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Abstract

We presenta steleoscopicdisplay systemwhich incorpo-
ratesa high-resolutioninsetimage, or fovea. We describe
the speci ¢ problemof false depthcuesalong the bound-
aries of the insetimage, and proposea solutionin which

the boundariesof the insetimage are dynamicallyadapted
as a function of the geometryof the scene This method
producescomfortablesteleoscopicviewing at a low addi-

tional computationatost. Thefour projectois needonly be
approximatelyaligned: a single drawing passis required,
regardlessof projectoralignment,sincethe warpingis ap-

plied aspart of the 3-D renderingprocess.

1. Intr oduction

The size and complity of modelsdisplayedin vir-
tual environmentshave increasediramatically in partdue
to the emegenceof 3-D digitizing tools and techniques
which efciently producedetailedmodelsof real scenes
and objects. However, this growth hasnot beenmatched
by a similarincreasen theresolutionof currentlyavailable
displays. The lowering costof commaodity projectorsand
graphichardwarehasencouragedhe constructiorof large-
scalemosaiowvallsasonesolution. Alternately theapparent
resolutionof a display canbe locally increasedy insert-
ing a high-resolutiorinsetwithin alarger, lower-resolution
image. This approachhasbeenusedin ight simulators
andhead-mountediisplays(e.g.[3][4]). Recently similar
projectorbasedsystemshave beenproposed for example
“focus pluscontet” screeng2] and“fovealdisplays”[1].

This paperextendsthis classof methoddy introducinga
dual-resolutiorstereoscopidisplaysystem(Fig. 1). How-
ever, this con guration posesa speci ¢ new problem:if a
high-resolutioninsetis addedin eacheye's view, ambigu-
ousdepthperceptiormayarisealongtheboundarywith the
lower resolutionimageandinterferewith sceneperception.
We discusghisissueandoutlinethegeneralbndcomputa-
tionally ef cient solutionthatwe have developed.
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Figure 1. Dual-resolution

stereoscopic
with adaptive boundaries (screen photograph).

display

2. Dual-resolutionstereodisplay

A dual-resolution polarization-basedpassie stereo-
scopicdisplay requiresfour projectorsarrangedsuchthat
a high-resolutionsmall insetimageis projectedwithin a
largerimage (Fig. 2). This insetis often referredto asa
fovea in analogyto the biological visual system.The four
imagesaregeneraten separatsynchronize-D graphic
computers.The projectorsmay be only approximatelypo-
sitioned and aligned, the warping and trimming required
to align the imageson the screen(left vs right and low-
vs high-resolution)areestimatedusingcamera-basetéch-
nigues. Our systemappliesthe imagewarpingat no addi-
tional cost, by modifying the projectionmatricesusedfor
the 3-D renderingpass. Full consisteng of the coordinate
systemss obtainedby enforcingidenticalnearandfar clip-
ping planes.

L
Figure 2. Projection geometry.
Becauseof its smaller area, the inset is signi cantly

brighter than the larger image. Perfectly matchingthe
brightnessindcolourof thefour projectords very dif cult;



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

Figure 3. Matching ambiguity at the boundar y.

we chooseto presere this additionalbrightnessusefulin
enhancingheareaof interestandfor lights-onoperations.

However, thebrightnesglifferencebetweertheinsetand
the peripherycreategerceptibleedgefeaturesin both left
andright views. Theserectangulacontoursbecomestrong
stereoscopicuesthatinterferewith the underlyingstereo-
scopicimage of the scenebeing displayed: for a given
screenlocation, two differentmatchesare possible,based
eitherontheintensityedgeor onthescenecontentgFig. 3).
This ambiguity createswo competinglayersof perceved
depthalongtheboundaryof theinsetimage.Applying large
smoothcross-adingzonesonly slightly attenuatetheprob-
lem. Evenin thecasewhenthe brightnesf all four pro-
jectedimagesaresimilar, the steredfusion of high andlow
resolutionimagesdoesnot provide thesamepercevedlevel
of detailsasthe fusion of two high-resolutionmages,and
theboundarymaystill be noticeable.

In both casesthe problemarisesfrom displayinganel-
ementof the scendn thelow-resolutionimagefor oneeye
and in the (brighter) high-resolutionimage for the other
This statemenbf the problemhints at its solution: the
boundarief the high-resolutioninsetsmustbe displaced
so that they are locatedover the samescenepositionsin
bothviews. Theboundarycanbevirtually movedwithin the
footprint of theinsetprojectorby insertinga corresponding
black area. This solutionrequiresthat the screenposition
of this boundarybe recomputedvhene&er the underlying
sceneortheobsenrer'spositionchangejn theworstcasefor
every displayedframe. Finding a computationallyef cient
methodfor adjustingthis boundaryis thereforeessential.

3. Proposedmethod

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

eyelocationand eld of view, with thewarpingrequiredfor

on-screeralignment.To avoid accessinglirectly the scene
geometrywe usethe depthbuffer of the currentimageasa

proxy. Theoriginal 3-D coordinate®f animagepixel can
be obtainedby applyingthe inverseof the projectionma-

trices. Matching pointsalong epipolarlines are found for

theleft andright views. In absencef occlusion the sought
boundarypointsarefoundin constantime, whereaocclu-

sionmayrequirealinearsearch Only a subsebf thedepth
buffer needgo bereadback.

In the superimposedeft and right views (Fig. 1), the
shapeadaptationof the inset boundariess visible, espe-
cially alongthe cheek.Thefour sourceimagesorming this
display are shavn in Fig. 4, which alsoillustratesthe ef-
fectsof thewarpingandthe black maskingon individually
computedviews. The scene-adapte displacementf the
two verticalboundariesppearglearly A smallamountof
featheringcanbe appliedaroundthe adaptecboundarieto
smooththetransition,but for clarity it is omittedhere.

A stereoscopidual-resolutiorsystemallows enhanced
stereoscopiwiewing of detailed3-D modelsin the inset
while retainingthe overall view in a uni ed stereoscopic
display However, x ed inset boundariescausediscom-
fort andseverelylimit the usefulnes®f theapproachThis
problemis solvedby our proposedadaptve modi cation of
the boundarywhich is anessentiacomponenbf a stereo-
scopicinset. The generalsolutionproposechereaddsonly
asmallcomputationatost,evenfor complex models.

References

[1] M. Ashdavn and P. Robinson. The Escritoire: a personal
projecteddisplay In 11thInt. Cont in Cential Europe on
ComputerGraphics,Visualizationand ComputerVision, pp.
33-40,3-7 Feh 2003.

[2] P Baudisch,N. Good, and P. Stewart. Focus plus con-
text screens:combiningdisplay technologywith visualiza-
tion techniqueslin Proc. of the 14th AnnualACM Symposium
on User InterfaceSoftwae and Technolagy, pp. 31-40,Nov.
2001.

[3] Evans and Sutherland. Vistaview, image pro-
jection system for full- ight simulation,
http://www.es.com/products/displays/vigsiew/, Dec.2003.

[4] A.YoshidaJ.Rolland,andJ.Reif. Designandapplicationof
ahigh-resolutiorinserthead-mounted-displayn Virtual Re-
ality AnnuallnternationalSymposium95, pp. 84-93,1995.



