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Figure 1: Holographic displa y example . The images that were taken from different positions in front of the display.

ABSTRACT

Our work focuseson the developmentof interactive multi-user
holographicdisplaysthat allow freely moving naked eye partic-
ipants to sharea threedimensionalscenewith fully continuous,
observer independent,parallax. Our approachis basedon a scal-
able designthat exploits a speciallyarrangedarray of projectors
anda holographicscreen.The feasibility of suchanapproachhas
alreadybeendemonstratedwith a working hardwareandsoftware
7.4M pixel prototypedriven at 10-15Hzby two DVI streams.In
thisshortcontribution,weillustrateourprogress,presentinga50M
pixel displayprototypedrivenby adedicatedclusterhostingmulti-
pleconsumerlevel graphiccards.

CR Categories: B.4.2[Input/OutputandDataCommunications]:
Input/OutputDevices—Imagedisplay
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1 SHORT OVERVI EW

We presenta largescaleinteractive multi-userholographicdisplay
thatallowsfreelymoving nakedeyeparticipantsto shareathreedi-
mensionalscenewith fully continuous,observer independent,par-
allax. The display is an instanceof a scalableholographicsys-
tem designbasedon a speciallyarrangedarrayof projectorsand
a holographicscreen.The feasibility of suchan approachhasal-
readybeendemonstratedwith a working hardware and software
7.4M pixel prototypedrivenat10-15Hzby two DVI streams[1].In
thisshortcontributionwe illustrateourprogress,presentinga large
scaleholographicdisplayprototypewith 50M pixel overall resolu-

� e-mail: {t.agocs|t.balogh|t.forgacs}@hologra�ka.com
†e-mail: {Fabio.Bettio|Enrico.Gobbetti|Gianluigi.Zanetti}@crs4.it
‡e-mail: eric.bouvier@c-s.fr

tion. Thedisplayis drivenby a dedicatedclusterhostingmultiple
consumerlevel graphiccards.

Figure 2: Schematic diagram. A large number of light beams can create a
spatial point.

Displa y concept. Our 50Mpixel displayprototypeusesa spe-
cially arrangedarrayof 64XGA commodityprojectorsandaholo-
graphicscreenwith a diagonalof 1.8m. The projectionmodules
projecttheir speci�c imageontotheholographicscreento build up
the 3D scene. The applieddistributed imageorganizationmakes
it fundamentallydifferentfrom otherknown multi-view solutions.
Themoduleviews arenot associatedwith speci�c view directions.
Instead,the light beamsto be emittedby the projectionmodules,
i.e., themoduleimagesthataregeneratedby theprojectors,arede-
terminedby geometry. Eachmoduleemits light beamstoward a
subsetof the pointsof the holographicscreen.At the sametime,
eachpoint of the holographicscreenis hit by more light beams
arriving from differentmodules.The light beamspropagateto ad-
dress�x edspatialpositionsthatareindependentfrom theviewer's
position. Many modulescontribute to eachview of the3D image,
thusno sharpboundaryoccursbetweenviews, andthedisplayof-
ferscontinuousandsmoothchangeatdifferentimageareas,result-



Figure 3: Holographic displa y example . Images that were taken from different positions in front of the display. Objects appear at �x ed physical positions.

ing in a truly 3D experiencewith continuoushorizontalparallax.
Multiple projectorsilluminateeachpixel on thescreen,andtheop-
tical modulescanbe seenunderdifferentanglesby looking from
the pixel's point of view. The holographicscreentransformsthe
incidentlight beamsinto anasymmetricalpyramidalform. Thecut
of this light distribution is a long rectangle,wheretheverticalsize
of the rectangleis the vertical �eld of view, while the horizontal
sizecorrespondsto theneighboringemittingdirections.This con-
�guration correspondsto thehorizontal-only-parallaxcapabilityof
thecurrentprototypedisplay. Theprincipleson which thedisplay
is basedwouldmake it possibleto provideverticalparallax.Doing
so,would require,however, anotherorderof magnitudeincreasein
datasize,renderingtimes,andsystemcomplexity, for little gain in
the visual performancein standardsettings. The horizontallight
diffusioncharacteristicof thescreenis thecritical parameterin�u-
encingtheangularresolutionof thesystem,which is veryprecisely
setin accordancewith thesystemgeometry. In thatsense,it actsas
a specialasymmetricaldiffuser. However, with standarddiffusers
andlenticularsit would be dif�cult, if not impossible,to produce
the shapeof the requiredangularcharacteristics.The screenis a
holographicallyrecorded,randomizedsurfacerelief structurethat
enableshigh transmissionef�ciency andcontrolledangulardistri-
butionpro�le. Thesefully randomized(nonperiodic)structuresare
non-wavelengthdependentandeliminatemoiré,withoutchromatic
effects.Theprecisesurfacerelief structuresprovide controlledan-
gular light divergence.Theangularlight distribution pro�le intro-
ducedby the holographicscreen,with a wide plateauand steep
Gaussianslopespreciselyoverlappedin a narrow region, results
in a highly selective, low scatterhat-shapeddiffusecharacteristics.
The result is a homogeneouslight distribution andcontinuous3D
view with no visible crosstalkwithin the�eld of depthdetermined
by theangularresolution(see�gure 2).

Driving the displa y. Thedisplayis drivenin parallelby 64DVI
streams,onefor eachXGA projector. Thesestreamsaregenerated
by anarrayof 16 PCs,connectedto thedisplaythroughfour DVI
connectionseach. EachPC runsa server that controlsa graphics
framebuffer. The server is responsiblefor generatingimagesas-
sociatedto a �x edsubsetof thedisplayrenderingmodules.In the
50M pixelsprototype,eachPCgenerates4 XGA imagesusingtwo
doubleheadNVIDIA boardscontrollinga 4096x768framebuffer.
In orderto supportlegacy graphicsprogramsandto simplify thede-
velopmentof new holographicapplications,we have implemented
anOpenGLcompatiblefront-end.Thefront-endrunsonaclientPC
andlooksto applicationslikeanordinaryOpenGLlibrary which,in
additionto executinglocal OpenGLcommands,alsotransparently
broadcaststhe graphicscommandstreamto the dedicatedcluster
driving theholographicdisplay. Theclient PC is connectedto the
clusterthroughdualGbit ethernetlinks. Theback-endserverslisten
to the network anddecodethe streamof multicastgraphicscom-
mandscomingfrom the client. Oncedecodedthe commandsare
interpretedandsentto the local graphicsrenderer. The interpre-
tationof thegraphicscommandsinvolvesmodifying theway they

aregeneratedaccordingto parametersavailablefrom thelocalcon-
�guration service,in order to transformthe original centralview
into the view associatedwith eachof the associatedoptical mod-
ules.For eachof theopticalmoduleviews,thegraphicscommands
of thecurrentframearere-executed,with the following modi�ca-
tions: theoriginal perspective matrix is replacedwith a matrix that
matchesthemodule's speci�c positionandviewing frustum;a ge-
ometricalcalibrationis performed,to correctnonlinearitiesin the
display/opticalgeometry;a light calibrationis performedto cor-
rect the intensity and contrastdifferencesresponseof the optical
modules;an angularresolutioncorrectionis performedfor depth
dependentanti-aliasing.Theparametersrequiredfor eachof these
transformationsarede�ned at con�gurationtime.

Implementation and results. We have implementeda proto-
typehardwareandsoftwaresystembasedon thedesigndiscussed
in thispaper. Thedevelopedlargescaleprototypedisplayis already
capableof visualizing 50M pixels by composingoptical module
imagesgeneratedby 64 XGA commodityprojectors.Thedisplay
provides continuoushorizontalparallaxwith a approximately45
degreeshorizontal�eld-of-view. The luminanceis over 5000 lu-
men(10000lumenin highbrightnessmode)andallows thedisplay
to work underalmostany kind of ambientlighting conditions.

The renderinglibrary's front-endrunson eitherLinux or Win-
dowsoperatingsystems,andcurrentlyimplementsmostfeaturesof
OpenGL1.1. The library back-end,which drivestheopticalmod-
ules,is currentlyrunningonanarrayof 16Linux PCs.

It is obviously impossibleto fully convey the impressionpro-
vided by the display on paperor video. As a simple illustration
of thedisplaycapabilities,�gure 3 presentsphotographsthatwere
taken from differentpointsof view in front of the large scaledis-
play. An accompanying videoshows sequencesof scenesrecorded
liveusingamoving camera.

Conc lusions and future work. Ourdisplayallowsfreelymov-
ing nakedeye participantsto sharea threedimensionalscenewith
fully continuous,observer independent,parallax.The imagequal-
ity of our prototypeis comparableto nowadaysprojector-based
Geowall displays,with the additionaladvantagesof not requiring
usersto wearany kind of viewing device. Thedisplaylookslikean
idealsolutionfor highendmulti-userapplications.Wearecurrently
workingonexploiting it for largescalemodelvisualization.
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