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The world is a three-di mansmnal (3-D) place and the human brain is very
effective at interpreting data when it is presented in a 3-D format. The =
human .brain 5 interprets a scene as being three-di nensional by a variety
of visual clues fromwhich it can extract information for depth
perception. There have been many attenpts to find - an effective way of
creating displays that take advantage of visual clues to provide a

true 3-D wi ndow on the world with practical real-tine notion.

AUTOSTEREOSCOPIC PROJECTION SYSTEM

BACKGROUND OF THE INVENTION
The world is a three-dimensional (3-D) place and the human brain is very
effective at interpreting data when it is presented in a 3-D format. The human brain
5 interprets a scene as being three-dimensional by a variety of visual clues from which it
can extract information for depth perception. There have been many attempts to find
an effective way of creating displays that take advantage of visual clues to provide a
true 3-D window on the world with practical real-time motion.
The visual clues can be broken down to four main categories which may be
10 replicated by a 3-D display technology. Although an individual eye only sees a two
dimensional (2-D) image created on the retina, the observer's brain works with the
slightly different views from the two eyes to construct the third dimension of depth
from which the brain can create a 3-D image. This process is called stereopsis. To

achieve this result, a display must somehow channel a different view into each eye.
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15 Software-based visual illusions are the easiest category of visual clues to produce.

ks

Indeed, most simulator and computer games produce these visual illusions by using 3-
D worlds within the computer memory and processor before rendering on a 2-D
surface. |
One example of a three-dimensional display taking advantage of stereopsis
20 includes a movable vertical slit in combination with an image source. The slit is
moved between a plurality of positions in sequence with images displayed by the
image source. The images can be viewed by a viewer with each image displaced in
space based on the position of the slit.
An example of a 3-D display device which can provide both stereopsis and
25 motion parallax is a head-mounted display (HMD) device. Miniature display screens
within the HMD device are registered to and provide a respective image to each eye.
A head tracking device can be combined with the HMD device to provide lookaround

capability with observer head motion. Such systems are, however, limited to use by a
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15 simultaneously images a respective image from an image source onto a common
viewing optic. The viewing optie can include a Fresnel lens or a concave mirror in a
folded system. The viewing optic images the exit pupil of the projection lenses onto a
continuoué array of viewing ports at a viewing space. Such a system provides a
brighter, multiple view display with a wide viewing space projection.

20 In accordance with a first aspect of the invention, a display device includes a
plurality of image sources and an image space having a plurality of discrete views.
Each image source displays a plurality of sequential images of an object. Each view
is optically coupled to a respective sequential image of the object.

A multi-projection optical system is preferably used to couple the views to the

25 sequential images. The multi-projector optical system includes a plurality of projector
lens assemblies, each registered to a respective image source. A plurality of

addressable shutters are registered to each projector lens assembly. A common
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paral 1 ax understood that the particular embodiments of the invention are shown by illustration

15 only and not as a limitation of the iﬂvéntiqn. The principal and features of this
invention may be embodied in varied and numerous embodiments without departing

from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic diagram of a simulating 3-D view using discrete parallax
20 changes.
FIG. 2 is a schematic diagram of a preferred autostereoscopic projection
system in accordance with a preferred embodiment of the invention.
FIG. 3 is a schematic diagram of a preferred lenticular sandwich diffuser in
accordance with the invention. | .
25 FIG. 4 is a schematic diagram of a transparent image generating device

employable in accordance with preferred embodiments of the invention.
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occupyi g t Reachitcks. S RirSE€ Because all the images are displayed simultaneously on the image
generating device, the area available for each is limited and the image resolution is
restricted. Second, each view requires its own optical projection system, making the
scheme complex and difficult to scale for more views.
In accordance with preferred embodiments of the invention, time multiplexing

20 is used to avoid the deficiencies found in spatial multiplexing Systems. Briefly, the
images corresponding to the various viewing angles are flashed on the image
generating device sequentially in time, each occupying the full screen.

FIG.2isa séhcmatic diagram of a preferred autostereoscopic projection
system in accordance with a preferred embodiment of the invention. In one

25 embodiment, views of an object 5 are captured by an array of still or video cameras
12, 12,, ..., 12. An imaging system 10 prepares the captured images for display.
The images and video synchronization signals are provided to a control system 20

over a video bus VID and synchronization connections HSync, VSync, ZSync. The



FIG 2 is a schematic diagramof a preferred autostereoscopic projection.
systemin accordance with a preferred enbodi nent of the invention. In one
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directly abut adjacent front projection lenses 49;, 49,. In accordance with a preferred

embodiment of the invention the front projection lenses 49,, 49,, 49, are fabricated by
~ molding the lenses from a sheet of plastic. _

20 Light from the exit pupils 52,, 52,, 52, is processed by respective shutte
elements 50,, 50;, 50,. The shutter elements 50 are spatial light modulators which
include a moveable slit controlled by the control system 20. Preferably, the shutter
elements 50 are liquid crystal devices and the slit is a vertical light modulating cell
which can be selected from about 5-8 vertically arranged positions in each shutter

25 element 50. Alternatively, the light modulating cell can be selected from a plurality
of two-dimensionally arranged windows in each shutter element.

Although the shutter elements 50,, 50,, 50, are shown to be forward of the exit
pupils 52,, 52,, 52,, that arréngement is not required. Indeed, the shutter elements
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synchronize the video frames of the image sources 32 with the slits in the shutter
20 elements 50.

Although not shown, a separate red, green, blue (RGB) filter element can be
placed over each image source 32. These color filter elements are preferably used to
sequentially create a color video frame from a broad spectrum image generator. The
display control module 24 would then operate the color filter elements.

25 For a particular frame of an image source 32, the projection system 40 projects
an image projection P,,...,Py,...,Py,...,Py, t0o a common viewing optic 55. In
accordance with one aspect of the im)ention, the viewing optic 55 is a Fresnel lens.

The viewing optic 55 focuses each exit pupil onto a virtual exit pupil or viewing port
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areas 19 6% asﬂteatmsceﬁt vfekafemﬁt&e&yﬁd apat by AfistiicE 3) b ceneksT gt €d. 15

Each eye 70L, 70R thus sees a different ihmge” source 32 to create an
illusion  promsfte sdanﬂessducmng; whete thdbjmages appear eoitinousas the evieswentsi liead y

seanl ess view n e o stem 3 r0|dese Vi ew

Chr ough: marPOURe N Gae b S preforably S i o Ge-hEr 188 btial, ( ne

l'ens array ’fl]% siis iré'bgﬁve@ﬁ% DI ainh Gide aththé observer@%g@p%ssdcﬂ ﬁl%EIEHQ@ with a
e e ical 2

preferred dinent of t I nventi on, the opt system has ocal
rati o of f/df&admageahthenbsmdr&mﬂs&nﬁaﬂy elahimatedt 0 a 25-i nch d| agonal

noni t or, ze the nsions of t devi ce, .a fol ded
opt1 cal 18yst em nERFHEemOL TOR Hferst o GHFRER ogs paies 21 cireie A BeSPR, ( ne
view ng opt 4fihrexdimbisiondl %ﬁ\ﬁ@ T addifion to essentially seamless viewing, the opncal

system 3 provides extended viewing through many viewing ports.

To maximize the field of view, the lens array is as large as practical. For

example, in accordance with a preferred embodiment of the invention, the optical
20 system has a focal ratio of f/1 and is dimensioned to be equivalent to a 25-inch
diagonal monitor.

To minimize the dimensions of the device, a folded optical system having a
concave mirror is preferably utilized for the viewing optics 55. The concave mirror
operates as a viewing screen, focusing the light onto the respective viewing ports. By

25 employing mirrors, the optical path can be folded to increase the. focal length of the
system while maintaining a relatively compact size.

A preferred system inchides a ferroelectric directing strip shutter having an
electronically-controlled slit that lets light pass through only one segment at a time.



operates as a view ng screen, focusing the light onto the respective

viewi ng ports. By 25 enploying mrrors, the optical path can be folded to
i ncr ease t%%%’&“é} l ength of the syst em whi | e mai nt ai PFHYS%/06304

rel atively conpact size. A preferred systemincludes a
ferroelectric directing strip shutter having an ' '

el ectronically-controlled slit that Ids |light pass through only one

segnent at a tine. WO 98/ 43441
PCT/ US98/ 06304 _ . The i rr:&es di spl ayed on the CRT and the sw tching
of the dirediieimages displayedopths(RT and the switchingrpfdhe disecting sbitterssgmentsi at e

i mge is ch =Y L . ' e I ens..system
creates an %géggrﬁ ﬁ%@fﬂ%ﬁ&%é@%ﬁ@é@ﬁ oAl H?nnxgéeg tg![%ra %gﬁ%@é‘ flf‘%hsmey “of .
the field | pasjectionclens systend cielics an kBgatislby distorticisfree feat ith@RS dt\the HEsiRAN Si ze
seen by 5 the gbserver. . .. The field lens 55, which is

generai |y aOfthesfield lensy sThegsizg of thisdmage detepmines the effertive sqreen sjze seen by

di mensi ons, tﬁ@ﬁb&’a gffect on the real inmage of the CRT. Its function

is to créate a real image of the directing shutter at the optimum vi ewi ng

plane for the  Thedisidlenes5, Which it Rencriltys s Fresnéliendeqal ifi sigstd the Si ze of
the regi on where an observer 10 can see a full-screen 3-D i nage. For

practical sy&eetive screca dimpnsionss haspo ¢ifectondbe real image; of the SR T x It fanctiener al

feet beyond; irqéﬁl- e OIF=TalN timuth S5l stem
a refresh ré% g,e%r?%@ r'a#e?gwggralesuéf:O"dgﬁ%]gteﬁgtetr?eo. 0 ?‘5%‘2%8‘%@? I nch
di agonal scrobssrver. Tinislths Focknpl lead deterssiney the Rize of it tegiod WHEtedn observéde.
The preferred viewing distance is about five feet, so the screen subtends

an 15 afd e caR sepdiitl-sareandrDoimage T For\prasticalsysigais o therdeptivof; the viesdngen 3- D
' ' bqut. ' . i de 2
T Db ey o 5 e e SR, 05,

di ffuser. In a protofype s9fema & irefreshirate 6Hf300frthed Ser'secord B/badn i s a
mul ti pl e-vi ew node, where - different sections of the view ng region can

i mage conpl @btaigedpr 3 &5 inph digganakscreannt a5 12x38Mpixelresalitien insarpinterlaced

because the vigw.slic L. m | spl aying a eries of
slightly di #‘g"'e nﬂ%%’%éef{a]e%ﬁ%‘f}@g _fﬁiﬁceﬁ%éfoglﬁbﬁe ?%ei ?@#ﬁggﬁfn E\“?‘E‘é‘@ %oul d
provi de 1% f uhptessfraboit R Uegrees. qfhetﬁanmgeayaﬁdx foR atfuB-s6Ren 8-D imagSisAbai DI |
whil e the ri ghtmost slices could be used to zero in on a specific area
of the bat t [fegtivade, sevenak feet deeprandtcap peovide28 flifferent samerayinglesy whioh are

| nterest tosm%m%attgée@r%gean&ewﬁgﬁgé. since, using

One characteristic of a preferred display is a multiple-view mode, where

different sections of the viewing region can image completely different full-screen

20 animation. This is possible because the view slices need not be limited to displaying a
series of slightly different camera angles. For instance the leftmost slices could
provide a full-screen 3D view of the overall battle scene in a simulator, while the
rightmost slices could be used to zero in on a specific area of the battlefield. This
multiple view feature is of particular interest to the entertainment industry since, uSing

25 one machine, two game players sitting side-by-side are provided with their own 3D
full-screen independent perspective of the game. A 50 inch screen version for the
arcade game market with two side-by-side viewing boxes, each about a foot wide, can

be produced.



2 5 one machine, two ganme players sitting side-by-side are provided with

their owmn 3D full-screen independent perspective of the gane. A 50

i nch screg szsdion for the arcade gane market with twoTaisgseddys si de,
vi ewi ng boxes, each about a foot wi de, can - be produced. VO
98/ 43441
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There are, however, practical const rdi%ts in maki ng the exit pupil's of the
‘projection | ens systens abut w thout any gap. A lenticular |ens can be used

to | engt hen.t he exit pupj |l unidir s i A '
| enticular |ens npgergaﬁ,éxpw%\%ﬂ pg#géﬁ,wﬁgs\tﬁé&?% %@%&géﬁﬁﬂfﬁ%l ng a

series of |jroRetionknd sPiéfeabut wifioRt anypgaper X lefticuliaiémvean\eiused iocal | ens
with semcircular profile, A typical lenticular |ens nmay have 50 to

100 |ines pengthemthezxit puptaniditestionally andihorizentallyn 4 legticularslens isg flat | enses

are co nl ed _as t.he. f . lection
el evi si on ey eally erfi® pipfic, bifthe 3SR et el PR dh BRBL AT
lateral |y tgQfrevneyEndicalieaywitseinicircatar eofile. A typial lemtiguiaslenb emayriage from
the projection | ens system. 40 creates a real inmage _on theﬁlfg l.enticul ar -

| ens, the i¥htpel0Q brsasiper inghand fpnqtipss as p pnidirectiongl diffses, lggses apzpi 1. A

simlar effect is see . e ] S r ' er,
such as a prigmonty SEEG pd B i ISP o W1k otelh BB B B6, e H2
conpl et el y fiaced mbnatdweeticatly so as té Widendhtetdlly the ingle bfinigwofos tisdscugenagai nst
the glass is clearlé vi sible on the other side. . As with a

<]

proj ecti on Aelleng as the imggs frem the peaiection/lens system 40;¢repfes p &gl imagron ths 15

produce_ horj zant.al, stretchin b . ltiple
proj ect 1P iennculgg,lgpi, _e%ﬁ%&%ﬁd‘f ?fl&s&%%%aﬁ ){;glgﬁ %’%ﬁ/%ﬁ?@%ﬁéb@g&y_

ner gi ng t ogghlifk etib& i sdenk B viewing objeithfough@veguldr diffuser, Sudioasy pictele a
very smal | anount of horizontal snearing; enogfgh to renmpve the seans
and soften offrostedjglasof Objests\far fromsthe iglass aresomplesely dagergrwhen viewed, dest r oy

the 20  pr oty Bt pduRlet.ip Bt ik S LAYy IR ddlortl ' "0
uni directional diakfusaes projectionéletisdB@yiteda IrRithiar Kins anlbg positiodedangul ar

spread is needed. Practical lenticular | enses are made out, of acrylic
pl ast i c16i t praducehorizantal stretching agfl so meyge theEyebaxgs der the multiple PrRjestopo and

40 degrees of angylar diffusio | t j . :

acrylic | entYStHRaMHqaYSTs hw%ﬁ?-. QF%&%‘F §5| %@?gﬁgﬁféﬁr}g ﬁfg‘# ﬁiég ﬁ)eﬁagﬁﬁent

currently tB&nera views. A goal is to provide a very small amount of horizontal smearing;
enough to remove the seams and soften the edges of the various views, but not enough

to destroy the 3D effect. If the seams are initially minimized by carefully abutting the

20 projector lens systems as close as possible, then typically a unidirectional diffuser
with about one tenth of a degree of angular spread is needed. Practical lenticular
lenses are made out of acrylic plastic with a refractive index of 1.491 and produce
between 20 and 40 degrees of angular diffusion. It may be possible to produce an
acrylic lenticular lens with considerably less angular diffusion but currently the

25 tooling needed to produce a lens of that pafticular design is very expensive and, in a
preferred embbdiment of the invention, needs the capability to tune the amount of
diffusion the lens produces to produce the optimum balance between seam removal

and clear 3D imagery.



25 tooling needed to produce a lens of that particular design is very

expensive and, in a preferred enbodi nent of the invention needs t he
capapi | i tyot%’@%e the amount of di ffusion the |ens 5?56@8

pr oduce t-he opti mum bal ance between seam r enoval and cl ear 3D

| magery. WD 98/ 43441
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The difficulty in producing an acrylic lenticular lens with very snall
angul ar di ffusion arises fromthe large refractive index difference
bet ween t he acr Yltecdifficulty4f producingsamsacirylic hhliclﬂarrlemmﬁh vgryt small angulat

1. 000. The focusing power of a |ens depends of he refractlve I ndex
di f f er ent i aliffademansesfrem the largarefactive index difference Pswr@pmge acryligatyl.4f
usually ai fung e air eurropndib fhe. iEnd & R0 "I Kcastls U0RPLPS 1dheRiepbails'ctd

| enticul ar san W ch i accor danc nventron

l'enticul ar thépetvdctive idiexidiff¢retdsl betweenrthd lens material and thelsusrouhding 102, a
sheet of glass 106 and a | ayer of trapped i ndex matching fluid or
ot her médi unediva, Bsually&dr. up” agai nst the lenticul ar surface of the |ens.

Sealing walls 1 ?&?ﬁ{ i i@éé :
The fluid 104 hgfé'IGan%oilir?g%x %?%%gﬁglgﬂtﬁg?m e g{é‘ﬁ{/ﬁc %ir?g gr]f(]:l can be
easi | y changesrdaficenwith the inventione Theeleatiduldrevahdwicha00kycitdey ancacpylitduce t he

desired optical effect within the 3D disp Iag’a The nount _ of tglffu& on
is control Ilél!ﬂ%‘}aftlﬁ@ 102, a sheetrofalasy d 0p and 2 Jrer 10 ?PE]W‘F"@F&

avai| abl e COUIELEkak] id fhegh Spablind e 1 el i O Bhe i e

i ndex I’TB.tCh as t e sane |n ex as acry ent| cul ar

| ens 102 meio¥ previde @ outdrcboridarg foethednid¢04. as a transpar ent pI ate
with no diffusion. The refractive index of the liquid, nl can

be cal cul at ed byTkefuidi4;hasan index glose;tp that of the acrylic lens 102 and can be
easily changed so as to tune the overall lenticular system to produce the desired

optical effect within the 3D display. The amount of diffusion is controlled by the
refractive index of the matching fluid 104, available commercially in sets with -

15 increments down to 0.004. If the index matching fluid 104 has the same index as the
acrylic lenticular lens 102 material then the whole device acts as a transparent plate
with no diffusion.

The refractive index of the liquid, nl, can be calculated by the equation:

nl=-2-[tan(da) - L _n1-(£1) (p-1) (Ipid)
[20£1[(n-1) (2p£)11] |

where 1pi is the number of lines per inch for the lenticular lens;

20 fl is the focal lengths of the lenticular lens segments;
n is the refractive index of the lenticular lens material

(e.g., acrylic = 1.491)
da is the desired half angular spread for the lenticular lens



where | pi I's the nunber of lines per inch for the lenticular lens; 2 0

fl is the focal lengths of the lenticular |lens segments;

n i s weos/iadaspcti ve i ndex of the lenticular |ens mater |p@}rm598,06304
(e.g., acrylic = 1.491) da’ is the desired Hal'f
angul ar spread for the lenticul ar | ens WO 98/ 43441

PCT/ US98/ 06304 -12- -12-

This lenticular sandwi ch has been used in a preferred 3D display system and
tuned to reduce the seans to an acceptable | evel while maintaining good

i mage quality This fpiclkt §ﬁﬁ{7vi<ﬁ1rhas%e&‘d§€dt1hch'ﬁbfeﬁ%ﬁ% aw&g%&&gﬂ&

transition between the seen views [err]

snmoot hed t dupsdoigueduce thegsan}saﬂw aaenptam@levnbwhﬂwmummmg géoqblmagn qlgtht;)f fects

o ef orr od_ SRR FRalre: oo BRHGS) bRS i o eemiion beptecu o wew views g

light val veyy Ismuaa::dez) ﬁ%nib%ﬂxeﬁ't§§r&ﬂ%cﬂ%%ksﬁ@rk9raﬁﬁtnh\ﬁﬁxﬁ&% vighafigt i on.  An
exanpl e of Such d ‘&g mew cés is a liquid crystal display”device.
0

FIG 4 i% @leasingreffects asi vet'schead Fragues from side g@esigener at i ng devi ce 10

enpl oyabl e in acgardanc d odlnents i hvention.
illustrated, a B Fﬁﬂf'&h‘i‘“} i ‘1533:?05‘["8’&"%% oy EPRESSIOVEFe spl ay
imaging g ugmrvfamemgpl&y deVire dm%a%Pﬁeﬁeme&ﬂvehﬁsn v r Qiddpyd

angl es are flashed on the image generating device 110 sequentially |n

time, each suchdisplaygicvices isul liquid ceystal display devicermon backl i ght i magi ng | ens
115 creates an | e of t ispla ackll ht 15 in the. observer

vi ewi ng pl ane. 4 5&sF ?‘ﬂ‘g‘ @?F'FWB‘@%&?’@P \SFEW@% ‘@‘Fer]) on the
| mge pi@neenﬁﬁoyaméiiﬁ&aaﬂs&e%m P&féﬁ@d‘&ﬁbm&ﬂm%% fAVer#nl C&s 110. As

i1 lustrated, the first backlight 112[err] of the display strip

backl i ght ]ﬂlﬂstrased Imtmbacﬂqbghpllﬂ isseparated Hrom a transmhissivd displaydméagingrr] ) .
eration o 112 and ssive displa 10 ar
cont rof | e gt i Rl the Sech EorPeHonaiog 3 o Bariohs Yestos bees ard Tasted o,

transm ssi qf ﬁhg%u_ ttj,m\z I ﬁhﬁg&&éw
and i s unaffecte %ébeﬂa%iﬁg_'f_lﬁg@%/glr?{?ge x\1/| e ﬁéﬁ‘%@gﬁghn?%ﬁ 1‘c;iiﬂFnto t he
appropri at eAwoma@ackhghtsﬂnagmg lensdicecates am ithage ofitheldispldy sthip backlight e nent

or the use ,of, an el ectronic shutter,
15  in the observer vEevpmg plane. As ﬂlusttated an image I, for view 1 (V;) on the

image plane 60 is displayed on the transmissive display device 110. As illustrated,
the first backlight 112, of the display strip backlight 112 is flashed for projecting the
view 1 image (P;). Operation of the backlight 112 and transmissive display 110 are
controlled by suitable synéhronizing electronics 120.

20 The transmission display 110 is placed in the plane of the common lens 115
and is unaffected by it. The various views are channeled into the appropriate viewing
slice in space by a display backlight arrangement or the use of an electronic shutter
scheme as described above. In this configuration, the views can also share a common

~ optical train, reducing complexity and making scaling of the system for more views

25 easier.

Liquid crystal displays are not presently capable of producing the frame rates
needed for a time-multiplexed system. Current CRT technology, however, can
operate at the faster frame rates preferred for time multiplexing. It will be understood



schene as described above. In this configuration, the views can al so share

a common Oﬁfﬁ’g“%i cal train, reducing conplexity and maki n?cfﬁ§4%d§?04°f t he
ar di

syst.em fq‘y iews 25 .easier. Liquid crys ays are
not presently capabl e of producing the frane rates needed for a
time-multiplexed system Current CRT technol ogy, however, can oper at'e
at the faster frane rates preferredX3or tine nultiplexing. It wll be
under st ood WD 98/ 43441

PCT/ US98/ 06304 - 13- t hat

ti me- nul t ithatdimermujtiplexad systemsdnageordancsiwith preferead- esubasiments ethes of t he
i nvention ,can . ncl ude | tipl rojecti ons of inmages, generated on.
t r ansni ssi’Q‘éewogﬁlaﬂ}nch%%@vﬁ'@gesBIOJ&%OD%&WKE%%F@Q%“ o LransIysIve Bgsp}am ed in

the art wdeyidggow, or be able to ascertain using no nore than routine
experimentation, many equivalents to the specific enbodi nrents of the
i nvention described herein. These and all other equivalents are intended to

Pi4- enchoaﬁﬁmsthe foll owi ng claimns.
5 Those skilled in the art will know, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the
invention described herein. These and all other eqﬁivalents are intended to be

encompassed by the following claims.



1. An apparatus for displaying a three-dinesional view of an object,

conpnsi ng: a plurality of image sources, each inmage
source sedmeswd3adll y displaying a 5 pluraljty of i mgﬂ$987l')63041
obj ect at, a respective exit pupil; a vi ewi ng space "havi ng
a pl uraﬁ—t—y—of——cmﬁ-l—gtrous— virtual view ports ax4 viewabl e by a
plurali observers; _14- a viewing optic
| rragl g !“Hmmi WH"}O the viewi ng space, each exit pupi |

® acrespactisve«plurality of view ports; 10 a

pI urallty of shutter elenents opticalg¢yapasp! ed to the view ng optic so as
to render each displayed inage onto a respective view port in the view ng
space; -~ and a control unit synchronizing the

di spl ayi NG neges on the image source with the operation of
the shutter %F%Wé’nts 1.5 2. The apparatus of Claim 1 wherein the shutter
el ements include spatial |ight nodal at or s. 3. The
apparatus of Claim 2 wherein the Spatial |ight nodulators include a liquid
crystal dewdi ce. An apparatus for lisplayinga threg-digiensional view of an lobjesh ¢omprisingenent s

operate a sTip backli of the.ijmge sources
apparatus of Claim 1“%1\535% of; Image SHIFes, © ﬂ’d‘?&e§ %ﬁﬁbﬁ?l"cm‘ge%gwfaméw
porlt oS o tofI%ﬁ%eﬁﬁﬂﬁﬁﬁé&ﬁoﬁBégjé&% wherein the view ng optic
includes a lenticular |ens

a viewing space having a plurality of discrete views, each view

optically coupléd to a respective sequential image of the object.

2. The apparatus of Claim 1 further comprising a plurality of spatial light
modulators, each spatial light modulator comprising a plurality of light

10 modulating cells and coupled to a respective image source.
3. The apparatus of Claim 2 further comprising a control unit coupled to each -
image source and each spatial light modulator, the control unit operating the

light modulating cells in sequence with the sequential images.

4. The apparatus of Claim 1 further comprising a common viewing optic optically

15 disposed between the image source and the viewing space.
5. The apparatus of Claim 4 wherein the common viewing optic includes a
lenticular lens.
6. The apparatus of Claim 4 wherein the common viewing optic includes a
tunable optical diffuser.
- o
| SHEET HAS BEEN \
Tﬁﬁiiﬁt Iﬁi’ﬁﬂi m ’m | ™ REPLACED:



7. The apparatus of Cﬂmmnmm ' e viewing optic includes a nable
opti cal ' :"ﬂ"”' 8. The appar at us of
d ai m 7 wh¥P&B#34%he opt'i c&l Hifruser % ncl udes an index nat cﬁF’F/é’lg 8/06304

medi um - 5 9. The apparatus of Claim1l wherein the view ng
space provi des essentily seanl ess view ng of the inmage
sources as an observer noves from a<i5st position to a
second postion in the view ng space. 10. The apparatus of
Claim1 wherein each sequentially displayed image is a selected

vi deo frae Bi spl Bheepparatus ofClaimd wherein the viewing space providds exténdedppar at us
of Caim1 wherej.n_the view optic.conprises a.nmror.

12. The appar at swgw%%thgyfmn#%ﬁoﬁg sé%ﬁ%?‘f’éﬁ%"@d%‘?“’fi lter elenments to
process the di spl ayed i mages. _ 13. The
apparts of Caim1l wherein the view ng space includes a Two-di nensi onal
array of viw poFesappataies elGlaimilghereindthe viewing spasq provides dssengially

15 14. The appars%%rlﬁe of . Cl.ai ntﬁ’ wherein the i n?iges rendeégd aj. each view

port has a . SS VIGWdPe QL Hhe MAge SOHTFSRASR YIEVCT MOVeh St BOHUPR ¢ ve
a conti ngious i Me@es second position in the viewiRg sgdes. apparatus of Claim | wherein

the view ng optic is conmon to the inmage sour ces.
16. The apparatus of Claim 1 wherein each inage source includes a
proj ection 9. An apparatus for displaying a three-dimensional view of an object, comprising:
a plurality of image sources, each image source displaying a selected
video frame at a selected time; and
a multi-projector optical system for projecting light from each selected
10 video frame of each image source to a respective viewing position in a viewing

space. -

10.  The apparatus of Claim 9 wherein the optical system comprises:
a plurality of projector lens assemblies, each projector lens assembly
registered to a respective image source; '
15 a plurality of addressable shutters registered to each projector lens
assembly; and
a common viewing assembly registered to the projector lens

assemblies.

11.  The apparatus of Claim 10 wherein the common viewing assembly comprises a

20 lenticular lens.

12.  The apparatus of Claim 10 wherein the common viewing assembly includes a
tunable optical diffuser. '

. - THIS SHEET HAS BEEN
Thys Sheet Ha REFLACED

T -




20 assenbly

C L MS 17| |ll£|!Hﬂ|"c“I|H“|l “c'lH;pI ayl ng a t hr ee-di nensi onal vi ew of

an abj ect w SIS PCT/US98/06304,
sequential l'y di spl ay| ng a plurality of | rrages of “anh Obj ect at each

respective exit pupid of a plurality inmage source; 5
drafting a view ng space having a pLygality of contiguous virtual view
ports and viewable by a plurality of sinltaneous observrs

i maging the exit pupils to the view ng space, each exit pupil imaged to a

respective qgl ur apyel aé)pﬁ‘xfauié' GVCIRMY 16 wherein the optlcal iffuser lﬁﬁﬂ&@rdfglﬁdéfj‘c h

di spl ayed i'mage ‘ontd“a respective view port “in t e Vi ew ng

- space; and matching medium. synchroni zi ng the displaying of inmages on the
| mage sources Wt the : - operation of the sbutter nechani sm )
18. The method of Claim1 wherein the step of rendering conprises operating

> "l pa b B Utaimy 10 Sikfein HiFcoihIP Vieing Rbibi) Gotfjtisdd 4 | e

shutter el elr‘rtént
The et hod of Cmirrerl9 wherein the spatlal ligt nodulators include a I|qU| d
crystal device. 21. The nethod of C aim 18 wherein the shutter

el ement operates a stip backlight of 2 the i nmage sources. -

5 15. The apparatus of Claim 10 wherein the addressable shutters include color filter

elements.

16.  The apparatus of Claim 9 wherein the viewing space includes a two-

dimensional array of viewing positions.

17. A method for displaying a three-dimensional view of an object, comprising the
10 ~ steps of: o
providing a plurality of image sources, each image source displaying a
plurality of sequential images of an object; and |
optically coupling a viewing space having a plurality of discrete views

to a respective sequential image of the object.

15 18.  The method of Claim 17 further comprising the steps of providing a plurality
of spatial light modulators, each spatial light modulator comprising a plurality
of light modulating cells; and

coupling each spectral light modplator to a respective image source.

19.  The method of Claim 18 further comprising the steps of:
20 coupling a control unit to each image source and each spatial light
modulator; from the control unit operating the light modulating cells in

sequence with the sequential images.

heet Has Been Replaced
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22. The method of Claim 17 m_ermep of i maging corrpri ses using a

Vi éw ng h view port. The et hod of
d ai m 22 WPePERHH, hepﬂlmmmm“ﬂﬂ "ﬁﬂb udes a lenticular | é’ﬁ:é”usw”“”‘ 24.
The method of C aim22 wherein'thd viewing optic includes a tunable optical
25 di ffuser. 25. The nmethod of C aim 24 wherein the~
optical diffuser includes an index A&y i ng : medi um 26.
The net hod of C ai m 17 further conpisingproviding essentially seamnl ess

VI ewi ng of 3@0nd @%ﬂofﬁfl&ﬂe‘a’sﬁa!%ev\er . oV SesteporP a f| rst p03| téogfto a
& ai m 17 whor o BofnffonSlieWing fofp‘ii%%?vpéén%é il eg&maamam@;gm?he i hod

di spl aying a sel ected video ane at a s
of Claim 17 wherein the step of imaging conprising reflecting the

i mages fro he, nef hod of Cai,m17 further comprising
the step oglprg& ‘?%"ql%céﬂ@ﬁ-[) tgecommonvllerygggg PHE, S@ol or Alter

el ement s. xﬁéulaﬂ}ﬁlsm?t hod of CI aim 17 wherein -The step of defining a
vi ewi ng space inc

5 22. The method of Claim 20 further comprising the step of fofming a tunable

optical diffuser in the common viewing optit:.

23.  The method of Claim 17 wherein the viewing space provides extended viewing

of the image sources to a plurality of viewers.

24.  The method of Claim 17 whefein the viewing space provides seamless viewing
10 of the image sources as a viewer moves from a first position to a second

position in the viewing space.

25. A method for displaying a three-dimensional view of an object, comprising the
steps of:
providing a plurality of image sources;
15 from each image source, displaying a selected video frame at a selected
time; and
from a multi-projector optical systeni, projecting light from each
selected video frame of each image source to a respective viewing position in a

viewing space.
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sequentj al i nmage. M”ﬂ’j of Claim 17 wherein the step of
render i ngwWomsSpB4d es reun mages at eachcrasyygesist at a

refesh rate suitable for the setver to perceive a cont i nuous
I mage. 32. The nethod of Claim17 wherein the step of inmaging
conprises using a view ng -1®ptic conmmon to the inage sources.
33. The method of Caim1l7 wherein the step of sequentially displayig
conpr si ng projecit the imges through a projection assenbly.

26.  The method of Claim 25 wherein the steps of projecting comprises the steps
of: '

defning a two-di rre5| igof vi ew ports, each rendering a respective
0

a plurality of projector lens assemblies, each projector lens assembly
registered to a respective image source; _
5 registering a plurality of addressable shutters registered to each
projector lens assembly;'and'
registering a common viewing assembly to the projector lens

assemblies.

27.  The method of Claim 26 wherein the common viewing assembly comprises a
10 lenticular lens. |

28. The method of Claim 26 further comprising the step of forming a tunable

optical diffuser in the common viewing assembly.

29.  The method of Claim 28 further comprising thé step of tuning the optical

diffuser using an index matching medium.

15 30. The method of Claim 26 wherein the common viewing assembly comprises a

mirror.

31. The method of Claim 26 wherein the addressable shutters include color filter

elements.

32.  The method of Claim 25 wherein the viewing space includes a two-

20 dimensional array of viewing positions.
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