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Abstract

We presentthe two-user Responsiveorkbench: a projection-
basedvirtual reality systemthat allows two peopleto simulta-
neouslyview individual stereoscopiémagepairs from their own

viewpoints.The systentracksthe headpositionsof bothusersand

computegour images onefor eacheyeof eachperson.To display
thefour imagesastwo stereopairs,we mustensuresachimageis

correctlypresentedo theappropriateeye. We describea hardware
solutionto this displayproblemaswell asregistratiorandcalibra-
tion proceduresTheseproceduregnsurdghatwhentwo usergoint

to the samedocationon avirtual objecttheir fingerswill physically
touch. Sincethe stereopairsareindependentywe havethe option

of displayingspecialized/iewsof thesharedsirtual environmento

eachuser We presenseverakcenariosn which specializediiews

might beuseful.

Keywords: Virtual environmentsResponsivéVorkbench.
CR Categories and Subject Descriptors: 1.3.7—Computegraph-
ics/virtual reality, 1.3.1-Computegraphics/three-dimensiondis-

plays.

1 Introduction

Many tasksrequirepeopleto work togetherandthereis greatinter
estin usingtechnologyto improvetheeffectivenes®f groupactiv-
ities. Groups,unlike individualsworking alone,communicateand
exchangeanformation. For examplea whiteboardprovidesa sin-
gle shareddrawingsurfacethat facilitatessuchcollaborativeinter
action.Userscancommunicat®dy voice,gesturesindby writing on
the sharedsurface. A naturalquestionis whethervirtual environ-
mentscansimilarly providea sharedspacen which collaborative
interactionsoccuraseasilyandsmoothlyastheywould in thereal
world.

Projection-basedsirtual reality systemssuch as the CAVE
[CSD93 and the ResponsiveNorkbench[KF94] [KBF* 95| are
closeanalogueso whiteboards.n suchsystemsstereoscopi@n-
agesareprojectedontoa large screerallowing groupsof peopleto
simultaneouslyiew a virtual environment.As with whiteboards,
thewhole groupis focusedon the samedisplayscreerandcanin-
teractwith oneanothelin anaturalmanner Thesesystemdrackthe
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Figurel: Two userssimultaneouslyiew a sharedvirtual environ-
mentonthe ResponsivéVorkbench.Calibrationensureshatwhen
theypointtothesamefeatureonthevirtual cube theirfingerstouch.
Notethattheimageon the Workbenchis renderedor the point of
view of thecameranot eitherof theusers’.

headpositionof asingleuserandcomputea stereoscopionagepair
for that persons point of view. Unfortunately whennon-tracked
usersseetheseimages,the virtual environmentappeardistorted.
This distortionmakesit difficult for non-trackedusersto visually
examineandreferto virtual objects.

In this paper we describeanextensiorto the Responsivé\Vork-
benchthat allows two usersto seeindividual stereoscopitmages
from their own viewpoint. Our two viewerdisplaysystemis based
onthecommonsingleviewerstereadisplaytechniqueof framein-
terleaving. The systemtracksthe headpositionsof both usersand
computedour images- onefor eacheyeof eachperson.Thefour
imagesaredisplayedn sequencandwe ensuresachimageis cor-
rectly presenteanly to the appropriateeye. Sinceboth userssee
correctstereoimagesfor their own point of view, they both see
anundistortedperspectiveorrectview of thevirtual environment.
With propercalibration,whenthe userspoint to the samelocation
onavirtual objecttheirfingerswill touch,asshownin figurel.

At timesusersareinterestedh differentaspectef asharedspace.
The ability to displaytwo independentiews offers the intriguing
possibility of presentinglifferentinformationin eachview. As an
examplegconsidera scenaridn whichanelectricianandaplumber
arediscussinghe plansfor a newbuilding. They mustensurethat
thereis no interferencebetweerthe wiring and plumbing. With a
two-userResponsiv&Vorkbenchtheelectricianandplumbercould
seespecializedviews. Both would seethe basicstructureof the
house but only the electricianwould seea detailedrepresentation
of thewiring andonly theplumberwould seea detailedrepresenta-
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Figure2: (a) Theview atrackeduserstandingon theleft sideof thetablewould see.(b) Theview atrackeduserstandingon theright side
of thetablewould see.(c) Theview a non-trackediserstandingon theleft sideof thetablewould seewhenviewing theimagein (b). Even
thoughtheimageon the Workbenchis the samein (b) and(c), the cubeappearshearedo the non-trackediserin (c).

tion of thewaterpipes.Regionsn which the plumbingandwiring
interferewould be shownin detail to both contractors.Thereare
manyinterestingvariationsof thisidea,andin this papemwediscuss
scenario$n whichthesespecializediiewsmight beuseful.
Themain contributionof our work is the developmenbf a sys-
temthat providestwo userswith perspectivecorrectviews of the
samevirtual environmenton the ResponsivaNorkbench. In sec-
tions3 and4, we describehe hardwareandcalibrationrequiredto
createthis sharedspace.In section5 we presentseveralscenarios
thatmightbenefifrom specializediewsof thevirtual environment.
We beginwith adiscussiorof thedifficultiesin face-to-faceollab-
orationin currentprojection-basedirtual reality systems.

2 Face-To-Face Collaboration

Direct verbal communicationis the most commontype of inter
actionamongsta group of people. In a face-to-facesituation,fa-
cial expressionandhandgestureprovideimportantbackchannis
whichcreateasensef awarenesandinvolvementwithin thegroup
[Bre90]. Othervisual cuessuchaslip motionsmakeit easierto
understandvhat a speakelis saying. When a group performsa
taskin a sharedphysicalspace gesturesare often usedto referto
objects. Suchgesturalinteractionsareimportantin establishinga
sharedcontextfor the group[Tan89]. Whensomeoneefersto an
objectby pointingto it, the objectbecomeshefocusof the group.
It is becausef thesevisual cuesthat peopleoftenfind it easierto
communicat@ndcollaboratevhentheyareface-to-facehanacross
avoice-onlymediumlike atelephongBly88].

In projection-basedirtual reality systemsuserscan seeeach
other and thereforecommunicatgace-to-face. However current
systemddo not give the usersa singlevisually consistenenviron-
mentto discuss. Sincethe sterecimagesare perspective-correct
only for thepointof view of thetrackedusert non-trackediserswill
noticetwo typesof distortions(visualinconsistenciesh the stereo
images:

Shearing Distortion: For non-trackedusersvirtual objects
appeato shearor leanin somedirectionbecaus¢heyarenot
viewing the environmenfrom the point of view for which it

wasrendered.

Figure2 showstheimagea non-trackediserwould seewhen
standingo theleft of atrackeduser In theappendixwe ana-
lyze the shearinglistortionin moredetail.

Motion Distortion: Sincethestereoscopitnageis computed
for thetracked-usesheadposition,theimagechangesvhen-
everthetrackedusermoves.Tothenon-trackediserwhocan-
notpredictthemotionsof thetrackeduser thesechangeseem
haphazaré@ndcausedisorientation.

Theshearausedy thefirst distortionis disturbingandmakest
difficult for non-trackedusersto look at the environmenfor more
thanafew minutes.Also, if atrackedusermointsatacertainpointon
avirtual object thenon-trackediserwill seethetrackeduserpoint-
ing atadifferentpointin thevirtual model,eventhoughbothseethe
trackeduserpointing to the samepoint in physicalspace.For the
usersthis is unintuitive andreduceghe feeling of a sharedspace.
Despitethis distortion, it is possiblefor the usersto talk aboutthe
generafeaturef thevirtual environment.

The secondtype of distortioncanbejarring if the trackeduser
movesquickly andin somecaseson-trackedusersmusttake off
theshutterglasseso regaintheirorientation.In normaluse tracked
userswill continuouslymovetheir headsy smallamountsasthey
areexaminingthevirtual objects. This motion causegheenviron-
mentto continuallyswim for non-trackedisers.However we can
solvebothof thesedistortionproblemsby giving the usersndivid-
ual, viewpointdependentperspective-corresteredmagepairs.

3 Two-Viewer Display Method

Themostcommondisplaytechniquéor singleviewerstereoscopic
imagedisplaysusestwo different frame buffers to storeimages
computedor the left andright eyes. The display hardwarealter
natesscanningutthetwo buffersatatypicalrateof 120Hz,60im-
ageyereyepersecondShutterglassesireusedo ensurghateach
eyeseenly theappropriatémage.

In orderfor two viewersto seeindividual stereoscopiémage
pairs simultaneouslyfour differentimagesmustbe renderedand
displayedsinceeachviewerrequiresa separatetereopair. We ex-
tendthe single-viewerapproacho two viewersby usingfour dif-
ferentframe buffers, onebuffer for eacheyeof eachuser These
imagescanbedisplayedn two fundamentallydifferentsequences.
Considerthe four frame buffers and their correspondingmages,
which we nameasfollows: L1-left eyefirst viewer, R1-righteye
firstviewer, L2—left eyesecondiiewer, R2—righteyesecondriewer.
Thetwo sequencearethen:

Viewer Sequential: ... L1 R1L2 R2...Theimagesfor each
vieweraredisplayedoneafterthe other

Viewer Interleaved: ... L1 L2 R1R2...The imagesof the
two viewersareinterleaved.

The advantagef the viewer interleavedsequenceés that each
vieweris exposedo animageat everyotherframetime, whereas
with the viewer sequentiamethodeachviewer receivestwo con-
secutiveéimagesandthennoimagefor two frametimes.We would
expectthattheviewerinterleavednethodis lessproneto flicker.

As shownin figure 3, our currenthardwareconsistsof a Silicon
GraphicsOnyx2workstationwith four R10000processorandtwo



Infinite Reality graphicspipelines. Eachpipelinegenerateswo of
thefour imagesin parallelwith the otherpipeline. The generated
framesaremeigedusingcustomhardwarehatinterleavegwo gen-
lockedanalogvideostreamsThis hardwards flexible, supporting
boththe viewerinterleavedandviewer sequentiamethodsat sev-
eraldisplayresolutionsandrefreshrates.At the highestefreshrate
of 144Hzwith aresolutionof 1280x492we haveobservedslight
butstill noticableflicker in theimage.We canalsouseahigherres-
olution configuratiorat 1280x1024ixels,butarecurrentlylimited
by our projectots bandwidthto a 120Hz refreshrate. At 120Hz,
theflicker is moreperceptible.We haveobservednoreflickering
with theviewersequentiaiethodthanwith the viewerinterleaved
method.We arecontinuingto explorethe tradeof betweerrefresh
rateandresolutiornto achievethehighesiuality, flicker-freeimage.

We havemodifiedthe singleviewer shutterglassedor usewith
this system.In additionto thetwo standardneeyeopen,oneeye
closedstateswe addeda third statein which botheyesareclosed.
This stateis requiredwhenevetheimagedor theotherviewerare
displayed.

The main drawbackof this two viewer approachs thatwe cut
the displayframeratein half for eachusercomparedo the single
viewerapproachAdditionally, half of theframesseenby eachuser
areblackwhile theviewsfor theotheruserareshown.Theseblack
frameswill reducethe perceivedorightnesof theimagesseenby
the user sinceonly the usersseeonly half the amountof light as
theywouldin asingleusersystem.

We exploredanothemisplaytechniqueor atwo usersystenthat
usesanaglyphidie.red/bluestereo.Oneusemwearsaredfilter over
the left eyeanda blue filter overtheright, andthe otherdoesthe
opposite. Both usersadditionallywear shutterglasses.The shut-
ter glasseensurethatonly oneof eachusers eyescanseeanim-
ageeachframe,andthedifferentcoloredfiltersensurehateachuser
seegheir own view. While this methoddoesnot permitfull color
imagesit is suitablefor a prototypingsystem.Notethatonecould
combinethis anaglyphicapproactwith the approactaboveto pro-
vide independenstereoviewsfor four users.
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Figure3: Two View ResponsivéVorkbenchSystemOverview

4 Registration and Calibration

Themethodf theprevioussectionprovideeachuserwith aninde-
pendentiew ontoasharedenvironmentln orderfor themto inter
actwith thisenvironmentwe mustcalibratehedisplayandtracking
systemsothatausercansimplyreachoutanddirectlyinteractwith
virtual objects.Thisrequireghatthecoordinatesystemdor thevar
ious devicesareproperlyaligned. Our systemusesthreedifferent
coordinatesystems:The userandthetabletop displayexistwithin
therealworld, andthereforewve candescribeheirpositionswithin a
physical coordinatesystem. Similarly, virtual objectsaredefinedn
avirtual coordinate system. Theusers headandhandmotionsare
trackedwith atrackingsystemwhichreportscoordinate# its own
tracker coordinate system. Registratiorconnectghesethreecoor
dinatesystemgogetherto provideacommonreferencdrame. We

choosehephysicalcoordinatesystemasour referencesystemand
affix it to thetabletop sothatits origin is in themiddle of thetable,
zis up andx andy arealignedwith theedgesof thetable.
Accuratelyregisteringthesethreespacego eachotherprovides
eachuserwith a perspectiveorrectimage,andensureghatwhen
both userspoint to the samevirtual object, they also point to the
samepointin physicalspaceabovethetabletop.Thethreecoordi-
natesystemsareregisteredn two steps:First,thevirtual coordinate
systemis registeredo the physicalcoordinatesystemandthenthe
trackercoordinatesystento the physicalcoordinatesystem.

4.1 Registeringthe physical and virtual systems

We beginby aimingandaligningthe projectorsothatthedisplayed
imageis centeredn thetabletop andalignedparallelto the edges
of thetable. We thencarefully linearizethe displayto ensurethat
virtual objectsdo not changesizeandshapewhentheyaremoved
acrosghetable. Thesetwo stepsaccuratelyregisterthevirtual im-
ageplanewith the physicalxy-plane. Finally, we defineour per
spectiveprojectionso thatthe virtual andphysicalcoordinatesys-
temsarealignedandusethe samephysicalunits. This projection
depend®nthephysicakizeof thedisplayedmage whichwe mea-
surewith aruler.

4.2 Registering the physical and tracking systems

Thesimplestway of registeringhetrackerandphysicalcoordinate
systemss to determinghetransformatiormappingthe coordinate
frameof thetrackingsystermontothe coordinatdrameof the phys-
ical table. This canbe accomplishedyy measuringhe locationof

threeknownpointsonthe physicaltableusingthetrackingsystem.
The correspondingointsdefinea change-of-basimatrix between
thetwo coordinatgrames.

This methodworks well when there are no distortionsin the
trackermeasurementsHowever all tracking devicessuffer dis-
tortions,andthosepresenin magneticsystemdike the Polhemus
Fastrakcanbe quite large [MAB92]. We havedeveloped look-
up table approachfor correctingthesedistortions,which is sim-
ilar to methodsdevelopedby Bryson [Bry93], Ghazisaedyet al.
[GAS*95], andLivingston[LS98]. We beginby measuringoints
on a grid in physicalspaceusinga Polhemus6DOF stylus. For
eachof thesepoints,we savethecorrespondindpcationreportedn
trackerspace Thesemeasurement@resampleof afunctionmap-
ping physicalspacdnto trackerspace.We computethe inverseof
thisfunctionon agrid in trackerspaceandthenusetrilinear inter
polationto mappositionsreportedby the trackerinto our physical
coordinatesystem.

Using this method,our positionmeasurementsavean average
errorof 0.5cmanda maximumerror of lessthan3cm overthe op-
eratingspaceof theWorkbench ascomparedo anaveragesrrorof
3cmanda maximumerrorof 14cmor morewithout our distortion
correction.

Combiningthetwo registratiorstepsyieldsaccuratestereoscopic
imagesfor both users,and facilitatesthe interactionbetweenthe
usersandthevirtual objects.

5 Specialized Views of a Shared Environment

Inface-to-faceollaborationsparticipantgenerallyassumehatthe
objectsin theenvironmenarevisibleto all theparticipantslf | see
anobjectin therealworld | cansafelyassumehatyouseeit aswell.
Mostof theexamplesve havedesignedor thetwo-userResponsive
Workbenchconformto this realworld assumptiorand presenex-
actly the samevirtual environmento bothusers.
Sometimeshowever collaboratorareinterestedn differentas-
pectsof a sharedenvironment.Oneadvantagef displayingindi-
vidual stereopairswith the two-userResponsivéNorkbenchsys-
temis thateachusercanseea specialized/iew of theenvironment.
We canindependentlylisplayandhighlight theinformationthatis



mostimportantto eachof them. This may keepthe usersfrom be-
ing overwhelmedy extraneouinformationandhelpto focustheir
attentionon the mostrelevantdetailsof theenvironment.

We havedevelopedhree scenarioghat makeuseof suchspe-
cializedviews. The scenariosredescribedn figures4—6andare
meantas simpledemonstrationsf situationsin which specialized
viewsmightproveuseful. Thescenariogrebasedn moregeneral
strategiedor partitioninginformationamongmultiple viewersof a
sharecenvironment.The strategiesrenot mutually exclusiveand
we expectapplicationgo usedifferentcombinationf them.

Layer Partitioning. Manyvirtual models simulationspr envi-
ronmentcontaindistinctlayersof informationthatcanbe viewed
independentlyor superimposeth combinationto be viewedall at
once.Typically eachlayercontainsavery specifictypeof informa-
tion andwhenall thelayersareviewedatonce thespatialinforma-
tion densityis so high thatit is impossibleto interpretor analyze
thedata.Moreover in manycasesachuserwill only beinterested
in afew layersof themodel. Insteadof displayingall the layersto
everyuser we canpresentindividually specializedviews of only
thelayerseachuseris mostinterestedn. In figure 4, we developa
scenaridhatusesghis layer partitioningstrategyto facilitatea con-
structionContractors Meeting. Thelayer partitioningtechnique
doesrequiresomeknowledgeof thekindsof informationuserswill
beinterestedn duringthe modelingprocess.The approachs less
usefulfor auserthatneedsnformationwhichis spreadacrossnany
layers.

Givena modelmadeup of informationlayersit is alsopossible
to presentifferentuserswith differentrepresentationsf the same
layer In our contractorscenarigseefigure 4), a bricklayermight
seea detailedrepresentationf eachindividual brick while theroof
is representedsasinglelarge slab. Simultaneously roofermight
seeindividual roof tiles while the walls are representeas slabs.
Both usersseeboth the walls androof informationlayers,but the
level of abstractionn the presentatiomf thelayersis dependenvn
whateachuseris mostinterestedn.

Spatial Partitioning. Somevirtual environmentsanbe spa-
tially partitionedso that eachuseronly seesa smallregionof the
environmenin exhaustivedetail. We candeemphasizaeon-focus
regionsby presentinghematalowerlevel of geometricddetailthan
the focusregion. This type of partitioningworks especiallywell
for large displaysurfacedike the ResponsivéVorkbench.If users
standcloseto the displaysurfacet providesalarge field of view.
Userstendto focuson subregion®f the surfaceratherthanview-
ing theentiresurface We developanAir Traffic scenaridn figure
5 thatmakesuseof spatialpartitioning.

Private Information. In someenvironmentsomeinformation
is relativelyindependenof the sharedspaceandof interestonly to
a single user Suchprivate informationis not consideredart of
the generalvirtual environmentbut may be very usefulto a par
ticular user In figure 6 we describea scenarian which a teacher
usesprivate noteswhile giving an Anatomy L esson to a student.
Tang[Tan89] describeaneetingsin which participantstake notes
or sketchideason a privatenotepadwhich they later makepublic
andpresento therestof thegroup. Suchprivateinformationspaces
couldbe usefulfor developingone’sownideasin a groupsetting.

Carriedto anextremespecializingriewscanleadto asituationin
which eachuserseesa completelydifferentenvironment@andthere
is no longerany notion of a sharedspace.With thetwo-usertech-
nologyit is possiblefor eachuserto beengagedn acompletelydif-
ferentapplication.In suchcaseshavingtwo simultaneousiserss
probablynotvery useful. Whendisplayingspecializednformation,
caremustbetakento ensurghatthenotionof asharedspaces not

destroyed.

6 Conclusonsand Future Work

The two-userResponsivéNorkbenchis a projection-basedirtual
reality systenmthatsupportgight, face-to-faceollaborativanterac-
tionbetweertwo users We havedevelope@dhardwaresetugfor en-
ablingatwo-userframeinterleavedlisplay allowing usto present
eachuserwith a perspective-correatiew of a sharedvirtual envi-
ronment.

We are currently exploringmethodsfor improving the display
hardwareandexaminingthe feasibility of scalingthis approacho
supportmorethantwo users.Althoughour currentdisplaymethod
provideshigh quality full-color stereoscopiémagesto two users,
thereis aslightimageflicker dueto low refreshrates.Nextgenera-
tion videoprojectorsshouldbeableto supporthigherdisplayframe
ratesof up to 240Hz,whichwould yield 60 framespereyefor two
users.At suchhigh framerates we could potentiallysupportthree
orevenfour simultaneousisers Howeverthereareseveralimiting
factorsto the numberof userssuchhigh framerate systemsould
support. For CRT projectors,crosstalkbetweenframesincreases
with theframerate. Moreover theratio of time for whicheachuser
actuallyseesanimagedecreaseassupportfor moreuserds added
to thesystem.Usersexperiencehis asa decreasén the brightness
of thedisplay

As wediscussedspecializediiewsis aninterfaceparadignthat
might be usefulfor reducinginformationoverloador maintaining
aboundanbetweerpublicandprivatespacesHoweverit still un-
clearwhethereal-worldapplicationsupportingcollaborativevork
would benefitfrom specializedviews. Currentlywe aretrying to
identify suchapplications.We hopeto eventuallyasseghe effec-
tivenessof specializedviews in aiding collaborativeinteractions
within theseapplications.

Giving usersthe ability to view the samevirtual environment
while standinghearoneanothemllowsthemto communicatebout
theenvironmenby voiceandgesture We arejustbeginningto ex-
plore the typesof softwaretools andinterfacesthat might further
assistsuchcollaborativeinteraction. Cutleret al. [CFH97 have
shownthat two-handednteractiontools canbe usefulin the Re-
sponsiveNorkbenchenvironment.In atwo usersystemthereare
threeor four handspossiblyactingin acoordinatedashion.We are
investigatinghow to extendtheir methoddor this situation.

In this paper we have demonstratedhat a frame-interleaved
stereodisplayon a projection-basedystemis possiblefor two si-
multaneouwiewers. We expectthatseveralsimultaneouviewers
will bepossiblan thenearfuture. Webelievethattheadvenbf such
technologywill provideagreatopportunityfor developingools,in-
terfacesandparadigmshatstrengthefface-to-faceollaborativen-
teractionin a sharedvirtual environment.
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Appendix: The Shearing Distortion

TheResponsiv&Vorkbenchsystendisplayimagesonthetabletop,
whichis thereforegheimageplanein ourvirtual world. Eachimage
is a projectionof thevirtual environmenbntothis plane. Tracking
the usets headpositionensureghata virtual objectalwayskeeps
the sameshapeand positionindependenbf the users viewpoint.
However to a non-trackediserviewing a stereoscopiimagegen-
eratedfor a trackeduser the virtual world appeardlistorted. The
perceivedshapeandpositionof virtual objectsis dependentn the
positionsof thetrackedandnon-trackedisers.Thedistortionscan

belargeandif theyareextremeit maynotevenbe possiblefor the
non-trackeduserto fusethe stereoscopiamages.

In Figure7awe analyzethe distortionfor a simple2D situation
andfind thatit is indeeda shear The generaBD caseasshownin
Figure7bis morecomplicated.Two imagespresentedo the non-
trackedviewergenerallycannotbeinterpretedastheprojectionof a
single3D scene FortheResponsivé\orkbenchwe havefoundthat
usersalmostalwaysmanageo fusetwo suchnon-corresponding
imagesandcreatea sensatiorof depth. If thetrackedandthe non-
trackedusersarestandinghextto eachotherandareaboutthe same
height,the3D caseaeducespproximatelyothesimple2D caseand
theuntrackedviewerexperiencea shearedirtual world.
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Figure7: Theshearinglistortion.Part(a) showsthedistortionfor a
2D case.Herea 2D world projectsontoanimageline insteadof an
imageplane. We analyzethe specialcase jin which the eyepoints
of twoviewersareonaline parallelto theimageline, buttheresults
for thegeneralD casearesimilar. , and denotethe
left andright eyepositiondfor viewerl and2 andwe assumehein-
teroculardistanceor bothviewersis the same.Point  asseenby
viewerl createsheprojections and ontheimageline. Viewer
2reconstructpoint  from looking attheseprojectionsIf and
arethedistanceof andtheeyesfrom theimageline, adistanceof
in headpositionsresultsin a shift of in the perceivedoosition
of . Usingsimilartriangleswe seethat isrelatedto by the
following simpleformula: — , whichis a shearingransfor
mation.Part(b) showsthe 3D case.In generathelinesconnecting
thesecondriewer seyepointswith the projectionof point  donot
intersect.Thereforeno correspondingpoint  exists.



