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TWO PANEL LI QUI D CRYSTAL SYSTEM W TH Cl RCULAR

POLARI ZATI ON AND PCOLARI ZER GLASSES SUl TABLE FOR THREE
WORMERBI7TONAL | MAG NG Cr oss- Ref erence t o Rel at eBCT/US2006/026706

Applications This application clains the benefit of

the filing dates of prior U S. Provisional Patent

Applications Serial Nos. 60/697,540, filed July 11,

2005, and 60/741,079, filed Decenber 1, 2005. Field of

the Invention This invention relates generally to

t hr EEWDRPANED AIIQUED 0B YSPAE, SNSTEMCWITH CIRCULAR
POEARYZATION AND POUARIZER (ISASSHSSUIINBLEFORTHREE

usi ng a dual -1 ayer ﬁiME%Sfbﬁf&E&ﬂiAgﬁ gement

ac

conbi ned with pol ari zer eyegl asses. ground of the
I nvention Objects are seen in three di nensions because
' ef | ect s, fir hem and generates a light field
725 eNee It : ewer perceive this |ight
field differently due to their different locations in
space relative to the object, and the brain of the
vi ewer Tiioeppkestidi el adimfsfide dremefie rof ehe ifidimg ddtet o€ prior U.S.
light fjeld by the two eyes tQ generate i
Proiging ﬁ%%tmqlqat@-@- erﬂ)@rﬁ@%t@%ﬁw 848, Blpdcdphycl 1, 2005, and
' [ 2 i-Aye ilized to simulate
quz?g’gzgh%%gﬁg%gﬁ%&ﬁ%g’e%w% viewers. Stereoscopic
di spl ays operate by providing different yet
Fietd ofspohdiemdiomer specti ve i nages of the sane object or
scene to the left and right eyes of the viewer. The
viewer's mnd thereby processes these two images to
pr oduc [ f r [ | O T . .
o et i e B fs Aot Rug R Bl lOuplimaging. More

sple@ificalliyDHite prexdnt ifveBow raltdésto tHiebUiigsichdlNthaging using a
training of professionals, such as pilots to

dwtyleyeteshkiquidnaysalenrengemhanesembingshwitd polprivey epeglasses.
and conput er ganes. All stereoscopic systens rely upon
ORe._or e technigues to segregate inmages for the

B L i Firyeh (.mTypi cally, stereoscopic inmaging

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.

Stereoscopic imaging is a 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 left and right eyes of the viewer. The viewer’s mind thereby processes these
two images to produce a perception of three dimensions. The principles of
stereoscopic imaging have been applied to various areas for many years,
including to the training of professionals, such as pilots to physicians, and to

entertainment, such as 3-D movies and computer games.
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systens utilize special parallax barrier screens,

headgear, or eye wear to insure that the left eye sees
wonrdog/ovdre7 | eft eye perspective and the right epeT/s8B®96/026706

only the right eye perspective. These systens may

i nclude, for exanple, shutters on eye gl asses that

open or close depending on whether the inage on the

scr een Alksidsedseopie syistarad rbly then baé or Mhorel @Bhnﬁ}’tfes to

However,, these types of systens result in eyestrain. _
segiegnte dmagenifon theaight pndideft exese vucaly tsteredsoepieimaging

[ 11 I U.S. Patent No. 6,717,728, issued to .

sypiid AR sroctl BaraBivkBary e afedny Be et P e Ve to insure
thhbehp el ek seby 6hly tHy lefl &fd ﬁé&?e@ﬂiv@ﬁhﬁ%&l@rﬁm&@ Sees only

3-D display that provides real - gh

i me and hi
thegightueyopedpeciinagThgse apsteins mpyvinchole f(ut_l_éra])tairgpleglshutters on
| 1 b [ eci al.i zed headgear. .The Putilin
BRI 3 s B8 PROEE 0 hsgin bingeren

ndefs 48121 AbRHWY (e IERI 6 BhE BYE! EOWAIRICH IS WhBaSPsystems
stereopair inmages, which are the 1 nages at €
regiltiineyektraiaassodiatedelithethet ‘flitke” tyantedds tHe shetter.

viewer. A first one of those calcul ated i nages are
or

tt .di stant__dj spl a d the ot her one nor e
iglncul btlﬁ%@gsU g Z’D%%%‘i &%0 6ohld, 648 risvued voaRutiliosetial. and
' ' I ' t. [
oA BLSF 1k Rl 8L Bt Y ARl SfToes an
autbeteeéaxcepivi 3vll dapbautiat wiovledyieal Hin6 ahdWighadsolution 3-D
. images that. each contajn at |east sone of the inmage

IMagiRg fAPRIA Y athendquipbringparadlax herriergionwpeciaBact hleadgear.
' VA | L. Wh [ d si.nul.t,aneous

Y e .

twotdranoth sdlcaladdcdlagel #oiE HalB88Sreop SRUM AR, gsgl&&l? gre the

0
. two different stereoscopic inmages being provi .
impges that ongaltiimghelyoyantsofo d¢leveritevibe twaheyes of the viewer. A

o GHETERR T PEAE R0 bR oTETRAY o3t er
onh it bl 3L a4 b By Byl 5510
plaraiddnl 0w (vebeiies tadmesisarey gositiel)i ofetheatstamidistiay. Each

i R G B SAe ARty Sisplavitipalculated Sthages that each
contain at least some of the image information destined for each eye of a
viewer. BEach 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 one behind the other (relative to the

viewer) in conjunction with a spatial mask, such as a diffuser, which is placed
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network. In one certain enbodinments in the patent,

multiple transm ssive liquid crystal display panels
wae@7pvEcked one behind the other (relative toPthes2006/026706

viewer) in conjunction with a spatial mask, such as a

di ffuser, which is placedbetween |iquid crystal

di spl ays to suppress Mire patterns. Wil e disclosing
betwbég hilgyiid teehl dplapgionasyreseMoitopeerns. PWhild Aiselosing a

al . describes a highly conplex systemthat requires

hlghlgrﬁff%wmm&gmatsastmahomﬁmr utiiset ak dﬂagrlh@ﬁ a thaghly
| di
o PR feh i sl B et Af s Wa i aben  Thus, it may

no8be AeRb1E R Cal0 hudPiesy BRI 8ARE PR cds%tppui@atlaﬁs%&hé@ low-tech
certain equi pnent In addition to previously owned

and{m“rﬂemhbr @pm@marfsd%m@@d orrw lhdre uaerts donot wamd e dhvest in
ht eedi nensi ona st e and net hods t hat
Cegﬁbﬂ‘/ﬁaglﬂﬂ“‘@ﬂt ’rrb%?lﬁaquﬂ’ ﬁ‘ﬁ’re)d and effectively
to users. Summary of the Inventlon It is an object of

the prgsenth {heeBkbAAihe aRlRY 4 HY§ %fjhﬂﬁfﬁs}e@q@{ree
i magi ng systems and methods that utilize ITquid

dimeypsioakl imelitg sgyteascapbimthadd tloat prvidohigly résolution images
Ig g?tlghresolutlonlrrages Further, it is an
st l‘:);eye%rt1 &te ‘ée]éfrtés‘ésﬁ’trﬁ nvention to provide
t hr eedi mensi onal i magi ng systens and net hods that can
SUEMaeRdF ke 2HARIEGLfOr use with standard conputing
systems and polarization glasses. Additionally, it is

an object of the present invention to provide
t hr eeditneresi djatt cbﬁiﬂn@i m@senytsimnentﬂmtormtohhﬁsthﬂeatdimensional

. _operate vvlthou nin Vi th respect
ImAZI} e B 8IS A Birhpas Phat %tglh qawf sa} teghnpligy and
S5R v Hysto al i rmgl ng
pog‘{/st eirysngng&%i(%gﬁntgs&toﬁg?e 1011%2; %%Ee)ﬁﬁ?% asﬁgé’é‘ ‘add-on" to
conventional conputing displays and personal
conputBastheFpitds hinsolgetthfshe ardsaithaventijoadbprovive three-
present i nvention prow des for _a |iquid crystal

e
dipaReional HBP SIS RELEMS AT M5t BudtiBaatseny b reiLe slapted for use
wit ¥ dMard computing systems and polarization glasses.

Additionally, it is an object of the present invention to provide three-
dimensional imaging systems and methods that operate without constraining

the viewer with respect to range of movement.

It is also an object of the present invention to provide three-
dimensional imaging systems and methods that can operate as an “add-on” to

conventional computing displays and personal computers.

To achieve these and other objects, the present invention provides for
a liquid crystal (“L.C”) panel display system that provides stereo images having
particular known polarization that can be segregated and viewed with suitable
polarizer eyeglasses to create the perception in the human mind of a three-
dimensional image. The stereo images produced simultaneously by the L.C

panel system are differently polarized, and preferably polarized in orthogonal
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particul ar known pol ari zation that can be segregated

and viewed with suitable polarizer eyeglasses to
wa@e@awaes7the perception in the human m nd of a PCT/US2006/026706

t hr eedi nensi onal i mage. The stereo i mages produced

simul taneously by the LC panel systemare differently

pol ari zed, and preferably polarized in

relitidiedep 8b bak anothel)itp peemit segraghtien byt é:ydgeaigyeb having lens
segregation by eyeglasses having lens wt

withrcoeeaspaading @Ilif%/effén*ém) awaémmzcharaﬁte@w&met eristics.
According to one or nore enbodi ments two LC panels

are pr 3&‘{4?%%%%93 ?,g l‘f%(%f@[’elﬁﬁ&%l ;1{1790 i}(? Sglsoaq% p.1 rovided,

front ive sour

wifla gl dividg driv1 BEER: syaeREd bBBLS ,frdﬂta)ffthé%tthe@ femﬁzlé to Leglght
panel is arranged closest to the |ight source and with

SOHT¢so| Acqozémgotcaﬂwe embaedinfanday thenirsteor ba¢kid.C pankbis

e G BB b o e o o
re 3P BIRP ﬁfeemﬁﬁ%f BF a¥RIaMigRNE Brﬂ%aﬁ@ifsbgﬁf ?o ! ege Mhis back

on a conputer processor and contro boar rate

L(épauabamamgemmgas tdnsteni sy anderproptihtecaitroheystem, such as
?tereo ir images that need to be viewed separately
SOftEATR dIHNTLARG O ag?&mg%erd?w@ﬁ%%v.amem roldragad, *ﬁ%genera ea

coffpo’ie 1&1&11?&%1%@ ePLI Rt éf‘oﬂéfogitg%@ehﬁf glgﬁlg?éo r@nﬁ%t?need to be

e steredpair inages may,

viehaé d bapEradélyshetieoldftragd sighiceyesfaiheadeves ih ard@etb create the
fromtwo, canera_sources, be the result of conputer
PereapiEan pigr dhragr -damensignaliaagenthe gheneppair imeagesteay, for

expstls SEHobE A Btab A5 S RRT Tire®) Be B PR TEREE et Trom owo
caiﬁé@moﬁﬂ%sebe The sebhm@hr cbﬁph‘ﬂ@f‘réﬂ@rﬁ?é be énﬁﬁla@kﬁﬁ%rd%ﬁams or

pi xel é ﬁl xel basis, to desi red pol ari zati on
the Ihéies eblmlig ’Cepatteki byTHee batdw\panelmgi iﬂwpelapnzleas n&pdlanzed

Iassest ansmt arized at different
thils Srageel A A db e Sk awh gl o This ffhis then
- . :
A5 B AL L 1
sesmphL.t parel. I’:'l‘)hechIeWemltlknus gvéehe palgtigedblapebathzatraasmit light

f light exiting the front LC panel in accqord with the
pofrizas poftidieront ABA AR e hppyenaredsuably s the lens

fo% ?ﬁll?%ﬁfﬁ%lﬂgryf Bfﬂh%%ohgl Sglla'ﬁlzta%o%oa{}{grlg lrefal%?ve AR Sétﬂu)ér to

achieve best image separation. By controlling the angle of polarization of light
exiting the front L.C panel in accord with the known polarization characteristics
of the eyeglasses, the present invention is able to control the intensity of light
directed to each eye and hence the image perceived by each eye. Using an
appropriate algorithm according to the present invention to calculate the angle
of polarization, one of a stereopair images are delivered to each eye to create

the perception of three dimensional images.

According to other embodiments, the two L.C panels provided are
stacked one in front of the other relative to the light source, however, the light
emitted by the back panel passes through a diffuser and then a polarizer before
being directed toward the front L.C panel at a certain, known angle. The light

4
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directed to each eye and hence the i nage perceived by

each eye. Using an appropriate algorithmaccording to
wo b@7posgsent i nvention to cal cul ate the angl e BET/US2006/026706

pol ari zati on, one of a stereopair inmages are delivered

to each eye to create the perception of three

di mensi onal inages. According to other enbodi nents,
profecddby tke padkpanp! Bvildedrodstedshy thkededdnd 1.0 o which is

the other relative to the |ight source, however, the .
Pergegrieblerhst & adewer WRaripgarolprided shrssee shahiiamgmit light polarized

ot LS ich LI Rep RO RSl Bl R Rtusion of
thd ldeffh s ahitnP§ RAUEAHo @M ME JTasK iRdelioh §sb l&ﬂ@égw@{@ﬁﬁﬁﬁ% Moiré

t he second LC panel, which is perceivable by a viewer
effpetsrsome tholea disgedatddawitdsthensuperrianmsing bf gblarizing screens or
&1 ol arized at different angles to the left and right

e as stereo images. The inclusion of the diffuser in
such enbodi ments of the invention is effective in

| m ti potAdLAB08E bRMOLIBRAR bMER BYeAGAL Bk %éthCrkﬁanel and
super inposing of polarizing screens or films. I'n the
the polayizererepesisentreont bf ahé in aecktof vhis LE@aredcah®e a

RS N IR AR ARAS R L KT
copURbr Lidfﬁ%rmrgﬁﬁsﬂfasﬁ%lr@é(n nf‘diﬁfbr‘?slnasxféha&ﬂﬁf)girh%, the front
p n suc

conputer nonitor or asna screen nonitor.

L(Cephndi compsaised Ageparute dscembie thatocyit be astarhsdariiit dront of the

assenbly that can be attached to the front of the
copytaonaldigd pixgbdisplaceto gemyarh hatpostemdped display into a three

. I ' i.nt Q- hr.ee _di nensi.onal, di spl when
aifbASORa Y Phdr 124 W8 aPp EEPH 1ALl ER LI ES
des@sibed heskiherein. I n nost preferred enbodi nents of the

i nvention, the polarizer glasses and the front LC

panel are treated so as to utilize circular )
pol ar i amiosh paefesissoembodignentscfthpdnuention, e polarizer glasses

anfHE OO O 288 sl 3R 28 B3N o Bpl epgitFation as
opP6Sd § lfle St S5188iZabREES t0 a user is provided.

According to one particular aspect of the present invention, a three-
dimensional display system for providing stereo images to a user is provided.
The display system comprises a pair of polarized glasses wearable by a user.
The polarized glasses contain one lens for each of two eyes of the user, and each
lens has a direction of polarization being different from the other lens. The
system further includes a light source, and a first and a second liquid crystal
panel placed in stacked configuration between the light source and the user,
with the first liquid erystal panel being placed closer to the light source. A first
polarizer is placed between the light source and the first liquid crystal panel
and adapted to impart linear polarization of a first orientation to light directed
toward the first liquid crystal panel, and a second polarizer is placed between
the first and second liquid crystal panels. The second polarizer has a

polarization orientation different from the first polarizer. The system further
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The di splay system conprises a pair of polarized

gl asses wearable by a user. The pol ari zed gl asses
waoeonwadst7one | ens for each of two eyes of the PEEUS20061026706

each lens has a direction of polarization being

different fromthe other |ens. The system further

i ncludes a light source, and a first and a second
intludus dleztpatiaprpareingmaaad fonpsicassiag cesthp@iitairhabe from a

between the |ight_ source and the_ user, with the first
St(meanaa conymtiamepn il Thtign agered aciiskinnw invred. i This

A f bet
or3EbE widamen teRef achglod o RRTER S FG of Motnyfiion for
eat® pufmafﬂthle's@@&;d BQu#d b@@talqsmw‘l arHé éy%tteﬂrftﬁﬂﬁélt #rfeudes panel
to light directed toward the first liquid crystal

cogﬁné e zarsdfon rS@mmg mhah fzem 111@ mxtoaem:ing enwamand] eontrolling

a Seco id c r p an seco
onfAtiin SBFhe GRN Bl akep L th e s BARLR | AproainiaHiis aspect, the
co p%@itE hﬁld‘gerx%gré’é&rﬁé 'aﬁeéverggg c§l¥)§ tlﬁf@ﬂ‘s%}; 18276l h 5of the left
el ectronicC cessi ng neans for processing a co
anidnrglt fnpuh imagen; anfahe angi@of polagizatioaf ¢ fomngatth pﬁag ef the
and i nput i.mage, rocessing. neans is
segqhd ﬁa\mg%rafﬁt@op&r&leapalwaaf@a Adecrebationsbipi zat i on

for each pixel of the second I|qU|d crystal panel. The

system further inclg Hﬂﬁ?t @%rrg%ggg {g ﬁzans for

receiving signals fro ans

WIEHi‘BtIE o tHenmtensitaof arcoefespbadipgneixel for tﬁiéd@ftﬂn\pﬁuft himialge and R
gnal s. According to this aspect, the conposi te i nmage

is F%}rtf@@ﬁttx oA GeVETRgEdéns Bixel hereths right m%magﬁ .X€he panel
f
001?{1‘01 pr?ea &l daf ]eg ]sgudyg(gl ' {]zef"s %PHH %ecf Hg ncgg%ﬁgalla ﬁ)%rbt?ela %0 polarize

ol"arization pT X

11g¢1|t ¥edmlthe@oakcd Sng @btk th%ola[ﬁiﬁd hight sheH tRNSHdF: 1dR ge
f = Square root of (L/R) ere L is the intensity of a

coryesperdingdiorthedeitanplisimalge i decodedpoy ailefidenanitie pelarized
t he i nt,ens. of a corres ndln |xe for the ri
E1915 AR GB HRE SAETCDO R ¢ S 85ag¢ & decoded by

ROhETZ & FSha M1 Jfdid crystal panels to polarize
2 f?ﬂéht fromt@%@%ﬁg&g rotate the polarized |ight

such that a left image corresponding to the |left input
i rrage Aecoatelmgj’&damytmmwﬁ‘ticuhusasnpﬁact bithpopresereihvention, a

es and a.ri e, correspondi n o the right
thx;gq«,? (i]tm glsagacyo%pés&e or provf?i?ng stergo timages to aguser 18

provided. The display system comprises a pair of polarized glasses wearable
by a user. The polarized glasses contain one lens for each of two eyes of the
user, and each lens has a direction of polarization being different from
orthogonal to the other lens. The system includes a fixed pixel display monitor
that is capable of producing color images via a plurality of individually
controllable pixels, and a transmissive liquid crystal panel adapted to be fitted
on top of the fixed pixel display monitor such that it is placed in stacked
configuration between the monitor and the user. Electronic processing means
of the system processes a composite image from a stereopair comprising a left
input image and a right input image. The processing means is further adapted

to calculate an angle of polarization for each pixel of the liquid crystal panel.

. The system also includes a display monitor control means for receiving first

6
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a right lens of the polarized glasses. According to
anot her particul ar aspect of the present invention, a

wo beogeesirensi onal di splay system for provi di NnBCEUS08€026706
i mges to a user is provided. The display system
conprises a pair of polarized glasses wearable by a
user. The pol arized gl asses contain one |lens for each

sig@hld ﬂ@nﬁﬂ&s%ﬁfceééiﬁgliﬁ%ns and ceathllisnspéaian df thecfiked pixel
~of polarization bei r)angiff_erent from qrt hqgonal to thf
displasemdnétes. inEresorsd wienthaBrsicagnalsf aQEAI%PaéW%ﬁai ppagl control

e o o BRI 1OE WA ORI Py S PO A el et Kifrolling

op%x%@{bgf;&%bf?}ie;’lﬁ%ﬁi?%&gta‘l rp\égn:éﬂn Radel widhphedetond gighnals.eWhe

I xed pixel display nonitor such that it

compgﬁ{tﬁhﬁdgé meprEeF;en?sjan awkirage ealpointasitEdar eaeh piinloéthe left
anc e user. ec i C ocessi n ans.of t .
and gighirinpis doeees, %p%Eﬂ@agE{eeofn@aegaﬁ_@m@afogte&cﬁivgéﬂ of the
liqi}ﬁmﬁ}s§é1€r%a€ellc%frxtbé E‘ﬂHﬁla'ftQ@%xﬁ‘@ﬁe SoldtfiHshipput | mage.

e processing neans Is further adapted to cal cul ate

an angle of polarization for each pixel of the liquid
crystal panel. Thetsysgtefgalase rootcofidéB) a di spl ay

nmoni_t or _.control, neans for receivi.n irstsignals, t |
wheiie Iplrso@@sllﬂﬁgs%éa 3 CRHESERRTS) Rl?‘%lgfosﬁz‘ﬁi?ﬂdﬁpw ipgge and R
. T xe ) | i i 1 : ] :
s 14 BAE 8 4o B BRI e panel
cohR6Endamg chesenthsliguad srystainpae tprpotedzse ngagedizhtdmen the
controlling operation of the Jiquid crystal 116EeJi_;é\neI in

dispdep meonitarhand sotase he rolapeadslighheuchhiipfst (et imgge

r epr esent ver.age, col or .j it ' .
colRBDRRERLRe ¢8R SABe o MLEBA Y h0ED P otaried
gl PRb8aNE3] Fght ima@e BedipBhdfle &f tHdght wpwt @iygd &l decoded by

panel can be calculated fromthe relationship tan f =
a pghiatemsraddhe golgitizd) glasees L is the intensity of a

corresponding pixel for the left input inage and Ris

(e ) ASBSI L SIS0 IS 00 B lfyeption.

ok AR Ry B Bl g e shsay T
métdtl inchgles providing a pair of polarized glasses to be worn by the user
where the polarized glasses contain one lens for each of two eyes of the user and
each lens having a different direction of polarization relative to the other lens.
A first and a second liquid crystal panel is arranged in stacked configuration
between a light source and the user with the first liquid crystal panel being
closer to the light source. Additionally, a first polarizer is placed between the
light source and the first liquid crystal panel, where the first polarizer being
adapted to impart linear polarization of a first orientation to light directed
toward the first liquid crystal panel. A second polarizer is placed between the
first and second liquid crystal panels, with the second polarizer having a
polarization orientation different from the first polarizer. The method further
includes determining a composite image from a stereopair comprising a left

input image and a right input image. This composite image represents an

average color intensity for each pixel of the left and right input images. The
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corresponding to the left input inmage is decoded by a
left lens of the polarized glasses and a right inage
waeoeowesggondi ng to the right input inage i s decedpuSine/ee6706
right lens of the polarized gl asses. According to yet
anot her particul ar aspect of the present invention, a
nmet hod for producing a perceived three di nensional
firdt @& d GryBfal\padetis a'drﬁ;raﬁédlttddispd:dtsudl%cqimpvsﬂe lmglage Further,

pair of polarized glasses to_be worn, by, th use{l mth
the method ancludas ghlgyiating antangle @ﬁedaé“r@tm drxe e

o3 e B S5 5 B BoRp R st el o

thd\sddondt 1 GaR (ﬁ‘y§€dl achel iSledldulayd fm phs leat’ﬁomrhﬁpmged
I n stacked configuration between a |ight source and

the user with the first |liquid crystal panel being
cI oser to the |Igh¢aBGlﬂ<.SéluaA@|§P@ﬁQﬁﬂ‘lR§, a first

tﬁ)&dlng xgq.@sgs ?%E%}%gn@w% r}‘lJeIIX?EfOI‘%?lgrl glt Eltﬁ%rge and R
is ﬂfé ﬁ&eﬁ%?to?g Joﬁ'égs%@ﬁﬂiné hIRRRforPHeAr bERAIAAR mfxa f’l[‘hé tsecond

orientation to directed toward the first
liquid staitabéiwﬂay paselcisritiepaiyacinteolléd tphekiieve bhe mmlated angle
the first nd I| id crystal panels
of palasHatiey Bricach AV PG Boriisar oo bRt siTsh hage
rizer. The nethod further
‘Hg&£$ﬁdgpga%%gg#%%|gﬁw§%g%%%§lte i mge froma
stereopair conprising a left input imge and a ht

i nput Thageriolisiesnbahposits of th@gwe’né:pmeheﬁm laman thus

average color intensity for ea i xel f the l.eft .and
sumrgp,rlzpd,pthe V%@@%prefﬁquf%mgpﬁ%gqs&fﬁ ?épV%%iH%]il will now be

et oh 8t RS GrGPIEIRS ok By e 0 0era
exBRIAAT aﬁb@alm@ﬁtsemenmehmoﬁ ithe t6 é)eom:delrstpmldcthat the

crystal panel, wherein the angle of polari fh {

1nt=mﬂ101p ixapt bmltfrf’et%ﬂt%@@alﬂsmflcﬁnéfrr% igp SﬁSé‘éﬂt the following
om the.rel ati hj

deﬁ?rl?ﬁf’ f‘%ﬁép}éeltm?% 1% ﬁ%&ftﬁ? g%sjlc eyr 0 bé\dlclzrcl)r reg{pon{)jfﬁémg

pre%;ei@éd bPEatiied bﬁf InVﬁ!ﬂHhsW’ﬁ%@e and Ris the intensity

correspondi ng pixel for the right input image.
The second liquid crystal display panel is thereby
etion of fleh Derawing® cal cul at ed angl e

FIG. 1 is a schematic diagram depicting a three dimensional display

system according to an embodiment of the invention.

FIG. 2a and FIG. 2b are schematic diagrams illustrating the
operation of liquid crystal displays as utilized in various embodiments of the

invention.

FIG. 8 is a graph illustrating how the angle of polarization is
calculated relative to left and right eye image intensity according to various

embodiments of the present invention.

FIG. 4 is a schematic diagram depicting a three dimensional display

system according to another embodiment of the invention.
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of polarization for each of its pixels to produce a

t hree di nensional image viewable by a user wearing the
w@b@smesy77 The vari ous enbodi nents of the i nvenP@DNS2006/026706

havi ng been thus sumuarized, the various preferred

enbodi nents of the invention will now be descri bed

wth the aid of several draw ngs. Before describing

sever aFIexéribFYGe6tandisoRevhatiofdih farh 8 depidiiy dllfferéﬁt types of

0 .be .understood that, the invention is not Iimted

PO@%Z@‘@%@W@V% HhE¥erigus egrbodémends phthapresent onvmm

description. The invention is capable of other

DERPOMIER: i, P 0 B AGORLASHCod O carried out in

vart o Br1ef UESLrIpHUH of the Drawings FIG 1
is a scherratl c diagram depicting a three dinensional

di spl aRefyrsirmoeiieodtiviogs andnfierhe HICENL, odk driifiore
nvention. FIG 2a and FIG 2b are schenatic di agr ams

eniﬂPq menis of ghe Hevegisianatalate o the epmbination of a Sirsippalpsizer 102

OGP TR G LT o
popafizd’y, &t froAt LT pahelul 08 £6d pelaiiing g‘leée%fltOGanﬁhééegélEments

i mage intensity according to various enbodi nmen
asa}ép(uﬁ@ palees@manugﬁdenta gacked Gnilgumtiors chbedivst polar1zer 102 is

sito B8 FPRE Bt e B Labtanere Jheneh Hhntlight will
ey S S AT s .0 1
108 r('m}mrfmm polafizatien paasenthdnpedd describesichdlpiv), Oﬂheﬁfthrough

the Pr rred odj ne Referring to the dr awi ngs
the, Aeean I% aiﬂ&eﬁﬁgg s Wmisrreﬁéma@ﬁ%@amlpx ope d in the

T T IR ———
paﬁ@BlOiﬂ coqmrate patlathe @écoilﬂ‘boﬂé)flzelf l@@‘to @@J)@t!iéezl%lah’zeé light

nt .LC panel 105 and pol arizing gl asses 106.
ey an intensity profile representative of an image that depends upon

how the individual pixels of back L.C panel 103 are controlled. The polarized
light 101a emerges from the second polarizer 104 as depicted having a linear
polarization orientation direction corresponding to the polarization direction
dictated by the second polarizer 104. This polarized light 101a is then directed
into the front LC panel 105 where the polarization of each pixel can be
individually changed to produce light 101b that can be segregated by polarized
glasses 106 to create stereo pair images viewable by a viewer, thus producing
appropriate images for the left and right eyes sufficient for the viewer to
perceive in three dimensions. The algorithms employed in the various
embodiments of the present invention to control the back LC panel 103 and
front LC panel 105 will be described in further detail below.

F1G. 2a and FIG. 2b collectively illustrate the basic working of a
common LCD monitor (such as one containing a stacked first polarizer LC
panel, and second polarizer, such as LC panel 103 and polarizers 102 and 104
in FIG. 1). FIG. 2a depicts the operation of a LCD monitor 200 before an
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as depicted, are arranged in a stacked configuration.
The first polarizer 102 is situated imediately in
wo e@nosg7 a suitable |ight source 101 such t hapCT/U§tn6/026706
will be transmtted through the first polarizer 102,
then through the back LC panel 103 (where its
pol ari zation can be changed as described bel ow), then
elédttmlfgﬁdhb eppliedrthel @e ZaioukOhol Awldd iﬂ tmaehaﬁﬁﬁéﬂygtal
elm ated by one skilled in the_art,
mﬁ i .cpaﬂ:amdrl@t@e. ‘cﬁrlmmpwqebdoﬁ@m]pamioma abr;]eaitnh a relaxed
s of the 103 co t
st SR Rondl SCnspBRRRu foaes of Briallel ms axtciosmed in the
Wwoali [
t bAPsRebts heD %ﬁﬂ tRE QL teed @Réefﬁﬁ?%%lé )'%‘gfegi)%c]@ﬁ%l Eﬁ%% ridges

t hat depends upon how the i ndivi dua
enganed gelde @lpnga’mdt moldcedes dhdedoC anam'thllﬂogﬂigrilﬂitghly parallel

d t
to 6 s fCHTe S TAier DL Ehe Anes eerEH Fiogeun. 'egeﬁ of the opposing
| c{.at
su‘f'féfctéﬁgfjgeg'}gg&g P%a&rlgli g’i‘r&kv%gﬁf a#ﬁ%rrﬂ' ?ﬁft‘%fg 4}{ C%&’ato one

anoi;hdnh@rg dpeqﬂrﬂﬁcmlratxﬁotdme dnlothér h@d@]@ﬂ:@é d)1 (EeW&rnetHeh@vo
i zation_of each pixel can be individually changed

Shﬁgésg 5’8&’@861”4 thettharegieTisties of she b& g@gte@géae@ sboh that the
mBSLAEL SO ehARCAR ARfed Rl SREHRIRES TR e PR ety

betwege shé @Wotﬂ@@péﬁ(ﬂicu?dide}ftk&hbs ‘%’Mﬁﬁlggﬁlf}{é ﬁit@ﬂ'br 0Pthd Eﬁnel The
viewer to perceive in three dinmensions. The algorit

Lcéﬁ?ﬂtégﬂ@b alse haethapiaesteobedidieg ts toisttthe grgds polarization of

N, S X

in Q@h@ﬁtlé:ﬂa@ op%fi‘aﬁﬁﬁ of |aci4C§b2(§‘(911E§P Bloy® E{ui‘éel ALY {ssé]cﬁah'%gd by a
basi ¢ wor ki ng a common nitor

firstopelarizien ghae’sﬂﬁz ke doxfon lpslar}l)zcdda]lig]iieZOlaC @‘&m@hghﬁld la enters LC
103 and pol arizers

oAb S BB Wk Oyt
s S e R

the py@ie&heﬁmﬁ'ehe alC equteaialehel lgg}lﬂl@ thehirgtster d%eitﬁ)a%‘ée@through
anel 203 are in a relaxed state. In conventional

th%g mageripbhy the smqoth twiistiag af the LO mglmu&esesmdr theedt it

enfe? %é;ﬁ%‘tn\{‘%hﬁé ?%{aﬁé% ?c%nZF}tl hl%t,%i;‘tgs; gb gg g%t rogg%aﬁy polarized light
201b This orthogonally polarized light 201b is then able to pass smoothly
through the second polarizer sheet 204 (having a polarization direction
orthogonal to polarizer sheet 202) as depicted. In such situations as depicted in

FIG. 2a, a maximum intensity of light is emitted out of the LCD monitor 200.

Conversely, FIG. 2b depicts the operation of a LCD monitor 200’ when
an electric field is applied to the LC panel 203’. This causes the various
molecules in the liquid crystal material contained in the various pixels of the
LC panel 203’ to be in an excited state whereby the molecules in the liquid
align themselves with the field. Rotation of the polarized light 201a thus can
be rotated variably depending upon the direction of the field. Thus, in the case
depicted in FIG. 2b, as the light 201b’ (which as depicted is not rotated at all

10
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encour age the el ongated nol ecules of the LC nateri al

to align roughly parallel to the ridges near the
wao7aesEs7 of the sheets. The ridges in each of Peh@sS2006/026706

opposi ng surfaces of a given LC panel, however, are

fornmed differing in direction to one another (e.g.,

per pendi cul ar to one anot her as depicted). Between the

witharespedtts, lighavit0e) hitdehecheltsicb e shedti 264, afedrieallGhe light
di%i;erigl Er& such that the nol ecul es align with the
201y feabsnahed andrthe relbarneays dagk deontrpst tontharelaked state of
t I I cul ar extrenges, through th
FIE R Do g WhoRE AR . Aulieoid BRI e B Piibe eve
mpkipettie/celf apact dghp). tBétHiechtheand &{ﬁ@h@%'éﬁ&%s‘%ﬂt@& by FIG.
l'i ght nat ura as It passes through the matertal.
2arigd FlGs 28ephe traasimisgivity oftheioells eandret vamed in increments to
ion _of ;a 200 light fromsource 201 is
p”gglﬁée??‘z%éy%‘i?l%e Pf%st pol ari zer sheet 202 to form
pol ari zed light 201a. This light 20la enters LC panel

203 i nOaw dfror@irizati kAllSHGRe thatyin@frbaade ki :
is polarized in ali rlment \e/}viath tlhe I?{rdglegeklé?pnéehdgﬁéﬁld crystal

m@mlaia@edgursftané:nilt ]%QD peliteota6s all Fisibley v atvetengths nearly

ti f.th C terial, .the light is th
oG bitsia fitional el ehisrgri et i HememtAn B GRe (such as
StERRAINT, O &frhﬁﬁté}fmbﬁfcgﬁgzt rSﬁHE@ﬁg ﬁégbgfli[}%f}% la(éne common

energes having 1ts po ation c
mappudogmavidingal eolor BCD igtd h20d bacH plxe] divideddansd three sub-

)?eﬂl ari zed Ii_g{;t 28]1? is then able todpass srmothlﬁ/ '
PR CEUFHO N T LR 3R ’Qtﬁrapneévlthﬁ@eeg Htgihawd hhe gther with a
A Z &ty i ' nal _to | arizer sheet .
oGO oL GRS 9 O L ARRR o) 85035 500 Y Fbvin e
relatise dghthean ol i4rohired esidtdd/ calls.| THBSe Edlof BbkbBHeRt Eells can be
of the LCD nonitor 200. Conversely, FIG 2b depicts

arxangedoayr ditfesenioways Liopming iat kind2d@ixelhgeometrgloptimized for the

I ' plied to the LC panel 203'. This causes the
md\‘/ﬂéﬁrgsu{ﬁar%‘ecul es inthe liquid crystal nateri al

contained in the various pixels of the LC panel 203

to be IntlareakedingehimtdritBe Wres&RYinkBRHER! byt
liquid align thensel ves vme}@ﬁ the Tiel dlgﬁRglgé;tE(?%Riﬂ;%ﬁ&?Of

po]tapfgeﬁo‘l!q% paelg LG Bhneb 03 andpolesizehd Odoted ased as peddnate a
cal?ﬁfe)a%gggn glejapc?lgtt tish g ddelr1rV% }x;eooq' c%fmrt)ohs?tefé tlh%' kll-(?vlvjrsl 'stelzrréopair

images that ultimately need to be conveyed to the two eyes of the viewer to
produce the desired three-dimensional image effect. Source image information
can be, for example, derived from a database of stereopairs stored in a memory
unit, or from other suitable sources of base images. A memory unit provides a
desired stereopair to a processor, which in turn processes the calculated images

that emerge as described below.

To produce the calculated image for the rear liquid crystal cell layer,
the processor estimates for each pixel the image intensity and color to be
directed to each one of a viewer’s eyes, represented by L (left eye image

intensity) and R (right eye image intensity). The calculation of the intensity

11
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depicted in FIG 2b, as the light 201b" (which as

depicted is not rotated at allwth respect to |ight
wQ@odapodt7ts the pol ari zer sheet 204, nearly al PCT/082006/026706

light 201b" is absorbed and the cell appears dark

(contrary to the relaxed state of FIG 2a where the

whol e assenbly appears nearly transparent to the eye
ariped16g of 8£cl fixdel dPHleabadlt LANpAneclBEL WS bt BEpietented by the

extrenmes represented by FIG 2a and FIG 2b, the
follpwirgrpeuatipny of the cells can be varied in

increments to produce a grayscale effect. One of

ordi nary skillxi_n thRé? t will appreciate that the

liquid crystal “g‘ér' used in standard LCD cells

rotate all visible wavel engths nearly equally, thus
Waded D pnallcidlh st firseadheouipdrent Goldd (6 NVRIE ig@8eil, H16PSof each
(such as standard LCD conputer nonitors) to produce a
PiEQ) or di spl ay. One common nanner of providing a col or

LCD is to have each pixel divided into three subpi xel

cells,mnewith ared.fijter..one wth reen filter,.

and ¢ hEBB b s e mp G s bt pSE St pvehtion
diskde sbﬂae%pi@ﬁ‘@%in M B 6185 Yo 1 £l e aRYLE Pl dord NED moni

relative brig t%es(g of its three col org)trj celg? sp@ThIgggltor) and

thedrent bo nand elitls algorithen acambgedilizeddvy,ffer erample, a

ways, fqrmn i nd of pixel geonetry optim zed for
Com%&%%ﬁ?wegeﬁggfg@}c Wﬂgﬁ%ns BRAHENTS 2 ReyEORAIecoapputer or
othoL EPRABID AIEGI BoRReRRl A% IRACk EtaE e R inkénaity of
eachlcoldraneserrymieeltdfanch .G pdarl sathate storeopaipdaidgesaire

the kno stereopair_inmages that ultimately need to be
ge@éﬂ'@@em%cwﬁeuﬁw dgyace o elegiropicpraces g mpevetoptienally

i e~di ' ke f ta.Source | na

mP PAfSet AL LA b BRI aSl ARy By fors P8 one or

moiat vidas eaeds, Srap Bt Prbee sty QditsNvitleGBRIMY ¥rapHits a@delerators,
fromother suitabl e sources of base inmages. A nenory

dismlpy coptiplless, andidhd like ssranggpsaiontral mepnofuserpanels and/or
whiich in turn processes the cal cul ated i mages that

m%%?rgse as described bel ow. To produce the cal cul at ed
i mage for the rear liquid crystal cell |ayer,

Referring again to FIG. 1, after the light 101a emerges from front
polarizer 104, it then passes through the front L.C panel 105. The front LC
panel rotates light to have an appropriate angle (¢) of polarization orientation
so that a viewer wearing polarizing glasses 106 sees an appropriate one of the
stereopair images each in the appropriate one of his or her eyes, creating the
perception of a three dimensional image. As already noted, the viewer’s left
and right eyeglasses are polarized differently (preferably at near right angles or
nearly orthogonally to one another) so that when the left eye lens transmits the
maximum amount of polarized light, the right eye lens would transmit a
minimal amount of that polarized light, and vice versa. This allows maximum
separation of the images seen by the left and right eye respectively. Referring
to FIG. 8, the calculation of the angle of rotation of @ as depicted in graph 310

of FIG. 8, may be accomplished when one considers the color and intensity of

12
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the processor estimates for each pixel the inmage
intensity and color to be directed to each one of a
WO 2@ens737 eyes, represented by L (left eye i map€r/US2006/026706
intensity) and R (right eye inmage intensity). The
cal cul ation of the intensityand col or of each pixel of
the back LC panel, D, may be represented by the
eatl®pi-esMthat @duas t®be vidvwed by th&LéR (Wh ﬁhd rE?gh’tS( c? eye in order to
cal cul ated for each conponent col or . 9., gr een,
gepexdp aostesenrnipimalge atperding & tha frﬂlqwnrugu f@emu oS
enbodi nents of the present invention dictate screen
i magi ng adjustnent&%oq thg rear LC panel (or LCD
nonitor) and the f anel and such al gorithns
can be utilized by, for exanple a conputing device
(el ectronic procesdiad ¢ig8ps such as a persona
computer or other suitable digital processing device)
in qrder to_ calculate the, |ntenS|té of each color in
Lt

Whﬁrérlys pptedithefintensity of paiven risek ndincetle paddanre knagas

afpEuRBIRRE R bl Bt R oRE UL s Brnd e to be
difAaed S Pndy B deRARGhedivEPhAVh RN dvinS Mhfione or
nore video cards, gr aphi cs processing units, V|deo and

graphi cs accel erators, display controllers, and t
li ke serving as conend =fsmaze roet of@./Banel s and/ or (formula 1)
noni t ors. Referrlng again to FIG 1, after the light

10l1la e on1front oharizer 104, it the ass

L oughEdigtg f e %f”p%‘ﬁ@?‘h%%nts’rﬁlée Abav cqlenfatay or @ is
pef-Rtaledsfol 8 Bh cblbrhﬁ\é%cﬁrplﬁélﬁiéiﬁ% Ia3hcafdhe rhéanhnd control

pol ari zation orientation so that a viewer wearing
mepuisasich ag agCEiIs esd HoGidse esntmllappn the fame obaeparbondle

st ereopair h.in the ag%ro r| t.e one of |

oG, OF piler éﬁ@ﬁbfen%eﬁﬁamﬁm i§ rPpsgor therefore
coﬁiﬂlﬁﬁaﬁél r!g@ne'rﬁ?&% vARuRI 6 Hgggﬂg %? %la‘fé,te%’i@crh fdtghb

ri ght” eyegl asses are pol ari eren
cm(apbetﬂze nmlalgy @tnemmald oy thiet bm]gLébpmelnmis)separated into the
ort hogagnal | y one anot her) so that when the |eft e)i
Stqrg%alg‘rlwt a t pge seen separately by the viewer in his or her’left and
right eye through polarized glasses 106. A three-dimensional effect is thereby

generated.

The three-dimensional images created by the certain embodiments of
the present invention have unlimited depth and 180 degree viewing angle.
Therefore the invention provides for a multi-user display capability. Both
three-dimensional and two-dimensional imaging for each viewer can be
provided. Further, the final three-dimensional image suffers from minimal loss
in resolution since color in each pixel is rotated to produce a signal for both

eyes.

According to certain preferred embodiments of the present invention
as depicted in FIG. 4, a diffuser 407 and a polarizer 408 are provided between
the front polarizer 103 and the front L.C panel 105. These embodiments

counter the Moiré effect that may be prevalent because of the superimposition

13
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maxi mum anount of polarized Iight, the right eye |lens
woul d transmt a mniml anpunt of that polarized

wo e@htos7and vi ce versa. This all ows maxi num seper/ast0061026706
of the imges seen by the left and right eye
respectively. Referring to FIG 3, the calculation of
the angle of rotation of f as depicted in graph 310 of

of Eh&polarizery iAtBEE efHodske taVMBda18ta eIy dgich MBodiments
color and intensity ofeach pixel that needs to be

alge aneepsiypathehe eituation where poarizeR) 189 andnl @4, degether with
A BR S USEBL  RE0A S o bl LA
Lt TS SOE i e SHADE oA Mnel display.

stereopair inmages to be displayed, f may be determ ned
usi ng Akeording dwienyatoembodiments, the réapubhCepanadt 108 and the two

peliieks o TR QORARIN of OF T1G- et FonAge POFh aqoRmgrECD
mbRitEAEH oﬂ{&qﬁxé@f)%ladiﬁ%ﬁﬁlﬁgﬁgr FRAL) qn%ﬂﬁv&{fﬂ&{x%iefashion, is

means, such as a CPU a eo control ler
adbpted 66 cantpel Sunaltensity of Bxht ohaéiergaufradidethan the angle of

I N .
: . ita i { t
coff S BT g R OPRPLALFS b ond e

polavgasglabads, 35 enable seiarat 8 Yeddn hpﬁrdﬂﬁﬁ\&r ondlofhe
or her left and right eye through polarized gl asses

stemggpaix ipages-ii aashsifdralor diek eyes,iaveativgdby nproeptioredf a three

.The _t hr ee- di nensional | es cregted.by.the certain .
ARSI AR5 1 1t IS s BAon e thesPIAL iReRafty feagh pixel (C)
m&eBE epibeAf FEIRE SoONOWWMI W Bie- Therefore the

invention provides for a nmulti-user display

capability. Both three-dinmensional and two-di nmensiona

i magi ng f(oF sélat@ vi ewer can be provided. Further, the
final three-dinensional imge suffers from m ni nal

I oss Therefore, once @ is calculated using the formula 1 above, the formula
for C2 and C1, color and intensity emitted by the back and front panels,

respectively, may be calculated as follows:
C2 =R+L
Cl=L/L+R)

where L and R represent the color and intensity of light required to be directed
to the left and right eye respectively in order to generate an appropriate one of
a stereopair image for creating a three dimensional effect. L and R may be

calculated using the formulas as described above.

As will be appreciated by one skilled in the art, LC panels and other
fixed pixel type panels and displays typically incorporate three “sub-pixels” into
each pixel, with each sub-pixel independently controlling a color component for

each pixel. The color components can add up to form a collective impression to
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in resolution since color in each pixel is rotated to

produce a signal for both eyes. According to certain
w@e@oos7ed enbodi ments of the present inventi OPCEES2006/026706

depicted in FIG 4, a diffuser 407 and a pol arizer 408

are provided between the front polarizer 103 and the

front LC panel 105. These embodinents counter the
thMpehRrahhe the bhad] isedarkeniptiag avigine lipht ausevafietyhef different

superinpositionof the polarizers in other enbodinents., .
colorsd €Fypigallabsych displayenbwerviale arateies ipshe toua b opp of either

i tuati.on where polari,zers 102 and. 104, t |
repihBgE b B FO T Rt s G Bl th'ehe
AifEPBNE Havalt] othEBr BRE EQoréPTight b'@]hppﬁé'ﬁﬂ laswevelrChquid crystal
computer nmonitor or other type of fixed panel display.
maderiat dim gramsmiraral/or ethteeadnedor compovent slishiy diffgrenﬂy
103 and the two larizers 102.and 104, ip FIG 1 .
For el S 5 o8 £45 $ArEnORY: nHamege ¥ high
i lo dhi: i . j .
<o KGR0 5P BH SO b oreh] sl yavition con b
untlssieaiet VTlohs, lih @bitatihatreferssdembodanhats ofdre invensiog| the color

cobon oSl oSS o b33 Al o
. | at I ' .
oo R0 b S0 e LA g o PP g v

ac@RRtPArh R PN AlcoliR€ fort fHcreRArfed NEEtrandnessibngfroperties so
his or her eyes, creating the perception of a three

as do mediséeoerabrs imtfe: percettegsianaghodi nent's, the col or
intensity of each pixel (C may be represented by the

foll ow ng equati on: si-n2 £ _Therkef ar e, fr.d
cal cul Sgsﬁe R ﬁgﬁ?oéilmﬁngs’le 3 glos\}1 3’,'&3(}?2 gﬂglglrdrr%% ;:flalfrglrated
usfre A 9pPropHatLsulnpikdl pla@hmictdr, §Tbtidleds Bycdrdénd 86 khalfsllowing
front panels, respectively, nay be cal cul ated as
forfooblaens: C2 = R+ L O =L/ (L + R where L and R
represent the color and intensity of light required to
be directed )

1
gL+ B o & 7
2 I + R

In the above equations, y is a different parameter for each color component/sub-

pixel. Optionally, each y parameter identified the formulas above ca have
slightly different values such that up to seven different possible sub-pixel
parameters for each color component can be used by systems according to these

embodiments.

In another particularly preferred embodiment of the invention, the
left and right images are not segregated according to ninety-degree, or
orthogonal, planar polarization, but rather according to “clockwise” and
“counterclockwise” circular polarization. Left-oriented and right-oriented
(clockwise and anti-clockwise) circular polarization is therefore used as the
independent vector basis instead of standard flat x-plane and y-plane

polarization.
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to the left and right eye respectively in order to

generate an appropriate one of a stereopair image for
wa@e@anostgr a t hree di nensional effect. L and R Pemyubm06/026706

cal cul ated using the formulas as described above. As

will be appreciated by one skilled in the art, LC

panel s and other fixed pixel type panels and displays

typi qullrg}it hﬁ %‘29 s Se tMiger Wauboplenghtioniintspaeaddsaid to be
pi xel each sub-pixel i ndependentl control l'ing a5

hnemﬂprpoecamm@hemtddmctedanr‘ﬂ& xe|Whemeea Farddarigesnbighs m%"e 20 is
can add up,to form.a coll ecti

AoRipiByEAL HBlett nbiTare eneTeh M LGSR Ee g popvg that
occ\ﬁ?% 'n%tt :%1 ﬂjl f‘lfn%Bﬁ@lterR@ ks Wh-EY‘QiIPQIl |p36581$ﬂk§blaiie%pif@¥‘1eﬁltat10n

tritos 1n the formof one of either
ard &%ﬁ@lﬂﬁ gﬂél’éﬁble Hlixhti is ebmposed of tww/pdmﬁwmf@@ of gqual amplitude

whdeh dtfgreinsgh%eiﬁ}ngag;pggf for enéo V,\m'/l %Bgﬁ rlgé.? i§ salfiq:o be
c1rgal:%b'ng?1][a%%% L(?‘]I%ﬁ&tr fg@éﬁi{zleaqﬁf’é%;ﬂe%gﬁﬁpggﬁlﬁ S5 by way

of fiistr¥@bhati on can be ignored. However, for high
resol ution imaging and 3-D i magi ng as descri bed

herein, such variation can be undesi Th [
cert ai Glrpubafréy pelarespsoldgietansd %Prqzﬁléa %H\@ﬁt‘ilﬁ?zgf % hgarter wave

col o b- f
re%éa IPB ﬁecgééﬁczqu%u%rtgﬁ %vﬁagg Fxﬁgﬁggﬁéﬁi%%ﬁ%&}ﬁcﬁé@m FIG. 6.
WEMR $ideh viyesblabizel aipht @20t i elikatkd icifanton af qkerteritave

account paranmeters to account for these varjed |ljg

retavdnsiohgshtn 640 ap et iteshe optis axas.thatdight i ke dng?ﬂg into two

per cei ved i In th t enb
o e AP s
ph%gp lsﬂiff&]l tr@é'r’ WQVd@HQEh BY tRE ‘i)%ﬁé' Mhid préd\ﬁ:es circularly
oW nq he above equations, g is
pottirfize&t Hght BaOamﬁmwy, nmndemmlmulaﬂmmh@mwb g@p Pgahanged to

tionally, h d
lingoop Qariedd s GHBE GHTER B OVEHISE I ACh o i same

to seven different possible sub-pixel paranEters for

B col or conmponent can be used by systens according
to these enbodi nents.

A quarter wave retardation plate consists of a carefully adjusted
thickness of a birefringent material such that the light associated with the
larger index of refraction is retarded by 90° in phase (a quarter wavelength)
with respect to that associated with the smaller index. The birefringent
material is cut so that the optic axis is parallel to the front and back plates of
the plate. Any linearly polarized light which strikes the plate will be divided
into two components with different indices of refraction. When this is done by
adjusting the plane of the incident light so that it makes 45° angle with the
optic axis, equal amplitude o- and e-waves are produced. When the o-wave is
slower, such as in the case of calcite, the o-wave will fall behind by 90° in phase,

producing circularly polarized light.

In such preferred embodiments, the overall design and arrangement

of the main system elements stays essentially the same as depicted and
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In another particularly preferred enbodi nent of the
invention, the left and right inmages are not

waegregared according to ninety-degree, or ortPOQURENG/026706
pl anar pol ari zati on, but rather according to
"cl ockwi se" and "countercl ockw se" circular
pol ari zation. Left-oriented and right-oriented

delsetiBe \Wiboee Hi¢h 2BEPect k6 FIM. Ier EIG.C4ll The Rk T.C Han@D 103 (or
is therefore used as the independent vector basis

fixadspizat display armdtar) i suck epikadémants gmitsaplanar polarized light
oS o BN S0 P et i
thg;%&?tpLgtﬁﬁlél 1ol Cf*‘in%lly‘r’\’g?{&rﬁeﬂ\?vﬁ% 261599 tHonINLEINVBYR depicted

Is depicted at the Light Is a transverse
ind'Ket ¥ oriigGet), armanged HowbyEre anglatof potarizatien of hbthypanels and

in "ipcoherent” form wherein al ossi bl e pl anes. qQf .
olafekpRSE Fsh i 1¢qnape CﬁPB%‘&SItg? Timear ygmlawegﬁrgﬁ&s@ao the
L . . . 1N
o o R R 00 1R TRt P RGO Bl These
citculddy ol atiked byaps!vaill Beek differeut aideysitidadccoeding @hthe

. 530 .is depicted.in FIG 5 bﬁaﬁay of illustration
inggnsitipg of ghqamcadqarzfelanwéwo izdsebeamaa &ptignalle agearter wave

el PR VBN b PASL P R e s B o secoma
L ipagal by skellar beet. | i ght 620 is directed incident on a

quarter-wave retardation plate 640 at 45 to the optic
axis, that light will be divided into two equal

el ect r Underlemdobiypdnetaas, ofgalariged epe glanses sripostandard
lings B oo ety ehne TRIERE ofhogonbanbab i, fla wpaver will
reQAiRr dpeethll Ao iy R3Rrly GIMYBESELYe gldicb BNt &édoﬁ%lc%drl]{)évise

pol ari'zed can be chahged to linearly polarized |ight
cixesilangpal agizatiosr fonane ayetaardedirdergdbateisercitdwdas polarization for

manper. A gqu er e retardation. plate, consists of a
the&#ﬂwm @&%Q@%o Hhegireglassts w1 P?@W}%@gaeﬁ@m%matwn of a
: 184 t i ' ith the
1uggggggéﬁﬁgggﬂgfﬁggggggfygﬁﬁ%gﬂﬁgggggggﬁggl90 i n phase

(a quarter wavel engt h)
The operation of the polarized light in this embodiment of the

invention can be expressed by the use of a Jones vector. A beam of light with
amplitude A and phase ¢ of x-component and amplitude B and phase y of y-

component can be described by the following vector.

Ae'?

J = ,
Be'

The effect of various optical devices on polarization of light can be
described by different matrix transformations of this Jones vector. For example,
the angle of rotation a of a polarization plane can be represented by the

following.
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with respect to that associated with the smaller

i ndex. The birefringent material is cut so that the
wopiwoogxis is parallel to the front and back PCBRUS®0€626706

the plate. Any linearly polarized Iight which strikes

the plate will be divided into two conponents wth

different indices of refraction. Wien this is done by

adj usting the plane of the incide light so that it

makes 45 angl e Wi tGOSE opt iSATh&X's| equal anplitude o-

and e-vvaqufxﬁr:e produced. \Wen the|o-wave is slower,

such as in e qaseqf | cj hge o-wave w il fall

behind by 90 in hg\ssg1 (%?odubtc(?%g[ rcularly polarized

light. In such preferred enbodi nents, the overall

desiThe ghgridt mangergatdaiod Hbmwibicls yhifeimlel eweninent’s phase

stays essentially the sane as depicted_anddescribed
byaioety degteaseiptatn ¢an be aepresented accordimhio thecfollowing.

panel 103 (or fixed pixel display nonitor) in such

enbodi nents emi {s pJ7&nar pplarized |ight of a given

intensity, then]|t e:polaoi vation angle of light is

t ur ned asDesi:t by the“ffont LC panel 105. Finally,

a quarter-wlve fetardatign|plate (not depicted in FIG

1l or FIG 4), a raZ)ged 4% 1o the angle of polarization

of both panels d placed—after the front LC panel,

converts the |inearly_pqlarized |i g&t into the TUE] of
t wo Aipplanizar il hat whideansnuboeRly xeompgnent light can be

r.cl ockw T Ci |y pol arized beans

de%ﬂgﬁpgﬁﬁ%orgﬁpgﬁ% E‘Olqgasﬂél‘r}]lg I%lﬁlé@{('accor ding to the

intensities of Ee Ie(j i dent linearly polarized beans.

Optionally, a quart ve retardation filmcould

aIternatiRIy: e placed on the exit surface of the

second LC ﬁcanel 0 S(D | ar effect. Understandably,

i nstead of pol ari zed e gl asses with standard

linearly polarized | enses (having orthogonal

or i digimlgi thresy matricenpdreclight polaremitionechspreisdhiazednitor

circularly. pol arized eye gl asses, that decode.cl ockw se
aceprding 4 thisl eRbRRITER: SeowaoBpEn F ke denainadclhy Beck LC

i i i . A f
o1 Ao POAL AP PRALOEIAES 100007 1y BY it 4 and
calfn! llslﬁﬁépxﬁgé@treidzw tHd foNoarde okt &ectbrve retardation

Irm

The polarization plane of the light beam described by JB and emitted by
back LC panel is thereafter turned by angle ¢ by the front L.C panel. This light
is then converted by the quarter-wave retardation plate which is oriented at the

angle a, giving the following Jones vector, Jr.
Jp=D.R.R,J,

In this embodiment, the left eye sees the light through quarter-wave
retardation film placed under angle £ to the x-axis and then through the a

polarizer placed at +45 degrees to the quarter wave film.

18



10

15

The operation of the polarized light in this

enbodi nent of the invention can be expressed by the
wais®70687a7 Jones vector. A beam of |ight with ap@l/Us200€026706

A and phase f of x-conponent and anplitude B and phase

yof yconponent can be descri bed by the foll ow ng

vector. The effect of various optical devices on

pol ari zati gn of ,Light n,pe Mdescri by di £ eren

matrix trengfer Q?(_;ij;ﬁ(p]g; Ené%gg;ﬁx}éfﬁxkaRquB

exanpl e, the angle of rotation aof a polarization

pl ane ¢an_be represented hy the foll ow ng. The quarter )

wavé$ ratﬁl&dtlgbgemllhﬁe%ﬁb@hhghﬁ threughaivarsempene netaydation
. Y. N he rees,. Lp:.tu can.-be represent ed.
ﬁlgrg @ga%g?nlbrﬂ%% eil%%lg ?%lfol tgl%i xﬁggls&l{({]: tléerf tlkro(y. 6 a poFarlzer placed
atARo|drigirey td tHey tiabr Waive filhi, 35168 difig @Rk YoMow SIPeg@&tion.

i ght can be descri bed accor di ng to the foll ow ng

matri x. Using these matrices, the light polarization

changes in ni t cgr di.ng ppopx hi dj

t he '|9énR/ent' m&&&ﬁ@a&t‘?&? b?dﬂ&%%%%a&JB

descri bed above, enmts planar polarized Iight with

anpl- : t '

Jonea B8eLaRREHR A, RENCERRN £ PXR R o8l LRt Rle be
caldudatediae tles fulldsasigby JB and emitted by back LC

panel is thereafter turned by angle f by the front LC

panel. This light is then converted by the]

quarter-wave refardatipn plate whi h":@‘gﬁi ent ed at

t he angl e‘f\, gi A@lﬂégﬂth Obwi- @nes Vector, JF. F

= Dx af9BTn|this enbodi nent,4the |eft eye sees the

i ght through quarter-wave 0

J, = Asin(@p+ o + Z—)ei(mz)

0

If we set a equal to 0.25w we get following result for the amplitude of

light, Az and Ag, which gets to the left and right eyes, respectively.
A, = Asing
A, = Acos@

The intensity of light is proportional to the square of its amplitude,

therefore these equations can be rewritten in terms of the intensities, L and R.
e 2
L=Bsin" ¢
2
R=Bcos" ¢
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retardation filmplaced under angle b to the x-axis

and then through the a pol ari zer placed at +45 degrees
wo eoovloas7quart er wave filmJ L =PxR 45DxRbJF  PCT/US2006/026706

=PxR+45DxRoDxRaRf JB As for the right eye, it sees the

i ght through quarter-wave retardation film placed

under angle b to the x-axis and then through the a

pol drionethelabheesl rélatiohBhiRY P he cbﬂﬁuﬁh‘érthﬁf 1f’\§ﬁéequarter
fil providing the foll ow ng equation. J
W%‘mfg&mps phgRd m%@ﬁm@m ® aheatmnaﬂanabf hghp lth):ﬂuxstemltted

bR R e PR E 6 3 PN ] SR MRS E el

defs@hb@&\ﬂa'bﬁvé eeMlalinf Hoﬁé\%raﬁﬂﬁlehtdéﬁg%ﬁfedl toWthbodimHd that just
AR, \NhICh ets to the left and ri

utilizpeienidaed pribugonat plaﬁar&%larmanenfanﬂﬁﬁahﬂheﬁ @Platlﬁd glasses,
I| rtlon ot quare of its a i tude
the H%Pé’ﬁf&i“é’%ﬁﬂg% B%é sigicans advantagero e system

thhPehé BEENEId | Reardr (ﬁq:ﬂe I%olall'[ze é:‘stenélass%)dsal o?%tﬁ%%‘llé{a]%e a

t he above rel atl ons can ‘be®conc

chahge Guahe S Dveffeet fwlid’ﬁ u§erpﬂlh§ &ds Uese o 4he 16f ok eo the right.
Ilght that is emtted by the

I atjon_pl ane of
Egc Sﬂaﬁﬁ éhetqbg"ﬁ shetiileds dessrintinn cambe mrdepamu ahbinge

b
e e B A bR FRa 2ORS AP ot SRR ae ©
ordirialt Gaidlin phanat willrahd# f‘tabﬁi‘eéiﬁga @Hﬁ%rﬂo%’és}r thp§ nd
gl asses, the use of circu pol ari zati on "provi des" t

degisgss rln@grhe aldernatigdy perfonmegyist ﬁmdttmtallyrmqmselrent 01rcu1ts
suéfl Iag & %1@ F&r%ér%ﬁe#ﬁlé %glcz é}r]? Y ggﬁé@?ﬁé@ éiel)weclfllflp Egigegrated
cuhhﬁ; @%@)t AdyBrdchd 184 siRstRBed 8Bl e 3}% lnlo glﬁ&%déﬁ% Qescribe

| ed description can be understoo
the exact syntax of any particular programming language, and the flow

diagrams illustrate the functional information one of ordinary skill in the art
requires to fabricate circuits or to generate computer software to perform the
processing required in accordance with the present invention. It should be
noted that many routine programming elements, such as initialization of loops
and variables and the use of temporary variables are not explicitly described as
they are well within the skill of one of ordinary skill in the art. It will be
appreciated by those of ordinary skill in the art that unless otherwise indicated
herein, the particular sequence of steps described is illustrative only and can be
varied without departing from the spirit of the invention. Thus, unless
otherwise stated the steps described below are unordered meaning that, when
possible, the steps can be performed in any convenient or desirable order.

It is to be understood that certain embodiments of the invention may
include certain applications (i.e., the un-executed or non-performing logic
instructions and/or data) encoded within a computer readable medium such as
a floppy disk, hard disk or in an optical medium, or in a memory type system
such as in firmware, read only memory (ROM), or, as in this example, as

executable code within the memory system (e.g., within random access memory
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i mpl emented preferably utilizing the control aspects
of software, one of ordinary skill in the art wl|
WO e@diobs77appr eci ate that the process steps andPCT/US2006/026706
deci sions may be alternatively performed by
functionally equivalent circuits such as a digital
signal processor circuit or an application specific

ori RABYY. & ROaleH k6 %tur{d‘ég!;ﬁbd thay oﬁlg&c@rﬁboﬂirﬁ@ﬁtsdﬁst%ii ¢€ntion

above are not intended to describe the exact syntax o

cagrigroyade thaihppligatoonsaoparatingawmiphay éhe pnocesher 4$ the processes.
i.aqr illustrate the fynctional . i nformati one of
Wil hony 11 iR i, thisganiied £ Uit B vall sderstand that
thel do@tphitdr QFstlen FSNPIAIEIE BIIMSocS ek Wa dPort ShiRGLELL AN
the processing redquired in accordance wth the present
handvearei somsy$tiensh) uch aseamop e tidgpdy stemy wldch ihaee been left out of

rogranm.ng el enents, suych as jinitialization of |oops
this Hiqshration dar eane afilescuatign of $hp AREPRLIQRY | abl es are

t ICh 1.y ' t W thin th
2 A OSHEIE EEPE §  m
bezppiceapiredt by thduessf crtlimngi SlaMnSheldrtithat behé dmbédiments

. unl ess otherw se indicated herein, the particul ar
ingaiposAng dhese eqnrepbs mayeriuped.i Fonexample.conlepsafidhe

o L SRS Pl ST s BRI o BEe vt

thdesher koG A8Y WY ATHtHA ARESEL FRANARE, pAlatizeWhalhges.
possi bl e, the steps can be performed’i'n any conveni ent

Acgsprdiogly, dbisesahmtited that thataheanwadtiontshoald hat be limited to the
cer.tain odi menfs, of .the,in tion may (nclude . .
o R b S S B kR epirc ana
schoPed b d Qgidhs! 'Agfl{di%gi ﬁf@ilﬁ?@ﬁﬁﬁh 1 ?%erf" BEQBd and
W thin a conputer readable dium such as a oppy
illdstrletedanith dicektain degrenofyditiallariegiitiis uadeidto&d that the

menory. type systemsuch as in firmware, read on
Prﬁ%ﬁmf%ls e 1y1%$ ,ge%% mafe prly heiwap ol exampdgeznd shatenumerous
i 1 ihi it hi d
chE80ES 16 il Lo g SRR ot wi TR L g

thoddekillediiacihernt sviehotd@epaitaiy from SaNsPERVAMEsARR of the

. applications operating within the processor as the

Inypwjéemsasshengimaféenelpimrdwn in this exanple, those
skilled in the art will understand that the conputer
system may i nclude other processes and/or software and
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har dwar e subsystens, such as an operating system

whi ch have been left out of this illustration for ease
weboodessor ption of the invention. Having descrP@BUS2006/026706

preferred enbodi nents of the invention it will now

beconme apparent to those of ordinary skill in the art

t hat ot her enbodi nents incorporating these concepts

Clmimsbe used. For exanple, one lens of the pol ari zed
eyegl asses nmay be adapted to decode linearly polarized
i mages while the other lens nmay be adapted to decode

1 Subh UREE AT Y Rt G5 Erlithe ptorp images to a user,

sahddid;ﬂgjytgysﬁemc@!,ﬁ§§fsilb§d enbodi nents but rather should
be limted only %gthe spirit and scope of the

appmaﬂd ftflmlmze talsseyivenhable yesttid asehami eobarized glasses
scri bed ? % é ted with %hcertaln gegr e of
coRGRBRRR PP 119 Lotk eS8 08 thdect abchrdidiens having a

dlfﬂoﬁﬁh%(ﬂaﬂéﬁtlgﬁ%'fff@i‘éqﬁ P ythké Q{d R¥ampl e, and

t hat nunerous changes in the conb |na I'on ant
arrainlggh’esnumé parts can be resorted to by those

skillgd in the art w thout departln%fro_mtheswlt )
and 2HETE st asperndhlianid enystalanel laced ey stacked configuration

be @éﬂ%glﬁd?hﬁo%x%e i d Jlﬁaqls%% %@ﬁ Igglgtf hr%ca}[l(gu 31 %/%t} $anel

or provi ereo |1 mages

be%cleammrmdshgl@ soar@ai r of pol arized gl asses
mearable by sai d user, said polarized gl asses
con@diysitiglareen keingmiaceshbetvotent saiddight solirehendseid first

tiagy ?a? enfp FErwt R AOB0R, Lt e e o o s

orfentstioR Rg lizh ERted tEwhll S4ishk mﬁﬁe 'crfétafpgnéﬁ

st acked configuration between said 11ght” source and
s al d sesend woldrizeilbihg |p§aceld1 loptiwcbear gadid dirspandlseb@id tiquid

er to s our c a first pol rlzer bei ng
Cryp‘ﬁt %%n%lét%?eﬂ %‘Q%d’ﬂ‘ Po'ghtz J&@r%rée%@él%ﬁi fopre Rt fropm q&:ddﬁrst
pokfy¥afral panel and adapted to inpart |inear

pol ari zation of a first
electronic processing means for processing a composite image from a

stereopair, said stereopair comprising a left input image and a right input
image, said processing means being further adapted to calculate an angle of
polarization for each pixel of said second liquid crystal panel; and

panel control means for receiving signals from said processing means
and controlling operation of said panels in accord with said signals;

wherein said composite image represents an average color intensity for
each pixel of the left and right input images, and said angle of polarization o for
each pixel of the second liquid crystal panel can be calculated from the
relationship

tan ¢ = Square root of (I/R)

where L is the intensity of a corresponding pixel for the left input image and R
is the intensity of a corresponding pixel for the right input image, and wherein
said panel control means causes said polarizers and said liquid crystal panels to

polarize light from said source and rotate said polarized light such that a left
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orientation to light directed toward said first liquid
crystal panel; a second polarizer being placed between
wa@anod/obg77st and second |iquid crystal panel s apdI/bg206026706
a polarization orientation different fromsaid first
pol ari zer; electronic processing neans for processing
a conposite inmage froma stereopair, said stereopair
inCEEEdrsé Hbrdih 856 shiWPlelt infRAS i8 delc8ddd b RUleft IKRESF said
saydaﬁroce55|ng nmeans being further adapted to
palarized glassas aadgl eight ipwiga cormsponding teesedl nighteinpaft image is
sai,d.second. | i qui d, crystal .p ; and panel control
der?ggﬁ%%ﬂ?rrﬁg@& ‘?‘?ﬁ ?@%ﬁﬁg%zﬁaﬂﬁ%ﬁ-d processi ng nmeans
and controlling operation of said panels in accord
with said signals; wherein said conposite inmage
2.r eprBsetitecadinsereviagsl display systa@nsid getffortheiacélafthXiewherein

of .the left and rjght input imges, and said angle of
S%@ et %55 iseerrd pelarizess anfeaid first Hevberystnl papglgomprise a

. : e I : .relationshi
Efi0 el SRR nfARS ofR e Ral L ABPAY By SR
coafprisescd kesRend gt Rixgledftorfitt verl Rfid flab panel MRGE] eRbtal
Ris the intensity of a corresponding pixel for the
digplgitmpaiat. i mage, and wherein sai d panel contro
nmeans causes said polarizers and said liquid crystal
panels to polarize light fromsaid source and rotate

3.5ai drRotiddeZdithdr Sl alSUS ab Bt din | R det TR in cl inclj 1b ;vlgarein

corresponding to said | eft input inmage I's decode
saidfysteenfushes aiduged hchzabbeivssesidndcand lighid cryagel panel

corr.esponding to said right, i nput image_is_ decoded b
a ?ﬁlg sef élﬁ%ag%? PO%O&V%‘F%& ililéal%éﬂ pplagzed il.ghfw@ circularly

1htiegs dbfensi onal di splay systemas set forth in claim
pol’lwﬁéggﬁﬁ said first and second polarizers and said

first liquid crystal panel conprise a fixed pixe

di spl.ay _nmoni for, and wherein said second |iquid

4.cr yshhy thygrelimensienal display syabem asiet foribdpt daim 8, fiherein
saf Heatld' fgr f(:!)l?\%l%lan%eiintlaér%rj Ip((j)la{:rri esé ﬁ!ghg te E:lllrgt\{larllenll)(t)l%'ized light

comprises a quarter wave retardation plate.

5. The three-dimensional display system as set forth in claim 3, wherein
said means for converting linearly polarized light to circularly polarized light

comprises a quarter wave retardation film.

6. The three-dimensional display system as set forth in claim 3, wherein
said lenses of said polarized glasses are adapted to decode circularly polarized

light.

7. The three-dimensional display system as set forth in claim 1, wherein
said liquid crystal panels each comprise a plurality of pixels each having three
sub-pixels corresponding to color components, and wherein said processing
means utilizes an appropriate sub-pixel parameter vy to correct calculations

relating to each color component according to the following formulas:
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3. The three-dinmensional display systemas set forth
in claiml, wherein said systemfurther includes
wo cwamest7bet ween sai d second |iquid crystal papet/usnde/026706
sai d user neans for converting linearly polarized
light to circularly polarized light. 4. The
t hr ee-di nensi onal di splay systemas set forth in claim
3, wherein said neahs for conyertingllinearly
pol ari zedgLi[dit+ Rb tircul aply pdarilzed Iight
conprises a(quagter wave retargatiger plate. 5. The
t hr ee-di nensi onal display systemas”“set forth in claim
3, wherein said neans for converting linearly
wipsdedut Bzisch tolghtoinPosibhe i tRhkity #6¢ 8iZ8hAtheMrst [11iquid crystal
conprises a quarter wave retardation film 6. The
paggl aaddi ien splotgomtionsnayntepsiterfons mizel 6othensdennd ajuid
in said |l enses of said polarized glasses are
cmgﬂg%@§é8¥o decode circularly polarized light. 7. The
t hree- di nensi onal display systemas set forth in claim
1, wherein said liquid crystal panels each conprise a
8. pl urlhe threefdipiensicnad aisplagsiysign s aet fothghx@hisn 1, wherein
cprrespandi ng to col or _conponents, and wherein said
sajf BEssEring MeaRg ubiver JeBeRHeugp bpealsulats aptasiompt polarized
PR LS oJols ul ations relating to each
hg%%lor cgﬁ%%%gﬁ?ﬁggggﬁg}ﬁghg% the foll ow ng
fornmul as: wherein B is a color conmponent intensity for

a pixel of the first _liquid crystal panel and F is a
9. co}o ecbrpendamensionah §1F&C11f51ay @ngﬁnp ag et &frthhe ckdoomdfurther
L ClLL: r [ s The. t hr ee- di nensional .di spl ay
colsfe /01383y RARS! ey pT0G 0 e LRSS oY
commﬁjxﬂ‘@eﬂmﬁﬁsaﬂlskbdﬁﬁd&@%r\éﬁﬁf i deforlt@ hig‘dli@f:ﬁrstal
rotation of polarized |light by each said I1qui
ragely said digfuser betng placetivlesestitoremsi sweahd giodntizer sydbeid third
.set, forth in clajm1,. furf.her conprising a diffuser
poBiiRE hayihe A Relaizatien Shisaitation mgeRrek kP seduatizod light
Wlsegigl r(lngiélrrlﬁgil;}lﬁg c??{/éséf?gfidﬁ@ & SN KL AL RS readlﬁrescflby said
second liquid crystal panel.

10. A three-dimensional display system for providing stereo images to a user,
said display system comprising:

a pair of polarized glasses wearable by said user, said polarized glasses
containing one lens for each of two eyes of the user, each said lens having a
direction of polarization different from the other said lens;

a fixed pixel display monitor, said liquid crystal display monitor capable
of producing color images via a plurality of individually controllable pixels;

a transmissive liquid crystal panel adapted to be fitted on top of said
fixed pixel monitor such that it is placed in stacked configuration between said
monitor and said user;

electronic processing means for processing a composite image from a

stereopair, said stereopair comprising a left input image and a right input
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panel , said diffuser being placed closest to said

second pol arizer and said third polarizer having a
w@eloanozat i on orientation adapted to produce pRCHEUS206026706

light with an orientation corresponding to an i nput

orientation required by said second |iquid crystal

panel . 10. A three-di nensional display systemfor
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px‘éﬁé@s’iné %@aﬂseéﬁd c@mfrbﬂﬁgg berakiodh sy Bﬁ?%lu%ll%ﬁit@r in accord

liquid crystal display nonitor capab
withlsend fregegnals aamdpl ural ity of indivi dual ly

controllable |er ; sm ssive liquid crystal
panelwgéemf% P38 C‘?I?ttrf’{e’al anStf%rQﬂeﬂgagoﬁeﬁm%algM%Ifrom said

prOBANAOE oMl 418 bod drolt hPbAGRG b IURE 1 ig crvetal panel in

gurati on tween s or an

acedbet wikinsLidyecord sigihlereans for processing a conposite
i mage froma stereopair, said stereopair conprising a
| ef tWheisie Sﬁtﬁbg@naﬁw%llmagwepmammg @vesagajcolor intensity for

AT L R0 S o o
each@ikel o thetladuidanPltal @'aﬁ@l é‘é/n BBl atdrbR tHEANStionship

for receiving first signals fromsaid processing neans
and control |ing opdaat¢ srSgiarsaiodt bf ded)pi xel rnoni t or

wth first | d t al
whiiceh [ bt rbﬁenﬁfvf&ﬁ BT OB P Bl don P gt gige and R
is $Bé hi¥nRGSSsT pE¥ltebPEhd B % Qﬁg icfﬁggg,fargl wherein
th salrd sécon

sai d I|qU| d crysta paneéj I'n accord

sasd fnalid crystial paml&mndrodmmmss teudesmgid lignicsnital panel to
ver age cotl i nt ensgi%‘ gr each pi xel of the left and
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poi%rlcﬁ?ﬁg g'siigﬁ tH%ihé T&t:l %‘lé'eg:gﬁfééﬁgﬁhn&a&eéalﬁ%ft Mput image is

romthe re
decoded by a left lens of said polarized glasses and a right image corresponding

to said right input image is decoded by a right lens of said polarized glasses.

11.  The three-dimensional display system as set forth in claim 10, further
comprising a polarizer sheet attached to said liquid crystal panel such that
light from said monitor is linearly polarized with a known orientation before

entering said liquid crystal panel.

12.  The three-dimensional display system as set forth in claim 10, wherein
said system further includes located between said liquid crystal panel and said

user means for converting linearly polarized light to circularly polarized light.

13.  The three-dimensional display system as set forth in claim 12, wherein
said means for converting linearly polarized light to circularly polarized light

and said liquid crystal panel comprise a unit adapted to fit over said monitor.
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tan f = Square root of (L/R) where L is the intensity
of a corresponding pixel for the left input inmge and
w@R2003/008727 i ntensity of a correspondi ng pi xel fBCT/UR®06/026706

right input imge, and wherein said |liquid crystal

panel control neans causes said liquid crystal panel

to polarize image light fromsaid fixed pixel display
nonitor and rotate said polarized light such that a

left image corresponding to said left input image is

14dec dthaitivpesdimansionalsligplayAy§ters| asrset darthl imsdatm i weherein
soffd Eitnet By SaPrighRY RERa g Bl P OBt HRFige tighe
comliiddd £qubi- BB RPA RN A tatll StRdRYpl¥st em as set forth in

cl'ai m 10,” further conprising a polarizer sheet
attached to said liquid crystal panel such that |ight
rom,saj,d nmonitor .is |jnearl ol ariz Lth g knog .
1 S Geetsionah display %’é?“dnlqsqﬁﬁ%g‘)&% pap e wherein
r - . .
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connuadeach hahvieewsal rbthirdatioch Gilwst al panel and sai d
user nmeans for converting linearly polarized Iight to
circularly polarized light. 13. The three-di nensi ona
S t . orth J i eralLn i d .
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sabd &ntedldf Y aPhalah iRl dlhedds aracthdapited kd deestieCéivatlakly polarized
_panel conprise a unit adapted to fit over said
ligh$ni t or. 14. The three-di nensional display system as
set forth in claim12, wherein said neans for
converting linearly polarized light to circularly
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pl ate. 15. The three-di nensSi onal display systemas se
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i nearl olarized |[ight to circularly polarized l.ight
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according to the following formulas:

1 1
po[Z R} o[ RY
2 L' +R7

wherein B is a color component intensity for a pixel of the monitor and F is a

color component intensity for a pixel of the liquid crystal panel.

18.  The three-dimensional display system as set forth in claim 10, wherein
said processing means utilizes Jones vectors to calculate rotation of polarized

light by said monitor and said liquid crystal panel.

19. A method for producing a perceived three dimensional image, said

method comprising:
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17. The three-di nensional display systemas set forth
in claim10, wherein said liquid crystal pane

waeoeopnioses a plurality of pixels, said pixels pET/BE820d6/026706
panel and said nonitor each having three sub-pixels
corresponding to col or conponents, and wherein said
processing nmeans utilizes an appropriate subpixe

par yiiveling d Paie VR rigd gldsaéd fbe HWratiynghitlQiRAChid
col or _conponent accordlng fo the fol | owing fornul as:
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conéxgtuma’&on@ed:wbem lacli ghtr etvate andafaig isar wadd shidgfitstdiquid crystal

t I i d t al . 19. A
m%ﬁpea”&?ap‘s’éw sty piies Syt ar panel 19 A
IOOI gﬁl zﬁ% gflgébgsgf %g e ic/\‘gé?%g B%fdg%é %kglgr% © %@drséﬁa first liquid

crpsiad paed] s@h@fﬁ‘@ﬁp@l@lﬂimr et adepledns inpparg@dieafpdlasization of
eyes of the user, each said lens having a direction of

a E&taqu@a&aitm @i lighir dwected damand seith éwsfs]aquld eyystal panel;

arra a fir n ond cryst al neI

ot acRBaE e dmein AR Bu BERER . SR e ST e Ron ARG g iy stal
paifeds, SMid Re&cH dMpdlakirer inPairfingray pélakiZadionl oiehtadion PiFRrent

to said |ight source; placing a first pol ari zer
fr@@tsmérﬁrs‘apdlalrmgm source and said first liquid

a‘i% Iganel said f.irst golarlzer belnq adapt e loft
GeFHURE HEMIPPSLT IHASS Arom & Sterenate Ao F’c?i‘nn% eft input
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placing a second pol ari zer between said first and
cobmcimten ity forceavhysikal ofpidreclest, asdirighddapnd ipakas; zer

imparti a polarization orientation different from .
sai ot lfOﬂlms@aaia fizet e, @Vﬁ#a%.n?gwgteé ay sald pygRosite image;

[ Rt AR RO 5 e PRGE B i
critad pyamellévherein said angle of polarization ¢ for each pixel of the second
liquid crystal panel is calculated from the relationship

tan @ = Square root of (I/R)
where L is the intensity of a corresponding pixel for the left input image and R
is the intensity of a corresponding pixel for the right input image; and

controlling said second liquid crystal display panel to achieve said

calculated angle of polarization for each pixel of said second liquid crystal panel

to produce a three dimensional image viewable by said user wearing said

polarized glasses.

20. The method as set forth in claim 19, wherein said first and second
polarizers and said first liquid crystal panel comprise a fixed pixel display
monitor, and wherein said second liquid crystal panel comprises a separate unit

adapted to fit over said flat panel liquid crystal display monitor.
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color intensity for each pixel of the left and right
i nput images; controlling said first liquid crystal
w@a0vel008707 di spl ay sai d conposite i mage; cal cul BET/N§20861026706
angl e of polarization for each pixel of said second
Fiquid crystal panel, wherein said angle of
pol ari zation f for each pixel of the second |liquid
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crystal display panel to achieve said cal cul ated angle

of polarization for each pixel of said second liquid
29 ySried neahed asgepfadhde chaih 22 ewlienEnsiadt aheansefpe converting
~viewabl e by said user wearing said polarized gl asses.
linggrlyrpelagigeddighistosarculaply polarizgedhlight gomppisesianauater wave

I ISt. an econd pol arizers and said first liquid
re&?§§%5F1€5ﬁ31 conprise a fixed pixel display nonitor,
and wherein said second liquid crystal panel conprises

a separate unit adapted to fit over said flat panel .
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.forth in clai,m,19, further c ri si.ng, pl aci ng neans
lipgel BRa A Y s AT DER FRgh oS BoE AU dig wave
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panel and said user. 22. The nethod as set forth in

claim 22, wherein said neans for converting linearly
pol arized |ight to _cifcularly _polarized Iight i .
Z%Oﬁh%gsetkog@m%fo%ée@ with 2dar Feig) sid Ienses ofisaid polarized
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film 24. The nethod as set forth_ in claim22, wherein

255aj d'hemesbodmssat fousbinclaiay 1§ wheseingaid dwapd suyitgl panels
eacclﬁcc(())(:rjmepr%er glf)ll&l[ellﬁ/typo%lp&})r«iﬂ%ee%c ih%lr{rting three sub-pixels corresponding
to color components, and wherein said determining and calculating are
performed by electronic processing means utilizing an appropriate sub-pixel
parameter y to correct calculations relating to each color component according

to the following formulas:

1 1
TR ro( R}
2 L' + R

wherein B is a color component intensity for a pixel of the first liquid crystal

panel and F is a color component intensity for a pixel of the second liquid

crystal panel.

26. The method as set forth in claim 19, wherein Jones vectors are utilized to

calculate rotation of polarized light by each said liquid crystal panel.
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25. The nethod as set forth in claim19, wherein said
liquid crystal panels each conprise a plurality of
w@noogloas7each havi ng t hree sub-pi xel s corr esponBCTYS1006/026706
col or conponents, and wherein said determ ning and
cal culating are performed by el ectronic processing
means utilizing an appropriate sub-pixel paraneter g
o7t O G8{d HLkh&@hS gbf??dr?ﬂ In rCFAl?f l@,gflfrgh@xa@inngfigﬁ{g placing a diffuser
conmponent according to the follow ng for as: ereln
and a shiadqllerizevipotzektd icomfigsratyor betvaequ xaid seohd@olarizer
first liquid crystal Panel an ,g%g a, col or, conponent )
andnyaidsieeqnd avid pryesal panalpga ef beingdplaegd clgsest to said

anel .1.26, The, me I ' [ . .
sol R eolg®Hyon ), BB IPE 2oFheet Bohg s orientation
adapted t@prédudeaddatized lighd itk yneaténtddioh ¢drgedpbnding to an

crystal panel.27. The nethod as set forth in claim19,
input phientatoem regiined by seiich gecond; iawsleeryaiad nandhi r d
pol ari zer in stacked configuration between said second
pol ari zer and said second liquid crystal panel, said
di ffuser being placed closest to said second pol ari zer
and said third polarizer having a polarization
orientation adapted to produce polarized light with an
orientation corresponding to an input orientation
required by said second liquid crystal panel.
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