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ABSTRACT

Thoughoftendesirabletheintegrationof realandvirtual elements
in mixedreality ervironmentscanbedif cult. We proposea num-
berof techniqueso facilitatescenesxplorationandobjectselection
by giving usersrealinstrumentsaspropswhile implementingtheir
functionality in a virtual partof the environment. Speci cally, we
presentafamily of toolsbuilt upontheideaof usingrealbinoculars
for viewing virtual content. This approachmatchesuserexpecta-
tions with the tool's capabilitiesenhancinghe senseof presence
andincreasinghe depthof interactionbetweertherealandvirtual
component®f the scene.We alsodiscusgossibleapplicationsof
thesetoolsandtheresultsof our userstudy

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 devicesandstratgies

1 INTRODUCTION

Oneof thetrendsin userinterface(Ul) designfor mixed andaug-
mentedreality systemds the useof tangibleinterface metaphors
where usersinteractwith the ervironmentwith the help of real
props[1]. Tangibleinterfacesblur the borderbetweenthe real
and the virtual by addinga tactile modality to interaction. Two
examplesillustrate the versatility of this approach.The Tiles sys-
tem [2] providesa meansfor building generalpurposeinterfaces
by manuallyarrangingphysicaltiles thatrepresenbperationsand
data. MagicBook[3] is a highly interactve tool in the shapeof
areal book where ctional charactercometo life as3D objects
whenusersturn the pages.In this casethe interfaceis speci cally
designedo meetthe goalsof the application. |t capitalizeson the
perfectmatchbetweenthe appearancef the interfacedevice (the
bookitself) andits expectedfunction (a story-tellingobject).

We proposeseveral techniqueghat, like the Magic Book take
adwantageof theclosematchbetweerthe shapeof theinterfaceob-
jectandtheeffectof its application.Someof thesetechniquesvere
mentionedorie y asextensionf the optical sightmetaphororig-
inally developedfor purely virtual environments[4]. In whatfol-
lows, we continueexploring theseideasanddescribehow they can
be appliedin systemswvherevirtuality andreality areboth present.
In sectiontwo, we outline our goalsandplacethemin the perspec-
tive of relatedwork. Sectionghreeandfour describehe proposed
methodsand extensions. Full detailson the implementationand
userevaluationaregivenin thelasttwo sections.
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2 MOTIVATION AND RELATED WORK

Ourgoalis to assistusersn performingtwo basicinteractiontasks:
sceneexploration and object selection. Both the compleity and
the size of the sceng(or perceivedsize)play signi cant role in Ul
design.

In scenesof low compl«ity and size, as in the table-top
ARZHodckey game[5], all objectsarein clearview andin closeprox-
imity which allows interactionto be directandunassisted A im-
plementatiorof thevirtual handmetaphoi6] couldbeappropriate
in this case.

The MagicLensmetaphoremplo/s handheldinterface devices
shapedasa looking glass[7] which providesvisual and semantic
zoominto virtual scene®f high compleity. It worksvery well for
physically compactscenesuchasa 3D modelof a houseor small
building for example. However, whenusersare placedin virtual
settingswith hundred=of life-size objectsspreadover hundredof
metersasin the FlatWorld system[9], or MR MOUT training sim-
ulation [8], long rangeaccessnablingtools mustbe provided. In
oneof the FlatWorld applicationsa physicalroomwith realfurni-
ture is augmentedvith a virtual urbancombatscenedisplayedon
rearprojectionscreensituatedn window frames.Soldierstrainees
arerequiredto surney avastcity sceneandreactto circumstances.
Lighting conditionsandthe level of hostilitiesvary from scenario
to scenario. Long rangevision enhancementools are critical to
their tasksandshouldbe analogougo the binoculars hight vision
gogglesandlaserrange nders they usein thereal physicalworld.

3 REAL BINOCULARS, VIRTUAL SCENE

In reallife, vision enhancementanbe achieved by ary combina-
tion of the following methods:increasingmagni cation, choosing
analternatve input signalrange,andapplyingvarious lters. The
correspondinglevicesarebinocularspightvisiondevices,andsun-
glasseawith polarizing, ultraviolet, and othertypesof Iters. In
virtuality, thesemethodsare replicatedby using variable camera
zoom, alternatve shadingmodels,and changingmaterialparame-
ters.For example,nightvision maybeimplementedy storingand
displayingsurfacetemperaturelataasvertex colors. Reducingthe
valuefor Phonghighlightson re ective surfacesmimicsthe effect
of applyinga polarized Iter . Adding transparengcanprovide an
X-ray imaging effect. Thoughnot addressedh this paper ash-
lights andheadlampsreadditionalreal world tools with potential
astangibleinterfaces.

We proposeusinga pair of corventionalbinocularsasinterface
in spatiallyimmersie displaysystems.The binocularsareusedto
controlavirtual cameraandto manipulateherenderingandshad-
ing of 3D objectsin the scene.Whenplacednext to eyesanddi-
rectedtowardsthedisplayscreenthebinocularscanbeusedto the
controlcameras orientationandzoomlevel. Thelensesandprisms
areremovedfrom thebinocularspecauséheir functionalityis now
performedin software. The remainingphysical hardware compo-
nent, an empty shell with rubbereyepiecessenesonly to block
peripheralvision and providestactile con rmation that the binoc-
ularsarein use. It is essentiafor the display screento be large
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enoughto provide a comfortablerangeof viewing angles.

By addinga wheel control and a few extra buttons, the base-
line modelof virtual binocularscan be signi cantly enhancedas
describedn 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

Becausef its look andfeel, a blackbox with two videochannels,
a pair of binocularscanbe easily perceved as a generalpurpose
view modifying instrument. Thus, it lendsitself well to various
modi cations andextensions Someof thesearelisted below.

Crosshairpointer By tracking the position and orienta-
tion of the binoculars,we canuseit as a pointing device.
A crosshailimagesliding over the magni ed view actsasa
pointer In conjunctionwith a simpleform of ray casting this
option turns the binocularsinto an optical sight which may
beusedfor mary purposesincludingobjectselectiorandac-
cess.Variablezoomsimpli es the selectionof small, distant,
andpartially occludedobjects.A crosshaipointeris partially
implementedn our systemasseenin Figure3, bottom-left.

X-ray vision. In non-simulationapplications,wherereal-
ismis notarequirementanX-ray visiondevice couldbeuse-
ful. Mostusersarefamiliar with the conceptof X-ray vision,

andit hasalreadybeenintroducedo stationary{10] andmo-

bile [11] AR systemsWe implementedan X-ray visionmode
by temporarilyaddingtransparengcto 3D objectsin the vir-

tual scene Onescreersnapshotakenwith the X-ray-enabled
binocularss shavn in Figure3, bottom-right.

Night-vision. Night or thermalvision, displayedin gray or
greenmonochromer in pseudo-colgris anothemwell knovn
techniquelt is widely usedin videogamessuchasthe Splin-
ter Cell series.We have notyet exploredthis option.

"RealityFreezer'. "Realityfreezer'or snapshomodeallows
oneto pausevirtual contentby skipping all motion control
codein the maingraphicsloop. Consequentlyall 3D virtual
objectsandcharacter§reezein place trackingstops andtime
doesnot adwvance. This modeis very cornvenientin search-
ing for small objectswithin a singleframe,countingobjects,

takingscreersnapshotsandsimilar taskswhich couldbeen-
hancedy atemporarilystaticvirtual world. Weimplemented
this featurevery earlyin our developmentprocess.

LOD contol.  Whenzoomingin on distantobjects, their
polygonal nature becomesapparent, especially on object
edges(Figure 2, left). This renderingartifactis undesirable
in most applications. Virtual binocularsoffer a corvenient
way of controlling the level of geometriccomplexity of the
objectsthatfall into view. In a previous paper we discussed
potentialapplicationsof LOD-controlfor variousVR andMR
systemd4]. In this work, we testedit with a 3D modelof a
dolphin,asshavnin Figure2. By switchingto ahigh-polygon
versionalong with increasingcamerazoom, the objectsin
view maintaintheir visual quality.

Note that all methodsdescribedabove control the virtual com-
ponentof a VR or MR system.Thatdistinguishesour work from
afamily of vision-enhancinglevicesthataugmenteal views with
computergenerateadontent,suchascoin-operatedelescope$l2]
andsystemdor astronomicabbsenations[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 lensesand usethe original eyepiecedor direct
viewing. As aresult,we hadto usethe additionaltubes.
Thebinocularsvereoperatedvith anattachedniniaturemouse.
Theleft mousebutton switchedthe binocularson andoff, the mid-
dle buttontoggledan X-ray vision mode,andtheright buttontog-
gled the "Reality Freezer'andtook screensnapshots The mouse
wheelchangedzoomlevel betweenl and40. The startingvalueof
zoomwassetto 1 whichallowedseamlesgransitionbetweerviews
whenthe binocularswereturnedon. The whole unit wastracked
with anInertiaCube2 tracker for controllingthe cameralook' di-
rection. Thefully assembletinocularsareshavn in Figurel.
The 3D contentwasrenderedat 25 FPSon a single PC with a
3.2GHz CPU, 1GB RAM, anda nVidia QuadroNVS GPU, run-
ning customizedrlatlandengine[14]. Videoandaudiocontentwas
renderedvith the OpenGLandOpenAL libraries. Dynamicsound
localizationwasprocessedn the samePC.
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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
subjectwastaken on aten minutecruisearounda virtual islandas
shavn in Figure4. The 3D contentwasdisplayedon an8 x 6 foot
rearprojectionscreen.The subjectswvere seatedvery closeto the
screenapproximatinghe experienceof beingin a vehiclecockpit.
The position and orientationof the virtual boatwere updatedau-
tomaticallysothe subjectaid not have to worry aboutnavigation.
While standingon the moving boatwhich wasalwaysorientedto-
wardsthecenterof theisland,the subjectscouldredirecttheir view
approximately90 degreeshorizontally and 45 degreesvertically.
For this particularsetting,orientation-onlytrackingof the binocu-
larswasquite sufcient, astherelative displacemenof thecamera
position(afew inches)wasnegligible comparedvith thesizeof the
virtual scengseveralhundredfeet).

Theusers goalwasfreestyleexplorationof theislandwhichin-
cludeda variety attractionsto keeponeinterestedor the duration
of the cruise. Birds, butter ies, dolphins,crabs,andothertropical
creatureswvere present. Subjectscould usethe binocularsat will,
with all its extensionsasdescribedn the previous sections An in-
formal competitionto take the bestpicturesof theisland's wildlife
wasannouncedincidentally this componentnadethewhole exer
cisesomavhatsimilar to the oncepopularPokemonSnapgamefor
theNintendo64 videogameconsole.

After returningfrom the trip, subjectswereasledto Il outa
shortsurney abouttheir backgroundsuchasgaminghabits,previ-
ousVR/MR experiencesandhow oftenthey userealbinocularsn
everydaylife. We alsoasled subjectdo evaluatethe virtual binoc-
ularsonascalefrom 0 to 5 by answeringhefollowing questions:

For this particularscenethevirtual binocularswere:
— usefulasatool? (0-totally useless5-indispensable)
— easyto operate{0-frustrating 5-intuitive)
— enjoyableoverall? (0-annging, 5-very enjoyable)

A few wordsaboutwhatyou didn't like...

And whatyoudid like (if arything)...

To encourageconstructve criticism, we explicitly asled people
whatthey did notlike rst. Freeform suggestiongoncludedthe

suney.

6.1 Quantitative analysis

Meanvaluesof theratingsaresummarizedn Tablel. At aglance,
thevirtual binocularsweregivenfairly high scoresn all questions
by all groupsof subjects.Within 95% con denceintervals, people
ratedthevirtual binocularsas

usefulasatool: 3.4—4.3

easyto operate3.4—4.2

enjoyableoverall: 4.0—4.7

To determineif a subjects backgroundhad signi cant in u-
enceontheirevaluation we performedhe Welshtwo-sample-test
grouping subjectsas gamers, non-gamers, VR/MR-experienced,
VR/MR-navices,experiencedvith binocularsandnotexperienced
with binoculars As theresultsshaw, therewasnosigni cant differ-
enceobsenedexceptfor the questionon usefulnesswith P=0.03,
asansweredy gamersandnon-gamers.Anotherspecialcaseof P
= 0.98wasobseredin answergo the easeof usequestiongiven
by peoplewho had and had not previously experiencedVR/MR.
To con rm thesendings, we alsoperformeda Wilcoxonranksum
test. TheresultingP valuestogetherwith obsenation mediansare
presentedn Table2. Frombothtestswe concludethat:

Participantsfoundthe binocularsuseful ,easyto operateand
very enjoyable.

Thoseparticipantswho usereal binocularsin everydaylife
foundthe device lessusefulthanthosewho do not. We think
thatthereasorfor thisresultlies in therathercrudedesignof
the device prototype. For usersaccustomedo the realthing,
theresemblancéreaksdown.

PreviousVR experienceor lackof it doesnotin uenceratings
on easenf useof the proposedievice.

Thereis no evidencethatgaminghabitshave signi cantin u-
enceon theresultsof the evaluationsamongthe participants.

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 *.

Useful Easy Overall
asatool tooperate enjoyable

Subjectgroups
andsamplesize(N)
Pro ciency in gaming:

Regularor casua(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 obsenationsshaved that peoplegenerallyenjoyed play-
ing with thevirtual binocularsanddid not shav ary signsof being
boredor tired.

Surprisingly of all 20 subjectspnly onepersomoticedthatit is
possibleto “cheat'with this device. Insteadof holdingthe binocu-
lars closeto the eyes,onecanjust putit onthetableanduseit as
ajoystick to directtheview. All otherpeoplesimply acceptedhe
rulesof the gameandtreatedthe binocularsasthe realthing, dili-
gentlylooking throughthe emptytube,ascanbe seenin Figure4.
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Table 2: Median values and Wilcoxon rank sum test.

Subjectgyroups Useful Easy Overall
andsamplesize(N) asatool tooperate enjoyable
Pro ciency in gaming:

Regularor casua(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 45

No (N=8) 4 4 4.25

P 0.85 1.0* 0.4
Useof realbinoculars:

Oncein awhile (N=13) 4 4 4.5

Almost never (N=6) 4.5 35 4

P 0.05* 0.55 0.61

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

Complaints
binocularstoo heary
drift in thetracker
shaly vision athigh zoomlevels
slov zoomincrement,
mustbe progressie
whenplacedonthetable,
shouldswitchitself off

Compliments

X-ray vision

interactvity, senseof adwventure

thenovelty of theidea

“the comfortof thebinoculars,
shapeandweight

“it' sniceto getcaughtup
in theexperience”

We interpretthis obsenation ascomplimentingthe integrationbe-
tweenthebinocularsthe userinterface,andthe overall gameplay

Anotherinterestingobsenationis thatmostsubjectspractically
neverturnedthebinocularoff evenwhenthey usedit atzoomlevel
1 (no magni cation). This point supportsthe utility of the device
andindicatesthat userswere very comfortablewith it. The free
form written commentsaresummarizedn Table3.

7 CONCLUSION

In this paperwe presented numberof techniquesbaseduponthe
ideaof usingreal binocularsasaninterfaceobjectto facilitatethe
viewing of virtual content. Thesetechniquesare simpleandintu-
itive to use. Theirimplementatioris straightforvardandshouldbe
easyto integrateinto mostsystems.

Enhancingusers'visionin mixedreality environmentamproves
their ability to reliably pointatandselectsmall,distant,or partially
occludedobjects.Effectively, we increaseheresolutionof theuser
interfaceapparatusvhich enhanceshe level of usercontrol over
thesceneDirectandimmediatetactile feedbackrom theinterface
objectsaddsto the overall senseof presence.

Ouruserevaluationstudyshovsthatpeopleeasilygrasptheidea
of virtual binoculars regardlessof their pro ciency in gamingin-
terfacesandprevious exposureto virtual andmixed ervironments.
Favorableinformal reportson usability and comfort are alsovery
encouraging.

We believe thata large gamutof applicationsmay bene t from
our methods Theseapplicationsncludeprofessionaskill training
systemseducationatools,andinteractive entertainment.
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Figure 4: On a bird-watching mission, most subjects never turned the
binoculars off for the whole duration of the trip.



