MULTI - DI MENSI ONAL | MAG NG APPARATUS, SYSTEMS, AND
METHODS Technical Field [0001] Various enbodi nents
walemsnst3esl herein relate generally to i nage prBCEES0Ng043252
i ncl udi ng apparatus, systens, and nethods used to
record and project nulti-di nensional inages.
Background I nformati on [0002] Cylindrical panoranas
may be constructed using a single rotating canmera. As
the canera is rotated, inages nmay be captured at
defined increnments until the desired panoramc field
of view has been traversed. Vertical strips may then
be extracted fromthe center of each imge, and the
strips can be placed next to one another to forma

si ngl e uni NULIMHBMVENSIONALCENAGING ARPARATEUS,

[ 0003] This process can be extendﬁg §8 csreate
Scylindrical ster eosc%iﬁrrcEWz @ND OSnensi onal )

panor am c i mages. For exanple, two caneras can be

mount ed, one next to the other, separated by a defined
di stance. The cameras naylechmicaldéieldot at ed i n uni son
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COpfRE@HA Bdludiigtappahtus ygiems, andessthals udabtonedvediand project
above. Wien the two resulting panoramas are vi ewed

10t ogedtirdpmensiopaldipages- observer's left eye and the other
by the observer's right eye, a stereoscopic effect is
achi eved. However, while the rotating two-canera nodel

may be useful for creBackground Informatiemscopi c i mages,

the system descri bed does not lend itself to
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U 0 then be extracted from the center of each image, and the strips can be placed next to

one another to form a single uninterrupted cylindrical panoramic image.
[0003] This process can be extended to create cylindrical stereoscopic (e.g.,
20 three-dimensional) panoramic images. For example, two cameras can be mounted,
one next to the other, separated by a defined distance. The cameras may then be
rotated in unison about a point halfway between them. Each camera can be used to
create a separate cylindrical panorama using concatenated vertical image slices, as
described above. When the two resulting panoramas are viewed together, one by an
25  observer’s left eye and the other by the observer’s right eye, a sterepscopic effegt is B
achieved. However, while the rotating two-camera model may be useful for
creating still stereoscopic images, the system described does not lend itself to

efficiently providing a moving stereoscopic panoramic image.

30 Brief Description of the Drawings

[0004] FIG. 1 is a top view of a lens refracting right eye rays according to

various embodiments;



vari ous enbodi nents; [0006] FIG 3 is a top view of a
| ens and apparatus according to various enbodi nents;

wOODSM$73IE G 4 is a top view of an apparatus aPCDUS1004043252

to various enbodi nents; [0008] FIG 5 is a top view of

an apparatus and a system according to various

enbodi nents; [0009] FIG 6 is a perspective view of a

system according to various enbodi nents; [0010] FIGs.

7A-7E illustrate portions of a stereoscopic panorana

E: E) g?(l)ﬁbn pr 06k 2 ise toprvaew gf @ beng sfiasiing lefsyerars Agcording to
Fl .8 1] |]ustrates several fields of view
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[ Ofib@p) FI G BIG.S i®a toppriew efia hs hehappetatisaceordiog o varips

angles relating to a |l ens according to various

ehs according to various enbodi nents;

tg; [0013] FIG 10 is a top view of eye ray

entd
an rel aty t; | j ' :
o n‘gjgg?]ms FI¢H 44i9a ﬁ)']_g VO oP&E HpdtaAG dcordREit®Ugrious

nts; [0014] FIG 11 is a top view of |ens

f aecmbodimenist at i on angles relating to a |l ens according

o? [Og)ggi ous ephodi; ik B);)C el?\L g@&?%ﬁ}@a@s ahd als st@mta&fbréﬁhg%

tiona ens orirentation angles rel ating

}:?xéaid%@ﬁlbaﬁimdt ng to various enbodi ments; [0016]
13 is p.view of .a multi.-vi oint .lens .
ac {908 ng t?@ﬁi%ﬁeﬂéﬂ%&? e as %\é@ﬁc%ﬁi@g 1 yarjoys

10 At @RbYdigENQf a nulti-viewpoint image capture apparatus
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according to various enbodi nents;

[0010] FIGs. 7A-7E illustrate portions of a stereoscopic panorama creation
process according to various embodiments;

[0011] FIG. 8 illustrates several fields of view relating to a lens according to
various embodiments;

[0012] FIG. 9 is a top view of lens surface point ray angles relating to a lens
according to various embodiments;

[0013] FIG. 10 is a top view of eye ray angles relating to a lens according to
various embodiments;

[0014] FIG. 11 is a top view of lens facet orientation angles relating to a lens
according to various embodiments;

[0015] FIG. 12 is a top view of additional lens facet orientation angles
relating to a lens according to various embodiments;

[0016] FIG. 13 is a top view of a multi-viewpoint lens according to various

embodiments;

[0017} FIG. 14 is a top view of a multi-viewpoint image capture apparatus

according to various embodiments;

[0018] FIG. 15 is a top view of a multiple-image projection system
according to various embodiments;

[0019] FIGs. 16A and 16B are flow charts illustrating several methods

according to various embodiments; and



[0018] FIG 15 is a top view of a multiple-inmage
projection system according to various enbodi nents;

WO 030473 Gs. 16A and 16B are flow charts il | uBCT/ES1004043252
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several nethods according to various enbodi nents;

and[ 0020] FIG 17 is a block diagram of several
articles according to various enbodi ments. Detailed
Description [0021] It should be noted that the quality
of the stereoscopic effect created using two caneras,
nafp0Re] goverkEd1bis aHeckidiagramd seh AHICIS GOEITEINE & TAIYS
ofeta?(i.carr&era | enses. When the | enses are separated by
an 3 %pproxi mati ng the average human inter-ocul ar
di stance (i.e., about 6.4 centineters, or the average

di stance between the ptﬁ)i I, the. eft and right
eyes), the stereoscopi edDeseription -\, ot el y mimc

hu gﬁﬂﬁ#}vi si ong shduld henG&MBRAEE GiAitPbEGE dtefdospic effect created
together, the three dimensional depth of the captur etd
scusieg treycagierasnasthe governgdy Hhealisianes separatingiag cepisss ¢f the
the three di ' j ;

ot orae st ORI ep S Bt By 2 35 unt SRR the
S e pwdr el lmaa fintabeunl ar @istance fitd,, mbowtsd cgnfoRRYs, Asthe ayerage
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Pr 8P YaifheSih 38 Esion. Olf #d daghetasaesapiated ciaseedogether, the three
abstracting a small vertical imge strip from eac
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e fitE HEEh e b GRAGEEAM by ol Al b MckRcopic camera
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cy camerpineagicl, §b%ﬁae@%ﬁméll %éﬁ%? gﬂﬁgﬁe Stfﬂ%e%ﬁgfgégéﬁ @‘%g AR 2
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eo

cyl'TAdi ster8oscopi c inage (e.g., Vi in real
t i Mdenittvorrameras are rotated about a common center point, these rays rotate along

a path that is tangential to a circle having a diameter equivalent to the distance
separating the two cameras. As noted previously, the diameter of the central
circular path may govern the perceived inter-ocular distance of the resulting
cylindrical stereoscopic panorama. In order to design a camera system capable of
capturing a moving cylindrical stereoscopic image (e.g., video) in real time, it may
be convenient to construct an apparatus to capture all of these rays at substantially
the same time. However, since it is not convenient fo arrange several cameras
around a 6.4 cm diameter circle, a mechanism that allows a video camera (or other
image capture device) of arbitrary size to capture alternating left and right eye rays
from outside of the center inter-ocular circle may be needed.

[0023] To simplify the resulting apparatus, the cylindrical field of view may
be divided into smaller pieces, each covered by an individual image capture device.

To capture the left eye rays and right eye rays for each device, a lens and an
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be convem ent to construct an apparatus to capture al

of these rays at substantially the same tine. However,
W@ R006067318 | S not convenieritto arrange sever al PCHOB2084043252

around a 6.4 cmdianmeter circle, a nmechani smthat

allows a video canera (or other image capture device)

of arbitrary size to capture alternating left and

right eye rays fromoutside of the center inter-ocular

circle may be needed. [0023] To sinplify the resulting
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correspon I'ng eo canera can thus be
| s edpiicatdd toecuthyirise thesmmammg areas thegphindtical amageeacquisition
Eﬁg %P inrelation to its correspondi ng vi deo
BO%The resul ting conbination of a | ens segment
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rays, corresponding to ri ght eye
v i eyﬂmb‘lcablyns surfateini & rmnrsezgpmtmal eWaVJ mfmderrs&urfsﬁeﬁe@v not

the left and right_.e r.ays pass through the
Cy|prqp&rliy@gqonrpéﬁﬂs Ci!i’r%%%cém%h a non-synmetrical way, a

20unifheem | ens Fr@! I B@oprad¢wudta lens 100 refracting right eye rays 102

according to various embodiments, and FIG. 2 is a top view of a lens 200 refracting

left eye rays 202 according to various embodiments. It can be seen that a faceted
lens 100, 200 has an outer surface 104, 204 (i.e., the faceted surface) designed to
refract right eye rays 102 and left eye rays 202 onto the image acquisition plane 106,

25 206 of a video camera 110, 210, or other image capture device. Using the faceted = ™ ~

lens surface 104, 204, individual vertical lens facets 112, 212 are used to refract
individual vertical spans of eye rays 114, 214 into individual vertical lines of pixels
included in the video camera’s 110, 210 captured image acquisition plane 106, 206.
[0027] FIG. 3 is a top view of a lens 300 and apparatus 316 according to

30 various embodiments of the invention. In this case, the individual lens facets 312

for left and right eye rays are alternated along the outer surface 304 of the lens 300
4



properly acconplish such refraction. [0026] FIG 1 is

a top view of a lens 100 refracting right eye rays 102
wa@e@sidismy to various enbodi ments, and FIG 2 PGI/ES2004043252

view of a lens 200 refracting left eye rays 202

according to various enbodi nents. It can be seen that

a.faceted | ens 100, 200 has an outer surface 104, 204

(i.e., the faceted surface) designed to refract right

eye rays 102 and left eye rays 202 onto the inage
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Ve hhhdaid, ﬂbﬁ:bi;cﬂpicnglagﬁtatperra systammi R thopigpeses of th1s document,
throughogt the .entire video Iggleqbéence t he
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15 r eqleld b Bew Ehﬁoﬁ’iritbf)@cr(f@‘ dégiedshypto, abbmrdegﬁhs nature of
the captured |left and right eye rays allows_ several of

t hd@®9l ens- c EHerbisappmyiayef ap aPRrEatht Aearcerdine 1o yaoHs
AN Qb finf R th BT OFarfoh! 18 dph s M blidima) Rl or

overa evi ce e combl nat | on appar at us
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O . L TR R L R R SRR
201;{ g?;gl?%ﬁtﬁ%tﬂdée@s FPsheMlink @ FirétRepapatingdaces 421 totbiract left eye rays
424 and a second separating facet 426 to refract right eye rays 428. The apparatus
416 may also include an image acquisition plane 406 (perhaps as part of an image
capture device 430, such as a frame-grabber, digital video camera, or some other
device) to receive a refracted left eye ray 432 from the first separating facet 422, and
25  to receive a refracted right eye ray 434 from the second separating facet 426.
[0030] FIG. 5 is a top view of an apparatus 516 and a system 536 according
to various embodiments. The apparatus 516 may include a first lens 538 and a first
image acquisition plane 540 as shown in FIG. 4 with respect to apparatus 416. The
apparatus 516 may also include a second lens 542 and image acquisition plane 544.
30 The first lens 538 and first image acquisition plane 540 may be similar to or

identical to the lens 400 and image acquisition plane 406 shown in FIG. 4. The
5



the term "panoram c" nmeans an image, either nonoscopic

or stereoscopic, having a field of view of from about
wGoodegnBees up to about 360 degrees. [0029] FIECT/US1084/443252

top view of an apparatus 416 according to various

enbodi nents, hi this illustration, the apparatus 416,

which may be simlar to or identical to the apparatus

316 is shown, along with the relevant inter-ocul ar

di stance D. The apparatus 416 may include a | ens 400

haséaogd fenp 542 and segomst image aequésifiercplarspHidanaynsq ecsimgar to or

412 1 ncluding a fhrst. separat.i. r
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516acends dessybédewitlh BSpat tothd apygpratos 416r depicsedanthd@i 4rent s.

The apparat us, 516 | hel irst | d .
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al so include a second | ens 542 and i mage acqui sition

pl aadius3s?, locates! apprasimatelyonsagliafer 5o dstmediyghe portion 548 of
Scaui S o : ) .
oA A 8580 130 HRL0T811n00 Bl 4858 8 i
i n 566 Gefiding 7 pesion Gr8 of 2 ngisdizalanctionefS0nas Wwellbagean outer radius

acqyi sjtion.pl ane 544 I b .m | t Q..

| dont plogs W R FprivRratty B el g Cronp it e AL The
1540Q ERRYAT EReEISER nthy iSdlede 4 latality 16/ e dy bepasating 2acemy

have a Second plurality of interleaved_ separating

t adeiedeavadwithaavrality of Fight eyp reeapaating fagelp ficP EIG- 4, elements

S€ Qﬁﬁ,at{ﬁn Qlc{ @%Z.t Uitﬁnéftﬁ}t,r ACdntitE3do-Ebfe’ FYBHARAIRAd bOWeltan

separatihg facet to refract right eye rays. The second

I mbgeclicwdi si ti on pl ane 544 may be used to receive a

SealMh ! g’ TGS s RnmhE e BEIHEER I delorsing g orions

207 | GhfboBMeents R SFéEiRE hb® t6 BLGS, B a8 PAit adn tegsebmthet g syaem 536, 636

described with respect to the apparat 41 [
i n bEyanclyde a plurality gf lenses 500, 600. %ﬁe {ensel'sl,SSOO, 6600dn?£y| lg:et s?rglilar to or

identical to the lens 400 shown in FIG. 4, having a plurality of interleaved facets
412, 512. The system 536, 636 may also include a plurality of image acquisition
planes 506 (not shown in FIG. 6) to receive refracted left eye rays from first

25  separating facets in the lenses 500, 600, and to receive refracted right eye rays from
second separating facets in the lenses 500, 600. The system 536, 636 may include a
memory 556 (not shown in FIG. 6) to receive image data 558 (not shown in FIG. 6)
from the plurality of image acquisition planes 506.
[0033] The image data 558 may include information to construct a

30 stereoscopic image, including a panoramic stereoscopic image. The image data 558

may include a separated left eye image and a separated right eye image. The system
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[0031] The first lens 538 may have a first inner

radi us 546 defining a portion 548 of a cylindrica
wWeewsher1b50, and the second | ens 542 may havePEI/BE9041043252

i nner radius 552 | ocated approximtely on a cylinder

554 defined by the portion 548 of the cylindrica

section 550. Thus, the |lenses 400, 500 may include an

i nner radius 546 defining a portion 548 of a

cylindrical section 550, as well as an outer radius
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Olr nbﬁ}leb_r&teka‘aﬁjfneﬂmmb&demﬂs 400 shown in FIG 4, having a
plurality of _interleayed facet.s 412, 512. Th t .
Sa00b” rmay Pl S N e SO R ST Ay P ae P o taind Seation
10 2C QhticaistdcOdt dRlz 36 9fricnd @mbb@inefRO Whisi podekSperMits kl-time capture
receive refracted left eye rays fromfirst separating
f a?éBQO-dﬁrgrceh eylinshisalstaencopovidee Hapgery- laddfyv e, a smgle
refracte ' ' :
| apREniE A Lo, EhtugfPy Y Fod CATE R A RRaRGEe ol AtbRn in
i NGO aadnrimage Gbfird dayiceSR0\(similar toloGidedical ¢o the dmpgecapture

[ e d ot .shown.in FIG 6)_ f h . .

ol GRAFF 145 R o d houabeRes Gioanies Bomeby husipuspects
15;{*2792.0515%335&%0 BidiPah épﬁ?dxf&ﬁﬁtidﬂﬁf@hﬁiﬂéﬂléwd irageOitdicaptatedby the

ic image, 1 ncludin [

 mwegs crbire A Garva B dhasieg 1D oL ac DRSS B rality

ey | A L:

Sy Sy RGO AP AR i KRB i 7C o
c oulplirtdrlaced¢feandemgit gySinege oirips 766,168 sepstimated fromethe interlaced

eye | e, separat.ed. ri.ght e 7B
O S5, 206115 PR S B DS Lt e o
20WN &BpERYE ol and Ripdf &leihadesbednseactéd fom4he du-mterlaced left and right
eye image strips 766, 768, respectively. Finally, FIG. 7E shows left and right eye

panoramic images 774, 776, respectively, obtained by joining together a number of
left and right image sections obtained from adjoining apparatus 716, including left
and right image sections 770, 772, arranged in a manner similar to or identical to
25  that of the apparatus 516 in FIG. 5. When the left panoramic image 774 is viewed
by the left eye, and the right panoramic image 776 is viewed by the right eye, a
stereoscopic, panoramic (e.g., up to 360 degree) view of the objects 762 can be re-
created.
[0035] FIG. 8 illustrates several fields of view relating to a lens 800
30 according to various embodiments. Lens 800 may be similar to or identical to the

lens 400 shown in FIG. 4. A faceted lens 800 that performs the refraction to achieve
7



pl aced next to each other, in a manner simlar to or

identical to that shown in FIG 5 with respect to
wa@ppanetdus 516, the resulting extracted | eft apdI/Dszphi/043252

eye imagery can al so be placed next to each other in

real tine to create uniform seanmless left and right

eye panoram c imagery (see elenents 774, 776 of FIG

7). This process will now be exam ned in nore detail.
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i megsem, kaying an pricanOfat 19 cepier fceye REBE Fotglian- /et

i ght [ tri . '
AL o PSSt e
| MBGGS.ofiE onﬁ%_ﬁ) thé ﬁﬁféﬁ&% dtURlidh the PeRl gre4ewR¥f the imhgtdapture

t oget her nunber of left and right imge sections

obtdevice d fdv; povatipstteifietd efppew af fis faesd lenssedtitin{goy,ef and can

and right inmage sections 770, 772, arranged in a
15narbesalcyiatadiag doltayvsor i dentical to that of the

apparatus 516 in FIG 5. Wen t | eft panoram c i mage

774 is viewed by the |eft e;yc'e,ta,%?g&t}e ri ght panoramc

image 776 is viewed by the rightl éye, a stereoscopic,

t
. 7= ! !
m . g. h
panoramc (e.g., up t%?&i})ﬂ?g(%z\)cjv_lsevgﬁ;,} e objects

762 can be re creat e¢eps

[0037] Once the radius of the lens 800 has been determined, individual facet
properties can be calculated. These facet properties can be calculated on a ray-by-
20  ray basis, allowing for the design of a lens with any number of facets. For the
purpose of this document, it may be assumed that an optimal image is attained using
a single facet for each vertical pixel line acquired by the image capture device 830. '
[0038] FIG. 9 is a top view of lens surface point ray angles relating to a lens
900 according to various embodiments. Lens 900 may be similar to or identical to
25  the lens 400 shown in FIG. 4. The lens facet properties corresponding to a
particular point on the lens surface 974 are dependent on the location of that point

(P) and the angle of the ray 976 from the image capture device 930 to that point



[0035] FIG 8 illustrates several fields of view

relating to a Il ens 800 according to various
wepdsmersesit s. Lens 800 may be simlar to or i de@/USEIN4/043252

to the lens 400 shown in FIG 4. A faceted |ens 800

that perfornms the refraction to achi evethe desired

stereoscopi c effect can be descri bed mathematically

based on certain specified physical val ues. These

val ues include the inter-ocular distance (D

pr ¢@, dleThe dppacitsi 916 dwhick neydeopinidardé peidenticahie th‘ﬁ W%‘FS 416

refraction (n) of the materjal to_ be used to create

t hehevae s G- fHoeme, berdesizprdsiuah that the dshs sHacEaRagoTgPoagias to

:ttlgt 1{1618 éﬁ%lg\?«l:%g téhgetl}qqg? &%1%%8 d?xﬂpé gzvg Uflﬁ cﬁé% tﬁe feﬁg surfdd€ area
. angésgf) ﬁ)ethé E’l@l\ﬁe vicRNGE thd BicEibl Rk Lsé’c%ioﬁ e f&»z ?&E@JFIG 8).

apparatus's faceted | ens section

{ f Al r}:sult Itﬂ@/ GHigSHANGR denteBYf 43 poins edtewdned mdyhﬁtbﬂ;eultl@&’ lens
di stance, whi'ch can be any desired di stance, but [

ch
i s s atithefseme phish( Bd| Bt angle ( Peof shsbrayd T8wee by calculated as
centineters to approximately 8 centineters. [0036] The
su@@bﬁﬁ%nt mat hemat i cal process assunes an X-y
coordi nate system having an origin O at the center of
eye point rotation. Al angul asurenents are in
degrees. The radius (h) o®,t=fr?é(£é@érnal faceted | ens
surface 874 corresponds to t he fA¥sst ance at which the

10field of view of the inmage capture device (fovc)

OV qrhhsaiﬁ:? ahgl€ (b Pilﬂmﬁ%fcahéhﬁﬂb@f)f thB €enk s@ice dntbRBgionolint OB, =
ted as follows: [0037] Once

d
E%T%%FU§98?&ﬁH%€?%%§%§ "has been det erm ned,

|nd|V|duaI facet propertéﬁg_@ggjge cal cul ated. These
facet properties can be calcukdwed on a ray-byray
basis, allowing for the d;esa:gr*oaﬁ@ Iens wi th any
nunber of facets. For the purpogﬁggL this docunent, it
may be assuned that an o is attai ned using

15a single facet for each vertical pixel |line acquired

Py BLL 0 FEEHH R e SO MRSy 108 000
a laefsrdifR G Atk émbgdﬁrﬁntsa ﬂJeﬁBJH)OGnij)agd)dmnﬂa‘r to beident®@Dto lens
may be simlar to 4Q0 s

400 o G froRBe Joag Bt eaini e 6 TS ORE g point

a (P,) should preferably be oriented to capture either one of the desired left eye rays

20 1080 or right eye rays 1082, tangential to the circular path of eye rotation 1084
(having a diameter approximately equal to the inter-ocular distance D) and passing
through the lens surface intersection point ( P,). By designating point P,, as the
midpoint between the lens surface intersection point P,- and the center of rotation 0O, '
and radius 1,, as the radius of the circle defined by a diameter substanﬁally equal to

25  the distance from the center of rotation and the point P;, the points of tangency (B,

and P, ) can be calculated via the following process:



particular point on the |l ens surface 974 are dependent
on the | ocation of that point (P) and the angle of the
WO 20050681 rom t he | mage capture devi ce 930 to PEEUS2004/043252
point(Q ). The apparatus 916 (which may be simlar to
or identical to the apparatus 416 shown in FIG 4) can
be designed such that the | ens surface area
corresponding to the field of view of the inmage
capture device (fovc) matches the | ens surface area
corresponding to the flrld of V(BML@, the faceted | ens
section ( /ov, ) (s aresult, a ray 978
fromthe center of eye poi nt rotation O nay intersect
the lens surface at,thel@anﬁfp (E&>rThe angle (Q

) of that ray 978 cafi b @élcﬁ & as”fol l ows: fav
Thidszr@ 2a,ng|%a (Q) allows cal cuI ation of the |ens
surfa |nte)rvsect|on point (PP Xx, Pin x-y

cooﬁﬁ#@ébéé) as follows: Px =h * COs(O) Piy =1 z *

sin((c) / ) 0039 FlLG 10,ys a top view of eye ray

angl es rel at 4 Y ens: 1p00 accordl nq to_various
1900 tay

enbodi ts. e o 2| de ifcal D Y
topp&%%ﬁ§+s 2 u@_@~___}
at the sur f ac@di’nt er se t Zdl t2(P shou , 2

preferably be oriented to cppture e her one of 'the
desired left{eye rays 1080 br right eye rays 1082,
tangential to th%:0|r9ular}fath of eye rotation 1084

(having a dlagp pproxi pptely equal to the
inter-o#nly r | dinst nge| D)»angd ?):x ing’/ p > 2 DY
B, = 5 + 7 |\ 247 * —2—+rm —d* x| d”— rm———z——

B, = (Pzzxapzzy)

L e o (CR e R

[0040] FIG. 11 is a top view of lens facet orientation angles relating to a lens
5 1100 according to various embodiments. FIG. 12 is a top view of additional lens
facet orientation angles relating to a lens 1200 according to various embodiments.
Lenses 1100, 1200 may be similar to or identical to the lens 400 shown in FIG. 4.
Referring now to FIGs. 10, 11, and 12, it can be seen that the two calculated points

of tangency (P, and P, ), when viewed in conjunction with the lens surface

10



t hrough the |l ens surface intersection point (P.). By

designating point P as the m dpoint between the Iens
W@ 05a61B18 nt er secti on point P-and the center OPCT/US2004/043252

rotation O, and radius rmas the radius of the circle

defined by a dianeter substantially equal to the

di stance fromthe center of rotation and the point P-,

the points of tangency (Pn and Pn ) can be cal cul ated

via the follow ng process:[0040] FIG 11 is a top view

of intesestibrapsint (07 ), enyabirespondityl the desisled i4fheyetray 6P eard right

1100 according to various enbodinents. FIG 12 is a

t opyeuhe (Pg thatipiss tlooegh theless surtise abthptdeindt | on angl es

relating to a | ens 1200 according to various

enbodi nents. Lenses 1100, 1200 max e simlar to or

i dentical to the |ens 400=shewdzs -FiG 4. Referring

now to FIGs. 10, 11, ars ;{pwxi,pwc Phe seen that the

two cal cul ated points of®tangency’ (Ph and Pn ), when
Sviewed in conjunction with the |ens .

sur f aceTht egdeformethbesren cacioeys ray g the gr #ds (B md1d Cutre

desired left eye ra PLE a B

t hEFPESHYEY} inithis el g P BlorfR( s ke efirdn jons

angl 8ot MlcREMr BRIWSE Faye atlBseyt@les ayn Benchltulisedasafollows:Q

and (c) , respectively) is useful in calculating the

refraction properties of the current [ens surface

facet for each eye ray. These ARg)ed,dan be cal cul at ed

as follows: [0041] OncRestTH&CE} pray mrgles (Q and QLE
10) have been cal cul ated, the fi af* f atét properties may

be cal cul ated for the curren% Eps—@gphsi tion, taking

into account the index®af=P&agtiop . The current

facet may be chosen to performr®rattion that wll

capture either the left eye ray (@QE ) or the right

ey§004ay (Q . Pncd the oyeimy anglep@fornd Ohe) s bearalculated, the

refraction, the |lens facet st be origent ed.suc thakto

t héinhifgentiDrperiss maaybe(ce}%lﬁteg%?f the cyregnt 105 eSO

th 30&)%{ G0t ndeR BB FRrab@oh A Qe cufiBft #2881 adyde@hosen to perform

orientatron (Q or g ) can be calculated as follows: L
15) Feffd)ion thaBvill captur&eiltive therleft pye 1y ¢ Ogpkordhariglht eye ray (O ;).

repeated on a facet-by-facet basis uynt 'él t.he entti b€ ch that

| e oxier foeafonn the desisedysBAcH oA hE S Jaqeh Byt PoAgated S

SO i%gcprgglg e I;a%/’ (&, | &S LE‘} Wrefrala toiRfch ﬁ@Qm&QQam@ﬁQay

(®,). The lens facet orientation (® g or @ ;) can be calculated as follows:

A®, =0, -0

0O s =90°—- @, —arctan

sin(A® ) )
\ - cos(A®,)

20 A®, =0, -0,

0,, =90°- 0O, —arctan

sin(A®, ) j

n—cos(A® 2)

The entire process can be repeated on a facet-by-facet basis until the entire lens

surface 1074 has been traversed.

11



1000, 1100, 1200 may include an outer radius r/ having

a separating facet, such that Ti is approxinmately
weuwalees cos *tan fv, i-rinl - wherein rc conpCT/EE®04043252

di stance froma center of rotation to an inage

acqui sition plane, fovc conprises an effective

hori zontal field of view for the inmge acquisition

pl ane, and fov, conprises an effective horizontal

field of view spanned by the |lens (see especial

FILG
8)[0041]043] IThus,Gmeomerbwbodimants, 2 lang 4405 S4B G058, Yo 890,
700, 800, ., 100 1100 1 pcl
rrowé)osglg)g r f@%ﬁaﬁ% 13%13{1% arh%l%}?r#éggs ggc‘é g grs %%ﬁ%t% i%cl)ér%{’ such tha
sef, RGbprbximAayegeled Q approxi mately equal to 90-
wherein DQis approximately equal to an inmage capture
device ray an | ®vm nus a sel ected eye ray angle, and
Q approxie-mat’gl yp equal to 90-Qe -arctanf s (D,
wheret —RQZ xrpgteby equal to an i nage capture
4 2 ~ pt her sel ected eye ray angle.
Furt ke, Ji t hat any nunber of i nage

acqui sition planes. ma e |l ocated.at .a radi [ :

5 r cWhersHRh 7a FOTBPT A dﬁfﬂnﬁ? gP‘Bcaactegtﬁr gt rogatlg B %‘J? %%Qgéaﬁaﬁ&
se ed, | i ' of viy foR fHRIImage hogisiti
SR L Rl S8l haPasl Beof ok kSTmAgLguistin

b eﬁl@.né, ol ob, h@tnpfiBesoit fectirtiorizomthl fidd@ of \ew spinned py the lens
correspond to a distance at which a field of view of

t hese@&specihidy BIG.i8YRge acqui sition plane overlaps a

field of view of the |Lens,[0044 h

entf¥ddhent s Bepmse lelni‘e?&d? %%P(g@taﬁ’e&#)r Z(tjjor’ 820,990, 1000,
10 hay focs AWM mh £ R Bl BRCloB NI GO Sar g Tt EMBATE 4 fasdt oichtation

a single i nmage capture device to capture inmagery from
t weeletitat fromtone o Pay appoximaigpeqrattoe. g., left eye and
right eye), the disclosed enbodi nents are not to be so
limted, hi fact, the formulas

sin(A®, ) j

n—cos(A@, )

90°-0O, — arctan(

wherein A®, is approximately equal to an image capture device ray angle minus a

15  selected eye ray angle, and ® ,; approximately equal to

90°-0®, — arctan(Mé)—) ,
¢ n—cos(A®,)
wherein A®, is approximately equal to an image capture device ray angle minus
another selected eye ray angle. Further, it has been shown that any number of
image acquisition planes may be located at a radial distance r, from an origin point
20 located at a center of a selected inter-ocular distance (e.g., an inter-ocular distance
of approximately 4 cm to 8 cm). It has also been shown that an outer radius of the
lens 7; may correspond to a distance at which a field of view of the associated image

acquisition plane overlaps a field of view of the lens.

12



shown can be used to construct |enses, inmage capture

devi ces, and projectors that operate using three or
Worens/ owisegpoi nts. [ 0045] For exanple, FIG 13 PGI/HS2004043252

view of a multi-viewoint |ens 1300 according to

various enbodi nents. The |lens 1300 may be simlar to

or identical to |lens 400 shown in FIG 4. The |lens

facet residing at the |l ens surface intersection point

(P ) should preferably be oriented to capture one of
t hi0&dki r ed Meany otpreinbglimenigmay b gcabize hwhile gaﬁtf@peé so far

: ﬁ%ﬁ?\gals%g%n 1GRA %d ﬁ()ic@g@h{aﬁ. lgft?%g gﬁ}/ g1dvty sﬂaﬁ%@rlnﬁge Qaptuﬁ'@ device

VI éwpol nt) tangent | irst circular pat
of teyuptureimigennfrdB 8o distincinseparatti dempants §ppr sk ayaeed yight

equal. to.the inter- | di st D1
oi o G clsiPreiagBnr Sre P o BER 1oHtr TS FrIfhles
5aPRAS% FRLRINeEBURhstiRt Idhses] iiagE cgfttfealevidess hdhprejedio}s that

and passing through the |lens surface intersection
popp(E;ReF“SI}lg three et MgreVieWRRYS. of additi onal vi ewpoints

ma acco ¥1@! 385 | : ' ok 1

di Z? an]:e (e.qg., se leégt }(%gl%gh?%s‘zlg‘gg%‘h%% Q%ra%t nenS 1300
anawcotding td eariopstmbadimeyte. Tbe¢ kens b3V mayybe similer tapr é(gentical to

cent er, of tat | pst.ead ..of ; 1.ndi

el Pl eyt PG e Ty oy BRUERSRG althl e M tler Rt
10C! %Shh!t 8P ) Bl pleRPARY bBYristRed BRaptuRbrie@if Me dRsiacd lbheye rays

m dpoi nt " between the | ens surface intersection point

P, -1380]%;15 bEthg eigh’BeEyfeOﬁyg 13182} dndror @ addition@? pye myd 38@(H.gisa third
vm as the radius, o he.circle defi .b di t er,.
MRS o g SsShts AL S g | AR gt
r Otaglsﬂof?ﬁha%l{}l e@.tmf tdP@Rk Mterfoouldr ARtM0é Dﬁdﬁor% a b&dge bieyuldrpath of
,Pt2, orPt™ , Pt2 )

[ can be cal cul ated by the sane
pr @E@Bﬁafltm 19R® Wravingra dipmeten wproximately qayal te thaintsr-opylar
can,. be r in.th f .
15 godipige B et Befith SRS e Snidr S F g, Thus, any
in . gﬁﬁqi AT BRI .
vari ?%b%%%%ﬁgﬁﬁ%{%gqf ns tg %86 [bgrrgf/c be %gﬁdi Zed. " otrhe inter-ocular
ex aligtdnes (d,gl?seﬂ@tisg D3 mrt]qaéyof D) Faroéngsa g eisgularpatrof eye
separat i acets, 1 ef t]
7 Gtec B SRS on Bt B Bl 2t QUHRREDPOT, RO o
ad ol BNAhg @S (8. &YP, instead of P, ) on the circular path.

20  [0046] By designating point P, as the midpoint between the lens surface
intersection point P; and the center of rotation Oy (or O,), and radius r,, as the radius
of the circle defined by a diameter substantially equal to the distance from the center

of rotation and the point P;, the points of tangency (F,, P, , or P,, P, ) can be

calculated by the same process as shown for FIG. 10. Facets for each of the

25  viewpoints P,, P, , and P, can be formed in the surface 1374 of the lens as

described with respect to FIGs. 1-3 and 10-12, perhaps in an interleaved fashion.

[0047] Thus, many variations of the lens 1300 may be realized. For

example, the lens 1300 may include a plurality of separating facets, such as left eye

separating facets, right eye separating facets, and one or more additional eye ray
30  separating facets (perhaps corresponding to multiple additional viewpoints).

13



separating facets (perhaps corresponding to nmultiple
addi tional viewpoints).[0048] An exanple of using the

wo o006 3$8 shown above for such a nultifaceted PENES2004/043252

5

include a lens 1300 having a first separating facet
wth a facet 90-Qc -arctanf 8 orientation of 5,
(approximately equal to [ n - COS(DQJ )) ), where DQ
is approximately equal to the inage capture device ray
angle mnus a selected first eye ray angle, a secon
selet48l i ng f Acerxamplelef asinathstfommyl W @hostof pucha Hulti-

(a | t. )

(ORISR (40 305D DB AR it fszs;
angl e mnus a second sel ect ed eye ray angl s@{( @a)
third se arfa(%)l né facet havi naq a99ac@t —@rqt

( aﬁBF‘Eﬁ? EFQF‘IH?%Qﬁ VLS wher e
approxi mately equal to the |rrage capture deV| ce ray

angle mnus a third selected eye ray angl e. [00491e The

| enéiefe300 , ipgprirorimatlypayuri torthoimage capteie-devicengycingte minus a

i mage capture device, or a nmulti-inmge projection

sy selested Trstiaye ray pegle, eﬂrﬁs@m%meturﬁafyc éVl pe ggientptign of ©
exanple, FIG 14 is a top vie | ti - viewpoint

i e ca arat us, 14 cc@ﬂ&@&

eﬁ%%ﬂ%ﬁf‘% gﬂ 9? Igbrfs %g ﬁ:aeo @@ b\c@{gﬁ’ ?@étls
enabl es a single device to capture tmo or nore

di approgimatdIReqal & tht ihageaapisie/devicerapxmipnimus a ssddnglselected
i mage capture device, equipped with a |lens S|m%£1r to

t h&ye Hyseeicnad 3 thire pepgrating ffmt h%wnglefa%téweﬁféhﬂr Qas i n
a roomto capture a first |mag( ftr axflrst wal |, a

d
TR 08, B s LSRN

i’l COS

.device is showmn in FIG 14. Inth|S|Irustrat|on t he

10

15

20

25

apppprokinsatdld tqual whihe imageydaptusd davicerray anglduming yaaluai sedected
416, is shown along with the rel evant inter-ocul ar
d| SYARYEnge: The apparatus 1416 may include a | ens 1400

}gmf@n 2| Eld Iu Eﬁé ge'h?’ I1 g(g)t i firea)RGoseNAnaki viewpsiatifge
capture device, or a multi-image projection system. Thus, other embodiments may
be realized. For example, FIG. 14 is a top view of a multi-viewpoint image capture
apparatus 1416 according to various embodiments. Thus, a lens 1400 can be
provided that enables a single device to capture two or more distinct images
simultaneously. For example, a single image capture device, equipped with a lens
similar to that described in FIGs. 4, 10, or 13, can be placed in a room to capture a
first image near a first wall, a second near another wall, and a third in between the
first and second walls.

[0050] Such an image capture device is shown in FIG. 14. In this
illustration, the apparatus 1416, which may be similar to the apparatus 416, is shown
along with the relevant inter-ocular distance D. The apparatus 1416 may include a
lens 1400 having a plurality of interleaved separating facets 1412 including a first
separating facet 1422 to refract left eye rays 1424 and a second separating facet

1426 to refract right eye rays 1428. Thus, the left eye rays may be grouped as rays
14



separating facet 1422 to refract left eye rays 1424
and a second separating facet 1426 to refract right

W@ y®s06npss 1428. Thus, the left eye rays nmay bePQr/usgwe4043252

5

10

15

20

25

as raysreceived froma first imge, and the right eye
rays may be grouped as rays received froma second

i mge. The apparatus 1416 may al so i nclude an i mage

acqui sition plane 1406 (perhaps as part of an inage
capture device 1430, such as a franegrabber, digital .

vi teseived frome first imagaeand theerihd 6y 18y mey be grupgdasyays received

ref.racted | ef y f t 1 1 : ek
f 2R 50 g€ The Bharkhi 1 AR LAR (L prFRBE Hdttion
143%iné 14006 (pethapeasqrad ofep anage captufedeicell426, sugltlal 2 framed

separating.facets (not shown for, purposes.of clari

c Ao R0 e of S g VEP AR pafh ficd itk eve
I eSRLLB2 Rt ﬁ%_ﬂrﬁ@(@jpa%ﬁﬂ% thadt FAX3, adBto recuiverdidirhstedaApht eye ray
eye ‘rays associated with other viewpoints (e, g., the

t hil 434 fromthrosesendsepeeting faget et AHdieR sepating fpests{agt
Pti,in Fl . ' ' : i

e 0 o Bl o BB cAE Bt Rl hp b PRAZ s desortbed with

t heespedt toths 16r8A806 iOFIG. (13, dndrddilid@d eyarys asseciplies alith oger

t he plane 1406, [0051] Thus, many varjiations.of the, .
ap PO Ea1Ldhedirdydevnogytiassogiat aYlab S RPYLOL tapgency £y in

ap s 1416 may . ngl ude a | . ' [ ISt

ol BRG T ) fraybeeBiea.ah ietBadano ol BB dchilng to e
fi n&dag&esﬂhabmsff?@atontthe Tegif 1400, b pixels anathis planel 1406.
secon separ at | ng acet for ract ri eye ra n
an [90%dbe acqdbes DaBY vanaiees Phihp BRAT %‘9 E‘{ 16i I%{@f t_’e redlized! g(,)r
r efekﬁﬁﬁlg,ﬁgé tﬁﬁoﬁarﬁusel_ A18¥ndy iR S1ehs hilinS L BAL El{uhﬂhﬂy of

facet, receive afirst refracted rig eye ray

f r omterl¢ared saparating Epats dndluding a8t serpobng facrHe refsiet lefsye rays

i ncl yde one or [ i L | '

¢ noit 8 Sohnd setlasd Rl Tocl ) PR P EYR AR aRERARALL Alhisition

t helme eordeive pditatréfrgtedddefetye day fitoli the }ﬁ@@ﬁ:pataft’mgffaqes tand to
ond to a first,.vi

separating facget corres oi nt,
t héSsBE S@é%é‘i't%‘rﬁé& eye Ea R Shessr P SERR g e al"‘\élg‘[)‘second

Vi E{{M&? nt, anfle A8 nfy ildedcam@iok hidh@hddetidhal @) ray separating

separating facets may correspond to a third vi ewpoi tnt .

[ 00&3]s inksrlnaved avifhrthe firsti sapgrating éacehangdhascgondsepr@hng tacet. In

Pl gpe ay di@lspdh FloA St FiSwhdiAMHR second

fi 3@1 cfrlorslr%i %??H%g%%%aqﬁlg%%e@g%gt r?%sg center of 5‘2‘; first

i Ntsepargtinig fatet may correspond to a second viewpoint, and one of the additional
eye ray separating facets may correspond to a third viewpoint.
[0053] As noted previously, the image acquisition plane may be located at a
radial distance 7, from a first origin point located at the center of a first inter-ocular
distance. Additional separating facets included in the lens may correspond to a
second inter-ocular distance and be interleaved with the first and second separating
facets. Thus, the image acquisition plane may be used to receive additional
refracted eye rays from the additional separating facets.

[0054] Yet other embodiments may be realized. For example, FIG. 15is a

30  top view of a multiple-image projection system 1516 according to various

embodiments. Much of the prior discussion has focused on the use of lenses and
15



di stance. Additional separating facets included in the
| ens may correspond to a second inter-ocular distance
w@nwshberisit erl eaved with the first and second PCT/US2004/043252

separating facets. Thus, the inmge acquisition plane
may be used to receive additional refracted eye rays
fromthe additional separating facets. [0054] Yet
ot her enbodi nents nay be realized. For exanple, FIG
15 is a top view of a multiple-inmage projection system
15 irgagecepiut dryices capabled samsvrRinRgdinageiy 410 OlgpOKeyeWpoInts
prior gi scussign cu t f

. ale aﬁ?%’elngzé 1f3o Sip ﬁq}%) SU&%G}S[ mﬁ%@?&é@sed and

andr i’cés capabl€ of capturing | nagery

]IC:Ir %‘I;Blgeg?o g{_ﬁ: ﬁ@lfe%o\ﬁ;—o%ﬁﬂﬁ’éreﬁt Th&s‘? a%ens cillbe frovided that erhibleR a

I's concept can be reversed
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:

25  [0057] The image projection plane 1506 may be located at a radial distance
r, from an origin point located at a center of a first inter-ocular distance (e.g., D41 in
FIG. 13), which may comprise a distance of approximately 4 centimeters to
approximately 8 centimeters. The lens 1500 may include one or more additional
eye ray separating facets (not shown for clarity, but perhaps interleaved with the

30  first separating facet 1522 and the second separating facet 1526), wherein the first

separating facet corresponds to a first viewpoint, wherein the second separating
16
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20S egbfteas progam ?170?.111168, including objects and collectlons of Ob] ects, and/or

firmware, and combinations thereof, as desired by the architect of the lens 100, 200,
300, 400, 500, 538, 542, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500,
apparatus 316, 416, 516, 716, 1416, 1516 and systems 536, 636, and as appropriate
for particular implementations of various embodiments.

25 [0059]  Itshould also be understood that the lens, apparatus, and systems of
various embodiments can be used in applications other than panoramic cameras, and
thus, various embodiments are not to be so limited. The illustrations of the lens 100,
200, 300, 400, 500, 538, 542, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400,
1500, apparatus 316, 416, 516, 716, 1416, 1516 and system 536, 636 are intended to

30 provide a general understanding of the structure of various embodiments, and they
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20C haksisitibh PRihé & doAgmEe Y e¢patatetichess imapepadi acquiting data from
vari ous
the image acquisition plane to construct a separated right eye image at block 1619.

The method 1611 may further include joining the separated left eye image to
provide a joined left eye image, and joining the separated right eye image to provide
a joined right eye image at block 1627, as well as combining the joined left eye

25  image and the joined right eye image to provide a stereoscopic image at block 1627.
The method may also include combining the joined left eye image and the joined
right eye image to provide a 360 degree (or some lesser amount of degrees),
panoramic stereoscopic image at block 1631. As noted previously, an outer radius
of the lens may correspond to a distance at which a field of view of the image

30  acquisition plane overlaps a field of view of the lens.
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enbodi nents. Sonme of the nethods to be described may

be derived fromthe process illustrated in FIG 7.
wabws/0673m8 sone enbodi nents of the invention, arPCEUk®A4/043252
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the i mage acquisition plane to construct a separate
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201 MAGR RGN aSSepar@tied IIfeeyR ifnbge, while the plurality of right eye rays may

comprise a portion of a separated right eye image. As described previously with

respect to an image capture plane, the outer radius of the lens may correspond to a
distance at which the field of view of the image projection plane overlaps the field
of view of the lens.

25  [0065] It should be noted that the methods described herein do not have to
be executed in the order described, or in any particular order. Moreover, various
activities described with respect to the methods identified herein can be executed in
repetitive, iterative, serial, or parallel fashion. For the purposes of this document,
the terms “information” and “data” may be used interchangeably. Information,

30  including parameters, commands, operands, and other data, can be sent and received

in the form of one or more carrier waves.
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| esser nunber of degrees), panoram c stereoscopic
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dodVarisvie Langvase €XME)-" Thisorthergudhedimgids masberealizggd pe
us ﬂﬁodﬁt erch %ﬁ@.eﬁﬂgx'bldcﬂfd‘ﬂ bPkh artifE 11964 AQording to various
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s e rmbadihanés; siched aicomphier, faonemary system,cy magnetic enentical disk,

\é\%\égéfﬁ 8%? gi%){:ﬁngg angé% %gé/ geg%qg%eg%écﬁgﬁﬂ %ie{}lge Eps%'stem. The

20 article 1785 may comprise a processor 1787 coupled to a machine-accessible
medium such as a memory 1789 (e.g., a memory including an electrical, optical, or
electromagnetic conductor) having associated information 1791 (e.g., computer
program instructions or other data), which when accessed, results in a machine (e.g.,
the processor 17875 performing such actions as receiving a plurality of left eye rays

25  through one of a first plurality of separating facets of a lens at an image acquisition
plane, and receiving a plurality of right eye rays through one of a second plurality of
separating facets of the lens at the image acquisition plane.
[0068] Other actions may include acquiring data from the image acquisition
plane to construct a separated left eye image, and acquiring data from the image

30  acquisition plane to construct a separated right eye image. Further activity may
include joining the separated left eye image to provide a joined left eye image, and

20



of ordinary skill in the art wll understand the
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plurality of . . .
substitutions and changes may be made without departing from the scope of this

disclosure. This Detailed Description, therefore, is not to be taken in a limiting
sense, and the scope of various embodiments is defined only by the appended
claims, along with the full range of equivalents to which such claims are entitled.

25  [0072] Such embodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntarily limit the scope of this application
to any single invention or inventive concept if more than one is in fact disclosed.
Thus, although specific embodiments have been illustrated and described herein, it

30 should be appreciated that any arrangement calculated to achieve the same purpose

may be substituted for the specific embodiments shown. This disclosure is intended
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not to be taken in a limting sense, and the scope of
wo arsoes1enbodi nents is defined only by the appernuszo4/043252
clainms, along with the full range of equivalents to
whi ch such clains are entitled. [0072] Such
enbodi nents of the inventive subj ect matter may be
referred to herein, individually and/or collectively,
by the term"invention" nerely for conveni ence and
wi t hout intending to voluntariGaimsnit the scope of
this application to any single invention or inventive
concept if nore than one is in fact disclosed. Thus,
al twiewy gdclsipediis:i ¢ enbodi ments have been il lustrated
and described herein, it should be appreciated that
any arrangenent cal culated to achi eve the sane purpose
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limt the Scope or meanin , hi addition,
10in the foregoing Detail ed Description, it can be seen
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claimstanding on its own as a separate

enbodi nent. Cl ai s, | .
5. The method of claim 3, further comprising:

joining the separated eye image to provide a joined eye image.

20
6. The method of claim 5, wherein the joined eye image is selected from at
least one of a joined right eye image and a joined left eye image.
7. The method of claim 6, further comprising:
25 combining the joined left eye image and the joined right eye image to

provide a stereoscopic image.

8. The method of claim 6, further comprising:
23



What is clained is: 1. A nethod, conprising: receiving
a plurality of left eye rays through one of a first
w@bwsabidty of separating facets of a | ens at aPCT/Dsape4/043252
acqui sition plane; and receiving a plurality of right
eye rays through one of a second plurality of
separating facets of the lens at the inage acquisition
pl ane. 2. The nethod of claim1, wherein the first
plurality of separating facets are inter|leaved with
the s ecmbipingrﬂemmryd@rgﬂ eysimese Fusghe ianadgighgeyerfge to
nmet hod o ' . g ri sing: acquiring data
fronﬂ?ﬂgé?%g%ggéégﬁ%%%%l %:%ﬁgﬁe to construct a
separated eye imge. 4. The nethod of claim 3, wherein

the separated eye image js .selected from.at, | east on
of a.9se€£\?%ﬁglﬂspgflﬁﬂ%gew HEyé" JHE" Epdgus oX the Jens €0 Smongs toa
5eye ifiRgRe aPwhith@ B8R H0Hew bf thb dirshidagd AbghiBion plane overlaps a
conprising: joining the separated eye inage to provide
a j oifirddlokviewiofthgdenss. The nethod of claim 5, wherein
the joined eye image is selected fromat |east one of
ajoined right eye image and a joined |left eye inmage.
7. The. Th¢ hethodfof claan i) Hirthénoomipeisingonpr i si ng:
conbining the joined Left eye image and.the jojn
Cant " ef@erlaciiits i ot rERd dediHitr Pkl et
10 The rg@bﬁg&ldqgﬁéyeanqgé, further conpri sing: conbi ni ng
the joined left eye image and the joi ned ri]%gt eye
i mage t pptedly aeqwripsdRie Hamdhe ingaes ssaBifien piFRG e cogstruct a
The f P . erein an outer radius of the
Iensr‘ggg%}rg%ggiglﬁﬁéﬁtlgﬁh%e’g#@t ance at which a field of
vi ew of ptdeessinigrtbe sapamted left qys isiage end il senaraiedrighi gye dnage to
field of. view of tthe | ens.
prov1de a moving stereoscopic 1mage.
15
11. The method of claim 1, further comprising:
repeatedly acquiring data from the image acquisition plane to construct a
separated left eye image;
repeatedly acquiring data from the image acquisition plane to construct a
20 separated right eye image; and
processing the separated left eye image and the separated right eye image to

provide a moving panoramic stereoscopic image.

12. A method, comprising:
capturing a plurality of left eye rays and a plurality of right eye rays; and
25 constructing an interlaced image from the plurality of captured left eye rays
and the plurality of captured right eye rays.

13. The method of claim 12, further comprising:
constructing a de-interlaced eye image strip from the interlaced image.
30
24



10. The nethod of claim 1, further conprising:

repeatedly acquiring data fromthe i nage acqui sition
wW@b@seo3os construct a separated | eft eye i nagepPCT/US2004/043252

repeatedly acquiring data fromthe i mage acqui sition

pl ane to construct a separated right eye inage; and

processing the separated |l eft eye image and the

separated right eye inage to provide a noving

st ereoscopic ina@ge]é 11. The nmethod of claim1, further

(¥

conpr 14 Thgmethogd 3 axkpuein thegledateslagadsye {Rags SRy
acqui si tj t 1.8 fdriSMBl a richt
Tage: . PRl L GRPSA 0o An B ARG E ok iR a igh
acqui si de-terdcadheyd imagestsipr uct a separated ri ght eye

i mage; and processing the separated |left eye image and
the separated right eye image to provide a noving

spanor p1TGe $leBloAQF eRRN G3) ﬂ@eﬂé}-coﬁ'@risiﬁg:mt hod,
conprising: capturing a plurality of left eye rays and
a pl ur acensjrugling 4 sgnerated €ye iage sedigndions thedstintgaced eye image
i nterg ed image fromthe plurality of captured |eft
eye ré]%' and the plurality of captured right eye rays.
13. The nethod of claim 12, further conprising:

const ing_.a . de-jnterl aced eye image strip fromt.

ot ATt PRt S5 b TR 5} e ot
10t he de- igpheitli@sesher)fe 1EABGaratddrdyp ihsgesebitut 2d afightseparated

| east one of a left de-interlaced eye image strip and

a right cpReIageéedtigied eye i mage strip. 15. The net hod
of claim 13, further conprising: constructing a
separated eye imge section fromthe de-interlaced eye
i magel s tAmi gticle comprising a machine-accessible medium having associated

information, wherein the information, when accessed, results in a machine
15 performing:
receiving a plurality of left eye rays through one of a first plurality of
separating facets of a lens at an image acquisition plane; and
receiving a plurality of right eye rays through one of a second plurality of
separating facets of the lens at the image acquisition plane.
20
18. The article of claim 17, wherein the information, when accessed, results in
the machine performing:
acquiring data from the image acquisition plane to construct a separated eye
image.
25
19. The article of claim 18, wherein the separated eye image is selected from at

least one of a separated left eye image and a separated right eye image.

20. The article of claim 19, wherein the information, when accessed, results in
30 the machine performing:
joining the separated left eye image to provide a joined left eye image; and

25



16. The nmethod of claim 15, wherein the separated eye
i mge section is selected fromat |east one of a |left

w@epanetsesl eye i nage section and a right separBCBEUSHY€043252

5

10

15

20

25

I mage section. 17. An article conprising a

machi ne- accessi bl e medi um havi ng associ at ed

i nformati on, wherein the information, when accessed,
results in a nmachine performng: receiving a plurality
of left eye rays through one of a first plurality of
separ at joigjng theseparged Hehteys impgedn Providfcr wEdinent §ygimage.
pl ane; and receiving a plurality of right eye rays

t hrough one of a second plurality of separating facets
of t . Thasrtiale dfkkaim RAgehaeiqihsinforoatip, avien ad@ssefjwesults in
article of .claim17, wherein the information, when
acces %aq’aclp.ggmr?ggmiu}g.t he machi ne performing: acquiring
data fr gsmbiffgith@Rthed (EREyR itiaf ail @B foihéll LNSYe titige 20
separated eye i mage., 19. The article of claim 18,

wher giravide a sisE9saoRtcdiagye i mage i s sel ected from at

| east one of a separated left eye inmage and a
separated right eye inmage. 20. The article of claim

19, vitteAdiens, thmpiisii@r nat i on, when accessed, results in

the machi ne performng: joinin he s rat. ]

| mage ¢ O PREVRHES 4 Tou s eI PP ye VDN PHT dps Bt eaual
the separated righ 18y i mage to provide a joined

right eye i mge*t@l—Fhe article of claim20, wherein

the igformtion, ed ccessed, ,\K/E&biht@cdrﬁpﬂshﬁa oRrehéd®om a
per f or m ngfove g{)i fog \t he (fovned | eft eye inmage and

the j oi /& Pl an ye | to Jorovi de a stereoscopic

i mge. 22" A lens, conprising: an outer radius having

a sepanft bNdidtRaes an Wkt quisitib® plapg aad wheide] Yoe Goalprises an

effective horizontal field of view for the image acquisition plane, and fov,

comprises an effective horizontal field of view spanned by the lens.

23. The lens of claim 22, further comprising:

an inner radius defining a portion of a cylindrical section.

24. The lens of claim 22, further comprising:
a plurality of separating facets, including the separating facet, located

approximately along the outer radius.

* 25. The lens of claim 24, wherein the plurality of separating facets includes a
plurality of left eye ray separating facets interleaved with a plurality of right eye

ray separating facets.

26. The lens of claim 25, wherein the plurality of separating facets includes at

least one additional eye ray separating facet.

26



to, wherein r conprises a distance froma center of
rotation to an image acquisition plane, and wherein

wo ewso6308pri ses an effective horizontal fiel dPOf/US1009043252

5

10

15

for the inmage acquisition plane, and bv conprises an
effective horizontal field of view spanned by the

l ens. 23. The lens of claim 22, further conprising: an
inner radius defining a portion of a cylindrical
section. 24. The lens of claim22, further corrprl sin

a pl R7alhe lenepf JeaipndZaihetpit a@e@groxnm@tplwcﬁqﬁfgl te gwindex o

f d
25? 2; ﬁ‘ aﬁ?gﬂn ggsa z%pg)ﬁogmg R [aqlﬂglttg EX i v\%{% P&Pﬁe evice ray
pl ur aeln'éfey aﬂg ﬁé?giﬁrtﬂé ée Qra{n?%ﬁ&ét HaB'§ lféé@@&iéiitdﬂoﬂ rsélleétéd’ 18 one

left eye’ray separa ets Interleaved with a
plurality of right eye ray separatl faﬁf@@n)z The

! ' ) et
fZ(r:]:t‘g(?;cI%&Qﬂg’émjé’{&m %‘ba‘lll onee—addlutl on i; e°§?8e@%)0 atd"ﬂ"g"m

separating facet.27. The lens of claim22, wherein n i
s approxi mately equal to an index o f refractlon

wher el\@ , Qe appreximpiehosquekiodhyinsge atpters derice rygaeleApinys &
device ray angle, and wherein the separating facet has
a f acwlectstlicanrazaoals, 4 Qo @APORERAEIN &Y ‘é?g - ar ct anf

SA(r)" \ ) of Q pro ipately equal to n - cos(
DQ ) J X
50 ) g b il ey Lo

angle, and (r)LS’, approxi rrately equal to 90 - Q ,

wher einfagptus dampe oyl anpleahiyueaoticr sdedtdrbeyieraygengle.
capture device ray angle mnus another selected eye

ray angle. 28. The lens o f claim22, whereinni s

appr o4 At Edn¥ oLEldidh 23, GviRfein P ikLappeoxfimbtefy @Al toan index of
wherein Qc i s apprOX| mately equal to an iInmage capture
devi cefractionawbereln @pds m@mtdmugﬁpanwawap%%@e%ay

a facet orientation o f Q
angle, and wherein the separating facet has a facet orientation of ® 4

sin(A®, )

o __ - t —— N T KT .
907 -0, —arc an(n —cos(A® R)J , Wherein A®,, is

approximately equal to

approximately equal to the image capture device ray angle minus a selected first
eye ray angle, further including:

a second separating facet having a facet orientation of ® ¢ approximately

equal to

sin(A®, )

— L7 | wherein A®, is approximately equal to
n—cos(A®, )] L 159kP

90°-0O, - arctan(

the image capture device ray angle minus a second selected eye ray angle; and

20 a third separating facet having a facet orientation of ®; approximately

equal to

27



90- Qe -arctanf sin DQ approximately equal to - co s
DQ) , wherein AQRi s approximtely equal to the
WO pgeesapt ure devi ce ray angl e mnus a sel ect BAI/UB2084/043252
eye ray angle, further including: a second separating
facet having a facet orientation o f @S approxi mately
equal t o0 90 - Q, wwhheerreeiinn DDQQ iiss
aapppprrooxxiinmaatteel | yy eeqquuaall ti o the image
captureI devi CS ray angle mnus a second sel ected eye
ray angle; an a tHhirgh(a rt|n f.ace aV|n a.fa
ori ent aPPom®oef a@%{%@pﬁg&ﬁ—a geé?i’ﬁlé}éft ’géﬁpro %@V%ﬂlﬁﬂ to
DQ i's approxinatel y ‘equa @ the i mage capture device
ray |eSfiin
appariy el it B SRR BUR eleBRgs fy oife. A1
plurality of interleaved separating facets including a
first S?E"Sratlait‘% facet . to refract left eye rays and a
secorfid g & o refract right eye rays; and
sa first,rRossaeeHb §ifidt ?mrﬂitﬁ peint@lehediaiep@ating facets including a

refracted left eye ray fromthe first separatin

]t ac etfirsteparping aed e Eigct lelt sye 1ays pugd %eﬁoﬁ‘?fﬂ? a‘%@%f%%}"
rom.tLAe. S8EO Qpting facet. 30. The apparatus of

cl ai mgg %ﬁ é;@lrafs? first lens includes at |east one

addi ti oaﬁlrsta;a@ermylulsmpaplme breteives firshrefiacied Jeftiexs rap from

Facetthe R PERRUp R AT Rl Ry RAACRH nRRABE R Alfn e

10t 0 a debdrilisepargtiiofabdt, wWherein the second separ at| ng
facet corresponds to a second viewpoint, and wherein
the additional eye ray separating facet corresponds to
; utr ?:ﬁjedrj ’Mien_éﬁﬁjaﬂlts of d4im T4 SyIRRAA RS 16ds iftladd¥alRast one

I si ng:
additional eye ray separating facet interleaved with the first separating facet and

the second separating facet, wherein the first separating facet corresponds to a
15 first viewpoint, wherein the second separating facet corresponds to a second
viewpoint, and wherein the additional eye ray separating facet corresponds to a

third viewpoint.

31. The apparatus of claim 29, further comprising:

20 a second lens having a second plurality of interleaved separating facets
including a third separating facet to refract the left eye rays and a fourth
separating facet to refract the right eye rays; and

a second image acquisition plane to receive a second refracted left eye ray
frélﬁ the third separating facet, and to receive a second refracted right eye ray

25 from the fourth separating facet.

32. The apparatus of claim 31, wherein the first lens has a first inner radius
defining a portion of a cylindrical section, and wherein the second lens has a
second inner radius located approximately on a cylinder defined by the portion

30 of the cylindrical section.
28



a second |l ens having a second plurality of interleaved
separating facets including a third separating facet

wo 00506138t the | eft eye rays and a fourth sepeCEHUBI904/043252

5

10

15

20

25

facet to refract the right eye rays; and a second

I mage acqui sition plane to receive a second refracted
left eye ray fromthe third separating facet, and to
receive a second refracted right eye ray fromthe

fourth separating facet. 32. The apparatus of claim

31, wherein the first lens has a first inner radius

def i nj,n I

wher &n AR oflm31 AR SRRk LA il planc and the
| oc atseébnaﬁmagemdqaisﬂeioy pleme aredptdtertiaa rddaall dissancgy. frm an origin
portion ndr.i ¢ section. The appar at us

of dR%W%&?Fe ¥%ﬁﬂ“¥ﬁéﬂkg?§Fﬁ?ﬁ§ g%%ﬂ?3|t|on pl ane
and the second inmage acquisition plane are |ocated at

a radial distance rc froman orjigin Eﬂ}nt | o ated at .a

cent &x. She appaestuscaf sbvitn 38 eWhesein|thg sedfcladdnierocular disgppge is
appar.at H)?(Fg;tel | AleMiddrersiB 8 %ﬁbﬂn{aﬁﬁr’%{ 8 @J:Iﬁﬁﬁe@&s

i nt er®8 i'stance I's approxi e centineters
to apprOX|nater 8 centineters. 35. The appar at us of

ot it gt o in P oy Paibepsh ity B

poi NtjotA&BIt AFadihl Bst&RB Lo fa fixstforlpsd pdindlecataiatlazenter of a first
di stance, wherein the first |ens jncludes

addi tinsnarularadisiimge; Whereindhs fisblepsioslyden dﬁ&loaalssé% filpe
| nt erg oGuLa %sgglé(?ﬁé{&&%e@&gi ihfdf- %Eﬁlﬁadiﬁgndé" ahfl 1ﬂt§1‘ﬁ=:a{féd with the

separati ng the second separati ng facet, and
wher efinst stepara’(ﬁmg fatetiand e sacudisspariting fpdehraad wherain the first image

i (FBHaoRglsar 1P el b BEAGEn T T b O i e additona

cl ai ngeg@atind@t&@i N an outer radius of the first lens
corresponds to a distance at which a field of view of
the first image acquisition plane overlaps a field of

view gf Tﬂggl? atﬁm didifnS1o, RhseR dntoht@raditd Gth@BMeRens
separ at'i ng Tacets.
corresponds to a distance at which a field of view of the first image acquisition
plane overlaps a field of view of one of the first plurality of interleaved

separating facets.

37. A system, comprising:

a plurality of lenses having a plurality of interleaved separating facets
including a first separating facet to refract left eye rays and a second separating
facet to refract right eye rays; )

a plurality of image acquisition planes to receive refracted left eye rays from
the first separating facets and to receive refracted right eye rays from the second
separating facets; and

a memory to receive image data from the plurality of image acquisition

30 planes.
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37. A system conprising: a plurality of |enses having

a plurality of interleaved separating facets including
wa@2dosinediseparati ng facet to refract |eft eye PElESHNG043252

a second separating facet to refract right eye rays; a

plurality of inmage acquisition planes to receive

refracted left eye rays fromthe first separating

facets and to receive refracted right eye rays from

the second separating facets; and a nory.ta receiv
i mag é&dahgsyrsmwftqwmgi7uW§Pﬁerth6fm?ﬁ?égEa %@éﬁ?sﬁl{"fﬂi}?\“‘m °
pl anggnsﬁﬁct Tg?ée&?%;i@ﬂhége. claim 37, wherein the inmge

C nt or

data i ncl udes | mation to construct a stereoscopic
i mge. 39. The systemof claim 37, wherein the inmage

data_jnc| udes infor.nafjon t R » AfnStion t
sterd é's %h?)?yég“iﬂhﬁécia}m%’ V‘%ﬁlﬂee %st;%/lg { e%egﬁ?ttacj?gll‘a?n&gf}, onto
5 Wher ghiytiubier pBAMICaERoiBpIcUMAge.2 separated |eft eye
i mage and a separated right eye inage. 41. The system
of claim 40, further conprising: a processor coupled
tot 1@@ t 2 1B 37t BRerSRRRE AR dh@fificl8US alsBFgfedledt cye
t 0] o?ﬁ' e été%aogzﬁagg righ% eye irf%ge. 42. An e
appaimbgesandaceparatsd right eyeimage. having a first plurality
of interleaved separating facets including a first
separating facet to refract left eye rays and a second
10 Separat iTRe sfstebf ¢lgint 40, fattier cogptisieye rays; and an
i mage projection plane to transmt firs ef.ract ed
| eft eyaproggssersopplgd {q the memagry fajopy eF%’é"éatt“?‘f 18& §vy fpage and
trangm &y thefshbited BoKtRGE §Hadel ght eye ray to the second
separ%{?aqcfl%glefsalget.e 4%. 6‘):!;I;he agppar atus of claim42,
wherein the image projection plane is |ocated at

42. An apparatus, comprising:

15 a lens having a first plurality of interleaved separating facets including a first
separating facet to refract left eye rays and a second separating facet to refract
right eye rays; and

an image projection plane to transmit a first refracted left eye ray to the first

separating facet, and to transmit a first refracted right eye ray to the second

20 separating facet.

43. The apparatus of claim 42, wherein the image projection plane is located at

a radial distance r, from an origin point located at a center of a first inter-ocular

distance.
25
44. The apparatus of claim 43, wherein the first inter-ocular distance is
approximately 4 centimeters to approximately 8 centimeters.
45. The apparatus of claim 43, wherein the lens includes at least one additional
30 eye ray separating facet interleaved with the first separating facet and the second

separating facet, wherein the first separating facet corresponds to a first

30



a radial distance rc froman origin point |ocated at a

center of a first inter-ocular distance. 44. The
wappanetdus of claim43, wherein the first intePeDUSL084/043252

di stance is approximtely 4 centineters to

approximately 8 centineters. 45. The apparatus of

claim43, wherein the lens includes at |east one

addi tional eye ray separating facet interleaved with

the first separating facet and the second separating

f ac etviewpodrtewhereindhef serantd ssparating fang coaewEn¢dp RS

S ds
to a firstvie i nt., .whernel n .t . j
f acor eERIeTRen 1 R IF s epAfuACRa 3t Bonds oo
the agiel vie@paint e deddhdsiepaballindjstimeet corresponds to

a third viewpoint and a second inter-ocul ar distance.
46. A nethod, conprising: projecting a plurality of

5left 4%y%ﬁl@¥1§d’t&%%?ﬁ§pne of a first plurality of
separating facets o | ens from an inmage projectjon
pl ane; progkcpnpi plordlitgoflefieye eys throesh onegh e Hasf@lyrality of
t hrough one of  a con lural it . i ng facets
of { HEPFENE Prstptren fefe i teRbisOdEkG) T The
met hod piojeetiag Aphalityberigiteyé tugs flirowgh quiewf alsédopd plurality of
separating facets tgrf [ tergeaved w#tl&g second
pl ur #epargting facetyof the |eny Tpmiag MageProlsiO" Rod of

1oClaim 46, wherein an outer radius of the |ens
corresponds to a distance at which a field of view

eld of
the i47ag@emethodeaficiaom 46} whereimtbe figspplugality ef sgpgpting Rgpts are
of the lens. 49...T ' : rein the
pl urali f'ﬁergefav?dg‘ﬂth g‘?é%&x‘%ﬂgg‘%%@éﬁ%ﬁgﬁé@%n of a
separated left eye image, and wherein the plurality of

cye. 1 4ingbe metod a ol At ErfShap iR STRRIBL kil o o
15 MBChi 8aRECe S hichl il 6i B b tteithagsprofdcdeflane overlaps a field

infornation, wherein the information, when accessed,
r esul efyigmobthadai ne perform ng:

49. The method of claim 46, wherein the plurality of left eye rays comprise a
portion of a separated left eye image, and wherein the plurality of right eye rays

20 comprise a portion of a separated right eye image.

50. An article comprising a machine-accessible medium having associated
information, wherein the information, when accessed, results in a machine
perfonhing:
25 proj ecting a plurality of left eye rays through one of a first plurality of
separating facets of a lens from an image projection plane; and
projecting a plurality of right eye rays through one of a second plurality of

separating facets of the lens from the image projection plane.

30 51. The article of claim 50, wherein the first plurality of separating facets are
interleaved with the second plurality of separating facets.
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projecting a plurality of left eye rays through one of

a first plurality of separating facets of a lens from
W@roos/er3es proj ecti on pl ane; and projecting a pPCF/aB1004043252

of right eye rays through one of a second plurality of

separating facets of the lens fromthe inmage

projection plane. 51. The article of claimb50, wherein

the first plurality of separating facets are

interleaved with the second plurality of separating

facets.52. The article of claimb50, wherein an outer

radi u t .COfY e d '

27 erh 0 AR, PR S e rdlhebaRE RaPloap il oo

a fi ellidtapdevdt @whhcﬁf 4 field loeﬂﬁw (ﬂ'$he ﬂi’ﬁnge prdj d:otibﬂ phabhe oValaps a field

50, wherein_th lurality of left eye rays conprise a

porti W8W°§ﬂ§jﬁ§rated left eye i mage, and wherein the
splurality of right eye rays conprise a portion of a

separated right eye inage.
53. The article of claim 50, wherein the plurality of left eye rays comprise a

portion of a separated left eye image, and wherein the plurality of right eye rays

comprise a portion of a separated right eye image.

32



