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

ABSTRACT

Our work focuseson the developmentof interactve multi-user
holographicdisplaysthat allow freely moving naked eye partic-
ipantsto sharea three dimensionalscenewith fully continuous,
obserer independentparallax. Our approachs basedon a scal-
able designthat exploits a speciallyarrangedarray of projectors
anda holographicscreen.The feasibility of suchanapproacthas
alreadybeendemonstratedvith a working hardware and software
7.4M pixel prototypedriven at 10-15Hzby two DVI streams.In

this shortcontrikution, we illustrateour progresspresentinga 50M

pixel displayprototypedrivenby a dedicatectlusterhostingmulti-

ple consumetevel graphiccards.
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1 SHORT OVERVIEW

We present large scaleinteractive multi-userholographicdisplay
thatallows freely moving naked eye participantgo sharea threedi-
mensionakcenewith fully continuouspbsererindependentpar
allax. The displayis an instanceof a scalableholographicsys-
tem designbasedon a speciallyarrangedarray of projectorsand
a holographicscreen. The feasibility of suchan approachhasal-
ready beendemonstratedvith a working hardware and software
7.4M pixel prototypedrivenat 10-15Hzby two DVI streams[1]In
this shortcontribution we illustrateour progresspresenting large
scaleholographiadisplay prototypewith 50M pixel overall resolu-

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

tion. Thedisplayis drivenby a dedicatectlusterhostingmultiple
consumetevel graphiccards.

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

Display concept. Our 50Mpixel displayprototypeusesa spe-
cially arrangedarrayof 64 XGA commodityprojectorsanda holo-
graphicscreenwith a diagonalof 1.8m. The projectionmodules
projecttheir speci ¢c imageontothe holographicscreerto build up
the 3D scene. The applieddistributed image organizationmakes
it fundamentallydifferentfrom otherknown multi-view solutions.
Themoduleviews arenot associatedavith speci ¢ view directions.
Instead the light beamsto be emittedby the projectionmodules,
i.e.,themoduleimageshataregeneratedby the projectorsarede-
terminedby geometry Eachmoduleemits light beamstoward a
subsef the points of the holographicscreen. At the sametime,
eachpoint of the holographicscreenis hit by more light beams
arriving from differentmodules.Thelight beamspropagteto ad-
dressx edspatialpositionsthatareindependenfrom the viewer's
position. Many modulescontribute to eachview of the 3D image,
thusno sharpboundaryoccursbetweerviews, andthe display of-
ferscontinuousandsmoothchangeat differentimageareasresult-



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

ing in atruly 3D experiencewith continuoushorizontalparallax.
Multiple projectorsilluminate eachpixel onthescreenandtheop-
tical modulescan be seenunderdifferentanglesby looking from
the pixel's point of view. The holographicscreentransformsthe
incidentlight beamsdnto anasymmetricapyramidalform. Thecut
of this light distribution is along rectanglewherethe vertical size
of the rectangleis the vertical eld of view, while the horizontal
sizecorrespondso the neighboringemitting directions. This con-
guration corresponds$o the horizontal-only-parallaxapabilityof
the currentprototypedisplay The principleson which the display
is basedvould make it possibleto provide vertical parallax.Doing
so,would require,however, anotherorderof magnitudencreasen
datasize,renderingtimes,andsystemcompleity, for little gainin
the visual performancen standardsettings. The horizontallight
diffusion characteristiof the screeris the critical parametein u-
encingtheangulamesolutionof the systemwhichis very precisely
setin accordancavith the systemgeometry In thatsenseit actsas
a specialasymmetricabiffuser However, with standardliffusers
andlenticularsit would be dif cult, if notimpossible,to produce
the shapeof the requiredangularcharacteristics.The screenis a
holographicallyrecorded randomizedsurfacerelief structurethat
enableshigh transmissioref ciency andcontrolledangulardistri-
bution pro le. Thesefully randomizednonperiodic)structuresare
non-wavelengthdependenandeliminatemoiré, without chromatic
effects. The precisesurfacerelief structuregprovide controlledan-
gularlight divergence.The angularlight distribution pro le intro-
ducedby the holographicscreen,with a wide plateauand steep
Gaussiarslopespreciselyoverlappedin a narrav region, results

in ahighly selectve, low scatterhat-shapediiffusecharacteristics.

Theresultis a homogeneoulght distribution and continuous3D
view with no visible crosstalkwithin the eld of depthdetermined
by theangularesolution(see gure 2).

Driving the display. Thedisplayis drivenin parallelby 64DVI
streamspnefor eachXGA projector Thesestreamsaregenerated
by anarrayof 16 PCs,connectedo the displaythroughfour DVI
connectioneach. EachPC runsa sener that controlsa graphics
framebuffer. The sener is responsiblfor generatingmagesas-
sociatedo a x ed subsebf the displayrenderingmodules.In the
50M pixelsprototype.eachPCgenerated XGA imagesusingtwo
doubleheadNVIDIA boardscontrollinga 4096x768ramebuffer.
In orderto supportegacy graphicgprogramsandto simplify thede-
velopmentof new holographicapplicationswe have implemented
anOpenGLcompatibleront-end.Thefront-endrunsonaclientPC
andlooksto applicationdik e anordinaryOpenGLlibrary which,in
additionto executinglocal OpenGLcommandsalsotransparently
broadcastshe graphicscommandstreamto the dedicatedcluster
driving the holographicdisplay The client PCis connectedo the
clusterthroughdual Gbit ethernetinks. Theback-endsenerslisten
to the network and decodethe streamof multicastgraphicscom-
mandscomingfrom the client. Oncedecodedhe commandsare
interpretedand sentto the local graphicsrenderer The interpre-
tation of the graphicscommandsnvolves modifying the way they

aregenerate@ccordingo parametersvailablefrom thelocal con-
guration service,in orderto transformthe original centralview
into the view associatedvith eachof the associateaptical mod-
ules. For eachof the opticalmoduleviews, thegraphicscommands
of the currentframearere-executed with the following modi ca-
tions: the original perspectie matrix is replacedwith a matrix that
matcheghe modules speci ¢ 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
dependenanti-aliasing.The parametersequiredfor eachof these
transformationgrede ned at con gurationtime.

Implementation and results.  We have implementeda proto-
type hardware and software systembasedon the designdiscussed
in thispaper Thedevelopedargescaleprototypedisplayis already
capableof visualizing 50M pixels by composingoptical module
imagesgeneratedy 64 XGA commodityprojectors. The display
provides continuoushorizontal parallaxwith a approximately45
degreeshorizontal eld-of-view. The luminanceis over 5000 |u-
men(10000lumenin high brightnessnode)andallows thedisplay
to work underalmostary kind of ambientlighting conditions.

The renderinglibrary's front-endrunson either Linux or Win-
dows operatingsystemsandcurrentlyimplementanostfeatureof
OpenGL1.1. Thelibrary back-endwhich drivesthe optical mod-
ules,is currentlyrunningon anarrayof 16 Linux PCs.

It is obviously impossibleto fully convey the impressionpro-
vided by the display on paperor video. As a simple illustration
of the displaycapabilities, gure 3 presentphotographshatwere
taken from differentpointsof view in front of the large scaledis-
play. An accompaning videoshavs sequencesf scenesecorded
live usinga moving camera.

Conclusions and future work. Ourdisplayallowsfreely mov-
ing naked eye participantgo sharea threedimensionakcenewith
fully continuouspbsenerindependentparallax. Theimagequal-
ity of our prototypeis comparableto nowadaysprojectorbased
Geaowall displays,with the additionaladvantagesf not requiring
usergo wearary kind of viewing device. Thedisplaylookslike an
idealsolutionfor highendmulti-userapplications We arecurrently
working on exploiting it for large scalemodelvisualization.
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