,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

tOr;eTSH EQ.F‘ ﬁlvgjl\tlgrr%tﬁi%@n HRUAPR, mf‘e@sc%b'ﬁ }kreﬁ)thﬁcr 9= cheq(ﬁxree Xfere0s&pic esyg ieat tor 3 MPRY

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




The present invention is a nethod and apparatus for allowng a viewer (al sQ ,

denoted a user herein) to clearly view the same conputer generatred ]
graphi cal scene or presentation with or w thout stereoscopic

wherein techni ques such as (a) - (c) above may be 15 present%glygupeﬁi@ntly
dependi ng on whether the viewer is wearing stereoscopic eye wear or not. In
particul ar, the present invention provides the user with a nore pronounced
sense of visual depth in the scene or przesent ation vvhen such st ereoscopi c
eye wear us re tion ca ncurrently and

-~ clearly vi e&‘v\)(/li}:zfox\l?\lla!dji1 h%ﬁ?iﬁﬁué%%\;\%ﬁn&o fﬁ} tzeé’Sé”c?Bﬁ) 8? Adapaesirifques
di scl osed hapdsling anplysicaltmdthodewdthy $dﬁmarbym¢ﬂmge tt&Oaxﬂﬁﬂtétliﬂlﬁqé Odh Hdeydafegs. For

exanpl e, t h..any of the | deV| ces

doscri bed 1 hiEs S A e N e colroH Ry U0 P 8wt 39301 9 Mt aul y L6,

1999; U.S. Pr ovulrswvonléwepéasemle Aphhvecatinple G@phicd rHQienﬁQ/s% W2 anbkd ¢d
No. 09/664,084, filed

Novenber 2 lication. Ser..al

Sept erber ch%g(gﬁleaqﬁ de‘ﬁﬁ@ Sarﬁ‘?A% ?rcﬂ‘i?fmtﬁ&)oﬂl"t"f,ha?rl"b‘ﬂm%ﬁt?fa?scw eyg0yery 5, 793,
filed Novembreis,eckfigles suhl ab.(8. ~ Re)oatiost m@rl beP%*e@med%ffée&h eé}khd?ﬁg ofrial
No. 60/ 261, \glggier dd | ed Jalgqu?\éalz 2000; rovi si onal Pat ent

Appl i cation Seria g&??"“f’?’l"e"dél\‘lﬁ%ﬁr pot.  Iopyticsd ituvesld be

Provi si onaldeAmblel ﬁ)attheom\&rrtb ahvd\® morSPloRARc0sknsef dfl Bl \HEPHS in the sgchQQ)r all
of which are ne her ei n reference. In the event that

ncor par at e
acqui r ed wPé%Sé’ R eﬁﬁ‘é%c?ber?oé?oﬁice hyeHufider of known processes may be
enpl oye to digiti ze the i mge for processing using the techniques 30
di scl osed hanRiNg; te a greater appreciation and
understanding o e pr esenmﬁ@g the followng U S. Patents are
i ncor por at ed hefaé prekbminmrﬁloﬁ%fa&ﬁ&ﬁtfdeanda o} a1 et
20033, 66S, 184 9728cr11?j‘gen378/ 0414.1 89. 21%5/I 980Br 0\1/\%:5%389%1 %n%tg%anZS/l
989Dr ebi nszt’é‘ifi'/%%“)g'@l" Y I SIS 588F i CABBUSY gpetated £7apRirAB SCEO® OSAIsBIEo® 21 S, 40

2, 3373/ 1995Mihsdri \dﬂms&érz&soﬁazyeméasl WR9& 2 %%Qegg{éé%ﬁsns(s gﬁg & 91%9 %’%?g%fhg Ei‘é 71

ki 34S/ 4265, 616 %ﬁéé’ %}g 434/ 038S, 883, 6296

| 998Tar ol | iP3AE)E>FEeEady 1?89@‘811’8?%?%113571&%58 TORITESFPTOERAYCVER 3US/ 4265
, 808, 62Q0/ 11998E(pa3¥b81’a42ﬁa5p13&9t 2964 %ﬁe@&@%@é%@%&jﬁ ordAiced’s %@g y34s/
4265, 883, 6293/@%%% nson34S/ 419S 900, 8785/ 1999Got 0345/ 4195, 914, 1999De

eri ng34S/ 43182 FrO8 SNERSABHS) wb@f)guglsﬁere@gmw@gmmgm #eE8ne77, 979

L1/ 1 999G ougiad$6/rdAa038n S90H:ARN, ke 3sl 4250 43A032202000 g nr 345/ 4200
078, 3326/ 2000Ch ama34S/ 4266, 08I , 2746/ 2000Shi r ai Shl 345/ 4 69011 / 2000C

osman34S/ 4316, 175° SHEACARG Feiesehpignys igsloseddpreinamigouilizedwith oy inbgnef i t s
and f eaour QSqt@sﬁtxdﬂW 8eville® S &3} ekam'[}ﬁ@tth@ rﬁ:cﬁ\fuhllles ek %@Eus 'vsg&xn%‘gf S1Ofk E%F%rlg

acconpanyi n% fi gures and the Detail ed Description ere| n
DESCRI PTI 0§ aggni-Applicatiqn) Seusltha@e/é 54,230 ﬁdthlukydlﬂ 1990119 Sof

focus port lmssl&fal Pat&ft Apglidaian séHas?Nb Ned/ ¥ 9@9% fk‘i’nb‘épzi‘qgﬂlﬁ £ elfa&enl? om

out - of focus {)OI’tIOI’lS of a scene that are’in regrodn shows
that a si ngtPRiating %%Mu@é@“&@ﬁ- Stedf 8@?@“@1’ ela‘Bs 2080t aod f§.8r Pb@tlweh t he

left and risghlicarib® \GeriaNdb. RRI48 803 14161 NIV &MWL YN0 AndIFKIF QYR nal 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:




Fig. 3 shows that the nethod of the present invention can interpose a

deci sion 10 between the decision to render and the process of rendertng.
Fig. 4 shows that the nmethod cannot be circunvented. Fig. 5 Z§ E h&ﬂic
di agram whi ch descri bes the system and apparatus. Fig. 6 is grag advIAt | C
representation of the advisory conputational conponent 19 shown here in the
C programm ng language. 1 S Figs. 7A and 7B is a flowhart show ng, at a
hi gh | evel, the processing perforned by 3he present invention. Fig. 8

illustrates the diykgt of a ( ce) pixel’ t-of focus inage
extent' (on the i n%ggs‘g:ggne), vﬁ@gﬁ nggﬁ?%gnextent 32%‘% ded vertically
(i.e., traversely 408020l i ne bE’tl%GnB?oé(fh r's egg§)46i4nt 0 greater than
two (and in particular four) portions for displayi hg"these 20 portions

sel ectively to dif4,888at20f theSAID8eDrsbidyes. Fi g348/408l ustrates a similar

di vision of a (rmdégl iﬁace) pi xel ' s out-of focus inmage extent; however, the
di vision of the pre2BhDof gure 3/499@r Deeringl rat heB45/246 vertical (i.e.,

substantial |y par t he | et,ween a viewer's eyes). Fig. 10

illust ra% es a di v%?%?f?’g? a (nn%fi?g(gpgé@) pi xel's %ﬂlﬂ"@ﬁ focus inmage extent
25 wherein the di v g f thi Ni;d t an an i fferent from
vertical (Fig. 8) Vséﬁgp’g?;?o di ffs3e/?g?§ m%@dﬁori zont gllig/(d‘gfsg 9). DETAILED
DESCRI PTI ON OF THBS 4 NYEBAI ON G 5/¢995 eTanaka2 POi nt Bighbgsource (not shown,
and nore generally, an object) to be 30 inmaged by a | ens system (not

shown), Fig. 1 showd5SaA58n-foc¥199mgShitazaifi t he pdéHM26i ght sour ce,

wherei n the i mge ! n an i pl ane 11. O her_images of the point

| i ght source may b%gbé’éghgd on p@g& LH&% are par a‘i’f3‘é/p3§o t he i mage pl ane

11 but g differen ts fr { §Aud 0 JuL 2 LoaS the inmage plane

11: Images 13A thr 6%8518.?[28 depicggp%%eh?ﬂr%g%s of th'g&)%éhﬂt | i ght source on

Si.lCh off;ettpl Sne?ﬁ’(msel t hat 3/!1%9389 Tgﬁg?ﬁ arfa nogu;;@gzm 'Ejheir ofIset

pl anes; i nstead, e imges are shown in e plane o e drawing to

t hereby better shdw/4hé#Y size #11898rFemnati on to 38/4360ther). In :

particul ar, offset gé}?%gn of substantially equal distance in the foreground

s and the backgromhtt® the i pBaiféhave subd4¥A2bally the same out

of focus imge for ht 11 g ree:; Moreover, , gl an object plane
s,ggﬂ?gte gl SRy o/ f%&ﬁ&

(not shown) whi ch, inition,”1s s tantiall to the aperture
of the hens systers,86g)p1gont ai 51998 Pesrké on of theyimpge that is in-focus
on the image plane 11, a different point |ight source on the opposite side
of the object pladedi§,d29the | did1Q8Day (i.e., im43@26background” of a

scene di spl ayed o e i mag | ane_11) will project to a point inmage
(i.e., focus) ahegd}g%fﬁ%%e i rraéé{)%?agan@hm%i e, YA&9si de of the image
pl ane | abel ed BACI?(%W. Thusg;, } e of suc g kground point on
the i mage plane 1I°w 7T e out %é}éibgc rgqiogAl t er nat P%/Agﬁ/ ,?ga poi nt 1ight

source on the sans gigeof the @mgg:théﬁpg (1.e. ,34574§pte "for egr?u_nd" of
0 a point inmage

the scene displayed on the inmage plane 11)"w Il projec

behi nd 2he i mage PLAe1%2.e., G199 Meden 345/421
5,936,629 8/1999 Brown 345/426

5,977,979 1171999 Clough 345/422

6,018,350 1/2000 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




1 s of the inmage plane | abel ed FOREGROUND). Thus, the inmage of such a

L

foreground point I|ight saurce in the image plane 11 will be simlarly
out-of focus, and nore particularly, foreground and background Qb'l@‘ﬁtzﬁ l;)f a
equal offset fromthe object plane will, be substantially equal y' 1Z0B

focus on the image plane 11. For exanple, the images 13A through 16B show
the size of the representation of various point |light sources in the 20
foreground and the background as they m4ght appear on the inage plane 11

(assuming the pdunkerlbeadfits HRUREEEs bPFeqRGH, iimgﬁoﬁléxﬁl 9&gm%3e§idgﬁtef§c} heg same
or the i neges 14K and

t

. distance fromthe .obiéect plane, simlarly for pairs o

B, 1sA and 3COURIAYINgG guresprdie Depgiled Deseriplienprainbetbvor f or eground poi nt i s
out of focus, but insufficiently out-of focus for the hunan eye to perceive
it as out- of focus, it is denoted herein as "physically 2s out-of focus".
Note that iBRHF RESCRIFBIONOF T3E DRAWINGSconsi dered as only physical ly
out of focus herein. \Wen a background and foreground point is sufficiently
out - of Pocus fof& Helllswaies &b optérae oaepiacist pergomsud of scérectimt ajet in the
denot ed hemgiugrdisid GY nSupdidrront bu Bk 5 S5 i [ {Bges, L4A trough 16B
are to be conkgfder ed as visually Otj{c ﬁfoéléggg c@%’%ﬁ%\?”ﬁﬁ%ﬂ%@f"ﬁ?}%& not e
that as a poi nt Fign2 shrwsithitasinglenenssilbpratiucs patof-focue areasnmateli i@ e pe gk
space) 30 MEVES doHf i arMRNy j | ane, its projections onto
the i mage pl ane flil becones m%‘g@ﬁ%ﬁ{%‘?@%ﬁ%ﬁ%&%%%us on the inage pl ane.
When a user is Wigadi thgwsthatyibermetind ofthei mesentgingerdion pdaayin@aiobc e debision
di spl ay® a pefiwlebeime QbciMbEW ik X r.di.ng to the present invention,
wherein di ffereenjt dicéél{t al ' ﬁgﬁ&?&eﬁ%ﬁ%ﬁ?&%ﬁﬁ can be substantially
si nul t aneous| y Fig. €showgjthahthe nethedtcannof be cimgravenesdsi st ence of the hunan eye)

presented to eag; . . present i nvention provides an

i nproved three gf?h%a)znhsoik‘%?1zli(jfgg‘?l?%%lﬁ%}?Chgtee?cﬁg‘?sﬁg%aswg‘tané PRAAIS evel , the

fol I owi ng st epsFigse & pragraviatatie niprasergatian of thegdyisériicomputhtidal@tonspas e
wherein th i i .p.IMis in-focus regardless of its

di st ances %@gﬁ%&%%&%&g@g@ﬁg@agﬁe viewer, Step (b) determ ning an

obj ect 19l ane coFigi7deand AR isha flowshapbshbivng, atfa higidielel Stha pmocéskiag pwifdrmed be
in-focus phangesenti@Rnfi& determning the out-of focus inage extent of each
pixel in IM10 based on'its distance fromthe object plane, and assign to
each such pi xel Fig & Blugatdsaledivision iof 8 (thedehgpatd) pixeDnbutasi-fevus hedge Rekehtien Obj ect

pl ane rel aty e f . view of . the vi r, Step (d) dividing into
two i mage E)Hg;{?‘f%eﬂgaﬁzvgg}éﬁ trlrll%'geéyeﬁgS\}igvslc,ledtvﬁglc?lﬁé\@g" gg(\feéﬁ%{y tBFhegé{’é RetsieRR |

det er ni nedaiViFwsr'e gyqst jnte preater thaw vgw éntl jin partiewddr bog pertiods Hr AisPRyine khek®r each
pi xel bFBgGEXtER ectle -tgﬂﬂ"feiréﬁ]g&qh into,first and second hal ves: %i)

prohibiting the out-o ocus T1I rsff'wfvr‘{%rgseeyﬁsal f frombeing viewed by a first

of the user's efigs9 illsirhtes e ctilur rdivisibly op meamaéli spece) piel’s iouSsf-fobBGGapal f to

t he second 1 r, S . .eyes, d 20 (ii) praqhibiting the out-of focus
second i m%ﬁL%aFcﬁv%?g e fhélyf‘/lq_?yoftﬁg péeéft'l(f rfllfz‘{:?f 1s ﬁ?‘i’é‘z‘ﬂfg@rm@ere%% verhRsl] @e-
pr esent i ngsubstastiadlg pamatlel hatht linerbgwedna vidwerkicyess). of the user's eyes. Fig. 2

shows each of t t.of focus.point images 13A through 16B of Fig. 1

vl e whor e Ny R IRt AR ARLOY o (BRAT SRt bike) oot Fee Caiosi Sioai
resul t 2hg thrnmheﬁivqs@nhefsthabamt isll at qaaerntgiecaiffarmthﬁdm_v@iﬁ\éélS(iﬁ%nm axﬁ allsche )
poi nt i mags: ou e along an axis that is both parallel to the
i mge pl ang&f%ﬁg%édn%%rrl%gﬁé&é%%r to a line between a viewer's eyes. Thus,

t he i mage hal ves 13A, and 13A2 are the two inmage halves (left and right
respecti Veb?él‘ of the background i mage point 13A. The inmage hal ves | 3Bi and
13B2 show ALERdIESERIPEHON OF ' EHBANMEBNTEOMECt i vel y of the foreground

poi nt image 13B wherein 13B 30 and 13B2 are phc)i/si cally out-of focus
substantial |y tH&Gdrfe 2BOTHIGY saurs &0t shown 3ad Tone serprdly] af pbigaitite byht

i mage Bal vinsagddbil aaed s (Rt ShovidURL! ¥ siis-aRTin FREY SR 2a Gy siRdloy: t hese
i mage halves w I{‘ be di spl a}/e,d selectively to the viewer's eyes as 1n step
(e) above. SOPf§t Wherem dhedmags 12 i gn gp dnaee Plang b Otherdmageshif thearoitlighiseures  t he

i mage hal vegy bdfiewadbn prafsd that are parallel to the image plane 11 but at different offsets from




3 0 JUL 2004 and in particular, the viewer's right eye views only the left

image half 14A while the viewer's left eye views only the right inmage half
| 4Az as is discussed further inmediately below Thus, as indiga ﬂJ byzﬂbpe
letter labels (Fig. 2) inside each half, the right eye vi ewwll 4‘
presented with the out-of focus halves |labeled with the letter "R' and the
|l eft eye view 5 will be presented with the out-of focus halves | abeled with
the letter "L". Note that the side presénted to an eye view is reversed
dependi ng afe itugt bﬁheUHEM%QW@HM%EVIGQQ%QWWM bSofitfd ntrlf'gﬂpﬁ)rufcg o | NUS,
in addltlontof ﬁtaep- (a), throug above i pres I"hventton al so
performs arUSHaiie slares E?pﬁ(aﬂét}?& @G:PgPﬁeilfélnﬁt d@“@t@pr@éfsetlplf)n)es dfistebel éreni ni ng
whi ch of t hgiaddd av BYRE iSthEYRSe bfShe @aw e & t - of

f ocus |mage h%ﬁaves InlthlgS V\% teheaprgse%?e%%ﬁp%hgﬁq%%%ﬁ%%d 0%{%“%%1\7?‘ ewer
with additit®iBf aaAtepa| In eptigeles Off%ff planqyiof qetistagtiallyerahal distangé ubé foyegputndof
focus partian 1RfbaskeseRASo thBLA ia%EhQJE h dnfl of oDl -ne
foreground. That |sg$ for each p?sg)%g | M y rtélmal\%()/{:[ﬁ E aé((\g}l{tgﬁgqrsmaé?f%f
focus for eg*rwﬁd‘gbbf'oturc‘&n Meregyvescivea aiﬂsﬁbﬂéfrliﬂv@dcnott Mwbwhehpbyndhﬁmgloom of
focus | mageybadnvies RiRaSehecs p'efﬁ?rLXf&x@#}é%?%}eﬂyggd hdifithe bli8of S RAC, 021 f
is displayed only to the viewer's ri I'mage

di spl ayed dpatys ingoeuseoniheimage plapedt, ae@léferemoexb\heht soﬁmc oealnmogpbsqelmdafofl M
from whi ch g Mijs¥alahy 8sttn@fent {98 Qb8 SSRDE IS
derived, the cg)rrgs?pondl ng c?&t Qfs#éﬁ]f(g @@%ﬁ%&kﬁ&?\%%@‘&sgn& ?dv%q S;‘e

di spl ayldd dwagerplanct HY ‘WllléPtOJﬁchﬁJgﬁePMI ifnages(i.di ﬁphﬁ)pbc:hdmﬂtlge neagt blane/lE(M%r s

| eft eye, r I nly, to.the viewer's rig
20 eye, Thny o ¢Sl RS Bl hdoled BACRLRNERTST Yl e, okt BhShcthg 180,
each res pe@@?kzmuyd ipeing pp $leenimeage lehelly V\txkb bt: lvet-ofi-fovusr ' Altdrﬁtivela,ndpdsmghghteyes
It is inpor dlmenJ ren er|n

SB@‘@& Oﬁ the @%9 SltdQ %% th% h)% r OVI e d, %Qﬁ t oregrotn] (ﬁﬂﬁoﬁ; éj

system of the present i|nvention, ep %Blayﬁ
(el), can pa thesisggaplere B et ar ¢cat0I wpoanymhgr‘rshmgt slteemageopla& (ivel| @i theside

t her eof W th ns .25_syste
gr aphi clgl -sg?#urtel 1gf[a P ’aﬂyﬁe%lgg? Oﬁ\;\ﬁer e the 3%3“51? h’ﬁaﬁeeoﬁgu‘fhsa goﬂ%l%?‘ingzﬂoﬁ’v
based, anarighip$fiuzce igrthg amgeomlhmr He vl bgmnmtarlgmut-hbfoemvend nidfe @A€icyladyyar Yy

enbodi ment e o de ed or artificially
gener at ed tfﬁ%%rgmgl Brr%(ﬁ??ggﬁn%dﬁg &15&0?% bf% gqua Effﬂeir}f?‘a F ¢ QPyech Pl nFeWHL:bEd nor e
realisti caISP@SWlDaliYhmuvilsemrofu’bpmsgordihgnmage pjynz: e aFof exanpid)alic BiagtL0BRLOPi C
vi ewi ng de | ei ve. concurrently a di ffer nt 30
G git ol vi ceas 18 s B8 LrE e BB SRR i Py

sel ect id0el forpgrewriddmdghhhacﬂcgmnnd: hethey mighh eppehreorethe SmegeesianeVE (agsumingy tlher

out -of foc be di,vi ded in

her ei nabov??lnfﬁggg rléegu{;&‘e"ladli n'?ac’ﬁg%'&%%cg?%e RPPs AL nf%ﬁ?xﬁéhep%f glé?e swor | d
t hat many Sll@la@ijnlithL@fiTA081n0ﬂgtse1r4A§ind[Be$5AmﬁdBah&,dépramdlmr)e the desired three
di mensi onal ima r n erception. For. exa ad of . bei ng
circular, the oﬁfﬁleg’faog g}oﬁn TR g)ép%f}glggmf S PulPd foas nﬁgllﬁu&? y out-of-
asymmet ri c foas favtbn huknsrcemmaqiemdwe Ttmsaxut-soﬂfdsbu@ut 1soden6taa threﬁlha%p@sﬁysl’kﬁﬂyl not
be sy tric cus | sour.ces e

physi cdl’ 5 o\kl})?frfocusl\?bﬁgte tg??( Hmpge ?oéntﬁﬁA fs o b‘% gonsideref @g 0? ¥f’é°aBY aphi cs
sof t war e arnusofifbdus herasi IWhéheaaabltgaéunﬂ”laﬁd fopdpyouR® bbiatls kefficRAil &iloRehcas fori t abl e
out-of focys effect fan be div n some suitable way to achieve a

st er eoscopi ¢ Bumas e 1 PoRs ! hﬁ%o‘g‘togko&ﬁ% étdbpﬁn‘ﬁt?ﬁ‘a&&’)m A s ualy O RERPYF Vi si on

is wthin tNuee gmopages 14Achpugs ¢6B atenéeitt dodfiderd e ONEAlly ARl f&dﬁ@%eieﬂa t he
di vi di ng S&?Bh erei.nabove, such Jeft and right imge 10 "hal ves" need
o) %Wé‘&e

not be mr wote fhapasea pgigkipdie t F‘Eufj‘m?é?lﬂ‘?i‘ll gpace [&-» I“EﬂdPl Arbieey ATe) i nage

hal ves 3teeandved fufticavary GRIMTEG oBRUIWAeYits hoRERAT onfoltBe 3P h1ARG1 bedomes MBIE
hal ves nmay, in some enmbodi nents, overlap, or have a gap between them
Addi ti onal I'}A® ?‘id‘P%re\RP‘t‘?ﬁfﬂcutsﬁéﬁsed@E@Rﬁnet he present invention to divide

out-of focus imagRs Al sehesingVst Yvedi &l igWidWis: 5%&5& kldaﬁcgltﬁé't deglapostions
(e.qg., imge _hal ves as discussed 15 above) for_ onl foreground or only

t he backgr &ﬁﬁfdentﬁ(éfd’f {9 Gk £¥F) afqording { Ehﬁunﬁesmemst@ whergin difiprantedigital
invention to process only portions of either the background and/or the
foreground such as the portions of a nodel space inage within a particular
di stance of the object plane. For exanple, in nodeling certain real world
effects in conputational systens, it may be unnecessary (and/or not cost

effective) to apply the present invention to all out-of 20 focus regions. |



Moreover, in Steps (a) through (e) and (e 1 ) hereinabove, the out-of focus

i mage extent nmay be determined froman area |arger than a pixel and/or the
image |M(Step (a) above) may include pixels that thensel ves iﬂcﬂwm&.zmn
portions of, e.g., both the background and the foreground. 25 It is also
worth noting that the present invention is not limted to only left and
right eye stereoscopic views. It is well known that |enticular displays can
enpl oy multiple eye views. The division Pnto left and ri ght imge hal ves as

descri bed héRagenshbbhe smynw@ymhyltaaeduslys(t e.diwithig i IRMtsWTShRED E@Eﬁ?ﬂex&de%%e

~di vi sions r For exa as shown in or each
of one or g%{rg%oféﬁ lleésel?l td tgfxgs Sl ué?éa?é’e@%(?ﬁs%m lwefaon(nrabérs@u igprbyedcan be

30 divi ded iedimensionglafiebtdnyiperforetisg, atatigh 6veabd ok g sRpLential for four
d| screte vi ews 502 tg’r% 50S ftor tgs?rgrxel area SO017i nStead of two

"hal ves" ;3 descri bed ferei nabSVEHRESHE hnes) M, g the. medebspacs killerain then t he
sof t war e3gr aphi cisage bSeash lobjebteinrdawith Yocad ke@akiRs L BNEsh s %I%Stﬁpi)orl nvfentl on
to performdivi %x&@ﬁf&§we r(d) her ei nabove) to obtain as nany ou us
30 JUL 2004 9 inmage porti oﬁ ,as are needed to satisfy particular di spI ay
needs. Accordingly, tSIna@ (br eserttetmﬂmmgt alpebjk@céhggegmmr %S@Q any(gnunber
of vertical divi sr mage extents of pixels as in p‘%ft bove
Note that when t'he E'Spﬁ?ethm”&ﬁl‘ FEYPlatons in Step (d) above of an image
extent of an I M pi xelStept(éen thﬁtehﬁlﬂg@rth@&uqffgcggmra%?t&ltehp eaggaaﬂx o i}\dl ons

for S ephanced tbase%e drtn%sr on effects can or e native
enbodi ment of Step (B WP Fur dhehicct plage apd aWetomaalgwqhqmwﬂan&hmf t he
out - of - focus | Mbpsedein iart@inghe fronteof@r beHIRT h bHBct S as
referenced to Fi ?th 8. 1. For views V~ thr ougﬁEC évg%ﬁgpmn@ V‘F‘ﬁage
extent obtai ned Fré6mdi%i ding this extent (e.g., the Vi ews |Ilustrated in

Fig. 8 as views S02 Si&p(xggh S@r&@g td thonmade po%@ ee%c% E‘r{%g? Eal¥es tﬁ%gna'ggr

correspond to rrulttl (8 (‘(Iﬁye iews fromthe viewer's

right field of vi&W % §&"& ﬁ%erWH@EiI‘feﬁtepa(cb‘bﬂtmvlﬁlmlyaumfdwuss a background
or forebfround point.S@p)f theRENixd] Fhaddl SW, und poi nt
return V-=~_X+i>_ For exanple, a baHgl%(Dgé;rouarlréc(l3 ormrﬁ%lfigdr%v@g\%v%%@ \)\ﬁﬁ?d’ %e S02.
1S3 If the p@fﬂr‘f’f for view VX is a foreground point, return VX. For

exanpl e, a foreground poigt fgrohwlﬁfgt%twgg gsf?r‘?t ‘? eh@pgo&rbglggl | é dnot e

t hat horizontal di VI&X/ ﬁ ﬁg al so be provi

enbodi ment s of the i BRNEE Vrile Wices Bich Wlhlé cpreyuntlypgeshingzlin fisst infdgmagle
portions" of the i ma@ehestaiator e uedits eg s, fACUs | M pixels are divided

hori zo I1y. In particul ar such 20 horizontal image portions, when

sel ectiVely displayed to (fhe pobihitineshe peteof-focun swp@lxmaamaﬁnﬁmm bhr ee

di mensi onal effect wWheRecBnd 6f thi @edrshgad 1S detected as
one skilled in the art wll un] erétsag W@é E}g%ﬁlg{i #horseg%r}%v%ifvégedm fay of
such horizontal i magfer tp‘grtl?q‘@ﬁss Y&t ep (eI ) may include the follow ng
substeps as il vgt nadheds RYcHFbBthe But 3r £l r 3=2), of a
pi xel inage exten obt ai necd frorcn ES di \/cg%tllp&'nﬂ'}ﬁag\s4 éyfqet ghleYSB ? Lviews
i 11 ust r at edYFdFivgereig ﬂ?fsd‘V‘rs’@WsarSG’Qeqdh‘i Mgrbre@()ﬂhwdtvmm‘ﬂésultmlgﬁbm smept(h}ase

Vi ews 31 r ese@ndn tparidbd kil BviskEs i@ h§; v nost 19,

bottom nost_ field pgf Vi ew, elt erm nteéNg% ﬁ{%&aﬁ*‘o%ﬁm’%ﬂ@ ‘5? & "imsaxés

backgr ound Rt 1§ bt grglieide [.‘)léf—i yiage plang {1 ti!hrbpqmnndtculfaoto a/ﬂrﬁwbéﬁ(eetrSa fielvackgr ound
poi nt, retwy®. Vrhus X 01213 e kground vi ew 60S
woul d be 60% 3. IF 1t ‘é“aF eapgsr irargt&@'r[q(yrd {/%Aéw ?& i g a”‘?a&Eg’ﬁ V8§J 6811 A8 r et urn
VX, For exafprdivels) qféb?é@ﬁkﬁnmdmﬁgwtpomrMu Bw iG55 hudvwes d3BEandQSB, show the JUL

2004 to divided left and right halves respectively of the foreground point image 13B wherein 13B;

30  and 13B; are physically out-of-focus substantially the same as image halves 13A; and 13A,.
The left and right image halves 14A, and 14A; are visually out-of-focus and accordingly
these image halves will be displayed selectively to the viewer’s eyes as in step (e) above.

That is, each of the viewer’s eyes sees a different one of the image halves 14A, and 14A,,




Moreover, it is within the scope of the present invention for Step (d) to

di vide | M outof focus pixels at other angles rather than vertical and

hori zontal . Wien Step (d) divides i mage extents at any angl e3 Btep th) may
include the follow ng substeps, the general princi pals of which are
illustrated in Fig. 10: 1. For views VI through V' (n>=2) of a pixel inmage
extent obtained fromdividing this extent (e.g., the views illustrated in
Fig. 10 as views 70l through 703), wherei’n these views correspond to

nul tipl e eyandiiewsrticolagtthonilky's slégm*r@tewl@vsasrgymﬁg @ﬁc%%grhalqukervg]ﬂ@%e
t he

whet her a pqj; Vi.ew round or foreground poin
poi nt for V|qeév2\’/$€\/§q¢!':ft Qy B%‘%ﬁ(ﬂﬁ%ﬁ’r‘? ge hplf Jép1 apistdischsed flmtrht:xallzﬂnyedib@:band

vertically thhbw éfhtBS esnmehca&d ap thEQ&ter ﬁﬂéjs {(Fed. vy fﬁsM@(eacE(BElf et?f?ﬁ‘%lt@ Wew wi
backgr ound at Fors8Ht ar 1 y

0 uld be determ ned r ot

and verti cal ?ﬁ%s 1 Jr\é’fté?]ee E}A%%hal‘fea 13helef gvith the%“#e?&:’? @mlctée &t g0 Sjewand
then to et will bZRsermddatitivee bﬁk-dﬂl@cu@ﬁ%&sﬂﬁ&k@%ﬁl thg’lettérf t”h?\lo'?ot'hﬂ d 8k Vi W
VX is a fore?er OI‘E ddt point, return VX_ For exanpl e, oregroun 6?% for
vi ew 703 wolfa"hE Otaﬂ§y'i1H’rﬁ&‘%lfeéfars‘?de‘reé?‘@mg@na’t’he?@ﬂﬂ)&rf@regmunhcﬁorrbetkgmuna(Ds3
relative tobbilngtrenﬂérf:@r ence. Furthernore, note that Step (d) nmay generate
vertical, hori 20?4@l ad angl ed di vi sions one the sane | M out-of focus

pi xel s as one skil'Fed® PHiEMetoathe Hens (a)serevabt ehabever ttftvepmnemvmltoe dldvat

when ref er epedoritis eaSadditRnilS@eh aedotbd Bbrbin AVRES §81) 0
count ergarts it, is prefer abiq)e t hat eacm r ef eé gnc Q)q‘edrecgaTi1 a‘%'}el%h 8?15}5 and

buf f er ed t hSIS¥F T &yes 1? {0 Teeeivy cagh pf e ispally awtrehfogws impes hdhesarinalplp wagcte, t hat
an identifi @fesén@ inveRtednpR6ved e MecevibGer WRINUABREn 308" it%%? gﬁ]@cgh\n%gv}m?t&%d a

reference. gaé 3 shgws graphi cal representations

formul as f o SERVePHHORTGEYS metoR o SqgeRe ST presengftion de s tlafs b'a:kgnonmt botn afe

di stance frﬂffbér&ﬁdebl‘lﬁﬂ Rirada6h pixBl &aﬁ\& ontal axis 20 of
each of these g?ag s repsr esent s w dt h oFrSt h‘gﬁlgh% Sf‘]gl yo?:‘ﬁs()f ?°8%1?°f “?ih
vertical axPg! éﬁF%éﬁldémteﬁethéICalff?SPgnd@fg qutref- fqmsgenagb/ﬁmhfeqameeelsﬁlvyl,y t he
ver ti callsaximsplaydde s tHeast Mike Bals %Qﬂ%ﬂa?&f &y f%sthé Q%w 3k ){t/]é’ rfjgthe Mght

i n-focus i nmge %gthelmae I"ane, or €ach

respective Hds digplayed onlyftp thefvigwes's\eft G}feceMorawes fpseat:lnpxxgramvl fram

i over 5. oy W) aapy STl A gRind BRloh bBR e iPHL B, b Bifesnied ¢ ¢ e
Vi y i i Vv i

gr aphi cal r 8Hrddenys aprgshabes prsvielestively @med sdtltahtéme 1eft ghagegmlfomthspiﬁyeﬁocus
for a viewesnis OhBievRYS 1Nt E‘anﬁhl?etnéh?ﬁ-ﬁ%k Bk sydléégﬁ Oévx‘ﬁg?o {hF %%gfgbﬁﬂgﬁt

vertical axes 22 may be descri bed

represents &ebribyhton the & pad pehtrhackaved ena@eaua@mr&m anil d6Agrashhrespegivelyent s a
di m out-of 1Sg,gégb{§emqéwm oW s tléfPﬂxld eJUL 2004 11 axis 22 in all

graphs specifies spectral intensity val "and the horizontal axis 20
speci fies the dd§ise@poBanife éweéhqééhemnhﬁncgmthr@odmcmqml reeduﬂmge;zlstamubf i
focus. Ref epeidiinaioh Sriaplh ws, hihe

repr esent atilson of the Cbcgr i ay%éﬁjség)méﬁ%}l%{ @)g}\‘d alﬁlsble Blhﬁtf%fté‘?l“auﬁs one
skilled in tHeleapsystemafar simplptionthewepRt aFius, tﬁe'ﬁhentmrn’ ke befutmmrf wRh Odhs
functi ops cagskRe rgp SRRk h hows how . out - of
focus in t hgeysph;s/s(l c l%gmag%e értfr?{rglgﬂ %’8{%\563 Ecly 3 T4phe ?%ﬁ 18 ??C%B'a%ﬁ hows
t he graphi caqﬁéﬁﬂé\@em aementh@f Ctalﬁfgmamd aMoodovers e afid p@naﬂymgﬁdmem)@mmet S.

Techni ques e ortl n ges a cordl to 18A
are conmonl ?Ja%gteggl&ggé uchr\eéé tﬁ%{‘)"u% 1%5 SIF oBﬁgmg‘f‘Sl&'sgqnﬁrag D ’L"‘?PS’@'@E &Hfed or
conput er al ¢eex edrtlladmﬂybty) ax@ I‘él’l‘detehen@efﬁaﬁﬂ’tlcﬂfy thitlge vidwérsusibg daeii &RMear (or

conput ati on t he present invention for
render i ng fgtkleegér?%gér)lsg andleg G%rv lggﬁc?ug?”é\lg 31?‘%68 TR eotoneptendy 2 iy,

shadowed? odigital vemwfsscalefferent fromthe in-focus areas of the imge

pl ane. That i S, e _advi.sor ut at i.ona nt .19 perfor ms at | east
Step (e) herei na]cbhg\}) fesent mveg?'{? [H? nott mﬁltgcll ﬁ’ef%vé‘%’ P‘ﬁ’éﬁd‘@d@# HRlen R Mg or y
conput at i on'aébwcxtxrqyene‘ﬂmowpthmnef fbc@sﬂ!ﬁa]&i’s (deherMRnE IS RE)aRLy KNBviddden RREE

regardi ng t renderin d/.or the anmount of rendering for inagin
thg f or egr o@ﬁé‘e 3b?)v§clgﬁrp8’3‘r‘iﬂlaaﬂteg beﬂégerﬁ‘é\sﬁé‘itﬁﬁ H‘r@er?ak’s“ﬁéévr‘?”glt?élné?é‘e‘édgl ng

the prior- art. That is, between the "intention" to render and the
actual i zation of that rendering, such a sel ection process has here-to-fore
never been nade. In one enbodi ment of the advisory conputational conponent,
this conponent may determ ne answers to the follow ng two 20 questions for
converting a non-stereoscopic viewinto a sinulated stereoscopic view 1.

s the point or area under query a background or a foreground point? - and 2.

Is the point or area under query a left eye view or a right eye view?
Accor d| ngl Yy, the adV| sory corrput at| onal corrponent 19 out puts a

N T o v . v . 7 1IN I



30 JUL 2004 12 using the advisory conponent 19. However, ta selectjvely

render different inmge halves to different of the viewer's eyes requires at
| east one test and one branch. It is within the scope of the PE §§gt 0
invention to include all such tests and branches inside the conp lzuf’Q
where those tests and branches are used to determ ne a mappi ng between
foreground and S background and right and left views, and to a rendering
technique (e.g., circle of confusion or &neari ng) that is appropriate) . .
Not e that tR&pek skapes b’elleaibiodlrmgtt shofdetiled @fe@s&lﬂ{englmmﬂa g0 ppRE&RIN i drer e
.is an attacpgr qut‘a E&O ’ﬁ" ffert or storl ng outg renderr ng

deci si ons gene Fat ed dV| 5’%‘{1&%“ Blhaﬂﬂe Bfrpofrswt shapes whagrled n

such stor edrqqenméaronlbpwh alsymmethu,r oregleh @iscéhnBoted. 1Gnas, fshéhséut-o?ﬂchE §ﬁa QSUt
rder.. For exanple, in muf rea

d t t
gpplelr ca? |r olns apdé)?gf: %rflmﬁérﬂr i’é%grfu?%d ﬂ§¥ mqdeloytiof- &CW Hghtasquises e th@pbbmmpl y a

modul e wht thdd anrc(oeexglt is HadWepch(tﬁitsohetlelllé‘@iﬁ&héjgxﬁ hlé’s"&é?%é a9 wAl1 %?sﬁ 210N
i nstance seg| ktt use %nfﬁr aé} i ded point i nforfmtion , i mage T

to perform ac ua?t aﬁ’& 1ngsa shitghls oaholiepsastireheancife dlhléﬂhdmosrccry
conput at i onailtahlemasbmemmelzga&ter@s BhreshitPrrbB & onsstehrddsd u

i nput s, INPéJTSl% and. .NPUT 2, \Rﬁr eda’gonbl ngg og|0(I:1aSt ° @‘%‘P{%' c{lan‘%ioarr]1 suclﬂlt put
30. The out Pufio3¢ Yitin thseape @Pﬁﬁ"?e"é“t‘!ﬁﬂqoéntly be| ng processed out - of
focus i mage of Moredel, mpAGE: inBYeivRBE N h& ﬂ@bJ n ot §h 100"
right oy -Qf A QGUS gr eabII The INPUTlvl hgr;seﬂogl()a i vgp%?é? a%httjergageeach
val ue represe FY leh 0 o TBITEOR dmegses ob png ppother. eﬁmhesmefye@etlwﬁmnghtum@eout put
30 is to behgbvesnest it haverh @EnARRAAHFR N nsteddNBNT; t e?tq J may
Bool ean expr essrmgndwhose E)rzalue corresponds fo ﬁ’ ‘{ e P ght
eyes the ouPPUE™m3BUmEnts.pv ppP’e‘?@?\%é%Pbermhe@cel pt of t he INPUT 1, the

advi sory coput aétadnmazmygmmmm it Acse0s e | {esén'? AN L@l 3t %rt-%% el
ssi bl e val ues, ‘each val ue representing THEFSt he

al so has one of
currently bERRY aBgoﬂ%s‘s’@H disaley e resylting di"r‘r%?‘éé’w@ns (ekestimagd kel Vey aodilscaxsmidel
space ilmg &bp@d) ﬂ‘(ﬁr (ﬂl@ the ?éregrﬂuﬁdnﬁ o/ 88 B&'ﬂ@r@uﬁf A@dl&gfﬁll lﬁ%lgﬁwﬁle scorf)eone

enbodi nent , £ g ¥ ., a Bool ean expression ose

represent s $HE® fpo‘?sélﬁrBumoBrtotM%ce%GR@rmwS CUpQ)ﬂilelr deebgkgrofind hml/drNRUT 2,

t he advi sorfyregumdibihia0 Bl portdil QP8 HodkP egister 37.
Logi ¢ nodul e, 34 eval uates I%he two | noputSpr'ﬁ&eegflrmgl e'r“;sthlng%bm%‘h%#&pe? ?% Fcal | y
or whenev eroPict pase. cﬁ?éﬁﬁaé?le ip madeling certajmrealawertd ¢ffidptyin Zomputéimnalcsystems
det er m ni ngt b @tnedds: &/bd nod r X a tern t| ve y, an
| M pi xe], fairﬁfgﬁoes not Sa?z(r%li?al n a(re&ﬁegg&‘g%&gﬁ@@y h'glrpq) é(s it mJe l?nl\}lo S

cont ai g QHUSFEP- some background. If the eval uat i on of INPUT 2 |n :
regl ster 37 resMdréoven) iR Stk RSBhR %E%W

"fal se"), then | NPU1Y 1| r?%réeq?)steru%:sgg)lt?{d Z)sé 1tnF'l ugh'to fo?@‘éstg?“éa

the output &8 Bpepe §8termltlfh1 18 ap fregelarger tb@n alpLxerzemdaon the 3mggeriVl (er (ay whl ch
of the Vi ewBéve$ mRY &RIMIE pixSls it BR l; f, t.,he evalualonln
Iogl c nodul e \éez o%l U‘?’x ,s resun‘l?ésﬁ%gr%ﬁg OH{&(rﬁggi:’]ggé tzl}altﬂlleobr%ic ?und
BAWG?wNﬁ‘efGEegﬁ’un true ), then conponent 35 inverts the value of |NPUT 1
so thatasif its wal peo Warh 68k r then
it isinverted to indicate @?g@gﬁi?@%ﬁi lnga}ttog ls\t/lll& hmlg\éq%‘j?lryd% rgf;ig%g

vi se ver sa.YSHBSeFoRiA tviays. tIh@ welt uawnothatclentivolae displ3% ¢am gnipdos meMpIeQ:yout put
regi ster 3§jeuhotrf 4 nmay. eval uate t

registers 33 and 3 ehmqoennlg@el%@gr}dtc ri:!’g4 ghéﬁ%snasggscn}’%d loeﬁ%n%%%la‘?%é%?“ ot the
present i nfEtidiasior whergin pditionabdivisionainky dscrmpeaﬁmmd -Rok eddhplgasishoanems, the
fol |l ow ng trablge put states and

correspondlpzr?% 5 oflérl}r]&%?{)%t% %%reegpﬁﬁ omlﬁ‘#o‘f RPLTES 8 CIEhs ey atbeiﬁ? gbb BB §f ¢

| NPUT 80| Npliyrdeg i@dTRuT veitodEarkasf thusorreatjng uirdpdtedtial et fouhaisf:reel Viewe 502

through 505 for the pixel area 501 (instead of two “halves” as described hereinabove in Step
(d)). Thus, those skilled in the software graphics arts will be readily able to extend the

present invention to perform divisions (Step (d) hereinabove) to obtain as many out-of-focus




Ri ght Foreground RightRi ght Half circleLeft Background Ri ght R ght half \
circleRi ght Background LeftLeft half circle In an alternative naodlnent of
t he advi sory conputation .conponent 19, note that 15 | NPUT 2 na? dmge
than two val ues. For exanple, INPUT 2 nay present one of three values to
the input register 37, i.e., values for foreground, background, and
nei t her, wherein the Iatter val ue corresgonds to each point (e:g., IM

pi xel ) on the object plane, equivalently”an in-focus point. Because a pant
on the obj eéRaggiparions s ane-reatedsto shth@‘@rﬁ@ldﬂ%s‘b%?%éﬁst OAéc%gbfﬂﬁ-‘g{lyd 1§ LA e ther

~out-of focu erring to Fig. 5/ any chan %reseB tents
of one of tﬁle,&?{r?g]d? agde? Su%‘mf’n lgg‘fiarﬁ’n T o8 verhpal dlivisiensyoff | imegeektbys af

cor r espondi nlgelshamgi!ep (rd) hwneeowb&uhatmgxh SeR ar3Bult ski | I din
the softwarg, anrlgg% extn In%iz a{l such |na|§ut}loldgte§g{t;xglxréﬁ %ﬁ{e@r@% T8¢ 8an be
asynchr gous or €lo thapelpe seryieries Pﬁﬁeewetdnwlmargeaponwmb%r of
vari ati ohs erénnlycedfthremmﬁhnmdal emerc&Chdﬁ@e BforRABy 986

enhanced th{)?ﬁwﬁi engl;/é) effects. go JUL 2604 i%h%% egﬁ’oaﬁwn (‘fgne%
enbodi nent E‘{? QRGBS AREIONE e Aeraf- fQQHSdbﬁmdehand thes, (3.,
programm ngpdrhngutagéalloﬁughumeagam&@edq@m ked for installation into

har dwar e chi ps. Howe er ther epbodi nents of the advisory conputati onal
component 19 other t E VieXisgu AYershnhl @rentode pine! mmage paeioblaimed Fog. 7 i S
a high | evel flmlvvidilﬁgthxsT,Eb&erﬁ €PS HeekdvR iTRG: Lidhe gyhodi ment. of
the pr egdent |nventh| or for retrgdgrl nglorlle ora@qrrﬁ?tglét %?%ewﬁvsnéﬁgtagﬂlath

en hanced scen es. é’ﬂ‘e‘m‘ht g e HpeRsTeSRoD 6 ital rnrump&sexefvxemmrﬁ teGlevier’s
"current scene" fz(rl lef.to tRe Giraiiht Gigld SICRAS fheG cessed for

def ocusing the fo nd. afn?ﬂt he backgr’ o%%%ﬂ ‘cyi};ert&Q é’&ﬁ’f@e"lﬁ‘”ﬁ%ﬁm onal
vi sual effects) ﬁ‘fke%b‘ﬁ o fResgroupdipairtey 708, a det er mi nat| on of the object

pl ane in 10 nodel space |1§tﬂ'éagﬁtﬁop Rhep, |er n the.current
scene, the pixel revi ousl errllot e(‘j, I'M ?Slgbﬁgk%u gom erﬁtuf’ijﬁﬁ*é) Tt hr ee
pi xel sets, nantf3f 1‘?tab%'kg€5’r“é P@Gﬁf@f‘pﬂxé% \s'elﬂdhaWan pi xel s with nodel
coordi nit es that are3.bet viegR pbiaefof vRWeV view and t

pl ane; 2. An obje | ane set have pi xel lga\?\n&%ﬁgu olmtcrgglf'bg oégxat"‘h’iet’ lie
15 substanti al | §'9 WQPBWICE‘E‘E‘”CMSQ%“OUW 508. A background p| xel set have

pixel's wi th nodalddiciemilig] fbed @8 Hehedil n

pi xel s and v f“??e r's o?nt of view. SUBVQS%’S‘S% FEb bphl% ded m?% °V§ Eh

pi xel P in“H8 IF‘SPtég‘}fdﬁ?\éPVﬁPt%@l’ vgiggein @etres’lﬂmgehqrizentph %eiage pombnsdfoﬂ‘ hEUS

i mage ext ena@ncithie bTBESIAbARERM r s |er |
20 i deggl fiers Fagr i denti fyi ng ea-(?ﬁé%)sl &% dlg%@‘? h%h:zaonttme Ef%rpg IF ‘
ef f ect yOrFRtal dnge RHRFSoVhe. seiietivelst fisplayetite tldaevxewm sna;tes oaanlsap;ﬂﬁp]endent |

upon bot h temeneémahe@tdﬂﬁén%{bhﬁ%ff@& &H&ﬁ v>éﬁﬁalgﬂeaég H&%@Bx{‘?%%e' %,eep cI?ger:tnEd (such

as tel escopi ¢ ﬁn e angle, etc.), ance %s from |
the obj ect °Bf &File Nd@‘FtafTo‘ﬁ‘all F%ﬂem%ﬁi é\mthah@geelpﬂamahmlayed)f sREh ihohesvhial i ed i n
FS(P), det ehideRridns Stdpqs I NG dRkRe yectr al
intensity 25 of color anlg%%g(lnore ?ielé&ggggdb&%sasgl ocu%é"ﬁﬁg ‘ent of P)
contributes to the plixel Fprvigws Vh@fquglaye(r{é#amfa dixel Shage %20t ob&@xﬁedefﬁﬁxh pl xel
P in ths foregrguitheiiXeked®le, %ﬁ revioushy,descr

di vi di ng the corresp%onldl ng o % ?(’{eglcg:t%l%grr% lé% gﬁfav‘g??f’g&zthrqg%l( ﬁééjw‘i

e.g., a left poRf¥oithegp ESCaYIdWa cpirgghendptr mumpld:a(eP)/ﬁwéfffdhmﬂﬁdﬁexewmey\ler s
perspectlve) 3phBstss BR bhe P.in the background pixel set,
determine the pixel's out -o?m chfjgﬁfi‘%géig eg e R éapﬁﬁg@rﬁl‘% 1S arhat
i's, generate th@ckﬁpuﬂwwembumlmeﬂt identifiers for identifying each pi xel
on the imge pl ane that fect def ocusi ng of P. Note t hat
as with step 716, thz:qs d\g[ glﬁrﬁ% ﬁ’éff {)ro‘r’lle‘lvs ﬁgpaehﬂfgﬁ’t"“{h (B’HmBOrgW“l Ne-+n. For

char act8ri st Csex@fnptehebztcygreund Bint Jdolvie206D8 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.



is of imaging being perfornmed (such as tel escopic, wde angle, etc.), and ’

the distance that the pixel P 1s fromtne object—ptanre—Addi-tional ly, for

each i mage pl ane pixel PB-identified in BS(P), determ ne a correspondi ng

pi xel descriptor having the spectral intensity of color that P3(hgyg 2004
precisely, the focused extent of P) contributes to the pixel PB of the

i mage plane. In step 728, for each pixel P in the background pixel set,
perform Step (d) previously described fot,dividing the correspondi ng out - of
focus i mage pl an L. BS(P), into, e.g., aleft portion BS(P)L and a

‘ r7 |3 ght 80% go(gﬁgci%i%;jﬁtdsm‘:ﬁf@ tllvj S@‘zg&of @eméqsggmhﬁml)for Salbagqu@ai:a:em)“g%_eps

- an ponfebrarechet pagial dagkd 1 ous r serially). In

step 732, a-;ﬁg%es%ﬂg Qf the cyrrent scg%gé?fhﬁeﬁé)?%nvghi &ﬂ“eﬁfs“?ﬂw@) dividse

plane) is 10 det & mohaH 26 AgssPER ¢ Il gnayoinchude Vhee ftlowsngl bilslep£3he Bl N

step 736, a puiecipdloot waic feilkstdi&nh rrcene (1. e., also a version of “the imge
plane) ig determ ned for displayi n%r o the viewer's left eye. In
particular, in step 732, f8FVigus ¥ wigh s GeeD) ¢fl aqgke] BRadeexRE: S8 &d to

the viewer's ri gividegahisteR@nd @le! WM NGy S s_are performed: 732(a

Det ermi ne any cor ?S.Fondi ng p?)%el @%’Eﬁ}ipﬁaggnl? E@' (]J‘EF%?E‘FWF 7Y trovnse 70Phat
corresponds to tHETHPIBSPeyiews eerraspamd 46 nRRiple/SR (virvs Cha@drally Benm&itic Er@&xfcﬁ)
having al | (i.e.3cea,Ae@miNOHEIhE kdentifiers, ID for the fromthe
left portion sets FS(K)L for K a Sl)ﬁgiélf hl?g?wf”r{%a%‘?fl"(@&‘%‘?fcfofﬁgrﬁévdmt.,

wherei n each of the pi xel Hitbroprinttfproriew Wsidﬁﬁkg'rélgﬁdfpbﬂxt,ﬂﬁ%%boﬁﬁnor%g'tgh} hat
each FSIK)L is deudeemicdl§dnd RS EPas, 0,732(¢c) .Obtain the set BR(PR)
having all (i €., Z€ro g”? m)re)n p?sxaél%sl’grédn eﬁﬁ g/rsF,Or f3mpls, @ Ppekigeound pint
p?rt ihon §et|s Bg(?ﬂe R?VOFOS‘E?W éaeldqtq{rmtdeﬁ H!}a_ﬁkzgilrngmmzal\llig%s@ taﬁ@iv’em%ﬁ; B%?K)e%(:h
0 e pixel i desfeichéedt 504 tlyid] & e : e thnat eac

is determined in stgfp 728 dnd gg%‘%d‘%ﬂ cteélfmgn%“cgﬁ%qodim%@ﬁrﬁ?@ﬁ@thp for
PR by conputi ng "a%78°ifB5eght ed sum of the color intensities of: OP(PR), and
the color and intensily ofyRag | escriptor in FR (PR) UBR (PR) . In
at | eas}, one emhodi ment _the%v\glltgiﬁ?% Sund ¥°§ggﬂ‘§{“grpﬁinhéﬂu§lovxtlfvatexatﬂmée,a

resul ting spect rePEPYRARRIRLTHr wpw PR3 iveukinss tirnirrathied rdfen&aTE0AS, Rewlni tial

spectral i ntensidtymab3 tdgivE Y tgé{?gfxreé%rrespondi ng pixel from nodel space
prior to any defocusing. Thus, for “exanpl e, assume the pixel display

| ocation of PR F8Rharmere; wigdapltem@) miag senctind wrRap hohiRalal 8 MA@ dhagkgr ound
pi xel Pm i ronsedehms NVAGE-G¥ 1, defocusing, and Pm has a spectr al
intensity of 66 (r(r)ln a scal e%??’gles.%g&}e ll@g"’fg‘%?ﬁw}ﬂ%‘@eﬁﬁém that it is
determined (in St@smom)nohiiat whve referance views sboek@ERUREr L Eked Rl LifRAFEt S

BS(K,)~=20 t it e .16 _and B L having, respectively,
pi xel i dent,cim%uil ?rbiﬂshg 1Sapr?;(;’[‘gra Igtlgéa(%:g&ﬁcrié r{%ﬁe?C)?i%ﬁéalf‘ﬁééﬁ’%ﬁén%P‘é%@dl thereafien it of .
PR, and t hat 2lthrefsped when usingtsactsint appoacit, thabait idemiftOfot e rBereRle deQGRIEON Of

PR from t heathemdel iSRRG S)g P identified by 117~ and n2 is respectively
14 and 23. Further, a@gu)rlr%g)teﬁeg%n%?‘here i s one background right portion set

BS(K3) R (det er nfigedishowsgrappicai2gjreseaniiong 1ARLE €8A o8 &Y fofhflhs gopgetgmgn%

i denti fyi ngotBhi Y ocation af. PR wherein the spectral intensity
contributi on -g%hﬂtﬁgg?t%glwiﬁ%ésa ﬁ8?\t1°8f°?ﬁ9|§af’%evw5°3‘} theQBisctanec & partiawna, thpect r al
hgg egsiZtD\%/\/n @Pflmaﬂéyil;z 6? of iﬁa of t5h§sn g‘r;}ihénfépresentsfw?dﬁ) ’gf thé oﬁraéﬁgéus%r&%%ﬁ tljrt,5|8 158
: ~ ~ = an , . C, c2 , and c3 are the color
desi gnat i oﬁéﬁk %ra %m W%%ST% eéf,daélr% Oﬁgj.e 'Ngge Mepsg peseiselys7the verisalaxisd®scr i bed
simlarly descobepnapde caipiicesdny thediehsity s BTbaS imdZe oﬁlﬂmﬁ{a.gpgﬁne%rhﬁo; L™
subscri pts,eac%rkg 'ilLl"7Asug§%i Fts with "R' subscripts. In step 740 the pixels
deternined I'n Stepd 73 dAOIESPES Y ehoEions ioghe ef of Bs warticapxisrisites granbidahg
devi ces f oreprésemativg dfthewcit is' &pbct&CRNSidRY g& BR-AfodtR K8 &L BWES sscyel\prﬁl% ddat
such 1530d| sggﬁag tdetw c%? ?% i ncl ude stereoscopi c and non-stereoscopic

di spl ay  deVr'¢84s O/ pehtof f varucaliayys iy the\gsankicl rengesegtatiore of baw #ns eweesed

non- st er eosi@oO gt @b boyt-ofTb@P forddvidvierB SfHePET EONE | L ce
gt g 0 iévier ef ngﬁhowmit%{erbg&nﬁrgggstﬁ%%gx%gygﬁ d 736,

ei ther di S?} ays, O‘?ﬁlég# he pi xel s_determ ned by one o

or alt er natie&fir? T ghbe desaribgd as follpws: ofy aanyesy, galberephotepreseatsaubrightin- scene
may be di spbeay goin Wsicanh ki, Yrisd St APROUE! ¥ b ob-or. B CRMR! AlnGddlp 1T ht
eye and | eft eye versions 20 as one skilled in the art w uncferstand).
Not e, however, that the conbining of the right eye and | eft eye versions of
the current scene may al so be perfornmed in step 740 prior the transn ssion
of any current scene data to the non-stereoscopic display devices.
Concurrently with step 744, step 748 is perforned for providing current

scene data to each stereoscopic display device to be used by sonme viewer .

for view ng the current scene. 25 However in this step, the pixels
determned in step 732 are provided to the right eye of each




viewer and the pixels determned 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 substeapt) {?(Ié[ry
sinmultaneously with the viewer's |l eft eye being presented with the tz@fte
version of the current scene (wherein "substantially simltaneously"”
inplies, e.g., 30 that the viewer can not easily recogni ze any tine del ay
bet ween di spl ays of the two versions). 11~ i 30 JUL 2004 17 Finally, in
step 748 a dufa@Em Ahgiaphs specifBdeasal tifendiael e | ot her. scene to
convert to BLQV geeto.?;r(}g nhancgig t hree di \érr\@ﬁsdi?%%\’azfnﬁg}?ef ké%rism%%rhc%‘r’s Onﬁ’eflgest he
present invention. Ty Ry oiRigSWres direademd auf-oftfoeusi nvent i on has been
presented for pukgesies rofy fol kst 124 AR a9 ription.. Further, the

descri ptiongjs not int egdef'd to limt the | n%ﬁ%id&ﬁ gfagg'g FRENERM af &8l osed
herein. Consequentid, & 9t §PHBHom HlnGHam 3 jooa skilld iv crmipsienas eilliddarst:ng above
t eachi ng§, Whd diicle dfroenfukioh furdfich knpu relevant art, are w thin
the scope ogugg(go gresent i nvention. T ei&g%g%l()ﬁ; lrprgon uf&@%?f’%&‘%’ﬂ@tﬁ%ove i's
further int SHFEFED X5 Bvaictiheonihs Refeving pvesegtably 1RADWIs @fapBlsB&Hd @GNy t he
invention agrdpiio repeabilt@ioat dres Sorgkial fofdsd, Dk art to utiliz he i nvention
as such, or_in other enbodi ment s,'aarc;d W%ﬁ}‘?hb"%‘ %rcl"%%“%- nﬁ?ﬁh‘ﬂ‘tﬁétth%ns
requi red by PHRECOY5FH{ckY PerFonge] imesasi aseording s &8A afe dorendniy 84eH it®@Buggest 30 JUL

2004 i s WhadutioSfoehodrBRGn & Sompht J&QQ rendering a stereoscopic view
of an ipmge, coppr,ising: rr%é/ﬂieé??\rg%gn |ﬁé‘§%‘ftertaﬂgeﬁ§ﬁ’é%8 i ncludi ng an out - of

focus i hhge reprtdEfeats fFisf3 rinayiswy compithienilrageoneht SEHRChy 16 &efi| I St
part of thebyahid predent RG4Rioh TRIE LR RREALAL LON.3nd a .second part of the
out - of focus inmage representat| o%?g anegmbnrlée%ré{r}’[a?]f%?ungtarqa%é@f‘gesf&‘bgf@ﬁ% ally
si mul t aneouBIegredshadomedsqr otherwise diffarenii fra theyie-faks arexd EWRY inf3él pRnS epRpd part
to a secondseje a@éis&ﬁ%om'ﬁmaltgbg@ ' Lfferent fromthe first eye. 2. The
nmet hod of Aaiml, v,\her,eifr)l the pro i°§%ﬁgbs":e§% S| lergbStePHe) hereipatse. Im
det er mi ni n@ AR debeiewsdethatguelr e advisory @npuaddiadtorRfoneRC, AREEiRtone Y, t he
i mage plsanendrs sdléttibRCAHS mh&IRLALES $, ! bi.ect’ ‘ﬂﬁSt ance froma point of
vi ew of the vi.evwﬁg. 3. The rr%t hog Sﬂp (g?%%%ﬁ‘],m gll?’éf amoEntHf senderinggost ep
f lﬁrt her i nd‘EEﬁi‘égst q;%e‘e%rf’w_ f@f rl:ba@@t@nfrﬁmﬁmgasdmreoﬁﬁe@bt tﬁﬂeﬁlﬂﬁflb&dan E‘Héq)%hr space
that 1s at artedsht i5WsHeaRN tHeAiHidhtiBA' @ d’%l %5 %‘ﬁ i ane. 4. The
methot of Qg Whes ot Thauor B i meachidFratEh Of Wel HReEE ek op of
selection process has here-to-fore never been made, In one embodiment of the advisory
computational component, this component may determine answers to the following two
20 questions for converting a non-stereoscopic view into a simulated stereoscopic view:
1. Is the point or area under query a background or a foreground point? and
2. Is the point or area under query a left eye view or a right eye view?
Accordingly, the advisory computational component 19 outputs a determination as to
where to render the divided portions of step (d) above,
25 ~ In one embodiment of the advisory computational component 19, this component
may output a determination to render only the left image half (e.g., a semicircle as shown in
Fig. 2). Accordingly, graph 17B shows the graphic representation of the formula for a “circle
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




determ ning an out-of focus image 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 20 assigning to the at |east a first pixel a val ue based
on the at least a first pixel being in front of or behind th %bJLFECtZ ﬂane
relative to the point of view of the viewer. 5. The nethod o almg,
wherein in the selecting step the first and second parts are portions of
t he sane objsuect églma e. 5. The nethod of &aim4, wherein the first and
second par t S'SHBdIhRFvisOBhermpfontrind 92 FomidverOfo SEREMSIy ARG of .the at |
least a fir stk thebionhe egé%trhod of Claim 6, V\/Xer el gd?ﬁg&gh‘é%gﬁ?li"?fgmst ep
i ncl udes thg)'fst{ieps he. oroRiHT tTHGCY #deast gtiespandione beamelpelt igwittiiewe dedpy t he
second eye hBreging werentiant pclos B kidhGtedth gnd i, from bei ng vi ewed
by the fl1stugyenal. Lhe N g, .30 g 2004 ,BROR R b SEBree 1 m N
wher ei n %hebp(;kow g Step IAhCh aEsusehéo deterpinst a mippieg etwien fbgicind and
coor di naPes brekgemyndand Bgs tnd lefietwd] 8RSk ARl : ce of, at |least a
first obj ecgmgiﬁﬁg#th tipg first object pixel a{)nggg%ﬁquﬁeg efgé?scgﬁlfﬁh%‘ SR ORt
| east a portion PHE RRIARIR% hat woul d be displayed if all objects in the .
i mage were in fobue.th& tBere Cag bERhME RS Jrai erei.n the providing step
further includes the S?P%eg owe.t erm ni _né cglé{hﬁ%ﬁeélﬁ%vegﬁ’o“aﬁg?fﬁpég e iy #fhe in
the at least three difmens onaicT® @8 stasise cutpug renflbringrd¢disichs Ofendzhiad 5y e
wher ei n t headwdogctdmpytasived) comednestad, whGeis k&R ssiqgning the first
obj ect @{)(xeg ﬁr%—ig—%st%f' a foreground pi xel Seﬁ?ﬂ?ﬁ“‘%bf@%&“&iﬁgnfﬂ Ref-Sset |
or a background pi xel’ s &Ih\Hefe? fest-Wefimsionus présnn dFqri esampRetin infu®-tekQgebj ect
pi xel s havi splicasions)ipasleisprodtsdel gadlin b RS i mensi onal del space
that are lo agte&bgél\é\ften th& Vi e\/\gru'ls poi %s;tgé??e\??etws%?h'?H’@d‘ggjwétetpoﬂsane,
the object pl¥Ene pryel CSEOPSfHcIndBY B seendpinstmics sbakvionge paaT dbcidad Bsind N t he
at |east thméemationypgi, dhse haREGko KPRAS al | ocated at |east 1
substantially i g:.t Ee ogj ect Igsgne, andatrﬂggﬁgé{nﬁfound pi xel set includes
obj ect pixel s hav§ mg*iC¥sARCHEeEReRt P threadyisotyaasiputationd cathoaagi 19nak nigadel
space slich levedt Ihhieis igRgawslighe, nplPta en the ohject pixels in the
backgr ound ixegprlﬁsh alglg the viewer's p%‘?nt 0 x\’l\%r%\cl&m%ﬁ‘? %ie21brie Progucsf
| ‘e

d aim 10, where | W8 AY indicafes twthethee chmaitlydegt frecesde@ PuObf-od@ When

the first objagetf qxnaddl spade infugh Psinf 9t 2 L xel. set . assigning, bhased on

the first %@g pixel ''s dist aE_ce fromt epeg%}g %%ﬁ%lnﬁ%o%ﬁ&?oﬁus area. The

characteri stiC of &h oM RE Ry Pasiectaluesheach ivalse rervpsentingpd Metferdnd ofe of the

cor r espondiviigvenVd tey€yfto fdEdbSthd bt 309ERL el J & t. the out.-of s _pi xel

i denti fjer set inél ydi ng f or ﬁggch out-(?fIJr grgﬁcg Brsém B‘%‘Q’&“’ M’(if%may

f or egr dund pi k&t @ E8Y'CR EBIePiRIBInge vriud eomgepopdsite whivh of e 1efR@eight §Reme and 25

det er mi ni n@utphoB0 aé td B&Btesdhtddl  Sbod i xel I mage, pi xel descriptor

having an intensity of color tha%otﬁgagttéﬁégsngpq?f]i’ :}quaqvﬁsga'ewﬁqgg@txonal

cont ri but esC BRI e I ippusregistir 3. of the corresponding first object

pi xel in the OUINRUT RQgdShadiohElof WS D] Leactt Larue e Jrethod or Claim 11,

wherein the select] ng step further ?nc]l J%éﬁ (F2CIL Yaljie fspresenting whether the
currently being processed out-of-focus mage 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




30 JUL 2004 20 when the first object pixel is in the foreground pixel set,

di viding the correspondi ng-out-of focus pixel identifier set Into the firTst
part, the first part having identifiers of image pixels for thej ngU pazrﬂhl’
of the foreground pixel set as viewed by the viewer and the secon pa{'rt,

t he second part having identifiers of image pixels for the right part of
the foreground 5 pixel set as viewed by the viewer. 12. The nethod of Caim
12, wherein (%x%gc E%e&t}i@ng@step further ihktludes the step of: when the first
pi xel is.in PN o ahtie piexet’s 8@t IP 835 bO on the first object
pi xel ' s di st1ag1@%1ofd{lpgr’§|4tg}en\@%e$t {ﬁl ane and alslcgzl%}:'ﬁi g‘%fcggr}gg?'i tf ﬂbefe"é’r‘}a‘i“??dgi ng
system the first 10 ob) ‘ect pf & 1518 a dpga Coresaeation dom B ACK GROUNDLYE oI Xel

i dentifier sEBS)then compafent B8 usveni Xl virglent pipGF S&t i ncl udi ng for gach
out - of focu ' ' i !c;ilf i @T Is% thy Bjﬁtsré%l Hdlicatys i

| ProBlah Pl Gles IS, Packground pixel S8t & ort SSPofitiRsi mage
pi xel onét he Ibtl nage g ane. "Zhil YV e iR Riinigvertsd taindicatapteséhaiohits g vRRJLCt

pi xel the pilgel cydesd visptversa.h@vbdagueatly, ithd it f color_that the first

obj ect pi xekeeQntei butes to the ?untg%si ty ot%gﬁgf’ongf’t %‘ch@ RPYiiesteuttiuhg 15
i mage pixel in tlﬁqé out-of focus pixel identifier set. 13. The nethod of

d ai m 13, wher ei Notehtbatsk dogit ngodatcefy ther .includes the step of: when the
first obj ecgvhaie%%leit%é in the backgroufrlfgs'pi e|e{’22g t?‘{i}bgl Wcair?ggstqrah@ and 37
correspondi ng out-0 fOB?:E}?n%‘?Ser identifier set into the first part, the

first part having dndemitioflin®hs oPfhel JTRGS ; ixels for the |left part of the
backgr oynd Ri.xe. realseth gﬁ vi,ewed bg/ t he vllﬁg%%ﬁ(g%rdrepﬁegng c}ﬁkf'cﬁé‘l*’f‘r, oytips
second part havi g Radwlovitgtatle showstheyfoupposeible ifmnt siahke akid GoL c&%s%?xﬁﬂcin the
background Ppuxaitpsetateas vi ewed by the viewer. 14. The nethod of al 14,
wherein the presIenti 2% tep includes, for each first pixel to be presented
to the first_eye, th §§‘é°b’g"%¥f“.s%qumuﬂu@@ any object pixel fromthe
obj ect pl ane TARYTEOr r esposr 3 0 t e TSt prxe-—tor—each object pj xel
corresponding to the first pi xjel , det glrdr%?ﬁl ng the corresffdRfi ng i mage pi xel
second part of the

in the foregroung pi xel LA [ e Tortesponrti-ng :
correspondi ng i nmage pi xel; gl—ai 30 JUL 2%613 21 for eé@ﬁh@gj‘:@@? pi xel
corresponding to the first pixel, determ ning the correspondi ng i mage pi xel
in the backgroRiyit pi xel Bgtgd the cor onding first part of the
correspondi ng i mage pi xel; ge;nd assi gni ng?gt%Ee corres&ﬂﬂ' 5°§%‘éond part of
the foreground pixel set and the 5 corresponding first part of the.
background pi xélefiset to BackdrbSla eye pi X et. 1 S _The thod of Caim1l
S, wherein the presenting sgtrep i ncl udes,ﬁlgpér each fiRt‘él‘[’th%Eﬂleto be
presented to the first eye, the steps of determning a color and intensity
for the first Rigkel by @Baseirghiged sum o a) the colo nd_intensities of
t he object pixels corresponding to the e|f£r st pi xel %ﬁ{aﬁilgﬁmﬂ%e col ors

In an alternative embodiment of the advisory computation component 19, note that

15 INPUT 2 may have more than two values. For example, INPUT 2 may present one of three
values to the input register 37, i.e., values for foreground, backgrouth 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.




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 pi xel set and of the first part
of the out-of focus pixel identifier set corresponding to the Fe pﬂﬂlizngl,

i mage pixels in the background pixel set. 16. A systemfor rendering a
stereoscopic view of an image, the inmage including 15 an out-of focus inmage
representation of _an object in the i mageldnd an in-focus inmage

represent.ati on ofFigrf gismecn eimodihend mﬂﬁadvﬁsbﬁf«%%ﬂ%kﬁmn%g&%qﬂg% , s“; Eé dggl_t i ng
[ r i on,

.means for selgqti irst part of the out- cus

and a second %*gﬂ?r ﬁi F% t lgé Z%Jnlgﬁ)??f: f%‘EMO#enﬁgéer@mpés@m:am‘mmmando Kb IRHARY
means for di $pPsayHavgyeraothtremsbodiaien of e iad): (.l taneously, the first part
to a 20 firsfce f ;i ever and a_secS%L%}é?%n%(t)atugna‘j&%ﬂ%’e%@ Qsher thaa
viewer that is %&? Srent TSP arPossiblet eye. 17. The system of daim

| 7, whereih the s&ligdtis obightaoSERARE hSSSne et erm ni ng means for
‘S“%%%sc‘;ee'fﬁﬁeed?bi {e?ﬁé?n‘f)F’BP%’@f‘?% af ¢ each

det erm ni nghﬁ&ektqﬁg‘%ﬁgl ime of .a nodel s

obj ect on tde I mage prand TFRCTRE prrcersmere darealtigssasiafally Reh@biegtnes, %aﬁgnce

25 from a pol0t thefmadetvod@linkthe o hRWE For 4 8y LhE. SYStem of O ai m 18, rein
sgcondord%t e mntn?cﬁ%e n@&né Fphicgk sesparbeingg an

the selecting %ﬁgnsr con‘grfj sgs: [

obj ect pl anedgir av Hreeea |ianSefocusing thenforegrdupd pad altd Blckgrouddhand, %gﬁﬁgﬁr@é"'e-
30 JUL 2004 di@erg@nal Mhsalseffet©)ard bbtoindd erein the sefecting reans
conpri seg tnt&idre]ds det.er i ni gﬁ%rreans fomnﬁepefrﬁ’rgﬁan BHHRIPL BF objed pdane imge
extent of at |east edsﬂafigtﬂ’pﬁtfi?emi for eash pirehgethp bart basethlxd (Hesbanse of
the at | eastemotdd IMspix¢l) ¥ @isidnb®R dnB & MR ane; .and S assigning neans for
assigning to the at |east éénfi r st pi@%‘egg‘te{/%{su%mﬁysed on the at least a

first pixel being in¥ront* Bregemungeixehut hhengofikee ith hasael ERt B¢ Gndt Qred NE

poi nt of view ofbethen\hetMBfer’s $8int JAG m.of aim 17, wherein the Tirst
and second parts are _porti ons%olfn thee‘i%l?riettgeo?%’e&ﬁa‘?ermge. 10 21. The system

of O aim 20, whereinZhe Aprehiecamdansecthdveppixels @ite nRet coRginets ttﬁ%? %ut - of

focus idbge ext enbstaftialféh A obj€@Pfand ofd " St Pixel . 22. The systemo ai m
20, wherein the displayi ng means furthér includes: first prohibiting neans

for prohibiting the PirstAgarkerqundmpidsbiaichavd pinels vith b $65@REEY LS, t he
}nr g\r/:]/e[)él (r;]lgdvIlgm:saig%fgnﬁlgﬁfiz&(%aﬁhggggglsggé Tligvﬁzgrtyp%h}t L)P\%evtv.he secon y part
A p 716, for each pixel P in the foreground pixel set, determine the
pixel’s out-of-focus image extent on the image plane. That is, generate the set F S(P) of pixel
20  identifiers for identifying each pixel on the image 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




first eye of the viewer. 23. A systemfor rendering a stereoscopic view of |
an i mage, the image including an out-of focus inmage representation of an
object in the imge and an in-focus imge representation of ﬁnﬂoﬂ%ecﬁmi n
the i mage, the system conprising, 20 a processor for selecting“a li-r ‘lpart
of the out-of focus inmage representation and a second part of the out-of
focus image representation: and a display for displaying, at |east
substantially sinmultaneously, the first pgart to a first eye of a viewer and

a second par Pf iRpgimedsingmdrfoyeddiuch he teVes MR uﬁ&&%ﬁjefﬁg_g’faﬁlg rﬂgencg %gnrcg% P}]ee
S ses:

first eye. 25ixd4 islf&n SysStiem of O aim 24, whereir e’proc
a first corrpglt at i onal z%:rr%)b neﬁ{an?'ogdcg]%‘f”épk‘ﬁfﬂﬁ #7gh émademdaye phtedRg iRhtigedngdel

space, wher ePA(P)tistopming ecbirespontingasied deRligst LML he. i.nage plane is in-focus
regardl ess op g;ut)}@ pgp%gg’tti]esgog& g%axrgc? { [om %_Spo?nﬂ}g_ tgf Sﬂ\??%‘%l%t%st%& Al .
30 JuL 20%4 2 2511'16&1-1&[?28?% e of Eq& :1;?1 onfr1 Wﬁetpéherplxﬁﬁs pfthe&:f@@plaﬁﬁﬁprl ses:
a second tonput at dorpactepikel fPaf Q80 obj.ect e that is at
| east subst agti ALk ¥or%§/ri3}|g|§-,| to 3 heini mg?ﬂugggge%?p %ﬂ%§}§l{ gﬁd’fﬂ’m@lai m
26, wherein 1tfﬁe pr ocessore U8 priEadingmugof Pmdm@mmmakteﬁmas(m,qm?agp; f or
det er m ni ng lapertion BS(Phoamds righBgeridg .east a first pixel Tn the

i mge pl ane baseg n a 8i stance of thsg%t(ﬁﬁ%g&set‘)legvefISP%rtgpeﬁ“fF | fromthe

obj ect plane: and a FoUrenStERSnhiz ard ditalare penfamed t(pdrallelgrs SiyatirBgbutlg, bLhe at

| east a fir serigliykeln siepy282y@ veRsRthram: & t afirs ixel being in
front ofygor #ﬁmuggd %ohﬁ% OgheCt %Lane r’ﬁ?%%Aeﬁggt R &eTHign 9bithstimage plarahinf t he
viewer. 27. The systef*8f”e8 & W yieweriheghtieye ardein iep 86, anebrS@COME BRfhS ar e

portions of stdme (izanisoabicRh of RGRa T: t of. Claim27, wherein the
first and s orti ongg%%i]‘ne)tlggetg % ;Porf%%“’?grf&&@ viseeatefof t he

rts are
at least a ? ? 6?2@ pg‘?ﬁ?'élf”.’ "’.L%efg@.z’ for detenriningreash pRebPimoE, pravBRERioNhd Newer's
processor i mghtegeshe mlléwmgmm@mgﬂo%edconponent for prohibiting the first
part from being vi ewed 23?/2 he second eye of the viewer; and a sixth
conput ati on conponent f (aér ohP#Fintgatyheorsamadidg vl Or(ed hehnge bhryed by

the firdd eye of t hlnyiheMBFrespdfls 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 24 ABSTRACT A nethod, system _and apparatus is disclosed for

produci ng enhanced three di nensional effects. The invention enul ates

i cal processes of focusing wherein objects in the foregr031 J@Ed e
Eggigr oung are in varying degrees out-of focus and represent edqg _ 26[“'
differently to each of a viewer's eyes. In particular, the invention

di vides out-of focus Iight sources so that different partitions of such S
division are viewed by a viewer's right dge as conpared to what is viewe
by the viewer's | efandeB8(K Jhk&ing} F@PdCﬂVﬁﬂyﬁpideﬁ'ﬁfe@Pﬁ%e& Fq@\/%%}q{ki%g SSi gg
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\]7MB] 7MA 7ML) ] 7TM_joftdh set BS(Ks)z (determined in st ) hayvi ixel identifier ID; al
e e o
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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

)v_ie’wing the current scene non-stereoscopically, step 744 is performed

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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T #10%s& ()- | L #10 b & step Step ©
1 determining an image plane, 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.
3. The method of Claim 2, wherein the providing step further includes the step
of:

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

15 the image plane.

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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&&H#1 0% &' @10%
10%¢& () se%)or a backegr: X }iu'xe erem t e oreground 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:




_UGRI0% & ()- T#100 & () 1#10% & ()- O0#10%C C& ()- 310% & ()-\ """ bbbb

bl obU410 S& 10%>$s& () - 10& &10& &10& & O "100& && ()-F U ~I0Y& && ()= F
9' "1090' 0& ()-F Y @10% & ()- bbcefhh|[:bU410 @#10%z s& () UZQUL 2004
@H#10%$& ()-,2 @HL0%S$E& ()-,2 | @#L0%$& () -, 2 Z@H10%$& ( .
V@#10%C>$C8 () -, 2hi j kU nm i [ NA4LO10#10#10% @#109%& () -, 2 @#10%:& ()-
@HL0%& ()-,2  @HL0%& ()-,2 a@#1090! N& () -, 2mmopeqsz YSBNA4101

L &8#10% +$° & () -3(  &&H#10%$& ()-3(- >&L0%$& ()-3(- t K" 10YBN+SNE ()--

iU SaE () LSRN R X R RURIDL OO 8.0 A0 10
88#10%$& ( ))utst(ffﬁsw;v@zeg Z{e{ltzﬁésbbjaml th® ﬁﬁa%fg; &Si ggsi ﬂ%dﬁn&d@%ﬁef&&%@% ) -
ook e O 7Y AR Byt A R D e e bbhe Sgowd () -
1098 () - | | +paz}, thes¢efcrdypértyhaviRg 1#61@1%31(s of ifapgesbix aleSdol THAU dhat ﬁ)hrt 6f the foreground

9 3Y 10% +$" & 3$~~MbVUAY T " @10%,:& ()-L' ¢
%Q?l/o;f & ()p‘%eﬂ%%ég'%eﬁﬁ }gvﬁiﬁ( "P1OP( PloPE)P v, 23" 109P( P& ()- && #10% & ()-Z

Sv[[:vAY T @ 1o-- Th&nfethad’ of iiBithOPA Jwiicrein the selecting step further includes the step
of: ‘ :
when the first pixel is in the background pixel set, assigning, based on the first object
pixel's distance from the object plane and a characteristic of an imaging system, the first
10 object pixel to the corresponding out-of-focus pixel identifier set, the out-of-focus pixel
identifier set including for each out-of-focus object pixel in the background pixel set a
corresponding image pixel on the image plane; and
determining for at least the first object pixel the pixel descriptor having an intensity of
color that the first object pixel contributes to the intensity of color of the corresponding
15 image pixel in the out-of-focus pixel identifier set.
13. The method of Claim 13, wherein the selecting step further includes the step
of:
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;




()-L'& K@L0%O & ()-L' @10% ,q & ()-L' @10%, & ()-L
8@(12)% & ()-L@')opqr~| OE))U4Y.\&$10% & ()-3101, 1101, 1101, 1 & : $9-"10%,
159-"10%), 0& ()-G "~@10%, & ()-L' @10% <, & ()-L' ~wzY8bU4B  JUL 2004

-#10% & ()-@N, -#10% & ()-@ & -#10% & ()-@ ,-#10% & ()-@
&:-ﬁigéﬁi?#c(&')()@?@!,-#1%)%)8&'()-@\4’|[NA4Y10(10((10( /2" 10% & () -

4" 10% & () - &C(10% & ()-B /0"" 10% & (

- #10%' ~& ()-@_| [: NA4Y10 &

) e
109% & () - &L@tlp%g%y%‘)-,zt BL@10% & ()-42PL10% (: & ()- L10%& () -

L10% & () -

_ kI

DPy" 109 & (J0°8PPixEbofd () - Ry" 109 ()- &$L0%& ()-310f"f 10f"f 10f"f
. OF " F 20 (Y - oL Lol e " 'A)s b & 1094.& ()- R, y"10% & ()-&
T O RO Sl R o A

"10% & (§ - Reyesponging &rst pargofisie batRerid(pixel §t to' Al ee pixel Bt 10% & () - ni bA410&D

y'10% - & ()-@ &y’ 19% ﬁ‘;e(h)oa @ Claim 15, wherein the presenting step includes, for each first

10

15

20

25

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

a second computational component for determining an object plane that is at least
substantially parallel to the image plane. '

26. The system of Claim 26, wherein the processor comprises:

a third computational component for 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

a fourth computational component for 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.

27.  The system of Claim 27, wherein the first and second parts are portions of the
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.

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.




