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Background
Television in its familiar, two-dimensional display format has existed since the

20 1930s, and in even earlier incarnations since the late 1800s. Films have existed for
an even longer period. Despite many advances since their inceptions, television and
film technology have largely been confined to two-dimensional displays.

Certain modern technologies attempt to simulate three-dimensional displays
on a flat two-dimensional surface (such as a television or a movie screen) through

25 the use of specialized eyewear. Other attempts to simulate three-dimensional
displays rely on placing overlays on a display surface or device, while still others
require specialized screens integrated into the display device. Given the proliferation
of televisions, projectors and other video display devices in the household, many
consumers may be reluctant to purchase new equipment to view simulated three-

30 dimensional programs.

Description of the Figures

Fig. 1A illustrates a sample system for capturing images in a sample

environment.
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| east a portion of the second series of images, and the second portion of
the first series of inmges forman output stream Another enbodi nent takes
t he f oSunwhaey net hod for creating an output 25 stream including the

oper ati ons focusi,n | magi ng capt uri [ V] n ure and
at | east ongiqeeﬁ@%f)ggﬁgﬂga%‘ﬁs gwqﬁ){@&&@gﬂ%pcgﬁ)xtc?g%%%r?lgHgﬁuggﬁ:éé@f I mage
of a s@RINGdIRG théBpardtiohstof.deptisingfon' & fifd fadal pamtf casturihgadirstoseries, of

adj usting the aperture of the inmage capturing device froma first aperture
tolat lrsages bawinge:fiist dapty ofifiedd camaspeiiting fothefirst tocst PeiRk feesing ONnage of
t he sc t f 1St | 0 : econd
apor t uPeeuherEFa A prPRngRLsdtond berfRiH! iiagep alefs soGTH 0 FZein
resul t field ¢dreespapiding teothefsechad $oeal oirit, the seqoine dbpth lof field diffetenit than

cort es?ﬁg %}s?%etp?h éfhf(iaelé ;i pr)lggintqoact?(leaé%cg chr'tion of the second series of images after
a first portion of the first series of images; and placing a second portion of the first
20 series of images after the at least a portion of the second series of images; wherein
the first portion of the first series of images, the at least a portion of the second
series of images, and the second portion of the first series of images form an output
stream.
Another embodiment takes the form of a method for creating an output
25 stream, including the operations of focusing an imaging capturing device having an
aperture and at least one lens focused on a first focal point, capturing a first image of
a scene having a first depth of field at the first focal point, adjusting the aperture of
the image capturing device from a first aperture to at least one second aperture, and
capturing at least one second image of the scene at the first focal point for each of
30 the at least one second aperture, wherein the first aperture and the at least one
second aperture result in the capturing of the scene at multiple depths of field
corresponding to the first focal point.
Another embodiment takes the form of a method for displaying an output

stream, including the operations of receiving the output stream; displaying a first
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frames may vary from preceding or succeeding frames in focal point, luminosity,
and/or a depth of field corresponding to any given focal point and wherein each
picture may vary, in terms of a picture’s aggregate frame or frames, from any
25  preceding or succeeding picture in time, focal length, luminosity, depth of field,
motion presence or absence, and the like. Further, each image captured of a
scene, and the corresponding pictures and frames for such capture may vary
throughout a presentation of the scene by focal distance, perceived angle of view
(e.g., left or right of a given reference location), elevation (e.g., up or down from a
30 given reference plane), and the like.
Each of the frames for a given picture may be presented in any given
sequence, at any given periodicity and for any given duration in conjunction with the
presentation of one or more pictures. Variations in any given scene presentation
may occur in terms of focal point, luminosity, depth of field and/or motion presence
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dept h filmoe sthkreigeocaptarecamimyageg at adist gepthiptand and sinedltaneoasly, or
sequentially, capture the image at a second depth plane. Typically, each focal point
lies within a corresponding depth plane. Such image captures, at the corresponding
20 depth planes, can occur on a frame-by-frame and/or picture-by-picture basis. Such
image capture may also, as desired, account for the presence or absence of motion
in the scene.

Continuing the example, the image may be captured such that the foreground
is in focus in one series of frames and the background in focus in a second series of

25 frames. Thus, it can be séen that multiple objects, although not arranged in a planar
fashion, may be in focus in a single depth plane.

The first and second series of frames may be interleaved to form an output
stream for display on the display device. In this manner, the display device, when
showing the output stream, may show still or video frames and/or pictures of an

30 image that have different depth planes due to the changing focal points. In effect, for
an output stream having two series of frames, pictures and/or images, the stream
may vary between the first and second focal points, thereby creating the illusion of a

three-dimensional image. Embodiments may interpolate intermediate frames for
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20 aframe, field, or otherwise. Multiple frames may be combined to create a video
sequence or a still image persisting for a length of time, i.e. a picture. Multiple
pictures may be combined to create a “movie.” An “movie,” for purposes of this
document, includes both still pictures and video.
An “output stream,” as used herein, covers any visual data created from
25  multiple series of frames and/or pictures, each series may correspond to a different
depth plane, focal point, and/or luminosity. Thus, output streams are typically
ultimately intended for display on some form of display device, although they may be
digitized, multiplexed and otherwise processed prior to display. Both analog film and
digital data may be an output stream in different embodiments.
30
[l. Characteristics of the Human Eye and Display Devices
Generally, the human eye controls its focal point through a series of
interconnected actions, known as vergence, accommodation and miosis/mydriasis.

Each of these three actions operates together to focus the eye on a particular object,
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20 contracting or dilating the pupil may act to change the aperture of the eye. As
aperture changes, the depth of field of the eye may likewise change.
Continuing the discussion, vergence across a 10 degree angle may occur in
about 40 milliseconds, with latency under 200 milliseconds. Likewise,
accommodation may occur in approximately 560 to 640 milliseconds, with a latency
25  of approximately 350 milliseconds. It should be noted that the speed of the eye’s
operations, as well as the latencies set forth above, may vary from individual to
individual as well as with the nature of the visual stimulus. For example,
accommodation may begin more quickly (e.g., with reduced latency) if following a
saccade. Accordingly, these numbers are provided for illustration only.
30 Generally, current display devices operate at a variety of refresh rates.
Display devices conforming to the NTSC video standard output approximately a 60
Hz signal of roughly 30 fields per second. Display devices conforming to the PAL
video standard use a 50 Hz refresh rate having 25 interlaced fields per second.

Most movie projectors display 24 frames per second. By contrast, many display
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be out §BgﬁuFeh§djﬁ§&t Phepﬂéﬁtﬂ 18R il f&hﬁ@@fsthb'}%rﬁér@eloo%arfbst"l'fﬁJsT%ethe camera

may retlrn to the depth plane established by the focal point Fa. Thus, the
aper t ucamefa t10@ rhay foclB®maynahahipsabpoiat Hes1|2|0ea treg at fapal paint foelit 85+ vy
during e ca such that e 20 fo I4l

Cr aney nunEers feaEenaand oo o g ramet 0k i) Phve e g o8 ¥berius o

rapi dl ¥et RaslBc@théinfiinf ihehe dept plaakiate filewmiditive T1.eTHe @péﬁamma@d‘mé each
having a different depth plane. _In addition to creating different depth

pl dnesadiustrdypuctpthat at ém&lﬁﬁﬁkﬁ&T?t’fh@tr@&d’éﬂfatwm;ﬂ%&e r @epeedisga®out t he
aper t ug r[ﬁ%r%' Bi’s%ﬁéb @é@@en tﬂe“rﬁé’ﬁ % e\fﬁ%ﬁa dthertabicrs | thd rﬁ yh@nes.
We fo rom

251 n be en transitioning ocal
poi nt  batslddtHeodépthadlamotht uﬁbudé’étheﬁk@e cAtrartmelwe theycaraetamayfretumes at

hgz%h”ed' ks et et ) CoBDLS iGN e (05ohPIE Far 3 TSl 4RSTHTE Gl Be IS The

nuber 166 chAFSahds S{ARSRE S8 PUAKRS T RSO BRRL I RUER i tne

pi gm ulr3 éacal po'ﬁﬂ b@hg)filmadtearEEtiomm lndtiist mannen nititiple sesiesrof ftaniesedaydasi nt s Fa
Fb. F F . h

camer ac36req Epiflc BRCR B AQTEreRbe e R o) e sieGoBR Rk fE g

furthep difierent QepfapBRa. IMaadfieRab cheitiMg differehit depth plafies dierodgHi ti onal
series of frames and pictures defined on additional depth planes. For

pur pos@pedfire ehangseaitie eamprad0ewnay be re-focused but the aperture maintained in
order to capture images at differing depth planes.

25 In between time T1 and T2, for example when transitioning from focal point Fa
120 to focal point Fb 125, the camera 100 may capture frames at intermediate depth
planes, such as planes FA1 and FA2, as shown in Figure 1B. These frames may be
grouped into a picture, such as picture P2. The number of these intermediate depth
planes may vary; each typically corresponds to a unique series of frames, which may

30 be grouped as pictures, such as picture P3, in addition to those taken at focal points
Fa and Fb. Further, a series of frames may be taken at a point Fo nearer the
camera 100 than focal point Fa 120 and grouped such as picture P1, or further from
the camera than focal point Fc 135, to provide additional series of frames and
pictures defined on additional depth planes. For purposes of this example, presume



WO 2011/ 071721PCT/ US2010/ 058412 the camera captures a third series of
frames at a depth plane defined by focal point Fb 125, which is in between
focal poiwoO=0HA7aTd FC. As further shown in Fig. PBI/Gs2@oossse (e.dq.,
P1) including a series of franes (e.g., FO FOLA FQ2A and FA) may be
further grouped with other pictures (e.g., P2 5 and P3) to provide a group
of pi cthe eam&EORIpturesya thidseries) of frarcer atadepth planerdafinedrhy feeal eIk

successg| ve groups. af pictures (e.d. to provide for notion
corrpenEbﬂi nw?ﬁabﬁdﬁtq%gﬁe%%ﬁ?@iﬁo%!: I ]dil%l% embodi nent a sui tabl e nunber
of GOPs canaBguRhEVAKIRE REFigeaB) aghetarsl(d.g., #ig omgniding ansdriesrofifiarhes e and 3D
pi cture generation while presenting a novie with an acceptable i ma%%\/

i ng

gual it lpe.g.lcm, ROb8I HORA and EA)m@']Ebe M&Fﬁyﬁoww@ withotherpeturas (R9-
t ity oy . . . J
o oroaptin 3 3 bifad B Eor Biduds Gk {6, EOR M7 AEHR ri e furkRr 21

i dent i ganbirad Whh SuesasaNegrdupe dilpictates (ery.f GAR1#H)Hapyevidedor mbéomer t hose
objects are in_the captured i mge_do not. Sho Ig, oetﬂects r’r?ve or the camera
100 noeempensatiem informafion bW@&GIﬁ@Eﬁilésor‘tﬁeTEB imeritasyaPlgRYMbeL Pl

It sho ' I A i - eed
not " eagirP R EBEERA i HachHocbhi Ty o2 Ra R MR R A S P e e
on a pgeheatibarwhilecplespntimg almagewithham aaceptable. ingige quality,, the canera may

d t I ' t |1 m t dept h pl han. ther. Likew se,
2 anera ot BoukbBE e inetpetstioe B8 cartemaBo ol HRV BT ees | any
des| re%d@@@ﬁgg@@a egﬁfg}%bué&abs, B8N ALt Hh aRB coRfiRitAVeBecer tain 3D

and, as aracteristics. As an ex_ar‘rPI e, the canera may
shoot tapturediraagesin bethfseries of picteresds rpughlyidantisal. f lndhis e@mplerthel 20,

then three,i es ip the secqnd, series of picture t [, i 125
and CORE)J%'IF‘{BI%PES pﬁgpge,éy‘?'v@h%hgrsth&ggiq%é%&s P{e W %Pécfﬁpi@r%gé"%ge%op'ﬁ%m at ed
that odpgiid ABjEBtsTABYE Of tHAEAPRIATRY0 POV Bten tHCiMEYg3dn@ken Jelies@s.
Generally, the higher the proportion of the ratio associated a certain

sel$ es pigtulesegay wellnv@rymor e enphasi s given to that depth plane in the

t hr ee- di neng, f ' | i het i ng
oper at i ons. Trtoue§ispdH peiERhaLHe (i Mbeshetwesn'inds T1 AP b lof
anot heggaabipat Betweerl timks 312 and 8. et &, itk cafdra 106 mgpelingererf ar each
series of frames is set. This may be dgne, for exa

2 le, b
oper at ®artiqyardpeal pintigngekthapanainer. seimitagly. thesam %Pé)ﬁé@%@%?a?ér%ﬁres of
f : ' ; t d t
rmnuat tye fififibg'aBofe 8BplFHah i ABheR Lielfips AEaRRPRIA ¢ Toet, 10
| engt h cohfigedao répeatifrarh s Thickhzed, GrebGOE iniary desinsdi sgyueheedaner a 100

200, TRGSOPIIEN i e AP IADS TR MO L oo n g padpr "
parti C‘éhgl‘a&éfi@tl&. %‘ﬁﬂ%xahfgtléi,gﬁ? k8fhera may shoot thd ifRREslih &k fldbsefiée

canera 100 captures |1 nages irst aperture setting, 5thereby creating
at | easf pictyrestatdocalpaintffa $20 sthen disresfinfagesds the aeepng sgniemobnicturese

e odi M bt B 95 hhd Rohtinte 1 Fitths ity S9a88HE" 1t will also be
25  appreciated that other image capture ratios may be used, including even ratios.
Generally, the higher the proportion of the ratio associated a certain series of
images, the more emphasis given to that depth plane in the three-dimensional effect
described below.
Fig. 2 is a flowchart depicting operations that may be undertaken by the
30 camera 100 of Fig. 1A, or another embodiment. Initially, in operation 200, the
aperture for each series of frames is set. This may be done, for example, by a
camera operator. By specifying the aperture setting used to create each series of
frames, the depth planes may be defined and the camera operator need not
manually adjust the camera aperture. It should be appreciated that the length of
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the canera captures inages at the first depth plane has el apsed. Wth
respect to the exanple of Fig. 1A this would be the duration between tines
T1l and T2wWORetwn7mizmg to Fig. 2, the time checked i n operariusr012O884mny be
set during operation 10 200. In the event this tine has not el apsed, the
enbodi nent returns to operation 205. In certain enbodinents, a nunber of
capt ur tohef atawinich g camesa f 00 magistainoa partiquiar, aperture seffingyaay@lsa be hat

opor at PORLISE T aPuREEn20h. B Gifskd By 803 T efediceind®, o
105 i stpdipasticfart timingsshehtes; iftdesiied. 100 on the second depth plane (for
exanpl e, the depth plane determ ned by the focal gtoi ?It Fb é25 in.Fig. 1A).

The canera rooOPef@jiop 79, Em)wneraaﬂo@ééewr%? FBRgeHAL Bfirstgpe HELRE 88y i es of
fraﬁmstrﬂeigB?]r&eaQEQQﬁ?%ﬁ%t:ag@orﬁéﬁof'aq‘fr §& '&Wra%ﬁ@s the enmbodi ment

determ a Ss€écon erval "has 20 el apsed. This second tine
i nterval, wmn opegion2 10athdembpdiméntaibtemmiopsiifaa time ia&0yalrdawingsenics t he

depth HIesRIMeRs CHpLTFSAGRS SHine 17 Qentaplme A HERsedr (T TLIREeHES be
speci f 'tr%ﬂ?iéép@g%a&ftﬂg PAL #PRbAI Ui ddiBtiobRENERMAiehi 1 sf¢qRd | nt erval

has not e enbodi ment continues to capture inmages in operation
215. 2Returmirgnevieig, 21 te tive chdckedin oparetiomR10asaybeagstduringepewiionat i on

225 is ecuted an he. enbodi nent_ det.er.m ne et her, or_no | mage
capPur 3%1&3@1@?&3"? tb[?ﬁlﬂ?%?‘@.s r{$ eﬁﬂp[s,edt ﬂl@ %’Hﬁﬁfh%ﬂﬁ ewg?%hép%%ﬁglﬂer gt i on
205. %bg‘r Wh eBrtainEmBBEIRSEATE M nBifbRY bE BapiResdirbRTesdRly berse? it@ad 6ha 230,

t he enbodi nent may store each series of franes 30 (presum ng the enbodi ment

is nottiew.ely a fil mbased canmera). Typically, although not necessarily,

each series, of fra IS y . LSk O be
appreci at ed "f h}ﬁ eﬁﬁﬁﬂ%@bgéﬁ%ﬁmrﬂhﬁéyg‘g %ﬁ%@gﬁage%?ﬁagl dy‘r"tsgkraai":‘] gr oups
of fragpsratioinc2 10, @perdlidrs2 16 isodXevutéd ein dyeration 21§, thecdpertrees tieelemsat el vy,
an editor or other content conposer nay choose or create certain sitﬁgl at ed

t hiee- dORdmariustad toiocus the oamepa H6F ondhe recose septihplaae (onmample.
requiri . ' t 1] Bina r IJoahgaydept h
pl anes d @Egg%@ﬁ r@;‘%&@@hgg? q@%&?‘éﬁ%’ﬂ*ﬁ%@@@' bmA{)'hq(ga ?;Iaﬁﬁeesr% :lnp S(a)yt hat an
edi t or tlegn captare ableasha podigroskthersegond setigs of frameassdepan of opesatios when
establishing sinmulated three-di nmensional effects. 5It should be noted that

an ope or may generally performthe foregoing operations manually, rather

than progr amrRerflichaRY, @ bnfidhanCasterAlned'if 4 3eB6hd A hGvaIRRIsat i ons.

In such a case, the operator may omt operation 200 as redundant. |t should
al 20 belapstedd THisseaondtimerintarvalpwhiobl again nsayche speaified ipaperagionaddlce, may

De P OSRleh SIS e e AN e

f or egoisggohd @eptrPMane. As with operation 210, a certain number of frames may be
specified instead of a temporal duration. Presuming this second interval has not
elapsed, the embodiment continues to capture images in operation 215.

25 If, however, the second time interval has elapsed, then operation 225 is
executed and the embodiment determines whether or not the image cathre
sequence is complete. If not, the embodiment returns to operation 205. Otherwise,
the embodiment executes operation 230.

In operation 230, the embodiment may store each series of frames

30 (presuming the embodiment is not solely a film-based camera). Typically, although
not necessarily, each series of frames is stored separately from one another. Itis to
be appreciated that any number of frames may be stored separately or in groups of
frames, pictures, GOPs or otherwise. By storing each series separately, an editor or

other content composer may choose or create certain simulated three-dimensional



Fig. 2 has been described with respect to a first and second series of
frames, e.g., with respect to two depth planes. It should be appreciated

t hat t hr ekoapimoreidept h pl anes nay be defined and capt ecediS2eaosamtth its
own series of franmes, 15pictures, and GOPs, as the case nmay be. In such a
case, a third, fourth, ... Nth time interval and/or aperture setting may be
def i neeéffeatsdvitheutaequiring @i saanerbe re-shelde abtaippsditianah Fames-atagrigiecut ed f or

each correspondin Fel [ I i ' or med
artor SPPAChaReR: EaLfside i etfRETes MY iftaghisd i 2 thuamp SoanBPRA DL TEY
that nmegfocen®ihex cament uomﬁaaér fnayiexgily prsyistieterenoa srameas Whe20 made, which
may cause the order of such iterations_to vary by enbodi nent.

Fur t heestahlishing simy|aied threeslimensigsahelfedd used to define internmediate
d h pl , ' | [
br 14115 to B OWEEE notd uf R Soratol Y iy BHOrR e Ko T 1. 0

such i eperatitisahanuly, ratherthan Jrograramirgs a chnpEratarcasnerapootrelierdd t hese
internmedi ate fields m e used to Zﬁ‘géil nt er pol ate or, tranﬁig;t‘iagg bet ween t he

two pr ipﬁHPWdaﬁpﬁefﬁt&QéstiRﬁHﬁh&%’ > QRE; oy emitapgra S& bed
bel ow. rﬁdundan I it SRUIPLR P RSeBRASSan bkt BatBRsr duch %s@ét?hﬁ@ﬁnd he

pl ayback speed of the output stream V\r/}]en capturing series of frames. For
exanpl deviceemayhepiovigesbth exeonte the miethaskshawn of Figr 2melheaexden@bt ur ed may

be 60 Hz tch the playback rat 0 of NISC | i | spl ay .devi :
A £8r néenlse ipen el ey $o0peth & S simetn di0 A el Y kndlod °°°
second f;Sdonsas 24 or 50, to match the display capabilities of filmor PAL

di spl ay devices, respectively. In these enbodi nents, the canmera 100 may
cycl e suffi &g hgs beeh diegcribedwith respeatde iadirst argsecenhsrries of feavase t hat

each serjies.pf fra i t at, l.e t . r | For
exam! &9+ Wi 5610073 43 SBR BSB ey il P arkiEo dRBNR dRedaf Mo )1
aper t uidepttplanes mMapPbé idefined ahdsepuirdd( eachigithdis cwstries yf fnamee ) and
there are three separate depth planes, with the third depth pl ?\Bﬁ bei ng

capb ur ®icturgse and SOBRganithe ¢rse Naytbea i sUshcheash @ thirg) favelh, (e Njh time 171 2
tim t . | { ; d
ser| oo miehl BHERBBAREBe g ey BRTRAfed And BLBRs imbdr B nSHIPEIONE

RI ul I d@p@ratmr?;zmzm akecwted rfeneadac?rrespomiir@seﬂhal 60fratnes U] ?ptcally, f
ternative, enbodj nents may capture frangs at a nultiple,o ction of a
pl aybaoPeratian €20 |5 R "El?dg@f% | alksychy itera @%@%CQ’HPE%%S'I H&Aﬂu@(a)l?ﬁ/ersi on. In
ot her Lot rd ifithticheavy e 10
rate. %?P%ej‘%!ﬂ%gr E?wlé?ér?ﬁlzétorn?%u@rg{){ega'%% to gngt@glt% %gb? rgl(f)l%étlﬁe sey i es of

f r aoes made,ovhieh piayealiserthe ardeeof suaimiteratiems ta varyybybembedimand. t he pl ayback

R LR N e L AR
Wi th t hgasdiesethiced, tdriexaené, RephbANdSRA plavls: aRbgniRgWrigRy Yo Figines ar e
captur ?r?e gtep%aé:lgng %ee;i}'\g(ri %y%cﬁctatfégeﬂ 'point Fb is one such intermediate depth plane.
The series of pictures captured at these intermediate fields may be used to
25 interpolate or transition between the two primary depth planes when creating an
output stream, as described below.
In certain embodiments, it may be useful to consider the playback speed of
the output stream when capturing series of frames. For example, the overall speed
at which all series of frames are captured may be 60 Hz to match the playback rate
30 of NTSC-compliant display devices. Alternative embodiments may capture a
different number of frames per second, such as 24 or 50, to match the display
capabilities of film or PAL display devices, respectively. In these embodiments, the
camera 100 may cycle sufficiently rapidly through the various depth planes to ensure

that each series of frames is captured at least at the appropriate rate. For example,
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15CGenerally, it may be useful to keep the inmage capture rate of each series
of frames above approximately 16 frames per second, which is about the

t hr eshol dwetzomi7eteit he human eye di scerns flicker or jePKITSg&0ios84mDVi €S,
tel evision prograns and other content that uses notion blur techniques to
snmooth transitions between frames. 20 |V. Alternative Enbodi nent Fig. 3
depi ct presurae acraneracancmodiy ite apesuraseting 1030es RAE SeeaNd0 Use@nt o

capture f t ane.
Unl i ke afstﬁ'gg 'h#é’&@e@és““i‘i‘&a‘% %mﬁ%fatf? ﬁbé{h @ﬁﬂ?é ﬂ?en@ﬁgcffé gﬂ# ltiple
| ens aplaesbaing cagturéd dwicelds lohhasapeffirstrandoéectadiddpth plaresae.grpy 10
I ndependent |y set, such that each |ens focuses on a different focal point

120, 124imings Hhsuehan esampisthe samera may ¢aatues the frstand seeond sefigser ent
depth pf ﬁ“lesI %throu %%B%é%&%ﬁé@ %Q@%sﬁﬁobgﬁ%tlﬁéarﬁ }ﬁﬁ dBRn thaci litate

I mage ca ure convent1 onal ormat. Thus, the
| ens alfrfaa)érata)asemdesbarydoupbted the 68 }disutpmd:t Alteridtive erabedimentsmaryt , such

as a 30 charge-coupl ed eV|ce| or or ot her ri tedgltal
sensor Capiirg § trﬁ”i‘ﬁ e orfragt 8@@? %y@%rﬁg'riosf“irﬁ'%ﬂ‘?gorc%wpﬁ €00 of
Fidg. 1fe rbBE%or JSuII'dBWnUéiﬁﬁfe’@ibﬁ' pl e | enses 305, 310, 315 that may be set to
di fferent apertures he canmera may sinmul taneously record each series of

frames wi t hduothesienthodiments, waeh seirics of flamdsomaly beecaptured dtarvariabigl y,
certain ations se out 11/ %1721P / US201.0/ 058412

not? pelr"f‘t%r GBS?"?FH% H}geptglpgbﬁtr%qmépgm ¢ea S§Me3 OLIAMESHE 910 and

220 mapehlhy &Poﬁéet@létv‘i’éion LthKR Y 8y bbrbéégﬁfeﬂiﬂh@rbla%cktéﬂééags' nformati on may
not be prOV|ded 't should be appreC|ated each | ens 305, 310, 315 may

be arr apge@umatgm paificidmper senond, af G@(b‘lmtThﬁlC@m@ra may ke seHe wpirens00.

o1 ght FOP8HER SOMagiE 7 sksphbECT s Aaeabriee Wil FRGRecHR (ihadl, (o .

conmon ogperdtionZ00 PRlicABy hovearmyiTrarhbsdre daptarathut dsctapertirersatigny.a si npl e
shifting of X-Y coordi nat es according to_known val ues or a nore conpl ex

tr ahsl at i on GRieralbs dumay beruseluli tatkkespdhe image captitje raﬁ?eOftQ?thﬁetﬂieﬁfcgr ence in
angl e betNeenn hEabSidxMmiately 16 frames per second, which is about the threshold at

which the human eye discerns flicker or jerkiness in movies, television programs and
other content that uses motion blur techniques to smooth transitions between
frames.

20

V. Alternative Embodiment

Fig. 3 depicts an alternative embodiment of a camera 300 that may be used to
captures multiple series of images, each with a different depth plane. Unlike the
camera 100 shown in Fig. 1A, this camera 300 includes multiple lens arrays 305,

25 310, 315. The aperture of each lens array may be independently set, such that each
lens focuses on a different focal point 120, 125, 135 and thereby captures its series
of pictures in a different depth plane. It should be appreciated that the lens arrays
may facilitate image capture through conventional film or in a digital format. Thus,
the lens arrays may each be coupled to a distinct digital camera element, such as a

30 charge-coupled device image sensor or other appropriate digital sensor.

In operation, the camera 300 acts similarly to the camera 100 of Fig. 1A.
Since it includes multiple lenses 305, 310, 315 that may be set to different apertures,
the camera may simultaneously record each series of frames without switching
between different focal lengths. Accordingly, certain operations set out in Fig. 2 are
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V. Creating and Transmitting an Qut put Stream Once the various
series of franmes are captured, they may be conbined into a single output
stream t oweizoulEi 21t hr ee- di nensi onal vi ewi ng, such as t irat/uysecaviossad2 15

t hrough bi nocul ar vision. The process of creating the output streamis

descri bed herein. Initiall \# if the canera captured each series of
f r ames nohperfiermsed by the:camera 300 of frigy 3aoFen@@mila: Peeralionas18@nd#2] s

o ot ur BV % SResutbd oL, 3§ BHERAer 0, PRNEBHTARG sy R B 1IPC, 1

t he cagrhadddfO0 may be subjected to conpression and transm ssion, as
descri bed below. This may be especially advan s with live or near-live
i g

per for rranceﬂ,sms%b9§p_§’[ﬁﬁ'@ﬁeﬁdh%v@ﬁhslﬁnfr?’opha_ , Ma\PeaTeRIe r ed and a
st nl agﬁgidﬁﬂéﬁﬁﬁ&h@ﬂﬁ%@ﬂ@or?mdee@tce'?ff?l’{é egﬁle\é‘% BPO.' Wh%?alﬂﬁodg?\etﬂ@ ay.

Presum € canera ored each series rames separ ly as 25
descri bedes bf frarteatdapturddGhrfughi eachidenamaydbe slightly affsed froppone@nothesat or

may enpl oy the various series to, create the content stream For.sinplicity,
thg te rﬁ‘ﬂgl@ﬁpﬂcﬂf'thwrwv'i@ld?éﬂe%@%iCH"HU‘Pn PQ'W?m%ana‘aeﬁaﬁ %%‘%Pé?p‘hsivgger son?/

entity Thg?ﬁa?%é)&oﬁé/ 8yt B m?i’efs‘%}?gﬂg% of &V cohdipBRls &ctordingRgkpown

aut omat i y Creates an  outpu frommultiple series of franes,
pi ct ur ealuesdira meBPspmplexdirafsaton maymdesuot farivarigtionsiratheimegeriiue to
| um nosj | evel s .of noti og}\ﬁc&rﬁr}gensati on and/ or conbi nations of the

f ol@goMifiErensR INang!s Lefygen Pfe captured franmes, pictures, and/or GOPs

in each series and choose how many different depth planes are to be
included in each segnent of the output stream The editor may al so
choose how MonGreating epdiTeanrnittingage OutputBliea® and/ or GOPs is shown, or

how many i es jn each series i 0 Lt on ; ther
series. In%‘@n g,vqui%lsés |”P§|pflr@\ﬁ%e%e$%g%tﬁ h£¢% g%%%%hgg?ﬁeé t he
dept h girylesufisut eehhe® sifulatethwerdiargnsibrat vlewing fsiohdad that pegvidedsh t o
create the 5 output streamto return to each serjies of franes wthin 1/25th
of 15 sd&rongh kineribaryisien; fdgcrrogess phereating de putnyt sHeamuisdeseliRedl system
for app_'regﬁhrmtely 1/ 25th of a second, transitioning between each series of
frames, "thus each depth plane, within this tine may facilitate the

i |1 usion of Ipitiaky,dt thecaneérawapituredsdachesdriesuaf irgrhesin thetsegiuenoe desined,may

enhance the three-dj nensiong] illusion exqeri enc deTb a_Vviewer., tiﬁgDuri ng
this prﬂaﬁ%@_@,mf@ﬁ‘@rﬁ@m angGItQH '§H‘e\°83§?@ur33tsﬁaht%§ Fflaé§685"e'?crea?rfe mai nt ai ns
a mni %ﬁb%%?h@é! o?ﬁ%ﬁes? [urds Fhd?§ GBPS RBYRIpsadyf bédrrBRRURYS as@amnd. | n

t hi s manner, e resulting output streammay mninize or elimnate flicker
that caatal capheedibydhecamerailDianayibeisugjactethts eorprassioeand seri es of

f d/ ar .pi ct t the f ' i
S1 nol o ERESTHEHPAaS SeSorisrtalbRe o fiay 88 PEpaHaN RaPr el AR IAIEBAC (o
nunber r@arjli%giiézfgﬂ%hcgﬁ)@déﬁ dPRitihg eveARy irsthagtieyseal & @fptlrcdnarsl and/ or

pi ctures and | ayed sequentially. Generally, the nore images froma
gi ven sdm'ukaéed)thI‘Beaﬁmna@ﬂﬂbeﬁ?ﬁtc&m\ﬂd@dMlﬁﬂ!tﬁ?@ﬁ np&leldacond, the nore

TP ease nondraRdiaT A R SRR A5 oM SHBABNS oo oo
t hesi MREREribed @ 8p6#atief 230 of Fig. 2, an editor or other content creator may employ
the various series to create the content stream. - For simplicity, the term “editor” will
be used herein but is intended to cover any person, entity, device or system that
manually, semi-automatically and/or automatically creates an output stream from
multiple series of frames, pictures and/or GOPs, at different depths of field, focal
30  point, luminosity, levels of motion compensation and/or combinations of the
foregoing. The editor may review the captured frames, pictures, and/or GOPs in
each series and choose how many different depth planes are to be included in each

segment of the output stream.
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out put stream they may be conpressed. |In other enbodi nents, franes,

pi ctures and/or GOPs may be conpressed by the canera. deconpressed, as
necessar ywoanitorerze editi ng, and reconpressed to provi deCrarspeiesdssd: f r anes,
pi ctures, GOPs and/or novies. Generally, the individual franmes and fields
in the output stream may 25 be conpressed according to any standard

conpr essi on Therastitor niay aleg afippee howdongteagh series aiframes, PIiwiesr abd@r i nt o

| -fra P:frames and B-franes, Ww. Prfr | only
tat o ¢ FERPE RTE, gt o} BB ey Bk B I SOy T REEAE i SHE A B

| - f r amgpotHRr SERABES IMBYsdhde, B editsr may weavenbgetbepinaged from édth efthect to
MPEG- 1 and MPEG 2 vi deo codi n%ﬁand conpression. Simlarly, the 30 output

st r eandeBih planeegaiastadi hh seraty epbedinrents ithe ediar mayrwish to srealpithe s

i t hi ) . ' t
et QR strEBFiO RGN (b Wt Sl U e L RAE 1/5™ S SRUBRITBINGERML B o
Dur i ng agteripgesigenerallydinged duteeimimen yisiet systenefoPapprorimately 1/ raftd ocks,

i d/ B- f bl , | th t |
"1t or p SpEAR BENRANAG AGREEN CAATLSH RROLETES. 3 TRser AP SifEhaat o 1 or
changegie WreAmeShh§ FaciRbt gipuﬁ%ﬁzagﬁegsytéﬁee bFVisioRSatathduRh pland.r ames

may be corrpresge t o’ account an obj ect shown in the franes,
so t oo Timisy it turpy emyi enhanpethe three-diménsionahilusianexperiencéd by andewehat ar e

dj t in_the 5 output st but_di s, di f f t _dept h ol . F
kit o and Cg tBrbehes the ShLinglish &5 eblirtodd st B RS oued as an
| 11 angngihfafii®a Minfitur qﬁsg;ﬂéﬁ@cea&ﬁ'cﬁ h3 BRserfEil AuAibér bEFrAnS gorfdeBRa.

Simlarly, picture P1 mght be further conpressed with respect to pictures
P2 t hr tutftis PRNreucthetreaulticpRuUtputistreasp mayeninimizecoraglininate flickerdhabf a GOP)

and GOP 1# i.s representative, of B fra 10( of a. di
skil | PR“ﬁh‘l‘e‘ﬁﬁP’{"qucF“5%‘&!#%3“5&“8%%[&?&“9%@%‘?”&%2‘ %‘??'e%gﬁrﬁ"%g?ﬁ‘g/é’%olrrgﬂagsi on
of frapRiuredi srbEtween e faRfes@nd/bepietites ¥Rewng 4 Bmgledeapthtplane of franes

g., FB occurs in both pictures P2 and P3), pictures and/ or GOPs

e.
§ hipugNamethelassiitbereds ar dppailoF lower imit osthgiundkerfimages dhat awuRsi ti ons

bet weep,_y | f | e

accor i eo e ap Bl ssfief b e Sndfob B FRUEhd Loiafel BEUETRAT. | ¢ ng
f r om diddrraraing élse morddpiagep frones giverf serdds piofravhes and/or picthessgdisplagedept h

pl anes and/ or focalm&oi nts nmay occur between pi tu[es and/ or GOPs, or even
bet weeRef ap@d, the @ﬁ@ﬁh%'gﬁhﬂﬁfrﬁéﬂoﬂ ng v elane Ry ha¥e &n asi mul at ed

t hr ee- glrﬂ@l@?é'd) e-%ﬁr’a@ﬁéionglqﬁ?wou" put stream or novie, as described herein,
0

may contalrn nultiple series frames, pictures and/or GOPs, each of which
mago convey hmbnerenioodimengvance thesditar has assemblladothedmageatie atdgsiredi der may

o o kot Sy Rl R B BIAERE, Forhbs BB LY e
rate tBaR/G GOPRAREY beoMpres8Ed b thétamerd. comistesyed Wl necessary for
image editing, and recompressed to provide compressed frames, pictures, GOPs
and/or movies. Generally, the individual frames and fields in the output stream may
25 be compressed according to any standard compression scheme. For example, the
output stream may be separated into I-frames, P-frames and B-frames, with P-
frames and B-frames encoding only data that changes with respect to the reference
I-frames. The use of |-frames, P-frames and B-frames is well-known, especially with
respect to MPEG-1 and MPEG-2 video coding and compression. Similarly, the
30 output stream may be segmented into macroblocks within each frame, or slices
within each frame under the H.264/MPEG-4 codec. Compression may occur at the
frame, picture and/or GOP level, as desired by system characteristics.
During compression, the embodiment may determine P-frames (or
macroblocks, or slices) and/or B-frames (or macroblock, or slices) that not only
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25 signal. Thus, sonme output streans nmay be encoded at rates ranging from
60 non- interlaced franes per second to rates as high as 2000 franmes per
second. Byoizowgaring the frame rate of the output stre&eT/USaEQOSS4iiz om
mul tiple series of franes, pictures and GOPs and showi ng nultiple depth
pl anes may be used wi t hout inducing undesired display effects. Although

t hi s nminteipoiatedmiweer imagesindihe sne squies but alsothalreampensate &rtghangesr eam

across,a, network. caonpression ( e ' V. e the overall
b BEveer Séres, 57 BRGTT Blafgs | Shul BRLp B RS sl FBHEES Lt pt *utr oam
IS opt ceRPresddd@ctdunt for Thetidriofasn objeetishidvad irt the fearnpsf sstooemaymay be
configured to be displayed on a standard or conventi onal two-d|nensional

di spl agorwession pReFae o ratucedne/data sizemt frames st Goe 2¢BCeNHN tBEi ng
LS 8l 4raaA bl Bay MirdOft B oA ndie O exd i@ bR WileRIghEE 1P

may” be crea ingl & output” Streéam an eco
recei v@f Figude dBs flameeEOanight bedirmpldeyl adean Lirame, frame FAssi @B.frathesndi t

shoul d _be understood_that multiple qQutput streang, are hot _necessary to
ol emEAMES OB BAMEEFOARS BTasies hSelany. PIctiie B Gightee fiTfiorvar yi ng

dept hs | o aos ot only on a
changi ﬁghé{gée%%r\gﬁ% %ﬁ%?%@%%ﬂéﬁfg?’t ﬁgﬁjg%}dyna%g\cgl |y refocusing
a canereprebentative ofranridrame kef alGQM) arfd GIGR d#iayeprasgntativénof a Biffasiet hough

the | d t F le, ki i
obfct QAP ofiaf st ordiaen il i inere! i diiteriay TR P RES A b The
obj ect |os-5!éo§§hcscﬁﬁpﬂé§§ioﬂtl%f‘¥@m@§2§tﬁ&uréé"@ndjG@Fhs ﬁfayfti@behiévé@a?&héw‘ th the

canmera's Simlarly, a first Ei cture maézhave a w de focus that
d ,

mai nt arepetiontofraraes (g, & Bractys duhath pickisesiB2 aad P3), picurascanisdopi ct ur e

may ha I ghter focus.on the car h | aci e kgr t of
fo%:/us. %%)?ﬁﬁ)hltfgffgﬁﬂléts%mu%egeé&%{/ 'Hglyegf‘ ﬂie §g®;’|}r§9?%®aﬁagg®( ﬂ’?ﬂ&pgngu on the
car), beevé&Pirmagds frosl diffrent Berigs ftheliages Ryaycb® tompi@ssdidcadtopdingayi ng
these different depths of field and/or foci, the output stream nay be

cr éat efnpwndeghnigees baged an the changesissigragasdessibing figm differererscin’ t o
changi 0 ' Leved via aperture changes. It should be
apprec?gf){ehd&%hg?%ﬁ%%@?rmg'i on of pictures having different foci and
aperture setQHanges2f depth planesphdicrdotal geiifits mayoccedistwaan pidtpres st r eam

Ut put BOIEHORS0SF SYer Peiaey Bymas, SnHockwA PRESTIRDH SGHPE A 400, “once
LRy Shblted ayBlaiRhua st o 01 =5, Son U s TR 2
4100 The netAmoltpobstréamamnyma@feyas dbseritiedirerein, meaywcontairsmalipis sarigsat el 1ite
syst emof ?r%me%, %Yc?&r%@ant c()ar éBtPesr ré%%h of which may convey motion to a viewer.
Insofar as an editor or content provider may wish to avoid flickering, strobing or
stuttering effects in the output stream, it may be advantageous for the output stream
to have a higher frame rate than a standard television, film or other audiovisual
25 signal. Thus, some output streams may be encoded at rates ranging from 60 non-
interlaced frames per second to rates as high as 2000 frames per second. By
increasing the frame rate of the output stream, images from multiple series of
frames, pictures and GOPs and showing multiple depth planes may be used without
inducing undesired display effects. Although this may increase the bandwidth
30 required to transmit the output stream across a network, compression (as described
above) may reduce the overall bandwidth.
It should be noted that compression of the output stream is optional.
Likewise, it should be noted that the output stream may be configured to be

displayed on a standard or conventional two-dimensional display device, thereby
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other wired, wreless or hybrid network, and so on. The content provider
405 may exercise control over the network 415 in certain enbodi nents and
may not iwoabher7s121Thus, for exanple, the content provi @eT/Usay10/068432
satellite provider transmtting the output streamacross a proprietary
satellite system In another enbodiment, the 30 content provider 405 may be
a ser veimulating threeidigenaionet ieagassen thesdisplayidevigenethe pistyres apdidr opt i ons,

such a0Ps MAFESBP 6 U3REP Pt gl bl feqfl R Sy U Gachoeftyge. 12! U

recei vescehdt draydieplagey dnthe displdedeciecdn this fastion.t Fhasceshould (txeognl ze
and/ or process the output stream 400. For exanple, the receiver nmay be a

set - toHn@ﬂsﬂQﬁﬂﬂ@?MWMWQ@”WCQ%BW@OU&PerB%%uter handhel d
devg CeFHbgd;"ﬂbH&' d"eé%ﬁbé@%'relﬂ' gital assistant or nobile phone, and so on.
Y,

Typi ca € recelver is connected to or integrated with a display device
420. 5VI. DPigtlees with san/ing depihg cifieldimnaytbeStaptarad (and frarhes createéd)er 410

decode out put stream 400 and sends it to . th [ I devi ce 420 f

o ovi by NRLOBNONA Shanging BRI Sgbd Gl COr PubARBHMAUIR f ween | mmges
at di fH?ﬁEﬂﬁcéﬁ?%fch g%carﬁ%éhﬁﬁ P Righnst, tké ?’fH bf fleld PdyWaryhviai on, the
end user's eyes nm ocus t rough vergence and/or accommodation to adjust

to t hefoamsc;ﬂmmg:ghitheﬂexwapeprmmtdnesmohdhangeefm examplefwhen Hadapg Be

21 P oxdie PBRGEED g Butads HER birheff BaicaBlpr8 fia fay ol Y g

bet weepnip! frhok aé‘s?fhe étb]écttﬁ‘«SOe§ tﬁé‘%i%pfﬁibif a4 %ﬁbﬁgegrwuthltné eafiRph®R pl anes
si mul taneously, just as with binocular vision. This, in 15 turn, may

si mul atf@cuSh r%lmlkarlmﬁrsirm@turmr@wwayﬂ a wide fasugithelspintains Hott acar andt he

di spl a f t ckly as
30 m | B ERROra D IS Sl R Ay Baf i tishey e ISP R B e et
str eamthadﬂﬁauﬁ@rthé baicRgroumayouief fewlse dAltibughbteles e inages hady lidve ther i ous
depth planes are sinultaneously viewable and thus generate the illusion of

dept h. sageLferrheeint fe.g., on thelQar%,ﬁbﬁld@PﬁbOfafﬂﬁlF’é@@hpﬁtﬂi'fﬁfﬁf‘ the frames having
varying depgh éﬁﬁuﬂmpf&ﬂﬁ{egt S eS8 o éHP&éﬂ@%o?héM AGosRIEE thgmge, but

with differeén elrraeln ocus s assists in'creating the
t hr ee- d»utmnstr@aad malyflectreated imea mawieaylrﬁlfarde\thatejd&ﬁbeﬁmboeeavmd:fe Fig. 5

oD o B A3 Tacs ot e i Tobr e ee M ARHERES O™ v o
oot ur SEPRETRLR REC BTN G SO TR BT fpoha Ay
20 may be employed together to create an output stream.

Fig. 4 depicts a generalized environment permitting transmission of an output
stream 400 for viewing by an end user. The output stream 400, once compressed,
digitized, multiplexed, and/or otherwise configured, may be transmitted across a
network 415 from a content provider 405 to a receiver 410. The network may be any

25  suitable type of network, such as a satellite system, cable system, the Internet, any
other wired, wireless or hybrid network, and so on. The content provider 405 may
exercise control over the network 415 in certain embodiments and may not in others.
Thus, for example, the content provider may be a satellite provider transmitting the
output stream across a proprietary satellite system. In another embodiment, the

30 content provider 405 may be a server transmitting the stream across the Internet. As
yet other options, the output streams discussed herein may be encoded onto a
storage medium such as a blu-ray disc, digital versatile disc, and so on.

The receiver 410 may be any type of device configured to accept, recognize
and/or process the output stream 400. For example, the receiver may be a set-top
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pl anes. Cenerally, the image 510 corresponds to focal point Fa 120 of Fig.
1A, 30 immage 520 corresponds to focal point Fc 135 and inmage 530
correspomd® 20/f7oal  poi nt Fb 125. At time Ta, i nmMegeE/US2@0i058412

di splayed. In this inmage, the man 500 is in focus while the tree 505 is
not. At tine Tb, inmage 520 is shown on the display device 420, |nsofar as
this cboxesgiiebextcomputeriandield fdevige induding mpersenal digital @88IS&I8 Und tree

mage BRI ETRG AT S0 LHRICHa i SRS 1 Pt 10BEIedaldd AN &, o

not, tQisplfodéeséPandi ng to focal point Fc. Since the man and tree
appear to be the sane size in all three inmages but the depth of field
changes, the illusion of three-dinmensionality may be experienced by 5 the

end_user. It,s . t i F}Wg 15 and/or B-frame 517 nmay be
shg% I n beMﬂegﬁéﬂI%@RQia:ﬁgt\ﬂlg\rﬂrﬁaﬁé%?dﬁg%{ se%@nd | mage 520 to nore snoothly
transition hpeweesiveh410 degedes Bienvutput stream A00rantbs&rts ibtaitherdigplayane 527
may facilitate the transition hetween th econd | 520 d third i mage
530. AdeMeadgOdRr yiewiad py the ep mr.aﬁaeﬁgﬁ@z#g%ﬁgg e%'ﬁ'&ﬁ%%?%@ﬁ‘ each
pair of,] i i | tAethef bt BRtsHA thisgasfien eesRAry or
desi re&héa@gs%lﬁg@%&gﬁngnseg' be ngtcg'gﬁ?th%t a star?da_rd re?:ei?/er 410 and
di spl aysdey eyes 426y refycuscthusegh vergdace dodand@cdompnedationdoadiysito $he eam 400,

i 101 agnags GurorBbPanE s (PiiEr EHECUSBOGTEor e g e BEEfRidhe e e
certai 'ihrf.ma%ﬁg Gpal 3r Bég%f%aaiéplfa%d duiilt atrear, asdisslssrdde viare deagil not only

i ncl ude frane avin i fferent "focal depths and/ or aperture changes, but
al so vhelomg | um nosity. The display stream (e.g., the data stream

resulting from20 processing th u r LV y include
i nstructi on?%%"@'ﬁﬁrﬁ‘éﬁ‘ﬁgn ok ﬁS@’V‘%"& @?&i‘ﬁzﬁg‘%ﬁ?gyggﬁﬂg }nodg?i onal ly on
a frampebieive mmtcifhaabpth Slanes siraitaesdusy, istrgesitibinocalzs eisidre Mhispim pupi |
to constrict or dilate, variances in lumnosity may be used {o erﬂngnce or
fads| i tumne mayesirlae taracedisiansionatimnages opdhe fw gasignal SUZE?@@ raf| y,

noder n g I . HLee f j gl RV onse to a
loer CoiARY B¥yEe Habl Tndier BRRACLAA Riseh S0ds Ry HALECAS bckf dCapon e ond
afrb par trnilﬂfsetr:]dmvdsiicﬁﬂhbaﬂfférﬁrigadepﬁq)ladéaﬂgteslentédwbythqou::tpg?fstﬂewsthﬁ u%efémges in
anbient |jight or user .input, Thus, itional vjsual effects.m

achi ev@da'Brm@Yl@ef@@'@Qdmﬁ’ng}ieé’m t?‘@F &@c‘t’%" '%‘ﬁhéﬁ%é@vanes are simuitandously

viewable and thus generate the illusion of depth.
20
Luminosity
It should be appreciated that the frames having varying depth planes
nonetheless display substantially the same image, but with different elements of the
image in focus. This assists in creating the three-dimensional effect on the display
25  device 420. For example, Fig. 5 depicts three frames 510, 520, 530 that may be
shown in sequence on a display device 420. Each frame shows substantially the
same elements, which in this example are a man 500 and a tree 505. The man and
the tree are captured in different series of frames and so are in different depth
planes. Generally, the image 510 corresponds to focal point Fa 120 of Fig. 1A,
30 image 520 corresponds to focal point Fc 135 and image 530 corresponds to focal
point Fb 125.
At time Ta, image 510 is displayed. In this image, the man 500 is in focus
while the tree 505 is not. At time Tb, image 520 is shown on the display device 420.
Insofar as this corresponds to intermediate focal point Fb, both the man 500 and tree
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30Such lum nosity changes may be nmade on a whol e i mage basis, or on a

pi xel - by-pi xel basis. The latter may be useful, for exanple, to further
enphasi zewpanti/oui2ar el enments or objects on a display, ®athiSaslonbsase upon
whi ch a viewer should focus. Lum nosity changes nay be created digitally be
enphasi zi ng or deenphasi zing W0 2011/071721PCT/ US2010/ 058412 certain

pi xel s505 raay baiim fanusndYexteatdina ledimage 38 insbewn ia heand Heeland the use of

dynam ¢ _Li.ghti |l terin V ' trent s have been
o scusea 1§ Rhioay B Bk hen ISt s e ding o tBea BT

t Er ee- di Wensiirm”eaﬂheaﬁléﬁ@na ttdy apdaritbdelhe szime bizedn 1l theedmagesiiut the
changi ng apertures, lumnnosity variances, varying depths of field, and so
on. Itdgﬁmfcf'%Cbﬁ%?%ttb%é“‘-ltsmOfathQJid"%q’ﬂs'Qﬁ/allt\%E?éﬂ?ﬁs?W@q?ﬁg e used
togg_th o bRd GkERL © and/ or enhance a simul ated three-di mensi onal inage that

I s di splayed on ‘a 10conventional, two-di nensional display device. Thus, for
exanpl e, celttshiouldbb ndtektiat aryraonecbt & aadr@-framecsts may baispown 1 r eam

that i | ud f ! d hayi. di i d f field, f |
boi nt s DRESTL eS| F9AGH P10 ABR secAad iDgat iep P shesaTiontaa e | nt o
per cel Bb%%eﬁﬂgj@ga STESIR{iIANG! 2 PIRSRe S0%akdarE B-rAREMH2TURSY feditatedthe

e
construct t stream (and, likewi se, to use the output 15 streamto
cr eat etranditiop|mpween thersécondiinsagea2@ and thichieage 638! Although wehsers B

el | Helerabd Ped Bt e Sl it eechupeir ALITIHE! kB AfLER "o
under staasb fpatmal beruyld akenedisedh8ndésifgyy occur to those of ordinary

skill in the art upon reading this docunent. For exanple, when creating

_203_n _ogt p:Jt Itsshasddhalsabengotedithaba stansiard regeivrsst i and d':S@lﬁyl devicg 4§%y,
o oty TG R0 88 dBBYed At Shyac e BBLE st 00, SaTaid S B eBodifg "

capt ur ggedd of 8 rebRivesr @ 108hdoesfigsarateabdftietdisplag davies 420 gersufficient. As yet

anot her exanple, the canera 300 of Fig. 3 may capture a larger field of
vi &w t hrough each I ens 305, 310, 315 than 25 is shown in the final output

stream andWETW?@*E@%’@%M Q{é ons of each series of pictures nay be

cropped. In view o ve di sclosure and the ordinary skill of one in
the art, thén tefthinvembodimeritsithedtata for display on a display device may not only

include frames having different focal depths and/or aperture changes, but also
varying luminosity. The display stream (e.g., the data stream resulting from

20 processing the output stream by a receiver) may include instructions to change the
luminosity of the display device, optionally on a frame-by-frame basis. Since
luminosity changes may cause the human pupil to constrict or dilate, variances in
luminosity may be used to enhance or facilitate the three-dimensional effects
described herein.

25 Generally, modern display devices are capable of changing luminosity in
response to a user command or ambient light condition. Embodiments may include
a command as part of the display stream to adjust luminosity regardless of changes
in ambient light or user input. Thus, additional visual effects may be achieved or the
foregoing visual effects enhanced.

30 Such luminosity changes may be made on a whole image basis, or on a pixel-
by-pixel basis. The latter may be useful, for example, to further emphasize particular
elements or objects on a display, such as those upon which a viewer should focus.
Luminosity changes may be created digitally be emphasizing or deemphasizing
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WO 2011/ 071721PCT/ US2010/ 058412 Clains | claim 1. A nethod for creating
an output stream conprising: focusing on a first focal point;
capturingva2iwwi72firane having a first depth of field cecTaspandssigzto the
first focal point; 5capturing at |east a second series of inages having a
second depth of field different than the first depth of field;, placing at

| east gepaintpixelsdn atframe o¢ o1y ke creaiedin anagalpafeshiontheoughythe L%ea‘?fe;

wher ei i f . the second series of inages form an output
st reamayégﬁ({]@rﬁ@igh%%?ﬁygﬁ m 1, wherein: t he operation of capturing

a second series of images conprises capturing the second frame while
focusing at a second focal point; t he operation of focusing on a
first focal Viloi @®NEE$BRi ses setting an aperture of 5 an inmge capture

device; andempodinifs RAR BELR QisklisS O it My Eredte Aok Oalitdteoi

conpri ses changi ng e aperture of the 1 mge capture device. 3. The nethod
of cl asimlaterteeeidimensionalpaffexts throodgh trepuse ohghamging focal peits.es of i nages
occurs for a

OO S ohShaihe driulbs. TS ySRSHELE SAedho BRI B BR ST °3, O
should be understood that any or all of these methods may be used together to
create and/or enhance a simulated three-dimensional image that is displayed on a

10  conventional, two-dimensional display device. Thus, for example, certain
embodiments may create and/or process an output stream that includes frames
and/or GOPs having differing depths of field, focal points and luminosity all operating
together to fool the human eye into perceiving a three-dimensional image. The exact
techniques used to construct the output stream (and, likewise, to use the output

15  stream to create a display stream for display on a conventional two-dimensional
display device) may vary by embodiment.

Although the foregoing has described particular systems, embodiments and
methods, it should be understood that alternative embodiments may occur to those
of ordinary skill in the art upon reading this document. For example, when creating

20 an output stream having multiple depth planes sufficiently far away, individual
cameras may be used to capture images in each depth plane and simply placed
close to one another. In such an embodiment, each image captured by each camera
may be translated to a common origin point. As yet another example, the camera
300 of Fig. 3 may capture a larger field of view through each lens 305, 310, 315 than

25 is shown in the final output stream, and non-overlapping portions of each series of
pictures may be cropped. In view of the above disclosure and the ordinary skill of

one in the art, the following is claimed:
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re-focusing on the first focal point; and capturing a third series of

I mges having the first depth of field. 5. The nethod of claim4, wherein
t he oper avDan11af712¢- f ocusi ng on the first focal point o®cCurs2@0068412 he time
T2. 6. The nethod of claim1, wherein: the operation of capturing a
second series of image conprises caEturing the second frame while focusing
at a second focal point; peration of focusing on a first

f ocal oﬂnt_conprises dynam cal ly 5refocusing an i mage capture device a
first Pﬁgp'and t he operation of focusing on a second focal point

conpri ges dynamathed for crehteg anmuitputesticapgcongmising: devi ce a second tine.
WO 20_11'{ 071721PCT/ US2010/ 058412 7. The method of claim 1, further
conpri si ng feaugingyon a fiisi fleea8i RYINGf at | east one of the first and the second

frame. 8. I | RECSEL ' ured at a
di fferent fgggﬁu’ﬁﬁg% r‘?ﬁ??ﬁ@@ F\ﬁts}g(?ér%gtgmeg. A%o@gﬁfﬂg?hgﬁiggti ng an
out put fedal pemt; conpri sing: focusing on a first focal point; capturing
a first image frane h_aviqr}??a first ge th of

first focal poinCaP¥FRGalIeaT] a$eqon ergsscgé%'lﬁgggP%g%‘bfeqsgongﬁﬁgg?ﬁg otéhgecond
enst Lo e o B el S (mges af ter & first portionof th
first inmagepfacingat least a portion ¢f theisegoad §§dg$|9f bbage%gﬂ&trhgﬁ'ég(%;&'gginsgr i tese
of 1 mages a]:/vtheerreitnhe at least a 1lOportion of the second series of inmages;
the first frame and the second series of images form an output stream.
2. The method of claim 1, wherein:
the operation of capturing a second series of images comprises capturing the
second frame while focusing at a second focal point;
the operation of focusing on a first focal point comprises setting an aperture of
5 an image capture device; and
the operation of focusing on a second focal point comprises changing the
aperture of the image capture device.
3. The method of claim 2, wherein:
the operation of capturing the first series of images occurs for a time T1; and
the operation of capturing the second series of images occurs for a time T2.
4. The method of claim 3, further comprising:
re-focusing on the first focal point; and
capturing a third series of images having the first depth of field.
5. The method of claim 4, wherein the operation of re-focusing on the first focal
point occurs after the time T2.
6. The method of claim 1, wherein:
the operation of capturing a second series of image comprises capturing the
second frame while focusing at a second focal point;
the operation of focusing on a first focal point comprises dynamically
5 refocusing an image capture device a first time; and
the operation of focusing on a second focal point comprises dynamically

refocusing the image capture device a second time.
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grouping the first image frame and the second inage franme into a group of
pi ctures; and conpressing the group of pictures to form an output stream
10. The mwohod/wi72el ai m 9, wherein the operation of compCcedseelg/05d¥e2 gr oup
of pictures to forman output stream conpri ses: creating at |east one
P-frame resident between the first frame and the second series of images,;
wher ei . 5t h&hatmétbad tof stesmPt, fludher ¢camprigiog ¥arieg aduminasity ph g laast 888t h of
first frame and one of the second series of inmges. 11.

field b t h
AI reret hBﬁﬁquﬁﬁgb?%‘ig&§%§rgn§%'U?put stream which sinulates a three

di mensgonal Thagg&thod @TRIdisi NNavhdrereine segohtémageps taplurediat a different
displaying a first inmage in the output stream the first inmage
corres%;m@ﬁlaﬁ@th thaetheifirstimege: h of fi el d; after a first transition

cor r esfondi Ryreg BEERRmGERPRuE PG EabiSHEER T 2" Sona raner 1 on

time, displfbusthgeon hifirst fooalgsointy t he out put stream the third image
corresponding to the first dﬁgth of fiel

] d, ' WO .
2011/ 071721 FentuORg@lirsbireage fragiezaving §tf'r%‘rf¥]§'r%%ﬂa'dt9°ﬁﬁﬁppP8W9ttP&B§ per mi t

t he hUﬂ‘lEQilf&.}/ﬂq bht! ef ocus between the first and second depths of field,

t hereby Tesu tpl ng’in a viewer perceiving a three dinensional inmage. 12.
Thes met hod ofpfuriagmat ldast eheeoeind irtageffrane having ececand depth of #8ldt i nes are
| ess t 1125t h of _a ,secgnd. . 13. The nmethod of claim 11, wherein the
out put g&%’%’iﬁﬁ?ﬂéh‘%ﬁ@é d&f’ﬂ] et8!960 i mages per second. 14. The method of

Sefeen ' ne W] oBERCA POl e S o mages s s

the first image frame;

placing a second portion of the first series of images after the at least a

10  portion of the second series of images;

grouping the first image frame and the second image frame into a group of
pictures; and

compressing the group of pictures to form an output stream.
10.  The method of claim 9, wherein the operation of compressing the group of
pictures to form an output stream comprises:

creating at least one P-frame resident between the first frame and the second
series of images; wherein

5 the at least one P-frame is encoded based on a changing depth of field

between the first frame and one of the second series of images.
11. A method for processing an output stream which simulates a three
dimensional image, comprising:

receiving the output stream;

displaying a first image in the output stream, the first image corresponding to

5 afirst depth of field;

after a first transition time, displaying a second image in the output stream,
the second image corresponding to a second depth of field;

after a second transition time, displaying a third image in the output stream,

the third image corresponding to the first depth of field, wherein
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15. The nmethod of claim 14, wherein the at |east one conpressed frane

snoot hes a change between the first depth of field and the second depth of
field. MoO20t@7reRthod of claim 15, wherein the operati @s/ustodiossahiayi ng a
first, second and third image are executed on a tel evision having a refresh
rate of at |east 60 Hz. 17. An_apparatus for capturing rruI{Pi ple series of
i md@es, conihe §rst@ndsecopdtransitiga tinags peenié therBwnaneyededn Wﬁg’@é"v‘é%’bture
el emrent,; irst. | | C ; ¢ H@&‘WQO el ement ;
5a secgl?u%lﬁfsgﬁéaosﬁcﬁﬁgI%‘Hcsoﬁﬂpf}é{e%’ctﬁ g%ﬁ%@é‘hﬁﬁ“%n@%&etapt %Ire e gﬁnr;ere]t; and
a housidirgessiohasimzgeat | east the first inage capture el ement and second

i mage capture el enent; wherein . .the first and, second i.nage capture

el ementlg- cagihgrmetnod ofdlaighdl cuberedn mﬁfgfét §ﬂ‘i§?ﬁ?ﬂq‘ §PP§*P'9'P qu%aﬁféﬁgéﬁf y: and
10t he fy i mages are conbined to create an i mage having a
varyi nfgtjﬁéet}:‘){ Oiﬁflgé(;%d. 18. The apparatus of claim 19, further conpri sing:
a trandidt i ol heomnethddoafadlaich et weerein the dutpst strears inclddesat ltasbb@ | ens;
wherein: the a garatcgs is operative to adjust an inmage captured through the
first i"ﬁ‘ﬁ@@sé’ﬁg GFf¥%| enent to appear centered on the transition point,

19. A ngt hoehfe%eﬂ{d%eém%ﬁnﬁm OfdrtABE céhbﬂgiﬁgadifbgiﬁf/igg!d‘ﬂ%asi@%uri ng a first
r

| mge; capturing a second inage; capturing | mge; 5changing a

| um nosompresserd framasvetweporthe firstamaghanddbesgconddmagand gr oupi ng t he
first, 1%?Co%ear?1cejthtow 5fd cléirrﬁa%,swhglle?n %egét%gstocgnéj&?ﬁﬂFees%éd%?ﬁg in
smoothes a change between the first depth of field and the second depth of field.
16. The method of claim 15, wherein the operations of displaying a first, second
and third image are executed on a television having a refresh rate of at least 60 Hz.
17.  An apparatus for capturing multiple series of images, comprising:
a first image capture element;
a second image capture element;
a first lens optically coupled to the first image capture element;
5 a second lens optically coupled to the second image capture element; and
a housing enclosing at least the first image capture element and second
image capture element; wherein
the first and second image capture elements capture a first and second image
substantially simultaneously; and
10 the first and second images are combined to create an image having a
varying depth of field.
18.  The apparatus of claim 19, further comprising:
a transition point located between the first lens and the second lens; wherein:
the apparatus is operative to adjust an image captured through the first image
capture element to appear centered on the transition point,
19. A method for creating an output stream, comprising:
capturing a first image;
capturing a second image;
capturing a third image;
5 changing a luminosity of at least a portion of the second image; and
grouping the first, second and third images into a group of pictures; wherein
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the first and third i mages share at |east one of a first focal point and
first focal length; the second i nage has at | east one of a second focal
poi nt andweeecunmdifzecal 10l engt h; and t he group of ppiraiSariesss4nhen
shown, simul ates a three-di nensional inage. 20.The nethod of claim19,
wher ei n: the lumnosity of at |east the portion of the secaond inage
enhances an thafiest andthirchémages sliareraideast one of a first focal point and first focal

length;
the second image has at least one of a second focal point and second focal
10 length; and
the group of pictures, when shown, simulates a three-dimensional image.
20. The method of claim 19, wherein:
the luminosity of at least the portion of the second image enhances an object

in the second image.
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