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ABSTRACT

Thoughoftendesirable,theintegrationof realandvirtual elements
in mixedreality environmentscanbedif�cult. We proposea num-
berof techniquesto facilitatesceneexplorationandobjectselection
by giving usersreal instrumentsaspropswhile implementingtheir
functionality in a virtual partof theenvironment. Speci�cally, we
presentafamily of toolsbuilt upontheideaof usingrealbinoculars
for viewing virtual content. This approachmatchesuserexpecta-
tions with the tool's capabilitiesenhancingthe senseof presence
andincreasingthedepthof interactionbetweentherealandvirtual
componentsof thescene.We alsodiscusspossibleapplicationsof
thesetoolsandtheresultsof ouruserstudy.

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

Oneof the trendsin userinterface(UI) designfor mixedandaug-
mentedreality systemsis the useof tangibleinterfacemetaphors
whereusersinteractwith the environmentwith the help of real
props [1]. Tangible interfacesblur the border betweenthe real
and the virtual by addinga tactile modality to interaction. Two
examplesillustratethe versatility of this approach.The Tiles sys-
tem [2] providesa meansfor building generalpurposeinterfaces
by manuallyarrangingphysical tiles that representoperationsand
data. MagicBook[3] is a highly interactive tool in the shapeof
a real book where�ctional characterscometo life as3D objects
whenusersturn thepages.In this casethe interfaceis speci�cally
designedto meetthegoalsof theapplication.It capitalizeson the
perfectmatchbetweenthe appearanceof the interfacedevice (the
bookitself) andits expectedfunction(astory-tellingobject).

We proposeseveral techniquesthat, like the Magic Book, take
advantageof theclosematchbetweentheshapeof theinterfaceob-
jectandtheeffectof its application.Someof thesetechniqueswere
mentionedbrie�y asextensionsof theoptical sightmetaphor, orig-
inally developedfor purely virtual environments[4]. In what fol-
lows,we continueexploring theseideasanddescribehow they can
beappliedin systemswherevirtuality andreality arebothpresent.
In sectiontwo, weoutlineourgoalsandplacethemin theperspec-
tive of relatedwork. Sectionsthreeandfour describetheproposed
methodsand extensions. Full detailson the implementationand
userevaluationaregivenin thelasttwo sections.
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2 MOTIVATION AND RELATED WORK

Ourgoalis to assistusersin performingtwo basicinteractiontasks:
sceneexplorationand object selection. Both the complexity and
thesizeof thescene(or perceivedsize)play signi�cant role in UI
design.

In scenesof low complexity and size, as in the table-top
AR2Hockey game[5], all objectsarein clearview andin closeprox-
imity which allows interactionto be direct andunassisted.A im-
plementationof thevirtual handmetaphor[6] couldbeappropriate
in thiscase.

The MagicLensmetaphoremploys handheldinterfacedevices
shapedasa looking glass[7] which providesvisual andsemantic
zoominto virtual scenesof highcomplexity. It worksverywell for
physically compactscenessuchasa 3D modelof a houseor small
building for example. However, whenusersareplacedin virtual
settingswith hundredsof life-sizeobjectsspreadover hundredsof
meters,asin theFlatWorld system[9], or MRMOUTtrainingsim-
ulation [8], long rangeaccessenablingtoolsmustbeprovided. In
oneof theFlatWorld applications,a physicalroomwith real furni-
ture is augmentedwith a virtual urbancombatscenedisplayedon
rear-projectionscreenssituatedin window frames.Soldierstrainees
arerequiredto survey a vastcity sceneandreactto circumstances.
Lighting conditionsandthe level of hostilitiesvary from scenario
to scenario. Long rangevision enhancementtools are critical to
their tasksandshouldbeanalogousto thebinoculars,night vision
goggles,andlaserrange�nders they usein therealphysicalworld.

3 REAL BINOCULARS, VIRTUAL SCENE

In real life, vision enhancementcanbeachieved by any combina-
tion of the following methods:increasingmagni�cation,choosing
analternative input signalrange,andapplyingvarious�lters. The
correspondingdevicesarebinoculars,nightvisiondevices,andsun-
glasseswith polarizing, ultraviolet, and other typesof �lters. In
virtuality, thesemethodsare replicatedby using variablecamera
zoom,alternative shadingmodels,andchangingmaterialparame-
ters.For example,nightvisionmaybeimplementedby storingand
displayingsurfacetemperaturedataasvertex colors.Reducingthe
valuefor Phonghighlightson re�ective surfacesmimics theeffect
of applyinga polarized�lter . Adding transparency canprovide an
X-ray imagingeffect. Thoughnot addressedin this paper, �ash-
lights andheadlampsareadditionalrealworld toolswith potential
astangibleinterfaces.

We proposeusinga pair of conventionalbinocularsasinterface
in spatiallyimmersive displaysystems.Thebinocularsareusedto
controla virtual cameraandto manipulatetherenderingandshad-
ing of 3D objectsin the scene.Whenplacednext to eyesanddi-
rectedtowardsthedisplayscreen,thebinocularscanbeusedto the
controlcamera'sorientationandzoomlevel. Thelensesandprisms
areremovedfrom thebinoculars,becausetheir functionalityis now
performedin software. The remainingphysical hardwarecompo-
nent, an emptyshell with rubbereyepieces,serves only to block
peripheralvision andprovidestactile con�rmation that the binoc-
ularsare in use. It is essentialfor the displayscreento be large



enoughto provideacomfortablerangeof viewing angles.
By addinga wheel control and a few extra buttons, the base-

line modelof virtual binocularscanbe signi�cantly enhanced,as
describedin thenext section.

Figure 1: A pair of real binoculars with additional equipment for con-
trolling virtual views. Mini-mouse buttons and wheel operate zoom,
X-ray vision, snapshot mode, and `reality freezer'. Intersense Inerti-
aCube 2 tracker is attached to the top. At the bottom, an additional
pair of viewing tubes can be seen.

4 EXTENSIONS AND APPLICATIONS

Becauseof its look andfeel, a blackbox with two videochannels,
a pair of binocularscanbe easilyperceived asa generalpurpose
view modifying instrument. Thus, it lendsitself well to various
modi�cationsandextensions.Someof thesearelistedbelow.

� Crosshairpointer. By tracking the position and orienta-
tion of the binoculars,we can use it as a pointing device.
A crosshairimagesliding over the magni�ed view actsasa
pointer. In conjunctionwith asimpleform of raycasting,this
option turns the binocularsinto an optical sight which may
beusedfor many purposes,includingobjectselectionandac-
cess.Variablezoomsimpli�es theselectionof small,distant,
andpartiallyoccludedobjects.A crosshairpointeris partially
implementedin oursystem,asseenin Figure3, bottom-left.

� X-ray vision. In non-simulationapplications,wherereal-
ism is nota requirement,anX-rayvisiondevicecouldbeuse-
ful. Most usersarefamiliar with theconceptof X-ray vision,
andit hasalreadybeenintroducedto stationary[10] andmo-
bile [11] AR systems.WeimplementedanX-ray visionmode
by temporarilyaddingtransparency to 3D objectsin the vir-
tualscene.Onescreensnapshottakenwith theX-ray-enabled
binocularsis shown in Figure3, bottom-right.

� Night-vision. Night or thermalvision, displayedin gray or
greenmonochromeor in pseudo-color, is anotherwell known
technique.It is widely usedin videogames,suchastheSplin-
ter Cell series.Wehavenotyetexploredthisoption.

� `RealityFreezer'. `Realityfreezer'or snapshotmodeallows
one to pausevirtual contentby skipping all motion control
codein themaingraphicsloop. Consequentlyall 3D virtual
objectsandcharactersfreezein place,trackingstops,andtime
doesnot advance. This modeis very convenientin search-
ing for smallobjectswithin a singleframe,countingobjects,

takingscreensnapshots,andsimilar taskswhichcouldbeen-
hancedby atemporarilystaticvirtual world. Weimplemented
this featureveryearlyin ourdevelopmentprocess.

� LOD control. When zoomingin on distantobjects,their
polygonal nature becomesapparent,especially on object
edges(Figure2, left). This renderingartifact is undesirable
in most applications. Virtual binocularsoffer a convenient
way of controlling the level of geometriccomplexity of the
objectsthat fall into view. In a previouspaper, we discussed
potentialapplicationsof LOD-controlfor variousVR andMR
systems[4]. In this work, we testedit with a 3D modelof a
dolphin,asshown in Figure2. By switchingtoahigh-polygon
versionalong with increasingcamerazoom, the objectsin
view maintaintheir visualquality.

Note that all methodsdescribedabove control the virtual com-
ponentof a VR or MR system.That distinguishesour work from
a family of vision-enhancingdevicesthataugmentreal views with
computer-generatedcontent,suchascoin-operatedtelescopes[12]
andsystemsfor astronomicalobservations[13].

Figure 2: Zoom-controlled LOD. Top: panoramic view with a dolphin
rendered in low-polygon form. Bottom: 24x magni�cation. The initial
model (270 polygons, left) is replaced by a high-quality version (1440
polygons, right). The black round frame is normally turned off.

5 IMPLEMENTATION, HARDWARE AND SOFTWARE

To implementour virtual binoculars,a pair of Simmons50x10
binocularswere �tted with two hollow plastic tubesthat people
looked through. For this particularmodel,it was nearly impossi-
ble to remove the lensesandusethe original eyepiecesfor direct
viewing. As a result,wehadto usetheadditionaltubes.

Thebinocularswereoperatedwith anattachedminiaturemouse.
Theleft mousebuttonswitchedthebinocularson andoff, themid-
dle buttontoggledanX-ray vision mode,andtheright buttontog-
gled the `Reality Freezer'andtook screensnapshots.The mouse
wheelchangedzoomlevel between1 and40. Thestartingvalueof
zoomwassetto 1 whichallowedseamlesstransitionbetweenviews
whenthe binocularswereturnedon. The whole unit wastracked
with anInertiaCube2 tracker for controllingthecamerà look' di-
rection.Thefully assembledbinocularsareshown in Figure1.

The 3D contentwasrenderedat 25 FPSon a singlePC with a
3.2 GHz CPU,1GB RAM, anda nVidia QuadroNVS GPU, run-
ningcustomizedFlatlandengine[14]. Videoandaudiocontentwas
renderedwith theOpenGLandOpenALlibraries.Dynamicsound
localizationwasprocessedon thesamePC.



Figure 3: Top: approaching the Bird Island, panoramic view. Bottom:
magni�ed view with a crosshair pointer for object selection (left); X-
ray vision mode shows birds hidden behind the rock (right).

6 USER EVALUATION

The systemwas testedwith 20 volunteers,one at a time. Each
subjectwastakenon a tenminutecruisearounda virtual islandas
shown in Figure4. The3D contentwasdisplayedon an8 x 6 foot
rear-projectionscreen.The subjectswereseatedvery closeto the
screenapproximatingtheexperienceof beingin a vehiclecockpit.
The positionandorientationof the virtual boatwereupdatedau-
tomaticallysothesubjectsdid not have to worry aboutnavigation.
While standingon themoving boatwhich wasalwaysorientedto-
wardsthecenterof theisland,thesubjectscouldredirecttheirview
approximately90 degreeshorizontally and 45 degreesvertically.
For this particularsetting,orientation-onlytrackingof thebinocu-
larswasquitesuf�cient, astherelative displacementof thecamera
position(afew inches)wasnegligible comparedwith thesizeof the
virtual scene(severalhundredfeet).

Theuser's goalwasfreestyleexplorationof theislandwhich in-
cludeda varietyattractionsto keeponeinterestedfor theduration
of thecruise.Birds, butter�ies, dolphins,crabs,andothertropical
creatureswerepresent.Subjectscould usethe binocularsat will,
with all its extensionsasdescribedin theprevioussections.An in-
formal competitionto take thebestpicturesof theisland's wildlife
wasannounced.Incidentally, thiscomponentmadethewholeexer-
cisesomewhatsimilar to theoncepopularPokemonSnapgamefor
theNintendo64videogameconsole.

After returningfrom the trip, subjectswereasked to �ll out a
shortsurvey abouttheir background,suchasgaminghabits,previ-
ousVR/MR experiences,andhow oftenthey userealbinocularsin
everydaylife. We alsoaskedsubjectsto evaluatethevirtual binoc-
ularsonascalefrom 0 to 5 by answeringthefollowing questions:

For thisparticularscene,thevirtual binocularswere:
— usefulasa tool? (0-totallyuseless,5-indispensable)
— easyto operate?(0-frustrating,5-intuitive)
— enjoyableoverall?(0-annoying, 5-veryenjoyable)

A few wordsaboutwhatyoudidn't like...

And whatyoudid like (if anything)...

To encourageconstructive criticism, we explicitly asked people
what they did not like �rst. Freeform suggestionsconcludedthe
survey.

6.1 Quantitative analysis

Meanvaluesof theratingsaresummarizedin Table1. At aglance,
thevirtual binocularsweregivenfairly high scoresin all questions
by all groupsof subjects.Within 95%con�denceintervals,people
ratedthevirtual binocularsas

usefulasa tool: 3.4– 4.3
easyto operate:3.4– 4.2
enjoyableoverall: 4.0– 4.7

To determineif a subject's backgroundhad signi�cant in�u-
enceontheirevaluation,weperformedtheWelshtwo-samplet-test
grouping subjectsas gamers,non-gamers,VR/MR-experienced,
VR/MR-novices,experiencedwith binoculars,andnotexperienced
with binoculars.As theresultsshow, therewasnosigni�cant differ-
enceobservedexceptfor thequestiononusefulness,with P= 0.03,
asansweredby gamersandnon-gamers.Anotherspecialcaseof P
= 0.98wasobserved in answersto the easeof usequestiongiven
by peoplewho had andhad not previously experiencedVR/MR.
To con�rm these�ndings, wealsoperformedaWilcoxonranksum
test. TheresultingP valuestogetherwith observationmediansare
presentedin Table2. Frombothtests,weconcludethat:

� Participantsfoundthebinocularsuseful,easyto operate,and
veryenjoyable.

� Thoseparticipantswho usereal binocularsin everydaylife
foundthedevice lessusefulthanthosewho do not. We think
thatthereasonfor this resultlies in therathercrudedesignof
thedevice prototype.For usersaccustomedto thereal thing,
theresemblancebreaksdown.

� PreviousVR experienceor lackof it doesnotin�uenceratings
oneaseof useof theproposeddevice.

� Thereis noevidencethatgaminghabitshavesigni�cant in�u-
enceon theresultsof theevaluationsamongtheparticipants.

Table 1: Mean values and Welsh two-sample t-test P values of eval-
uation ratings among different subject groups. Special cases are
marked with an asterisk *.

Subjectsgroups Useful Easy Overall
andsamplesize(N) asa tool to operate enjoyable
Pro�ciency in gaming:

Regularor casual(N=12) 4.2 4.0 4.5
Not agameratall (N=8) 3.7 3.7 4.1
P 0.33 0.5 0.34

HadVR/MR experiences:
Yes(N=11) 4.1 3.8 4.5
No (N=8) 3.7 3.8 4.1
P 0.48 0.98* 0.31

Useof realbinoculars:
Oncein awhile (N=13) 3.7 3.9 4.3
Almostnever (N=6) 4.5 3.7 4.2
P 0.03* 0.61 0.64

6.2 Qualitative evaluation

Informal observationsshowed thatpeoplegenerallyenjoyedplay-
ing with thevirtual binocularsanddid not show any signsof being
boredor tired.

Surprisingly, of all 20subjects,only onepersonnoticedthatit is
possibleto `cheat'with this device. Insteadof holdingthebinocu-
larscloseto theeyes,onecanjust put it on the tableanduseit as
a joystick to direct theview. All otherpeoplesimply acceptedthe
rulesof thegameandtreatedthebinocularsasthereal thing, dili-
gently looking throughtheemptytube,ascanbeseenin Figure4.



Table 2: Median values and Wilcoxon rank sum test.

Subjectsgroups Useful Easy Overall
andsamplesize(N) asa tool to operate enjoyable
Pro�ciency in gaming:

Regularor casual(N=12) 4 4 5
Not agameratall (N=8) 4 3.5 4
P 0.59 0.39 0.28

HadVR/MR experiences:
Yes(N=11) 4 4 4.5
No (N=8) 4 4 4.25
P 0.85 1.0* 0.4

Useof realbinoculars:
Oncein awhile (N=13) 4 4 4.5
Almostnever (N=6) 4.5 3.5 4
P 0.05* 0.55 0.61

Table 3: Free form comments.Quoted text is reproduced verbatim.

Complaints Compliments
binocularstooheavy X-ray vision
drift in thetracker interactivity, senseof adventure
shaky visionathighzoomlevels thenovelty of theidea
slow zoomincrement, “the comfortof thebinoculars,

mustbeprogressive shapeandweight
whenplacedon thetable, “it' s niceto getcaughtup

shouldswitchitself off in theexperience”

We interpretthis observationascomplimentingthe integrationbe-
tweenthebinoculars,theuserinterface,andtheoverall gameplay.

Anotherinterestingobservation is thatmostsubjectspractically
neverturnedthebinocularsoff evenwhenthey usedit atzoomlevel
1 (no magni�cation). This point supportsthe utility of the device
and indicatesthat userswere very comfortablewith it. The free
form writtencommentsaresummarizedin Table3.

7 CONCLUSION

In this paperwe presenteda numberof techniques,baseduponthe
ideaof usingrealbinocularsasan interfaceobjectto facilitatethe
viewing of virtual content. Thesetechniquesaresimpleandintu-
itive to use.Their implementationis straightforwardandshouldbe
easyto integrateinto mostsystems.

Enhancingusers'vision in mixedrealityenvironmentsimproves
theirability to reliablypointatandselectsmall,distant,or partially
occludedobjects.Effectively, weincreasetheresolutionof theuser
interfaceapparatuswhich enhancesthe level of usercontrol over
thescene.Directandimmediatetactilefeedbackfrom theinterface
objectsaddsto theoverall senseof presence.

Ouruserevaluationstudyshowsthatpeopleeasilygrasptheidea
of virtual binoculars,regardlessof their pro�ciency in gamingin-
terfacesandpreviousexposureto virtual andmixedenvironments.
Favorableinformal reportson usability andcomfort arealsovery
encouraging.

We believe thata largegamutof applicationsmaybene�t from
our methods.Theseapplicationsincludeprofessionalskill training
systems,educationaltools,andinteractiveentertainment.
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