3D Volumetric Display using Passive Optical Scatterers
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Figurel: A classof low-costvolumetricdisplaysareproposedhatuseasimplelight engineandanindexable3D pointcloudmadeof passie
optical scatterers.The point cloudsare etchedinto a glassblock using LaserinducedDamage(LID). Displayswith differentresolution
characteristichave beendevelopedthatcanrender(a) true 3D objects,(b) extrudedobjectswith arbitrarytop layersand(c) purely extruded
objects.The sameapproactasalsobeenusedto (d) extendthe gamePac-Manto 3D and(e) createa 3D avatar

Approach

Thecreationof adevice thatcandisplayphotorealisti3D contentat
very highresolutionmaybeconsidered holy grail problemthathas
beenpursuedwith greatvigor over the pastcentury The goal of our
work is lessambitious. It is to develop a very inexpensve classof
volumetricdisplaygOkoshi1976;BlundellandSchwartz2000]that
canpresengtrelatively low resolution,andyetin acompellingway,
certaintypesof 3D content.Thetypesof contentwe wishto display
aresimple 3D objects,extrudedobjectsand3D surfacesthatappear
dynamicwhenprojectedwith time-varyingimages.Our displaysuse
asimplelight engineanda densecloud of passie optical scatterers.
Thebasicideais to trade-of the (2D) spatialresolutionof the light
engineto gainresolutionin thethird dimension.Thesimplestwayto
achieve suchatrade-of is to usea stackof planargrids of scatterers
whereno two stacksoverlap eachotherwith respectto the projec-
tion raysof thelight engine.However, sucha semi-rgyular 3D grid
suffers from poor visibility; asthe viewer moves aroundthe point
cloudthefractionof pointsvisible to the viewer variesdramatically
andis very smallfor someof theviewing directions.Ourkey insight
is to randomizethe point cloud in a mannerthatis consistentith
the projectiongeometry We have veri ed thatwhena point cloud
is randomizedn a speci ¢ mannerit producesa remarkablystable
visibility function.

We have explored several ways of creatingdensecloudsof passie
scatterersWe have choserto useatechnologycalledLaserinduced
DamageLID) thatcanvery ef ciently, precisely andat a very low
costembedthe desiredpoint cloudsin a solid block of glass. Each
scatterefs a physicalcrackin theglassthatis createdoy focusinga
laserbeamat the point. Whena pointin the cloudis lit by ambient
light it is barelyvisible, but whenit is lit by afocusedsourcet glows
brightly. We have studiedtheradiometricandspectrakharacteristics
of LID scattererandfoundthatthey have the propertiesneededo
displayobjectsin color andwith sufcient brightnesso be viewed
within a120degreeconethatis alignedwith the projectiondirection.
For illuminating the scatterersye have developedan orthographic
light enginethat usesan off-the-shelfprojectorandinexpensve op-
tics to createparallelrayswith alarge footprint. Orthographigoro-
jection enableaus to usepoint cloudswithout resolutionbiasesand
malkesthe calibrationof thedisplayrelatively straightforvard.
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Figure 2: (a) An exampleimplementationof the display system,
including a light engine and an LID point cloud. (b) An ex-
ample of a randomizedLID cloud with 48 48 25 pointsin a
200 200 70mmglasscube,uniformly lit by aprojector

Implementations

Figure 2(a) shavs the architectureof our display system. The sys-
temincludesa projectorbasedight engineandanLID pointcloud.
Figure 2(b) shavs an example of a randomizedLID cloud with
48 48 25 pointsin @200 200 70mmglasscube. We have
developedseveral versionsof our volumetric display eachone de-
signedto meetthe needsof a speci ¢ classof objectsor a speci ¢
application.We have implementecpoint cloudswith 10; 000 points
for the display of true 3D objects(seeFigure1(a)), 190 500 points
for the display of extrudedobjectswith arbitrarily texturedtop sur
faces(seeFigure1(b)), 180 500 pointsfor the displayof purely ex-
trudedobjects(seeFigure 1(c)), 83,866 pointsfor the extensionof
the gamePac-Manto 3D (seeFigure 1(d)), and 127,223 pointsfor
thefacemodelusedto createa 3D avatar(seeFigurel(e)).
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