom.Handandheadstabilizationreduceghejitter problem.Fur-
thermorethe opticalsight metaphoiprovidesanintuitive and e x-
ible context for theimplementatiorof a variety of view-enhancing
interfacedevices.

2 OPTICAL SIGHT METAPHOR

In its basicform, an optical sightis a combinationof a variable
camerazoom,hand-controlledlirectionof view, andpin-pointray-
casting.As thenameimplies,theopticalsightis primarily intended
for selectingobjectsby shooting,which is accomplishedy ring
proberaysfrom the eye-pointin thelook direction. Opticalsightis
adirectdescendardf thefamily of pointingtechniqueshatinvolve
aiming which were describedearlier The focusof this work is to
male pointing andselectioneasier Therefore we do not compare
it to view enhancingvirtual interfaces suchasthe 3D MagicLens
[10], X-Ray vision[11], andthezoomtool [8].

Basicmodel As in therealopticalsight,theview follows the
directionof the pointing hand. Zoomis x edwith headand
handtrackingdataun Itered.

Improvedmode! Zoomis variable.Handsandheadtracking
are stabilizedby oversamplingthe raw datafrom a tracking
system.The numberof sub-samplesariesto compensatéor
jitter thatincreasesvith thezoomlevel.

An optional crosshairslidesover the imageplaneproviding
an additionalinput streamfor con rming selections. Note
that the look direction and the headorientationare decou-
pled. While the handis controllingthe view (i.e., de nesthe
look direction), the headrotationcontrolsthe positionof the
crosshairon the viewing plane(i.e., senesasa pointing de-
vice). Selectiorof anobjectis madewhentheobjectis placed
at the centerof the view and overlayedby the crosshairin
otherworlds, is being pointed at both by the handand the
head.

An optionalheadlight projector maybe attachedo the opti-
cal sightin poorvirtual lighting conditionsanda night vision
device may be usedin virtual scenarioavhenusersneedto
concealtheir position.

In the modelsdescribedabove, the optical sightis attachedo
a pointing hand,which makesit more suitablefor target-oriented
actities. Alternatively, theopticalsightmaybecontrolledby head
orientation.In this case,t behaessimilarto a realworld viewing
device suchasabinoculars or atelescopeThesedevicesarewell
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).
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3 IMPLEMENTATION

The optical sight was implementedas part of the immersie sys-
tem for training triage skills VR-Triage, which is currently under
developmentat the University of Hawaii Schoolof Medicine. The
userinterfaceis basedon humanposesandspeci ed by the posi-
tion andorientationof the users handsandhead.Handsandhead
aretracked with anextendedrangeFlock of Birds motiontracking
system.Thefollowing rulesdescribehe commandnterface.

The optical sight modeis initiated by extendingthe dominant
handat 75% of the arm's lengthor more ("pointing at something”
pose,seeFigure 1, A). The otherhandmustbe placedabove the
eyebravs, palm down ("take a goodlook” posein Figure 1, B).
Upondetectionof this combinationthe commandanguageanter-
preterturnsthe opticalsighton.

In this mode,thedominanthandsenesasa pointer The select-
ing raysare red from theeye-pointthroughthe centerof theview-
ing framecontinuously with a half secondfrequeng. In the non-
immersve versionof VR-Tiage, theraysare red usinga mouse
click. To make it easierfor usersandto minimize fatigue,there-
quirementto hold a pointingarmextendeds droppedoncethe op-
tical sightmodeis initiated (Figurel, D). While thedominanthand
is driving the directionof view, the otherhandcontrolszoom. By
shifting it left andright in front of the camerathe userincreases
anddecreasethelevel of magni cation. This replicateshe “wide-
telephoto'slideradjustmentisedin mary camcordersln this case,
the slideris the handmoving alongthe X coordinatein the users
eye space remainingin a 50 cm-proximity from the eye in the Z
direction. Alternatively, the camerazoommay be intuitively con-
trolled by usingthe axial rotationof the non-dominanhand.Here,
pronationincreasesand supinationdecreasesnagni cation. This
methodof zoomcontrolis depictedn Figurel, D.

To returnto the normalview, theusermustmove his or herhand
away from the zoomslider' zone.

In VR-Triage, the optical sightis usedfor traveling towardsdis-
tant objects. Tamget-basedravel allows oneto traverselong dis-
tanceswithout continuoussteeringwhich minimizesfatigue. Fig-
ure 2 shaws snapshotérom thetraining zoneof VR-Tiage, which
is alsousedfor testingvariousUI techniquesA view only virtual
binoculais modewasalsoimplemented.

To concludethis sectionwe reiteratehatthelook directiondoes
not needto be dependenbn the orientationof the head. This po-
sition only implementatiorallows us to usethe sameinterfacefor
immersve ervironmentswith either3 DOF or 6 DOF trackingde-
vices. For desktopmonitor basedmplementationsit allows usto
useamouseinterface.Consequentlytheopticalsightis fully func-
tional in both immersve and non-immersie virtual ervironment
applications.

4 DiscUSSION AND FUTURE WORK

In this section,we discussadditionalbene ts and possibleexten-
sionsof the presentedechnique.

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, the optical sight metaphotaspotentialfor applications
in which bothreality andvirtuality coexist. For instancethe Flat-

world systermrdevelopedattheInstitutefor Creatve Technologiesit
theUniversity of SoutherrCalifornia[9] makesuseof realpropsin

conjunctionwith rearprojectedscreenglisplayingvirtual content.
In oneFlatworld application,a realroomis augmentedvith large
virtual windows shaving streetscenesn aforeigncountry The3D

contentis very detailedanddynamic. Virtual lighting is controlled
to presenbothdayandnight scenariosUsersareexpectedto sur

vey the sceneandreactappropriatelywhenneededo eventsin the

ervironment.Simulatedvirtual binocularsandnight vision devices
basedon the optical sight metaphorcould play a signi cant role in

this system.In casesvhentraineesare expectedto return re, the
opticalsightcanalsoplay arole. A basicFlatworld mixed reality

systemis shaovn in Figure3.

In real life, optical sights, binoculars,and otherview enhanc-
ing devicesbring distantobjectscloserwithout makingthemmore
available for active interaction. In our discussionof the optical
sight, it shouldbe notedthatit is very importantthatvirtual inter
facesmatchthe users functionality expectations.In otherwords,
a pair of virtual binocularsmustdo exactly the samejob asreal
ones. Whenthis requirements satis ed, incorporatinginterface
toolssuchastheseto virtual environmentswill enhanceatherthan
distractfrom the users 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 canbeimplementedy enablingtransparenconren-
deredobjectsthatarehit by the pointingrays. Traversalmuststop
whenopacityreaches certainthreshold By adjustingthe valueof
thisthresholdheviewer caneffectively modulatethelevel of x-ray
vision. This featureaddressethe problemof nding andselecting
occludedobjects.

4.3 Natural LOD contr ol

Anotherapplicationof theopticalsightis to useit asalevel of detail
trigger. The actionof changingview zoomlevel could be usedto
switch between3D modelsof low andhigh geometriccompleity,
bypassingmore computationallyexpensve methodsof geometric
andvisualblending.

Allowing usersto obsere remoteparts of the scenewith the
samdevel of visualdetailremovestheneedto stagescenariavents
in theimmediatevicinity of theuser This featuremakestheentire
immersie experiencemore naturaland more effective in training
applications.

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

In mary VR systemspoundingvolumesof varioustypesareused
for ray-objectintersectiortests. Thesetestsarerequiredfor object

selection Whenhigh precisionpointingis necessaryt is necessary

to go beyond simpleray-sphereor ray-boxintersections.Instead,
theray mustbetestedwith all of thetargetobjects polygons.There
areavariety of method<for organizinggeometryto accelerateay-
objectintersectiontests. We amgue that theremay be no needfor
thesetestswhenusingthe optical sight, asthe numberof probing
rays requiredfor successfubkelectionis determinedprimarily by
humanreactiontime andis likely to bein therangeof few raysper
second.

Interestingly increasingpointing precisionfor the optical sight
may lead to unwantedresults. Considerthe charactershown in
Figure2. Polygon-lerel precisionwill resultin mary missedn the
rib-cageareawhenprobingrayspassbetweertheribs. In this case,
boundingboxesaremoresuitable.

Consideringhesdssuesyiew magni cationcoupledwith x-ray
vision may provide anoptimalsolutionfor selectingdistant,small,

andoccludedobjectswith the opticalsight.

4.5 User Evaluation

In our future work we plan to conducta userstudy for the opti-
cal sightmetaphar In this study the optical sightimplementations
mentionedn section3 would be evaluatedagainstcomparablegs-
tablishedinterfacetechniques.Additional calibrationwill help to
nd comfortablepositionsfor zoomcontrolsandzoomrange.

5 CONCLUSIONS

We have describedthe designand implementationof the optical
sight, a new metaphoifor viewing andselectingobjectsin virtual
scenesWe believe thatthis techniquealongwith its variationswill

becomea usefuladditionto existing interfacesandwill hopefully
encouragehedevelopmentbof new ones.
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