,e3e)) (D(67°TP30 _JUL 2004 SOFTWARE QUT- OF- FOCUS 3D METHOD, SYSTEM AND

APPARATUS 5 BACKGROUND OF THE | NVENTI ON Many nethods, systens, and
appar at uses have been disclosed to provide conputer generated aphi cal
rendering scenes 'wherein depth information for objects in th%%gdﬁheimnp
used as a part of the software generation of the scene. Anong the

techni ques in common use are: 10 (a) shadowi ng to convey background dept h,
wherei n shadows cast by objects in the scene provide the viewer with

information as t spearing to sinulate
. foreground and bggﬁmm% @9#5@@2@?@3%1%@@5( tADf or egr ound
“and background out-of focus render| RAJEUSd on phyS|caI principles such
as graphical representations of objects in a foggy scene as 15 in U S
Patent 5,724,561. It is further known that there are graphics systens which
provi de Sa \BAGKGROUND OHATHBAPRENTION™t i on in scenes by renderi ng 3D or
st ereoscopi c V|§@s ein different views are sinultaneously (i
within the lim %f“wﬂé? A% SYHeRD @nd PPRMATSS bavsitoey) diselossdrto edovide emqintemf t he
viewer's eyeseratRaghiéd eenldeGiycenés QP
st er eoscopi ¢ 20 reﬁ%lrlng are edgeﬁgg?ggtlonHﬁMﬁ&K%q%¥a#%Q;%QhemﬁﬂﬁIS
conpl et el y YEEFAE AR P} thg spdvate senction afthe sesngs . Ampnashe feahiniquve irsmemes usender ed
by the techr:ques (a) - (c) above give a viewer only indications of scene
dept h, 1gut ther |s no sense of the scenes being three dinensional due to a
vi ewer''s eyes r é’i‘a\?PT‘fﬁ‘gc?P Fries heckgrosnd deftls\wheresn sbadgweecasbls;caqgeczs metheler i ng
systenms. 25 Alter géht ¥@ke tHegewdPwith nﬁ'&%{aﬁgégsqg'ﬂﬁ cgsrtfﬁigg'{o eagl}/ost;[ e T equire
st ereoscopi ¢ ey@ wear for a viewer. scene Vi ew ?éns t hree
di nensi onal ef f @& f@eaing t%%mé}a@af%awmdmd@a@kmudd n@tf@fmalaress;emb by
nodi fyi ng t he B ReSt er stop is
vertically bi fﬁdrégatrg% t(g fgf?%@{m@ ah@r&c%%%gpgﬁ% fltfgt?]% }en%n%g Jg@gn%n Vi ews
wherei n a dif f er eREYSSAEPIEGIDES spdheas g@el’mealwmmntatmnppb&h)tb&&intadomebbneﬁs t he
Vi ewer'is eyes. In,p@@tpgghgh24ggp effect of bifurcating the aperture stop
vertically causes distinctly different out-of focus regions in the
background and ¥ &rféﬁﬁl%ﬁﬁwlﬂ%’éfﬁhﬁy argrgeapbice fysteins whinh sowdren viewarsyithisdak t he
in-focus i aggeindrBRtoih i ( rcei.ved as
i dentical) in bot h Vi em&é&?g?%&ﬁ&n ?dveﬂasr?letrg&g(gﬁ&?%ﬁ dlherehﬂ dl%%%flt Hethod i s
that it pr8GEEREREFPUSde Vitkn sedimis pr@ms@bnce & I@mhbllyx@@ﬂ@re%em@fo&nﬂabl y in
2D wi t hout ofi-WeRE’s aPel, | t fe t va S
nodel ing this physi ca?gne‘?mg the tﬁhhﬁ;ﬁﬁe %Fggﬁﬁr&gﬂc’f %ﬁgh?’ﬁ ;?{?Oﬁﬁcfpécd filns
can be? ar ek @W%Pﬂgéd]ﬂte@l@oﬂbéomfoélmmgcm(tompbabellysaparaw ginthedtocelye- wear
and in 3D welh eye-wear. It would be desirable to have a sinple graphical
rendering systemthat allows a S viewer to clearly view the sane scene or
present ati on wiX9ic &t et genes rendeted b3 dlopiechniyres @ar(c) whose gme at‘ee\hesrlames such
as (a) - (mhicARaNer iRYe 8HHESAENE &hoUel S 8L {:éﬁeg (0T g% ¢ 1onat net, the
viewer is wearing stereoscopi c_eye wear or no IPé? Sul d be
desirabl e fofietHé @eeveseiving Biffeeent SmpeVlw&)aDumcs@deosmpmermﬂeMgsmtenﬂept hin

the scegpe AlterhitRRBN AL A9, mf‘e@scgb'ﬁ }kra%tnﬁcr §8R5HE cheq(ﬁxree )é%revc\)gcac‘)ri)lc eye C\IJVCaI:'L or a

viewer.

In other scene viewing systems, three dimensional effects can be created from a two
dimensional scene by modifying the aperture stop of a lens system so that the aperture stop is
vertically bifurcated to yield, e.g., different left and right scene views wherein a different one

30 of the scene views is provided to each of the viewer’s eyes. In particular, the effect of
bifurcating the aperture stop vertically causes distinctly different out-of-focus regions in the
background and foreground display areas of the two scene views, while the in-focus image
plane of each scene view is congruent (i.e., perceived as identical) in both views. One of the

advantages of this physical method is that it produces an image the can be viewed




SUMVARY OF THE | NVENTI ON The present invention is a nethod and apparatus |

for allowing a viewer (also denoted a user herein) T0 clearlTy vView the same—

conput er generated graphical scene or presentation wth or V\gtmjﬂt
st ereoscopi c eye wear, wherein techniques such as (a) - (c) @&bo naqmbe 15

presented differently depending on whether the viewer is wearing
stereoscopic eye wear or not. In particular, the present invention provides
the user with a nore pronounced sense ofy visual depth in the scene or

present at i ogy&Lh e HE ar Qpi.c_eye wear..used, byt the sane scene or

- presentation can é%mc%?\.gﬁglro gt(r)\%{éy elﬁf\ c%;Vlear I“ﬁ}thv‘?yg'\?@ar'ﬁ”ceh‘gﬁ?e;§@1Véﬁtaé%$e<lfwear.
' The st er eos®eqsliag thispfiysigaltrestindi wjthes sofinac roakal 18 @2 hiimGRA ks sniHel ZQEW t h

any i nage : S b i For,.ex | e, the techni ques can be used

with any ofz‘g ?lﬁ}g%r?aﬁafbhgggggg%@gﬁa e]%%’r%nr)‘é@’ra%heyﬂ@?r PHRAP MPsvF-#5t% on Seri al

No. 09/354, 230, If would Brudssirdifs td 89@; a kinfple PraphicatironRtingayseim tPRLbEALI on

Seri al . i led Novenber 22, 1999: U. S. Patent Application

serial No. 00)BReR vied hE iR YR s Shactoniis ranipout srerseed sorer

Appl i cat i orwiBesin aéchhiques6@icR 45 (793, (c)f howe nmvwrgegen?ed &fent,2Behding on

Provi si Onalwlf;% ent. 22 @DEI ication Serial No. 60/261, 236, filed January 12,

2000; U. S.VBrovisi ORAr Pal €rPe AlSIoreRE B st ParotoIn pgtisulgoitsseild bei ed

March 17, 2B6iGbleafod thd. Gewdrrtotiatd dRidke ARAUNSRL defft siofibdl adih in @19/5%,%2 201,

filed AUQUStreSBﬁt 2000Qxzc al(i}1 %f whi ch are i ncorporated herein by reference. In

the event that tha AEIIPSEOReEE YeWrH usidal og form any nunber of known

processks may be enployed to digitize the inmage for processing using the

t echni ques S’?@Pﬁl}%ﬁi ﬁgﬂ% an rther facilitate a greater

appreciati on an un‘g?gt an Wﬁﬁ% present invention, the followi ng U S.

Patents are i ncahppresthevaRibRish Mothddnd aptRisE8CHiowing viQyek P12l JUL

20033, 66S, 184r£5é 1312)2&%%?%%%378/ 0414.1 89. 2%%%/ Is9808?§%g?ng389%1%4%§§§§?7128/ 1
’ 9 | ’

989Dr ebi n34%f N V190 S B¢ i cREBUSY generated APapbiraB sCE0® OSAteerBLEIW 21 S, 40

2, 3373/ 1995Mithstri it Sté6:Soptd Bye/ H4:8/ WR9GT Qé%&'ﬁ%:zeg %%ﬁ?gﬁg@g% %‘%? gghggié 71

ki 345/ 4265, 616 t%%éj 19 75’%3‘%134/ 038S, 883, 6296/ 1996 ,
| 998Tar ol | iP3%E) eERRUlY RHOBFAFAT ISy BYESS FIRTEE o Barccyey 84S/ 4265
, 808, 62Q0/ 100 8BqiaR B4 Apro@ s RIHAbH %ﬁe@ﬁ@%%%iélwlﬁoﬁejﬁo&%ﬁéeh/s%@g y34S/
4265, 883, 6293/%%%%\]]!% nson34S/ 4195 900, 8785/ 1999Cot 034S/ 4195, 914, 7946/ 1999De

eri ng34s/ 431°€2 P8 SRR EFR Bk Whensugngeremogyia epomrpwied 4Bt HR2E8nO77, 979

11/1 9990 oughd 65201 3504:2000 WREAUSN 4286106 AS202000Rgner 345 4266,
078, 3326/ 2000Chgazanma34S/ 4266, 081 , 2746/ 2000Shi r ai shi 34S/ 4266, , 69011/ 2000C

osman34S/ 4316, 175° SHEICAMD IMeHesrdpigngsaiglosedipraiypanigouilizedwith s imbenef i t s
and f eaiour esquitidnN@evitkeeS a3k ckdn 6L the Reckhililies R YAELSEY vHB Lny! AGoi
acconpanyi n% figures and the Deé?ai | ed CDelgcersi ption Sﬁaérvg@n%.gl %ﬁvmggﬁ%ﬁg
DESCRI PTI C]q s-ﬁcﬁnmatent Application Serial No. 09/354,230, filed July 16, 1999; U.S.

Provisional Patent Application Serial No. 60/166,902, filed November 22, 1999; U.S. Patent
Application Serial No. 09/664,084, filed September 18, 2000; and U.S. Provisional
Application Serial No. 60/245,793, filed November 3, 2000; and U.S. Provisional Patent
25 Application Serial No. 60/261,236, filed January 12, 2000; U.S. Provisional Patent
Application Serial No. 60/190,459, filed March 17, 2000; and U.S. Provisional Application
Serial No., 60/222,901, filed August 3, 2000, all of which are incorporated herein by
reference. In the event that the acquired image is in analog form, any number of known
processes may be employed to digitize the image for processing using the techniques

30  disclosed herein.
To further facilitate a greater appreciation and understanding of the present invention,

the following U.S. Patents are incorporated herein by this reference:

!




SFig. 1 illustrates that optically out-of focus portions of a scene that

are in the background do not differ fromout-of focus porfrons of - a SCene l

that are in the foreground. Fig. 2 shows that a single |ens 2§gfr guces
out-of focus areas that differ between the left and right vi éﬁ Baveen
t he foreground and background. Fig. 3 shows that the nethod of the present

i nvention can interpose a decision 10 between the decision to render and
the process of rendering. Fig. 4 shows that the nethod cannot be

circunmvented. Fig.33s5haws a Lﬁg/tlﬁzﬁhrSgﬁgén%m?gfrogggg}dﬁes t he system and

apparatus. Fig. 6 1’s & progra e advisory
conput ati onal conppngaR1H9 showyibghen Cpro i,Ag | anguage. 1 S
Figs. 7A and 7B is a flowhart show ng,ra\éﬁl hi gh ?ég@}& t he processing
performed by the p#83&/12i nvent5/d0889 FDgebid i | | ust r ggsohe division of a
(model space) pi X?\‘llg out -of focus inmage extent' (on the image plane),
wherein this exterftb99508fvi ded 2/éP90 cBeesingi . e., tBAFMAGely to the |ine

bet ween Vi ewer's into r«than two (and in _particular four)
porti onsgf or di spl4d§§/%{ﬁ§)qhese %?géﬁt ﬁB sel ectivgf’@ﬂ@é different of the
viewer's eyes. Fi 5,482 BgRhustrat st di vi si a (nodel space)
pi xel 's out-of focus i’maZe ext e%?gg?]omﬂelgé the di \9/?2@29 of the present
figure is horizontg#l2,acher thagi19e5tTeadkdi.e., sghsiantially parallel to

the line between a viewer's eyes). Ferg 10 illustrates a division of a
(model space) pi xel:585,888- of f Y1896 nBbibaealtient 2534§v@26i n t he di vi si on of

this extent is at e diff romvertical (Fig. 8) and al so

di fferent from horf@bﬁpgh (Fi g.‘%§§.1} DE?%LED DESCRﬂ&I'/pgﬁI OF THE | NVENTI ON
Gven, ¢yg., a poigggd Keht sour, o] , and eneral ly, an
object) to be 30 iﬁagégggy a Ieﬁ?%@sﬁ%@ng?ﬁgt shom%)gﬁll—'?g. 1 shows an
in-focus image 12 724,661 poi nt /1998 ¥Tarylge, wheregdsikhe inmage 12 is on an
i mge plane 11. Qther imges of the point |ight source nay be viewed on

pl anes that are pan&2,é49to t hedfl9f§eFptaane 11 but348/406fferent offsets

from i j i 301 41 st i mage plane 11: Inmages 13A through 16B
depi ct the images 5;%%2& poi nt &r)f%ﬁﬁ gé’@rl%)é on suc%ﬂ%?éet pl anes (note,
t hat these inages sho jrQf fset planes;_jnstead, the imges
are shown in the ﬁ(ﬁgéagé them?/gévﬁnngb t her eby biﬁ/é%show their size and

orientatson to ong mReher). | m/peyg i pedras . offset3p§/g?gs of substantially
equal distance in the foreground s and the background fromthe inage pl ane

have substanti al | Y,831633%ame outl 16I95% 8y i mage f or345/426

5,883,629 3/1999 Johnson 345/419
5,900,878 5/1999 Goto - 345/419
5,914,724 6/1999 Deering 345/431
20 5,926,182 7/1999 Menon 345/421
5,936,629 8/1999 Brown 345/426
5,977,979 1171999 Clough 345/422
6,018,350 172000 .Lee 345/426
6,064,392 5/2000 Rohner 345/426
25 6.078,332 6/2000 Ohazama 345/426
6,081,274 6/2000 Shiraishi 345/426
6,147,690 11/2000 Cosman 3457431

6,175,368 1/2001  Aleksic 245/430




a point |light source. Moreover, given an object plane (not shown) which, by

definition, is substantially normal to the aperture of the |lens system and
contains the portion of the inmage that is in-focus on the imgeﬂg@zz &lfl a
different point light source on the opposite side of the object 0 om
the lens system (i.e., in the "background" of a scene displayed on the 10
i mge plane 11) will project to a point imge (i.e., focus) ahead of the
i mage plane 11 (i.e., on the side of thel inmage plane | abel ed BACKGROUND) .

Thus, the i nmage Fofthé behefits HACKENRYBE HR Ykt AN dhDE, b ' wi L.l be
. out-of focus. Alternatively, a point qughtmsourtggn \gﬁ??ﬁcg ggeprlgieriti éngfe t he

obj ect pl arf&°qFpagyIng figuregpud thedetyled Mespripen heneinlwdeme di spl ayed on t he i mage
pl ane 11) will project to a point image behind the i mge plane (i.e., on
the side 1 s of the image plane | abel ed FOREGROUND). Thus, the inmage of
such a for BRENDESCRIPTIQNOE JHE DRAWINGS™ge plane 11 will be
simlarly out-of focus, and nore particularly, foreground and background
obj ects %of a eqli loflfus@test thatroptinally isueef-fopisapationsl bf abmersutint art inathey
equal |y outbagiderdu@8ds n&l; o 'R xanmpl e. .the i mages 13A

t hrough 16B sr%(r)w t he gtiruéfgé}gﬁ‘ .the%{%:cc)r sgglotjngto#;%%mgeft%%taarr? ke %ﬁ’ﬂ‘?ﬂ‘g i ght
sources in the 58 f&shensrtbaigcingledens® pradiegs outiod-fass tleasythatidifér bageedtheon t he
i mage pl angefld, ] t ' ' rees for each image 13A and 13B
are the sane didgﬁﬁg??%grﬁgﬁeggg’gﬁ%%%rgp da"?n‘gg”g‘?rr%ui“gn y for the pairs of

i mges 14A and Bg Bsshowadh®, themkthoticef tecprBpnt ikiemion acahatiteoss B debikion

for egrQ'Ondb@t‘e\'e%thleﬁeé?éﬂt)ntgfrerfdglcalﬁﬁ’thé%%cegsnd%{ilgdl i ently out-of focus for the
human eye to perceive It as out- of focCus, 't 1% denoted herein as
"physical |y 2s Bigt4 8ows ghat i metiwdeannotbe dimageenpmi nt s 13A and 13B are to be

consi dered as of L,gal: | y: f rein. en a background and

f or eground poi n?fgiyss'sui fa?clée%l?é}%ﬁcpég&%gé} © PEFMARE 2RRIATS- eye to perceive
it as out-of fo¥igs6 isa priogranignatic eegrdsentasion ofithe"adiisargicbyiparationalf colposknt 19 Not e

t hat i magesgholdtdh aB - considered as visually out of focus
her ei n. Fu?t her r%gr«ig, n F‘éog}tgﬁgélg%fsagggg%i nt in the three dinensional space
(i.e., lAodel orFighjTdcandsiBais @)flog0harbshewirfgattartigh lvelythé pravesting peljraed bp! ane,
its proj eclfeQRRe@MRpfidle | Mage plane 11 becomes nore and nore out-of focus
on the inage plane. en a user is wearing eye wear (or is viewing a

di spl ay- devi ce Figad illbteptisalysdizisioh of e (reedel staes)ptxel’ cathofdyR) imdpe @k@htien t 0 t he

present i nygnkk b, gk fferent.. di gital 0 JUL 2004 6 |mages can be
substantially s%?ﬂﬁ%@t@? g"‘s(%"?eé‘fg d\l/ﬁlé%ivﬁ%lc?lm &‘g" %?V@fsﬁg'dB ﬂl?elfng}%%@ﬁ’be of
the human @eyveps exeshinte gteatertheh tod (antién padeila foy® portiohefap ldapRing itkkgent i on
provi deg ap,tipRy ' Lonal ,effect by performng, at a high

| evel , theB(1g oll 5\?“%%%‘:}3{%??&9@@%3?g‘fW%feﬁeéfF% ning an image, IM of the nodel
space wherein tFig % illustigfes ofsimider hiivikipeof ai (motidll spsce) hideDs Wst-se@alsthRss Of
its distan f int of.view of the viewer, Step (b) determning an
obj ect pl a%géné’olﬁﬁgglvggﬁ?&g\ﬁvfshont ?fetYlf)SfetsF’Brf{gP}fe isdaronty Jater thak vigtics! G pre

i n-focus phubstentiaBy ppralld Yo thetiec bétweana: vidverauyespf focus i nage extent of each
pi xel in IM10 sed.on its distance fromthe object plane, and assign to
each such pi xelﬁg' ) 1915“%%155 VB ?tga (BP95Y spaGe) PIgFlEs Bt-obfoche Hnaes kel obj ect
pl ane 2&| awhereinttbe divésignoofthisodxtent évatalh dogR diff@werfrondheRicd Arigdigy bl NG i Nt o
two i nage LONS, 1 €.0. , 1 hal ves, the i mge extent of each pixel
determ ned&}l?ﬂﬁxtel'gf%%mP%S%Pﬁgwgﬁvi sually out-of focus, 1 S Step (e) for each
pi xel image extent divided in (d) into first and second hal ves: (i)

prohi biti n%the out-of focus first image half frombeing viewed by a first
of the usePETAILED NESCRIETHON: OETHE IDNENTIONy this first inmage half to

t he second of tél.e user's e,yef, and
iven, e.g.,, a poimt light source (not shown, and more generally, an object) to be

30  imaged by a lens system (not shown), Fig. 1 shows an in-focus image 12 of the point light
source, wherein the image 12 is on an image plane 11. Other images of the point light source

may be viewed on planes that are parallel to the image plane 11 but at different offsets from




20 (ii) prohibiting the out-of focus second inmage half fromview by the
second of the user's eyes, while presenting this second half imge to the
first of the user's eyes. Fig. 2 shows each of the out of focgsgpm ntZ[]

i mges 13A through 168 of Fig. 1 divided. wherein the divisions ai 2004
intended to represent the divisions resulting fromstep (d) 25 above. In
particul ar, the divisions, of the point imges 13A through 16B are al ong an
axis that is both parallel to the image3pl ane 11 and perpendicular to a

| i ne bet weehe inagk @WRE 15, BYSSs 13Mhsoush 16814 i i re the
two i mage hal ve&ﬁgl g;t -{emda%ri ht r_esgpecti %ﬁ?ﬁ‘%‘?éﬁ%ﬂﬁﬁ%?ég‘p%ﬁ%ﬁﬁﬁ%e

poi nt 13A. Stk OHirh §leneiaingtes that eseinpeass@p nohshewnhieidioffsd adaries finsteaddthei ght

hal ves respg@kds\e o id 116 pfafé SIAROMMinp @ ﬂ_ﬂ&e{:{}&?ﬁﬁr shafe IEG & g 538,30 and

13B2 are physical Ly out-of. focus substantially the sane as 1nage Halves 13A
and 13A2. TR&N &Fothieg dn ppigiRylas pkse plargs\oé substpniialyredual 4ligange @ thé Euegrdupdout - of
focus arsd ageeHeiaBigrotnt FREEhE FRER phAk % bddnti ' ectively to
the viewer's eye,saa?; inn st etp (e) _gboves.é'lg\ﬁggttanin?g’@ggﬁhﬁlﬁgﬁg&{lﬁ %‘a ??Osr eyes
sees a di f faeRWHtligBhiousre. (Yerepvengivenanabisctisiage @pidshowap which3by0defioltior 084 and
in particuls@bstantifey YorBUEH 5 o [ I I hal f 14A
whil e the vsi eswgrl' gy | ef t e;e {/p:elg\\h}vg og%llgie\ﬁ% E%yﬁern? gﬁ%cénn%g%séﬁ%gﬁmq %F,&?e LSS

di scussed fihatthidriopuspadhainedss pisat div.a different peint flighti soatce dn e dpipesiteastdeait

| abel s (Fi ghe gbiedt BRhAGof g | ght | w ll be nresented with
t he out - of ,f%c(?:%es Eal ves ?ggéapggtsﬁn{(ﬂgf Ldetg e?ﬁ%}é?owxﬁ?\lggﬁécﬁnﬁﬁspgﬁ BEView 5
wi |1 belOpr émagn Rianevil) ikl pejestito opoiftdmaze (hal foess)lahizel of dhanimtalie plase | Blileer "L" .

Note that t [ A j % ed dependi n
Whether T he T os e ot g phil Moy BAGELROENDR CFRE w88 of dutie 1 on
to the Stepgckgrund ppistigh tifecimagboleas 11 tvall pe @sevifocusy ehltdnmmivelysoppiar figit s an
addi ti onal : i (e, Jaof det 1 ni ng,Whi ch of
the 10 vi evfgél'@gm(eglgg Qr?lggldg%{; gfg%ibggt p?%ngﬁ"%’f Mm% férieér A yCSJ(’)tggt §°8‘?eg(|h\é‘w{]?}'§di nmage
hal ves. | n onfihesimagg plengel Iy val ereject tovaegrotinit dmagertelrind de: itiage plamie., ovi the side
addi ti onral yigsua LR g ther a visually out-qf focus
porti ogl%of 0:'5 ﬂgegl glﬁéggi;agﬁagg%%? g%zi% %ﬁ@@h mlg’ tg%gﬁag%;oolj ﬁﬂceho‘? ¥qr?1gr?“ﬁ‘ point

f or egr ound lighthsgurdesin the imagecplangsi kiewilbbe Isivhifarlp rounbi-fobus aud snead partiouliidyof

focus fore i e } erjv he correspondi ng. out - of
focus i rragg&ﬁgpgnedggg&r éﬂ@ggf Jélcr:l? i (?/Dg?ec;g Rg%dlg%uﬁ‘ 8%% %%fntﬁﬁt OI%'?fg ﬂlaé’f:t‘%}lﬁﬁﬁe hal f
i s di spl ayesubsomtigliyt esunliye owti @finerusson fhg lithageyplaneahid Fheexangid, thaviggendd4 i S

di spl ayed t i s.Adeft Mor epover . for ea i xel. of IM

Fr om wh ch (oYt S o B¥Sloeor g RiEnad 8 YEiobp Rl BiRE gl
derived0 t Heregronndeandchelbankgmund af theymight apreereohthk imsgeaplenesHl @ssininitey the

di spl d : I I Lf,is, displ .only.to the.vi '
lert oye. dat I sbidsed cuch IRRE Il | 5 T FHE RisPRre bR SIRTERAE. g
20 eye. Thusmnilaflyforttheepalire bf inzges I4iAgintl Bh &k gndaBindd,i IGAgRd BAl ves | 6A, and 16A2,

h ti i lely,to.th i ' | eft nd .ri ght .
TS Tobort ant Mhche BIRERINGP: Ro%foota blist fout of dbihen e Shar it oty °°
system of tibxms forethe humamuyentbi perceivp titoasi ale cfifycust i sSdepaded hbfeU@ M phgsicatind

(el), n be d substanti al | n s system (,or .sinmulation

t her eo;‘? B i1 ,'f%f‘ﬁe’ ﬁﬁ%fetﬁ%ilglﬁg%%}“tﬁiz'@#” EFW\%/ S%C?’@ greg gs guly paysically,

gr aphi cal suneflfadus hesint Veleaf Yackit@mne ahdiRrdeesiis baigt is SMiciehtlPRIBE-Fdead foy

based, ananprphic, og sone of her CﬂPfigur.ati on. Moreover, in one _pripary

enbodi ment Of TPHE BF SRR BheytgHTocus dig denotedhe inpti i valoputoffos e al |y

gener at ed tNute thadimapes il & ahrougt 168 GR. ©. be donkitidtad ad O@bdllyydut *F SodusmeR£d nore
e viewer using digital eye wear Eor ot her stereoscopic

real i stical to th |
vi ewi ng deﬁuéggnogr PYGARGaRRANY therthres dimentienal sractifice MAdg! of oBiert BReAt 30
di gi t al3ovi ensves ﬁ@th&&@&hﬁ-froﬁh@xe%{%&%l&ne! 1501t As bittodhs fndpRipldnt M HEGDnled

sel ectively Oprov' ding half circles to the viewer's eyes. Various ot her
out - of focd¥rs e P Hdpous RA Mhedmpga R may be divided in step (d)

her ei nabove. | nvwihta et & wedrlnghge WRae (brde MRRsld aladidiele tRbYsheH awor | d

t hat many f? 0 JUL 2004 8 other shapes will also produce the desired three

di mensi onal9HeieRy e 19 &6 BY5) AFf@rdig tepei RessentFgy ensieRnyheein; diderenidigifal pei ng
circulary the out-of focus shapes nmay be rectangular, elliptical,

asynmetric, or even disconnected. Thus, such out-of focus shapes need not

be symmetric, nor need they nodel out-of focus |ight sources fromthe

physical 5 world. Mreover, it is believed that one skilled in the graphics
software arts will easily see that nost any nethod for achieving a suitable |
out-of focus effect can be divided in sone suitable way to achieve a 7 |
stereoscopic result (froma non-stereoscopic imge), and any such division |
is wthin the scope of the present invention.




Moreover, note that in the dividing step (d) hereinabove, such left and

right imge 10 "hal ves" need not be mrror inmages of one anot her.
Furthernore, the left and right inage hal ves need not have a deﬁqﬂu_zmn
boundary. Instead, the right and | eft inmage hal ves nay, in sone

enbodi nents, overlap, or have a gap between them Additionally, it is
within the scope of the present invention to divide out-of focus inages and
selectively display the resulting di vi defl portions (e.g., image hal ves as

di scussed 15mease¢a) be skbsisntiaflytseulfaoecgly quiegdwikin Qi $MEDAGKEEAWAL e

~Addi tional | Yymid e i ope of the present invention to process
only porti onlslmof.e};g? P %%e?]&td E%%%ggigﬂ%lﬁ?ﬁ YTl S PTISEE VSRR maYidessmampmsed he

portions of thieadiaiedsionplafiect hymgeonitid) b mgmva,itmoggwg?%?gce of the object
pl ane. For exanple, id, el i neL certain real world effects in conputational
systenms, it nmay be unnéceéssary (ARt Thdpageold. ef thecmpdad)space wpplity thehe
present Pnventi oimagoofitdch ebjeetoih [RDisfinCdtEs FRHIRESof MOHBQVEL froﬁxnth%;c?lgtsof( a)

t hrough (e) and \(igwgift})et}%gvei nabove, the out-of focus I nage extent may be
determ ned froman area ]Ia?rger than a pixel and/or the image IM (Step (a)

above) may include piSmI(B)thatdetehﬁmg%I ﬁgbjga%m%mi&pqﬁm%etpﬁgghi ?{goth

t he background anqgldeipe ftgrte 1ound. i's al so worth noting
present inventionl PRGT i tﬁ?dn‘tf‘??“bﬂlﬁ‘}ﬁ,l eft and right eye stereoscopic

views. It is well knewp@)hat |RRHhgiHsake SlitSE : V. l.ti,pl e eye
ionintoleft and ri %hte i rtrigg& S;P\%%g eglgm gseé?l%é% in T

Vi ews. e divisio ]

her ei na 6(;ve rrayshg%e offt i® distepqegiforythy; sk plan eed assigidiot daon alchdiixel sivahs rmay
al so be per f or mibdsedFemritsebeAgTh ErontaF o BEMRY the objbd il N.9f PRe. or
more of the out-gf focus areas, such an ar ea I £Eeféﬂ;t%£§ﬁl% 81"%89‘3*6“’

di vided into four "Veltital areas, thus creating the potential for four

di screte views 502 tBRep@h 503ividhe tnberwiiig | d of two

"hal ves" as des%rg beo? her ei ?gbove gll’_] Stpg(gl é%e)g%._ iﬁ’%gl I%Tﬁgésgﬁ‘éﬁgit FE®EF n the
sof tware graphi ¢8Ry 2GRl fitermingdiin srep(s) thattiovieyelle nut-afffecusy esent i nvent i on
to perfbrmdivisionsSeStgp (dforn@sehiRabaye)extedr ALl . oyt - of focus
30 JUL 2004 9 i ge‘porti ons , as arl%a1 nee edexteot ‘gg‘%‘?‘%@y@%‘?ﬁﬁ%h@gf“&%p| ay
needs. Accordi n”?k/?s't he present invention includes substantially any nunber
of vertical divisions of hhe roRaRiRHHEN:S LR uPEXE FA_Step (d) above.
Note that when there ar? rrghjtlE;ppl e (lzlni%vi Sions in %?gl;lr)rﬁggﬁalg r%n\}té)elgg(lgzﬁ'e?rmge
extent of an | M pi xePY 2 PISER theeser & piservhilg cercurrerslyrpessatinigrijs firsegmgpaslfi ons
for S enhanced t hr eetodhd®RBsdOR e usdfs@GLsSagan be performed by an alternative
enbodi t of Step (el) which receives three or nore inage portions of the
out - of -focus | M pi xel andit heRrohbitmg theeytfafifonys strond dhhgvhaliyranbidepg as

referenced to Fig. 8the becofi®@bf Mik Q¥ s \Evest p >=2 f .pi xel | nage
extent obtained fromdividing this Se%%s’e%g%g‘l.gsge%mé ﬁ’és %/%%n%sha?rl lﬁ’ﬂ%e[ Pdted i n

Fig. 8 as views S02 frSipisatsys0 with n=4), wherein these views
correspond to nulg 2pdHeweMEchVbEWS Juf i ' r.left far
right field, chj Vi ew, d\gt erm ne whet %g‘;&g?%#ﬁpﬁ#ﬁ 1ggvt|mé’\wg}? égg Q%Q:eé%gfound
or f or egr odhA9 ol Agreinshe diyisiopgsarp dtended torrepriesent fiX divisicus basokigy, Gromdstqpaidnt |
return 2§~~ akgve>. In fpakicOEA R Bvisid i it r Vi SOS woul d .be S02.
1 S 3. If the poi % Tor v ew_‘ll\s}xnéij(zfqggﬁ) %#Q%lrag%nfé‘kp{})’?prﬁgg lggtaﬁﬁo%@n POt
exanpl e, a H35iekBeAalgdP e imsee planw! B@B! popdndichier SOBlinddetiveironaletvyr’s not e
that hori zepdsal THisY kel @i ovided in Ste bove b

embodi ment spéosf the inven ?%&e%%@e%g ﬁAé 2irreeghtjzl onﬁ'“%gr}i(d%ﬁﬁég an r"rébte
portions" G&FsPegi¥elya{dke tagkaseind dhagepoingl 3 4.0Thesimhpd Ipilvee [13B Adnd 18ByihdRdhe

hori zont al lgwsigeiNe®asd +o! - i zontal image portions, when

sel ectively di's ‘Iaayec%jh?g ht§ Ve %lyﬁéev@\té‘r%g's&(e@ee ‘{fe%%{w@aﬁ‘gﬂfi}gg&nn nEFEER B hr ee

di mensi38naianéi 3ecre piveisally agof-foced subgaiahpthc oamois itdage WilewaBA| snddBagct ed as

one skill edyi WM nder,st an te that for selective djsplay of

such hori zg‘r}%tE gffﬁ Pﬁ%g@t 6}(%%% %ag‘éegqégéﬁnfé?go Ry ISP% eretferus ped P“Gﬁﬁdﬁﬁ%

s_ubs]c eps aghes¢ inoage ﬁxatvesjyvﬂybéf?igpla)@:g Ss&lggtﬁ_elg_ ty itlngieWer’d é’yftedQEh Mep (emlﬁﬁr)e. of a
I xel 1m ANS) L Lom Ml aing tpls . extent (e.g., the. views

!OI | ustr at ggh?tﬁg’lf':agh Qgtthgé' Q\%’i%re%gyeéé?s tahdf%?fﬁrﬁ Og?)%PWFt“P?a%:ll?j",es M‘gr #dnl Hese

views cofrespond to nultiple eye views fromthe viewer's topnost to the
bottom nost field of view, determ ne whether a point for a viewis a
background or foreground point.




2. If the point for view VX is a background point, return V=" X+>> For 30

exanpl e, a background point for view 60S would be 602. 3. If the the point
for view VX is a foreground point, return VX For exanple, agfg)gggrQ

poi nt for view 60S would be 60S. 3 0 JUL 2004 to Moreover, it is wthin
the scope of the present invention for Step (d) to divide | Moutof focus
pi xel s at other angles rather than vertical and horizontal. Wen Step (d)
divides inmage extents at any angle, St ep’(el) may include the follow ng
substeps, t tad ge pertehlaprthaeiepat’s right WRi GEwsAby ithd Wl fn?atggq;affﬁ 4K g]thﬂ%%e 1.
For views Vlviévw%'?‘f&%]e\eﬁvié@s>:%% of . i xel |mage extent “obt ai ned from
dividing thi's extent (e g % &“e\}?gg&\g“%gﬂha%tlf‘ 1 &yisidiscrised fitherismedavay 70!
through 703)belowhdlibes,ns itikard b ¢169et@OTbaS B9 D) tSidb Wl ch LRI SnEN She ;{eq)ﬁ\e/s will
rotational |y, i ter, determ ne whether a po nt 1ol a

fri round ce ]
view is a bac gérzgrﬁ%dc;lwgﬂl’ eo?‘ﬁ'ﬁf'gqiﬁﬁﬂa&ﬁs ftbeled withf the festep R handf the lefi @w Vi i s a
backgr oudd pall bt presenverittibe bubhsIrbao RaIddsl INbeldd valdny REkd G3 Wbl 118 £ ELEr ence
as at 705, and return exa , a background point for Vi ew 7

VX, . Far le, &
woul d be def&PHHEY ByYE GRS F’F@fe’ﬁg’rbciefm%l qnywhethgr therferegratmd orttiaekgremeience
at 704 to yibeingreadéredy r ef erence at 70S, and then to return 703 relative to
the new referenc 3. If the paoint for view VX is a foreground point,
return VX_ For e‘;%ﬁfplné,adcgt‘%tof Bieetfersuiad thsenaht (e} ebovei dw meSntvdkmionsssd he

unrot at ed r gtdsreRCGR AdditibA4 (a8Rstbd hERIUsNSt0 3 15l 2td toat, ref.erence.
Furthermpre, . note that Step (d) ma genleraste I\gg?’t)?coglc{e% oljéll81 o%@%ﬁ Ogﬁg

angl ed drvi JIeYRES BYFS 1% ipeeshyresabivrh ¢ Vispaliyouiref-focxeinmga balvese Inkhik ed then t he
art will ungesat &ﬂéntlrdﬂrﬁrmmeevie\ﬁé?tvﬁthtaﬁ@irﬁom@{guz{l%h%t? gﬁgnr&élclfagu\flx\ggﬁégetrused

and their i n.verl ed and reflected 20 counterparts, 11 1 Rat
each ref er eNERallyeORof-&oshs Pegiop ife gasae U bfesentation He riealit backglotind sr &l w2
preferred WRegrbEidNOTIRH &N f@MbaBP B! t | b Leheeor the reference
be returned rather than the, ianpgt an atﬁj(afglfvé}?tg}l%:gl?ﬂgﬁ‘?}éfﬁ?f&céf OrEETaNNi cal

r epr esent at POHER £7 A s557 1 gfivse, thasomespendingsout-of-fagut magk ialves lreweleitiyhly goes
out - of fiecugisplayed sb e tHeQ8k B hsik RNEE) | Lane. | :
particul ar, . the 2~ hori zont al Caxi s _205%3%&;%}(1:%{6%9?%‘2&5 ‘%haﬁ%esa’}dg%? gglint s

wi dth of thEnagGdalids displgred oplydo therdewan's lefbeyei ddreener, fo2@ich pixebsfdM fromhe

clarity of WhrhiaagRIly W&f-f@é’u@@a@%&ﬁn% ggﬁox\{f&fps&%le ig?%{gel&ﬁ%descri bes may be

consi dered as the intensity of an in-focus inhage on H&PrRHE™Eand
for each gr SYmPt{ocAs dnegetaies pgeseleatisislycdisplayeon thavths 1efo ihdpe Halfit disflayets
vertical axbdyhSthtRewdrapa ,I HERY S36 i.oR: of it . s.expect,ed that

li ght gg out - of focus for aé&siagv\er'lgg%e%%\%\kwles ({li?ih%g%b%ﬁlrt {BSNEVEDS IRl i ght
of the v@rtf¥alThysifer the leftipad gekignrkeseund éprge delvesatGArand fl 6 Agwadhtrespsctizxlyect ed

that |ight Q?)ré%bﬂted)écolefl%lﬂ}?e ViQlerd 14 &g@;rf'gtse'}{gst her eye. Note that the clarity
d h Y

nmeasur enent used on the vertical axes y be described as follows: A
narrow, tall grdplf FMPeREs énnete shas theginhariced teessdipensitnal whdariagsysens hdthe, W de
graph repr eg@fthsinderfioR) prOHlcdd el PR erti.cal 0 JUL 2004 11
axis 22 in gllgl glrna%hé> sppge(;iei‘i gsgt%g@tt?lg?él} o %nﬁg(le AP s ngﬁfld’fﬁ’é“a Y

hori zontal #Wi ¥n9eysigpe (rfsimulatidnethdsod.ccThus, thhiichkngonpmiantbe hitigidd shhilae | S

r ender eds oUdyxQfns fBF YsioniBRT L ra 7A.. this .graph shows the

graphic r epryéserslt(at IQ%R 0 st%h{gh[?t%rs ﬁg %Otffgfg ergqﬂ%%?célflgg E‘Tﬂsc‘gr‘fgl%ﬁcég" b’“\’sfécti on,

?s one ski | frégomiic; [9e sope otien cordigwiation. imm«oséraﬁlﬁ oneSpﬂ'xlﬁefyfejn{uﬁBi&lem‘ ot taf usic on
unction c e [ a t.hat, shows how |ight goes oqut-o

foous i n t neephyEraREaCaLig f B ol Ry Rl B edghee oiras GR35 Shovs

t he graphi clergapriresdnatity) e rafdemd fnmrendatistically tb ShedEwAdisingRGAI 6RRRANEAL S.

Techni ques that ortigns of inmages according to 18A

.e_gqut -of focu
are commonly psset(g_g){ggébécuélgevev‘sx}g %ﬁ'{cf’s fa?lf)‘gxc?ﬁsea RSO ReeR Scuptiteaty gehdFeRied or
conput ep0 al digitd diewnegecend0 I n the center of Fig. 3 is an advisory
conput ati onal c onent, .19 t.hat y used by th resent i nvention for
rendering for eg(r)%rf esglhtdf%egé%fso%a? Og:?l@é{‘g‘?fq ??Zeﬁgv&gr-oﬁ‘ldmfgc}@&fsc}rc@fr%%d,
slhadovve_cll_ ] ovx_ewtrf“seaymh .S‘gar_ﬁhui beaerenit-of-foons sihb}&:ls l(@hér@m&i@re?gﬁaﬁefcﬁh@edl iH@@F
pl ane. at t advi sory conput ati onal conponent perforns at | east
Step (e) he?dgishrblraeg]éa)voél.e‘ IR pﬁﬁﬁ\é‘tﬂlarcg{) Eﬁsatiefn H%’“‘B‘éﬁ” Bothe paysiel eerld dhay dWan¥ or v

conput at i-onal conponent 19, wherein one or




15 nore selections are made regarding the type of rendering and/or the

anount of rendering for imaging the foreground and background ar eas, has
heretofore not been disclosed in the prior art. That is, betwe yn 004
"intention" to render and the actualization of that renderr ng, su ;

sel ection process has here-to-fore never been nmade. In one enbodi nent of
the advisory conputational conponent, this conponent may determ ne answers
to the followng two 20 questions for cohvert i ng a non- stereoscopr c vr ew
into a si nuP&eedhapeervalselopircodicehe esited hie Pigiehtion BhER

- backgr ound regr.o oi nt’> an s the point or area undoer query a
| eft eye vi ge\gﬂcegmgg rrﬁcggrh'tg)pﬂ1 %fg Ve g(?B‘P%IrWQPlyr ‘Bﬁé)uﬁﬁflf%o‘r yhapesrmay abd onal

conponent - 1930@(!&1@411 slllatmétaeynmemtl @Nev@s disGonBREE trhud, %ﬂ&xeéuttol??ocqé Viged

portions of gg)gg%gve 25 I one eg]‘ﬁodr ment of the advisory
conput at i ona corrpon 4§, n(frrﬂe ?Utﬁﬁy"céﬂﬂlﬁhhsoamé%ﬁemrthmahysaal to

render ol ywbiié I\@'retover;mgﬁbélﬁ{'éd t(:ﬁ die ,sklﬁecﬁi%rﬂlé?gﬂ'aﬁdr& ﬁ?twﬁxt}ql‘f’@ valn & I?m 5
Accordr ngl y g{ng h 17Btl§qlaﬁls raphi ¢ rePresent ation of F 7%
“circle of con a8y & {:P?bcs?rm Shiable iput-ofcforusi effectrenn beodlrﬂécrder soTe! y
such a | ef tsmtaugwapad hchicheldisterddbdblcyresult (BB alRB- RS pid i gé B{a such
representat i.on. of a formula f snmearing” out 30 of focu or
el 3

i mge, wher SV ISIOP fW R hejseape Qlef’frsrnéﬁuerﬁoam y the left i rrage hal f

according to a Mmmvengloteeshhkninqu@dmdngg dep {l% ﬂgl?frngrf, 1& géntf%%fr QR b9 %ﬁr: gggler] .

an out fQc ,,por egi on accaqr

(i.e. rg(;pregle @ Ql?af’dﬁ’%éﬂ}‘a&eé of pae %‘log%ﬁérFWheelefeet}le loff arioright 1m%é JuL
2004 12 usi et heedawrhmraycdﬁﬁrmm&ﬂa ImsteIVRESS htEu‘Pd REifaGEd YSleY olagnder

di fferent |rramg tga%ves to different of the viewet' s eyes r qurres $24 ' east
one test and orBCBFENES. OVFRap, o Rave ;Bap herrecen thepe of the pr esent i nvention to
include all suc h\dd&fo‘)hﬂly@ﬁtdis WIﬁlﬂphﬁ%Cbﬂ}Séfqﬁe h&?en??m fo difige WRES S L0Se

tests and branch gr e a determne a ppi n Ween oregrou‘f"lua and S
backgr ound gﬁéesraf’éﬁ? eckix YFEP]tay\theéG%ﬂtman‘d“fleé Partlroetn i imgge mdven g discugedg. |

circle if cabobe)Sbrshlyothe Fore@buid0r df}athe bikRRRLO hat Lhere
can be enboq(}itgents of . t he, present Pﬁ&%ntr%ﬁ Me‘f‘%‘%&%hﬁr"em% hgnn%hats‘f‘oé’ghed
o)

data store H’G‘Tsf’%‘rinﬁﬁm(i? '8 t RSPy OBt Rouions exfcithiem ghedbaskgiownts awridorethat ed by
t he advi SOI‘fySregtb[lﬁUJhﬁhla@Iﬂﬁl pOFEIHR @R 8 HodPspa G2 Eé Q’drBHlCJ] aﬁ{x&ﬁﬁddxsg%%é gh%ns can
be returned, in 10 a first-in-first-out b

| ast -in-fi r‘%}iectﬂ}?n an”%‘? ipmgdsling certain realf world ﬁfeeadedomppatlooatsynms,

paral | el pripg 5@§nn€@e‘é Ad/b th

poi nt's %} é Q)IgM pi xel i‘a;}n(tao co‘ﬁ"gfc‘égér‘%m‘()@q‘r’%@’%h‘: rezsg’@glﬁ‘y |ns't°anc V\#eek to
use pri B‘B’iscﬁ"egéP“ﬁor nt information (e.g., inmage halves) to perform actual
Component 19 g ' b ah L o7 avel oy (P pad B BehERLY B8TREb SN e
| NPUT 2, ar&Bbmay hegetF’o@rl@aﬁwy ap'cﬁrqarlemrc@amn@mmm mo Jmﬂ'geeﬂ\/b(ﬂtﬂlj(a)BO
i ndi cat es @l ffay thefildk biais! rﬁ)&&% f model
space |mage poerb1ntay|sC E)be rt%anggtrggV& Z’?ﬂlog%fg hiogtg‘gﬁe %agﬁ%q%%ﬁsan rea. .
The | NPUT fhsigeesmmed.of two possi bl e val ues, each val ue representing a

g'r ];fsgrr’ltezgfj Olnﬁ 8|iqt el§ Elﬁ%\é/'glﬁﬁ‘n’ggttrrﬁg tﬁytecﬁe bx%se%lng%toﬁ?s é{tﬂ%‘ ed‘?i g%%ﬂ%@ﬁn%er}(%‘} essi on
whose val uéYe SeeesspRIpdievso ks ‘c¢i1 bliowrh@atl lerlittcuhndxsplragphd:anesquﬁoyt heltipletepeit 30
is to be prgsgnt PUT 1 advi sor t ati onal
conponent 19 si (F)[(ri;\l gglle %ﬂg(o?%hrﬁfnggﬁ ;{k@ hng a dﬁﬁsﬂif“gheé‘flg%on%é%ﬁe@@*

possi bl e vaﬁrﬁéisWSl‘ea‘(YhFr@}aIadrbturrebdles@m mmgalvmu;heﬁmﬁéde Fou exaaipld, ys si@ivadn

processed of aII nodel poi nt
25°(1P), in the 0 S 8L ol Do HEShAM s ital Svdh B BRE bR P 2
may be, Oe @livided Btpofoearveemir @es| thuswhesisg el paertap faspot shst:ﬂae 't’l@W@QODUﬂd or

t he backgr the | t he advi gor ut at j onal
conponent %@9% oérdgg&'r tgl gﬁ eaosfonéﬁ’ftez?d\logf%? efalves "a ‘g’é‘i‘r@’e ‘Efﬁ‘l“ 0¥ R8P uat es
the two ingdi. rldgs, shraslessklllsd% itk s’b’t’twatbegrap]ﬁhsCa’Mslvlefe 1OREIFEALRS toebxtdhar the

term ning whether, 1P is:

changes. NPUT 2 in.37 for

(i) 30 a f&regé"?é‘hn %P PR {‘&F‘P&% ééetpir}%‘reyfm%rﬂvq?m BRIBIES FHEY ORIPELOHBL
contai n any background) or (ii) an I M pixel containing at |east sone
background. |If the evaluation of INPUT 2 in register 37 results in a data
representation for "FOREGROUND' (e.g., "false"), then INPUT 1 in register
33 is passed through to and stored in the output register 38 with its val ue
30 JUL 2004

and




i 13 (indicating which of the viewer's eyes IPis to be_displayed) \

unchanged. |f the evaluati-on in logic nodule 34 of |INPUT 2, re uhts in a
data representation for "BACKGROUND' (e,g., "true"), then conpen niULSEi’Ugl,
inverts the value of INPUT 1 so that if its value indicates presentation to
the viewer's left eye then it is inverted to indicate presentation to the
viewer's 5 right eye and vi se versa. Subsequently, the output of conponent
35 is provided to output register 38. Nofe that the logic nodul e 34 may

only eval uatfeagetpertione as ewirstdedso 3RisANPhr@RUIMIRRY Sleedi t ‘k]%ro OQIF? ¢hanges. In
ing ‘of halt ¢l eulcat

~one enbodi 1 he. pr nt. inventiqn for rendering
out - of 10 P%?Enstggrlégg(?egtsﬁ%?q‘n&)lﬁl:lyoeﬁyn@m? brk veteallivisiens ofithe josgd bitents aput
states and pinel ps mStee@lp abudt nifofeabidt whh Mdte 54 ALRSIe divisidOip! teﬁ)%l%qepgzgﬁél fOne
Left

Qut put Logi NPUT OQUTPUT SHAPE Left FOregroun e
circle Ri gh{{n orglgj}rx%etﬂl#u??ﬁf]&ﬁ{ ﬁixﬁﬁtthqqath refdednepbthe Bawkug ouapd dertpin Roght

hal f ci r&i efihgived Baekdimpusichal efféctsadah bbakiorkid 61 8y valhghpaLlv

enbodi nent  qf ‘;Jﬂgh %ggii/essaé%/ corrn’rgrut,agi Ongpoonplpneir"t :Lfge,rg%g?e*‘}%ﬂ%{ne‘f5o%lsﬁﬁw 2
may have nmorée than two L850 dnags,Parone of thapurpffomesVppiseland thene. of
three val uegerfoont the fallopitlg suBsHIpS befefeRohced to Eig, gVl ues for foreground, _
background, and nelther,oﬁg%ﬂerel n the | atter val ue corresponds to each point
(e:g., IMpixel) on {he r&Evs pf dHeuehafuingat)ef e pixehimagn eXtec vbtained fibm
Because a pant dividihe tbbasd: (DLaRR visvs M re Jison ason
render {(} ineit h@r _out - of ,fcgc%s 1 or1 mS lzggn%t&?lsi? F?g(; eaSr‘il?\“és %‘85 E}F&‘_‘ghSSt,O?
change to the cdi Rt Vgieredh thegst viewecarigpnend te giultipr eye 38evantiond thel ewer’s
i medi at el y ref lf@cClefdo Qe 8ar Ght GSROTA NG &RARAE | g output register 38.
Cearly, anyonebs§i | | e(ﬂ in tcrih%l software arts \%I%| IEErﬂ]ieelélllal %oemﬁoﬁ’éta ‘Q%‘KHS a

i nput / out put r elPATEEHEHPIHErgndROiBsy nchr onous or cl ocked, and that they
can be inplenented in a mamRepoif fo¥ Yebhdlyl QN which will praoduce the
same decision for rodﬁci ng el?loﬁanged i:t hreg %P?rce% sflgélgf)méfrftél& g’?""‘*”' %r\] UL
2004 14 Fig. 6 §1‘ﬂ?§9§eé ackginad peptfonyiew AQS walud bo§G2. conput at i onal conponent
19 codeid in the C progranmine@ontRPYRESY. i can be ¢ iled for
installation i nt? har dwar e c%iopr)ls. Fbmevxé??(}&o}?%g"g%ém ngdriergf’é’htggmé’f Xaple

advi sory conput A{9"BAINIPSHH SR 5P Werldee SOhan a C | anguage i npl ement ati on
are possi bl e. Fiagditiéndlly, dotdinghokiededl dfik oRs ;. P&LT of med at
| east one enbodi nent of the prgsent,invsgérél{tg?rg‘%td%?g?%%gfeéﬁfn%e%&;éb%?g%mre
three di mefEPPSHRITS of fhe Mveptione ghesin thy renudting 7idbtizonthle“inmge potions” difiat es  of
pi xel s for idageCettE@Néf SGEITFocul i VB pixel HedBER LosEERSPeINg, current !

pr oces?ad f.or defocusi ng_th%cuf or eifrlxoeund éa%gfdlgﬁehoglg% %lry()ur{lag’agﬁa{af’a%‘ﬁgng
three di me_rl?g’f1 q DRI ROFIEE S whinsselegieliodislnyeddo thenviswens @8, cad supply an

det er m nat iefliinedd thie dRdnSiehal RERASHHeR aJ\QrtlrEQl%la? ﬁt?)ﬂgr? of the r\r/fae;jyv%' éslncl%{eg%ﬁ IE}M?lZ

for each pixel.hn t he current scene, the pixe previ ous

pi xel) is Q8%FGHEH™ Be grewdl understaad.piNed theefos selnetivel djspldy. offsutio hegioatand
pi xel set haydePdrtiohX&ked (Vi) thy TR 1RGO hat, are _between the
vi ewer's point of vi ewe%énc% tﬁé obj ec'(t}glpl) éﬁg%u%gt?$5£5116 Sj Eét(??gﬂ\é\%r% set have
pi xel s with nodel cdordi K8k egws Mathraugle Vi G1>s2baftagritdl ahige eatent dbeaindd) feed

pl ane; 2and. dividing this extent (e.g., the views illustrated in Fig. 9 as views 602 through 605 with

any

n=4), wherein these views correspond to multiple eye views from the viewer’s
topmost to the bottom most field of view, determine whether a point for a view is a

background or foreground point.

2. If the point for view Vy is a background point, return Vinx+1). For
30 example, a background point for view 605 would be 602.
3. If the the point for view V, is a foreground point, return V, For

example, a foreground point for view 605 would be 605.




3. A background pixel set have pixels with nodel coordinates wherein the
obj ect plane is bet ween t hese pI XeT's—and Vi ewer-s—po+ft—ef—w-ew. ’

Subsequently, in step 716,~for each pixel P in the foreground pixel set,

determ ne the pixel's out-of focus inage extent on the inmge pfdthLT ﬂn

is, generate the set FS(P) of pixel 20 identifiers for identifying eacC

pi xel on the imge plane that will be effected by the defocusing of P. Note

that this deternlnatlon i s dependent upOH%both the characteristics of the
(such as ' tel escopic, wide angle, etc.), and

type of inmaging Re ep?tls lt%qu:
the distance f; hat t xel” SEORSIR Ehs Prasty]t énventinafomeStep\dh) td diora Yy f or
~each image @ msmlmkslatlaﬁlerd és thih@thhp eter a correspondl ng
e v g g%“&f’ploﬁ’ﬂ}entﬁﬁ% (dp dividss e

pi xel descri; ﬁgé) gﬁ{l ng t he é pectral intensity
preci sely, dETBCLSE AR 20t Sten () fé@’ntnlclubuttm followirpe subispsfy, tEé:FéHeratl he

i mage pl ane prihcipalt efoviieare fIREIARGH FRY *‘f P in the foreground pixel set,
perform Step (d) prereousIFy descri bed tor dividing the correspondi ng out of
R

focus i mage pl ane ext 5(ipys Vi thraugh &, gx>—2)aoﬂ Bfitel RRsdel RRNFSH R4 2‘%
f or

right portion FS{iF)dRg(this @Rich Vi [ 30 In step
each pixel Pin L) ergﬁ(%l‘i rgut}r}ggplﬂ%ﬁvéi‘%‘% RS ka0 EhEes Yol treat 7031

focus i mage extel qﬁ‘éV‘i"Wﬁﬁ‘éTeéP@ﬁéO Hﬂih@ﬂe eys viege nenadlly Brnmslic F'?%%x@ _of

pi xel identifierscehe, dletéﬁﬁlihé foud on the inage plane t I
be effected by the def ocu5| N9 0 étﬂ&a%ﬁo{(’%vﬁgtls 3ba C\?F?Hn‘%?refﬁrewenqumts

deternination is depéndentf thiimintton tiew Nelscaﬁﬁblag%l@lﬁ'psin't Qﬁve‘?tfbom‘%rfzgrﬁﬁ 30

JUL 20040i s of idtagtMigaliahd\@rPsh S t Iescopl C e ang
etc.), and the dj stanceg,?hat theéggl%i(rzﬁsén Hﬁﬂ?g/ Fgﬁéxaﬁlﬂl%éﬁa‘iﬂgmedpmnt

Addi tional |y, fdPf &feh 7P$rafg<éﬂcblban®tqgmma H?Brdtai@gtlhd‘rizeﬁal'ly‘ aﬁis(\P)m?lgﬁhT%r i ne

a correspondi ng rpexfte #9641 pec i nt'ensi t
that P (nore preci seley, t he )?%gggg‘g%efx &5 ?Z}% dttg’t’fhttorrFth@é relgtivelte thei x el

PB of the inage nﬁfvéﬁférenqen step 728, for each pi er P in the background

pi xel set, perform Sgep (g described for dividing the
cor r espp, 5Edl ng ogt of focus |e%glgkogg§%\l’éx gﬁ?gmﬁé(p?’)“t TetRmOY . Bor gxampde, hef t

portion BS(P)L aMasrsund et fgowpwdm BOUH) Re (ther @irdthid@ rofb@M&R' at 870@%@8&15' ve).

Subsequent |y, stems 76321a0610/RG ALERer formed (parallelly, asynchronously,
or serially). In step 732, a version of the current scene (i.e., a version

of the inmage pl gﬁgl)enmgre,lx@t@@g@hm (W chaf genethitesyabtayi, Béhioﬁtai A& a\AFEM‘@{wsﬁmgl ght

eye and in ok @R sdmOIM rent scene version
of the inage pl asne) |§ur\é§{f§érug lng %Qne%ﬁégfrh ?waflbu"cdﬁ’@tavijemer s left eye.

In particul ar, FHRRerBeremse thﬁtovheded:faemerwavg aBsBd Max@bir RRely 28 r&f_?gtgc?”t ed
to the 20 ewsint&pirt e are perforned

Det er i ne anyntirgr rsggtxsorﬁé’f?rﬁal%gt?a )Eréi%(f%f f’?—ég bFrc m‘%‘ﬁimﬁsj é‘@buffer@ thtreafer. tlhat
cor respondd® 49 R Spimapcouct inompikc B 32k el 2l e SELER)

havi ng al | rﬁther‘%hantﬂé?ﬂh tQ ixel identifiers, ID for the fromthe
left portion sets % ﬁ?m[figappl xel in, the foreground pi xel set,

wherei n each of F’tghéS}m\w@raphuteln‘cpréseeﬂatSon)sD7AdlﬁﬂltlBA)éf befoRhX18d fOPB‘:tcx otie. t hat
each FS( K) [ t 720.. .20 73 htain the set BR(PR)

avi ng al | O igheloe BBl ad RReu R or angs s e ook pimeot piicu ghe

por ti orfds eth@f‘%(ak)iﬂs P@pf ¢ach Oﬁthwl *raphs rdpeesbas ko UNtle BLXSH foSBlareaMIRIEL N €ach

of the pix t he pixel PR Note that each BS(K)R

is deterni ﬁlg ?ﬁﬁgst %j &%%égn Hla C% ( §) hedmagsyi ore Presiselys tadertiseleards 23 f or

PR by corrptsitacngesanazzsbemmsghteﬂdas ﬁuﬁht@rﬁsnybﬁmﬂlﬁlf&fus hrﬂ&g‘%r&ﬁ'tﬁé 1ﬂﬁg9f>laneq) fg) and
descriptor in R”)" UBR . In

the col or ach pi xel

at | east o%g%egﬁ%o%ggﬁéﬁg lg%ﬁge (ReRe G R e tonHio tge Hgtoéktﬁ’i’m 3’65 tstlg gre
resulting sq:pwbmalonl afthewsit isYex@éctmhhtShgﬂiUQ@B@tfﬁflf@éuk Yort;'@le%@xr@?%ﬁvl{lfg’%hé nitial
spect raBI i nt e nsi ty, of. th correspondi ng pi xel from space

el
prior to ahy 8%% CAISEE ﬁ*ﬁd§ggf“oﬁ¥“536 theegppical re@@@mﬁom pEhey jtes emgpﬂ ay

| ocati on OfthaPH@l(t(gﬂ oltSF-Fo B PR PHERE) othSr &l NiofUBat R {nggkuﬂ:tneﬂt Ragkoround
pi xel Pmin nodel gg&sleg;lor to’any defocusing, an mhas a spectral

intensity & 6Bl be dypenbgd gs f ol lpws: oA pEEIW, t9l) grepharspigsretstataight in- i s

g g E E r ;n~ ned f¢duf psihe Ihéreed) a kR, ﬁl&@érﬁp@feﬁreg% PEGK g[lfgo’fr-}gcdsegotmt.p%et vePikapetl s

w-.




----- ~. 30 JUL 2004 i 16 and BS(Kz)L having, respectively, pixel J

idéhtifiers m~- and n2 each idntifying the image plane |location of. PR and

that the spectral intensity contribution to the pixel |ocation df UP&ErM
t he (nmodel space) pixels identified by 117~ and n2 is respectively afith
23. Further, assune that there is one background right portion set BS(K3)R
(determned in step 728) having a pixel identifier )D3 also identifying the
i mage plane | ocation of PR wherein the sidectral intensity contribution of
the pixel | eva?amalberaPR ipscifils spERRN idkdhGinF Gl Rk tral intensity of PR
is: 66 * 664" e o dich aroit 23 * ~Z + 5?:* Cc (@gghei%%&%@ 31‘558%0351’@—‘”\%\%*& ein
66+1~+23+55 TFEEES (9 Which a point light. source jgygndesedambof foeuscol or  desi gnations for
Pm K, 10 K2, akaderi8g nbat® grhsH 184 efdis/3801F scribed sim.larly to
step 732 abgye by nerel y regiﬁci ng. " R" &u sg{rai“gtetgg\%ratphm"rfpm?ﬁﬁ%"r Pf)%lhée and
"L" subscripte wi tH "#elelsantpsion” dungtign.gs epe $diledtih ehepiptielags déil gideisped i n

steps 732 afib¥ drcle’@eoafusios RiRlidLehntiR vi ewi ng _devi ces for

vi ewing the_current .sceng by one or ﬁ%el&?de%% go.m'{%&aqgh% s haychebi gossi spl ay
devi ces may fHEFIHR 1 s RyscdpyeridanRefrotnester eogmpipileAditEplkayh deyicas. | N
particul ar, grhghic vdpessedtgioni W RGmhRSroFY .scene non-stereqgscopical ly,
step 744 is Oper&ormeg Wl:erei,n t he diogpflgeéﬂ vi'ce® SPPREIE sﬁchﬂlgueérﬂ“v t he
pi xel s det eFTHPHELHY-HiT8s Bertionseoidmeges apaRdingith 786 areotonhdrey R ity ShggedpOt h

ri ght eye anthof-giclis @YR iy REGhRRS nt.scene may be displ ayed
subst anLd ally si ngll tanéousl_yﬁ(e.ggefatt%rg%kn%uﬁeﬁiaﬁaefﬁ‘éag?i ght eye and left eye
versions 20 as OhECSEIF] Fiprd isha advisoryicompumideslzsbmpetent Nothes mBPMEYRE, t hat
t he conbi nibygh®predhLinkéBHBh f1.eye versiong of the current scene
may al so be:i%er?rgr med i n st(g%%d%%%p%ro% S %%ndtqaﬁlfs%‘?ﬂ“éﬁeéﬁ IBpseMYroE foevsent
scene data a’Fﬁeghi’ﬂ?r\V-eé’t‘Elﬂéh%\@é@iil(ﬁfenthtsﬁutra%ed@fdooeSreasQﬁTtHdenEa‘g@biaMe. Wi step
744, step %48&hé Sd0& Q5 Ldi current scene data to each

st er eoscopi ¢ _di spl a;; d,er\{}?lgaetfo??)l &n%éé%éqgfeéw Viléﬁﬁkgt?d@ bsreinrbeye-t Ao
current scdABICUSEItiHhelipesd thet suplh en sdvisory ¢opuptisel SorfiRInetNIoNRberbi kP 732
are promi desbré ee166ng dr8 Mad 34648 Vi r.and .t he pixels determned in
step 736 are eé)ro i ded t he Ie?%r&fgégégypeedz{g%ﬁsr?mp}.mﬁﬁaﬁ’é’i‘?ti‘glﬁ?“é?r}n%f@? each
vi ever, t hé™GFRERF [Fegrpyitand packemoupd ersen baschemidfbre inbEbdeh Ghitlo@en WRMSHON Of
the currentarts qamEs YehwbA el . S I i.th the viewer's left eye
bei ng present ed with the | e?ltté%l)eg %%i@gﬁn%gﬁe %ﬂg‘@ﬂf’? Bﬁg‘a%ré’éq?én%’\ﬁh@raei n
"subst ant i 4F'FS08 iPERACESaRAS dgrst-ip foiernsivérdmen enage., IB0né BAbodifent \dfaHe hdgRA, NOt
easi |y receoampR&icay cdn e n_di splays of the t ver si ons).

~ ;g_ JUL i5,0011 17 E?ﬁf'ﬁy%h?%%@&é%ﬁﬂ%y igﬁﬁr&r?ﬂswgﬁ%ﬁﬁ?@l}?&w O to
whet her”’t hAPUPRS farRopHEtnGRIMEstarescprvdew intaa pmoMicdeterRBscepidanged t hree

di mensi onal effgct aggenLdihng nt _invention. The foregoing

di scussion of the i nven?i on hat(glés?i "%g%ﬁ%’?é?%%'f?fé’anf%ﬁa BUEERYaERof 274 | ystrati on
and descri ption? Furlt hepoint orarciamderiqpéry aiefi eye nietv dr atrighdsevie@?l i Mt the
invention to 5 AQg dighimudl rein  Consequently, variation and

modi fi cation comm gé%}{’é@wa%gkgﬁﬁgmg vt @%ﬂ?%@g?eo\‘ﬂ’%/tﬁ?ﬁe“?%n@@ B toand
know edge &here trerepddr dheainidesportioas ef swipt(H) abotdie scope of the present

i nventipgn. The ]ﬁr%gﬂgn%%g i.bed. herei nabove is further intended to
expl ai n the best node pr %I}segﬁﬁfghekaﬁ&ﬁ?f)oclomﬁl“ﬁ‘é‘i‘iakf’quﬁfé 1% Jlif comprnarid t o
enabl e ot hEwy outRild datermmatidretoaerdet onlyithiel 12 Bndgh @alk (Ve deBiciRR SYkLwn BF 1N
ot her enbogj mant,s. g | varjous 10 nodifications required by their
e Y R R

of confusion” function, where the decision was to render only such a left image half.

Additionally, graph 18B shows the graphic representation of a formula for “smearing* out-

30 of-focus portions of an image, wherein the decision was to render only the left image half
according to a smearing technique. . '

Fig. 4 depicts an intention to render an out-of-focus point or region according to

circle of confusion processing (i.e. represented by graph 10A) to the viewer’s left eye without




30 JUL 2004 is What is claimed is: 1. A nethod for rendering a stereoscopic

view of an image, conprising: providing an inage, the image including an
out -of focus inmage representation of an object in the inage; S selecting a
first part of the out-of focus inage representation and a sego dJU[arZBIWf
the out-of focus inmage representation: and presenting, at |eas
substantially simultaneously, the first part to a first eye of a viewer and
a second part to a second eye of the vielr that is different fromthe
first eye. 2es tdenticanipogbumilin HowsesPiortelelifofl XA S} Pl Al udes the
‘step of: 10 cﬁ'ﬁér@r{t%ifme%v?e?’siege% e ﬁ'l ane, wherein tthe projectio 8§ palyes in
obj ect on th%cﬂilmage plane i s71 -1 EEUE 'raRedestay! ek brameh.objisswithis thdissdpance
from a poi-ntoIdhe piesant @iventien Wi iawede alB suchh@st m, 2, wherein the
provi ding styaid MeLels iaxq({l:gydens the step of %d;tg%fl‘?n&%%lsgdeg%ﬁe88?‘%%“%]%1% in
a nodel 3 pa%e léggg; d)i s af '] S58Y 8 AlFStsahte deterpipsar atapping hetwken foderéuNaGad

pl ane. 4° Tiyac ancdorfighthd Yoft Jiews RIHQH B rdn B iR QYL A step further

i ncl udes the SNl ﬁlgt;isgeterm ning an out -%?&}ngct:%}s%ﬁh%§§u§%ﬁ8ﬁyco S100 OF e ast
a first pixel in R P RGP 3%ane based on a distance of the at |east a

first pixel fronNoteahatthastcaplbanfibodiftdbrane bl Gl N2l |£ast, a first

. |
pi xel a val on the at_least a first prxer BecRGY Wogrigdhergds ap
behi nd t he o@:}cg‘%f ﬁ%f‘ a§2° ¢ E%ﬁ g‘{ff%g 196 StPEE Ryt redenigedecisforis h@nathtedvdy.(nS.  The
met hod of Chduiserylcompuentiona) chriipdndft 19eWR&GLl he. first and second parts
are portlbon;cfg e same dgbj rg%tn i mage. gbg‘%ﬁgk?rr%t%g o8t © tbﬁir?wfﬂ?de\ﬂh%&ei n
the first and second OBaPIEn o el Aast-Bnfirstogut tonder.2 SFayudxamblef OF Wailti-tHRGEeEXt ent

of the at | eppditations,ipasitlelpprs@bses Gray 1HS i im wherein_ the
presenting %t epM ncludes thg stes)s/ of :ﬂ?%?%l%ﬁﬁe%gfwggﬁP@gulf)éﬁ‘tp PPEEm
bei ng vi enet By 't RE Shoegs: Feagfmihia a/secous instanvel spakotoiuse piicigickided s@goNd
part from biefomgaticngegd ihgethiRed) td SdfoBY Vi ewer . 30 JUL 2004 19 7.
The net hod of d.ai wher ej %SDt hpecerrf;())r og?tﬁ)lrrl%lla%nép i ncl udes the step of:

iml, )
deternmining fir t‘g‘?o%“rogﬁ ABEESodinenpf she 4dvisaty compeetidiairenaicanal19Pdalghspace
of at | Bastleeelf ilnshis GRhreCivoRhpLe f.i hbect pixel being a
representatjon %‘ t?h Imrzst *a I%lgalr. m[%.ﬁcl)fa h(tji E\gemfprr%.’gaée %’é‘?'n%fi@&a“g’@ Biodipeay ed
if all objects I the TTy@uhe? dndigates schether B cBurerTlyebeimat frockssell ofl-6h HhE,

wher ei n t hempgoof ahods! sgaePintade bt is kdsd Hﬁlﬁ?edtapg le% oer%g?lI out-of-focus area. The
INPUT 1 has one of two possible values, each value representing a different one of' the
viewer’s eyes to which the output 30 is to be presented. In one embodiment, INPUT 1 may
20  be, e.g., a Boolean expression whose value corresponds to which of the left and right eyes the
output 30 is to be presented. Upon receipt of the INPUT 1, the advisory computational
component 19 stores it in input register 33.

INPUT 2 also has one of two possible values, each value representing whether the
currently being processed out-of-focus image is substantially of a model space image point
25 (IP) in the foreground or in the background. In one embodiment, INPUT 2 may be, e.g., a
Boolean expression whose value represents the foreground or the background. Upon receipt

of the INPUT 2, the advisory computational component 19 stores it in the input register 37.
Logic module 34 evaluates the two input registers, 33 and 37, periodically or
whenever either changes. It either evaluates INPUT 2 in 37 for determining whether IP is: (i)
30  a foreground IM pixel (alternatively, an IM pixel that does not contain any background), or
(if) an IM pixel containing at least some background. If the evaluation of INPUT 2 in
register 37 results in a data representation for “FOREGROUND” (e.g., “false™), then INPUT

1 in register 33 is passed through to and stored in the output register 38 with its value




determ ni ng coordinates of an object plane_in the at | east three |

di nensi onal nodel space. 9. The nethod of Caim9, wherein the selecting
step includes the step of 10 assigning the first object pixel t gn@ of ﬂ
foreground pixel set, an object plane pixel set, or a backgroun i eLr @ ’f
wherein the foreground pixel set includes object pixels having coordinates
in the at | east three dinensional nodel space that are | ocated between the
viewer's poi(g{g‘ O%‘P\li I?'Whagd t he object pl &he, the object plane pixel set
i ncl udes obj\&¢tcapr&Esh hithe ngweooeds Mol eS bi Bishiig g as hr ee . di mensi onal
nodel space [bhainALE ﬁomgna% Iﬁas_t 15 subél% Eaﬁtf%c}'gngleéi tfﬁlée DBjuaian ip| ane,
and the back ro”llamé:l;1 pixel set i ntFUle aghareprepintation foratBACKGROUNIDY LGS i N
the at | east #hpe@enicompaieonad$ itRAEkheSPAGE §E@1, at the.image planeT's
| ocat ed bet %g}ltétnﬂ N TR ﬁ%l s in the backgr omds"p%%%l“] U Falyg éndiggtes
vi ener' stspoi _nltl of view 10T %fhﬁﬁﬂ’%‘F‘V@teditmnﬂ@ate\pfb@éxﬂitibntt@ﬁxe%f%lw%PEi ng
step furPhefghinderddyisthversst Spbeiendl) (i irst object pixel is 1in the
foreground pixgl ;get, assigning, basgd o%ﬁg?fcﬁ?g?ne%' e BtPPYIS) toougiiugt ance
fromthe object It’E){'ane and a characteristic of an imging system the first
obj ect pixel to Hoteahatethpdogit nfodatst 304t 0 Lhxel Jdentifier set, the
out - of focugpBisgleiddentifier set | ncl'l?giﬁg?fegérlefag%é ¥ Iestary Sdsandb ect
. . Sr one S. . . . .
pi xel in the toregroun f)}i‘a%écf set a correspondi ng i mage pixel on the inage
pl ane; and 25 defnemgienitdgimehobf e dr&aSt; Jirst i e pixel, an inmage pixel
descripyer haying an iﬂ ensity of F!éol ormta%lfg%)ﬁ?%rereg‘?gﬁnggﬁagi%lﬂ@toutw&ge
pi xel cont ribut 8825t B fHIOWing @his iskqpsahe fout possible infie saeE a@m@@qm&p&ﬁq@
obj ect pi xefour outphetaslt - of focus pixel identifier set. 11. The nethod or
Claim11, whereiIn thg, sel ecting step further includes the step of: 30 JUL
2004 20 when_the' fir st"OoBue¥sysiGneOuipyt Logi¢ he for eground pi xel set,
dividi ng the ewyegpondl ngyQpF, of foT eet—denter—set_into the first
part, the first part having identifi epglygmrnage pi xel sSHdPEt he | eft part
of the foregroungt pi xel pgEs BVl ewed I“X,e‘ he—vi-ewer—and-the second part,
t he second part having identifiers of image pixels fIGF‘hPlﬁ"élf?nght part of
the foreground 5 pixel set as viewed by the viewer. 12. The nethod of Caim
12, wherein thRighel ecti Neprsdrgihgf urt her | udes the step of: when the first
pixel is in the backgr oundé;%i xel set, ais{gg%gni ng, bade@htalfcheerirst obj ect
pi xel 's distance fromthe object plane and a characteristic of an imaging
system the filsft 10 objBRRsroRigxel to t or respondi. out - of focus pixel
identifier set, the out-of Tocus pixel ?%gﬁti fier sgfgr]ﬁ%’ﬂ@?ﬂﬂilerlg for each
out - of focus object pixel in the background pi xel set a correspondi ng i nage
pi xel on the iRghe pl an@Backheudet erm nipg for at least, the first object
pi xel the pixel descri ptorla%avi ng an i nt%‘nsi ty of ch%PalFﬁffﬁe the first
obj ect pixel contributes to the intensity of color of the correspondi ng 15
i mge pixel in the out-of Tocus prxetr—Tdent+f++er—set—Ii3—Fhe—nethod of
Claim 13, wherein the selecting step further includes the step of: when the
first object pi¥etnalmatve prabasiedayobdtmdidpisore cosptitatiodi dointhoRéht t1Benote that
cor r espondieUPYtmL hal O/ i j tifier set intg the first part, the
first part having 2?’ deanti f'?eet?%r?(tg‘}fo ‘}iaﬁflggg? ef’or example, INJPBITZ may present one of three

values to the input register 37, i.e., values for foreground, background, and neither, wherein

the latter value corresponds to each point (e.g., IM pixel) on the object plane, equivalently an
in-focus point. Because a peint on the object plane is in-focus, there is no reason to render it
in either out-of-focus form.

20 Still referring to Fig. 5, any change to the contents of one of the input registers 33 and
37 is immediately reflected by a corresponding change in the output register 38. Clearly,
anyone skilled in the software arts will realize that such input/oﬁtput relationships can be
asynchronous or clocked, and that they can be implemented in a number of variations, any of

which will produce the same decision for producing enhanced three dimensional effects.




20 pixels for the left part of the background_pixel set as viewed by the |

vi ewer and the second part, the second part having identifiers of Tmage
pi xels for the right part of the background pixel set as vi evveg E)y t he
viewer. 14. The method of Caim 14, wherein the presenting ste nﬂJLucQggl,
for each first pixel to be presented to the first eye, the steps of: 25
retrieve any object pixel fromthe object plane that corresponds to the
first pixel; for Iiejach; obj ect pixel corredponding to the first pixel,

determ ni.ng the cOgrespondnrgmbbdiBgs: ¢ thEhdvk : ound pi xel set and
the correspon@i@gr%ﬁmg part of #he corressglgﬁ\ ?‘rﬁ’g‘gu{‘&n%&”ﬂ?%‘?t;w codedm JuL
2004 21 for each object pixer&oriel sesfsdsan et ontpied Firrisstalpitisg into deldend ni ng

t he corr espoffibsndlawesereothéneatbotimehl®f BRGKY %8l set and fhe
cor r espondi ngchiist,.Rart. of the cor r_espondlgoﬁ%&?n é%loﬁﬁlfgrf‘?o%ﬂﬂl9af§%qu“r@hng
t he correspondi n§§§eco%8mﬁrﬁﬂon8feﬁoﬁ%blﬁ-or eground pi xel set and the 5

correspomli ng fi Fég. 7pas highfeveovRASKEE i xel..set to a first eye pixel
set. 1 S. The apthod of daim1 s, Megﬁeépﬂpe?ﬂﬁégegrbé’sai}???tﬁﬁeEIPEQShIPWEIOﬁ@es,

for each fi Irﬂi%t pi xer PR P denderag prcer mere three fimentionyle enlidABedSicBRS, 9 <o

det er mi ni ng 4ctheanodehdodrtih@Bs bt YixE19 ot D 'eﬁtséce,gi"xfl by a_wei ght ed sum of
(a) the col rg.and int egifj ties of the object plxel st Eofr@&dhatipwge beng he
first pixel and €0y tHE:dBI difecusine shriforagraand iabd eis nickeagdy, @h%eiddﬂg Sfgkd ptor

[0, Lhe. unt orimésiha skearsiupa boghed s Mty Lot el dent THICT e

cor r espopdi the respective inmage pix

and of tﬁe ?’l% rdtgl'%p par't nlﬁ‘?gt ﬁ‘e‘t?ﬂﬁuofor Fasbpixepinabt cirttnidehd, e S8 (previously
correspondi Ngtal IMyixelEs RRGHEY® dIBBRDLYE] i N Le ackarolnd prxel ‘set.
16. A system for renderi ngug st er eoscopf ¢ Vi 8w 8lYan i mage, the image

i ncl udi ng 15 an out - of f o&urserARge Pixeset bavirgapik @ with nﬂﬂep&&oﬁﬁﬁatésr{?#t% i mge
t

and an in-focus beega theoRsRs8RLAL QL bject in the i mge, e system
conpri sing, selecting nmeans fgr se%%ef%nﬁggea&f'%cﬁgl?mpart of the out-of focus
i mage representation® andA8 YukcdrRlenpaset hafe piels owihy QhodeP e YstdinfBIGhat Jie

represenfation: @Bdaﬂdﬂaﬁ)o&@ﬁﬁeg@@&%h;,gr displaying, at |least substantially
simul taneously, the first part to a’20 first eye of a viewer and a second

part to a second eye3of tfiebagkeseuad pixehsetitavalpikéle Wemt mbdcp BbdriBarkd (Nﬁ%reiﬁye'

17. The system ahe §8jetk Plahelis BRGEE] el ecting nmeans conprises: TiIrst
det er ni ni ng rrea&;bf or determ ni ngt ?%Bﬁcﬁléa% Ef‘ﬁ?{g’ p8fnt8?Yfﬁ‘ﬂel space, . wherein

the projection ¥AHIBEN step Tdh fortrachi ping ipltanferdgfouhd pfxerdss dE@HﬂBﬂlh@ss of
ge plane that will be effected by the
defocusing of P. Note that this determination is dependent upon both the characteristics of
the type of imaging being performed (such as telescopic, wide angle, etc.), and the distance
that the pixel P is from the object plane. Additionally, for each image plane pixel Pg
identified in FS(P), determine a corresponding pixel descriptor having the spectral intensity
25  of color that P (more precisely, the defocused extent of P) contributes to the pixel P of the
image plane.
In step 720, for each pixel P in the foreground pixel set, perform Step (d) previously
described for dividing the corresponding out-of-focus image plane extent, FS(P), into, e.g., a
left portion FS(P). and a right portion FS(P)r (from the viewer’s perspective).
30 In step 724, for each pixel P in the background pixel set, determine the pixel’s out-of-
focus image extent on the image plane. That is, generate the set BS(P) of pixel identifiers for
identifying each pixel on the image plane that will be effected by the defocusing of P. Note

that as with step 716, this determination is dependent upon both the characteristics of the type




second determi ning neans for determining an object plane that is at |east

substantially parallel to.the inmage plane. 30 JUL 2004 22 19. The system

of Claim 19, wherein the selecting nmeans conprises: third detgerm,ni ng means
for determ ning an out-of focus imge extent of at |east a fi:"fgtJ - x&ll4i n
the i mage pl ane based on a distance of the at least a first pixel fromthe
obj ect plane; and S assigning neans for assigning to the at least a first
pi xel a value_based on the at |east a firl8t pixel being in front of or

behi nd t he oBf Bging|bsing pegbmted\(auch @s tehecddRi B i e of .the.vi ewer. 20.
‘The system opix@l Risfdn] ,ﬂiev\é},gg «;H% éhg;gi_rcso% éfnddegiggl\gh ﬁwbaapg%heaqlgax}gmait 8%s of
t he sane obj Sg&élq@ﬁ@gg. 0 2f Pife tnsilponyagh imae plaegiel B idatifidagt and
second parts inensonkspbintingOnikel @bsc ' tent. of the at |east
a first pixepm@eprell8, HSHEM ﬁS)f t%ug}rén Sﬁo&ﬁéﬁ‘%ﬁ%ﬁﬂ%‘fﬁi‘%}%ﬁ oplorehais
furt her %cl udesanfl r'St pr ORIBT PIY OrfR£ARtibwes tpihstpikel P nfthe heagh plasd, part
from bei Vi ewe p V2% foea @ ' ry ..and .15 second

o i ale SO URE SRR S (D eetionsy ¢ he

prohi biting & r. pr.ohjbiting the seco
first eye of tﬂle%}%?/?og\ﬁé‘&émgz £ CRSYIdEmnoef-foensdmagengare eatent, BIFYORICe Yi W Of

an i mge, tHeﬂPMQmBsmdajﬂian@hqﬂ)mtB by (8 i_mage representation of an
object in the inmgge and an in-focus isrga)aé %E}eggﬁv‘%{éf’? °®¥¢)-an object in

the i mage, the syStemEOhpieRSi it and 736 preopersemed fparalietlye @bynBigtosbuliyr 3 part
of the out - ctriflopudn stemye, aeRfseReTtR &R .second. part of the o’ut.-of
focus i ngge &éﬂﬁ{ﬁéﬁy ?{t i ]lcﬂ)n: an&l1 a. di s’pl‘al;ll %’r"a(ars%ﬁ%ff/’i°ﬁg’f the; image plene) is
substantial I'y si nul tanEBE%P§ o g Xieper sright gye anddn atep i786,ta RYLor08f (Be Mirper and
a second parstent (.3 also a0RBioR\E tHfimhdae 1 at- ds.different fromthe
first eye. %g 21?'1' al;_}[lhel syst em of O%?rﬁé&%%@%ﬁd Oﬁﬂ%’l‘}}?‘@d%&?d’ﬂe“@é’qu ses-
a first conputatiP8iish a’cﬁ}ﬁﬁ@h@% for eterznining edchipig! Bintol beag@eRbERaLOT B e
space, V\/nereiig}mayb}ehqﬁom)\eiﬁggmteggar@mn%y.ect on the imge plane is I n-focus
regardl ess of the obj ec%z? di stance froma point of view of the viewer.

a)  Determine any corresponding pixel OP(Pr) from the object

15 plane that corresponds to the display location of Pg;

732(b) Obtain the set Fr(Pr) having all (i.e., zero or more) pixel
identifiers, ID, for the from the left portion sets FS(K), for K a pixel in the
foreground pixel set, wherein each of the pixel identifiers ID identify the pixel' Pr.
Note that each FS(K), is determined in step 720,

20 732(c) Obtain the set By(Pg) having all (i.e., zero or more) pixel
identifiers, ID, from the right portion sets BS(K)g for K a pixel in the background
pixel set, wherein each of the pixel identifiers ID identify the pixel Pz. Note that
each BS(K)r is determined in step 728; and

732(d) Determine a color and intensity for Pr by computing a

25 weighted sum of the color intensities of: OP(Pg), and the color and intensity of
each pixel descriptor m Fy (PK)UBR(PR) . In at least one embodiment, the

weighted sum is determined so that the resulting spectral intensity of Py is
substantially the same as the initial spectral intensity of the uniquely
corresponding pixel from model space prior to any defocusing. Thus, for
30 example, assume the pixel display location of P (on the image plane) is a unique
projection of a background pixel P, in model space prior to any defocusing, and
P, has a spectral intensity of 66 (on a scale of, e. g., 0 to 256). Also assume that it

is determined (in step 720) that there are two background left portion sets BS(K ;)L




30 JUL 2004 23 25. The systemof Claim 25, wherein the processor conprises:
a second conput ati onal conponent for determ ning an object plane that 1S at

| east substantially parallel to the inmage plane. 26. The systgzrﬂ g Cla@ﬂ m
26, wherein the processor conprises: 5 a third conputational cong JTe l*for
determ ning an out-of focus inmage extent of at least a first pixel in the
i mge plane based on a distance of the at least a first pixel fromthe

obj ect plane; and a fourth conputational 1éonponent for assigning to the at

| east a first pixelam B3 basRdraapecti ixel : irst nixel .being in
front of or behind the object pl anﬁﬁ%é@’?’&fg F%ﬁé%%%aﬁlgi[ﬁf % ‘&“@W‘%ﬂ‘ t he
viewer. 27. The systerdf P%“ﬁil?ﬁaé?} ofPrered that the spectrsitinendty SeseiBdionas e ar e
portions of the sangx@lp&ebn bIMPYEom@Be (o emof .0 aim 27, wherein the
first and second parts are ortligong1 of (tE(gelg%a%)olflxﬁ%&%gnﬁl%@’eméﬂ‘@ﬁpz Bf the
at least a first piRACUVEY ¥ andRd. shusthem asfun@ dhiarnidye iswbey BacRgrot right
processors i ncl udes:poatidni fet BS athRBg § 0 t, for pr.ohibiting the first
part from being vi eﬁed by thggz?é?gn egdeﬁg%mq z@v‘ﬁa&%r&;méﬁdgf‘&“é?fx also
conput ati on conpondffPtfihe ke rmpge: phge t leatisw cafndix pabdreif r i Heitag iMleRYEd by
the first eye of thontib&aof ttebixel Afdats 004 24, ABSTRACT A net had, system
and apparatus is disclosed forq)pl))ﬁeog)g?:tgo%)fgﬁ%ar?be er{ﬁ??@"%ﬂ@fr@r}&@mlf}’
effects. The inventjeon gnul ates i6al progessesof foeusi ng wherein
objects in the foregr ouﬁ'ﬁ a?ll' thg&% E@*rc@lfn'@’gérce’fm"\ﬁaﬁmgcsgegr eehergiut - of
focus and represented S differently to each of a viewer"S eyés. In

particul ar, the inPERI4 83+ V5tenl qute 0t ,faod 5 atel tBIEolSIOMEISRRI0ROfOE ALK,

di fferent, partitiorks a%fd\ﬁsuch a division are viewed by a viewer's rl’glﬁt’ eye
as conpared to what 21S vi’ewed by the viewer's left eye. Thus, the invention

i nt er poses novel Npteahz s&p 1736 bat We@Bcribed 8B RAL: at fo render in
a syntheti cakl,yubg)roguc. d.three di me%gie,pnal ég%g%%athgz:é?ﬁ?ggg crely eplagng | ng
t her eof , wherel N tHhe Hover SPrsSERSand oL niubtrtipt avith (RS sebsedgsopi ¢ vi ews from a

o T A T T e e TR R

¢ by one or more viewers. Note that such

15 display devices may include stereoscopic and non-stereoscopic display devices. In

particular, for viewers viewing the current scene non-stereoscopically, step 744 is performed

wherein the display device either displays only the pixels determined by one of the steps 732

and 736, or alternatively both right eye and left eye versions of the current scene may be

displayed substantially simultaneously (e.g., by combining the right eye and left eye versions

20  as one skilled in the art will understand). Note, however, that the combining of the right eye

and left eye versions of the current scene may also be performed in step 740 prior the
transmission of any current scene data to the non-stereoscopic display devices.

Concurrently with step 744, step 748 is performed for providing current scene data to

each stereoscopic display device to be used by some viewer for vie:ving the current scene.

25  However in this step, the pixels determined in step 732 are provided to the right eye of each

viewer and the pixels determined in step 736 are provided the left eye of each viewer. In

particular, for each viewer, the viewer’s right eye is presented with the right eye version of

the current scene substantially simultaneously with the viewer’s left eye being presented with

the left eye version of the current scene (wherein “substantially simultaneously” implies, e.g.,

30  that the viewer can not easily recognize any time delay betv;/een displays of the two

versions).
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determining an object plane in a model space that is at least substantially parallel to

15 the image plane.

"t.

4. The method of Claim 3, wherein the providing step further includes the step
of:
determining an out-of-focus image extent of at least a first pixel in the image plane
based on a distance of the at least a first pixel from the object plane; and
20 assigning to the at least a first pixel a value based on the at least a first pixel being in
front of or behind the object plane relative to the point of view of the viewer.
5. The method of Claim 1, wherein in the selecting step the first and second parts
are portions of the same object image.
5. The method of Claim 4, wherein the first and second parts are portions of the
25  out-of-focus image extent of the at least a first pixel.
6. The method of Claim 6, wherein the presenting step includes the steps of:
prohibiting the first part from being viewed by the second eye of the viewer; and

prohibiting the second part from being viewed by the first eye of the viewer.
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space.
9. The method of Claim 9, wherein the selecting step includes the step of:

10 assigning the first object pixel to one of a foreground pixel set, an object plane pixel
set, or a background pixel set, wherein the foreground pixel set includes object pixels having
coordinates in the at least three dimensional model space that are located between the
viewer's point of view and the object plane, the object plane pixel sét includes object pixels
having coordinates in the at least three dimensional model space that are located at least

15 substantially in the object plane, and the background pixel set includes object pixels having
coordinates in the at least three dimensional model space such that the image plane is located
between the object pixels in the background pixel set and the viewer's point of view.

10.  The method of Claim 10, wherein the selecting step further includes the step
of:

20 when the first object pixel is in the foreground pixel set, assigning, based on the first
object pixel's distance from the object plane and a characteristic of an imaging system, the
first object pixel to a corresponding out-of-focus pixel identifier set, the out-of-focus pixel
identifier set including for each out-of-focus object pixel in the foreground pixel set a
corresponding image pixel on the image plane; and

25 determining, for at least a first image pixel, an image pixel descriptor having an
intensity of color that the at least a first image pixel contributes to the intensity of color of the
corresponding first object pixel in the out—of-fbcus pixel identifier set.

11. The method ot Claim 11, wherein the selecting step further includes the step
of:
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when the first object pixel is in the background pixel set, dividing the corresponding
out-of-focus pixel identifier set into the first part, the first part having identifiers of im'age
20  pixels for the left part of the background pixel set as viewed by the viewer and the second
part, the second part having identifiers of image pixels for the right part of the background
pixel set as viewed by the viewer.
14 The method of Claim 14, wherein the presenting step includes, for each first
pixel to be presented to the first eye, the steps of:
25 retrieve any object pixel from the object plane that corresponds to the first pixel;
for each object pixel corresponding to the first pixel, determining the corresponding

image pixel in the foregfound pixel set and the corresponding second part of the

corresponding image pixel;
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for each object pixel corresponding to the first pixel, determining the corresponding
image plxe] in the background pixel set and the corresponding first part of the corresponding
image pixel; and '
assigning the corresponding second part of the foreground pixel set and the
5 corresponding first part of the background pixel set to a first eye pixel set.
15.  The method of Claim 15, wherein the presenting step includes, for each first
pixel to be presented to the first eye, the steps of:
determining a color and intensity for the first pixel by a weighted sum of (a) the
colors and intensities of the object pixels corresponding to the first pixel and (b) the colors
10 and intensities of each pixel descriptor in the union of the second’ part of the out-of-focus
pixel identifier set corresponding to the respective image pixels in the foreground pixel set
and of the first part of the out-of-focus pixel identifier set corresponding to the respective
image pixels in the background pixel set.
16. A system for rendering a stereoscopic view of an image, the image including
15 an out-of-focus image representation of an object in the image and an in-focus image
representation of an object in the image, the system comprising,
selecting means for selecting a first part of the out-of-focus image representation and
a second part of the out-of-focus image representation: and
display means for displaying, at least substantially simultaneously, the first part to a
20  first eye of a viewer and a second part to a second eye of the viewer that is different from the
first eye.
17.  The system of Claim 17,wherein the selecting means comprises:
first determining means for determining an image plane of a model space, wherein the
projection of each object on the image plane is in-focus regardless of the object's distance
25  from a point of view of the viewer.
18.  The system of Claim 18, wherein_ the selecting means comprises:
second determining means for determining an object plane that is at least substantially

parallel to the image plane.
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20.  The system of Claim 17, wherein the first and second parts are portions of the
same object image.

10 21.  The system of Claim 20, wherein the first and second parts are portions of the
out-of-focus image extent of the at least a first pixel.

22.  The system of Claim 20, wherein the displaying means further includes:

first prohibiting means for prohibiting the first part from being viewed by the second
eye of the viewer; and

15 second prohibiting means for prohibiting the second part from being viewed by the
first eye of the viewer.

23. A system for rendering a stereoscopic view of an image, the image including
an out-of-focus image representation of an object in the image and an in-focus image
representation of an object in the image, the system comprising,

20 a processor for selecting a first part of the out-of-focus image representation and a
second part of the out-of-focus image representation: and '

a display for displaying, at least substantially simultaneously, the first part to a first
eye of a viewer and a second part to a second eye of the viewer that is different from the first
eye.

25 24.  The system of Claim 24,wherein the processor comprises:

a first computational component for determining an image plane of a model space,

wherein the projection of each object on the image plane is in-focus regardless of the object's

distance from a point of view of the viewer.
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same object image.
28.  The system of Claim 27, wherein the first and second parts are portions of the
out-of-focus image extent of the at Jeast a first pixel.
15 29.  The system of Claim 27, wherein the processor includes:

a fifth computation component for prohibiting the first part from being viewed by the

second eye of the viewer; and .
a sixth computation component for prohibiting the second part from being viewed by
the first eye of the viewer.
20
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ABSTRACT
A method, system, and apparatus is disclosed for producing enhanced three
dimensional effects. The invention emulates physical processes of fdcusing wherein objects
in the foreground and the background are in varying degrees out-of-focus and represented
5 differently to each of a viewer’s eyes, In particular, the invention divides out-of-focus light
sources so that different partitions of such a division are viewed by a viewer’s right eye as
compared to what is viewed by the viewer’s left eye. Thus, the invention interposes novel
processing between a determination as to what to render in a synthetically produced three
dimensional space and the actual rendering thereof, wherein the novel processing produces
10 stereoscopic views from a two dimensional view by utilizing information about the relation

of light sources in the three dimensional space to the in-focus plane in the space.




