10

15

20

COVPOSI TE DUAL LCD PANEL DI SPLAY SU TABLE FOR THREE
DI MENSI ONAL | MAGQ NG Cross Reference To Rel at ed

waRpbioaad:l ons The present application clains pPCDUE1095/033480

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 Serial
No. 100MPOSHTE DUAU LIGRDURANE, DISPILAWSHTABLEWFOR
is a Continuation-In-Part of U S. Patent Application
Serial No. 09/ 9THRBE DIMENSIONMeIMMAGINGO1, now
U S. Patent No. 6,717,728, which in turnis a
Continuation-ln-Part of U S. Patent Application Serial
No. 09/456, 826, filed Decenber 08, 1999, all three of
\Nhl ch ar e |ncorporated here| n by reference in their

3 . @ on This invention
reI at es gener aI ly to corrp05| te liquid crystal display

8?2;: ays ah{c:iéé 1cfa a%’lg dzﬁ ;b &'gtgfetoql;(gef}ﬂe%Q%pphcatmn

&mﬁleo dxﬁ)V94,5 425I;1 ﬁlq:dr Seqﬁambepﬂemom wieeH &i n€ohidnuation-in-Part
ahdr & PrEBE bRt o Rab 6, 1§ LARH Hetgasned §i flidawhich in

t%ﬁﬁié alco%ltﬁfaa%nqﬁtleirt 6PUS$ rpgehPASpROdiRAS&lA1eN,. 09/977,462,
i nformati on Er ocessi ng of known inages. Background O

fiipd Qoﬁmth% 0@hjneet Y-aaterteNoj @17171%& whichnsitunsis a
(?oq& E‘aeﬁl ﬂm’atttef lI.?gt Pa’{en(grﬂgmrf]?atlgr? %8 Pﬁ%:@@%iﬁé gb{i glg'ltgd
]])ec@h‘tbefflosl di999 faﬂlelﬂlem d)inHid:h dre ihdveporadéd heretmby reference in
ocat i onfc, in space relative to the object, and the
PLi GBS he vi ewer processes the differ ent
perceptions of the light field by the two eyes to
generate three-di nensional ("3-D') perception. If a
secondlight field (LF) is artificially recreated that

E’.s”tSETEaT'e ast_ a first, original light field (LF), the
1 | see the sane object image in three

di mnensi ons. The basic quality of any 3-D i nmagi ng

syst em Thighe¥Qitnde@PaBs gedtalliteo KBBPRbI Bl drii§tal display

di fference between LF and LF , or, i.n other words, how
nrangkeonstructions 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 i magi ng systemcan cone to artificially recreating

LF. U S. Patent No. 5,745,197, issued to Leung et al,
waele@eldges a "vol unetric” display intended to PCDUSIES/@33480

type of 3-D imaging capability. As disclosed therein,

the Leung et al. volunetric display creates viewabl e

3-D images that have real physical height, depth, and

%mtﬁbl@xmz tid aﬁiﬁmﬂl;aféck@tea bRA is 3Ry %&ﬁ% ala f{?sft' &’:tlﬁnal light

epths within the volune of the display itsel
el SLRu ke ievareof i will eee thie sarme obmbnnmméuhvee dimensions.

thin,th
VR bEUE g RS G TP, By Lk LB et Bt s
rﬁagh]eﬁdi@cf theT(h&'eteeme bebtecal LF vmb'lllil%l dm, €n etlsplvayrds, how close

tilizes a SI cal decon ion of, a_3-D object
Amagesyste ﬁapéﬁoﬂ’g‘j Otaﬁé%l €FCIieﬁF’6‘g&rices by

planes oriented perpendicular to the view path of the

vi ever . UlSTagesnicNb! 5305097, Mgsded tolTeun@sdtldli digclsidsGes
are then dis Iayed sdgerl nposed on a stack of

P]éﬁ%‘l"ﬁr%csidiﬁ@ forrxaride @clype @f BdA dmagingsappbility. As
&s&w&radeh%yélgr £ L&dr{kg?tpeh.aﬁﬁ hetAY ﬁfsﬁﬁay%regﬁg%m%ﬂ% '§YD

I ncreasi ng di stanc romt e viewe | 'unme
ighagpb dlyatt hverectep] phpsitaheigle, dppbanndoedtf bpattivating actual

di nsi onal |rm re n |nd| dual rQss .

EPBHE B AT RgR ot B e Ve o i HepfuaiRis Ja this
WMABKE, Bhé BREeFedt th &icidraRNEeifd 9886ud BnddteeMin@WRY attdifferent
d,?B‘E)acked on top of nore distant inmage pieces.

hewaihan the velume ofithe dispdaain perspeqtives thirseereating g 3-D
e?ﬁ%@ @ ![Jeﬁg?s EFP %ﬂhﬁ&hcﬂﬂé@h? Ql]tlll-ggé 3 #}X’&? ?&econstructlon of

vol unetric ay requires ayer i
aol olyjeanidat sataiks ‘ishugg’h@ejolaeﬁtaytqop:peésby plaaeeatientede

ff ree di n3|onal effect is
s e e SEERA e Y o KRS Bepieh TRGRGR O Poar Bncbe
REONERI1CBE aV RS s Sl F¥pFEhBENRE (Ha WHCE Dt sHIBGR
slices appear. Suitable display panels for this

Penl msweﬁﬁ@ (epaeesppagisaite §h6:/§emeqdlcdlla:rr sising P]élngﬁ)l layered at
t
SRRl PLECRIAF AR LTROhd 5oRN0! IS LRRHL M Rapiy

to si
thembyreyeatst ¢he appe:gmncejmf&ptlﬂps dnpenabﬂa]hmagreds\yl w@pAglucing

bl oPRRThag et spect ve, L maes of fhe
iMlaB8Ebn tHE 8crébRYBlosS t@tﬁg VRS s Ke89989p P &R UTRant
image pieces. Therefore, a three-dimensional 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
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i mages to produce a perception of three di nensions.
The principles of stereoscopic inaging have been

wa@ppbioador o vari ous areas for many years, i nclRdi/nsip033480

the training of professionals, such as pilots to
physi cians, and to entertainnent, such as 3-D novi es

and conputer ganes. stereoscopic systens rely upon
r h
B O, L, i

iinneEegE ho psyditce mBpartéptianeofdpess @rnqm)arcallsl Shetnindiples of

creens, head g %@_ g é r to. |%s%£e hat the | eft
Sgteoseapic BRTgiE have Bren Bppiaiioatrbiqus FEeas, o hay Yot
i@ﬁéﬁl(ﬁl@@ﬁo ol ﬁi‘aﬁﬁﬁg bf gitfe iR aRe 6a¢Ieas pilets th.physiRaimnand to
6,717,728, issued to Putilin et al. and.comonly,

@wh)ételrwe% suels 35 grid eayiesyand qoeiERY sameenAflotereoscopic
%’S%&hg rély ru%gfl%lxﬁa QLS rﬁ%ﬁi&gﬁ{ fecﬁcheg kS Q%ﬁ%gé@aﬁnages for the

ovi des time a resolution
righiadid leftyeywist Mypicallyi siezeasgopaimbgiag sbairemseuishm Spemal

S ialized hea The Putilin

SRTES bafie Ay DPRLees: SrrvErear iR s RN ERe ppgees
Siily RS B16 Y Cpérapedtivermabhelright dyaseesb el abpaightiefages,
which are the inages that one ultimately wants to
pRISP&AIVet 0 the two eyes of the viewer. A first one of
those cal cul ated i mages are sent to a distant display

and t heyod hefieRPR006, 7719788, C@Mé& t@tmﬂhﬁae §E aff@o88Mnly
to one or nore transn1SS|ve %.ays p aced in front
p

Qwedachby tlee asﬁlgm ofithevpressot i ume@ nodliselhgeshi @amstereoscoplc 3-

ach spI ther ef,ar I
A R e T
Wethshit ﬁﬂIfELr@fpatthax bageers Rt @p@@.ﬁ]ﬂﬁd kedieeme dThoPutitialet al.

eye of a viewer. Each display's. calcul ated j mage, when
@qsemdltslﬂmwgqrycﬁmg e\?g%w&vn %5%%9rage RO or

@digulﬁfgmlr&?g%s W dhd b‘ég@st%} hirdhsleay R Hichale ¥hatBdges that one

I mages, resulting in the two different stereoscopic
ilvagaelbeants fordelivéeto tloe twrreeytes fof tlmviemieghtA dyetsonsfof those

B Bt B 2 GORRRLS SLDRE BB

éall@ul&ﬁb%pllrﬁ@e@faré B@nﬁ/@fdné@ rh@ﬁéﬂi‘@xﬁ’srﬂisSﬂb asplagdiplakbédin front
et_al. discloses that the electronjc ro&e53|ng to

@'@],@éwgttg the leyegropHiosy of theglistant display. Each display Ptherefore

simultaneously displays the calculated images that each contain 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
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
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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necessary to deliver each of the base stereopair
i mges to the appropriate eye can be accel erated by an

wa@eaos0s34adnl neural network. I n one certain enbpci/He2w3033480

in the patent, multiple transm ssive liquid crystal
di spl ay panel s are stackedone behi nd the other
(relative to the viewer) in conjunction with a spatia
ofsKehifdlthe athe (EHl4fivs &S theWhbwér)iif chhjageHoR §LivIE8 Bpatial mask,
liquid crystal displays to suppress_Mire patterns.
THE 358 élrf?{%@r, dgrhigh ﬁ%f%@%haﬂwq@aslsqwé cw’c%ﬁm@ym pRpPress
Nk&%&ﬁw&ﬁﬁéta' di splay ("LCD') screens as utilized in
the above patents is not optimal for purposes of 3-D
di splay systens. A liquid crystal display is a thin,
| i ght weThaiaygirsgl afodesritimahpassiveoonastiviegnptnix Hquid crystal
[ Sts~RE [ bl xel el epents i t.h _each, .pi xel
SRBRTECR ) Rt el B AP RSt P o ombiat or
piposegpaf]l RDI cflisplilgy lsistaig, LA Hﬁﬁﬂd:rzﬁtat d%sb$aybﬁta/\ﬂﬁﬁ, ]ﬁg}ﬁ?}veight
rapsparent pol ari zing sheets. The pgqlarjzing axes o _
el vineuts DG TROAHH PaKs| §t gmsgie gt p&Fideridieeliedgments, with
i - [ s C oo
L oA R an oDl e SRR el uiog Hayia
rapped tueedlsibetwern twe tramsparepd pdlamipingsheeds. The pslarizing axes

I, ectric fiel is, applied,,lan t hi.n . .
AR o 3efis i Bnfichf aflic B SEar 3 agh Plbr Fiach pivel i
éuhp[ﬂiédlvﬁ@]m ehﬂﬁ"idwblblfi)ﬂﬁlbﬁd ihat ﬁﬂﬂf)@ii{] dgﬁ:rilédie_’cld k@ _Bé iapﬁliéli to the

e, .ol ecy] es parallel to the light polarization
](E,i‘ﬂ‘ﬂlédfl? ﬁ%‘f’ cqrpespopdmesceliicrllen 't he sheets, the

pol ari zation of the nolecules twists naturally between
t he t WoBpREP SN dletitiafic Rk @FRSd, Ibhthin foddhuddd iHeHe Wyuid are
e

one sheet, rotated through the smooth twisting of th

oy g selaredwipte ultidges mbha oprrnseestom sheahrgieontagessdanirition of
b R T
thiesdhdets] bt olatingtioobbtlieanoletuleh éwizté antwmatly Ibetihéen ¥ two

etBendifitlor Poliatetp dhgh | s ablalibeddm onehibeph gteipd theough the
Aheahhedstaitoftthe ceRthl APRRRAIE, S3d Khed 15‘&5%@@’0151%'(1@%‘& €He second

state, however, the whole assenbly appears nearly
gheghsparent to the eye. Between the two extremes, the
cells also can be varied in increnments to produce a

gr aysCawRien an electric field is applied, the molecules in the liquid align
themselves with the field, inhibiting 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
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effect. The liquid crystal material used in standard
LCD cells rotate all visible wavel engths equal ly, thus

w@odwensapnl el enents are utilized in standard RPQDES1005/033480

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 agreen

griebt dilteamadithe otlidrewithiat Hlua ﬁﬂ)ﬂewl e Thie Ipies] caflbe madeto fgear an

be.nade oa ear a ar |tr col or var
PDiTRR o016 Pl i hsr el Ve b mest o u e EPgred Seotions.

Tﬁ@%@oﬁﬁ'c@hp@ﬁ%ﬁ@ tcaﬁ%'e'a%r dkiﬁ BFERAI Gy nformmg a kind of
di fferent ways, form ng a kind of pixel geonetry

wipel gropedry @IrtlmiZ@drf@mtheombsltGSagsagel n all transm ssive
LCD panels, a slight darkening will be evident even in

the rel ﬁf(ﬁ@ tﬁ%@hﬁsﬁ@&ﬂ@?fpaﬂ{el@ r%ﬂighﬁ%?kérﬁﬁ &l THeUPdent

t he backlighting source caused e varlo S ‘sour ces,
évienlindhegelnked gtalt@beczauusg of bnghtxfass ldskes frankihiedixcklighigng

R raat B P Shinaty et indheing T #olifidne aieey for the

RickUphE tBe BbloE SltbAY andIHE pias giid Ihﬁﬁerfm@ NARE individuagd
inthe Putilin et_al. or _Leung et al._displays, the

angRisse L G papelsmrp stankpd to peeiuee gD disrlavs, shch as imbhe
ARG Sl i pr!h@ﬂ’lf{gﬁﬁbefjé NGy Lgﬁﬁ% fa‘ﬂnﬁ{sg?% apeh brightness

resolution. It wou esira
lbsseg hlllmldas)iy iprodwiihg 8-leds ﬂvﬂ@r@s@tpt&%ﬁ%smy Iprdsxagﬁfgdlower
to, st

CRODROR e Rt BrEaE 1 deFRaPE PN mess in such 3

Bldashaygystvasor three liquid crystal cells on top of
one anot her have been devel oped in an attenpt to

maxi m It [ mages redu0| ng
fabrica F%‘n‘"egé J&"St)én%a @Y%ﬁkmwwr@ B&?e sj savgeal
tb@hﬂo%‘glbs Blat@heatd @SGHERESCD 'pgﬂbﬁbf§t§é§kﬂﬁéc%vgrctﬁ§eé3ﬁqu1d

doubl e-l ayer super tw st nenst
Ccrh%hal ealls) qnz@pmf onalanpgieyiewe et mdevelbpe DS aitpmpdfto

s I R R E MDY T
Ratbnt Nehb, 589,547, tlbaied)tm'[lshﬁ etial, s erivediTiq i alyssalPddvices of the
dtblertalar oSV AR [ ORIALD &Vl ba¥ e Fhural polyrmer
ABNE FIELDSPRPLEBE L.CD panel utilizes two transmissive passive-matrix
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 (“I'FT”) active-matrix LCD panels, but DSTN
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
for high quality graphic applications.
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alternative to thin filmtransistor ("TFT")
active-matrix LCD panels, but DSTN displays produce a

wo owen3gonl ity picture than TFT displ ays. DSTNedi/Bp108y633480

have doubl e the response tine (i.e., the lag tinme in
form ng screen graphics) of TFT displays, and
typically only half the viewi ng angle capability.

Cont r asPhast ¢lmnge igupsteliost disphiay (PESSHDY&cledANprovide an

i spl | ypically i Lgnifi tly lower th
HESRIBYE 4 P B G ekl erlepl GPooigelegs afpond of
BHOURELE BE1LL LY icop&ratiabahidey Sigé-??%g(?e %ﬁﬂssp&\ngya color filter of three

appl i cations. Phase change guest
@prﬁa@r@qdors surreagh sngivisiad pixeh RCGH Batireemstlayeardhoee liquid

i [ ' I I L ' . .
AR Y 50 A W LR ) B e
ng?fehatsya diffieoutcdpmennddded:ti s Lifuld @bl 4 @2h cell can he

| er en olQrs 1.Qr .ea I nal vi,au | Xel , AC N
arjedenccoprdinption, ?hecﬁqkplar BFY %%Ugﬁ frormi iy srpnsepsyre gmfully
R6dAL ko bAIdRa Gy Ringds eol AR A gggeg P asITS Fc%rjagllné d&iﬁlnﬁlte

ﬁpwlh&;adﬁfqem pi gment a toirts
epelogigridgeatained in etandeah THY' displag@ainnlse bot BCA@HDbsereens

| t .4 [l1.s from.fully.transni ssive 1,0
Pt 1l Ao HRAE B Db SR rebaielaus ion o ey
quirregitly p¥oviddlower eaitsast|thah MR EdispRiyeol or grid
contained in standard TFT di splay panels, but PC GHD

screen g .al | argely. undesira for .high quality .
ar aphi d8 IRiEEs BROLEM ndPediid Bho ireive dad pumsmiseive
digplty aedhnblia, thoudd $pldeyizableRto hagbk D ihlQifY bRtedrthat
in the field of 3-D imging and transm ssive di'splay
PrRBiRS gy quality ipnasinesd rowsetonB Repects evepestigeor views to a
JivROLiAgleSysRt %F‘rﬁdiﬂélenﬁs%\fé 108 dVh Al IHBlby, SIRPLAL,RL
nuner ous aspects, perspect|ves or views to-a gl ven

optimplly slward takenplhtd pi 2 flasiblswian sa thytnidisi viewanizaiot
take p in a flexible

Such_view ng optinmally sho l.ac

oG alsef i RO PR ekt e B GrTR aavben sesings sy stereo
itnage,| EBENGUM Bovillea Y HUBIINS oNEAHr MSRISEEIRHLNS the viewer.
stereo i mage, and shoul d provide a maxi num of contrast

and brightness to the viewer. Summary O The | nvention

In light of the above drawbacks in the prior art, it

is an object of the present invention to provide for

St rhbrBOP FEk Ih@geVi ew ng and the creation of

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 8-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.
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dynam c and high quality 3-D i nage effects viewabl e by
one or nore viewers. It is further an object of the

wWEe@ses19: nvention to be able to present an unP@CTIUSM®AS/033480

nunber of aspects of an image to a viewer so as to
approximate a full 3-D view ng experience w thout
| osing any inmage information, brightness or quality.It
is angt]lta's aabileetobfct bMe@f;@%ﬁiﬂﬁ?ﬁm&ﬁi foqirotidlerhewbdey to
t he ility to generate an i splay 3-D inmages in a )
%f;?ﬁﬁ%ﬁé% ﬁ@ﬂygﬂgﬂgﬁﬁ@s bt dVﬂ?’gf%@taiﬂPér awagble or intepactive
Atal-Binh O E?pl@éﬁtfo%%‘f'r@ﬂlﬁﬁiér oRBcddlof8iF @ landWstortion from the
distortion fromthe generating and viewng o
gemeraidng and vigwing of sterensiceniofabess. it is an object of
the present invention to provide systens and rel ated
et hOdSA(flcfﬁ”sioﬁérEg,' HEYh D GhiebBds thg?ﬁgél Gt I Tt {TRAS qg@ildlezts¥stems
and maxi m ze 1 nmage information to The VI ewer Fhus
arfterepated emethody énrt 3-Drimelgimg thait éspuovecd-Essamuge quedity aadd
unnecessary ohstructions fromthe. i mage path of )
HRRREFE Sk SRRUDETPh T SrectiBBet. mlbu theamasan promia
dliiginaeR0ui 1¥ce SR ndd Jkd 8@ A\irdiot S a e hstBlictRAk Fdd¥he image
barriers or lenticular screens within_ the view path of
RALR R e wery e e vigndng Prereo tmagamy serdteliminapp tlag neerhor

. . . ¢ . o
PETRER PoVaTE ROl H AR pan RS S R A S S i the
wewe pabls obpiew ersrayimgtoavisugdimeal 3-&) sdent or whjectin
processi ng of source stereo and nmulti aspect inages.
The source i mages can be processed for a single 3-D
Vi eW NarEOprRseht ivehiibh @rovifRe/d 8Y¥tBs ANRIatk@methods for
multiple users, Preferably, the processing according
thyeecfimprnsipnal yigrelizaon pasedritpdnsteraosenpi¢ Bnaginprindeairallel
'Hﬁ)’irﬂlra%ioﬁ%xgéesrsﬂl St s%ﬂfge's@&%l)la%d.rmﬁltPQ&C £ ﬁﬁgge S Tl ource
ocation of a given viewer or viewers change® Thus 0E
ipegeepn be podcedsdd forraghsldB-Rinjewdng @ony bewriltipk 3-D viewing

Rk GPURCRIRg S, FRHBE HOe PHOPs i J5Pein fo embodiments

of BNEPidsent irfveGOIBRAS h HthveAnSiHtasd ¥Sad-thbPeinually re-
conS|st|nghof at least two |ayers of stacked |iquid

pepspseet ax g locpiden of vawan giearrofiewers coghelhus the
pre?ée%'ﬁo}ﬁ%f 139D tiﬁl%gbm 5{19 gg}eﬁ%&v&r}is ilmsprgxtual ll)f relc()jt éo%straining

the viewer in any meaningful way.

f—t

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
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

created on the layers.
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di splay at |east two cal cul ated inmages superinposed
over one another at different di stances within the

w@aovel3fisom t he vi ewer. Each |ayer of |iquid cPgBUS1005/033480

cells create multiple pixels fromthe cells, which
pi xel s collectively can be operated to forman inmage
on the liquid crystal layer. An illum nation source is

posi t i cHech bghidn@ystad céayeayietise %@ﬁnﬂd@?:ﬁ(iﬁiﬁﬁpﬁ fhe re?]ent
. tq.illumnate i es created on the |ayers. Each

%%3%1 8}39 S8 %@Flﬁ@%ageﬁhﬁh@ RSPBE S e paivse stseopair

infzeB tBSEMih MBI h Nt oHSRNFYR P0G Rb it gggg ?ff‘]g%gﬁe&v&a{o

I'S not one of the source ster eopalr | ITH
pitodneme dpsirerkdd effedie Redhew yhelcaloulabel immzesyers defivhitiees of
her

' t roduce a desi,r.ed 3-D effeact, t he
e 0o SRR3R AR R Carpr Puiep i o 45 bt G0Siem to
wiodneog@dlettivelnghs stdﬁé% péﬂb@étlﬁlfét intgle biﬁ@blta ﬁiévﬂetd. MSource image
J t desjgn roduce col | ectively the stereo .
B35t et B S e oo it
St HRhd it sH18 88 U4 ESoff B’a%@il?lag@bl. aRASEM Gy $ilif ?)?&H&ég & desired
stored in a nenory unit, or from other sﬁ’ltalb e
sereopai tof Hracessoragush inturarpoyesses thepradaildizsl images to be

[ ir to,a QCesso whi.ch in turn .
ASEaLEERT R 283 by BPIREGRE torlebisfus Papititesyr ey
Fingheé the }dﬁdoabso@ nghtrb&)ﬂﬁlb Sl @meh A@H édiﬂr@et, tslaleh |a?ﬁﬁb.ﬁ1p or other

dj.ngl.y. Further, le processor controls the )
Jifabla Helte u§§LF1?é,ba§f5Eﬁbfg§h& tragsprisyivoeoraposits k@B ranel in
dri&htd Qb dewihd B tHRAG e IPI‘O?dLICQ& ogrtﬁg HusPL ta}l c },l] layers.
conposite LCD panel 1n orge {0 enable view ng of ‘the
I mages produced on the liquid cr%/st al cell layers. To
cal cul atecalpdatithadarivadiverimgaes fasreaghdiquid euyisthl cell rl]ayer, the
e . I estd npt es the |ight
i%l%%:(?llee ]?%Atgg?%g% ﬁ}elE gﬁegegi‘ﬁg\é\%@{ %neeé/feasv f/vegzglegfﬁ i ng
dakrtuéatimg oebinl edlewlatatbigeszet dor @rblvf ehidstehfsmissive cell layers,

transm ssive cell J.ayers, and then determ nes the

e R Faattans Thi DO LR Hrourb eadip Riereropitane! the front
ckll0fercElthe taY@Midivd EBfnpdHRITES Ha¥i8l. OPRPERIch&sok Tbn
panel . The processor then conparées the estimted [1ight

cppwagescihersisiiaatef dight for eaghipizel svith theggrtuifalent tiglt from the
|.ecit . i ginal soeurce ster ai.r i mages
S04, 90F: A5 ghS AL ML S S RO e TIES, e
t_haJh adjuatethd imbgyem @dcdpeddpiicas es hpplfo@dia;ﬁ@ td i"flui@é tRé error in
olg(g(froq%i 2 pftﬁg,‘égtf% lfétgepe%p% I{lgé ig glo%ag Is;]et’:)llir)r(li(:)t. lg’rséfergblgr\,lvt}ia

calculation of and refining of the derivative images 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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calcul ation of and refining of the derivative inmages
is perforned by an artificial neural network. In

wepoeds4rent s of the invention, the cal cul at ed POEHYS2005/033480

di spl ayed by each liquid crystal cell layer acts as a
dynam ¢ mask for the image(s) of the other l|ayer(s).
Thus, the viewer sees no objects or obstructions other

than t hAcch)rcliliEigitH%iglﬂ)ddh‘géhﬁcs,of ithe ped¥ehBfivehfion, sitnce the 3-D
conventi on aral | ax barrier-type imging_systens,
Wdﬂ@rm@@r@a |d1q§ﬁgpr%fbw§ﬂn St enpope biguikenystal cell
1§g§1@, 9826 1@hd M OF rddofutdsrPad %c%@ﬁpéfiér bﬁ: %Ygfems where
a a a

sence of noise and distortion o I sua ure
image inbrmegiondoebothoeyey is displayetlan ssinglersram or plane behind a

JAccording to enbodi nents, of, the present
e AT R SRG TR eRtnstien MRERTar soreen or lens
s het, Budoathobitt WAk niiBgivé WCTDpand) fcﬁntdiﬂiﬂl!gdnﬁégtﬁﬁe@' multiple
cell ayers, there is no |l oss of resolution as

I
e gl Geliday e Tarovey YRBRREsEY e MeBg TRy esent in
Jg@ﬁdmtmﬁm%eissth% Shhady tsﬁle%'s% ififfodh& REL&RAN ig{age'bm%tness

ehind a resolution-limting barrier, suc
Pk clusampaing distortient.i cul ar screen or lens. Further,
a conposite transm ssive LCD panel containing

i ntegrate ' L gl . cell | IS f.enoves
unnece ?tsn a%l;m# téa@r? t8 éﬁllﬁlg‘#r?g It%/ }%ieglélg it h}enc az%{gﬁ%grlalﬁig&bare
grasmited tdhahe vomode oicheribaged iionod baeih®stqtk drd meRGBewer’s

bri,ght d e. i magi distortjons. In certain
SR S o B bR % oLl SOk B ke by
B EnIERSEN L thd £tONRHs BPAS iV SR (CTRPAS6GLHR ﬁlag&)r or radio

senS|ng‘pf”one ore nore y[emer's_p05|t|ons. T
feaiaey p&d) ponltsasgnid positiereirackingdensat, were the piveessor

> : . Ln. t. such as.by an
BEGSETE A SO AL bRy A3yt oo
sibRkguend predebsiag opbesemasion] amd Hisptds BiotleadadFfolleWaetle:

the processor. thep in turn_retrieves an appropriate
RS t%%@néaﬁ%ﬁwe Pebrmana NEEher seurreterrest exbpdizants of the

IRTARRSS WGverRoBRRIH Rids8fy ar@Hi1faRb B¥eddtit bLRRewer wfth different
controller of the conposite transm ssive LCD panel.

aspeethof an image a$ eheiv gleavibe dositionshengeshe astoaildvothe viewer
[ [ £ Ls.are utilized.t resent a

VRN 00, DB AR Ot R et 1ty i BghioRs heafhesent

inventiangtheoshyt is@ap abla g efeasingas cdmdinlons 8- R agk €8] 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.



to view various perspectives of an inmage in dynamc
fashi on. The present invention thereby is capable of
w@e@ans4ige a continuous 3-D inage field in a | aP@EUS2005/033480
viewi ng area with inproved i nage quality, as opposed
to a discrete, stationary set of stereo view ng zones
where the inmage quality greatly deteriorates as the
nunber The ¢indoilitge#e BEchd HEBESE haviny Keh&hus described,
nmbodi nen of the inv n%i on, a_nulti-user and . _
PUSS1an B BOYE pe WO@Q&SB prefsrred epybedinarnts of phe ifvention as
dBANEH in Bhd BEIERAEs Menbers of a view ng group each cab
be provided wth different aspects of the sane image,
or different inages altogether, based on any nunber of
factors such as, but not limted to view ng |ocation
or angle. Both three-dinensional and two-di nensi onal
5  BABIDBG:IRont#%he PrgWekgcan be provided. The
enbodi ments of the invention having been thus
descri bed, discussion will now be provided of
pr ef er r Ee apgostnanyins degwinge, whicdratedncladed épbrewde ifarther
-’ I Mol Dr awi, ngs_,Th
s RoBe a0 @ AR HeotbalatEy BL A Rl pae of
thils speeificatibey, Slwichte@ndfodimentnofahkiinterdtich ané together with

Lncprporated in and constitute part,_ qof this,

%ﬁ&%ﬂ?ﬁ%@?ﬁl SFEVE; IR %3@6 DR 5o e gPveRtEon 1T e on
10 (ﬁﬁebihgaget her with the description serve to explain the

principles of the invention. In the drawings: FIG 1

is as tic diagramillustrating. a comon |jquid
cryst al FHaj | 1s gpehematicdigeram dllustratipg agpmmon liquid crystal
delif ustrating the operation of a liquid crystal cell in
a rel axed state; FIG 3 is a schematic diagram
illustrating the operation of a liquid crystal cell in

a char gelf>s? i eschepgticdipgram ddwdnaiing thij enprativn of a liquid
CH&H?%&P{A D91 eed]g‘t{a@g]sm ssion of light through a

qui d crystal ce and pol ari zer sheets;

15 F1G. 8 is a schematic 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

20  LCD panels in accordance with an autostereoscopic 3-D display system;

FIG. 6 is a schematic diagram illustrating a composite transmissive
liquid crystal display panel for use within a 8-D imaging system according to

embodiments of the present invention;

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

composite transmissive LCD panel according to the present invention;
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FIG 5 is a schematic diagramillustrating the

stacki ng of common LCD panels in accordance with an
w@ivessasroscopi ¢ 3-D display systenmy FIG 6 i BCHUS2005/033480

schematic diagramillustrating a conposite

transm ssive liquid crystal display panel for use

within a 3-D i magi ng system accordi ng to enbodi nents

of the Pi@s8ng aisﬁNﬁﬂﬁﬂl@magﬁrﬁdeﬁdt g&h%@iﬁa‘iﬁ&ﬂléh of a viewer
strat fields created

Vi E%gﬁ%ég léflt 1% ata}ct‘&gklﬂt@t firﬁ@taﬁ rell layerein pusier 60 g@tﬁ?ﬁte 3-D

1&1&@%& thdr@ sl b ithhgdshg a conposite transnissive LCD
panel according to the present invention;FIG 8 is a

schematj c_di agram depi cti the orientation of a
vi ewer Hf¢n9 #%%ﬁéléltsttaflq o exemelany qaﬂ(qﬂa@donmteathaieiomd be

(h@ﬁ/l%féd bﬂ tﬁé & {1 &Z ?{ aﬁreig R rfeages, fe:,r%rmegslesivﬁ images;

| mages; Fon Of exe
cal cul at ed |mages that coul d be di splayed on the
|'i qui d EFgsl@is @lellluswm}wf@ﬁelﬁptaryfi)emmgah&-ﬂ)atma@sIthat

| ustrati f.exe
SR8 ol B L BPh O R PRAE g
onhgrosith&.GDrpgasl ffFIGL & 9 are d| spl ayed on the
conposite LCD panel of FIG 8, FIG 11 is a schematic

diagra trat|n 0 onent 0 n autostereOSCOpIC
5 B oty I bt SR D pelen Smesepanel o n
ACCHEERRERIYB LN dﬁ;@l@m&@%d&‘ﬁ'ﬁﬂlzﬁ{g 4 B&nﬁ&ﬁ&eﬂbD anel in

invention; FIG 12 is schematic diagramil Iustratlng
AFCEGRPER artfilbmpmbﬁ@llwtorf the preshnt wyeuntienut i | i zed to

generate 3-D i nages for an autostereoscopic 3-D

di spl ayFRYSt£R é‘édﬂeh?atﬂ%19g1%%?§ét{1 A‘gﬁp ﬁtatio%laéand

accordance with an enbodi nent o
controkarchifeparratitdizdd acggemnratms Diapagassot he alut(gslhérebﬁ@pic 3-D

r oM. i_ous st.al cell,s of
BETE el AARE apon e F PN Ty S8 Bnit withg
emhoﬂ1mnﬁbdﬁﬂherihserﬁioﬂ; he invention; FIG 14 is a
| ogical flow diagramillustrating the data flow for

the o iqn. of di spl cont.r ol 0 tilized in
an au? gfs]?%rlg%g@o - 8111@_%]% d?ggram tha% depgctsg therqlght 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 8D images.
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di splay system FIG 15 is a schematic diagram
illustrating a neural network di agram used to

wa@ledoensdlpe | mage data in an aut ostereoscopi ¢ 3PCI/US2005/033480

di splay system and FIG 16 and FIG 17 are
illustrations of exenplary images produced utilizing
the nmulti-user and nulti-view node of an

Betiadletl V066 6Bh ©f Shd P AifsiRbaEnshtdlimehel spl ay for
generating 3D i mages. Detai | ed Description of the

Preferr diments FIG 1.illustrate co n
i quid ﬁfr\‘}gﬁfus&@tps i@?%nrfk?é’#ﬂﬂ‘&ﬁ CEXF&?J &) fog Jlgny of such cells
el UtilZRd thRr&dt8 i1 Pink leSlidiid LRRsthl G 1q§&rsyo?t1§ﬂm oghéls. Each
| ayers of LCD panels. Each such cell 102 contains

suchusiel 102yeonsdingdiqeid etystal apperialiranped a?riat}gn lcamﬁensrlcsure.
. 1 | i - i .
]#nglﬂgc% {f}iygéaﬁg %g(% 3 Sna[ g P?%o%lgaﬁlsregé-hkg ir}?c)leélmesg @h?.tbﬁll]%(ﬁar certain

ertaln con i ons _
¢onditi @i exhiibit isbitdphefl biehidvd behavidig indthidiggtthe ablitlitd Ylow, but

o,flow, bu hat al so,can adopt struyctuyes having _
'ﬁaaa HLSP C&Pdﬁosp% §trustHres Baviasi el EAeripg than foppd in other fluids.

PhalSFdePhgf 1 bRl sBA MRS R a1 Pkt sbvd on RS RBRIUErWale, but
t he nol ecul ar” scal’'e, but does not extend to the

dase mot enfeind tedhe enarsosropistscile asouight ba feumbai dassical
| ] sqlids. Ln_ thi nner., structuy.al.
S4aRId Sdtfio] TRy mRpb L bR IRBRE rachil 614 Tl getal
abtrtpl anighd ek @aidi aiﬂngb bihg dirbe@iorabet t}aédn@mggl aﬁ&_@r% BB6ther
irection_mght exhihit significapt disqrder. e .
Brigin rRiEps ehibiatigpticant dise o hGiliaHin cpestal mgerial
©ARAiRALAiRA el 108 DnEdins h@intyrm{lﬁ :é%;f/s‘ialf P61 Rs Q'Jt)mlngsdipoles

104 trapped between two substantia transparen

Hhblrerpeyl betiwaendmiogrubstantimdlySranspeiremti opgposing arpantation

ke ticon.surface  103a,and an .out oryentatiagn . .
e AhbBT ) BiSusoniehadtity QR B g B olbmwicgpation
airfeptl®Bbon feature whereby, as result of nechanical
processing of their surfaces during fabrication, the

f mcro-ri.pples ori,ented in a sin
di rect ie@%ﬁg%ﬁthﬁa?&f%aﬁlﬁgswsfw AP porozteniatien fegiure whereby,
BENRE BB sihhhRBl slsocégstl@% 8CtheW dulrfddas d'ukﬁhtglh HbRENM R the
r

di pol es 104 near the surface in a manner that causes

qwEses Bpporderordpples heestedrinesingleghirastion| anddriagtthe hiquid
c?%@&? %Cattéiﬁgl pﬂqeaslelrﬁicré-f’ipbﬁg itFh& Wwith th ?iqﬁ%d &?f@fsaﬁ td(iergjoles
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
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
polarization of light 100a entering the cell 102 is naturally rotated by 90
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I'n common liquid crystal cells 102 as depicted in FIG
1, mcro-ripples in the surface of the input

w@eioens4avi on | ayer 103a are oriented perpendi CRCHUS20$/083480

respect to the to the mcro-ripples of the output
orientation |layer 103b. Thus, dipoles 104 naturally
alignin a spiral-like structure within the cell 102

deigredscini prgd et mhdigomiaﬁyqrole&mtlig@m 1|Oﬂlb€é|3($t1ﬂ§31@e &0 In the

| al din.t
Bssrinerat et iR, BruSers dinglo JuuPeiiy wiaia pasves cell can be
mataté Qﬂgﬁ l’zl@tlpﬂieaélé&ﬁtcbpﬂelﬁf Jﬁ'tﬂﬁt EhR00 (4 fz&tah'%&lo? of the

bendi n pol es such e pof ari
inpyh llgﬁb%n bmcmtmi@a& lyep wmg it@Brdughrealignial drystadtel atlthe

}QI]%B%QQ%Q%%%%UIO agfeeqq’]%;c%nf:%lr%ﬁgonal ly polarized | ! ght

exiting t presence of electric
field, however, dipole nolecules within a given cell
can be Traichéng oowlﬁog]HGMZt thdarbés éémcﬁedilﬁakos‘slsebidon hRypical

hi. th I i.on t t can
L R G e B b bR Al o
thehlselvds ime spireBBRE abierd ie B@Méé!n' tab |1§p19! &Eéﬂthﬁ% layer 203a
field. Turning nowto FIG 2, there is depicted In

Fdoidie awdpyh gpentatippilavar 203%uiAt @thertend afi @m caytsxdelolf the cell a
t%@@ tll B]sﬁuss’i&{ mctﬁé @Iﬁ%tr\é’ﬁgg Fa?/{\éehl?? cgv 0l ﬁ%gﬁ{s'}(% of the

errseveSInas iral rnirn
qrmplilatlm paerfacsi dndiuny ¢in &ﬁ&a(“ﬂﬂ@”)hb ¢he® kﬁamélilal commonly used to

3h. At either end.on the outside
Bk e aRioarBY EareRitne AtacGidson Bisniosoatkes dos
dlayﬁfma@gpna@g %éﬂs t EO wasxhlsia;&fofﬁﬁtﬁuﬁ{(mﬁ&aﬁé ?fhzo ) and
surfaces Indiumtin oxide ("IT i's the material

i EYorige (Rndde)+ ypraaile inhe prmban@nﬁ ahool @06t Tnes and 10%

t r t surfac | ectyonic
B yRiet Thak QRERAG i D bR AR e ap A pirtpllable
efdotitiq fig)d @ridtetliquid Myseadi mateg@Mq2) , typically in the
proportions of about 90% L1233 and 10% Snqg 2by wei ght.

cont o PaBEEAFRLLPHES Aot o G B o s00n

amEtpeisked it tl%‘oulgﬂﬂ ths tshaﬁtﬁﬂtﬂa[ly Rtdasparedtilfiid cey¥ st @hterial
2 takes i nput 200a and passes it through

t’(fjaﬁ’lé;eéﬁ’ﬁ%‘t’%ﬁﬁ ?rgﬁl% PHHE Sg;ﬁewow qoil08bywhete itaxiss the cell
bR O i SRR A
ZHQaa HdGa3 sbbws iadiafuid nryta el 0 in o “tltwgeaﬁbsttatd ivdidlre an
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



200a. FIG 3 shows a liquid crystal cell 202" in a

"charged” state, where an electrical field is being
wappbioadoz o the el ectrodes |ayers 205. As shownCT/ImS2005/633480

illustration, the dipoles 204" take an orientation in

line with the electrical field, causing the output

| i ght 200b" to have a different polarization .

406acidsodn polafizdeibn asiehtutiGaditsud with &.flé ofieafatidheofithB Whicro-

l.i 00a, as deplcted In _co rcial LCD

ng‘r% Ex D Srientatignaturgice; 403y Apd artnytpelarizerysheat 406b

Siedwise h§§ afl %Bleﬁ%%@lohrbr{:eln@atlgn Eﬂ%ﬂé@alt'}_ilt o%len'tzﬁ: (rrb?f tﬁ{le

typlca Yy pace bet ween two ari zer sheets.
njdrorginpdeseef oqutputt erigndation |surfaos£ 403lghThubrmighizer dhiegts 406a

wh
LI o Ssete P BRI W obh B0 Do ar i zor sheet s

406a and 406b. As shown, input polarizer sheet406a has
an pol aWiﬁaﬁhmsntrucﬁwe\,tiatd)}mreafz (wmethridetinlighied00a ﬁ'om a back

t at f.th 0 l.es of ut .orientati
R B Ui g QU P ARPYEPolBTES SHEO 80P kaless the

waticaAlpaliadd coatdodenbf @RtiALIRBeRA HHNED Wolficd farized light

orientation of the mcro-ripples of output orientation

400 Wethilopld cryial ceblod 02 mzféxe relpxed state Geitlamd valisge ar the
A FIHeS (én&; aeE) S0 Fg@-( %2 &Eﬁgéﬁ hg\m 2?6 8%511(% entﬁf ghrough

structure, eren rrze
the ctkanspgmmngpebmmawonlsmfaas 4084 hﬂdgi‘axteﬂ] ehiaughitthe liquid

I h d lose, th i cal pol.arjzed
BEHRbHER SN Shes et Aare ko dogmited &1 BIG B2 oiths roised
dtai@ah theRQhid Wdthl lagatifl ﬂtﬁﬁlﬁ‘ rcﬁ&%e's p‘ﬂ)@a%lia@mtnnﬁ' light 4000
rel axed state with no voltage in the el ectrodes (hot

viiebirctheell R hg SUdesreee Polarideddightidghnl esdidhe vloutall 402 now
ut t |
8 b TSRS e N, 3 B o0
Thes dightis thSismbke toheasd Ithﬁjmhlﬂml(km{ﬂ&gaﬁia&ﬁiin fhe‘él; t@0614)I:|o an
' h t iquid crystal materia
RETPRI TS S LE £ AOFAP A2sl g SALEIAPGRES SO
thdVBspaeént be@?htgtg t#e gg,@eﬁ' art Oletfri®Aeld WAL a8 to the cell

exiting the ce now has a pol arization

492 Bt @b Rolerizad é’dhé 1H00b CDE@ leer aldgivread ﬂoylapgglljaﬁa%ﬂlrough the
h thro
J[qlﬁlg&] Fél;?ffé?ﬁ%n?i;gwﬂ V&Jﬂ}%utt S ! ﬁﬁgﬁapgaéﬂn gg‘%g‘;a\y 9ered, thus

arrzatiron's
making gutie 1igitllakody Uﬂalﬁie rt@ bax@fhr%h@lﬁ Chappipalt polar1zer sheet

st | y transparent an bri to the eye. If an
@ggct‘f‘%qt‘lé@ Hy%P 188 S%ﬁlw% thene e@@P?ar substantially opaque

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

FIG. 6 is a schematic diagram illustrating the stacking of common
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
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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402, the input polarized Iight 400b could be all owed

to largely pass through the liquid crystal materi al
wowrahostivhavi ng its polarization orientation aPCBEUSMIS/033480

t hus maki ng output l[ight largely unable to pass

t hrough the out put polarizer sheet 406b. Cell 402 in a

charged state woul d therefore appear substantially

apagipat andntttidn bget be3leiiaving the oyiehtatidreshifgdet propeitibs

reach.the viewer. FIG 5 is a schematic di agram

g99° ¥3§pﬁﬁmﬁ§@a§?%ﬁklng of conmon transnissive

liquid crystal display panels 501 as woul d be done in

the pri®he ﬁ’fatnshﬂssa&‘eleCDwﬁl w01 ﬁuﬁﬁeﬁiﬁc‘l’@d&rrﬁpﬁxﬁ)ﬁp b6larizer

D dlspla system shown in FIG 5, common
%&ﬁ%ﬁ@ﬁ%em EEHBWALY Pplewé%rss}se@e&ﬂ@h FgagN arTanged gvith gheir

xglaﬁﬁle léﬁzét?c\&?bxé Igﬁﬁlané: ek, QRE Jrf%gcﬁdﬁlr yq%e?lltatqc%l

| ayer 11 trappe fween sheets of
sofrtas 6508 andtwﬁbadndﬂﬁﬁng stiblhga@salltd One 'Ehetkeﬂals deagrélsed above.

.1 ncl udes i ndi vi dual cells
£ el PR PRGN ephaattt aten 18 des 5Uah 8 elafp soparates
th@Znpht pélﬁrﬂz@yﬁ{ee’é 5065 hahtilR S06HBI: 1298+ 509bh %5‘1%1 8t iNinput
| ayer 503a andan output orientation |ayer 503b having

Ocrr?élté?l% taver ip8Aas dr seserd phipbest efsayepiaeadlyl tyansparent material

A T W P T
tbat puablp eblar cairols hmémdlﬁg &molca'ﬁt' ar aasrsémeDQESthWﬁtﬂd 4 bleick grid
| at I t t at t t t he
305 G P AR R B S Bt P bee b sRouD 081 the

pP2evidgs %drb&’@@%htxtagt ORfa 8RAL41R01AL.CH LD IR PBRYEIs A
thin sheet of an optically transparent material 507a,

coppiesed ofihaee celk%q@apaﬁ defin¢rbby hlmolpbfll-ter zmerrdﬂye 609, one with
a%gacofld'r%é Q?a %ﬁ% 8%%1.6 ?é/e%rcoi)gﬂsfglgl - 50gb, eatnd t?l g#ﬁh&' with a

orientation ayér secon
bd)m cdat filtet 509s pardepictadt The pixe5 0ab bs epateaibemppet phltarbitrary

ri.z heet 506b fro on s of th panel
BT EB BTG e gF SR G S0 S bt PrEefored
sa&sel y 509, and a bl ack’ grid 508 (typically having
an aperture is in the range of about 40 - 90% that
provid I ncreased contrast. In _a t{plcal color LCD
panel , 9‘&5@’& typ teanspysyipehodbparsals fAL aze vaed insetackashs

cgﬁﬁéﬂ%@m@fof he aﬁ% éret)éé ?d' 3- ﬁsﬁlggﬁgys 2% a ﬁgp ¥:\f tzjll'lna.'ﬁ‘l(}‘r 5
red color filter gen co

andglescribetl nh(éetgﬂha mrwmt[hSaPatent No. 6,717,728 and U.S. Patent
Application Serial No. 0/751,654, filed January 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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blue color filter 509c, as depicted. The pixel can be
made to appear an arbitrary color by individually

W 2009i084391 he rel ative brightness of each its tPCBEES2005/033480
col ored sections. Wen two transm ssive LCD panels 501
are used in stacked configuration for an
aut ost ereoscopic 3-D display systemas depicted in

FI G 5 Angpdesizet it It]ﬁ]aFt)fkﬁ;ﬁi%l dutpiit maﬁ&ews&et%ltssr&f the first
al en

| S No
T DaRingE R oufq 1Hia brts T Eb A GIBORST 1 gier ke rerics SOAbat i
:hﬂ@ %@ﬁotgmmwmzﬁicﬁpéﬁﬁ@wgﬁt t&h&@éh h{‘ioﬂ]})%t %%%hke{ticglhgf the

device 512 is polarized by the i nput
836 4.(d) pangli and tha@Dppssribirodgila Secoad L@B@amahehspdhﬁslg&t

512 es ro gh the
» ABelaf RO el SRR BrRdh pBERE ke Hikiugsac Qugionall,
tlhhrIﬂil]Zybahél@%bdl&ilﬁ@h@hv@l@He%r%&i’ged%ﬁrtﬂbﬂQ dépﬁ;e 51085 not

| t ed to the electrode |ayers 5
V%%a%??‘ %CV?’@%TPE the pyimatt palagiragionofithe bark LGDmamallmatahes the

t L
BB L i 8060100, ol 8RB s
cexbad bﬁgthmérsrmrmlp@m LiCTepastleat dﬁ@ﬁbate&%dmiaeénba@d by

I de t.he col ilte 509 an ack
10 thg 3 Bl ;sf o e aiaCR et ; %%Fym sahies of
ligfhg tarisheibsiox lévelOfh @di’h@ﬂbﬂbﬂlé@e&f tﬁ@ %1“1059 blePhatdl®lements
first panel woul d then pass through a diffuser or
%‘é‘?e‘ﬁ‘ €device 510 that is able to rotate the
pol ari zation of the light to match the i nput
orientation of the next LCD panel, and then pass

through a second LCD panel (displaying a different
ge—thanthe first LCD panel) before reaching the

Lﬁ§°er\j Qot i onal | Trynsmittedfight capreye §u| qARsarbedlightearrey, %
Diaut pelarégn med such that a de&vice 510 is not necesgsary,
Vol xqd)it put pol arigati on of the back LCP pane
¥ flbpsg thp input polariz@tion of the front LCB panel.
_J%$@y4h9|pcc any bright f¥ss | osses [caused by 2the

olgr i ve LCD paidel are duplicated an®
Tegater bat ed by the secondg.mnd any su%sequent LeD
panel s. Table i shows typigahleral ues of T1 ght _
transm ssion levels for particular ones of the various
LCD panel el enents di scussed above.

15

Notably, Table ¢ 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 L.CD 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 LCD 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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Table i Notably, Table i indicates that approximtely
|l ess than 7% of the illumnating |ight froma back

wo c@hosa1g2 sour ce reaches observer's eyes in t hARCDES®0D033480

a single transm ssive LCD panel. The addition of a

second LCD panel between the first LCD panel and the

vi ewer woul d decrease transmtted light to under 0.5%

{rogatiomias depicteal FIG{S(Epropim ectongiosste lrm(cjah{semtbﬁla% LtCD panel
.and subsequent ane S wou cantri bute

?@fhﬁmdag’r%ﬁaﬁe%ﬂn 8t ﬂam)lgfa lepel.rppigtias shat lpast vy layers

dnLLond8l 1k Be RO ﬁﬁﬁl@&&%@ 8dlls 602 bOGHiSHALM N Of the other

common transm ssive LCD pane S I n an autoster eoscop
laag pRJMegecdirectinn. @%@elayem@bm auh 63%b @épquichdyml cells 602

601
B AP0 S SRR L T g B
@blestiwily ngn bé oﬁérdt@di&lt f(ﬁ‘lfhf)ialb. ﬂ}ég%éoﬁﬂﬂfz 1@9%’% %Cégstlgreac}l
' osi tion
e iepdiaf gtst hifasehdaemragmiGmlitanhsing tmeoua
@Bﬁla?é— dhe of al l'egé’ﬂ t%c%a)léﬂﬁ%edqga!gés e (ﬁﬁgﬁaﬁg f%ﬂ:lu At@giﬁge for

plxe where the pixels of a given |ayer

Q?@ ey s ynanmeriyehaypby theechl¢watedrimapes iamagepaimpbaid over
each I er .are contr

TRAote R ke b GREDy LR SribPaT R engel T retative

tdithp vieneerdoetivh. atAd Hhshinateon Gahfddl Ga28d pobRBRSd bRAMA the

dlffereféﬁialc Iated i.mage, for each layer) in a manner

RAaests Lt rent@l2aped thisbelind the sup éasrqar@ 6334 apdeil1b, to
inominnetthe rcaﬁhlé%b(fiflﬁ'égég cridl &H%Cﬁl%(}%% ' %ﬂnrl]ﬁr to liquid crystal

conposite LCD panel lre atlve t
lpyrraregent A prlor ant transoissseuCh Hibals, hqpnisa:xtysm dlers 611a

PELVS PR GOmERL LS R AT0l, 6021 2 LS DL o
omitamnatmblu Gmeﬁh@ @i RBciihel $a%ealy afbvd. I'Pie {dlls 602 of
ig st al yers present. in prior art
F%@ﬁi‘ Sula @r@éﬂa PAREe §0mm0§unﬁuﬁ:@n}%mtatmnel9@rs 663221 603c
a%ﬂd)u@ﬂ-ﬁ{boﬂlé}ﬁlaﬁgﬁl ft{rb %@§ %'O‘f;‘atlgféaf!{ {:}ﬁau&r(ile %}1 %luﬁ%e

602 encasin |qU| cryst eri al

Pﬁ@?ﬁi‘@ﬁs dod @K‘ﬂi@gdn@]emrdhhynsamallﬂ' he demiril@dﬁﬂ;%v@f Each layer
11b nput Qrientation

| 611 h
136 2r 614Bs hiRedbebiich i el S ereLPOre g BT orabHsa
antl 60680 aha606g anlde605d, Qéﬁp@bh@ély,sdv'hfcﬁcﬁe adapted to apply a

controllable electrical field to the enclosed cells 602.

—e

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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properties and orthogonal orientations generally as
descri bed above. Each |ayer 61la or 611b is encased

wheirseenIsheets of el ectrical conducting nat erP@El/USHBR033480

and 605b, and 605c and 605d, respectively, which are
adapted to apply a controllable electrical field to
the encl osed cells 602. This conposite LCD panel 602

mgetlepi Thédlagbs 007 ans StlHclaiesa Bhatie W fiodmy ﬂoziﬁéulﬁhéeﬁ{e liquid
| ari zer sheet 606b, one col or

ggg@?ny%gggﬁ g@éegcfé?ffl&mﬁ%@ thesandgdesspate gegmetiyesuitable

;QQEQﬁmkbbﬂgﬁ;ggggﬁﬁh%dQQ? and one bl ack grid 608.
Two | ayers 607 of optically transparent mat eri al, such

as gl as e placed adjacent to the polarizer sheets
6062 anfal ‘egsb fordhadpiodiosdd ﬂrysta-lslayenséilaﬁtcarmr GJIkh:to whiek in

donft iR M&t @tplAYREStbhAa %ﬂg flrélt age Lhe layer
guget s R

| ayers fromt arizer ‘shee
Gldd miuehbé aha}&}i alﬁﬁé’ ‘th@ﬁamptpbb&izlaylohrcﬁmnahﬁtﬂth the input
bet ween the first

Ofrﬁedﬁ?@o% ziygf §p3 ea%esl’:fgtii Hl %g(tsgaié@fea L1k uiaﬁ depicted.
Addisibahlly, Hobirifed :hhe@ﬂsrl{b%gaﬂchmlpﬁﬂé"ﬁiraﬂjep {3 d ?Xgé'd to

607" has a_thickness that is sufficient to |ns

qriogonal)ipglariaing arientafions (asstianiag dth6 tharaftapintioriewist” of each
t er eo

1300 Ok Aa1 B o SRLEASCIR i, Micipbfief, B8,

dpt’quallyj tmgalaalnt maaterial Giyka GQVI’dcaGﬂHebmb@rpwéﬂédlvVhth a feature to
tion n Iayer 603h for the

t
APk Bftatiftion pf wage it ieBEhE ShilGeras ton vy ahe ataong
eipb@olﬁazﬂﬁ apedait) ﬁ‘&hb Qhiedtd e J)f(e‘he)é\tstdbdahﬁld 8068 and orlentatlon

orlentatlon | a 603c of the second liquid cryst
lpygre 608k ppd Cofefﬁlf@tté@atch@ifhaﬁ dewiatedy, pol ari zer
sheets 606a and 606b have paraIIeI (as opposed to

or t hogogaii sﬂﬁﬂgf Lé G acﬂhjeg ﬂ?co(«%o%%ﬂﬁg rtgfoté{'ﬂ'%ﬁore giquid

characteristic tmnst ["ayer
cwta]elgwe@smthm @Jemgéet p@lr)el halve é)lempmmisgd forfusecis BTN and

| lL.a can_be
HE Al d GRRR A et B0 borfon Ristiesttn ancomlion om vy
présems ﬁmntetrﬁﬁml asgmpldwd 90 FUE 96 888 deSérid I4rBE] MASBot been
rops e amount) if the orientation of sheets 606a
Hﬁﬂ 3@%6‘5‘&135]6 wiemBild Hnﬁélylérss’SEG%aSahﬂieﬁoé@cmbedn ot
HIRbI6HRE 188 cHRl b&t@ﬁan%ﬁs?vesiﬁﬁ ﬁne!l’gg o@&mg to the present

structures I ncorporating two or nore
invention in 3-D display systems has the advantages over stacked standard L.CD

panels of losing virtually no brightness and providing better i image clarity.
While a standard transmissive LCD 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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crystal layers within a single panel have been

proposed for use as DSTN and PC-GHD liquid crystal
welb®phays? the conmposite structure according tRCT/H82005/033480

present invention as depicted in FIG 6 and described

herei n has not been enployed in high resolution 3-D

i mgi ng systenms as herein described. Enploying the

Iothpqd ateeofttha nisffies) the 41683 qesthbr BeHEpSienf nid@etiABin between

| ion in 3-D displ t has the |
VAR Bt ar S matvider o hanhartebes sl dluimingtiog across

thie Wik ida tyrbgbfﬂfézéa@n.d providing better inmage
clarity. ilgera standard transm ssive LCD has about a

6.5%transm.ssion rate, the conposite transm ssjve LCD
acc o(; di pﬁnglpgaquf é’é‘é RRMPOR} EnirrBsmisiygi leféB panel according to
D R P i BB Tt Hfbeription
erlmava be pedvidedyithsreispecs th e audogterdoseppiCinpeinglsystem and

' i S ynkmal . Additionally, co .te transm ssive
el AL S Al Vi s s BREE L L Renchas Brosuany
stiitabial The Ato3pRERROFB M alRg & irh 84 is\WebAMHd in detail in prior

qui ring the presence of a diffusing material between
e pietiNe-& i G M) B, FrienhApphiediomoenieNo. 051,654,

i I r . r . ri.al i .
e el & 1008, A%icln B Dbt AISRA SR PR LBl By using
multipde avacked dleegunic tirdnamissixt idisplayy, each hdHqwliodrgstal panels.

{ nAgi f th . T i nci pl t he
A LR b5 R LSS 8 o e
pesdediinRittion0fant BteeBp RFEM his dBY@ AR r BVl 91‘1%??-2) IsSing

descri bed, description will now be provided wt '

SV%@HEE’EOVF‘#daYﬁOlaldttgglfeé@r@dbaé@gn@reiaﬁﬁb rightness end amdge quality
: g WM e e G 0si t cD

theiehafl WRUBOISEh A0S EMLLL YBbEH: LG COBRTHAS A Roces

candgicneptsy siypamiadlyi @ hesonigosite ICDIgaasll in prior

U S. Patent No. 6,717,728 and U.S. Patent Application

Seri al . filed January 6 004, . eates a .

Chr e 411 TAlEe B oy hiukEos B0 Bhd vea oPieeierin Hhiit fpndsions

asfligbk 00 ebBedts Gohncah bBjREITTOE hié cdh&idhéy$ light'GEIJAST in space.
idcr a Instead of stacking separate

T e SO0 0he VEdTpereaive She gt Bept difivieriiedento cach
eﬂé@y aitfdront RS LRI RYEMAtR? td8RE bhRED A8 HEAbLAN of NS viewer

-D imagin
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 LCD panel 703
controlled by a 3-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 LF” 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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system provi ded woul d therefore have increased

brightness and inmage quality for viewing within |arge
WwW@ea6od1Pi nuous vi ewi ng zones where the 3-D i nBCEES851033480

be created dynamically on the conposite LCD panel.

FIG 7 illustrates how humans can see real objects in

three dinensions as light 700 reflects froman object

701 andAgeeferside® Dainldgiig sfstemditilizes BwdR2GRore BiSc KO

i i his light field
e raraeta e eiasliogge ek e fmpenta b oR ranel 703 as
Spacen Bl@t7 vat ket @e@:hqg%fé%o?@ﬁqiﬂgq% cﬁ%;ﬂg{r‘ gl?;iy%ig@e images of

vi ewer processes the different percepti
the gkereppair dmpges thattape desived tabeydisplaaree to the viewer's two eyes.

=di ' l. ti gp. . .FI.\G._7.al so shows, a
B A 08 iR S BBt ama e wRdBAY i prpduce
collyatialy clsd btekagéiﬁm&egﬁ%e\é\@iéxh%d] As @mtsmﬁ Si\}vh mG.Lgt%HEgaﬁ%pgsite

Il ed.. - i spl ay system where :
1 el frormPeiflends obtharmressra speantio RS s uEb Pt coll
18yd2sishRARd iA ke RaHtgtion Bdlhtive 8 t1Wie Ef %ﬁ?%%f@géiﬁ&?henoted
i magi ng system depends on the magnitude o
ig iFFIf%e ngcéleaeftmi&m eya @028’ and 82k, rbsp/ecﬁw?]s;a Abdepicted in
i j ing,LF. If the
thE 0 ther SIP R £ Bdbar B sbh baF aClintety Wi Reth iy therhack B
asirfeoratsF bl layfeirg (axadholvinghyt vibiwelisbsl$05 1 408)VivBIBI viol Pakh

' [ h bj ect | e in three
chhrssDEGHGERS ph ShepRRtls 30 b PHAGHTHL o8 e Andticrteised bybhe

V8w 0L L£diB AGHt Ao fcb 8B IR iBRi4E fiv ‘%%i egeg 5?@% gbd%%@b
| ayers 704 within a conposite L anel” as shown
in FIG_7, but with each |ayer cooperating to display

der i vatiiFe 9 ifugatasran examnle b speli detivatipesimages 98l end 902
5l 0 DALV 4 1 s € 4Bt [
ina bl theawing, fireotirtentivelimgts displayedensdzehes thakgerd Gubsppear
A s e ST D e e
T Ao LY i fﬁﬁ?é%e??’%% BAnAI SR bidfol Glightatfn

vithan|the compesits HRD rane @@msahnih@@dzm g]&(ésﬁb agbe idesivydive
. . . ; ' -
W PLbRACD abB ot Ao RRGR YECROF BT 1B0Z B3R ach

thealedtr and aighs bpewoflifie vieswer| revpsctBiy,-asGRPlcted FIGVIEW
pat h : '

To calculate the derivative images for each cell layer in embodiments
of the invention, the processor 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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causes the inmages on the panels to be summed together
and perceived by the viewer as different stereoscopic
w0 pwges3t1dDnr t he eyes 802a and 802b. FIG 9 il | PSL/DS1085033480
an exanpl e of such derivative inmages 901 and 902
adapted for the back cell layer B and front cell Iayer
F, respectively. As depicted in the drawi ng, the
deri vativaccordeges witls phayg@ddimne gasithe intdifidna¥a iferaaie

Retim avaliatss Bagifioemcesbrin oon e dossatn messaging the
idiRal Meagee| Baded VRl the BlifEYE nbed Bbtlvien @ﬁ%g,efheoélggxfiﬁﬂ'ﬁ_:dg%ates

within the conposite LCD panel 801 as pictet
greqrmagang adivstmentmgiesaisticep rdilstmeappeapeichhages to the

O0RLC | 1001 and, 1002, that reach the |eft
SREHARE TS bR et R Te i eilioot Pt griinal e
apgpoaxthinly nraxfinGm éﬁctllTéSS)i ar @ﬂﬁﬁnlglg,hﬁliﬁtﬁzéfétﬁ %&%cess can
' for. each.ce ayer in_enbodinents o e o
TeHERCPUTEL TRE iAnScBUbhs 51 7 HErekons & Fengler egrh Srempaiwithin
dceerRablk 296 0f a viewer's eyes by calculating interim
calcul ated i mages for each cell l|ayer, and then

determines the Iight directed through each discrete
pi xel dflG-Hd Srhowtgché dppicicappenertsof palisplay systetell in

' t j lLayers. ,T .
B8R S LA L AN, AN % i o
C£$t>aet anl meatdsé (eqeinedtezrlisd dadlletl “heart) ﬁ@@id&@bgﬁ% esll RYess 4

i gi nal t ir 1mages _t eterm ne
B & PRt Pt ah Katy B 865 L RB Ao e i QAP apaLS. The
liguid@esystd RINARRE vAtEnthe coABE &L NEDPS LR abd (M iHGed 1 a
keep the error for each pixel belowa set Imt.In

copRyFiR8eaicgi 1 suah ag ARsasanah oroputenea videercontm]legor other
' tds | & u he.di fferences..bet we
o L e AT B ST b i BT E e e
dispdaysystematepised et hwecom ﬂ’i@&ﬁicrl{ﬂ&lﬁorﬁbfgl@iﬂgteb g}ydhtﬁ Tcain?ﬁting

' ' adj ust nent se screen adjustnents
(TR U S LI R -
41 HE6 tEproduRPd bEARIRE dti8o %‘a?ésnﬂ tHel viSwe PRROAGH dfhputing
maxi mum exactness). For exanple, this iterdtive '
deyige d pdsaeontrels gilightingssuate 2 ndanted dobacldight ths c8mposife
Ikﬂfggﬁ&gﬂs, to render each franme within acceptable
error.

FIG. 12 illustrates the detail for the computing device 1, depicting the
computational and control architecture utilized to generate 3-D images in
accordance with that embodiment of the invention. Although disclosed in this
embodiment as including a viewer position signal input 10, it will be understood
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

input 8 source (such as a database in memory or storage). This stereopair will
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FIG 11 shows the basic conponents of a display system
11 in accordance with a preferred enbodi nent of the
wOo pwensdion. I n the drawi ng, a distant and near BSL/US2005/033480

(hereinafter also called "near") liquid crystal cell
| ayers 4 and 6 are separated by a known gap within a
conposite LCD panel 5. The liquid crystal cell |ayers
avirtdsipond beax omipiad ivie@wh@?oﬂalﬂﬁl ABrted labmi b&tie\bé/r Position
comput L ng devi.ce such as a personal conputer, a
%ﬁnang%iﬂi 8%‘3 Pj(fﬂ"ilﬂi‘? a Vigweginostiion signdl|te napegseell 1br ocessi ng
device. As w | be di scussed in detail below the
di spl ayGeyeialy sefhahash df&woq&a%e A f8masba WhAlaing) of
I mges by the conputing_ device that are then
W%qﬁpa%ag&ﬁ lafh ey amht avelimeess, prapseded ity generaten|3-D

e i.ages i.n
R S s e B Bl SRR FRE R B thae
ﬁnelsrt@debpmg semme amageactaﬂﬂ &d starebae khi gbtridvied fﬁ@ﬁ’[&c&‘dthbase in

il us t et ai | f t he
A PREGeoF 579 IsHAich [guEing CompLRrIog) inmgmory 12),
thenbufde iafaghlihReidtiBnthiy bARE ultPm IR BRhEa JalletBORIrces.
in accordance with that enbodi nent of the invention.

Heriexampte. dhe dnfrmgtion stisamsanhy diahede orgsor mokedaing of
BRARIerB0R bl 2R AR dhPH 1P 3 bividld dr REARIAB' 0D, teft

one o e ar e 1 nventron can al
atmi Jpg]ak:nmmel ofvondn objectt @Lgs, foe ahotoe) dyd tef axd Bighd vists from a

zone or I ti set view ng zones. The
q\'{%\%é\ﬂwz{q%o et (582 “g‘:ésabase of stereopairs or
aspects which are al so provided as an input 8 to the

menory Aﬂﬂ]dhrlhg thd/kigwing¥eidiod, 2hb afeve@\Rslor 4BEAT TS
Initi rrermry extract and store a

12 [
Cﬁa?fﬂn | ?mé?r@fi@éﬁgﬁ;rkwd@év% Precepins - PDensuding prer theagiewer
pﬁsﬁﬁ;naegﬁf’ﬁlﬂs@ HEHTH Yo oﬁésgfx‘?%%) notdl! '(ﬁeolé\?vf, {ig%gﬂ{&iﬁon from

correspon to an imitia I ew ng : _
mo@e@dombbmardungl cheer pmmm il (&emsaeet laGatiamnofthevisde far
n _si ocessor

RSB Hh B Sh R e A RS 1 TS LAt htion o

thoktees@anit hsithctOfrbaf the@@alind aniddRbaledRitionBIYRrivad ?mages for
to generate a_3-D image in enbodi nents of the
’GE? 5&@&%}’% h3pdbi drrus\ihe peesemé veventiopangoastwatlypovideean

WBUBERORR 5 oF Qﬁgrggpddaf@%eﬁle%‘}%egs&eoa%gg lilﬁgn 'tRe mt viewer

retrieved from
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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anot her nenory or storage |ocation (including stored

previously in nmenory 12), the source inmage information
woreapeodtme2 ul ti mately froma variety of sour cesPCHUS2005/033480

exanpl e, the informati on streans may include one or

nore pairs of canctorders or paired video streans for

live 3-D video or recorded 3-D video, left and right

tortmgreseszbd bpeontipbanit (16. dJnit 16rthph @res et 26 dlag@%dmages

right views froma digit 3-D scene (e.g.,_ for _
'9dhESpProRTiaty i C&Yﬁ%lﬁé&mgs des ‘?:)I%’,lt}gh ghe pemppsite LCD
sl 5iagfvdl 89&intddls ke Hgﬂﬁﬁ@%wsg{ﬁ'@é E‘%Bgfﬂgﬁxsilng&\eesrthe layers

rovided to processor 14. Depending upon
&m Bi droeassorslbeamalsnprevide inghrodmesitn .Gl andligtiting control

dhehe'w Bré‘ﬂ{lt?%}géa%ﬁ?%{iﬁ%nﬁﬁr@%?ﬁsOr 14 regarding

VI ewer posi preseée 6dation of the user for
stati onari/1 viewi ng zones) is provided to nenory 12 for
subsequéshoeldtreandted thatf mbmery 12 hebjsdihe sesmaalfed kipmals of

i ARIRRAS & SRierTESt Sahdand ofised Gl e Gy thegemory
won$2 antliprodseot TEhan tHAHIRE eid-mudte Sl SRIMJ thellht

ghe_processor based upon the input viewer position

tepitdirayelingdronghweslevradisceapntdementstafédhg compbgisx LCD panel

%9 hi e d | r.desires to see a

oA YRR e R LR the Ve MR S ERHRR S (38 DrBoossor

I kasied gippo $he setrviewhes xire(@ or phs viewen pobigival sigiluo. 10

can be used to determ ne the optical geonetry used in

the reqgm 1104 As, W | L. r eadi | .

appr coi At 5GP SREEIT fetio e 1igREPESR pvemeny fyprailey

pposisttoanviswgriabgesc Ak Blugtladsd 1h BEG.UER ﬁwg Q#g:gﬂt 823484 will come
Wt ITTerent

| tipl i.ew | udi
T R IR RN S
chstBY QY 198 1 SRR 16 osb ThiRA! the gﬁa hp 6f Y AGEPS04 3474
to produce cal cul ated i mages. e cal eul at ed i nages
Thape beamp wal wllsp finsherdss distpnobesislorydtal cdl Bpepatel thadoints

I\ Qlat | ' ntrol 16 .0r, stor in nmenory 12t q be
agégge%sa{sl{e%bggé%og‘g FOTERMY tll%l.e% o018 & PP HPEOPALs t he
cal cul ated images to the appropriate liquid crystal
cell |ayebk #Nand®,§ within the conposite LCD panel 5
as well as controls the lighting from source 2 that

' ] . I SqQl, 14 n.al so .
LU B 59t B ROSHERRTS, i P 8 SRt
of the pixel on the distant layer 20.

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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unit 16 to provide the appropriate illumnation. It
shoul d be noted that nenory 12 hol ds the accunul at ed

wGet@eabaInf individual cells or elenents of eartI/Ubzpos/aB3480

crystal cell layer. Thus the nmenory unit 12 and
processor 14 have the ability to accunul ate and
analyze the light that is traveling through rel evant
screen el éikentB of the conposite LCD panel toward the
right and left eyes of the viewer which are identified
Oye the ppoackss ot islitgossidik tipshitaihen $8hctvdobilifig fAEAME (Shitrary
ﬁr éﬁg,viemer osition signal 10. FIG 13 .
BREraiPasss: yT]geetﬂ? Sty thecdyeseipk ingeRvipmsoekrctotfind am
A3 B 1RANBHRidrixA T DB S ARYButifils il MShE3 Ellphdliuce a
G 13, two light beans wll cone fromback 1i1g Plng
T (VHars T madmmahpaﬁw frmgitioma(bytwoesn targ@iBamd cdlhelabehimages):
liquid crystal cell layer 18 in order to come through

t he pupi | 9(8f -dyes34mand 36. These beans will also
first cross distant liquid crystal cell layer 20 at

the points Z)py26_angd:b(z) 24. The image in the left
eye 36 ispégéor%ut%‘tiglﬁﬁ)of: SLz Nz Df ) , where Nis

the intensity of the pixel on the near layer 18 and D
wkenehux) istaefvgictipn of thddispaxity, sochtasefotiestantle,| amyeadi2@ic

[0 eye 34, respectively, the conputation is:
fggﬁh%RgPﬁﬁkgyn% When light is directed through all the
pi xel s z(n; of near cell layer 18, the inmages SL and

SR are fo b the retinas of the viewer. The ai m of

the calculation is a optimzing of the calculated
Wikhghe lignitatien pbpixebindensity tmo < MyeX5s, 08 Dand5R0 to
obtain SL - > L, andSR (r)R One can prove that it is

i npossiple t.o .0 in exact..sQlution for the .
arbitr a&? aEtlﬁﬂapﬁéP%ﬁ%WO%Z&\ﬁg ) H esﬁPB%% Relow with
regpeentd BIGSSaksy be ubédthraRiARRbdnh BEL At Khutd Rberfhits
t he_possible distributions for Nand D to produce a
Iﬁ*ﬁﬂ%ﬂﬁ@ﬁ%ﬁﬂ#@&m%D§P§EB%¥@VO¢Unction (bet ween tar get
and cal cul ated i nages):

Referring now to FIG. 14, the data flow for the manipulation of the

images of the present invention is illustrated. As noted earlier the memory unit
12, processor 14, and LCD control and luminous control 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 1432) are input to the processor following the set
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P(SL-L) N>mn P(SR-R) NJi >mn where p(x) is a

function of the disparity, such as, for exanple, a
w@eadoat1pr function of the formp(x) =x2 , w tPCT/I82005/033480

limtation of pixel intensity to O <N < 255, 0 <D 255

. An artificial Neural Network ("NN'), such as

descri bed below with respect to FIG 9, nmay be used

rfrograrhi Therlighiteigmdd frongthoaeHsseall layRes thitSaraliflctd toward

i i i FI G
R IR N LN O
fedmicBRs RBRSRANMG AVANHIr8&ed %owéﬂdlﬁ{erléﬁee%ﬁ o‘f‘gl%%%%r 36 and

earlier the nmemory unit 12, processor LA

sagnalp Htlomy hlpck 28 ansli24 exendiresited bhe wight eyecoftthe viewéis
radi ati on emanating from source 22 and thg

transmgsivi s . r - ear

| ayer Toh ol thelt Jatind LEhEe ol i€ Rutlicd DB qtg o
véllwefezitba aight 2yO) 442ragd $ox thedeft ayulldpl st eshual ade then

[ es).of an object,  .ea f ich is depjcted in
RERAREH 57 0P PorEhtrepuas 1348 i the Sl wiiaans otdg image of cach
a@pbdtanal doytheirele9bADATeAR 08 Pl Hm ARSIIthOBSigMallsBfirdel BiYct

and | eft eyes of the viewer are adjusted by the

Y .
J5Perted4dft and 1446g in sdivsimenipbdidl wouldthehde made to the original
11,55 rfi near |ayer 18 (signal
thglgé%)slﬂlaaﬁgé?ﬁrggg F%ﬁ@nczs}g?{/le ér'of the distant layer 20
corresponding to the |um nous radiation of those

por t i orfseaping Hemind geatdhe skenall éf & famabioni affthe dgoation of the
: ' ' I 1424 and 1432) are jinput to the
VAERASLIN "t dSRT SRmhl & BRSPSt R eirgradram the

chmparisbe aceidenitifiedadbt edohyllof thahed ndlBiseEhEEydiaWeyHal cell
eye of each viewer _are then

h igh d.left ) )
1%‘36?3%{ F%Ff% &?quﬁs ?lrﬁ%w&%ﬂ do Eheyrrti threshold eignpkand ifthy error
. | _
GRott il ik SO A 0 L ol DRI o
cexrgsponsiieg bf thehamineweradddtiorEatst lohst pras of tlef distend layer 20
shanal S,4i S, Sul create val ue_ for

i d. 143
NN e SR LT

celd.ues are then

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

25



10

15

20

conpared in a conpare operation 1448 to the rel evant
parts of the image of each aspect and to the rel evant

w@e@a®3ad2 t he i mage of the original source objRCT/US2005/033480

aspects 1444 and 1446. An adjustnent 1450 woul d t hen
be made to the original values in an attenpt to reduce
the error. Keeping in mnd that the signal is a

dithe invention replicdtos dé Himetibn bfthe/heman' oye Bye@enetdithg an

det ed signal. can var sone extent. Any errors

lgr‘ragrgn%ﬁoélgi‘o‘ﬁ’bogf;“i‘%@ﬁr%ﬁ éy? de AV P15 P §BIerRigcticeeimagss, the

rieheanslgoriehd 18i8dcathe itk Ao ithadn Bl ﬁri%igéé?fight BN the
rror is then conpared to the set thresho si gna

Oii?d’!i (the soHEcedmageskanghtiie lighddiedd gemeraset by bhestacket] liquid

' r : t cha Si I
et P TR b o 1 MPu e
mparimuh ekhandssioamtiniayer er26r) cond & Reuve] LindbsfaRges

tran of,.at | east part, of the near |ayer

th . SSi Vit
CXACREPT LY he, EAriesras BRRAT PETCORIARt i avdyiqved. o dlheuncirrel
riefREES afhitdeeurbilRfin GIRNGES5 P8 tRrdCRYbi ngﬁr%[ﬁge?%ﬂg. An

,of the viewer position, the processor Senses
pptdlaek 52 Aensizte of en¢ newronbabeprears Ghe uniieyodbment to the

(A i NO radi atian, of .t he di st
PN PRy W £ e B R B bidds Sl sy two
grayerthaé bogregpuid totthe neaf andrdistait lagerSditd fhroM¥8fan output
ositionhégries far enough to require a new

gt
1%‘){62\2%' BHEe TP &S § gerrpepoadite dmpges PhamdtBiR. The number of
ndat@Ranereapohdy G $REnbdr Bliqhal aﬁ@t’éﬁ 1%??%&%% < g?lﬁ%@%ck

architecture that is appliedto the pr
viehhie Win thalcesrershendsio theawar abddiistent layers Isean adjusting

| [.O . | at | t.he i mages, on the far and
ot R R IR —.
tRtheoptizhl sadrahaof hghtysteai:r of stereo source inages,

and a constant view ng-zone (assum ng the viewer's eye

position is cgnstant). A neural networkof the

i nvention repli caféfts} t_'ljfég‘);’ﬂ({@tq(@w igpnthgsamedingn eye by
gener at i g, an i mage: thkdugh(z),woz)l iisen Me sanyestial cel |

| ayers. To genperatggthgse i mages, the neural al gorithm

reduces the differences between the original |ight
es) and the |ight

field he ohject (the source im _
field @ré?ﬁii']“ﬁ% Iﬂﬁcﬁlqrﬁea@taa%g@@ld fterm%um in the value [0-255]:

255
1+e™

F(x)=

2

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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crystal cell layers. The difference between the |ight
fields is called the maxi num exactness (or m ni num

we@ewon3419and i s reduced until sufficient exactPEBES2005/033480

within the range of human perception is achieved. The
neural network architecture shown in FIG 15 is a

three | ayer neural network. An input |ayer 52 consists
of one neuron that spreads thepunit ;exgigement to the
neur ons ofthhe(ETm.]dep])J:aﬁ(mj)Eg. ’The “neur onsutfutsiod hidden
hi dden | ayer 547t ormtwo groupd,t ha¥ oM espond to the
near and di stant |ayers. The neurons of an out put

layper 56 forns two groups that correspond to inages SL

and SR. The nupber of neurons corresponds to the

number of X EqUi]VeXykst at ontppds ohtheeNN. Synapti c

wei ghts Wj that corresponds to the near and di stant

| ayers is an adjusting paraneter. Synaptic )

i nt er cohReeRtry signalde AN NGHEM 1sa Simpatiosnf at least one signal

: 4 it
505, °RA L0y i POV Z61GTE oPnd N1 B e
lekt, m{dzdightdyr) ofithe omewdrgissane |ine 0 - ot herwi se

Nonl i near functions are a signoid function in the

value [0-2 "~ = N Or a saturation
function o?k?](eﬁ%_%%(m*?}(”‘rﬂe_I?%gﬁ“ﬁﬂi ng of the NN can
be descri Bedigh):=Folitplits) of Ni tBen) | ayer. Yk =F VLX |j
) - outputs of the NN. k The output signal in any

The epdr ifen@idgiignat i on of at | east one signal fromthe
di stant and near |ayers. The output of the NN

correspondg g%mwﬁ)lgkf)tl_zwnr(;@m_ﬁwe of the viewer,
I S k k
that is the summation of all the errors. From above, it is evident that when

E — 0 while NN learning, the output of the hidden layer will correspond to

the desired calculated images to be illuminated on the screens.

In the initial step of NN learning, the weights Wij have random values.
For acceleration of the learning process, weights can be initialized in accordance
with the initial selected stereopair. A back propagation method (BackProp) was
used to teach the NN:

W, (new) =W, (old) -« ;;g

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
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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Yk {left) =F{X z *X ))=F(N z *D)) Yk (right) F(X *X

Kz) ) =F(N z *Db ) ) ' The error function is: E = p(Yk
W@ b@bioy4192 Lk) + p(Yk (right) - Rk) k k that is P¢EUS2005/033480

summation of all the errors. From above, it is evident

that when E O while NN | earning, the output of the

hi dden |l ayer will correspond to the desired cal cul at ed

i mag es For deainihg morakeble Bolhhen§ €reaid] vaRatibss of thg optical

i niti é) f NN | ear ge wei ghts W have random
Rpdpinedersp s afltunbivg cnomops e be rest-okhe fpopediod ivolves
WedigihEiof 8ftiReerkdd fundtiba el édﬂhﬁ% Q{(géﬁ‘f‘fza\é\foglrkﬁﬂe

initial selected stereopalr propagati on et hod
(BackProp) was used to teach the NN WJ (nevv) =W

(ol d)-an- ,;:g cc t.he y of the
| ear ni ng. %Z@g f@bléyﬁzﬁﬁf hé)an)éls p‘?‘_l ly be
obtained at 10-15 iterati ons and for sone inmges the
5 wddeepe!l ¥ 4 gehieved in 100
[ teFa’tHFol)rélsa &gﬁ éaﬁl&%ﬁ]lc&}la%geéﬂ show t he strong
dependence between the |level of errors and the
par ametBisseebnd heethpd im@llve%Q’aﬁ&@mlﬁ@lﬁihg@é‘g tEp SERE 0 fhe

the L a d R i mages, di st ance, hetween t he near and
HCPERE Dot PP oA i e, Ehey SURE B hedbl. t1h, of ghose

BOHRRE CAI LIRS Bl feBl iAo BF o0 oWl a1 T ONS

of the optical paraneters, ternative hods can

be useqd. The first nethod |nvoI ves nodi fication of the

error fEMERGMethydsatbenthan HagkPaon caniadse bensed, Forexample,
10 ROARRLD mddidtiaBkefibpl Nt ) - RO +b - k k where b - i a

regulari zation parameter. The second nethod invol ves

random y changing the position of the viewer eye by a

snal | arroWn(l‘)ﬁU’rgrrg)“Mg)&(l‘atlhl ng of the NN. Both of

t hese net hods can be e(;”zfor enl arging of the area of

11

stereo vi gvvwg -G, (t)+”G( )“ =S, —1)
dE
“O=0

i

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

15 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 ITI-500 MHz equivalent or faster processor, for stereo image

20  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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Trai ni ng nmet hods ot her than "BackProp" can al so be

used, for exanple, a conjugated gradients nethod:
wOobp3aYy (t-1) +a(t)SI (t-1), which is a varP@nuswhs/033480

Fl et cher-Reeves. This will accelerate the training

procedure 5-10 times. A typical liquid crystal cel

| ayer suitable for use in the present invention

@rdpei‘éﬁpﬁﬁé‘»rafcﬁoﬁ ol Ehe digplayad ﬁ@fl)zediﬁhhg/é% JBddstdibbd ng% and
crystal displ % ayer providing a resolution of 10
tagBs Bito geaaind the Vi wers sivp Popition ippraemts minimize th?gerrors in

{
B haZe Hhagt Aoy Y HRESIRIELER Uk IRALPURINE |
sui tabl e conmputer systemincludes an Intel Pentlum
Il - 500Gmrgq ghwareimatyre pheearrpngrresso, mtﬂ](dbrpflfheuldo
j S ri ses
BB SRR Sy B RS RO TR, B fbhEhe
preuidal sul‘i]taﬂowdohhg forofhieadonipogité LT phaell tatpeevd itRgesheating.

hat nust .um na ed on .t he near_.and di stant
‘él&? &’éﬁ§“ﬁtﬁ‘ ‘EﬁPé? ing gag Fé’ff?]"lé%fg’asr‘é% whliregan agangsHeRicef fans

WthRf mb;%ne? cﬂéﬁéféwh-@l‘letﬁrﬂfdé[l?' i RE i ER&, would

opti cal action of e di splayed derlve | mages as
aheges dbledstiimaompedite 3H3 panelansicleghirsourde ty peawids g cooling

03| ion in order to mnimze the errors in the

?erégwpngﬁé and dynam cal ly produce a perceived 3-D

i mage. G ven the conpact nature of the arrangenent of
rrul ti pls Hespuibdd abyed, dhe edlhsibayea sndamsder irgiutting a viewer
of ,t he i.nvent,i on, ortant t.o

odi
PR riAes BoURY OBt acherdibi o B R Shias paion to use

Ho@h BIRY ehgOVRWILR kb t(or @B HRY ndUbhadiifit Gl 8wEA ko move
be provided is by utilizin % an arran ement of fans

withontiloping P spfealy Toesplegr bmrscwedixp efgrmjne ¢amponents of the
deVER i ghi%t!ﬁ(y LS4 S}l‘-@%o@efﬂgeaé&)lﬁ%l% & ?sthe 821;610511 geometry,

conp05|t pane and our ce
amldihengewempmﬁbmmgnﬁl BiusedAs ddasaiind ekbsa bmve,bletsh &Also, the
utting a.vi.ewer iti

l.ncl usi on o for positign
GRS FiedaliTag bayiied &f Bt HLo PGS eEe B o dplay,
HAEEE BAtthe ByAAII g@BmteeryLb%%Lﬂgsl&l anﬁﬁi tHBYFlaYiE M A% s Mat
épr zones) or no zones that allow viewers to nove

lows 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 layefs’ 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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wi thout losing 3-D effect. The algorithnms used to

determ ne conponents of the derived i nages (such as SL
wapeeBR1above) use variables for the optical gRONES2095/033480

and the viewer position signal is used to determ ne

t hose variables. Also, the viewer position signal may

be used to determ ne which stereopair to display,

S%q‘égﬁd%’ggﬁté@ fo@ﬂds%%léhtgﬁg ;&?g %’co??ésﬁHhtﬁhig%eaé’\@PdEetseﬁ 2-D

1y inanm ows Vi ewer position
stdrangas imagehalithe relegantnalgectvi ew or perspective seen
by the viewer. Numerous known technol ogi es can be used

for generati he Vi r itlop Sl ly, s '
B T e O
id@ﬁiﬂi@hghﬂ%)igﬁﬂrthgt ein bediresied howardshihie reletvaht ayd aad the
to, viewer nmounted, RF sensors, triangul ate R and

it lesRr ey rene! teea i s TSR hebior SfgRet that
tHS kRGhe W H 8Ro AN ¥ S IER R fred JTRGE19GE SigndiNig cBhi@RRbBto the set
corresponding to the transmssivity of the near and

ttreshaltt sikagle rl§ the etros signel ¢xppeds thetset theesheldotignalnthe

by .means of the.processor f ' : .

o Seei o6 HESERERor bbb RReRe Pas Bln LB bonding

t|6 @Re _D—;gfed lcElgst '|EHe E‘lb(lﬁxfél ploeess b kepeatedatintil the etrackigdal becomes
iquid crystal_ce ayers towards the right and |eft

layexthem tie seb SlakesBald signalor .tﬁerﬁ‘“etgrl@s rPﬁﬁ’Péqu 18-

identified lightsignals directed towards each eye to

t he corp¢spROPoEILRIBa&sIveftht BElcaRitiots Rostier @epaf two (or more)
i mages of the rel evant object. For each cell of each
diffgrent objretseieconstEigpdin o (anete Atereat dieshansdor two (or
. 2 i t
STV I 0k L s batpran g o SpL Al ataiciin
febfraiedriapapalislurtdizifig, timeexahple ADSPaijoeessomsirsignedfor this

the sa e shoul d, see. .Each recei yed . Sj. l i
RUGREH oY% LA BTSERt HRFBEAB ™ OF dkaf 101 Fulthyielyify deplay
cth Q3 8bn €16 SEAR 4 tall® 18Chotbf tBS 1Dl GySted of thet fi@sé@Thi@iish may

program of the processor control nodifies the sigpals

ador beupwshuithgnuliinla #igvegre pbeaving inmgery ppveltpneouels The

epeat e i : LEOk: §1 . .
SERSEH BT 5 P R S B TEBA Y
viswalgsnpsssidlieplaysdnlages apyeropaiateifoatthe nsulfipte vikwers.
case of two (or nore) different objects reconstructed

In two '{‘l% afé%%i%ﬁmdiinfa{ccggr%gtrlcg {ngt Ctthieolpléer];t?orn éa‘t’}p be( g&apted 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.

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
stereo display mode (i.e., providing dynamic noise in a front screen and

30



10

15

20

25

30

nore) viewers. It nust be nentioned specifically that
all calculations can be perfornmed in parall el

wa@Riobiozdioyy, for exanple, DSP processors desi gnedI/iis2005/033480

this purpose. Thus, the present invention can be used
for multi-view ng display enmulation. It should also be
noted that the system of the present invention may

caﬁh&lﬁt&ﬁn&‘asg%@ w&&a&%&wb €a RIFQWBhfe BBERE thok: ?@aw&ng a
si mul t aneousl y. The systen15|w%d%_reco gni zes

spesiflized dmiage e tles éfonbpgmetlut@ meakedinedwck imgge visikle for user, but
S ) AN e f he

ingi et FONEANEntl SbaRe) JIROE AR PR oF 1o

“Bl‘qmwt) idddplay@mdde. @Hﬁﬂte&dtl‘fedf Dmgms tplro dhidetl dryetthle prese]nt

. har dwar e uratjons .i.nc uter centra

1‘13’@8%8%%3’ E{Hft?w( énbamlefjrtbé(la ‘g‘?n Qﬁgng W@%@aswafms

pkRedbes. NVi di a GeForce, or ATl Radeon) supporting dua
nmoni tor configurations. Furthernore, hardware such as
known 3-D accel erators can ﬁﬂ used operate the
4

al gori £l #oredddle R provade yiystrajeonscod dhe Vnag?ﬁ%pap@aed in
bFax?l » Sl dlel ASp1L. Hl‘@hl@r Bmpis, Ridleht ﬂﬁn@r§@f§@1eW1ng group

accor |ng to the princip es of the present Inventl
(ecmrwlmzre ahagtaam s Upmilat)eeach ssedeffearbntiaﬂfeetsewftthmdw image,

o e uameRES fPRRe Tiogndh Fak hBREoE iR TR But not

lithi el %h@é\ﬁingﬂb@ﬁtﬁdrﬂéﬂ é;ng@@,r Ak ldeyichay i BIG.016, bk Héﬁ%difmages
stereo di splay node, a dynam ¢ noi se stereo di spl a

169t ang 1682 aCBraély @ﬁpﬂgyg@/%ﬁh%hﬁ&ds@yml gelf layges %%trb@en
cgﬂg&ﬁqf! C]S'bﬂgﬁaql(e!l ER3ES a c&n??e%lg(mﬁ"&feﬁ@ ?che?vela': Y703 for the
I'splay node (1. placli ng mage in the

Y specli al'1 zed
fitstom¢werased FIG. Bk bcatrel dbackrst vigyeingi®istiian, hod suseond

oehg e der AP Bigopdviowsinacg it A% ey perdton different
froH $HeSinst tvﬂﬁvﬁg BobARGE STHY iatHEe s fortBach REewELs&RIBoth be

i nvention can be further enhanced_ by appllcatlon of
stierraprorie GériDar boththiediv optiseasivas], orbe a mixtame ofthg twpy As the

T 0 T SE FIGSUT B0, 0 P

qualityeras tef okdairedvisynigerpasing the nopmivdrenf éiguik cmbalmelléa;aers
"fam|y" diff f th

withia Opfoose AT Rete bt R aBEST e Ruphis ¢f Bimgesjte L.CD

paskID eRebelias o E&créé\’éél”th@%veﬁﬂ afifhint 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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limted to viewing | ocation or angle. As depicted in
FIG 16, the derived i mages 1601 and 1602 actually

waele@ploamerl on the |iquid crystal cell |ayers oPCT/H82005/033480

conposite LCD panel create a conpletely different
perceived i mage 1703 for the first viewer (see FIG
17), located at a first view ng position, and a second

per cei Vﬁgeﬁﬁ@@ﬁnyﬁ#}fftﬁé iﬁve?ﬁfb‘ﬁr,] @hée/ hﬁ‘ﬁ’ﬁ{ erys Qladigglai‘ltpsﬁqels

Vi ewi ng position erent fromt irst “'viewn
pospiiscoswitheble mheresntsorAsmcknow mwe the art, bytadjbseting the

tereo pic.(3-D), bo be f.wo-dinensional, or he a
e E A RRpRE L Rl ac RS PR SndifEapt B0 paREI a2 Setem
ehf ioeitesi anpiepas denéolyt BABNCIHG hasesht dbtairadetomaglet source.
qual ity can he obtained by increasing the nunber of

I apether pypbodiment. leachygelos panehsystamcampb need forsequential
&W%V\?‘i’tclﬁélﬁgie}f @ﬁi@%&ﬁﬁ(@dﬁhe‘i@,‘%h@%{%&ﬁ gafrs‘iflpi%%'ﬂeﬁ i’logTQ’ and

panel s t ves, to Increase veral [ amount
grengewlathabldpandgmite Eetlayadittbeshpanelawmrsis Adivaitéd one

eadi | i at ed illed.in th t, o]
Beh P BT eeL P TR EPBRD btk FPgm b o
diends SEH6 iAREE ab by dsKlaghBnthyhiahel pa@hlandWeitdponding

such as an i ncandescent |anp, an induction |anp, .a
Kghioroasessmre syipchesk syehgoroushnyithathenignagenen display at a rate

: o Ul
S8 BTAPHISEN Sl AT EURR S0 108 i gees
I@EdmigoeemvndandUbdaestaiialsle, #outhes possiblectol usghd single pair of

1 tti i "LEDs" I di - th )
OO s Conlr oo R Re g GUST ) B Brqwds & color

HrebldBmbAYi8RE] BRacd. he liquid crystal display panels
conprise switchable elenents. As is known in the art,

by adjusting the electrjc field applied to each of the
i vi dUSHZEE DForpRste fp‘_gPr@,nefﬁbB@@ §%°gﬁ‘1“ﬂ=?e1ﬁll1‘cﬁ°8‘%ﬁ tesimage
ﬁd&ﬁ?@ﬁ cbBbafifbD%illPh ARELR Batisr &ystdths QRE 86 BRItHELMEe of the

source. |n another enbodi nEnt, each col or panel
a¥istof all dhe layers fedhe onfosmationttraisntiesion. Shetrobfemeed | n

t hi s;.enbodi,ent ., t he panel iL£s_inelude.red bl ue
SHATERSER SarPedtbals A iR the ntBhen o e gp P el as
hRnRksititdislof thé right bialef epiicofaach vidwsd dod Fe@ienele above--
and_di%PIay cycl es th[ou%h bl ue, green, and red . .
mentioned procedures to realize the techniques in accordance with the identified
eye positions of all the viewers. Such a system makes it possible for several
viewers to receive visual information with the perception 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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conponents of an inmage to be displayed. The panel
pai rs and corresponding |ight sources are swtched

wa@yehsaspusly with the image on display at a PEL/ES1003033480

is fast conpared with the integration tine of the
human eye (less than 100 m croseconds).
Understandably, it is then possible to use a single

VAR F 180k ATRReGEr omati ¢ displays (i.e., LCDs lacking a
color filter) to provide a color three-dinmensional

image. Utilizing,a copposite LCD panel in this e
It oo b BT BRSO REl BB IaPRL 957 DeRIgH: ogRpFising:
Wi t h_par ajdig¥mliahg a€leasy she fRewdhe 2 100gteiqhdtorktE aof
the cells of all the layers for the information

compuosite Hgiisherystad dispéayepaned, svideernnesiteslignidcrpyabdisalay
al sp identi . VI

552 rdr SRl ¥ S RFRRepBha ot R RSP MR o RRPAHIE of
iangiperdodifierdre iages-saidreslt layaedsyprcod ede i fronb of another
realize the techniques in accordance with the
rPE’éﬁieitPiSé’di\é‘?gl%@ fons of all the viewers. Such a

syst em melRs)dvinP@FRbdltsini s 8 \LAERkaM R AFert Gnd
receive visual information wth the perception of the

st er eoscobpadklightivgtsaid eall layeesoiedlisplaypestepopcomicimense visible

.rel at ed net hods havi i

ihap B! {1 G VR e A el il s el ES i spongs to

saldctddhgdir of frirce sfeostpaininsagek. t he present invention

are possible wthout departing fromthe scope of the

i nvention as disclosed and cl ai ned. WHAT | S CLAI MED I S:

al.  ATIRUHSGATf E18AT ReheReinW-8€ aflipIBRAIi8R3ks hf@&Hculated

di splay, conprising: determning at |east one view ng

immges powaseed fromfsavhsouste stecenpovsimages; gl whersinpapeessing
i splay .panel; .said co Lte.biguid crystal display

B R R PR TR N ECT T qui

crystal cedtimhéiygtBe tightbirectod tb Bgi nige sfwvidivei’erged by

i mages, said cell |ayers spaced one in fraont of

oa}ré&wg HUPE GRCI3tesbiepers dol g e eslklgvey iapg then

cgelté n?fn‘f’% th S1iPELtE&PEl088h Aol bt 2 hAWAIity 8Wscrete pixels of a
acklighting said cell Tayérs to display a .

feordreesdepidcdlnagersyi si bl e
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.

3. The method of claim 2, wherein said processing of said selected source

stereopair images is performed by an artificial neural network.

4, The method of claim 1, wherein said at least one viewing zone is

determined by a calculation responsive to a sensed viewer position signal.
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in said at | east one view ng zone wherein said visible
i mge corresponds to a selected pair of source
wGe@cedpal r i mages. 2. The nmethod of claim1, MEUSI005/033480
sai d di spl ayed i nages are cal cul ated i nages processed
fromsaid source stereopair images, and wherein
processing for each said cal cul ated i nage conpri ses
51 terghh vediMod 6BLLIRY! RBebdiR shidht et &t Aewing RAglsone
of a viewer's eyes by calculating interimcalcul ated
comgesslpmoaitonedbby sniagtarahied| vigeer pegidon Rensor that generates
deterrm ni,ng the light..dire . gugh each of a
TR Yeps ngpr%‘fusc%:r% ?aédﬁ?&gfatstg%%&lgé %ont one of said
cell layers; conparing the estimated |ight for each

pi xel wth the equivalent lighf fr the sel ected one
Gof sAba raqtbpd opar;ln gelp&gai@%?lﬁﬁwwgﬁﬁ P processed
2RGrfld 3Ch BRI bR abaM at ed 1 mages to reduce

sald error; and accepting said interimcal cul ated

i mages as said cal cul ated i mages once said error for

each,pi xel . i | ow.a,s [jmt,. . . :
Tel ai Efnﬂﬁﬁag?aaggﬂdﬁﬁgg%%%g%:%mogSégﬁgﬁgéﬂggF§%y0f&nd
BTl GEersbpdie dpabés forndgpday & Pphiralityect Wiywany somiesf arad wherein
neural network. 4. The nethog of claiml, . ﬁr%i& aid .
said fvemenlcglated imaqges gre BERIUCED RE PEPSASHINS Sﬁ&‘y selected stereopair
§abed! ation responsive to a sensed viewer position
Signal.5. The nethod of claim1, wherein said at |east
one view ng zone is continuously nonitored by an

aut ogat ed Vi r. posi ti.on .sensqr_that -
i gnaeateitor i el g el ek S Qhfeebea first oo
of BEidRdUiaGr@ftalied 16ydrs inkaietomsaite 1aalid uhataldbdnehies

are processed according to ?ﬁ$lurality of , vi mﬁng .
arparsed orthopraals FREYrAsPeR taineiar Zabion o o8 PrhtRjion
s?ﬁfa%%w%e@or{a' SHefishi féﬁl 1%9&%. stored stereopair images

or display to a plurality of view ng zones, and
wherein said two cal cul ated i mages are produced by

gl S e e N R

84k dReentOflage.f i rst one

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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of said liquid crystal cell layers in said conposite
liquid crystal panel is arranged orthogonally with
WO e®posL191 0 pol ari zation to an input orientatiPeCI/US2005/033480

surface of a second one of said cell layers. 9. The
met hod of claim 8, wherein said cell |ayers are
separated by transparent glass. 10. The nethod of
claim1, wherein said liquid crystal cell layers are

of the active matrix type. 11. The nmethod of claiml1,

18her @hl rBéihdd $E€kRehi 12y whbresiaisdid chtimeng bEsAd painrce stereopair

images is perfornmed according to said determ ned

ipieghF AYPREARS SeleriingetiiereHPuReetiereopatthgt suirezroads to
B 1 : j to irSai d one of

o D o B ot Gl ai m 1,
wherein said view ng zone is determ ned autonmatically

to cQhrespen 0..a variabl e position. | .

{8 cndiregre @i Sy VR uheRL ihffhafe o il PSR Bercopair

i5RIzes bQdpHeLy Sded il £Rirént sRgESstarepaiahge dodssidnds to a

(ﬁosition of said viewer varies.lS. The, met hod of claim
Heropp peainecdys af sHia selerglopPUsisiesni®e st er eopair

I mages conprises selecting a different source

stereopair that corresponds to a different perspective

& sdhe melledtodd dlaoul, dertber caopesing deternTiméngrat least bfo

claim1l, wherejn,.said,ch i ng.. of .said spurce.. . .
eRIEFSReP SPASEIsEHBE AhIGASE BV Blirs Of Rej ke 3ferp dpain mages. a first
k6 L8 EleeRdolrde breopail eBRQBSISorrespandifdf wrefitst
(ﬁgrspective of said sel ected source iéirquair. 15.

QTHEEH Ao BMEoaP i, 2 JegpRhRRIr O fipid SelariediBauEee P e eRpair
igiﬁglfzg@o eéﬁé&l}rdyﬁgem D8 400 Rt ns €V RSHhE FoRE sﬁﬁ@ﬁgcttsm

ce’stereopair inages, a frrst pair o
cabiulated| steteopaisamages stuses epdi displaps bscreate bopdifidreny visible

to a first determiped view ng.zone d a second pair
YpreSasop Sunageron SURIPELO S RIDRYY dffhglLtereoscopis images
KeRhd PRP186H BECH 6aid a% G6R0 Gwo Q¥ ik NOfed/ WUl saNEsiblCimages
that said cal cul ated stereopair |Inmages causes said

ireaspends togsadd seleetet mgingiof peyixsa Stereep K 8M3ER: eoscopi ¢
i mges, a different one of said two different

st ereoscopi ¢ i mages

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
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

- 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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being visible in each said at | east two view ng zones
wherein said visible images corresponds to said

W@ edoeosao pai rs of source stereopair imnmages. I1PCT/BS2005/033480
dynam c three-di nensi onal image display, conprising: a
source of stereopair images; a conposite liquid
crystal display panel containing at |east two

inh 4RRS ARS8 Yoduls bl c&l&ﬁ{ﬁtt@d ifi8dds de@%ﬁsfrorﬁ%bﬂi SRYES S
spaced one in front of another relative to a display

stereoRaHyinzFges aaddatdiegaidenship pherig eiryeimg| zpnp codsewl layers,
. illum
= ep RUFlbd SRR O TL 08 S Al ey B0, &5 4 S REbL SRy other
whertmagedoe aalddamns;:&ﬁsﬂr onealifd;aid ealvildes] ﬁﬁxigeediehg adapted
el ectronic jnterfaced with said Sp i.d

fof Py TaAR Pl s alblav s St Serond it Satd tww%%law ages
bdhO aEaFRA @Pﬁrréﬁle@né S%a¢d RERRL @Ml 0 determine at | east

oné viewing zone within said viewing area, to select a

- pai rwheresosridevidacerontiodler renaties calmdated ipageldet from said
raom . sai d source, ster
pr%%lzscs%r % gauéms %?}él%é %;rngqn%ener e A %pvogﬁaﬁe ong ﬁio s%éc?1 d
cadaﬂdtddalmg&s sael dha:tadaeh |di?d1cﬂdyddmaﬂaﬁﬂl ifthgd eictslwa siask for

sk for ea oth when i naged on
thﬁaqtfaelr gvy 5&?@9&3@ a0 @a lven %niéraenﬁa mage

viBBldth adank %’asft Bhe 3idwiRBLoRE & vifild 1&1@@’@5&r@srﬂ)gn§mg to said
second one of said tw calcul ated i mages bei ng adapt’e 8

seflentehppirad sowkse stersepair impgess; and - wherein said
video controller receives calculated i rage data from
sai d processor and causes each display to generate an
1Apprip dispayafelain Eawheeéintslidbestebsprdesic Soicderiviag each

e cgvd's ayed cal cuyl at ed |na e acts as_a mask for the
S%@ A uiﬂ g@ﬁ%%%cc&we%ﬁs dterAtye Pret &bl ay an

three- di @eiRi@RR!the 'Ti%ﬂ@dﬁ‘eét!eﬁ't% ehBh 38k O &b w%@%te go%

view ng zone, said visible Inmage corresponding tg Yd
caé@ﬂetmg dnfpeum calculsberd uea@etse‘.”pee@@ of sapdtpyers, Bnd thee

deggx; iy Iey thd lgc%ﬁ %recéle% th%uegrfée{]ch cﬁscreger S&Sfc?fo salci %%ng lafy%k

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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said cal cul ated i mage conprises the iterative process
of: estimating the light directed to each one of a
WO e@ee84182 eyes by cal cul ati ng i nteri m cal cul at BAI/URAGEE33480
for each of said |ayers, and then determ ne the |ight
directed through each discrete pixel of said front
| ayer; conparing the estimated |ight for each pixe
20M t MMHN@sERYiof @lagit 19, wﬁ&ei&lrs@lecha% of ShiICGdoREc a8 Fedphir
said stereopair imges to determ ne an error;
imagegds ferprsiant upem ea@qat@au of yhi @ej:ermr@dsvwwmgem@eand
Wﬁ@f’egn %ngfnenﬂ]gf nﬁgétgg X’?é%{’lgl '23513 E&Hb&g Hi &lgcq of said
I mages as sal d ca ated i mag ESO0RCereaT 3% Tor T oY
ormanihapi xtelreop@nbmhagusa set |i m' t. 18. The di spl ay of
claim17, wherein said neans for processor logic for
deriving each said calculated inmage is performed by
252l AHY BEERGUF cRYmEIB, kitelr&igh s@m Hwihd Shd 1srh9értra€1|onary viewing
network. 19. The dISp| of claim 16, furt
zopgRFesSilng Iaempmmepﬁbf/etbmlé eheesssarhat pr OV| des a
signal for said processor to determ ne said | east one
vi ew ng zone based upon the sensed position of a
241 eVilire cﬂ@pla‘ljh)é clﬂiﬁmpIGayv}mfremJ mdrpﬂ&essdn éﬂi@'é deedeetidng

f ~sai.d source air ndent ypon a
cof GG SPBUS B P b GTENAIRG DonEray diarerny zones
to ERYARRIH threé- dﬁﬁél%l&@ilqﬁa%@ VY4B iA@adR aﬁsalm&ﬁaalt§ aF dlewmg

sel ecting of said one of 'said stereopair imges. .

zopge di splay of claim 16, wherein said view ng zone 'S
a stationary view ng zone preset in a nenory
accessi bl e by said processor. 22. The display of claim

2316, ’EMwileb]ay&ﬁ 'blﬂumr](ﬁ(; a&&%uﬂ gl pratesdoy dsgiS MrGelecting is

‘% o C%LH GC&fa I g{%gg%ég?agegﬁar% ngel%ysea(%d tn?ea%s for

pxbeés%ﬁlgdisrfﬁpmeia aaapﬂetms Sr¥desh Qéﬁ mﬁreaﬁg; It Qéleét@u@tempau
plurality of view ng zones. . di splay of claim

imeges i ealenlate afmd qalcwé@séomag@@ sm,chf ﬁwat $héseerr b@dmlayed toa
plff}%%lg vtle%l% Snes 5. &7 l utreaall I fUX'?P{y cb asgecscts S e(%?aele; c&meﬁlg}onal

ere &aid 858°n
inﬁé@pﬁﬁtﬂdm s@ﬁ@cﬁsﬁngmﬁbspl urality of selected

stereopair
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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i mages to cal culate said cal cul ated i mages such t hat
they can be displayed to a plurality of view ng zones
wo o006/08adE a plurality of aspects of a three PCT/US2005/033480
di mensi onal image visible in said view ng zones. 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 conposite l'iquid crystal panel is constructed
ergb i np 0 ' . one
- scraisgfy ayrcle SUEHOBEVICHRE Bhe f QbhhyRR
aﬁ&‘ix&&i‘dall@ﬂo I@@J}raﬁpolﬂ]tﬂoanvatm)aﬁlh @osm]pntof eniietended omewer of said

surface of a second q aid ce er.s
viathip PRy £ FraI Eh R DY SREIPEI SR HEIoDh Bingea ae Cianged
r HaMlofoRld GRIW Y vakRBSpar ent
bigggﬁﬁgﬁgsg%a§¥%§k§?sp %y of claim 16, wherein said
Iqu|d crystal cell layers are of a type suitable for

ct 'ﬁ? %&y %chaq g ngﬁ»l sl %éox%ang sﬂa%eh

erein’sald vi eMA zone etern1ne
s@@é@ﬁi irﬁ@éds)byt@l&ﬁm%ﬁﬁ’ﬂﬁbﬁtcmarceaﬂtembbelrﬁhat torpespohds to a
an i ntended vie r of saug vi si bl e i mage, and wherein
d%%”ﬁ“%%ﬂé@%cé’d’e rideselecle CENTHF? SRR ar e changed by
sai d processor as the position of said viewer varies.
28. The display of claim27, wherein said processor
2eh an’@hes display Sfolaioe2btehereprsaidichageingief 3w soprearjereopair
erent .sour er
oSS ek SBBP Rt iRk febaTE IR o foBonds to o
dfgeepp@ispectA. of'Ehfd gblamé@yomﬁe stereopa2d,, wherein said
changi ng of said source stereopair inages conprises
selecting a different source stereopair that

3607 ' PRy gﬁ-‘ﬂﬁa}; & daith 16 e\ﬁﬁélteupﬁlaﬁﬁ@éésg& 1@F1CS§ E’@'ther adapted to

sel ected source stereopair. . display of claim
dé@rmihe aélerast’av@vqgwon@ geAs Wxtlglrx:salé viayrinaerengnpte gelegs at

lqﬁsgﬁva 62@'8 2)& S%IH‘&Q ts%etrétgqa\é eWI ?e%r eas?é ?émrtop E&d%@le ted source

sEQUE SR SheFRUeRidspbiige 3o adirkt determaned ﬁfawm zbne and a second
sel ected source stereopair |nmges correspondin

PRITTfsatfbealpqipth BRIGP SUHTRYPEIHHBARHTFOR SBRUHYS %P%esqu‘
apfhthifiE Ol S04 GRINRE SRR ARA e 4R TRAREH ilises
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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determnined viewi ng zone such that said cal cul ated
stereopair inmages causes said displays to create two
waledobesam visi bl e stereoscopic inages, a diffRCEIB2005€33480
of said two different stereoscopic inmages being
visible in each said at | east two view ng zones
wherein said visible inmges corresponds to said
mg)?!a gﬁh@%aﬁéh ol sf%%"f# %to‘f LB alireld TREBESs oBdbjedtBand one
I'splay “or clarm Urther co rising a menory in
or oo phirad iviewsithDsaegespr ocessor; sai d nmenory
contai ning a database of various pairs of source
st ereoscopi c i nages. 32. The display of claim 16,
further conprising a nmechanismfor receiving source
stereoscopi c i mages i nput selected fromthe group
consisting of one ornore pairs paired video streans,
one or nore paired i nages of objects, and one or nore
paired views of 3-D scenes.

39



