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Wb 2609589 Ref erence To Rel ated Applications Th%ﬂﬁﬁﬁéﬁ@%&num
application clains priority to U S. Patent Application
Serial No. 10/945, 425, filed Septenber 21, 2004, which

is a Continuation-in-Part of U S Patent Application

Ser | al CMPUBIIH DI, 1ICHIANMLIBIUPE A PARATARY LFOR

5 turnis a Continuation-In-Part o Pat ent

Appl i cation Seri aHRRE DPVIFNSHAOGRAL filagd Nt ober 15,
2001, now U. S. Patent No. 6,717,728, which in turn is

a Continuation-In-Part of U S. Patent Application

Serial No. 09/456, 826, filed Decenber 08, 1999, al

three of which are incorporated herein by reference in
tOeiss Refirbh@l Yo RABtE BbliédtioRe | nvention This

i nvention rel ates generally to conposite liquid

crystal sglaé constructions for use in three

di mensi onl PEFEEH %ﬁ@%ﬂﬂnﬁ e nreryy da U-appateat dpplication
V81 3L A 0fg 46 al2bY filddN pREBBENS ], '2@)\()3”%3% F%récﬁitﬂﬁla&ﬂm in-Part

three 15 di mensi onal visualization an
Y- FuPatens dpebicatioraGemal Nopl 0575 hep4, sﬁ]ecthmqrgﬂ 2604, which in

i qui I nstru S
S B L TR BERS, LRE aRAT Srga Qlo- 091977462
Bek g)cgnmd 16¥ 2001 nbRVIEISt P@tbr&Q\I&J@f ’Fpﬁ,m@?ﬁn&eﬁﬂhtdﬂﬁ isa
t e di mension reflects fromthem an
SeEraeLER gt of B & Btent Spnbeton tenalo ey bidighess, fled
DeRURbe POSCAINL all hivel drGittich bi&lflofl ofr%ﬁﬂq{grgﬁﬁ ﬂ“ﬁef&%nce in
their different [ocations in space relative t
dbpigentiretynd the brain of the viewer processes the
different perceptions of the light field by the two
eyes to generate three-dinensional ("3-D') perception.
If a second WD 2006/ 034192 PCT/ US2005/ 033480 |i ght
field (LF) is artificially recreated that is the sane

1 Inveptignnal light field (LF), the viewer of
LF" will see the sane object image in three

di mensi qM$s invention relates generally to composite liquid crystal display

panel constructions for use in three dimensional displays and other related
apparatus. More specifically, the present invention pertains to three-
dimensional visualization and multi-viewer and multi-aspect imaging employing
such composite liquid crystal display panel constructions and parallel

information processing of known images.

Background Of The Invention

Objects are seen in three dimensions because light reflects from them
and generates a light field in space. The two eyes of a viewer perceive this light
field differently due to their different locations in space relative to the object,
and the brain of the viewer processes the different perceptions of the light field

by the two eyes to generate three-dimensional (“3-D”) perception. If a second
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The basic quality of any 3-D imaging systemtherefore
depends on the _ magnitude of the difference between

W6 28fhskb2, or, in other words, how close 5 therys2005/033480
i magi ng systemcan cone to artificially recreating zl_?l°

| US. Patent No. 5,745,197, issued to Leung et al,
di scl oses a "volunetric" display intended to provide

a: f D i I capabi Lity.. di scl osgd . .
CHEHREE R IR SRR bivliie e afupinag barizinal ticht
viiedabFg tBe Dieworag@s iilbed s dreabbipbyisd £l in Bt Himensions.

dfﬁtg’ .and wdth by activating actual 10 |I'ight sources
at 1% 82§16 gealiopifevid-PrmpeingsKase mrhevsfonetiiepdndppmphe

i xtn§§ﬁiftudé bt tth_téi HffeTARE %Ethéetﬂqj‘ WRq ﬁesc%rofn cg &r \‘%)g%\‘% r|1]1é)w close

perceive various 1 nage el ements at ditferen
wibehmaginmesysdturen chbmehie adiifiphy reerepeng i@t i ve, thus
creating a 3-D effect. The Leung et al. volunetric

di spl tq b ' . tructi . 3-D
OLSEL Y Y Vs RoRLYEL 581 OSERISLLNGLLN Ol
5yohﬂr?mteis” disipbaylt ietlerdde dpe rppevide @g_bfgé of B’-Dt EﬂagﬁhQWaﬁﬂﬁihty. As
(O] e VI ewer. es orre ondlLng to e resu I n
541?@%5:?4&:*’_8”&%%9?93@%&‘3@3 Vs@%@??% By SHeates e blt E8)
ARSI Nefre rdhBPhRYcal HeBBRSIdHRRS éﬁ%&?&%‘ H&ga&fbaﬁzi*ﬁgl ﬁcgual

perpendi cul ar slicing planes) l'ayered at sequenti

iliedyt sauToeg atl variawe depths grithihdhe ivelnene ofithe displapetselfcIn this
di earance of a three ..

R ] R o RE PR e RO e QA 6B g ifforomt
sleptlisomghof the wintewfehe dipbgtingrerapeive sdrefcretinens-D

r.ei i nages, on the screens clqser to the vjewer i
\ga'?fgctst@a(jéau et %pv%lrm}ﬁsg:‘u.&%l&ﬁp e‘llyaﬂ'@ﬁzefs[ﬁa@gy%paé §(_)r.15truct10n of
BreDefths® that &iya8e “siIBSStha i ec@fﬁt%%ﬁedé b?gﬂ%e%doriéhted

as his type of

essentjally a_ nmechanical fashion.
PETRARSEGULRT B sl g W medluf € tibwert. aleagasgonfespowding to the

: I SSi imgling displa nels tg create the
R R b e e MR e
displayestraece@sarspondhyg tdighedephéndibulab eliciagthlatisy 1 BR6&1 at
bet ween.t he varjous display screens on which the i_ma?e
§?‘i%§@§m§§dé‘8¥e@m§ﬁ§%rl% %P@ﬁ%%éyﬂ%w kheg wplupmgtric display
PhEBBY Brdafsd tHdeadpeaPsiie S8 MErdd Gl dhfdistdhoe B §t\91v%}{ucing
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screens. Stereoscopic inmaging is another technigue
individyalicogs seatisngioé atchnisare Gobjdéinens seried of steepes wierein

e RS R Ry BN e BEC B R T B B et
saage pbpectTirefeenetireedi@ensional effect is created in essentially a
mechanical fashion. This type of volumetric display requires the layering of two
or more transmissive imaging display panels to create the effect of depth, so its
three-dimensional effect is limited necessarily by the depth, number and
distance between the various display screens on which the image slices appear.
Suitable display panels for this purpose include transmissive liquid crystal

display screens.

Stereoscopic imaging is another technique utilized to simulate three-
dimensional images to viewers. Stereoscopic displays operate by providing

different yet corresponding perspective images of the same object or scene to the

2



2 WD 2006/ 034192 PCT/ US2005/033-480 left and right
eyes of the viewer. The viewer's m nd thereby
W6 96RHIAS, t hese two images to produce a perc%ﬂ?h@ﬁm&%n&wo
three dinensions. The principles of stereoscopic
i magi ng have been applied to various areas for many
years including to the training of professionals,
u ilots to physici and to, 5 entertalnnen
]@gthargir ghtlja}ﬁaﬁ\pif é]éep g%gegoﬁgat\@rw%érfggld thereby processes these two
StRIR9%E BR Rict a%}’eﬁ-lé@ﬂfﬁn{ SHtYrd A MheABR Y ’I‘Iﬁ'érp%lrﬁz%léﬁbﬂ"
techniques to segregate imges for the ht and | eft
egtexsoscopi maalglyg gvebesseppled tiorvagiong aewt renagtyi yeazs
S, r a scree e
SRy PR By B PP A B AEROEER vpficRl and t
5 estdepaimpeadt sue and-D hevidsgnd oe;a@useegamm yAllkeerebghbbic
eye, 10 rspective. U S. Patent 717, 72 I SS
C3SHne 51K UBER 4P OXARPTE SRTTER ffchlaweatwarﬁe 5%@136?1%%1 the
%ﬁ%@fe%&%’é% g@g%ﬂ&oﬁer&béﬁ)ﬁ@ﬁﬁé:glﬁé‘ systems utilize special

ost er eoscopi D di spl ay t hat provides real -tinme
amralimg harre@tﬂcmérr@n headgelamguemg weapabingurg thali thedeft eye sees

Ui} LR 1, B L BRSSO S0EEL AL 5 G ER0EA -

10 preeg@ssivag al gorithmto generate two or nore
cal cul ated i mages from base stereopair inages whi ch

are the t i mat to d ver

Co the (e SreeRo hEEL 7 iR E bR S p E g Gonly
cavitdd Bt 8¢ 4IRGRS oAt PRARbNY iBvanidbis tdaailosds 3pl a&l}}toﬁﬁﬁboscopm 3-
the other one or. nore  calcul ated ipmages are sent

JRdisplashidied prpridesreaditiae and prish respludoad-himaging cwbﬂl’cy
(V(Iﬁh t'ﬁ’t?l %19%&)5 Wﬁg?% %ﬂe‘BMMQE %Q& AirS ’]fHetPutﬂm et al.

di spla S|nu heous
15 oﬂlsmitama@uzh@ ag ainegda arce:dssmgg@rtthmt tomhrmrttmcm ragre

| east s |wa e inf.ormation.,destined for e
SRR3Rt o e g BBt R i i e 2t ome
WHEmhateIgWeshtsithdklidneRubk ¥wbyes ¥ heefiewaEt 8 st ansBbthose
for _and conbines with the otKer di spl ayed_cal cul at ed

icatcydated images arrpsand te pelistapt éephﬁyf%r&@wﬂot@%@%%@er%
'c@&%?éteﬁ%ﬁgeé’%&vée% 5 bRe bfrokE Han@ﬂﬁi \'feg@fs ausz)ég{?d in front

Vi ewner e stereoscopic effect elng
20 t(hdageotetheyvietret hesibipalefrie distamedisplagwdidch chypﬂay aherefore

tes?r%gft%géu%% gfspiays t earc!aﬁ:ufatleél nelggeeds t%la% gacﬂ}/ contgll'g at least some of

the image information destined for each eye of a viewer. Each display’s

calculated image, when viewed simultaneously by a viewer, acts as a mask for
and combines with the other displayed calculated images, resulting in the two

25  different stereoscopic images being provided to the left and right eyes of the
viewer, the stereoscopic effect being caused by the geometry of the spacing of the
viewer’s eyes and the spacing of the various layered displays. Putilin et al.
discloses that the electronic processing to generate the calculated images
necessary to deliver each of the base stereopair images to the appropriate eye

30 can be accelerated by an artificial neural network. In one certain embodiments

in the patent, multiple transmissive liquid crystal display panels are stacked
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di scl oses that the el ectronic processing to generate
the calculated i mages necessary to deliver each of

WwhSRASHost ereopair images to the appropriate g¥e;3%s/033480
can be accelerated by an artificial neural netmnrﬁ ?n

one certain enbodinents in the patent, nmultiple

transm ssive liquid crystal di spl ay panel s are stacked

3 1034192 P /1033480 one behi

o?ﬁpb%%%?@ B P e VIR 1R B%ﬁwaﬁsfe%w% # Foagial mask,
spath & a diflieer, vﬁhi@]i] 1sa§1aae<ﬂbétfv¢é§ﬁﬂjqu\i‘@ teRtAIHig1aELE suppress
bet ween |qU|d crystal displays to suppress Miire
g@?@ el?ﬁe layering of conventional passive or

actlve matrix liquid crystal 5 display ("LCD")

screens @he Wyekinged cbﬁ‘véxﬁﬁm@pﬁéfs%n%%‘%ﬁe'n%a&&th uid crystal
optimal for purposes of 3-D display systens. AT quid

ctipBlag| (TeG LB ssyeang ag utHized in |t@¢1@b@18gmtenfélls pb’aypt@lm‘al foe

% | d of
V\#)&I:irgeﬁ%sﬁ% Vb spﬁg% %istgl}nt)ee?\opé n¥s% ﬁ t%Pn )ilglhtwelght
edieplayidewnick Wlth) nbd modvieg phitghit @pokits 611' aﬂgrlliloﬁ pix@1 elements, with

SHEBREE el e i o € s Groob e IpwA B haeles R eliauid

tﬁt@pp‘@i inYcedlk g RSk PRy PEALL AL A pdlgrie At HRERE rTheEﬁ’tQerzmg axes
pi xel is _supplied with el'ectrical contacts that al

a‘# tBe &0 pheets iase tymienlivealignstinseperslicwler to paph Qi:hensEddl pixel is
t
f%ilgnlpgxg& wmpe]@ 8 ﬁé’ct%trt I&tﬁél'l 3{1 8. 31 oﬁéo G %ﬁt}o(i}fd to the

is a es I'n
diaid imside tlm mrm;‘spsnéimg.cemodgeﬁs | n the top and bottom

sheet encourage pol arization of 15 the nol ecul es

aral | el t l.ari zati on di ct
g heet s. %%%ef{e e %ﬁg ssf’qlz’llehéf zo’qga:‘t i %ﬁ‘ﬂ%fg 1A e liquid ave
rmlaaewxeﬁ sttabies tRid e i thleltyp Bat Weetond ﬁ%et ‘éﬁcourage polarlzatlon of
Eﬁr peq ul ar ﬁﬁL ﬁ Light is polarized b
gatoleqespHg tﬁ% 18y @olagiggbion digesioneft Slﬁ‘?és Between
GhY 8hédts r@lvﬁ%%%tlo%r&‘ thB e, &Qﬁ%’eﬁv&&r i edjwtﬁ%tzz%gﬁ e two

sheet . en an electric
rmnew‘ill@éar extrémes.i bighd iapolgnized heose Isheei, vothted theough the

ergefh PR P Bl oty G BEn B el e oona

tsheetdlrectlon of polarization, all the light is
absorbed and the cell appears dark. In the rel axed

©r anspar AT £ b e PEL lsdpnbch bad¢lpics n the liqdia align
themselves with the field, 1nh1b1t1ng rotation of the polarized light. As the light
hits the polarizing sheet perpendicular to the direction of polarization, all the
light is absorbed and the cell appears dark. In the relaxed state, however, the
whole assembly appears nearly transparent to the eye. Between the two

extremes, the cells also can be varied in increments to produce a grayscale
effect.

The liquid crystal material used in standard LCD cells rotate all
visible wavelengths equally, thus additional elements are utilized in standard
LCDs to produce a color display. On common manner of providing a color LCD
is to have each pixel is divided into three cells, one with a red filter, one with a

4



25 extrenes, the cells also can be varied in

increments to produce a grayscale effect. The liquid
wHY¥slsAh Rt eri al used in standard LCD cells ro§@tes8hd/033450
vi si bl e wavel engths equally, thus additional elenen

are utilized in standard LCDs to produce a col or

di splay. On conmon manner of providing a color LCD 30

i §re%ﬁ fﬂ%\f%n?ac?xtg oPLet8kith S lﬂhé( "g&jt%g %& %8%2;:%122%81&4(1%’ toWpPear an

a red er, one wt
P@'bﬂ@gzsowmawa@m@}ememwa letigletndsd dfdtsothres colbtdd s@ctions.
ter. The pixel can be nmade to. .appear : :
ot fercals hpgpenpelE pof B ot Fttha a i gaoBt 1 g augingra kind of
imelt guoeetBobifted €6t {RNSonitdEEHgRO! O conponent
cells can be arranged in different ways, formng a

ki nd of eone ptl zed for the nonitor
® usage. SIWP?ﬁ( g‘lalng ‘éer#gg B Pighbrarkeping W&H’e evident
dafckanitRg rivhkdd BEtENIARBE of @M?the@s Io@%srﬁérﬁ)%ﬁg batBighting

because of brightness |osses he backl i ghting
SOuFeeecaged by thﬁyvam@lwrmﬁsngmime ¢he pcﬂ@mmg@eeh éor the

PPICFIpE P NAPRIEE ahd e PARK R hoehif 50 Blaivdual

ttramsnissive L€1) Einglaned stwked &4 pﬁiﬂﬁde B®D ﬂfs@lﬁ;@?s&hfhs in the
w0 syifadiiin o Phitel o Lot alybipRg the brightness

bbés@@hﬁﬂﬁ@%r B@&ﬁﬁﬁxg‘w hdsk R:hx‘fid a&ﬁ%lé‘fb BD Aidp ?éﬁp%'vifdlgg lower

and shar providing | ower contrast

W@@Eﬂa@l’{ frlléﬁ]reSPiutWélu 114 “t@ed@l be idesibhlde to prasesesr lwgghtness in such 3-

?ie{}ﬁdéf%gérﬂs such 3- D display systems. Wth regard

tWwo- di mensi onal LCD panels, several 15
technolo ies that create a single LCD panel by
st acki nd% ithaegardt tarsbend drduivg- dlmeylstoalal LD sammis, tsoperad

e ave, been de ed |n att
5 ARG R et L P e e Fidlis Hge ouia
feajasthlclls oR t6© 8T Sne AhdBher R@ﬁ@ﬁéed\@eveﬁ)p'éagn A attdrasted
to I.shii et a descrlbes [i d crystal devices of

Pacimigs iheamakije ot ktPdmasgs st ?eﬁedtlpl@g(fabsqwcan qoppre U.S.
PR&EntWd. 15,58, 5947" hdueR b YIRS 29, HbdMes Egﬁﬂ%?ﬁgl’tatl ¥RGicOf of the

LCD panel ‘utilizes two transm &sive p
dopbledhyey duppe bett opmadis (DSTNE) ‘anpetthetr uﬂlhze:p]unmhbp(ﬂyiner

BB e P O e

LCD cells layered on top of one another to counteract the color shifting that

occurs with conventional super twist passive matrix displays. Such DSTN
displays are intended to be a more affordable and lower power-consumption
alternative to thin film transistor (“TFT”) active-matrix LCD panels, but DSTN
25  displays produce a lower quality picture than TFT displays. DSTN displays
have double the response time (i.e., the lag time in forming screen graphics) of
TFT displays, and typically only half the viewing angle capability. Contrast
ratio (or picture sharpness) for DSTN displays also typically is significantly
lower than for TFT displays, thus making DSTN displays generally undesirable
30  for high quality graphic applications.
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di spl ays are intended to be a nore affordable and
| ower power - consunption alternative to thin film

("TFT") active-matrix LCD panel s,
‘%@9@$@% 2§s produce a lower quality picture than”$§¥NM3&wo
dlsplays DSTN di spl ays have doubl e the response tine
(i.e., the lag time in formng screen graphics) of

TFT di , ical | y. onl y.<hal f-.th
Thol o opbacralde LXRARE HieilY DB GmDPEr Gt Mivide an
stlaarpRgss Jo ‘5“1“ TN fdi apd Aymaklmofllplsaldy dheﬁ)lays Instead of

ni fi cant | ower than for TFT displays,
n‘ﬁ% %5# ’\éﬁ’é‘}SPﬁg%a ges &hegel %hﬂééiiercﬁgﬁ énd:«}d:OMrﬁltel of three

hi]ﬁbreﬂﬂﬂ@bl by folllead i FRRA1 ﬁtal
PCT/ US2005/ 033450  Phase ¢ ang?%%?gﬁeg%}%{ ?ﬂ*%ghqmd

(Crpsabpibls)onsioped age pn@ﬁhpu éoraﬂaChl ptueerln Rachef tle t.’rrrbe) cells in the

fﬂr%%leag% af(?inﬁfepr 0\# %nng co ortOB g‘rcf%s%qt Pﬁégﬁﬁﬁls@l can be

snadxe»db;l-csmﬂﬂenaimiﬂ withrttle atload tofo d‘elllls tfRm @llly Ha8E8missive to fully

g ere t C Iors for deE d|V|duaI i xel PC- GHD
einE Pcet AeRnElefpler %Pl}é} Cl@tDscepens shimipate

Qhe calap ﬁar hehinePestRhadfla T

theC plgelcﬁaslg di fferent pfgﬁg g%ﬁﬁgpgﬁﬁyg%ﬁtésc ens

&y aisq|largehdundasivabld for bagh beahtyanaphlcs mr@mmtxdnmtthey

Hénﬁ:ll}fﬂr% rlov%%@g eofifild %tﬁ PTg 4_\3%%3 ransm ssive to

producea ¥ col or for the
plxel PC-GHD screens elimnate the color grid
cont ai néd light of thedeia arF T dhe fibkyof[SaD ehmgutglﬁn@ﬁaﬁsﬁlsswe

e . Iso el. ndesi rable for hig
SRREST BB T o %‘%‘E&?‘fs %abi%g% ehe HBAgiRg Spsﬁf&m that
bm\&desclmghrc@&ht}t hﬁd{gﬂf&f ﬁumlr@l)@asp‘eﬂts' b&RbeiveRe views to a
EI‘IOI‘ art in the field of 3-D inmaging and transm ssive
VERIS358le SeRndl By lpl? HsgisunR denatelsimanes. ochaveving
%@da@%h@@cﬁ%%& ?iﬂcﬁqgta ﬂ&rlﬁ’l\é'wgaglssohﬂh%tg RNl LY. 5 is (Bgi ng
numer ous aspe perspecti vés or views to 15
gAnpErpinechigl @rmsexf o 1omal1tlbm pf theudewsr’s head d’}lxﬁﬁ@b@mg the stereo
er chvevvln optimally oul d pl ace
RO brd BB wARky I etboR o Rotnd BSaaEeas fetih Hewer,
terns of the location of the viewer's head when seeing
the stereo imge, and should provide a maxi num of
contrast and brightness to the viewer. 20 Summary O

g&%rrlaﬁ\’f%‘ft ’i‘}QenInvention

In light of the above drawbacks in the prior art, it is an object of the
present invention to provide for multi aspect image viewing and the creation of

dynamic and high quality 3-D image effects viewable by one or more viewers.

It is further an object of the present invention to be able to present an
unlimited number of aspects of an image to a viewer so as to approximate a full
3-D viewing experience without losing any image information, brightness or

quality.



In Iight of the above drawbacks in the prior art, it
is an object of the present invention to provide for

i ct image view ng and the creation of .
‘%%@%Ogﬁgﬁd high quality 3-D irmge effects vidwabl g by
one or nore viewers. It is further an object of the
present invention to be able to present an 25

unlimted.nunber of.a ts_of an i e.,to a viewer. s

ae to apdioanaies ShifE Rt Sriept IR ashar pute 81 abiily to
vgekoatt andsdigglagyDiinmges ind Gyma@hicoRanidd GhtdbeS forQhteractive
gﬁg{[trf G WD 2006/ 034192 PCT/ US2005/033480_ It is

Bt 17818k BerliationRay srRSERE SPRIAEAOT ot anprenipriion fiem the

?éhbfa_tthgt ARG AL 6f dRFLdEHR AYagdsD i MBges ina
ynam ¢ manner suitable for interactive and real-tine
appl i catjons by renpvin%asources of error and _
5 di st ort i4fHfPBMlY.HEls eeRieedtdl flae arasent wentjonfto provide systems
I B0SEQ R & Dt bt 2 ht: 1S an_objec
R ORE R ATRE P s b, SRl bipisde FgRH 51
medteze ineddroiadornoati@r © thawidwey. t Thts,ithp Hose nB DidiBga

aLitg and maxim ze ina%e infornatiogftq thgivi wer .

U PR SIRIPELEREY FIRSER ET YN PRISSFA APEL UG HARE Bognihp tmage
pask 8 viath et B 8 SEREW DS FddGH RSy, fhAMBI i RS atdBIR need for
path of viewers when review ng stereo inmagery, and

10 sppoirizpdedevire sreaPringraliax kayaierapt leadiculaasicragng evithiorthe
R R ' ALI&UL ara 1.1 hin the
Pyl tpoeEth 30 PEER S (e
or object. The present invention provides a system and
rel at ed t hods .f.or three-dj nensional visualjzatio
based upeh REETHIBEIRIT PREGEAG SRRt pardrrisfed msthods for
itinfeardificnoidnAl 0ig8aELAtBHassQUDER s8dr86R0pRNG B dnd parallel
aﬁgect,|nages..The source inmages can be processed for

15 inigymghien presessingiof gouzenateseo mad mydtiaspedd iviages.nGhe source
a9 r N S 1ePE the processing. .
s ST Lo g e bR Lot RUBRIS 3P Piowine
gorgstivwmultipleatsere Brefasblyy thepowasding atdoyding-to embodiments

cessed ,as the locafion of a given viewer Qr vjiewers
B R IBE R viEon 5 HlapBlpt natde 50 50 tp pageatByAange:
giocessediBvRE IdtionIFaUeskDYieRel of RHMALIMAMS. THS the
vi ewer, i n_any. neaningful way. In enbodi nents of the

20 BerseRlien phddhimages hy anyngiven viewer ansnproseq &y not constraining
the viewer in any meaningful way.

In embodiments of the present invention, a composite transmissive
LCD panel, consisting of at least two layers of stacked liquid crystal cells
positioned on top of one another relative to the imaging direction, is utilized to

25  display at least two calculated images superimposed over one another at

different distances within the panel from the viewer. Each layer of liquid
crystal cells create multiple pixels from the cells, which pixels collectively can be
operated to form an image on the liquid crystal layer. An illumination source is
positioned behind the two layers of the composite panel to illuminate images

30 created on the layers.
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LCD panel, consisting of at least two |ayers of

stacked liquid crystal cells positioned on top of one
lative to the imaging direction, is [ ,

\?ggggﬁéﬁgglay at | east two cal cul ated i mages ﬂgﬂﬁéﬁ&ﬂmymo

superi nposed over one another at different distances

within the panel fromthe viewer. Each layer of liquid

t al r.eat l.ti ple. pixels f th l's,
ony on pi SaitsBediduel bl Lt DR St unne flgpmpsront
| mrgetiandishaylsi asilehlatedsihige tBYET nofdnk bf tHE QRktORereopair
source js 0si tioned behind the two | ayers of the
cOPRRSE itfi‘%t ‘&E\ﬁf&te%nﬁ?qd{ torherrapEevierd éke B0 evesefdhe grevtdardo
| g380E a de MR L9 1?&451 ?i%tl?eq éﬁéﬁ&a@&ﬁégﬁ%ﬁ%%e% gﬁéé Peragatives of

liquid crystal‘ceé 'ayer 1h the conposi
t the spressitereppaientiages s phimysctaptiahléy iatlecpicsageddshat to

[ the source stereopair | es that )
o AEeiell M SGH RS oL R R RE ki B Byed Soupsgdmase
vinéweration is Aegided Grom dastdRde 3f Reffohahk stdRBHRE R mbMBry unit,

cal cul ated ima gg are derivatives of 5 the source, '
FFuBsHher smt@% sqUEees 9fhage Heesesptd meraryiunit prevides a desired

RteReMir 968 ipedsCor, W}Q%pﬁlettﬁgg%g&gée\éeéhg c%ﬂ%lz&%&ril%gges to be
perspective | mages to be viewed. Source 1 mage
i Herdayask hovhel ldqudrarysdl ¢allblayersdatdabaselotheslhgs@apasdsngly.

' I nit, from ot her suitable
P, U BB Yl che Rl P ireopraibes lamp or other
cesiabedightirgr eopaihat bacldighte eessahsmMiivetonthdsite ICD panel in
ed I nmages to be 10 displ ayed

processes. the cal cul at di b

toﬁgeﬁ o c‘faﬁhfec‘il%%%a Oflctgﬁ Imageeprodyersl ebHe bwdtcpmstahg@f lgyers.

accordingly. Further, the processor controls the

i1 um nélol calcuder e depativé SmfgdsdiPe &h BENcrySHi LAPl§er, the

lighting unit, that backlights the transm ssive

QS%SW@éﬁE@@eSpﬁrﬁehghtrdwwwew qasheonalof e wewew neyestbyt he

[ el gt J 0 qu ruvstal .eell |ayers. .T

R R a0 ol B SEEb PR et eetl Bavers

l@-l‘@ §h@g fi@‘tek‘mma@yténe,hghﬁeﬁre]:ﬁadw gs@ichelbérgtd ﬁ%el dfehe front

ight digected to.each one viewer's eyes by

3 Q"Wféi’fﬁ@e FRRERisEArERo Rt I CTRaRA. foe Regearset thea d

taapses $hé veiwatdd Liaerns cactPfidel HEA tH8LGLIVaNER e from the

l'ight directed through each discrete pixel of the

pelegied opeq of thaparsingl somece stereondicsinages bnpasimind GDerror, and
: g . res_the.estinmated .

P e RER Shlo e A Xl SR G P B e oxvor in

otder 20ksm] Hut@donfesach phebisdidlgh aakt Seilt.cRrabeARRak I

i es to.determne an error, . and
LA1BAS R on Of 85 reigr}ung of the dercl)vatlvenlmages is performed by an artificial

neural network.

In embodiments of the invention, the calculated image displayed by
each liquid crystal cell layer acts as a dynamic mask for the image(s) of the
other layer(s). Thus, the viewer sees no objects or obstructions other than the 3-
D image itself, in contrast to conventional parallax barrier-type imaging
systems, where a physical barrier mask can clearly be seen. Such generating of
the 3-D image results in the absence of noise and distortion of a visual nature

such as that created by lenticular screens or lenses.
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then adjusts the interimcal cul ated i mages as

appropriate to reduce the error in order to keep the

w6 Bps A0, each pixel is below a set 1imt. Prelgrabhkossmo
e calculation of and refining of the derivative

images is perfornmed by an artificial neural network.

25 I'n enbodi nents of the invention, the cal cul ated

i mage di gpl ayed,b each liquid crystal cel.l |ayer
aots as ACGYARE TSP HIS PhENS HEGRR OV ERv T h G e D
| idvyeese (infor mblias., is Hierivi R tH 888 tROrvaPhebee Buid crystal cell
ggstru tions other than the 3- Dimage itself, in

Fiicadtere & Rove At respRItggasaIodRcasbinmIa-a1y SEStema g rye

NBforMRAE; j A [ I .

S R £ 1o, DO P FL oA UL AR plasihehind o
tueeolubigudieition haoiise saol adiastaontlavhanferalonitiuddr stadeur @ lens.

s that created by.l lcul ar screens.or |enses.. .
89506 Bea oS Bt PSSO P Db SR Tt Ra PigErged mlkiple
divvad eryspdlseliflafdie romes@Ninndi¥aaky BlRmesitd 66rhABy 3rddent in
i mage information is distributed between the two or
%?Igfﬁrﬁm papglsithpt wapld othgrveiss intrpdizee lpssen dn image brightness
r@2Qabd QRa @S REQIHSGE. i n prior art systems where
i mage inforna?ion for both eyes is displayed on a

single screen_or gl ane behind a 5 resolution-limting
bar ri er Insgrtgimembodiaments akthsadnyprtion, lthatilouladed fuagasmre

[ ransm.ssi we LCD panel . ,
TheqcBio to S rdfibee AeRORPRREN Srbh AIBLEE o Spk o BRRE viewors
pagitionsr dimprdswenpedtss aignablserempt sted andakhy totlesgdtessor by
in_ standard LCD panels that wqul d, ot herw se introduce
eSO R Ael 5 0%, e pERSTILRE | It oduce
dtegliondyl ORE”) draultAs6eie (pakifioftbakiie Mo whdl@ the processor
invention, the calculated inmages are presented to one
Sheryigy irgireiiieves BaLIPropanted maga stergopdir Srom theimagessource for
Vi ' it i.S Vi . htion si | i
LS pROALE Beec L GISEBAT LS00 o,
téeperite, transhisayedyCAmanal. rAuete, ih Brdfe pedich i sensat the
or radio . frequenc "RF") or ultrasonic posjtion, .
ElesbRPhyieuRt Bt abesenarpnolleed Brpetntioers ppdifferent
EgiactLofam i AR PRI AbR il HAei ST SBR816 ab tOMIEWRhe viewer
i mge source for subsequent processi ng, presentation,

ENEC Y Wpioay HeysHeRE Vel arpinhage ipfdymamic ohporsi The present
ferfrjrz%ggi?h ngﬁ%ﬁéﬁ% #gﬁ?gi%ﬂee&f crgel{ltrntlg & conti MR ES. 8 fn%‘tjge field in a large

viewing area with improved image quality, as opposed to a discrete, stationary
set of stereo viewing zones where the image quality greatly deteriorates as the

number of viewing zones increases.

In other embodiments of the invention, a multi-user and multi-view
display capability is provided. In this manner, different members of a viewing
group each cab be provided with different aspects of the same image, or different
images altogether, based on any number of factors such as, but not limited to
viewing location or angle. Both three-dimensional and two-dimensional imaging

for each viewer can be provided.
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i nvention, viewer position sensors are utilized to

present a viewer with different aspects of an inage

W6 260R50¥i €W ng posi tion changes so as to all oW, 880535
viewer 20 to view various perspectives of an inmage in
dynam c fashion. The present invention thereby is

capabl e of creating a continuous 3-Dimge field in a

| arge Vi a, i mproved. i ma ual it

opposed ?§$% P@%&%ﬁgf%QF%?ESH%?@hagg&%@gnzﬁgﬁé%m%%ei

viliepwgsiprzoilbsowbe peotiied ofm@trgsd@binbydigieat bythe invention as

qﬁ%ﬁrigraaﬁs as the nunber of view ng zones

i FRelgd 48 the 8raWings-her enbodi nents of the invention, a

mul ti-user and nmulti-view display capability is

provided. In this manner, different nmenbers of a

viewi ng group each cab be provided with different

[ , or different inmges

3 & ESnunber of factors such as,

but not limted to viewing |ocation or angle. Both

t hr ee- di T stddRPang itk dsGrilEIBARICANEL ihdBYR DD pRRidPfurther

g%%h viewer can be provided. 9 WO 2006/ 034192 .
PLEPOGEIDAIIGANVeTHiO b B riteprp ashtadhiar 4 eamstidnte part of
. ih . disc . . o .

A on R hRR e B mh a8} cllo ARfoRehey with

dépideserdption sdree do awplags thépBniiplesRehe iiptdrmtionofInt fhe

g&g%ﬁﬁgg The acconpanyi ng draw ngs, which are included

to provide further wunderstanding of the invention and

are incorporated in and constitute part of this

speci f i d&ltGr.ohis 4 $dhastatizidag@aiodlusenitieaf cdhigohNend cBRtal

a | together with 'y the description serve to explain

h > principles of the invention. In the 10 draw ngs:

FIG 1 is a schematic diagramillustrating a comon

l'i qui d &Flykt2als a @Bbhatitld&erdn ﬂl@tx&%ﬁ%@bb@eﬁﬁtﬁﬂf&"ﬁ liquid

illustrating the operation of a |iqui crystal cel

Fﬁ’sgglr‘"@ Reredysedestates F1G 3 is a schematic di agram

illustrating the operation of a liquid crystal cel

in a ch&®Igrd i§tadcBematic diagram illustrating the operation of a liquid

crystal cell in a charged state;

FIG. 4 is a schematic diagram illustrating the transmission of light

through a liquid crystal cell and polarizer sheets:

FIG. 5 is a schematic diagram illustrating the stacking of common

LCD panels in accordance with an autostereoscopic 8-D display system;

FIG. 6 is a schematic diagram illustrating a composite transmissive
liquid crystal display panel for use within a 3-D imaging system according to

embodiments of the present invention;

FIG. 7 is a schematic diagram illustrating 3-D light fields created by a
real object and illustrating the recreation of such light fields utilizing a

composite transmissive LCD panel according to the present invention;

10
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FIG 4 is a schematic diagramillustrating the
transm ssion of light through a liquid crystal cell

WwodoR@kAabs zer sheets; FIG 5 is a schematic dllgtgfr,@ﬁbwm“so
illustrating the st acki ng of common 20 LCD panels in

accordance wi th an autostereoscopic 3-D display
system FIG 6 is a schematic diagramillustrating a

conposi t r Y& ic bia taI d| spl
For use s n A-grplie degid CEDXE B PGB viewor
eTribdiamast $o tWo staeket h@eudtcx yetabodll b&ersﬁh@rd&r toSgederate 3-D

mlllustratlng 3-Dlight fields
cre%@yqu?l nllaego?ls object and illustrating the

recreation of such light fields utilizing a conposite

Nt ons 20, v, Sooe/ peacos R ShRS £RE st cpld e
vent

SRR E e %qmda@f%%ﬁf ayeisRy Blfe 6dpiceneuste 8D snages;

viewer with respect to two stacked |iquid crystal cell
| ayers |}F‘[[©r1:lEfs droillgenatishef &&plaﬂ?ﬂ@fceweﬁ@ Dayfedthat

rmgﬁ}P % 9 js an_illustration exe ary
FPEUPEteEd Bnhgeder idendda ieages ostlcﬁ éBpawbsplemd- trethe

ch%b@t@[w%na%kpléagers of FIG 6 to generate 3-D
i mges ; 10 is an illustration of exenplary

perceived 3-D i rmges that could be seen by a viewer
when t hd'iGrddels doichematic disgremdillyystayiag compphents of an

%ﬁ%@@x‘e%@co:pust Pt %1319 EL.G é_}lmﬁlgf% o#lpOfa; .35 paggl in

di agram 1 | npone
antdeereeudbopi eunesdhndmpfme Eysdrathiwdntidzi ng a
conmposite LCD panel in accordance with an enbodi nent
a schemati c

of the t.invent i
di agram i ﬁsagtl? gtslcﬁg 888%5?%&85%@“%@ coppttipgpnal and
awrd:hmlta&chﬂe&um utiliz&bttot @n@ﬁaﬁ:@ DGk FIFBELSutbMerécopic 3-D

ste osc j¢c 3-D dis systemut|I|Z|nga
@’(?ﬁ%é’ Hived C?fﬁp%ﬁégeoﬂaéla hin pecardarge with an

@ﬂb@&jlh[@ﬁtof@fle hﬁ,%nhgﬁentl on; FIG 13 is a schematic
di agram that depicts the I|i ght beam novenent from

vari ous &I quid crystal cells of the conposite LCD
panel t 514 P anascherasgidediagram that depicts the light beam movement

from various liquid crystal cells of the composite LCD panel to a viewer’s eyes in

accordance with embodiments of the invention;

FIG. 14 is a logical flow diagram illustrating the data flow for the
operation of a display control program utilized in an autostereoscopic 3-D

display system;

FIG. 15 is a schematic diagram illustrating a neural network diagram

used to determine image data in an autostereoscopic 3-D display system; and

FIG. 16 and FIG. 17 are illustrations of exemplary images produced
utilizing the multi-user and multi-view mode of an autostereoscopic 3-D display

system display for generating 3D images.

11



accordance wi th enbodi nents of the invention; FIG 14

is alogical flowdiagramillustrating the data flow

wW&hookR$i1020 operation of a display control pr%Qﬁ%@2Mhm1u80

ut i ?lzed I n an aut ostereoscopic 3-D display system

FIG 15 is a schematic diagramillustrating a neura

net wor k dlagran1 used to determne image data in an

gﬁ gigg&ﬁgg P and FIG 16 and
Stattc exerptary i mages produced

25 utilizing the nultl-user and mul ti-view node of an

aut ost erlBdscophet3+€ desphay ligyd tentadicsil1@2. fMany of such cells

gen %%Bg?ﬁﬁzgg&ekﬁ% Eﬁ u£06/ ?% ﬁr?ﬁal@frspﬁé‘CD panels. Each

Rreheel ad2BahedheBahsl dhéal haitdidiaistes 5 RSwAhEP IR Aclosure.
liquid crystal cell 102. Many of such cells are

5 Udidnidaystads @lfeeiat?]@SbP&]@Flg, theacdhBke mplecgles thet aindewtqrtain
I f el | on
| RARlSpr b ROAERR 18 o IRAGR R Bl BRODANEP o . bus
Ltihgti a&o&ay&ﬁab&siaueztuaes:haBﬁg bigHe@ ngerflﬂig‘ tah fouké in other fluids.
ec | es that under ertaln .condi tj ons xh
B i Rl Bt SRl SritiBle 1€ PRGPetR e Feanglspylag geale, but

tdbefs hewextBHY to thetinRtEeoHiaBcAd 8P nishi B@fdﬁh%%n*@é’ésfbgl
hi gher. orderln than found in other fluids

10 gradelling 3@ tleisangmnes) swtetralaqrdemgg @maelmld erystal
t I
e L5 A Y AR L e
cihg@tiahlmilght sxihnbd&lgﬂﬁcmhh chstmdane'i‘he $1t1nub<tnystail materlal

ord r|n n.a liquid crystal |aI t nd. ..
3B SR s el 10h B Rany b P>t ongeaiot feming dipoles
cmoqet@apm Bet@akn ewb |stib§ta§t1§ﬂy Ha@@pére@ﬁt BhEEH oiﬁ'@ﬁtation
guid crystal material contained within ce?

15 é&ﬁﬁaﬁw énglrﬁﬁlylgl JrepFipyt eripstadionrmiriace |1Q§af8<§ndmrngufmup gtiggtation
104etL 3pppd between two substantially transparent
opposing orientation 15 surfaces, including an input
orientation surface 103a and an output orientation
sur f ace EegByf taoticotationsupficenhavd amogiantamesfehtive verereby,

nt f t wh h
procégg%%%gg?ﬁﬁﬁ%&§O§ﬁ$¥§6§§h@ﬁFPH%C? ??%%?R%H%hPﬂe
surfhaascsaviarroirippled drlted ir0h iselledirbftich 8hAGdEng the liquid

dir ctlon d facing the Liquid
20 crys al mater?aq Trhese mglcro r?pplesq interact with the liquid crystal dipoles

104 near the surface in a manner that causes those dipoles near the surface to

generally orient in a direction parallel to the micro-ripples as depicted in FIG. 1.

In common liquid crystal cells 102 as depicted in FIG. 1, micro-ripples

in the surface of the input orientation layer 103a are oriented perpendicular

25  with respect to the to the micro-ripples of the output orientation layer 103b.
Thus, dipoles 104 naturally align in a spiral-like structure within the cell 102
stretching between the orientation layers 108a and 108b. Liquid crystal
material aligned in this spiral-like structure has the optic properties of rotating
the polarization of light along with the bending of the dipoles such that the

30 polarization of light 100a entering the cell 102 is naturally rotated by 90
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20 crystal material. These mcro-ripples interact wth
the liquid crystal dipoles 104 near the surface in a

“gg%@?é%ﬁgﬁt causes those dipol es near the Sur&@?ﬁﬁﬁ&hms&wo

orient in a direction parallel tot
mcro-ripples as depicted in FIG 1. In comon |iquid
crystal cells 102 as depicted in FIG 1, mcro-ripples

he surface of. the jnput n | ayer 103a are
et R TR it el 8oy it FRbALOPH exfigeegetindn the
npreE&ce iop Bleﬁﬁl@ﬁelﬂhﬁox@éﬁe@uﬂl@lé ﬁf&l&ﬂe‘%nmltﬁﬁheé glijﬁQell can be
Thus, dlpoles 104 naturally ali in a spiral -

SPAdR b plEe v ithi theelrstxied]ifieid 21n us et&trmengﬂbe:tqlmezattdme)f the
10
napErEtd O EAGRIMIR AR b P Brrobf B G B con i die

pr'esemcppﬁ@eomtreﬁaldé eie(zztxad:allfgldt he pol ari zati on of
light along with the bending of the dipoles such t hat

t he 30 riz i n ht 100a er|n ce

102 is na ur ?opgéé%’%ﬁnbﬁ‘gfﬁgﬁé} H%E?

Ui o2 Gﬁisﬁbiiwﬁﬂay d€iressn bordhaducete rvﬂ’ﬂﬁ@@ﬁ %é Jipoles orient
larized. |i Q0b exiting the cell. In the

eSS s BPeal hRe PRt IrtHigve e mppléloeeﬁbawa@gr 203a

Windhihe oﬁtxﬂitvo‘?c[brﬁ%ﬂm P&@i@r BB3D r@ﬁ!%ltthg ah gﬂ atp’{a bldiSor t,lhe cell a

el ectri cal hi s manner, e po |on
tthel ’Cri’dﬁﬂ;mtsSiqngmlduemVGbéed@@d%dhjree*oz%ycopassstheg)utmde of the

cont f oﬁna%qrf&%l ! Célyl nfo F"e‘#eo(uh%ﬁ e rﬁ@ %gﬁ’%}‘)@}’ used to
tofredltecthie Srﬂiﬂplaeérﬁrbohduﬁﬁm@a&@@é fartha o&‘ﬁéﬁt%n sthrifgel (ﬂ‘

| | | 02 | d wh
AP e ttote pRATSH Tt e
Iﬁﬁh ro&ldéYSQ@z”’%?ﬂlcéﬁﬁ i roBBft?dﬁtsQJf'aB%tl, 0% s 5’an1 10%

the output orientationTayer 203b el t her
§ﬁot2 fli’é‘ wriglt. dEhese eﬂmrcdeb Ilayaré_@alt be ntiticethsniaygdy arcontrollable
C e er. 2 covers the outside of
8%9&%0%%2 ; ﬁ %t@Zé‘at‘fﬂ ‘'umtin oxide ("ITO") is
t he naterlal connnnly used to neke the transparent
conduct Asellestatfedgs HI6: 2f Heuidrdresttbtd1b20% tilfeadapaf light 200a

et IR A —
tmpp@cab&twvdeﬁ thB erﬁh@zpa%ﬂ 1a9B 632000112059 WHebe (e he cell

10% 15 Sn(2 t. These el ectrodes | ayers can be
297 ps oulput élgé% 8091) ayhe ¢ pplesispiion erféw@gomi thithp dnmct light

dﬁf‘a | Fﬂy'f)ds}% ﬂ]quf%%{gg o ell S5 ! Ci’la?é 6baq:e WBre%n

[ CIUI d crysta es | nput
electrical field is being applied to the electrodes layers 205. As shown in this

illustration, the dipoles 204’ take an orientation in line with the electrical field,
causing the output light 200b’ to have a different polarization orientation (such

as the same orientation as the input light 200a as depicted).

In commercial LCD applications, a layer of individual liquid crystal
cells, as depicted in FIG. 1 through FIG. 3, is typically placed between two
polarizer sheets. FIG. 4 illustrates the transmission of light through a liquid
crystal cell 402 operating in a relaxed state where the cell 402 is oriented

between two polarizer sheets 406a and 406b. As shown, input polarizer sheet

13



and passes it through the substantially transparent
liquid crystal material trapped between the

tion |ayers 203a and 203b where it exi <
V% ‘]%%%' 2 as output |ight 200b having a pol ;P%TZ@? PgR=3480
orthogonal to the input light 200a. FIG 3 shows a
[iquid cryst aI cell 202 in a "charged" state, where

a ectrl field .applied to the . .
@&&e*&aosaa& ?59@?20%%% tog R eI b e ovieyiation af fRgpmicro-
tigpleé pOIN@St 3RdntdtRkeu@ice nmgat Ald OftphuB pblabekhdbt 4DBDH
electrical field, causi ngar t he out put |ight 200b' to

Hekeavise Bay p@}arlzeaplaprlza tim Hignedtvaith she p¥eriatipg ofshe
B;g%lr s e%rdf %ﬂ%cﬁft o?fén@&ﬁﬂrf%‘fg]&uf% 03d. IPhud %gﬁarﬁ% S}rleeg? 406a

I'cattons
5 iallxd?jm@xlaie drlam«ecbloﬂhy@dmﬂ to ond hﬁothas depicted in FIG
1 through FIG 3, is typi caIIy pl aced between two

pol ari z rat

o Tl g ViEEE SeufhR, ittt b SRpl D AR R G back
ilightingedoaxedvsildipasytiaoagh ke ﬁqidt P02t sbeétedUeataiDlose the
bet We?n i gol ar i zer sh ets 406a and 406b._. As shown

Vﬁbtlﬁ alhgtadiae EPIPRBERE off e\‘/@"?@%’/’“d@j@?l)md‘me POlallzed light

605 USZRA I L33 éﬁ@tal%@ﬁ @OQ@ﬁ t80 A9k&d bz W@L? nci]voltage in the

orientation alig th the orientation Ccro-

10 ejqsprodss @fOtldﬁplﬁie@m! Elrﬁ alt),l e mmm@hmwom@wm through

at
8 BerEPieh iy RN PR, 135 B BB il i
nr)csmi-matmleés Sﬂ{ceg;hb ﬁmodlf%g (ren tiap1|cgva4lglgﬁk‘)lfcaei¢ aﬂ@ﬁbt}te rglaxed
zer eets an re oriente
spﬁ%ﬁo% Uid 565t TaNE LR WA fortes Belpegtipaof heht 400c

WigQhene vt 4o B9I9@rde§%% I P&Ehzé@ﬂghé 4661 @m%%kthe%bn 402 now

| i ghting source woul ss through™the 1 nput polarizer
15 bﬁ%étpomtmcprm@@twmerthvemalctarth@ohamaﬂedaolarmdd@tt 400b.

?%b%)ﬁ&}é’ ?%ﬁ{}?gﬁet © a W %hlf’u%fé tﬁdgﬁg PQE’ t%felg}'ll LIM6b to an
shstreenwinidking ﬂv@d:etuagm ima télaxddsteke appﬁgﬁgg%@haulyd
Wou

t ed El th I d |
BRSSPt Ghg a4 thesrieen 7 oaelacbior! il st pmoRt to the cell
209 fragen 18154 iavelodERIG e tan%w'ea%ga r_‘ya%g %iugough the

material. Since the dipoles (not depicte
20 Heeid grystad maderixkedithenhaying fie HOﬂ&xmzatlmwm;htmnu&ereai thus

BRSGEL 048] S350 AhERL Bl Thr bl S e

406H.i Gglltdoe 1ﬁ%1| dho4@all stave would therefore appear substantially opaque

and dark to the eye as very little light would reach the viewer.

FIG. b is a schematic diagram illustrating the stacking of common
25  transmissive liquid crystal display panels 501 as would be done in the prior art
in accordance with an autostereoscopic 3-D display system. As shown in FIG. 5,
common LCD panels 501 (shown in cross section magnified to the pixel-size
level) each contain one liquid crystal cell layer 511 trapped between sheets of
electrical conducting material 505, such as ITO. The cell layer 511 includes
30  various individual liquid crystal cells 502 encasing liquid crystal material 504.

The cells 502 in the layer 511 share a common input orientation layer 503a and
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15 has a pol arization orientation orthogonal to the
originally polarized Iight 400b. This light is thus

\9(‘956?)6}09 gsss through the exit polarization Shelfctr/tf's%(%/muso

erver, making the cell 402 in a rel axed
state appear substantlally transparent and bright to
the eye. If an electrical field was applied to the

arized ht 4 Ob co
o ot Breh Iy Ve BOThO ARG abt Ao s o P ireE ey Sregpie
ngxteraligt a&wiéshmbbdhhwmg its polarization orientation
altered, thus nmaking output light largely unable to

pass t hr the out eet  406b. Cel|

202 i n o trarber SRR sEEhuThRc hseann but polarizer

wieet 5064 ahd yinepasiue ol aigbrdhkkt 5668, @%a?ry Qrﬁﬁgé/@ﬁvl'th their
tle light would reach the viewer. I's a

§'€ SR ATt He R ey it ke bt the cgmemrnign@pn@mmn
%@rf‘arc@é" 5735304 805h %'ﬁ!dq)eﬁ{o%’ éxttﬁ%go%af B &Ye Q NGLS a2 8%%91%ed above.

be done in the pri n accor ance
a%tthl@tsélﬁeb@fwmpilc{all@ tt:hms;plamptsysteeml 503 ashehnsidlads| &parates

%he 1n;% epdﬂ?,rézetr antieé&q; P%le igpé}“%?ie ; oss@g’ﬁ&g{:q%nqmge input
Iomwt@h@t Mstabogel A deayal thid %h&ét&ﬂ%%d)g@%&ﬂ? %fbn%B sfetn% material

% el ectrical conducti ngh%r‘reat eri al , such as
Qebseparates eutpat polasizey tlaeet 59 6brers wemipadentsdd éhe LCD panel

lkh I [ t

EhobfuIe YahRtorfL SoRiin ERGARL kel L D0D. Bhdp lack erid

S8fitomwitallyhavong entaeitare isayehe ¥83ge aﬂ‘mboullttOWQO%) that
/034192 P 52005/ 033480 n rientati Qn

ﬁayer Bealff%‘%—r % 51‘8?1 WRica] F@ﬂr @ﬁ’aw PTEPeEsde

g@’ﬁpb@cﬂ of tBfeetRNGet e TN by i cbIo@'Iﬁf@rSa%'sé&ﬁbi-y%9 one with

O}%further i ncl udes an’i nput pol arizer Sheet
86’8 278 kter S0P puInepBithra erepn splee filisn§99bagad the other with a

BlUcARUR I A S I 6l He}ﬁcfe(al ST ﬁx@loéa Zr%tadé) By appear an arbitrary

orientations to match the correspon orien

sdet by bxdis0idallyvdrEogbhandaties bgtghtrteh;e @6 aadh itotlare colored
anot h her as descri bed above. A thin sheet of an

opt| c?ﬂly transparent material 507a, such as gl ass,
separates the input polarizer sheet 506a fromthe

el ect r otféhdmatyer tra85moRivedECDHahbl 501PAke u&ailﬁ@t&t{b@n

| ayer 503a, A second thin sheet of an optl cal
‘Pﬁﬁ%ﬁ?@hforﬁd} ¥ripgieraqsenyy 5-13 displas v @Bta}ﬁLﬁerted in FIG. 5

Ped abdczBed SHaBtaiPABH6F OB, %@P&m@té’zﬁ 72%1 Qn&@PIspPQFe‘nt

that enable color control, including a co

BRIGAIon Sratal Navd/ & 1ftele lﬁlegi’ Jahuary 6 2004, light transmission losses
can become problematic. Light from a back light device 512 is polarized by the

input polarizer sheet 506a of a first LCD panel 501 (i.e., the panel closest to the
back light device 512), passes through the optically transparent material 507a,
and then passes through liquid crystal cells 502. Depending upon the voltage
applied to the electrode layers 505, the liquid crystal aligns in an orientation to
produce a desired polarization rotation of the input light. This, in turn, defines
the level of intensity of light exiting the output polarizer sheet 506b. RGB
coloring is provided by the color filter assembly 509 and black grid 508 provides

increased contrast.
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508 (typically having an aperture is in the range of
about 40 - 90% that provides increased contrast. In

\?%EMBO&& %color LCD panel, each pixel is 9°”HQﬁ%ﬂn&&m3&mo

ce"tel! sections defined by the color filter
assenbly 509, one with 15 a red color filter 509a, one
wWth a green color filter 509b and the other with a

bl ue colpr filter d. ,The pixel _can

nmade to ‘gp%gg rj&ﬁdgﬁggﬁh’% 88&81% Hﬁ\}alil thegtiaPsy of the fist

VIa@DIm@LeI Weuldeihahipses blﬁﬂo@@h REEFusdr Safghed Hﬁe HAViE£510 that is
ored se tlons VWen two transm ssive LCD panels

e iy ptyleddeinslasizationpshe Bahif faguptahi e input erentation of the
0 t
25655 F000 5y MR Y LML Al e
5 Nbffel@m? imagez thaamnthd fiiSt 1/PAY) patel) Mpfe! mﬁbhﬂi@ therisar. OPtionally,
7 54 6, 2004, I 1
8 TED Bansts sl Al Y edme Peremiaey ok b B priex 510 is not
lriegbdsa sl wile@e Byl Phd Sutpat polazieshidy of i bdc&m’@D e)%éf fnéFJhes the

sheet ?OGa of a first LCD panel 501 (i.e., pane

APtk tigneobiherfsrné LiG1Ypanele vy @@rme)ss p@m ésshtness losses
507a

tcgg%ﬂggfsiﬂeégﬁ%m%éj%hl %’sﬁ{l ?g yn%? %%% ang eXacergadced by

10 @b@,@@mndgmdpnw subeeqamrttéga) papqiils.l @dblea dhoevsellypietl odl@es of

DN TE TR T NN —

dﬁkakmdn&@&ethe input light. This, in turn, defines

the level of intensity of Iight exiting the out put

pol ari zer sheet 506b. RGB 30 coloring is provided by

the color filter assenbly 509 and bl ack grid 508
rovides increased contrast. 15 WO 2006/ 034192

P&RrUS2005/ 03348 UFraAmtmﬂl lmhlt Zﬂigb, ﬂ/gr t AR3ibeUght energy, %

%h%&amﬂé{j arized sheet ouni of—t-he—+Hirs+—1Cb D%EQI

W Gy bR BATS [t 114 ngn a g ffuser—otr—other—H RE
dewifey 10 That [IS  able g rTotate tie potar Tlo,gl on—of

Blaex drigght to mat[Ch The Tnpygt orientagiom of thg, IIEXL
0@puppakelsr and tfhen pass Ghrough a second LCD pgnel

)l aying a b5 dlfferent i.nmage than the Tirst CLCD
torsp! ayi ng g o9 ooty 930 1 op

paﬂ(:‘l) Ul:‘l Ol ltablll Ilg LIIC PR SATLER AN 1Y By By A e
panel s coul d aIternatlvelyq%gﬁﬁﬁranged such that a

device 510 is not necessary, whereby the output
15 polarization of the back LCD panel matches the input
pol ari zation of the front LCD panel. Neverthel ess, any

bri ght e 1
rg nﬁggabllgf),slsa%ie i indicates that approximately less than 7% of the

illuminating light from a back lighting source reaches observer's eyes in the case
of a single transmissive LCD panel. The addition of a second LCD panel
between the first LCD panel and the viewer would decrease transmitted light to
20 under 0.5% (even without a diffuser placed between the LCD panels), and
subsequent LLCD panels would contribute further degradation of output

brightness and quality.

To combat the problems attendant in the stacking of common

transmissive LCD panels in an autostereoscopic imaging system, the present
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caused by the first transm ssive LCD panel are
dupl i cated and exacerbated by 10 the second and any

ransm ssion |levels for particul ar ones
the various LCD panel elenents discussed above. Layer
Transmitted |ight energy, % Absorbed |ight energy, %

et BE Ui ta g otidet ¥ So et Tl i b gBrwarel

860 B@hOW@'EArl?ros@ .soctsh bt thi@%fik&l lbve]lﬁtcﬁ@élé‘t?ﬁﬁ’ of Jﬂ@é@c two layers
ess an 79

| PHar S 1ot r Rkt Remicrriekaliogod g trmeromordiec Hbsother

0Q§ﬁé YR EmAgRNERrd Richh G LR figyercgl 13 %4({%:}% ¢ ]?nlﬁﬁ]cg?s \Aélecr?Hs 602

LCD panel. The addition of a seco ane
Uﬁ@mﬁﬂngﬁuuﬁgupén&ﬂmﬁﬂdhahme&uﬁwaﬁvmmhmﬁrdkrﬁeﬁGEIb

o PPaDiel B bbbyt i Grio PR it ey 1 106 cofls in each

slajaaeaqu enhtrbIEd mt}&t\@@bﬂh thye® M dit a8y a8l taneously
radation, of output brightness and quality. To
c”ggFﬂaf{S PifeoiRtdBRe e opelavriad impges (pae ditieknhealoflated image for

AT o ARSIV 0 DO 3081300 51 G SHRGRRLS v

m/aus%mea/t@@ﬁ‘ar@@t disteecesivathiaghd eﬁmpbﬁde Llﬁlﬂibaﬁael 601 relative
2159 OSIte ans .SSi ve ane
?é ﬁ%%ﬁ%%vﬁr (1: ) %n %lhx % s%tfgg% g?? é%gpytlone&lbehmd the

compbsitd D@D)If)aﬁl 6|02,a§1t1d N BeRy8d She @aolpay@fkdﬁﬁﬂalgh&&ub to
acke th|d crystal cells 602 805|t|oned one after
t"lt'ﬂ agf%rt © Grlgnigtedimadsgi creptad paEhP davereaghmilaytrligid arystal

antbrpidreaf id %)ﬂb'f‘ ety SdleciGe! Q%els 5]1(?([18%&3?51:511 layers 611a

mul tiple pixels, where the pixels o
@g}i&lsb igglude various individual liquid crystal cells 602 encasing liquid

crystal material 604 in the manner described generally above. The cells 602 of

\ﬁggﬁggﬁﬁgé LCD panels Table i shows typical %Qh%ﬁ;m%MINSO

each layer 611a or 611b share common input orientation layers 603a or 603¢c
and output orientation layers 608b or 603d having the orientation surface
properties and orthogonal orientations generally as described above. Each layer
611a or 611b is encased between sheets of electrical conducting material 605a
and 605b, and 605c and 605d, respectively, which are adapted to apply a
controllable electrical field to the enclosed cells 602.

This composite LCD panel 602 as depicted also consists of an input
polarizer sheet 606a and an output polarizer sheet 606b, one color filter
assembly 609 (containing red, green, and blue color filter elements 609a-c), and
one black grid 608. Two layers 607 of optically transparent material, such as
glass, are placed adjacent to the polarizer sheets 606a and 606b as depicted to
insulate and protect the liquid crystal layers 611a and 611b and to space the
layers from the polarizer sheets 606a and 606b. An additional layer 607 of
optically transparent material, such as glass, is situated between the first liquid

crystal layer 611a and the second liquid crystal layer 611b binding them
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collectively can be operated to forman i mage on that
| ayer. The cells in each |ayer are controlled such
| ayer individually and sinmultaneousl
\%89&)§§§9%ne of at least two cal cul ated |nage§¥?@%gmbm3&m0
different cal culated imge for each layer) in a
nanner wher eby the cal cul ated i mages are superi nposed
at different distapc es within the

%p%h;egt g‘lﬂ C}%g %{'s@@f hgg £ thigkness, thatiiy syiisient dqinsulate the liquid

i @gaital diyers6lid hudeneb iHin SRYEASHEE 4nll $
q§h|nd the conposite LCD panel 602, nan%egﬁﬁég%gﬁgﬁ%sumabh

EafﬁﬁfPﬁggﬁsa%i%ﬁﬁ@ﬁ@ bglbyh, to illuninate the
cal cul ated inmages created on the layers. Simlar to

l'iquid chystied forltBY 8%s hﬂﬁﬁ?&%&’c&ﬂ Mgk @F ?Bhd 6118 193 oﬁo& in

transm ssive LCD panels, liquid crysta ayers
£081 BB, thelaudputeni¢rgation ﬂl@brarlﬁnﬂ)ablfot tropufiicht dnk;ytﬁi alystal layer

4l ui d stal .materi.al Ln .the
e DR Wl T o S P RE ertian Wb g ot
eaEntibyelaysi ﬁa?,mf ithbIde calibli uidiiatal laRBrit1 11'5 | fNipidten

ayers

(B Era 0 20hizet Afeath B0BR PERLAOBPAISRAFERA (s Spposed to
Mﬂﬁ@bﬁéwﬁol@?ﬁr@&ﬁ&%ﬂ%s @Jsbﬁfﬁ%x%ﬂ%n&a %&gﬁé‘h& YiufSE” of each

descri bed above. Each | ayer 'S encase
batakedd agheei lhois 991 degredsc as depmtaalfr,t Ahgrmsiely, alf c605a,

%Bﬁcgﬂﬁﬂanﬁﬁﬂeﬁpé&t conf6i05d SH@%E%%&P%%¢&$Y%$%F Q§h”9t°

adapted to app

ph@ngqp;dl@lsmhmbﬂ tsaﬁ@ﬁltteﬂﬂhghmnméégr@ed-@D aRARErvHig2
as_de onsi,st s of put pol arizer sheet

ABRS ik BivoBubBafinondnauien ofRuestt G6s g @6banstorientation
Ldylet €805 28 5688 aYe ﬁ@\‘,gm(a&q{éﬁaelsrﬂe@%t&? d, green, and

bl ue color filter elenents 609a-cC) and one black

grid 60 Twa | ayers 607 of optlcally t ranspar ent

mat er i aI%Vhlé‘%ﬁHlﬂa"é" LG pagel %F‘@t]ér%clédor@d#émtwq or mioee liquid
8114 Rrs $h o}

F)%lss ul at feerrgn dﬁg?%t Sgg?@tﬁ 2 | qui f:ﬁrls[ %? dﬁgﬁ} 3?esa%11_)f’g N and

BRIGED hquiddryssabdiapkys hide domsﬁe fstmmdrh ac@eialy toehe

and ,606 |t| r 607" of 30
BREEhEIPOR SRS gEee R EF tnd Eienibad Bireds fs Pt been
&npmgb@m hafhweesiutihe 5 Drlﬁiaglmgws@emg LYy %@ém lRY& bl 11a
@nd the second |iquid crystal |ayer 6l1'b bindingt

@309 bty repwdeprmasReve /(334860 accongénhby theTpnesent
T 3 L R py, R B e B SR A grappaa Lo
ranelaeipsiog varidallpno rbeaﬁleneg}se Cmieltp‘rywﬁlmg Bdth€ image clarity.

While a standard transmissive L.CD has about a 6.5% transmission rate, the
composite transmissive LCD according to the present invention provides a
comparable transmission rate of approximately 6.2%. The effect of adding a
third and subsequent liquid crystal cell layers into the composite LCD panel is

likewise minimal.

Additionally, composite transmissive LCD panels according to the
present invention produce virtually no appreciable Moiré effect without

requiring the presence of a diffusing material between the Liquid crystal layers.
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for a stereo effect, as described below 1In order for
the two liquid crystal layers 611la and 6l1b to work in
tion, the output orientation |ayer 6Q3 r_
‘%%g&goygg liquid crystal layer 611a nust be 3“36&%@””3&m0
al ong the sanme pol arization direction wth the input
orientation |ayer 603c of the second |iquid crystal
I r 11b i ct Addl onal Iy, polarizer
Bkt R EBsE fﬁs\ﬁéa%earéﬁ hy traagpasppogateria) in between
otthie i ygadh ai'y)steﬂQhﬁJrls %)!r@@d&{ 4 @RtALIrQARiré a8 lé?h&‘lgﬂlh%ﬁnatlon across
@FS%N%GIIStIC 'tw st" of each 10 | ayer 61la and
RYFRESS 2597 efciiede@g). Alternatively, of course,
optically transparent material |ayer 607" can be

I ncor porefeshintiplas df FIRALIH SoskiQ tr&mggivg ?‘h R‘éﬁ‘éli a%@ox‘afing to

transmtted |ight by 90 degrees (or an ot
Q%mieat@féh@ amspnt inviehgion hagitehdenrthof dsimé:tesl 86Gaiption

e 03b and .603¢c_ ar e, not
AR, 050 SRARIL GO LRRG  BY LR PR EBR BORGH D e
selraned ure¢Bodsrfon umwﬂilhl wilichwhie @6mpBdits LCDYisthel & d;\/a&mhlarly
t é% thng %ﬁ ngl e panel have been proposed
%ﬁ\? Refe f@liblm?%qlag&y%ﬁe% Bgifs é@%mbagi 4n detedl in prior
@B’ppgtetne Nd. lbUaty o8 Arcordl 'P%@eﬁtOAM&amBﬁ%%g o. 0/751 654,
i nvention as deplcted in FIG descri bed herei

Kaed daruazedi 204 sirentes aithres:- @mwmammmng eﬁ)ermeag:el’mg using
%&%‘gi@staﬁkélf&géﬂ?oﬂ@ B ls%%ga % 878’0 LH:?[% 1{(:811%1 Geystal panels.

site transm ssive
én@sech of shanlmagtsepamartm LEH:DpﬁJmeS@J thy coypbepBLOBpAR of the

advan es over stack rd, LCD panel s _of 1osing
AL AR S ttbt RerB et he ) amaging

ey @bt providedvenadd %Fléi@gfi‘é qila% ST S &R AR B tqlPality
.5% transni ssion rate, conposite transm ss

TryieEsrithy lese wed m@y@muswmwmgl zonepwheraide &D i2fages
Apkate of. oximately 6. 2%
CRTBILARLE ALAIRILAT LA TG 8 Pogsits REDREne 11 quid

crystal cell Iayers into the conposite LCD panel is
li kewi s&IGi ﬁnlh@tratmhoW|mnmquamapzesM dhgedts an sides Slivensions

=L gﬂ@'fﬁ/ %enf%%%p rnel é %hjeect[?&lrégn Sq?ngtﬁtle%\ét Fﬁ%ﬁ%@é@i%dllillcsepace.
The tivo engs TORofY ﬁ%%ﬁ Befeive thid fisisd Mld MBESLhal REIHWRSHh

Lhe %gg%gllc | yz}ggln spggee{'eslatlvé i?o the o%?e%?/aon?(’idft%%zbram of the viewer
processes the different perceptions of the light field by the two eyes to generate
three-dimensional perception. FIG. 7 also shows a second light field LF’ being
formed from the liquid crystal cell layers 704 within a composite L.CD panel 703
controlled by a 8-D display system whereby LF’ is nearly identical to LF and
creates a second perceived 3-D image. The basic quality of any three-
dimensional imaging system depends on the magnitude of the difference
between LF and LF’, i.e., how close the imaging system can come to recreating
LF. If the second light field L¥’ is recreated to be nearly the same as the
original light field LF, the viewer of LF’ will perceive the same object image in

three dimensions.
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In the place of the diffuser, the glass or other
transparent material in between the liquid crystal

Sz popvi des a hard structure and equal 5033480
‘%?%un@hgggon across the whol e i magi ng area of the 0¥

panel . The principles of the conposite transm ssive

LCD panel according to 5 enbodinents of the present

|nvent|o thus descrihed, ,description
nowﬁg@@fé%%\% .32 D masiie sys %18 lttlkit%s ‘ﬁo or morl)*e stacked

dl;t&u&h&s%éﬂmpcﬂ cryistE el ayars 7oA o @haiRste TRINQdSe] 703 as
onp05|te LCD panel is

h.th
o FV%@% ﬁﬁ? %gb%tfé‘otag ¥ %at%etlegé@mxdm’a@t\fwmages of

StYlétseéFe hr% ak BB qd !
Pat ent Oﬁér a 7,728 and é&ré%iettogdg dlgl%’!a%d fH thequgmr s two eyes.

%ﬂrl\mweonmms éB4ract @nﬂuelf‘r’edtw]edmms}c oﬁ‘n,e am@uer to produce

R P 3 BB S PRGBS 4B composit

diGp Ipaylsl 1rlseml§b(ﬁﬁlehts:1¢ﬂ tile @w@m hn@@%h%rov1|d€§ lé%@ﬁil é}fystal cell
the conposite L anel

tacklp parate, LCD pane
t‘y‘trﬁé %&Fgé% AP SrieREHigRR IR tAYe tpeth@ﬁ@%gre@%erd@e@rqmoted
heweal 8oy thd et 3An rié]‘ﬁ%f@ QO2§$§HE§6‘2W 9 g(,ecqvevf?)u' deplcted in

therefore have increased brightness and |nage qua
1he fpawipge sprahoess §0arpn 8 @b hmjadmﬁﬁatmntjmsv watdviorte back B

éﬁﬁ%ﬁoenvt’tlﬁ E&l1 H}grss{e hgg%e 3 VI%\iV ne§ 88% %@S? a\}’d%lgﬁ?&% {)L

hammssthe amageeon dad pabiletd e sumiRaeegsthbEARA PBceiv@d by the
V ht 7qgﬂ;efle ts froman obj ect 701 and generates a

I te GronE SPeeesyaris imagepiop ibe ayrssB02apanst 882k ever
percelve this light field differently due to each 20
eye's diFfiGes enﬁsth*ﬂs’éafah@%ahﬁﬂ@@?&@hr&k%h‘(f@ 11tn‘agésh§()1 and 902

dt braln of the viewer processes t
a‘iﬂﬁ ﬁé?ﬁ H’ﬁ p?@lléﬁssercﬁ apf dronit gpil Lasies Ky rb@pepheehym&s depicted
fvae dx‘évﬁﬁ@%@t(fénv%mz?g té%?ﬁ?%ﬁ?%ﬁ ,E%g&? B} herlﬁ}é%vlsf%?géppear

al so shows a secon eln
blnardgd @]lmi @ihfm‘ty:swhdan vekedlinyarendéndy mﬂhepaﬁt@l@ﬁmdv@r when

703 ontroll ed y system
R AR o e e et B end R astiosmamiesation
wethim thepersgdsvird.Gb BanBPY®L ad BEHPRIIiG E(I@al8' Hi/e @Jn@ﬂ%ze
I hree- di mensional inmaging system depends on

TRRYE ltVY} 18flugGRPRIPPTiatecTiereostmicarages A 04k canLdFlooz that reach
o e RO W SRRV ER T, U RELE e e

nearly the same as the orlglnal light field LF, the
vi ever b9 calrulajig the denivedivedntdges &araech bpﬁdayelrrra@mborhments

otQnt tﬂﬁv%%tf%h%ﬂu%@é%or estimates the light directed to each one of a

viewer’s eyes by calculating interim calculated images for each cell layer, and

then determines the light directed through each discrete pixel of the front cell

layer as a result of the images created simultaneously on both layers. The
processor then compares the estimated light for each pixel with the equivalent
light from the selected ones of the original source stereopair images to
determine an error, and then adjusts the interim calculated images as

appropriate to reduce the error in order to keep the error for each pixel below a

set limit.
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19 WO 2006/ 034192 PCT/ US2005/ 033480 A preferred 3-D
i magi ng systemutilizes two or nore stacked

ve liquid crystal cell layers 704 wi 5
\%(é?n@zz@}@gi LCD panel 703 as shown in FIG 7, gﬁ/&zﬁhm“%
each | ayer cooperating to display deri vatlve i mges of
t he stereopai r i mages that are desired to be displ ayed

tothe i he der.iyvative inma

i nter act a 1écfg"fne% @%W ng eﬁg % fR% HE’FnFIBHpé?%HE@éWG
caloweicnn ueddyaamethst(ﬁﬁ‘a@nbd‘mwwl B YdrRWEE iA%o8H AW the
in.Fl H“:i grrposne 91 LCD panel. in enbodi nents

ot & h 16}3@§e PR PariPe RS et paryithean,dby elgaritbe dictates
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10 the J,. each e d 802b has
R TR e S i b
lrayeirs s¢:asabitomtiony, sticWsld 1051t Rions SfiBenduhé £dh ﬂaﬁWWlthln
ath éﬁuses the images on the panels to be sumed
GALARIP C4FH- per ceived by the viewer as different
stereoscopic i mages for the eyes 802a and 802b FIG 9
i | ust r aHes 12RhewaARS Baqf cSHE hH8S bf@ms\b?ay 3
and 902 15 adapted for the back cel|l layer and ront
10 @gpqrdpngpeyith a prefyaed prpbpdimens of s mtveutmn nIn blee drawing, a
[ LS
%@%ﬂ"&ld hb&ede gHeYQltnayth F@%S]‘gedj dé%cﬂ (g g%l ﬁ Joeys 4

ayers can urre

|and§p€em$epaxr@teab§d aslerm\rragai WlthﬁomvmlposioﬂEED M@éﬁﬁd The
and Fint

t (1|
HOORLOI0RT 0 Lot Wil E e XS oS meecL s Paieriogby o
asmgephgdedicé n, kG aba pbﬁ@nﬂ@fo&ﬁﬁﬁi‘cef’ & vfed 5@&?&1@9" Jn other

prodblice aEalro priate stereoscopi c i mages 1001 and
15 phatble diiiel nrReessiste deging- Asgmll lesydiscurised e dvteeweerhpw the

pae,cgyls = 10...To ¢ at e

der| vative ﬁnﬁﬁ%e&j ore gté)gg {ﬂ%\tlameorf 1 g%%qi&Y glew%oﬁ?%u ng

a¢vicchd thawzaletﬁhen d1$ﬂiequ?mﬂ&8hﬁtaﬁ$ tahfaieas lighal tdyghd cell layers
h one of a viewer's eyes by

d t
?ﬁgfﬁtfﬂﬁrﬁ Uy %?F%V%‘gﬁt%?oa%%geﬁ ﬁﬁé]é% V*e&fer@a% &b pomputing

deyes 1 aRdtodbrold1@NigHALE! rs@ﬂu‘&@% d Etéd Mac@h&ﬁﬂl@compo&te
é@ ugh each discrete pixel of the front cel
PFEEAI t of the i mages created simul taneousl y on

both | ayers. The processor then conpares the

esti mat B! 10 st Qe SARMRAN ’r tH LB GHEYR! £bpicting the

computational and control architecture utilized to generate 3-D images in

20

accordance with that embodiment of the invention. Although disclosed in this
embodiment as including a viewer position signal input 10, it will be understood
25 by one of skill in the art that the invention can also be practiced without this
feature by defining a set viewing zone or multiple set viewing zones. The
invention utilizes a database of stereopairs or aspects which are also provided as
an input 8 to the memory unit 12. Memory unit 12 has several functions.
Initially memory unit 12 will extract and store a particular stereopair from the

30 input 8 source (such as a database in memory or storage). This stereopair will
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light fromthe sel ected ones of the original source
stereopair imges to determne an error, and then

Jz&b%}oilg?e interimcalcul ated i mages as 30 PCT/I{SI%OOS/O33480
appropriate to reduce the error in order to keep e

error for each pixel belowa set limt. 20 WO

2006/ 034192 PCl YUS2005/ 033480 In accordance with an

e [ .t.he;invention,. an,iterative algorithm., .
SAPELPELt, R iRy LPRETRE LS iefan PhE! Hitera My driibision
aseahsth®0 cat heividd a vivRge poBaRadianl thersbekdriences
between them the algorithmdictates screen imging

adj ustnengts. These .screen ,adj ystnepnts cause changes to
the T; gl R RHRNRL! FR IRGES HERTHONEn PHERTR cal

r@ptdspasdial tb gt OFd AhdBkhi byLimag¥s, ARRLAEN NG ABXIVED
exact ness) . For exangée, this iterative process can

rigtpgeris egtbpdimentstof the prasent iventios Whils gbove éf wis etesed that
t@ef, ; : | £ hi t rroge FIG :
R B0E P25 AL B A S GLLRL ol Stgbboss
lhodbeandmnceomstbrage lpeatier (t edu dinig Gt el Pire Bibuslfén memory 12),

i,avention. In.the drawi ng, a i Stan nd near est
(REREHT8 ar® i GGmalPY b onie yonfigly S0 g Spar vcadppurces.
IFRyresxantple, 306 ikfoRh8tiSR BEEA B InAYiRIIROM @FaRoW fdikd b
conposite LCD panel 5. The |liquid crystal cell layers

) pang : .
wRRePFers ar pawpdgides stepndpelivedd elep oo rpesdder 34D video, left
At [ : a [ &0 ; .
COUPAABE b 2 SN BOIREA vs rom
pigitdskDrageke (.o efor fameis).| be di scussed in detai
bel ow, t-he display system depicted relies on the

cal cul aty [ : he c ut i n device 1 at
are t hor Sutlhe cHEOERBY ol ifony P VEIAP nastish vy 10%
coyshatly asdditdray eng prévidedtSpiote oo U4C Db pPRAGRI WA the viewer
stereo i s in the viewer eyes. The conputing

BB PIAUDSeqUSHE £BI PROGeREREIRs IosuhifhelovD, infaprpeidon &om
Basdeki@i LB8r HAFRASH lrei;)oggiolnﬁﬁ @?%gése_% Todatin of %heluser for

Illustrates the detail for the conputing device
desionarnyienties zenssp is provited to amaneonitd B sabsdjueat exirection of

P BB DI 3 B ROt B  Beposs r
the displays 4 and 6. Thus the present invention can constantly provide an
updated series of stereopairs to the processor based upon the input viewer
position signal if the viewer desires to see the 3-D object from various positions.
If the viewer desires to see a single 3-D view of an object, regardless of the
viewing position, the viewer position signal input 10 can be used to determine
the optical geometry used in the required processing. As will be readily
appreciated by one skilled in the art, multiple viewer position signals can
similarly be used to created multiple viewing zones (including with different

images or image aspects) as is described below.

Memory 12 provides the desired stereopair to the processor 14 to
produce calculated images. The calculated images can be directly sent from

processor 14 to LCD panel and lighting unit control 16 or stored in memory 12
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enbodinent as including a viewer position signal input
it wll be understood 25 by one of skill. in the
‘?ﬁgmkmg %he invention can al so be practiced cﬁnﬁﬂ&hm&uso
eature by defining a set view ng zone or
mul tiple set view ng zones. The invention utilizes a
dat abase of stereopairs or aspects which are al so

D50 5888, B0 et Lo BP0 B R e

12 the Iabpsoptrrea@ tligahierstial eclalpard i aull @rwﬁhﬁ{ ﬁm&r{pofs{t@ 'I]CD
uch as a database in nenory

the 8 sourc S

25 ‘Q#L?%C%@l%gﬁaw higpg frompspupgy %@@@/@gmwes the layers
9@}’1&-@2 QQ@éeQﬁAEﬁpcarﬁéléé BSRRM s RBoh LS 18D é’ﬂfﬁ%ﬁt@n ontrol
position. As noted above, a viewer position 20
CHRY BP 6% Prryvide ’&heeimwomahetlilumlswgml to processor 14,
Generally, a mninmmof two inmage information streans,
corresp t
needed Fgggg‘%g rbgtr{é) %%i g}%qg%g@r igﬁgldg% oacchﬁtﬁ?wi Slgﬂaéls of
preiyédital icelent ¢lomentdhifleach ﬂmquei d::ctysMSeE 1Beed Tlhlilétthe teenory

ai;r_sourc ld be stored in_and

YEt P2BRY br R T4 be SIS 4R Gerun B applyze the light

shat ﬁQ;Ea\l'dDﬁ@tth@cfhgﬂfﬂ 1otdvaak Beresh ‘é[e‘i‘ﬂerRE 8Y LI Ypdsfte L.CD panel
t he Sourcelnaeln ormati on @écon‘e

G?‘t’?‘ﬁ%ﬁ@l Kjehtran lafhaxes ef W%Yle%u widch arefidentéfethby ehe processor
tlﬂebas&ﬁ AP SR L SAERTS o %bpﬁ{eu‘ggwggﬁssqgmﬂ%glnai) i\gr S

of to cantorders or pdire 1deo s
vi deo or_recorded 3-D V|deo left and right imges of
one obj &46. (2 sghematigallytispinty ﬂwhgh’felﬁetanand)ven@ht fronedisplay

Eﬁﬁé‘l‘s 2o aq}lgxbéxas], ey%s DA%ciﬁﬂgtrgged% ]é%}efi lﬁ‘eﬁnﬁ de‘lJ‘Fome

during the view'ng Session
froni back;bgmmmwcmm thugt tae drlmltmty d@]@ z123 i EHeesRNiquid

CliqRE SR Brek Buciiy v Rl HEP A Sheyos 34 and 86.

Théqs B OWll FREYREOGBSS Ystalft 1HRFQEHRY c\éﬂqg‘f@r 20 at the points
position 10 (or preset |ocation of the user

aalp endriendewl hﬁglm@ﬂ’ﬁelgl) thiedefrepe B6 éslatcompebation 42 f or
subsequent extraction of the stereopair aspects from
the dat abage_apd. pecal cul ation of derived inmages for
t he dlsplayé 4 *and“6! Thus the present invention can

g g prOV|de n 20 Uﬁdated series of stereopairs
15tBe duensith a5 et Rigehon hee nepgueyer Ehwend [isthe iptensity

ﬁlt%qhxélfontﬁ@ &gﬁ%qaﬁqu es to see the 3-D object
fromvarious positions.

For right eye 34, respectively, the computation is:

SR, =N, *D,,, .

When light is directed through all the pixels z(n) of near cell layer 18, the
images SL and SR are formed on the retinas of the viewer. The aim of the

calculation is a optimizing of the calculated images on the near and distant

layers 18 and 20 to obtain

SL— L, and
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If the viewer desires to see a single 3-D view of an

obj ect, regardless of the view ng position, the

\%6?%E%lﬁgﬁltlon signal input 10 can be used t%cTﬂE2g5m3&mo
efermne the optical geonetry used in the require
processing. As wll be readily 25 appreciated by one
skilled in the art, nultiple viewer position signals

can siniI%ﬁLX]pe used to created nultiple view ng

zones (includi'ng with different inmages or inage

ects) as s, descri bed | ow, .Menor 2 provides, the.
IR A bel B TR S aR P Sl et SoRiyRA e Bnd Bibitrary
dahad Raiegedsales is Whe thalpeuiaitedye iRaeseckaRo BRd an
directly sent. from 30 praqcessor 14 to LCD panel and

|aPgReT R taRselut Rt She PesEblestisrihptionsferdt snd D tpooradyce a
SR DR OB AR o PR R e Rt roneeo
i mages to{kgg_gﬁprophhﬁte liquid crystal cell |ayers
4 and 6 within the"onposite LCD panel 5 as well as
controls the lighting fromsource 2 that illum nates
t he IayersﬁKﬁRa% o PRdcessor 14 can al so provide
instructions to LCD and lighting control 5 unit 16 to

, " ' : 1 P Con. I .
B R S A
fun¢tiati of hedbrmel | s or el enents of each liquid crystal
cell layer. Thus the nenory wunit 12 and processor 14
have the ap{#)i=t®f ,t 0 accunul ate and anal yze the |i ght
that is traveling through relevant screen el enents of
eh CRRSidten EPiRanstenk®ytieveE dr Lhss phight 38d | ef t
eyes of the viewer which afe identified by the
processor 14 based upon the set view ng zone(s) or
t he vi ever apifiiialiNenrsi Yoty ordO(“NN"I;.sutB as desmiticddalldw with

FGRLEL Rt L PR PV TR T et B B R g s
bhgdile] becusssing lahd B intbsEidack |ighting source 22

through the arbitrary cell z 28 on the near liquid 15
crystal | ayer n order to. co hrough t he

pupi | s 8‘%@'@%@5 W&%ﬁlégelfl, thedata flom e Giemanipulation fithe

GhASS EHithb phdseht AWedtiohYS idklstRabl, WaY¥Rte 0@y tRememory unit
and b(z) 24. Th h ef

80|nts a(z) 26 e image 1n the left eye

B processen hbiand LER controbprd tunincustaptipl 16 regulate the
luminous radiation emanating from source 22 and the transmissivity of the

distant layer 20 and the near layer 18.

Information concerning multiple discreet two dimensional (2-D)
images (i.e., multiple calculated images) of an object, each of which is depicted in
multiple different areas on the LCD screens, and, optionally, information about

positions of the right and left eyes of the viewer are adjusted by the processor 14.

Signals corresponding to the transmission of a portion of near layer 18
(signal 1428) and the transmissivity of the distant layer 20 corresponding to the
luminous radiation of those portions of the image of the left and right eye

respectively (signals 1424 and 1482) are input to the processor following the set
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where Nis the intensity of the pixel on the near |ayer
18 and Dis the intensity 20 of the pixel on the

Vg%z%)?/agu)zayer 20. For rlght eye 34, reSpeCt'V‘ﬁJc%/Ustzg‘oq/o334so
C

tation is: SR = N-* D6(~ . When |ight
directed through all the pixels z(n) of near ceI
Iayer 18 the i mges SL and SR are fornmed on the

LA, The b Ssif feodine SR il [gesthet demdihead toward

amd r(QIﬁta&ﬂﬂefﬂe@M QF 8ackBvianer 26 dhenaléeti eSSl ’Ehlé-exzﬁﬁ'ﬁile signals
006/ 034192 PCT/ US200S/ 033480 SR - >, One can
T eeinds ane st eribEr B LT Iashalet ave ekerviower 56 and

%@ér&glé 8dnd Block QS a?lrdb24t 4R Nrec daﬂ?lg x%ﬂtr%g%% thér Ql%(zvell 34.

why the present invention see
approxi mated solution in the p035|ble di stributions

for N arftrcb aféheseolglicadaright eys Smmlmﬁlqmmﬁdiﬁﬂfss 50 create a
' cal cul at e
e P T SIS IO O S B0 e
gofapacdd na orimpm alespidon 1448 uitla ra’ﬁevaﬁﬁf_)aﬂ)é @ﬂﬂheﬁhmaﬁge of each
susdians e buneilon of The orm oyl Ee i TIE
%.55@01:4\'14@4 bhiiiais! AYesijalinelWas wo thl)len B ?xgadﬁsco t%e original

descri bed below wth respect to FIG 9, use
fafues A anmtbneostsvinthemeause |t pern1ts paral | e
processing and DSP integration. 15 Referring now to

FI G 14’Ketei3ﬁ1gdfi‘1t Rirdd 0wt kRE 81%H§1 g:ad;fuﬁ%l@h P Pheo%céi%gn of the

i mages of the present invention ustr at
s seaes,i the detrsterbsigngl aaniviary 1@ sorpe esss 0AnyArrasdrom the

R Tl AREATHISHG SO0 Bl P B gt
tayans nfiadi sirby isotheh@mpared to the set threshold signal and, if the error
signal exceeds the set threshold signal, the processor control changes the signals
corresponding to the luminous radiation of at least part of the distant layer 20
cells as well as changes the transmissivity of at least part of the near layer 18

cells.

If the information concerning the calculated images of the object
changes, as a result of movement of the viewer position, the processor senses
that movement and inputs into the memory unit signals corresponding to
luminous radiation of the distant layer cells as well as the transmissivity of the
near layer cells until the information is modified. When the viewer position
varies far enough to require a new view, that view or image is extracted from

the database and processed.

FIG. 15 shows a neural network architecture that is applied to the
problem described above in accordance with an embodiment of the invention.
In calculating the images on the far and near screens, it helps to assume that
there are L and R, a left and a right pair of stereo source images, and a constant
viewing-zone (assuming the viewer’s eye position is constant). A neural network
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di stant |layer 20 and the near |ayer 18. 20 Information
concerning nultiple discreet two dinensional (2-D)

%g}i%%ﬂ&z e., multiple calculated i mages) of &r/s2005/033480

ect, each of which is depicted in multiple
different areas on the LCD screens, and, optionally,
i nformati on about positions of the right and | eft

€y Be %V%@%n‘@eﬁﬁ@%ﬁﬁ%éﬁet %ﬁl{cﬁé}l %9 tlpey hl&rrr]leexn %&g g? ségg%&%%gm

Signal s correspondi transimi ssi

o‘frﬂa@éébrql@lérWQB?uiﬁ&rfsibM laitfhiéS)fI‘oagéedleMl@ these inéa_ges, the

t At t istant |l ayer correspondin

t%e%{}agé@?rld?}nnﬁgﬁ uq,eggggg. [eR¢est g\g%enp RCHE ghtrféa d of the

| (thie sbliece iefdgeanthd iHBNIRYR1d F&SREE B’;f%o | %ﬁé}%&%&m
W

1424% Enrﬁzl1432) are input to the processor
Staptelolaveys: J0medifsrergs bpovyaysdedarhy 3B4B0s cplledtlam

Thexild i . e I f all | r.s t.hat
Aol (08 Or HARLA LR, Sl oo iRttt
;Wévt@ﬁssa‘}vethug&m J':jladggtoif1‘niuﬁﬁlmI parcépticn igxﬁﬁi@iv@%,si ﬁﬁa:“%%‘ral

.28, an ar irected toward the |eft
é{}*g‘%’?‘e lf‘%%“%ff%\‘ﬁé’rs}’s@’ calivaich ’g‘ﬂ]ﬁ % thiegripttoreuras naitgorkq An
aneutdayecs 2ebrishes bf 6 neW8nehat e NaSWRS uxgl% fﬁgggxﬁ%ﬂ Bfthe

t hese | ef nd right eye signals is sunme
SFBERDS 02 ﬂg% g}d&’@ﬂflayertﬁ% Fheyheunepe of Haohidden flayrer tieform two

efdns@n then. compared in
R T L D S R on oot
1a¥6y66derneatio gaspechatemréspontieo ehewadlt, a0l &% Dhe hii®ber of

' i.gi.pal saqurce, . object pects 1444 and

R Rk e 1Bk et R a b Ra ek (itapec

oeighitadlt; fitht\valieepordy BRhALLETRA] HRLAAAUGE:HD gn]?ardﬁl%rting
e

Kee ir%%hi%fm nd that the signal is a functtion o
p %‘%ﬁ namie infgreqripecsionpetwearnkidden dayteg thesirgmsadorresponds
Fahe \bREN Any errors fromthe
conp\é)?i sgﬁ&g}%%&gﬁ%?ﬁtgﬁ'for each cell of the near
and distant liquid crystal cell layers. Each error is
then conpared |[lo thi jset &ia@sho)d issghadaniige i1 f the
SORASR IR ¥ R e 3 Lo (O Mo Bl TR
processor contlrol changes fhe’signal's™ correspondi ng
to the |uninous radi”T6h of at least part of the
distant layer 20 cells as well as changes the
t r ansniNeplviear foinctibné eash spansidofunttien igahe vaugss [01855]:
cells. If the information concerning the cal cul ated
i mges of the ofjsect

F(x) =

l4+e™

or a saturation function of the form

0 - ifx<0
F(x)=4x — if 0<x<255.
255 - if x>255

The functioning of the NN can be described by:
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20 changes, as a result of novenment of the viewer
position, the processor senses that novenent and
WHRMsR3 93 0 the menory unit signals CorreSponqkﬂgmﬁﬁsﬂmimo
'um nous radiation of the distant |ayer cells as we 1

as the transmssivity of the near layer cells until

the information is nodified. Wien the viewer position
varies far enough to require a_new view, that view or

image is exgra from hePdatafakeland '
processed. TG?E fgﬁ%géﬁgﬁﬁiﬁig¢ neyWQ;M'é?%ﬂ?¥%8§%¥%wn

that is applied fo the probl em descri bed above in
aeger.dance wi th an enbodi ment of the invention. In

cal culating the images on the far and near screens, it

hel ps to ags gqugﬁgy ) thegqgpateottr@ndNR a left and a

right pair of sfgr'eo’’source i mages, and a constant 30

Vi ew ng-zone (assuming the viewer's eye position is

const antThe futp@bEdinalet ¥Ry Keurdd iICHQUADAELIO8 4L 8R1east one signal
PCT/%S%OOS/033480 of the invention repljcates the

5 fipie the digant ared Restalsveyse Hhie gttnul af thedVhireoryesaepding to the

t@ﬁﬂﬂﬂﬁﬁ'%ﬂ@%hﬁ%ﬁ@vﬁ%%ﬁt | cell layers. To generate
t% ges, the

ese | neural al gorithmreduces the

di fferences between the original light field of the
obj ect (theli§otrecE X nhdes)=and. tRa,)i ght field

gener at ed byrichg=st@cked, |)-am{d SO crystal cell |ayers.
The difference between t%g i ght f?glds is called the

f%%%géépﬁﬁ#?-g%&ness (or mnimumerror), and is

sufficient exactness wthin the range

ar chi tect UEe: ShnLoN Fhes 2180 Gialrhse | ayer  neur

network. An input |ayer 52 consists of one neuron

t . e t he um t, gxcitene to,the 10 neuyons,0

0 3 AR moREn Y i AL Mo kaatE, g BRI Rt when
5% % @rvnhi}lMINN ye\irgihﬁgj RSe toldp u&?ﬂh@&ﬂ@&&l la'yeltr heiur@ages@add to

Istant | ayers. € neurons, an out put ayer 5
S%IP S C@IFBE@&IEWGEG? padbwminatsdionddesscagensnd SR
The nunber of neurons corresponds to the nunber of
i quid of yisd litihiastep o N@lsarnPen e weight® Mghhava¥dndom values.
t hat corresponds to the near and distant [aée[s IS an
doresealengtion o Ahalrsraing Sprenst Weishin earcomindtinlios in accordance
v ) o n

15 3@%};{\?}2{1@% en%le(:('t)‘?y t@%gé@y%gf e% b&Ok E?o%%%gﬂgn nrleQ;hB&] PBackProp) was

used to teach the NN:

W, (new) =W, (old) —c: ddE

i

where & accounts for the velocity of the learning. An acceptable accuracy can
typically be obtained at 10-15 iterations, and for some images the extremely
20 low errors can be achieved in 100 iterations. The calculations show the strong
dependence between the level of errors and the parameters of the optical
scheme, such as the shape of the L and R images, the distance between the

near and distant cell layers, and the viewer eye position.
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1-if )] =k &k, a(k), b(k) is on the sane line VJ,
=or] =k &k,c(z), d(z) is onthe sane line O

- W Nonl i near functions are a signoid f [
FEARRLME e [0:255]: Fox) 255 1 desn 020" oralibs M nssis
saturation function of the form O0-ifx<O0 F(x) = x - if
O<x<255 255 - if x>255 The functioning of the NN can

be descrj Yo 6 06/,034192 PCT/ US2005/ 033480 .

DifjED %’re(got%% %Oﬁ%%a%ge ﬁlvé?ns:gojr sppplt V%’&&tb‘{,ﬂséjféhe optical

hhatdereters] tvio Ntbmweive n¥dechaf{ YAMDS hsQUt DY 8- 2fmiihgd Molves
ignal , in any neuron is a sunmation of at

k The. out puf .sSi

I %8@@0 H §£ %aq%m%fup%ﬂ’?’thﬁ’ea@%g anegdatizadan térayer s.
The output of the NN corresponding to the |left and
right eye of the viewer, is Yk (left) = F(x=r * Xa(2))

= F(Np * DE=2}. p(. () (1L, phd) o, FXD R yxb(2}) = F(N2 *
Db(2) ) The érror functiorfis: E = E P(Yk2(left) -

LL})1 +Y p(P (right) - RK) k k 10 that is the summation
oY hege| A t-He agiepBlegizatiognaaboeter. i t i s evi dent that when
E - O while NN | earning, the output of the hidden

| ayer wi d, 1o ,the desired cal culated, .

| mages. (e BRPAG ol FnitEplaagane the rosition of the
viewer eye by a small amount during the training of the NN. Both of these

methods can be used for enlarging of the area of stereo viewing.

Training methods other than “BackProp” can also be used, for example,

a conjugated gradients method:

W;j(t) = Wy‘ (t-D+ a(t)S,.j(t—l),

S, ) =-G, (t)+MSU -0
| &, @~
6= dciflj.

which is a variant of Fletcher-Reeves. This will accelerate the training

procedure 5-10 times.

A typical liquid crystal cell layer suitable for use in the present
invention corresponds to a 15” (or larger) active-matrix liquid crystal display
layer providing a resolution of 1024 x 768 or greater. In a composite LCD panel
utilizing such a 15” cell layers, preferably the distance between the layers is less
than approximately 5mm. A suitable computer system includes an Intel
Pentium III-500 MHz equivalent or faster processor, for stereo image
processing. , and the mask comprises a diffuser. The computer should be
sufficient to emulate the neural network for obtaining the calculated images
that must be illuminated on the near and distant screens in order to obtain

separated left-right images in predefined areas. The neural network emulates
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In the initial step of NN |earning, the weights W|
have random val ues. For acceleration of the |earning

\gégﬁg%§“9y6|ghts can be initialized in accordangsysde/ossiso

Initial selected stereopair. A back
propagati on nmet hod (BackProp) was used to teach the
NN W (new)=W (ol d)-a dE dW where a accounts for the

Ioc of the |le [ ccept abl e accur a can
e Rk, PheralBon SPAR B1agt B0ETE] e & as ARG BBve and
stalres lxﬁagxesoddﬁQhéxieFv@H’@ leye 30sitiOW iR LE@TS0GR#MiIREze the errors in
h|eved in 100 iterations. The cal cul ati ons show the

£ ShFeo dopen aBA dEn pRicAdEPrediece apeicelyed 8rl) dmegand t he
paranmeters of the optical schene, such as the shape

of the LGaRd tRe chBELS ndthfe CHihhAREH REIME SR niI8pleNRAL

and dj stant cell layers, and the viewer eye position.
Zry el cdbeyeBYingzrRaT Ut dusIUs of Hee m%ntl@tbtlmsmmr@ltant to

gﬂ%ﬁd@ tsﬁpéaglesc%loﬂhé ?(ﬂsthra % ?%ké e}')e‘;’geltl éreqrfen{ gerheatmg.
pt I cal par anet er erna S Can Dbe
Usdwaif Ismthblesioohm bmdbaa pmhdm&s byodiliziagathemrfgetdedt of fans

er.r ungti,on, d ularlzatlo ter 2 E
Wl\ijl%ﬁl(g? (ﬁg}lﬁy cam%&?wl% B%chil Jhicpmmaze gmg) g}mqpiﬁ, would
2nvehes £ b8st-theToRpbSed! 8D %@:{e’l QRJRAHRARBERE) tng}%vﬁ%%O&b@hng
nmet hod i nvol ves randonml y changi ng the position of the

vrespelfovegbailly a smal | anmount during the training of
the NN. Both of these nethods can be used for

enl ar gi ngs @fsctibea QBcS?v% %e ﬁltcﬁfs% Y £ eQ fo-Er1 %\gftﬂ% a viewer

nmet hods ot her than " Prop” can a e us
@reifoneignal@nables rdw@m esdstcgnaacmtlmgmttha dreséhy irfvehtion to use

gét(l{ 4 f?tlg %%%(‘gl%wﬂgl(ﬁgne&l’( %CjneS)dté(n zones(tiqzit alllovg-:"vg tvs)ers %o move

without losing 3-D effect. The algorithms used to determine components of the
derived images (such as SL and SR above) use variables for the optical geometry,
and the viewer position signal is used to determine those variables. Also, the
viewer position signal may be used to determine which stereopair to display,
based on the optical geometry calculation, when the display is in a mode that
allows viewer position changes to change the image view or perspective seen by
the viewer. Numerous known technologies can be used for generating the

viewer position signal, including known head/eye tracking systems employed for
virtual reality (VR) applications, such as, but not limited to, viewer mounted RF
sensors, triangulated IR and ultrasound systems, and camera-based machine

vision using video analysis of image data.

The signals corresponding to the transmissivity of the near and
distant layers’ cells are input into the memory unit by means of the processor
following the set program. The next step is to identify the light signals that can
be directed from the cells of all the stacked liquid crystal cell layers towards the
right and left eyes of at least one viewer. Then compare the identified light
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dW which is a variant of Fletcher-Reeves. This wi |
accel erate the training procedure 5-10 tines.

' quid crystal cell layer suitable for
‘%%2&%®é§é%t 15 invention corresponds to a 15" &%?&nhﬁm3&mo
| arger) active-matrix liquid crystal display |ayer
providing a resolution of 1024 x 768 or greater. In a

conposite LCD panel utilizing such a 15" cell |ayers
pmfaéer disegted hrev@wdgteanh eybist theserteReondipe peedsoithe get 2- b
F OXi nat tabl e conputer system
Eerfeu%aggug%gﬁs (%fﬁ“g rﬁb ﬁ%lt 500 MHz equi val ent or

faster processor, for stereo i mge 20 processing.
and t he Foaskele ostbof seh layed; tHeuseor, sifhel is @duqm:ﬁe&d lfhyab the

fficGient enul ur al
ot nal e et el S R ik EReEali e and the
5 lidditMdaaie®s a0 abdeoMBa rst@e@I piﬂtﬁieadﬂth§ gsleeast dbjedd radﬁd?ct that
to obtain separated left- i mages .in predefin
abe game phe shaydseenSagl F%eé??ﬂl eawsSl%l \}\D?%%Vegéa fg% set
3 |
SR, 10 e R STl B LRSI AIL s the
Imnetrﬂ;l(medqalmgralrm ef ﬂlee;ymcéssoregoeltmbqulbw ihe smglwé’s cemgesponding
ze t ors in the.stereo
& MhaneBar b5l Bor DAt peietais e areg AgES By slenph pecomes
10 GONBAHan Ak BELtIkskd18 st B et thhe pottibd P ep.| i quid 5
crystal cell layers in certaln enbodi nents of the
i nventiqn, it I, to i de sy tabl e
cool i ng%f bgraIF%BO%Sbﬂgg% pelge E]Eﬁj’aﬂg ¥1°?%f°§ b\e?@?ﬁe of two (or more)
@Y@é@ﬁ%lb;@&s relOMREMAYe Sl thAbE nfR8) difBraanliketiphoiirded (or
I zing an arrangenent of fans tl within the

ut |
{WW@@M Rgngmecmepygmqﬁa@geylﬁcpﬂy @b%@l} gqlgplations can be
d
ST P P Sl i s
15 @mp@sef I'Imuspfheapxresemnde[stﬁcm kmﬂbeab@acbforuﬂmdtﬂ-viewug‘ dinplay

of nean for t|n osSi t jon si gnal .
eriuinae arpioad S5 be oL e dhn QY%tgmt ¥4hp Pucishit mvention may

MR 4 RA Wih %ﬁt1pM1'@w@1 SEselARY emUbEW difhulidnBodddy. The

zones) or no zoneS that allow viewers to nove mnthout

|smshengs1mniy sédoguizes Theindiydnak Hawers pasitiony @reek specific

NG 1%@%8}1638) %fndtcﬁgplays images appropriate for the multiple viewers.

20 The algorithm in accordance with the invention can be adapted for use
with different hardware configurations including a computer central processing
unit (e.g. Intel chips) and 3-D video cards (e.g., nVidia GeForce, or ATI Radeon)
supporting dual monitor configurations. Furthermore, hardware such as known

3-D accelerators can be used operate the algorithm more quickly.

25 As will be readily appreciated by one skilled in the area, 3-D displays
created according to the principles of the present invention can be adapted to
operate in several different modes. Such displays can work in stereo and multi-
zone modes (M screens to provide views to N zones), in a more traditional
electronic parallax barrier or lenticular stereo display mode, a dynamic noise

30 stereo display mode (i.e., providing dynamic noise in a front screen and
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15 derived i mages (such as SL and SR above) use
vari ables for the optical geonetry, and the viewer

\ﬁﬁ%b %?ﬂgflgnal is used to deternmine those Vaﬁ%ﬁQﬂ&ﬁmmnamo

vi ewer position signal nmay be used
detern1ne whi ch stereopair to display, based on the
optical geonetry cal culation, when the display is in a
node that allows viewer position changes to change
eHgulakdyenagesin opcqrdrssreay i &/ B Y searerssay nslei. @weifacmga

?{%:éé&ﬂ%é iAW, HECRDO! pal e?%o ﬁf%@(el%ﬁe ‘B§89 o%\%%’%{ebg% e;/d(:f’gl’ but

t'he viewer position signal, includ ing K
trrvagklerfgr sydio etﬁ&qaeqndy(gpwbrﬁmg) angli a towadti- usez(hiulyi iMR)Yor

APEIE aieRy llE " E e e IPh et B 08 Brapent

Byeheon cafbd fGaNBF anRased Hya®plibetion o Bl sd difaNiAem
anal ysis of image data. 25 The signals correspondi ng

P¥CEHEStransmi ssivity of the near and distant |ayers'
cells are input into the nenory unit by nmeans of the

processpiG. I®hh@WINI1 T PFovigd iIREAGRRY of 1R MEides Bh8Rurtered in
to identify the light signals that can be directed

ar Bamiliie n@ép |déspday. alnl thim examplek differemfuingmbeyssel viewling group
[44 t

o  BLR DS LD B0 b RS le@be bR imase

@06 034 1 82 gPCATtISAD oL /MASSHUIAD ang lngﬁﬁies oﬁ faroémts&dch as but not

0 each e to the corre f

BRI fat e Ao s mgle (s angra an £ 16n 1B ce deifved hages

BeEhak®ll 60D bRk dﬁﬁ)\l@i@d 6rhﬁ1eq[d’1ﬁ& c?@&‘ladelﬂ 18yers of the
identified between the dent f l'i ght signal

warr e diGid oradl qr@a*ﬁraj@ommiétqhe ifteamt esreciznad impge 5703 for the
ﬁz%%‘ @ié&ére(g d Ph?"?@t g{téﬁﬁg% ﬁy?ﬁg%gvgzﬁgfloﬁh% Hhifg gfseéo‘ik%

I evant O see.
mcdsweda uﬁageelﬁ (%3 fo@ra Qalcgnith‘vlemr Clocgiad ed atvﬁ)e\t'h@ eitiorsdifferent

SRS SR ot et et By SERE SR8 2

RERLEEDH (CDN Hoh bEBRbIdkBSndibRaIS bOPEA & BiFcCTRAS %BQAS the
to the | ayer cells. The above process is repeated

wHnber efiyéewersindsdiffentiindeneadent) viewswaereprsn improvedimage

PLEP1 30k 0434105y 0 ) TR RS Pyl fers
within c§rapositr BED panels, or alternatively the number of composﬂ;e LCD
panels themselves, to increase the overall amount of image data that can be

relayed to the viewers.

As will be readily appreciated by one skilled in the art, in certain
embodiments of the invention, the light source can be a substantially
broadband white-light source, such as an incandescent lamp, an induction
lamp, a fluorescent lamp, or an arc lamp, among others. In other
embodiments, light source could be a set of single-color sources with different
colors, such as red, green, and blue. These sources may be light emitting
diodes (“LEDs”), laser diodes, or other monochromatic and/or coherent

sources.
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di fferent objects reconstructed in two (or nore)
different directions for two (or nore) viewers. It

, ntioned specifically that all cal cul gti <naa
@25%@&lg§f ornmed in parallel utilizing, for e@éﬂﬁ%%&é?a/%ﬂ%
DSP processors designed for this 15 purpose. Thus, the
present invention can be used for nulti-view ng

display _enulation. It should also be noted that the

syst em oft ¢mbodmeandatof thy énteinsienntlye liawisleryatal sbeplay panels
. . : ; " 3 T

T AL SELL 0 LB e ing o

pdsétricdiedd @pplisétts eapkof theindividwhheplaopesdl maick, the system

di,spl ays. j mages appropriate for the Ltiple viewers
R A e R B i el anEing the 1E: obRR/BR fEats it souxce.
bk, asaBbeemheninkisst, cwbh Boldt bhatedstdialcdWdetused for sequential
configurations including a conputer_ central processing

wisller gvaitehing pinethis ginpdimaat, 3hppangepaica iz ude red, blue, and

::%{Jegh @w%'ﬁg?fegpar%rl .p%ﬂs. 'ﬁ%c?f% of %H@s%op}:]a reg%él%qls activated one

nrtor con ur at i ons. ernore, ‘ha e 'such as
katoawhim e3inD camie b€ raatdodis pareyble s thechgipeluat erdeme and red

algorith re.quickly. 25 As will be readil .
Gohiee P By e fa b aE e Hihepead T dnd prugeponding
AfEa RAr&GGER6 Gt Hed dyR@hRinosIyP RS tOk ihR@eRIre$8Play at a rate
i nvention can be adapted to operate in several

dihet & it comitared wifdhthe impeerpsiondimast khe humeey exs Gers than
Mot h}cré@e‘&gngﬁg ?(Zn%%faég?xi&arbqg,lrﬁ i eﬁleeg{ I?ys'sgoqe ¥ 098 of ﬁng‘ie pair of

zones), In a I on oni ¢ paral l'ax

baonidhromnticeh¢plaps éire.s1.€Dadadiiaplaaylovofilter)aodymoaideca color

:}gi sed30 st.eraglo di spl ay node (i.e., providing dynam c
FSENRCE PO r een and 30 WO 2006/ 034192

PCT/ US2005/ 033480 cal cul ated i mages in second

scr e_enl) ﬂt&léfi_ﬁg&e@u_t;&)siﬁﬁiﬁﬂ;la)baﬁadﬁ tb{s. f@chnjﬁllgaﬁinﬁo@s t}'(le image

specialized inmage jn the front panel to nake the bac

i‘ﬁr‘&éé" W %qrwserlmwugé}a}"a%%ﬁ banrigyisgstgms dusy torthgitgtal use of the

fCEROHENC YhSLEERMP Phe AFTriAn LianW @l d | The ¥h¥EQr

"Fam |y') diSplay node. Further, the 3-D i nages

prowdoeentsydisdiesedreageniso Blentiferte mmmberpfidbe viawdreras well as

hanced b pl.i.cat i of knewn,regul ari zation
18 Bagbans et et aneibey oS pheR e i ReyfPtip thg gbove-
eferdtiwiet FREES ueSCRRLEEE 6hd fechRiquEaiA hocordmde itk ph@identified
In this example, different nenbers of_ a view ,n? igr oup
C¥° §ositines ef 2l Ehqyyistisre-sSuch # griteyrmakesch poswble for several
idF L 80t REREALS1AN B8 RAFith TBOFerception of the stereoscopic

effect simultaneously.

The system and related methods having been shown and described
herein, it will be apparent to those skilled in the art that other embodiments of
the present invention are possible without departing from the scope of the

invention as disclosed and claimed.
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" 10 or different imges altogether, based on any
nunber of factors such as, but not |imted to view ng
| ocation or angle. As depicted in FIG 16, the derived
i mages 1601 and 1602 actually displayed on the liquid
crystal cell layers of the conposite LCD panel create
a conpletely different perceived image 1703 for the
first viewer (see FIG 17), located at a first view ng
position, and a second 15 perceived inmage 1704 for a
second viewer, |ocated at a view ng position different
vimams beafviersis: vi ew ng position. The images for each
vi ewer can both be stereoscopic (3-D), both be

two-di mensional, or be a mxture of the two. As the
Inunbarmahod/ofenersingrckhaief diraemndnal mlagp&mtembth\aﬁ @WBprising:

I ncreases, .i npr.ove uaI|t be .0 db .
i ncr easi n%et?rrﬁr‘lé)mﬂ%r?gé‘?angg g iV ¥ S oﬁ?tegén Qropgye?scogwos'te
ligwid biyatabdispappsic, saldCompasiel Is;uldmrysadlUeplaatpan@lcyntbmmg at least

tﬁymg;‘;en%e?thlnggfsér# ?‘I clé% e a%fagle ol'f"?rgggﬁ gﬁc{ ij]n% regt 1mages said

I nCrease nount
celellaygesdspaget hmevmefwﬂsof an@trwrlrblatme te adidl yiewipprandi atapted to

R OGS dlﬁbréﬂ%nﬁéets ohPokeiofip  embodi ment's of

the i nvention, source can a substantially
25 br oadbsaptingateir(of @qwces%@rp@rea'r@@gﬁs as an

i ncandescﬁr@&uélmo 2BicLBEY Citia ?Qs dleﬁvr% fr@mf Jséi'@rs%&%@nétereopalr
Ian‘p, or an arc a , .anong hers.

t he
al’%qﬂ?écﬁqﬁieqﬂsglonlpg g)fﬁtsagio\a@\@@g @@r@ﬂ: an%éang lggqrs oqald calculated images
b§|h@@b|$¢e@QJyQ¥ progals6eso bt theyhdtfaga@hdsk f@ﬁéébh%the‘i%@n &faged on
sefiefng i G PR IS0 IEGER DATGAEEPea ot fgpt one of sad
layesceldrogsrbhd oagal sdid caher@nteBhResbers.ad3gtedMr a rear one of
3?% 6/ 034192 PCT/ US2005/ 033480 I n enbodi nents of the

VEnti on, the liquid crystal display panels conprise
swi t€habl cﬁsp&da;éargsxﬁicScalAﬁaté@niegemn ieact dedd egltlaydnyand

.adj .U-S.t i ngcraoplgqhtl% &% dr 'f:gll ayg S w?‘rppalnl e‘ﬂgm n%tlgr? s%un%fe t%hgsplay a

i ndi vi du
stgravstabesinmgpwEide frosarcteﬂ least h»ab am&wm@gzctrhe/\/ﬂar@msald visible image

c&@sﬁbr‘fb%qo% Bl e'nglgFr oF O GEsterdopdlr ;Zr%g%?er enbodi ment,

each col or panel 'system can be us or sequential R
X; color switching. In this enbodi nent, the pane

2Pai r'end RelHddeor @dm Bl WreirREid displayed images are calculated images
processed from said source stereopair images, and wherein processing for each said
calculated image comprises iteratively:

- estimating the light directed to each one of a viewer's eyes by calculating
interim calculated images for each of said cell layer, and then determining the light
directed through each of a plurality of discrete pixels of a front one of said cell layers;

- comparing the estimated light for each pixel with the equivalent light from
the selected one of said stereopair images to determine an error;

- adjusting said interim calculated images to reduce said error; and

- accepting said interim calculated images as said calculated images once

said error for each pixel is below a set limit.
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green swi tchabl e panel pairs. Each set of these pane
pairs is activated one at a tine in sequence, and

di spl ay cycles through blue, green, and red

conponents of an inmage to be displayed. The pane

pairs and corresponding 10 |ight sources are swtched
synchronously with the image on display at a rate

that is fast conpared with the integration tine of the
human eye (less than 100 mi croseconds).

Under standably, it is then possible to use a single

3pa: r Tﬁf Tama@cdmr@ﬁm 2C eHeSdh 30?é$j (oirooﬁssmé-éaassalxcﬁ%@ieﬁtlgd asource
olor.filter) t rovide a.color thre i mensi ona
Ftger et s PR B adeSR Ut ael | this

t echni que |nproves the image quality |n conparison

4¥MhtehTHahaeltflmo% of caFnﬁ I ﬁ{/gh?% eﬁ,aigs?tg?aat ge vuﬁ,i(v(plgnzgpe is c?e%ermmed by

atoraan@mrsasmnswﬁheapeesfeelrwwcérenbm sigret.s di scl osed can
also identify the nunber of the viewers as well as

the positions of the right and |l eft eyes of each

vi ewer and performthe above- 20 nentioned procedures

to realize the techniques in accordance with the
identified eye positions of all the viewers. Such a

system nmakes it possible for several viewers to
receive visual information with the perception of the

stereoscopic effect simnultaneously. The system and
rel at ed met hods havi ng been shown and descri bed 25
herein, it will be apparent to those skilled in the

art that other enbodinents of the present invention

are possible wi thout departing fromthe scope of the

I nvention as disclosed and clainmed. 32 WHAT IS CLAI MED
IS: 1. A nethod of displaying a three-di nensiona

i mage, said nmethod conprising: determning at |east

one view ng zone located in front of a conposite
liquid crystal display panel, said conposite liquid

crystal display panel containing at least '4n two

i ndependent liquid crystal cell |ayers capable of

imaging two different imges, said cell l|ayers spaced

one in front of another relative to said view ng and

adapted to independently produce different inmages

from one anot her;
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selecting a pair of source stereopair inmges; -

produci ng two cal cul ated i mages derived fromsaid

WO R AbEr eopai r - images and positioning of §fihiq, 005033180
Vi ém ng zone and said | ayers, said cal cul ated i mages

bei ng derived by a processor so that they act as a

mask for each other when inmaged on said | ayers, a

first _one of said calculated %ﬁa%els bei ng .adapt ed for
a- f r ohpe girdhed okgdpign 1y weredn 3 SRT MG BTEIIGZOBA MY

EMR&&?AL&T}L ﬁ!o%gto.ké@&ﬁ&n REidNGaREREL: TRt §88br N goherates

sal ayers; displaying said cal cul ated I nages on each
saiighalelskd bayevductnghaid edkhiagdrd imagesai d cel | | ayers

with an illum nation source to display a stereoscopic

i mage visible in said at | east one view ng zone

wher eiTRe S@dtlod bSdlBing 1) whaein e8id @3nondd ihmgas asd poteded
pai r of source stereopair images. 2. The nethod of
aregrfing, toghelusa ity oA ivieving BPasfed i mages are cal cul at ed

I mges processed from said source stereopair images,
and wherein processing for each said calculated inmge,
gonpr Thesndthed af ¢leieh ; fuethdrmatimipinheelpétiga a glurebiteef said

tp each one.of a vi I es by .cal cul at.i ' [ .
et eira ey Tl R R iR ony i Pherein
bR v BEUThRidNehdobe atd gidducetl be ptedsdihg euidebrtdd abravpair
plurality of discrete pixels of a front one of said
tBPECY.ayers; conparing the estimated |ight for each

pi xel wth the equivalent [ight from the selected one

of said stereopair inmages to determne an error;

8dj usThagnahbd of deien inwbatednlaatisgut amieriatios suakge ef a first one

said.error: a cepting..sal d inter.i .
PRajad et nPRoaOGRAL bRl oBE LIRS BERehis,
aahgpi oethogbndle} Whaesgdet kb pollarizadBon to Ahénpet drichtation
claim 2, wherein said_processing of said selected
swrfpeeof & seqondvar of sardgeld [ierper f or med by an
artificial neural network. 4. The nethod of claim1,
wherein said at | east one view ng zone is determ ned
By aTbammoathad bHelaime Spwhsiaie sail e@lislenerscrgisepanated by
osition,signal. 33a WD 2006/ 034192 PCT/ US2005/ 033480
PAnERATGHEIGE of claim 1, wherein said at | east one
Vi ewi ng zone is

10. The method of claim 1, wherein said liquid crystal cell layers are of the

active matrix type.

11. The method of claim 1, wherein said selecting of said source stereopair
images is performed according to said determined viewing zone, and wherein
movements of said selected viewing zone impacts said selecting of said one of

said stereopair images.

12.  The method of claim 1, wherein said viewing zone is determined
automatically to correspond to a variable position of an intended viewer of said
visible image, and wherein said selected source stereopair images are changed

as the position of said viewer varies.
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conti nuously nonitored by an automated viewer position
sensor that generates a signal used in producing said
\935@%%?&99 i mages. 6. The method of Cla'"‘l'.wmﬁﬁﬁﬁﬁ%smsamo
sai'd calcul ated i mages are processed according to a
plurality of view ng zones. 3 V, 7. The nethod of
claim1, further conprising selecting a plurality of

said stored stereopair inmages for display to a

plurality of view ng zones, and wherein said two

I conBa ey PR aEaen Senk et iR B RN 8 S8y ppepoopais

VAREES Borapribdyélecting@ndidfet Ot sslfdeageredpaia that &rra¥pends to a
of said liquid crystal cell layers in said conposite
|dileneat Q?X@?%W%@#@Pd padectad poiHge tepeRdfonal Iy with
respect to polarization to an input orientation
surface of a second one of said cell layers. 9. The .
ntgt ho@'hefmethad wf 8laimtdr wharedmiselidcdiangirgyarsgichgairce stereopair
separated b t ranspar lLass. 10. The nethod of
SRR SO RRA eI LLTR A CHATTY SORySCArorlrT TPy ey poads toa
QhiffélRat pasdpMevd @ daiK sdlydred sdirce Ehgesmiinod of claim 1,
wherein said selecting of said source stereopair
i mages is perfornmed according to said determ ned
iseWM 70 200804 3P e ﬁixﬂhef‘?%ﬁﬁ?ﬁhé d?{erﬁﬁhﬂ)gsﬁllgﬁtefgo
view ng zone | npacts said selecting of said one of
vadwingtzeneopad selecthgrest leat twihgaineofrodres steteppairtimages, a first
wher ei n. sai,d view n one i.s.determ ned ut omatd cal |y
PR AL RO SOWT fTEa T REE <N B Caponhie N Brien
dieesmelined vieatidg zvhshid & skim@depainbfisall eettedsdutke stereopair
sel ected source stereopair inmges, are, changed _as the

5 PESRes eHTYPOBding tpisetnsend deteEminesly OB ek ghat said

Eg%}%ﬁg %gh{r%gpgagfgg%%%'caﬁg& 54 0ad18fs i6lcaddts 1do M&LAL Pisible

source stereopair |nmages
ctarpoicepis igmiges;td differerndidneerf eaid tsoutifferesitetempsiopictiages

rr I . . . . , .. .
%gmgex?cigl%rfedlsn éz?chasald at least two viewing zones wherein said visible images

corresponds to said selected pairs of source stereopair images.
10
16. A dynamic three-dimensional image display, comprising:
- a source of stereopair images;
- a composite liquid crystal display panel containing at least two
transmissive liquid crystal cell layers, said layers spaced one in front of another
5 relative to a display viewing area and adapted to independently produce
different images from one another;
- an illumination source to backlight said cell layers to said display
viewing area;
- a processor; and
10 - a video controller electronically interfaced with said displays, said
illumination source and said processor;
wherein said processor operates logic adapted to determine at least

one viewing zone within said viewing area, to select a pair of source stereopair
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10

di fferent perspective of said selected source
stereopair. 11 14. The nethod of claim 11, wherein

[ ing of said source stereopair img <
@@%@Pﬁ)g@ggsel ecting a different source ster eoglqu/U§2ﬂ(2a° 033480

corresponds to a 91 different perspective of said
sel ected source stereopair. 15. The nethod of claim1,
further conprising determ ning at | east two Vview ng

JBRRES: amtartodaes e etloplatat intagssplarived Sfons sridsgurce
HeSEBARAN gk FBAE SaiPraltiilchiP 8t $ai gfie%\qh? gﬁlgé ?1?(? ggld layers,

sour ce stereopair inages correspondi ng
shit spleirded Unegdsripinnderivevtsathsd cheydagiaisra nfask firdeach other

LS U OB 0 R o TR A0 AL D92

falacubated ofalddapaistanddegesne aus 88 ssidittodakRlla¥s ifages
cr.eat stereoscopi c |1 nages, a

a tmg different visible

}_Eﬁlflg afapie _(f?ﬂ”ea 6?31”_5051%3&5&51 layerse ﬁéﬁt st er eoscopi c

] M08Pho:BE £ ViRL b RirbllePARD 38 L ofiard £ARbed IHa from said
vi ewi ng zones wherein said visible Inages %orrespongs
processbrlase bactee dagailisplayf togpuerate sherppappaiiatel cvegd saidl 0

16. ynam c threge-di sional, i .spl a

ccagcmnﬁ%egi 1ﬁlga_ges gu%b@ﬁé gaﬁ Hlsspga}yggﬁgpé?l%‘?cﬁg é]@gge ébts as a mask for
hergibed dieplayedlcalcGlayst Bhadh wlisplap anahreOMindd ¥idiGi ahage
I,e%get, two. transmssive liquid crystal cell |ayers,. .
dgble ingpdd 8t Lssicerp BREIRHZqne firidofisibiroinpage cosrepppngipg o said
ste%ceedjbeﬁpL)Pé’odih@!‘ﬂe?&op%ﬁxeﬁnz?gég adapted to independently
produce different 1rmages from one another; an

illum nation source to backlight said cell layers to

I dndi spl e area:. a_processor; an 0.-.a
7 ded ey pLyithde, PhiRinRrfl RFSRPLioel i ARrinkpoch
saiics pd laylatedsimhdbe doklpiiSeB@hé Gar SO HRcaRGFSail d
processor; wherein said processor operates |ogic
adapfed t gstHBRdREThRlght dizeaded toprehonantimgvigwaEs arastn

SR e S O S O T

determine the light directed through each discrete pixel of said front layer;
comparing the estimated light for each pixel with the equivalent

light from the selected ones of said stereopair images to determine an error;
adjusting said interim calculated images to reduce said error; and
accepting said interim calculated images as said calculated images

once said error for each pixel is below a set limit.

18.  The display of claim 17, wherein said means for processor logic for
deriving each said calculated image is performed by said processor by emulating

an artificial neural network.

19.  The display of claim 16, further comprising a viewer position sensor that
provides a signal for said processor to determine said least one viewing zone

based upon the sensed position of a viewer.
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i mages, and to produce two cal cul ated i mages derived
fromsaid source 15 stereopair inages and said

lati o ip of said viewing zone and said | aye -
‘i@?@m@gﬂgglated i mges being derived so that fﬁ%&mggPM3&WO
as a mask for each other when inmaged on said |ayers,

a first one of said cal cul ated i mages bei ng adapt ed
for a front one of said_ |ayers and a second one of

i d Thaoligeley of sledm 19nhescinseleagna ahprid gomese sheteapgir

P0EeRfig 3@&1(1[93%’ ﬁéoch a%]:q\ti%P of sYMABIBL M ns @h%%@i g]ckone, cfmd
controller receives cal culated i mage data from sa
wheeas swveardtcadisssbsadathd tiesphayonoingenss asid safecting of said

approprjate one .of said calculated i mages such that
‘3%5#%%F£%Fﬂ§@ﬁnegﬁgﬁ?ated i mage acts as a mask for
the ot her displayed calculated inage to display an

t hree-di nensional .image. visible in said at |east one

- eni iy Gsplay of gliaim\ibs WhPEeip faleviewingqnena iarfaienayiviewing
22 ¢t ' ; i g, mages. 17. The

di g%?%\% o?%@%%ﬁﬁ%@%@%%ﬁt{% %%%%S%Eessor | ogic for
deriving each said calculated i mage conprises the

A R A R e e N e

catdulabedti B gb MBEAStHa® Eh@acdh 185 displafedl 8Y 8 puraaitgl of BRWibg zones
deternmine_the_|ight directed through each discrete

tgickeate g thapy dmpgisionahjrapge Vistipat farh elfeidplyratibeef viewing
Ahght for each pixel with the equivalent |ight from

the sel ected ones of said stereopair inages to

determine an error; adjusting said interimcalcul ated

jomag te redu sai.d error; and_ accepting.said,. .

B o b Ba B E et faGheia S o SR Rtloat e Pribins e
adeptyic®y seictl agylueith of sEdGherRbpal imagde lhaW wheietsaid means for
limt. 18. The display of claim17, wherein said neans

proaespingde Swgher adanted b progess saithglurabby ebsedecked storeqvedr

388t d SuPALIPLR alY1a38] in Q hafe! 191 Pl ¢

la%?ificia] neung %etﬁb@t. %%g%$%2 E?Q%Fgggof ép%fa o

plality of Wiewicg aprdssb npade vipdwealitp of Bspeasts sfentioee dhaensional

iggov&%ﬁﬁ a %i&#al for said processor to determ ne said
885t °0N& S8 HEV 5@ based upon the sensed position

of a viewer. 36 WD 2006/ 034192 PCT/ US2005/ 033430

24.  The display of claim 16, wherein said liquid crystal cell layers each

contain an input orientation surface corresponding to a polarization direction,

and wherein said composite liquid crystal panel is constructed whereby the

input orientation surface of a first one of said cell layers is arranged

orthogonally with respect to polarization to the input orientation surface of a

second one of said cell layers.

25.  The display of claim 24, wherein said cell layers are separated by a hard

and optically transparent material.

26.  The display of claim 16, wherein said liquid crystal cell layers are of a

type suitable for active matrix liquid crystal displays.
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20. The display of claim19, wherein selecting of said
source stereopair inages is dependent upon a |l ocation
\géz&gb_gg;tern1ned view ng zone, and Wherein p 1 yer005/033480
novenents” of said sel ected view ng zone inpacts said

sel ecting of said one of said stereopair images. 21.

The di splay of claim 16, wherein said view ng zone is

a stationary viewing zone preset in a nenory

accessi bl e by said processor. 22. The display of claim

16, wherein said processor |ogic derives said )

28l cultet éidplayadekisukh viheatintshed, vieannd eondi is gletgradned a

PriPaBi et etiar rdge Ur by BSTACASE AR sytenged viewer of said
Plstbladthhye, @fd i ek R0said eslested 23urcEheedbpq imagés ateaihanged
16, wherein said processor logic for selecting is

b apeagotesseerseide RosEI ol spid VigFeE XrHeSt er eopai r

i mges, and where said neans for processing is

further adapted to process said plurality of selected
83%.er eBipadisplaymigksmt 257, ceiereinaped pricdseonchengasaaid miyes

such that they ca e displaved to [t f
SEcherly Tuties e aoReanr e AlpRiFSrhEy e R R dphponds to
ditfceenth d¥BREtiOB AE sailBBRted Subdestereopaird Vi ewi ng

zones. 24. The display of claim 16, wherein said

liquid crystal cell layers each contain an input
%‘5.' enfiad H@Blagqgfc?a‘i& SOLFIRSPANGENOhfriAe BPSAN lséatkck @Bereopair
I rection, nd wherein said conposite |liquid crystal

pamesis compeias selactiegla diffareny sauree stenpanainiliod soreprands to a
face of a first .gne,; o ald cel ers is arranged

%%%F?rgtopgegﬁ%ﬁcltl ev?:?? %ﬁgggeﬁ{e% SOItu gcep%egﬁo%%fi on to the

i nput orientation surface of a second one of said

[ ! 25. The, di spl f.claim24, .wh ' id
SR M R A T R
%t@f‘xﬁﬂ?g SNk a FBGRS VidkingZRmed REt1HHh SRl BYieRing h@laMnkbto select at

erein said liquid crystal cell |ayers are of a type
kabt b paifopf soirea/stenmprindnidges) al fixstysinef wid pelagied sgyrce

WO 2006/.034192 PCT/ US2005/ 03348 . i
e o e B R & RR Cea et dEErReRy ol a second

Btk Qi BAIdGRIdcye d ©ueey stefqpatlt ihthgas varrbgindippti 4 barondf

an i ntended vi ewer of Sﬁid . .

determined viewing zone such that said calculated stereopair images causes
said displays to create two different visible stereoscopic images, a different one
of said two different stereoscopic images being visible in each said at least two
viewing zones wherein said visible images corresponds to said selected pairs of

source stereopair images.

31.  The display of claim 16, further comprising a memory in communication
with said processor; said memory containing a database of various pairs of

source stereoscopic images.

32.  The display of claim 16, further comprising a mechanism for receiving

source stereoscopic images input selected from the group consisting of one or
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vi si bl e i mrage, and wherein said sel ected source
stereopair imges are changed by said processor as
[.tion of said viewer varies. 28. The d
\iﬁgwﬁﬁgygimherein sai d processor changes Said]%%k@%%&%n&mo
stereopair inmages by selecting a different source
stereopair that corresponds to a different
perspective of said selected source stereopair.  29.
Tivee pagplpairedfviddoaitraa®ys, onker aiare paitgddmaaes pigphitcts fing one
source stereopairleq 4 conprises selecting a
dr 1% %Fgégﬁg%ﬁﬁg%%fsgﬁ%ir ?Eat correspondsgto a
di fferent perspective of said selected source
stereopair. 30. The display of claim16, wherein said
processor logic is further adapted to determ ne at
| east two viewi ng zones within said view ng area and
to select at |east two pairs of source stereopair
i mages, a first pair of said selected source
stereopair inmages corresponding to a first determ ned
viewi ng zone and a second 5 pair of said selected
source stereopair inmges corresponding to a second
determ ned viewi ng zone such that said cal cul at ed
stereopair inmages causes said displays to create two
different visible stereoscopic imges, a different one
of said two different stereoscopic inages being
visible in each said at |east two view ng zones
wherein said visible i mages corresponds to said
sel ected pairs of 16 source stereopair inmages. 31
The display of claim 16, further conprising a nenory
in communication wth said processor; said nenory
contai ning a database of various pairs of source
stereoscopi ¢ i mages. 32. The display of claim 16,
further conprising a nmechanismfor receiving source
st ereoscopi ¢ i mages i nput selected fromthe group
consi sting of one or 38 WD 2006/ 034192
PCT/ US2005/ 033480 nore pairs paired video streans,
one or nore paired i mages of objects, and one or nore
paired views of 3-D scenes. I | 39
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