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Abstract

We presenta stereoscopicdisplay systemwhich incorpo-
ratesa high-resolutioninsetimage, or fovea. We describe
the speci�c problemof falsedepthcuesalong the bound-
aries of the inset image, and proposea solution in which
theboundariesof the insetimage are dynamicallyadapted
as a function of the geometryof the scene. This method
producescomfortablestereoscopicviewing at a low addi-
tional computationalcost.Thefour projectorsneedonlybe
approximatelyaligned: a singledrawing passis required,
regardlessof projectoralignment,sincethewarping is ap-
pliedaspart of the3-D renderingprocess.

1. Intr oduction

The size and complexity of modelsdisplayedin vir-
tual environmentshave increaseddramatically, in part due
to the emergenceof 3-D digitizing tools and techniques
which ef�ciently producedetailedmodelsof real scenes
andobjects. However, this growth hasnot beenmatched
by asimilar increasein theresolutionof currentlyavailable
displays. The lowering costof commodityprojectorsand
graphichardwarehasencouragedtheconstructionof large-
scalemosaicwallsasonesolution.Alternately, theapparent
resolutionof a displaycanbe locally increasedby insert-
ing a high-resolutioninsetwithin a larger, lower-resolution
image. This approachhasbeenusedin �ight simulators
andhead-mounteddisplays(e.g.[3][4]). Recently, similar
projector-basedsystemshave beenproposed,for example
“focuspluscontext” screens[2] and“fovealdisplays”[1].

Thispaperextendsthisclassof methodsby introducinga
dual-resolutionstereoscopicdisplaysystem(Fig. 1). How-
ever, this con�guration posesa speci�c new problem: if a
high-resolutioninset is addedin eacheye's view, ambigu-
ousdepthperceptionmayarisealongtheboundarywith the
lower resolutionimageandinterferewith sceneperception.
Wediscussthis issue,andoutlinethegeneralandcomputa-
tionally ef�cient solutionthatwehave developed.
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Figure 1. Dual-resolution stereoscopic displa y
with adaptive boundaries (screen photograph).

2. Dual-resolutionstereodisplay

A dual-resolution polarization-basedpassive stereo-
scopicdisplay requiresfour projectorsarrangedsuchthat
a high-resolutionsmall inset image is projectedwithin a
larger image(Fig. 2). This inset is often referredto as a
fovea, in analogyto thebiologicalvisualsystem.Thefour
imagesaregeneratedonseparatesynchronized3-D graphic
computers.Theprojectorsmaybeonly approximatelypo-
sitionedand aligned, the warping and trimming required
to align the imageson the screen(left vs right and low-
vs high-resolution)areestimatedusingcamera-basedtech-
niques.Our systemappliesthe imagewarpingat no addi-
tional cost,by modifying the projectionmatricesusedfor
the3-D renderingpass.Full consistency of thecoordinate
systemsis obtainedby enforcingidenticalnearandfarclip-
pingplanes.

Figure 2. Projection geometr y.

Becauseof its smaller area, the inset is signi�cantly
brighter than the larger image. Perfectly matching the
brightnessandcolourof thefour projectorsis verydif�cult;



Figure 4. The four images forming the view appearing in Fig. 1.

Figure 3. Matching ambiguity at the boundar y.

we chooseto preserve this additionalbrightness,useful in
enhancingtheareaof interestandfor lights-onoperations.

However, thebrightnessdifferencebetweentheinsetand
the peripherycreatesperceptibleedgefeaturesin both left
andright views. Theserectangularcontoursbecomestrong
stereoscopiccuesthat interferewith theunderlyingstereo-
scopic image of the scenebeing displayed: for a given
screenlocation, two differentmatchesarepossible,based
eitherontheintensityedgeor onthescenecontents(Fig.3).
This ambiguitycreatestwo competinglayersof perceived
depthalongtheboundaryof theinsetimage.Applying large
smoothcross-fadingzonesonly slightly attenuatestheprob-
lem. Evenin thecasewhenthebrightnessof all four pro-
jectedimagesaresimilar, thestereofusionof high andlow
resolutionimagesdoesnotprovidethesameperceivedlevel
of detailsasthe fusionof two high-resolutionimages,and
theboundarymaystill benoticeable.

In bothcases,theproblemarisesfrom displayinganel-
ementof thescenein thelow-resolutionimagefor oneeye
and in the (brighter) high-resolutionimagefor the other.
This statementof the problemhints at its solution: the
boundariesof the high-resolutioninsetsmustbe displaced
so that they are locatedover the samescenepositionsin
bothviews. Theboundarycanbevirtually movedwithin the
footprintof theinsetprojectorby insertingacorresponding
black area. This solutionrequiresthat the screenposition
of this boundarybe recomputedwhenever the underlying
sceneor theobserver'spositionchange,in theworstcasefor
every displayedframe. Findinga computationallyef�cient
methodfor adjustingthisboundaryis thereforeessential.

3. Proposedmethod

The methodis implementedas a post-renderingpass.
Eachof the four imagesis renderedfor the corresponding

eyelocationand�eld of view, with thewarpingrequiredfor
on-screenalignment.To avoid accessingdirectly thescene
geometry, we usethedepthbuffer of thecurrentimageasa
proxy. Theoriginal 3-D coordinatesof an imagepixel can
be obtainedby applying the inverseof the projectionma-
trices. Matchingpointsalongepipolarlines arefound for
theleft andright views. In absenceof occlusion,thesought
boundarypointsarefoundin constanttime,whereasocclu-
sionmayrequirea linearsearch.Only asubsetof thedepth
buffer needsto bereadback.

In the superimposedleft and right views (Fig. 1), the
shapeadaptationof the inset boundariesis visible, espe-
cially alongthecheek.Thefour sourceimagesformingthis
displayareshown in Fig. 4, which also illustratesthe ef-
fectsof thewarpingandtheblackmaskingon individually
computedviews. The scene-adaptive displacementof the
two verticalboundariesappearsclearly. A smallamountof
featheringcanbeappliedaroundtheadaptedboundariesto
smooththetransition,but for clarity it is omittedhere.

A stereoscopicdual-resolutionsystemallows enhanced
stereoscopicviewing of detailed3-D modelsin the inset
while retainingthe overall view in a uni�ed stereoscopic
display. However, �x ed inset boundariescausediscom-
fort andseverely limit theusefulnessof theapproach.This
problemis solvedby ourproposedadaptivemodi�cation of
theboundary, which is anessentialcomponentof a stereo-
scopicinset.Thegeneralsolutionproposedhereaddsonly
asmallcomputationalcost,evenfor complex models.
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