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ABSTRACT:

Three-dimensional displagevices attempt tpresent thauserwith a realisticscene. The
realisminvolves theuse ofdepthcues, so as to convince thser ofthree-dimensionality.
Such display devices can be classified into thbaerequire externalids such aglasses,
and thosethat areviewable unaided. Thelatter areless cumbersome, andllow many
viewers of the display. Holography falls into this class, and i®mhe displaymedium that
includes all the visual depth cues we expect of a scene.

Recently developed displays involve the computer rendering of three-dimensional models or
scenes for use with optical hardware. A result of the computer generation is the display may
be animated, either ligndering hologram frames on tfy or by replaying precomputed
hologramdlike a movie.Quickdraw3D is a useful technolodgr performingthe former,

and Quicktime is useful fahe latter.Both these software technologies, combingit the
emerging compute power of the PowerPC, make an obvious cfuidategrating the
holographic display with user interaction and modelling tools. We describe our work in this
area in developing a three-dimensiod#play device, and ourattempts toharness the
Quickdraw3D framework.

INTRODUCTION

Three-dimensional display is a necessary waldable tool in many disciplines.
Devices which providethis functionality offer capabilities for more extensivedata
visualisation and user-computer interactionFor example, consider a biochemist
manipulating a model of a DNA strand, or an architect taking a virtual walk thronghsa
plan. Alreadyconsumer electroniadevices attempt to improve theserinteractionwith a
game or computer operating system, by using three dimensional graphics rendered to a two
dimensional displaglevicesuch as @elevision or computemonitor. Thesuccess of this
interaction isbased on makinthe environment with which theserinteracts, realistic, or
true to that with which we interact daily.

Various display devices have been designed that attempt to provide the exjsected
depth cues we have evolved to expect. These displays fall into two categoriesgicthable
unaided —autostereoscopjcand those requiringeither passivesensors to distinguish
information destined for each eye, e.g. coloured, or orthogonally polarised glasses, or some
active display to present different information to each egtereoscopicThe former are to
be preferred in most situations, especially if there simultaneousisers ofthe display.
Various methods have been exploited to confuse the eye into false perception of depth. The
most common of these are the “magic eye” or autostereogtiaah€xploitsubtle changes
in repeated patterns or colours. In fact we as users use many depthhememterpreting a
three-dimensional scene[1];

* binocular disparity or stereopsis — slightly different images seen by each eye,
» convergence — rotation of the eyes to match images seen,

occlusion — closer parts tend to obscure the parts behind,

* occular accommodation — focusing to different depths,

* parallax — scene change with motion of viewer or display,

* monocular cues, e.g. perspective, texture gradient, shading, and relative sizes.



Holography is a three-dimensional display technolibgy presentshe viewer with a
“life-like” three-dimensional image withll the depthcues,and most importantly parallax.
However,hologram generatiohastraditionally been restricted to photographic processes,
simply because of themassive amount of informatiamecessary to record @alculate the
image and depth information about the object of interéstial attempts at computer
generation of hologramsised photo-reduction processes deate thehologram on
photographic film so it could be replayed for viewing [2].

In 1989, researchers at the Massachusetts Institute of TechnologyYBIA), Media
Laboratory Spatial Imaging@roup announced aimitial holographicvideo — holo-video
—display that was capable of reconstructing a small computer generated hologram. Because
it was computer generated, and because the display used electro-optic modulatothdevices
could be dynamically refreshed, the display could be changed or reproftaoeda
different viewpoint [3]. The reconstructed hologram exhibé@tdhe visualdepth cueshat
are expectedfom photographically produced holograms including horizopdigllax, but
excludingvertical parallax. This exclusiowas thefirst step in reducinghe computational
complexity of the display process, which at time required a massivelyarallel computer
to calculate thénolographic fringes. Since thisitial prototype, significant improvements
have been made to both the optical reproduction process and theciioglationmethods.
Recentsystemsare capable of full coloudisplay of projected ovirtual images within a
150 x 75 x 160 mm space [4].

The uniqueness of this procesghen compared to traditional computer generated
holographic attempts is the retine interaction by theuser with the display. A host
computer constructthe three-dimensional model of the scene to be displayeuals
normally occur on a graphiegorkstation, or more recently home computewrideo game
systemsHowever,instead of on&iiew of the scene beingalculatedand drawn to dawo-
dimensional display, the information used to construdhe fringes ofthe hologram. This
computationprocess islengthy and intense because it must simuldie diffractive
processeghat would occur naturally in the opticpfoduction of a holographiplate.
Provided this renderingalculation can be achieved snfficienttime, the usercan interact
with the computer software causing a change of the three-dimensimus!, with a new
hologram being rendered.

In this work, we describe our contributions to such a holo-video display.inMoises
two distinct contributions. The first of these is tievelopment of the opticalystemwhich
will display the hologramwhile the secondinvolves theintegration of this true three-
dimensional displayvith existing computer graphics software. Rather thesmvent the
wheel in terms of the user-computer interaction we have decided to utilise the Quickdraw3D
framework [5], which provides all the modelling, storageql user-interaction at tlsystem
level to applications on many platformdhus we are concentrating omproducing a
“renderer” plug-in for Quickdraw3D, whichill integratethis displaywith the application
environment. Inthis way, existing application softwardghat uses Quickdraw3D for
visualisation and interaction with three-dimensional datasets, can automaticallyiseake
our display. An impression dhe display, isshown in Figurel., with theuser interacting
with the computer system and Quickdraw3D, while viewing a “live” holographic image.
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Figure 1: The proposed display system for phrgject, illustratechere, involvegesearch in
two mainareas; the rendering software (controlled byrbstcomputer), and the
optical system includinghe intelligent spatial lightnodulators (utilising aligital
signal processor anelectro-optic modulator). The opticsystem isalteredunder
algorithmic control by the programmable diffractive elemewriten on the spatial
light modulators.

THE HOLO-VIDEO DISPLAY

The research into holographdeo displays hadargely been spearheaded by the
Spatial ImagingGroup atthe MIT Media lab, who in 1990 introduced a“holo-video”
display[3,6,7] capable of full colour, real—tingiesplay of a horizontal parallax hologram.
This has subsequentheen improved tproduce three dimensional imagery occupying a
litre volume[4]. Thesystem theyused incorporates an acousto-optiodulator[1,7] to
display the lines of holographifringes calculated by computer, which are deflected
vertically to construct a two-dimensional hologram framkeen integrateaver thevertical
refresh time.

Two advances itechnologyhavebeen responsiblor the introduction of computer
generated holographigdeo; thefirst is the increased computational capability of current
computers, and theecond ighe development of spatial lightodulators (SLM), such as
the acousto-optic modulator used at MIT. A SLM dexice whichprovides spatial control
of a lightbeam,either electronically or by another light beaBuch devicesshape dight
wavefront insuch away as to placenformationacross itsextent. While SLM have been
availablefor sometime, only recentlyhave low cost, readilyavailable devices with the
desired modulating properties been manufactudsgful SLM include the liquid crystal
display (LCD)[8, 9], and thedigital micro-mirrordevice(DMD) which employs small 10
pum squardiltable mirrors on top of a memorgell [2], both of which are illustrated in
Figure 2. While othelSLM are availablethey tend not tohave alternativaises in the
consumer electroniamarket, e.g., commercial video or dgajectors, which is primarily
responsible for the availability and reduced cost.



Figure 2: Spatial Light Modulation can be achieved using a Liquid Crystal Display (left), or
by a Digital Micro-Mirror Device (right). The smaller the pixel size of these SLM, the
better, as is evident in the comparison of the 320 by 240 pixel LCD (from Kopin
Corporation), to a five cent piece, and the magnified image of the tiltable mirrors of
the DMD (from Texas Instruments).

Holo-video displays function by displaying information on 81eM to either change
the function of the optical system, or take the place of the photographic mesiamnstill
holography [10]. For example by displayitige imageshown in Figure 3 on an SLM, the
light is altered in the sameay as if alens were usedinstead of theSLM. However, by
displaying a slightly different “lens” on the SLM, we obtain #uvantage of an adjustable
imaging system. Such images are known as “programmable diffret¢ireents’[8,11,12]
andlike havebeenused toadvantage irother types of non-holographic three-dimensional
displays such as those employing the “varifocal” technique [13].

:

Figure 3: Programmable diffractive elements may be displayed on the SLM to change the
function of the optical system. Alternatively, the holographic fringes themselves may
be displayed on the SLM.




RENDERING WITH QUICKDRAW3D

The shear amount oflata in ahologram is the biggest hurdle twercome inthis
display. Ref. [3] suggesthat ahologram of dimension 100 mm by 1@@m, giving a
viewing angle of 30°, contains 25 GB for a single frame. Rendered ateésditition for 60
frames/sec, we need 12 TB/s of data to be displayed. Clearly, this is impossititedaitts
technology,even withsuch vector processinghardware as isound in consumegames
machines, G3owerbooks, andAltivec” style PowerPCsHowever, wecan adopt the
practices in the three-dimensiongtaphics community, and simplify the model, and
consequently the hologram, or use “tricks” to reduce the requirements on the SLM, and the
computation required of the host computer.

One standargbractice is to remove parallax in tiwertical direction,providing the
sense ofdepth by this method on side-to-side motion or8ymilarly, we canuse a
stereogram approach, rendering diffendatvs to beshown in differentdirections, at least
for low-fidelity occasionsvhen theuser is changinthe model frequentlyOther practises
have also been proposed to minimise the computatie{14,15,16]. Holographidringes
may be generatefdr high-fidelity viewing over alonger time period. Asimilar, scalable,
approach to three dimensional displaypi®posed forthe ICVision[17] system,where
adjacentpixels are directed talternateviewing areasusing micro diffraction patterns on
each pixel site — however, this does not provide for full holographic display.

The renderingprocess for athree-dimensional holo-video display thkerefore,
complicated.While the model or scene still originatéom three-dimensional graphics
software running on the computer, the rendepraress encompasssaftware algorithms,
fast computational hardware (possibly external tchibet computer), and thase ofspatial
light modulators to control a custooptical system.However,these problems musil be
hidden fromthe application software and the userthis type of display is to be easily
integrated into an existing graphics visualisagowironment. It idor this reason waave
adopted Quickdraw3D. We are able to write a software renftereisewith Quickdraw3D
that encapsulates all these concerns and requirements. In addition we are able to abstract the
optical systemijts SLM, and the external compute hardware in R#VE architecture,
should we so desire. (Such a move would allow Quicktime movies containing pre-computed
holograms to display asell asthose requiring on-the-fly renderindJsing thisrenderer
we (and other applications) can accessuherinteraction, storageggnd modelling features
of Quickdraw3D, without extrgrogramming.Just think, we could all be playing with
“Gerbils” in true 3D!

THE RENDERER

Traditional renderersare responsible fortaking a set of drawingcommands,
primitives, or objectsand changinghemusing suchentities as coordinate transformation
matrices,shaders, lightstransparencyattributes,etc, for drawing into atwo dimensional
window defined by its physical location on a screen, and bgaimera or viewinglirection
and aspect. Thiprocessinvolves much number-crunching, which is easggrformed in
vector processing hardware. The renderer is therefore responsible for clipping the display to
that which would be reasonably seenfruatum and for removing those parts of timedel
that are occluded by others. This is illustrated in Figure 4. The rendering of a stereogram is
a similar approach, where mappssesare made by the renderer, edotm a different
viewing direction, so as to fortine images thawill be directed to thaviewing position by
the stereograndisplay. (The'stereo glassesfeature of“Gerbils” is such anexample,
where blueand red encoded disparate images saperimposed taive the wearer of
suitable glasses the perception of depth.)
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Figure 4: The renderer is traditionally responsible for manipulating a three-dimensional
model or scene for display in a two dimensional port.

A renderer suited to holographic calculations is slightly nooreplicateddepending
on the algorithm adopted. It may for example, accept all objects to be renderpdycass
them into planes for subsequent processing into a hologram. This prokeew/isas “z-
buffering”, and is useful for such displays #e varifocal display, ofor the occlusion
processing required in standard graphics. However, a second pipeline stage is necessary for
the hologram generation algorithm \wave developed. We progressivetgke the back
frame, and calculate the diffraction pattern it would produce at the next plane. This then gets
modified by the nexframe,and theprocess igepeated forwardghroughthe set of z-
buffers. Thisthen results in awo dimensional representation of tmeodel, which is
reasonably simple tmanipulate into a holograror display onthe SLM. Onecould of
courseimagine cascading thepeocesses across DSP similar compute engines, rather
than attempting to process the entire work on the host computer.

PROGRAMMING

Finally we give abrief overview ofhow to actuallyprogram a renderer for useth
Quickdraw3D, based oour experiencewith the Quickdraw3D samplecode, “Simple
Renderer’and“Sample Renderer’These produce, inur case, ashared libraryfor use
with Quickdraw3D on MacOS, or in the case of Wandowsversion of Quickdraw3D, a
dynamically linked library.

The renderer is dynamically linked @uickdraw3D through a set ohetahandlers
which in response to a query frouickdraw3D, return a set of functions weich



rendering information and objects to be rendered are fmabged. Foexample, the main
metahandler will handle the “Start Frame”, “End Frame”, “Start P48sid Pass”, and
“Cancel” calls to control the status tife renderer operation. A typical renderer might use
these functions to prepare or finish of the rendering process. Thmagaiso configure a
particular renderer if thtModal Configure”, and“Get/Set ConfigurationData” requests

are handled. Buperhapghe most importaninetahandlers, are the Matrix, Styhdiribute,

and Geometry metahandlers. The latter in turn is queried for a routine to process each of the
geometry primitives contained in Quickdraw3@hile the others provide a way for
Quickdraw3D to change the rendering parameters such as coordinate transformations, etc.

The sample code provided by Appémploys a standard methodology for the
geometry rendering. The rendering parameters are used to configure gpgmiioss one
for each type of geometry that ipported. (Quickdraw3Dvill break more complex
geometries down to thoseipported by your rendereiThese pipelines theprocess the
geometries to a form suitabler rasterising Therasterising process idependant on the
type and depth of the screenwdhich we are renderindqut nowturns the transformed,
processed, and clipped primitives emerging from the pipelines into pixels in the destination.

The process ithe case of the holographic display is easily illustrated. The pipelines
in our case transfornthe primitive geometries by the provided matricdsjt do not
necessarily clip to the standard frustum, as we expeagtuothe hologranfrom awide set
of angles. The geometries are then mapped @up renderer’'s z-buffer planes. The
rasterising process in owase,then proceedsvith the algorithm describedbove on the
storedz-plane contentgroducingthe twodimensional diffraction calculatachage, which
finally is transformed into a set of holographic fringes or similar for display ol of
our holo-video unit. Theeason fomplacing thez-buffering inthe rasterisatiomprocess is
simply to exploitparallelprocessinghardware that may be external to tin@st-computer.
The pipelines themselves may explRAVE and thenewer PowerPC additions such as
Altivec in the future.

CONCLUSION

We have describedur work in brief on thedevelopment of a true three-dimensional
display device.This follows work by others ithe area of holographigideo display, and
offers all the depth cues expected ofrealistic three-dimensional scene. \Wave shown
how we can transparently integrate this display intoQb&kdraw3D graphicarchitecture
in the form of a plug-in renderewxhich hidesthe complexity of theleviceand algorithms
from the user. Quickdraw3DRvaschosen because of ik&ze, expansibilitycross-platform
portability, systemlevel integrationsuchthat all applications camseit, and because of its
ability to handle the storage and manipulation of three-dimensional models and scenes.

The internal working obur display undedevelopmentasbeen briefly described,
including our preliminary algorithms, and the specialiitM used inthe opticalsystem.
While the details of thesystem andhe actual algorithm aneot clearly defined apresent,
we havelllustrated howthis development can be integrateith Quickdraw3D, anchave
given an overview of how others may develop renderers for use with Quickdraw3D.
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