MULTI - DI MENSI ONAL | MAG NG APPARATUS, SYSTEMS, AND
METHODS Technical Field [0001] Various enbodi nents
woeasnbizegl herein relate generally to i nage prBCESS2008/043252
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 nMYLTHIMENSIONALJIMAGENGrARP ARATAS.
5[0003] Thi s processsggﬁgﬁﬁéggﬁﬁqgﬁqTi greate

cylindrical stereoscop ree-di mensi onal)
panor am c i mages. For exanple, two caneras can be

nmount ed, one next to the other,l q arated by a defined
di stance. The caneras nagfgﬂgﬁlgiiﬁotated in unison
abpb1ja PO NYardvik budYdiRRhWRIBEHbBE RerelrdelateCRABRRY foithabe
used to create a separate cylindrical panoranma usin
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c oProsgssings ineludiag @ppasptus, srgMs; ppd Bisthodsused d¢ recprdnd project
loabﬁMﬁZdﬁmﬁﬁoﬁﬂﬁmﬁ%ﬁ resul ti ng panoramas are vi ewed
t oge h n

er, one by observer's |l eft eye and the other
by the observer's right eye, a stereoscopic effect is
achi eved. However, Y he %ati t wo- canmer a node
may be useful for creBdeE2 oL scopi ¢ i mages,
the system descri bed does not lend itself to

ef fgopzent I y (Dflﬁl\d}i@él@ﬁn&aﬂﬁé/inﬁﬂb§&ﬁfsﬁ@&§&@§i§g PARGE thting
i mage. Brief Description of the Drawi ngs [0004] FIG |
15 | scamaropAy thewgamerads rased, impgeganayrhs capiyrnd a gefineg yacrements

AR LA PO S Ol Pt 4 o
t othembé extsactdiiomhh therester 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 stereoscopic effect is
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;



[0006] FIG 3 is atop view of a |ens and apparat us
according to various enbodi nents; [0007] FIG 4 is a

wo o@swsBw8 of an apparatus according to vari OuUSPCT/US2004/043252
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.

TA; illustrate.portions of [ i C n
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[ Oikblis Elbodidents] ustrates several fields of view

relating to a | ens accordi to various enbodi nents;

[0999¢8] FI ¢ HG;: 3 is2 toppy1en %‘{/19918?5 I APPYAUF 3EOTHRE I Varigys

angl gsiimheli@t i ng to a Iens according to various

enbodi ment's; [0013] FIG 10 is a top view of eye ray
5 ani§i0@F r el athlfig4isa wplvéavsobancppatiang aceerding foogasious

enbodi rent.s; [0014] FIG 11 is a top view of |ens

fa?go%dg%?rétﬁt ation angles relating to a | ens accordi ng

t 0[00@8]i ous eFTgodiigErbYiew OlihSHppirafs adda bysten haprdingen

of additional |ens facet orientation angles relating

t oVHIUR AELAHBERSI ng to various enbodi ments; [0016]

Fl fgood3 15 aF108 isvd Etive Vb bF a ¥ sﬁé&\@@éceﬁdnh?fésm
accﬁgr%]i_ng to var ilougé%eﬁr%bcladi nent s; %0017] FI 14 ?gs a
10 t opmbddimenss; a nul ti-vi ewpoi nt i mage capt ure appar at us

SRR R R RRS ok A Gk hion
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[0011] FIG. 8 illustrates several fields of view relating to a lens according to
various embodiments;
15 [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
20  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;
25  [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

30 according to various embodiments; and




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

several nethods according to various enbodi nents;
wearas063d FI G 17 is a bl ock diagram of severpdT/US2004/043252

articles according to various enbodi nents. Detail ed

Description [0021] It should be noted that the quality

of the stereoscopic effect created using two caneras

may be governed by the distance separati ng the centers

A e e e R R

di ghBshRefts- €., about 6.4 centineters, or the aver age
di stance between the pupils of the left and ri ght
eyes), the stereoscopic effect may accurately mmc

human vision. If the cqu%l% WsEriptigig ed cl oser
together, the three di ep of the captured
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abstracting a snal'l vertical inmage strip fromeach
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caneras are n center
r aysart; ieahee dintengional dapth nlid}ahcrbaiset &hge niang lsteteros@plc camera
circle having a di rreter e éétOth di st ance

Seﬁfﬂeﬂsi‘ﬁ@af’ CIER6 6(951 Wi'tsl y, the
di gueper of AbLgpsest Jr@eltm@'tﬁ&dﬂnﬁfon&ﬁ& Bf AR SSPasihis dndQystem

perceived inter- ocular di stance of the resulting
15 cyfarsigrdosenpicsimagiagsensyney jeaniderthapreyvipuglydisseribed.detatipg two-
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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
25  the same time. However, since it is not convenient to 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

30 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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i mage capture device) of arbitrary size to capture
alternating left and right eye rays from outsi de of

wo bsoenster i nter-ocular circle my be needed. p¢D02B)4/043252
To sinmplify the resulting apparatus, the cylindrical
field of view may be divided into snmaller pieces, each
covered by an individual imge capture device. To
capture the left eye rays and ri ght eye rays for each
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corresponding to a single video canera can thus be
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seguBnblymay be designed to refract various incomng

l'i ght rays correspondi ng to the left and right eye
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f 26]. FIG 1 t f 100
e fens gy oty ningisRalo 0B Hiufo oD Fe maY not

e gﬂ‘geg&gmpmua;@ﬁaaudrﬁ atop viewof a Iens 200
refracting left eye rays 202 accordi n& to, vari

20 errE’@aé nent s.FIG: 1 igntopeiaseeln lepnt 00refradtigdight 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
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| ens 100, 200 has an outer surface 104, 204 (i.e., the
faceted surface) designed to refract right eye rays

wdedsaemdig eft eye rays 202 onto the i nage acquPGI/USIING/043252
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pl ane 106, 206 of a video canera 110, 210, or ot her

I mage capture device. Using the faceted | ens surface
104, 204, individual vertical lens facets 112, 212 are
used to refract individual vertical spans of eye rays

114, 214 into indiv]dual verti i nes of
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di st@Mmaalso 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
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.
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



D. The apparatus 416 may include a | ens 400 having a
plurality of interleaved separating facets 412

WO nnsceizng a first separating facet 422 to refranusioed/n432s2
eye rays 424 and a second separating facet 426 to
refract right eye rays 428. The apparatus 416 may al so
i nclude an i mage acquisition plane 406 (perhaps as
part of an imge capture device 430, such as a
frame-grabber, digital video. canera, .gr so t her.
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i nner radius 546 defining a portion 548 of a
cyPs AdHi§Vedi section 550, and the second |ens 542 may

hayg3a) secongid. B1eh pedstictive view JfaGHiteH 630 RERKdiRBIcBlaYious
on a cylinder 554 defined by the portion 548 of the

20 cy kinhodiments. Beferiingrnays®, FIGRSand thét qap e seenAlg a speiem 749, 636
RO B R T oo
551deaticid ¢ thhilenk 460 shawmpin G thal ing laphablitg oflintdrleawdd fagets
of 4?26, %6115.&11"11{:] s{e%{:% 6? 6?& rzn'ay -Ell-ﬂ(e) 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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plurality of facets 512 may include a plurality of
| eft eye ray separating facets interleaved with a
w@basabizty of right eye ray separating facets PeEESIhL2043252

4, elenents 412, 422, and 426). Utinmately, an entire

360-degree cylindrical field of view can be achieved.

[0032] FIG 6 is a perspective view of a system 636

according to various enbodi nents. Referring nowto

FIGs, 5 and 6, n be seen tha stem 5 636
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o receive jmge data 558 (not shown in FIG
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se ted |left. eye. i e and arat t
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56%@%@@ HE, in@luﬁh\g aTeRson0Y (ﬁﬁ@aj 10 dridentiédd €o e s at)e ﬁhown in
| eft %e i mmge and the separated right, eye inage

s eB1G |4 pach s inapg captyrs dgyicey &) (sinpilar ig onidentigalipodlis | wgp 9apture
WL GEMRT R IFI@ pﬁa{s héAwn 4R 1(13%@@0 Ezlp?hre o) nﬁ‘z[g% o@ lAG&H objects

next to each In a nner simlar to
15 | d@62.i . 7B alepihtstan shprasinatiorptan @tmﬂacehl m@gpé@‘t captured by the

tus 516 | i .
T A
r eaf captui@l left e9¢ 25t endinpluealiey (l)ﬁfapﬁit‘e&laﬁg?hz efet7 r?gd)dme[}: ?7(@ shows
an a e (0]
Y Qe et ineat st aad T Qe s TIRSIIER TAA FOPrFigd e g pterlaced
[ 09§£g1e 764 CBIG. iy Hows lchhtidnate® 16H04rd riRinige %ectlons 770 772, or

stereoscopl Fanorana creation process accor

n
20 v asépetateddafb earl nghiteye images, condwetsd fioar thi tig-mteréaceg lqﬁeand right
Ca%‘} m%ge 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



of 360-degree, cylindrical stereoscopic video inmagery.
In FIG 7A, a single apparatus 716, including a | ens

wOo0@speisms | ar to or identical to the | ens 400 BADWA2004043252
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FIG 4) and an imge capture device 730 (simlar to or
identical to the inmge capture device 430 of FIG 4),
is shown being used to capture an i mage of vari ous
objects 762. FIG 7B depicts an approxi mation of an
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pal0®Balr c i nblgsubsequént mathemeticalprodess dsefmesepex-y egnddinaie

righ noram ¢ .i. (76 1S Viewe .he [ ye,

- SMlerRR0RE M Srig PR Gnled of b i R E A EhbSF

Vi gdhfenidi®s KOIEddfecd SPhERABIUBEr ) 6f hE erfeRdl fab&eBRhs furface
8 illustrates several fields of viewrelating to a

| e834 86Mespondsrtaihreglistance at whieh thenfimdd ofraow ©f tHeamagBGPture
may be simJlar to or_identical to the | ens 400 shqwn

| ndspics Crav. )RVF%%Pétﬂéf'dﬁ?lgﬂ vigyef thefpogied lepy ¥gHqTfov, ), and can
re%é aaéui an to c\g;,evet he desired stereoscopic effect

cah® ¥ éaeg%?SfBe%I frat hemati cally based on certain

speci fi ed physical values. Thesegyalues include the

i nter-ocul ar distance (D) rch'éﬂnmycvides the desired
stereoscopic effect, the index pf-refr on (n) of

the material to be ysg cff_)ﬁ(j*(ign d@écl_hsqnf@g ed | ens,

the distance fromthelcentler af 2ye poing fotation to
the i mage capture device rc), the effective

AT 2 B bR o ERR B

t hroperties can be calculated. These facet properties can be calculated on a ray-by-
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
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



apparatus's faceted | ens section (fov,). The distance
D may be a selected interocul ar di stance, which can be

wanysdesis ed di stance, but which is nost usef ubCTHIBIV04/043252
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selected to be approximately 4 centineters to
approximately 8 centineters. [0036] The subsequent

mat hemati cal process assunes an x-y coordi hate system
having an origin O at the center of eye point

rotatiaon. Al an r..measuyenents are,i ees. The

" ot ok Mhyeopratin 8t Binifr Y be REta oo Bl FEIE pmatas 416
COol,I espo : Vi
CPUESTRES 0ak e oS Gh00GR ORI el oottt

f i glediclf ofwi@Wobthe ihgpef ApRtedbvice 1F01s § eiatches thetdns sudivd area
can be calculated as follows: /fv I I f ov LI fov, -

- &dremdponding-to shefield of ViOW 3T the@htedt 1bes seetibinu(sfoof) (deFIG. 8).

| ens 800 has been determ ned, individual facet

pr Aper¢subisa w979 &onethe o¢rdered eyeTprintgofatioe O palintarseciibe lens

o RO SR el (R0 P Pl Gt

t hgByEpose of this document, it may be assunmed that
an optinmal image is attained using a single facet for
each vertical pixel line acquired by the inmage capture
device 830. [0038] FIG 9 is fov,t+@p view of |ens
surface point ray angles(%éfarjgg_to a lens 900
according to various enbodi nents¢ Lens 900 may be
simlar to or identical to the |ens 400 shown in FIG
4. Thiseayl angle (@0 elloyws egdelationof therlenssypefaes intgracetien point (F, =
pap,iPgUh &ty qRkdihates) aé fitlowens surface 974 are dependent
on the location of that point (P) and the angle of the
ray 976 fromthe image C@p;!fs_epd vice 930 to that
point (Q ). The apparatus 916 (%hich may be similar to
or identical to the appaﬁaFus*%¥63§homn in FIG 4) can
be desi gned such that the Lansgﬁ@ibace area
corresponding to the field of view of the I mage
capture device (fov ¢ ) matches the |l ens surface area
cofoogspondi MG, 00 igetop vedwdofdye Yayeanghek rélitengfta@aémd obens
section (/Ovl) (see FIG 8). As aresult, a ray_ 978
f r BRoPIdERE teaTiays embogdinaentn lins 180 maY: he ghmia tojasadsntieal fo lens
t h@(%d ﬁiﬁ@m%’ F@RSE Ble ILRF SRR 4 the1End surfhOEinRRGL o fdint
) of that ray 978 can be cal culated as

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

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 ( £ ). By designating point P, as the
midpoint between the lens surface intersection point P; and the center of rotation O,
and radius r,, as the radius of the circle defined by a diameter substanﬁally equal to

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

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



foll ows:

= /ov,

*Qc

favc

This ray angle (Q ) allows

calculation of the | ens surface intersection point (P,

WG 200506738
*cos((r)l

) Pi

in x-y coordinates) as follows: Pc ET/US2004/043252
=h *snm(Q ) [0039] FIG 10 is a top view

of eye ray angles relating to a | ens 1000 according to

vari ous enbodi nents.

i denti cal

residing at the | ens surface

shoul d preferably beg qr(ie
the desired left eye”ra
to the circul
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Lens 1000 may be simlar to or
to lens 400 shown in FIG 4. The | ens facet

tion point (P,)
ure either one of
ht eye rays 1082,
otation 1084
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raRof y (Bguah, Jt o t he
I stance D) and passing through the |ens
sudﬁa 8 |mﬂb;sect|on point (P ).

By designating point

dpoi nt between the |l ens surface

point P, and the center of

rotati on O

and radius r( as rhg fadi ug)of the circle defined by a
di aneter sulbspar EaLiy_ed al to the
cent er /f rctéTiL 2and t'hg |pgims \P1f( bhe p a f DY
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FIG. 11 is a top view of lens facet orientation angles relating to a lens

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 F, ), when viewed in conjunction with the lens surface

10
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wa@2daepeRBiew of | ens facet orientation angl es redBUSI94/043252
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to a lens 1100 according to various enbodi nents. FIG
12 is a top view of additional |ens facet orientation
angles relating to a I ens 1200 accordi ng to vari ous
enbodi ments. Lenses 1100, 1200 may be simlar to or

L IRERE N e T
R P U oREkPh e [ ATABRRL L Fbi? P12 ), veen

surfacei ntersection point (P ), may correspond to the
desired left eye ray (RLE_)pancg right eye ray (P )
that pass through the :?Léﬁs)(ls?’iﬁ?’%ﬁ%% g”f that point. p -

i np\ -pr REV REXPLER@LE,‘),PA@F{SZ: (pp) - pr LE
V LEx 1 LEy J 1 1 The angle fornmed between each eye
ray and - @AX] d ] [

usef ul ’ir%y% c%ﬁ}?‘} é]eg”?%‘eea%ﬁe}{ gi' ?’z‘ﬁ&% ?‘o%gr(%@%sﬁlg f®t5h e
CUFdsSadtivel NS uSeif iaeBlchias s the eefrRAGNpRYEIESYT thd AGFAL lens

angl es can be calculated as follows: =arctanf | 1JL\ P
- furfape facet for each eye ray. These angles can be calculated as follows:

P, -P
©; = arctan] —>—2
P, —-P,
10 Py, -P
©,, = arctan| —2—%
P - F, ix
[0041] Once the eye ray angles (®,, and ®,,) have been calculated, the
final facet properties may be calculated for the current lens position, taking into
account the index of refraction n. The current facet may be chosen to perform
15 refraction that will capture either the left eye ray (©®,,) or the right eye ray (® . ).
In order to perform the desired refraction, the lens facet must be oriented such that
the incoming eye ray (®,, or @,,.) is refracted to match the current camera ray
(©,). The lens facet orientation (® ;4 or ® ;) can be calculated as follows:
AO, =0, -0
O, =90° -0, —arctan ﬂl—(A—G—’L
n—cos(A®, )
20
A®, =0, -0,
®LS :90°—®C — arctan i(A.G)—L)_
n- cos(A@ L )

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

surface 1074 has been traversed.

11



Q arctan y \' 1 LEx r ix ) [0041] Once the eye ray
angles (Q and Q) have been cal cul ated, the final

wo amsbepuoperti es may be cal cul ated for the cup@EDBE2004/043252
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| ens position, taking into account the index of
refraction n. The current facet may be chosen to
performrefraction that will capture either the |eft
eye ray (QLE) or the right eye ray (Q). hi order to

o 0BfEE <uchreariconhEmpRGRR: BE«E 5o e foo b ods

r eiGo@Ci ), lmmﬁycllﬁcﬁlh@mﬂwtéﬁﬁﬂluﬁiﬂmlﬁg & 8dpatdln) fackt)8uch that
|l ens facet orientation (Qor Q,, ) can be calcul at ed

asrzfs(ﬁppmmnatcéygeu tQx - arctanf DQQC - QL Q5 = 90 -
Q@ - arctanf cos(DQ J The entire process
can be repea i)gfacet by-facet basis until the
entire |ens s f%nc 1074 has been traversed. [ 0042]
Thus,/ R >a | ens 400, 500, 600, 700,
809058(41%@ t may i ncl ude an outer radius
r/ havi'n paratln such that Ti is
ap@ﬁ&éin@&&hﬁns@ﬁh’ @lstah&e from atcéﬁ‘tef ofrﬁiéhoﬁ td &Vinlagk Qquisition

fov cos - - tan - - ¢ - sin -
plane, fov, comprises an effective horizontal field of view for the image acquisition

plane, and fov, comprises an effective horizontal field of view spanned by the lens
(see especially FIG. 8).

[0043] In some embodiments, a lens 400, 500, 600, 700, 800, 900, 1000,
1100, 1200 may include one or more separating facets having a facet orientation

selected from one of ®,; approximately equal to

90°-0, - arctan[—SiI—l—(Aﬁ*—)——J

n—cos(A®, )

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

selected eye ray angle, and @ approximately equal to

90°-0, - arctan(Ln(A—@L)—) ,

n-— cos(A@ L)
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
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 r; 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



{2) {2){ 2) whereinrc conprises a distance from
a center of rotation to an i nage acquisition plane,

wo ooosoeBospri ses an effective horizontal fiel drof/US1084043252
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for the image acquisition plane, and fov t conprises
an effective horizontal field of view spanned by the
| ens (see especially FIG 8). [0043] In sone

enbodi nents, a |l ens 400, 500, 600, 700, 800, 900,

138644 1100, MaQQtHER¥mbdi A niyeeqealized. e WP BieNigug so far
facets having a facet orientation selected fromone of .

approstiovarlensgs arfldavices usug legses that alloma siigle image capture device

c0S et e : . . . .
B e A A S S
arggby thealidtlds&l eppodiments el npt cheaso linoitedO1n Qct, thaer fotrawlhs
o B enb i B, o AR b s
S eJpfatEekiffireb dY mdRGViBwpdiist her, it has been shown
that any nunber of inqge acqui sition planes my be

b
| dO4Sdd” at  &or exsimmle, d Gt e @ torViey Gip arpligwieginain dng d 300
| oa%?ér&iﬂg@% vaidu§ UnBbdiflen. TR F:% 500 Ab§be Qﬁ-if'i’lla?{o or identical to
stanc e.g., ar 0]

di an 1 nter-ocu di st ance
afpus00showeh yn FIGC i The 8ne fifcet residing st thiedensisedareditomection

ciretas 2o e Tarediraly pP erim Bt SRR b &y ove

i acquisit i on verl £ ' 0 ;
b T
r agéwmﬁﬁtd ) taibértial foleefirki dculas path of eye rotavien $ Bd¥nhavieg s dmmeter
an evi ces using . |enses that all a singl e,imge

C PP e (G et Al DR 4P B REroR SUT figigath of
SRR éthtforV1 RINRAVMSa digmeter apprdlim@ies; @bl thitgdThtepeular

thé disclosed enbodi nents are not to be so limted. In

If atistance i) érot prssing theoughrihelens pefage intersastionpaint (£} Thus, any
oBrheoL ARG SUP S Y G <SR R B i e ercular

distance (e.g., selecting D, instead of D), forming a new circular path of eye
rotation (e.g., having a center of rotation at O, instead of Oy), and finding a new
point of tangency (e.g., P, instead of P,) on the circular path.

[0046] By designating point P,, as the midpoint between the lens surface
intersection point P; and the center of rotation O, (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 (P, , P, , orF,, F,,) can be

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

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

separating facets (perhaps corresponding to multiple additional viewpoints).

13



[ 0045] For exanple, FIG 13 is a top view of a
mul ti-viewpoint |ens 1300 according to various

wendsdsTseit s. The | ens 1300 may be simlar to BPET/US2004/043252
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identical to lens 400 shown in FIG 4. The |l ens facet
residing at the lens surface intersection point (P)
shoul d preferably be oriented to capture one of the
desired left eye rays 1380, one of the right eye rays

, d/ d
L e T PN e A

I ofagétb®end 3:3thdé AdetisN1G0@halig®fisT seppraling faﬁaﬁ\eﬂﬂya ﬁcwtal
to the inter-ocul ar distance D) or to a second

circular path of eye rotation haVI%ﬁ amd&ﬁn&
aAPGI IR R 1O, . Rap{RbxittelNQubItbET - OC s ﬁaegs‘(A@z
and passing tfhrough the |1 ens surface intersection
point (P ). Thus, any nunber of additional viewpoints
na§Pbe cconnodated al t he |nt r-ocul ar

a@prox§a¢t@§¥ﬂv@ e adeaptuts & emlse ray hels mims o
gg\r/]vtleeckedg?rgt JE ae%y an§Peafl g%gn& ge??}altl sz%gtdgsth a g{ #mzn tlon of @LS

new poi nt oftangency (e.g. ad oan ) on the
Ci (apprloRimaRély Bqudl RG] BY - ﬂr)t wheraA® h
m dpoi nt between the Iens sur ac@OF* ection p0|nt P

and the center of rotation G (aor 2), and radius rm
asARPRXIMalg] asualfto thecmaps eanture dPYinREY B)els minusAtegpnd selected

t r of
7 opR DA, g F AL schioliflFrfer LR & b icGE Ry 0
, P12 | orP i ,Pt2 ) can be calc%1 @d by the sane
p I @pproRingsel$ qum td 90° -FOG- aﬂo&hn(;ase%%%ﬁ )ewhdre KO t ke
€

vi ewpoints Pn ,P ; and Pt can in the surface
1374 of the Iens qﬁédescrlbed wi.th respect, toiglgs.
1 appEprimaslyesual ja thedmags rapaHe dnyis 1% 0 MRkt Gid selected

[ 0Q47ky dfpds, many variations of the lens 1300 may be
reallzed For exanple, the |ens 1300 naY i nclude a
pl [9049i t y ofThedensr 1300 myyffermee portionefa auiltj-slewpeipsimage
se t

SR U0 Skl TRy 48R SORLA 1R, EAGEL o Athsmay
( ple fealpedc Gor eamphd FIG. 4ds atdpt vipk ef aduilti-viemgbint image capture

< ERHAPABTLS Pri et V2 TTHoABBEER T e (A L HDL 8 be

I eﬂr%vél@@ﬁmh@%ébl&fg a@mfgleré&tncé @cp@abatre feo brafi6re ddtinbt iaf@cet
arctant sin
mmq:taneously 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



orientation of Q (approximtely equal to - cos(DQ))

), where AQR is approximately equal to the inmage
w@apsosBiglevi ce ray angle m nus a sel ected firBCT/@y®04/043252

ray angle, a second separating facet with a facet

orientation of QLS ( sin(DQ ) (approximtely equal to

90 - Q- arctan / \ ) where DQ is n - cos(DQ)

approxinately equal to the inage capture device ray

econd Iect era
e EL PTG PE PO RS Pt B B Bifpe R gpoctyes
( aﬂaﬁm(seam(ﬁhwge qmé a;iparaa@ 1416€may alse igvlude ahinbigs &qliQtion
is n - cos( praoxi mately equal . to the inmage

caplapg é4Q§e(PPR§‘éPSr3§)Pa§|‘?§P’éI%&‘?G§Pt&ret4WP8 163), sugheg aefgﬁéne-
e ra.ﬁ?i&!_ fgltilqucfe%]ca&QI% b kAP dewe)ftefé&@ee%ﬁdc% 16 eye

ewpol nt 1 mage capture devi'ce, or
5 mukayi 14Bmg>m the Gyt sepaoning faseb 22Tanddo resehvera reﬁmb@i Tight £ge ray

ma i zed., For | f
T a P S s ot PR Taad Rucidhel Sepli B8 eackSthel
ac Em{)vdi fog plﬁl@(éseg bf ﬁlu?tyya?ﬁﬂﬂa mﬁndéd mH:iHlsnas mobmt&leﬂé%d with

can e Vi de a n ] e evi ce (0]
cabqsa?fsépq\%e Fa&' f f i? @%@v@g% TAYN 3ssRrdateryviph other
Fo

o ViEREOITE € teth VeSS GARCY bR i oL REHERR L, in

10 or FiS., 135 aiayBe afjuive@ dt the irdadeQRfuitifiof pRhé! 1 £062actoriifilg to the
image near a first wall, a second near another wal

anh)caqufrtbe vasogafasets an thedens 1490, anddhepixeln an fhei nlane 1406.
[Oﬂﬁ)@ ] Such 'ﬂ%@ﬁveﬁ&ﬂbﬁg Aéd ‘an%tdssm?@m@(g bk a’fkﬁl For

I'nthis | ustrati on, aratus 141
mayxdmpls ithx dpparafs 1#he map pmhadelatsleml@vmga fisstphurabity o g

e relev ter-qcul di st ance. D. . Th
o lepTed EREBRE ot B LA ra BB R i gt et eye rays
15 pl b.ltlicﬂzia $dcynd)§e%)hﬂat1ﬁg fcave %ffaepﬂ%}ﬂby@@yﬁ ,aaehs 1rﬁ4g]ib&cqulsltion
incjuding a first separating facet 14 to refr
|eplanfegpere?eav%a Hurbrelraegd ??ﬂsféfeaw B the éfﬁ egare %{aacet and to

receive a first refracted right eye ray from the second separating facet.

[0052] The lens may include one or more additional eye ray separating
facets interleaved with the first separating facet and the second separating facet. In
20 this case, the first separating facet may correspond to a first viewpoint, the second
separating facet 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 .. from a first origin point located at the center of a first inter-ocular
25  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. 15i1sa
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



1426 to refract right eye rays 1428. Thus, the left
eye rays may be grouped as raysreceived froma first
wo pmges73ad the right eye rays may be grouped BST/US3084/043252
received froma second i nage. The apparatus 1416 may
al so include an image acqui sition plane 1406 (perhaps
as part of an inmage capture device 1430, such as a
framegr abber, digital video canera, or sone other
devi ce) to receive a,LefLa ted.l gfet 3%4% ray %ndfosézv{erogiwnts
t hEN3ge CaRTELSNICES FAREP'F REEP RS Iy P8 WOSEMPLe YevP
refaach eg gy, i®¥R5.M3Yankid36,. 4)0Mhist@néde editbe reversed and
separating facet 1426. Additional separating facets
( ngplisd ehe brojedpion poegeof Thisar fehydandeprddadédbbtieteatsles
the | ens 1400, as described with respect ta the |ens
1 3B08F AT 19 4ISPlak e BEmPTeglit nctevge Rffen oexsimpgneously.
5 W Féy é%msge, é{_bitﬁﬁl@?tk]djééox{ Wipped Wi o 18h SmM Wit Qéscribed in
Wi

associ at e é point of tangency 3 in FIG 13)

maflGse4.aldl U3,z d 4 sould fhe printedat BegamsT of ieop) apdalisplpyer first
S8 BR bEglFal L A e ok AR SV By BBy e

Thfist ambseyondawallst iQficsursé, thik essampathatvideo phcsentations yeuld be

reali zed. For exanple, the aratus .1416, may i.ncl ude

PGS ALy Boehar sospiu PR Bleeipe e tibten fof he
10 Seprfedtdr Mhs (AE.ChsridonGl sidieRitabintdriasing epREMY. I ng facet

to refract left eye rays and a second separating facet

t ol008%k act rIugh PEQjectoiziy shovgnia FAG. | 3relydhis dlipstratiqn, gpparatus

Ito'hgﬂf%i &rlésyt hEREE ¥ fond 1500 Blvides! ﬂlﬁ%ﬁﬁ%f'iﬁ@%@)@séﬁ?lﬁégi&% Pikts

separating facet, a receive a
r el ¥12dbddding g tirst sgrearating ficebhi22He refecblell eyeprys dd62and a

f t.. [005 he | [ d

o raraae e ST PR el TrperTea fedebersreys
15 t h@maf bé gtoupep@rfainh B irst peogdctarithagh B, Sriahe gitepa ks ndg be

facet. Li this case, the first separating facet nmay

coBoBR§AdOIY2 secPng BoJegied\WgBge: t he second separating

fagbeyY COrfLapAst 916maP 98 thckids WR fthie praedtidiarel1506
the additional eye ray separati n% facets macg o
c ofpedepoaspariofantimpgeprojeetigaalenice 1530 587h g digitad gideo
previ v, the. i. . | Si.ti:0
o BT b Sl TR0 5 A BB e B 056
20 | ofiat ssparting feeetCR? eindob transhiir Stefractbdrigltcyt ady 1534 to the

di stance. Additional s rating facets jncluded i.n the
| eHfSORLSF PP iSB 26 oD LBt AP RDETRSiS, hafs DA fahpuboses
angr @ﬁ'titsfmﬁrﬂeffﬁ’é{&!@d% R 184138 500,728 e RRBeFRAR Rédpect to the lens
separatin

?300 in FI(%. 13, and additional eye rays associated with a third viewpoint (e.g.,
B, in FIG. 13).

t

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., Dy 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



facets. Thus, the inmage acquisition plane may be used

to receive additional refracted eye rays fromthe
wa@dashssnal separating facets. [0054] Yet ot hePCT/US2004/043252

enbodi nrents may be realized. For exanple, FIG 15 is a

top view of a multiple-inmge projection system 1516

according to various enbodi nents. Miuch of the prior

discussion has focused on the use of |enses andinage

a&%ltrcg)rrgsep\{)lngset%nats%&?i*ﬁl ﬁev%o&;&a&lgq%ﬁeggn ltl‘gé%%ﬁft%nla_.ll %Q] r 3,
an@bpalaﬁ"ng fatpt co}ihslmnds)rm@ethtrd ewpbmt nel/escsent mnd-oapipt distdnce

to the prlﬁg on of inmamges. Thus, a |lens can be
t*€nables a single projector to display

WR)O@R] mor e theSthtdi&d leNd ptmozrm 866108} 5000838, 542, 600, 700, 800,
si mul taneously. For exagglépoa srng1 rOJector
|

5 eqB0Q 4800, Wil 0y laotp di90,dli4 trefradtiag righteyeiraysdl 020202; outer
Fl facd 104304 133)!45%Fagglfﬁcdi?§#1&}ﬁ %5”2%% 96, 468 59678 1406;

of "a room’and €0 'scehe on dne wall,
a sideocainara 1 B0 At 0,31 0nkehd facatmdl R 21 2 314, 412, 12ydKl 2, 1512; eye

ackSRiLh end ppaais STESURTER, it TalinaRb i seeyadcer 2

pr 14902, 1 W IH Setrhy@2acrud] 29; deeotd\Rphratifs f2861428, 1426, 1526;
technlque chosen for the projector |ens

10 horlgfzt@m EAYs 678.1428, 1c538 IMagReaPHEP ﬁ@"leﬁfﬂ‘oa% 3)30 §300%3), 1430;

| elaPe RS LR W Rkl el =l M 104 53

h asrystegx $B6p b3G; ahner yadaif 546n3 % pextion d4&@ghlmhidah@cﬁem5ﬁ0s cylinder
15 i ncl udi .a first aratin 2t .
" of P atetiosy s Bers it RS B Rso Lo, BRtrs 287 Tndafacsg imaee
f aged; 1kbatfal right Ef inRigt stkib§Né6, 998, lefaysd ﬁ@ﬁ&nag&usmods 160, 772;
left eye rays may be grouped to forma f ected

i mggeand righ tea/ﬁ@amrémrq lgr@geSeVé TRy tengayrtase 9@14 3t76' rays
f ' 0618, 97890801 082.013801 2] MRECcitctlar bARDE oy R6iaRP RISAL i,

6 may al so | ncl'ude "an’ i nage prorectron pl ane 1506
pé%&%ap@lfa@abwetray)ﬂ%m 1mmge01p¢ttqnexlmedr506|,emdemagtaﬁmectlon

ev1c a5 5? iaﬁl%le.c}%rg&g %Js el%égl]ll ’(Here%? rT§uc§1 n_:L sgnay

dev c ansm racte
t hiachude ﬁirdszereamahitnygaxfdaﬁeme bdbdre p‘m@bsms ﬁﬂcﬁﬂ&ﬂ&rﬁor& circuits,

refracted ri h e ra 1534 to t econd parat

0§ St eSS R AR Om AT Ro o

f Ofi AR, Qﬁﬁ%oﬁlfbuﬁh@ﬁd thitkofC 8 delRed B thE ARMitkA of hﬁ 168190, 200,

1500, as described with respect to the |ens
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] It should 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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1300 in FIG 13, and additional eye rays associ ated

wth athird viewpoint (e.g., P1in FIG 13). [0057]
wab@sioosge proj ection plane 1506 may be | ocat ePICBUSE04/043252

radi al distance rc froman origin point |ocated at a

center of a first inter-ocular distance (e.g., D in

FIG 13), which may conprise a distance of

approximately 4 centineters to approxinately 8

centinpters., The len ' r

o e s S08 TS U R s
cl af dppyratusahd pRtdnathatimight halewsd ofiihe Btridveref desstibed herein.
separating facet 1522 and th %;egond g@gar atin faaet
1588901 wher e‘?*PPlFH’éO”fSiﬂP%tm%é‘b‘g\‘ PR ROVEL (B AEBH NS, FHA gystems
t 0oy driboliS EmNIENBRE HeluddiahRighabbBl, &@fePRdbinoculars, telescopes,
separ ati ngfacet corresponds to a second vi ewpoi nt, and

5 whanrdaghicrashepead Suchi lonsss, appasatug,and sysiemas inpyfurtheehe included as
COLLespa -a. third vi j -
CoREARHE 5o SIBRLGL RSPy ct
Theldpacss gitrdoanlscobipiiters? POrsord QigitdiGBsistatt® (PI3AS), wbritations,
600,. 700, 800, 900, 10&8 11Q0,, 1200, 1300, 1400,

15890 Plapsrsctdergameyehisles oty - 202; out er

Sugfoage 104, stdPfhrthénbodiRaes AeFbed fehkizedn Fot 16, 38Gs. 16A
206, 306, 406, 540, 544, 1406; video canera 110, 210,
10 318nd 168haye flgwecharts i lpstrating seveyal methopls agpppding torvarioys 12

4 : . . ,
LSt S UL ol s il
r apoceR4ljustrdtad in BSR4, Thes amsbnxeqebalimengs 6itbe invé@iign, a
1426 - right. . 8 8,..,1528:. i .
< a5earR Rk o PABa B o 0 1S3 48k TPRRaiy ot e
r eéyeaayirdugh bn€yen fikypldbity dbegaratifpIacety Gifa 186 #dn image

right eye ray 434, 1434, 1534; system 536, 636; inner

15 1 atfiquisgiog plaispandgggaiyinga pliglity of g ey Rys deeughie sEp second
CYDIPREY ofeffaratiRBENs otfie lehEBARe ARigR acqBsitil PIRRS SBfe first
56%; o%jr%ct ar% ; in% erlgced irr%ge §4c?§?léftﬂand.rie IlqrtS
eypluratigigef ssparating fA68s map Be interfeaveslnwitl thglsecondplyeality o
sections Z70. 772:. |ef d right eye panoranic inmages
77§EP“‘7[7“%$Zﬁc%tﬁ’saséﬁ?‘?’%%:“eh&% 1074, 1374, rays 976, 978,
108062]1082, THSAethdB86,1 MBBntitud with adquiriighiatafiorr yiee image

rotatjon 1084, 1384, 1388; additional eye ray. 1386;

20 n%@@lsﬁwajpgamt% FoTsirase Si%%‘,eg gﬁ#oe_yra e, PRbfeabiring data from
depe GRade Juidfibn plane RECOnBREAG kEJak AP @R cydRepe@Bblock 1619.
herei n.” Such nodul es may

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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i nclude hardware circuitry, and/or one or nore
processors and/or nmenory circuits, software program
wonasloes]s i ncl udi ng obj ects and col | ecti ons of PODUSDIS043252
and/or firmvare, and conbi nations thereof, as desired
by the architect of the I ens 100, 200, 300, 400, 500,
538, 542, 600, 700, 800, 900, 1000, 1100, 1200, 1300,
1400, 1500, apparatus 316, 416, 516, 716, 1416, 1516
an stens K36 3 nd as_apprqpriate.for ..
DB ar i T 1 e B BB AL o Bt i e data from
[ OB %hagd acghieitiof piing €o Emsthid arsegaenel lehalye itspe| RPeatedly
apparatus, and systens of  various enbodi nents can be
usesfuireadep frem thegmage rqauistionpians 4n sonshet asspasatad righfifye
th VAl [ b0 1iefl-
g B SREACH AR S| RIS O Be JB eyl pBReys
5 53Bpags4@pro6iile a M@ing §OGscOPI0 imagr0 blotk 0623. 1Di@0nethabdo11

1400, .1500 aratus, 316...41 16,.. 716, 1416....1516
et fifienins B RsBuedy Asqiide fua BOR hd Bes 2o digidpe o
ung@istic@ndemgated 1efhtse shiges tepeatedl aseiidipudatefing dhaidiigs ,
and theyare not intended to serve as a conplete
de&@Guisgiongiangto genstrgi SéP"éﬁ‘éiiflgh‘afWG Ipage fipddroesssing the

apRanAtddge®BFt Bhpt SAPthE Rearditint Bo& Endds o lovide@ moving 360

structures described herein. [0060] Applications that

10 magegreec(or skeng Iessenmwmber jof degreesp pareramis, staeescepie irasgs abblock
vai&gus enbodi nents include franme grabbers, caneras,
bi nocul ars, tel escopes, and m croscopes. Such | enses,
ap®oedf us, astill RiythérasmmbodiyenitsnhnBe reabzddn Eotiebeathpds a method
sub- conponent s, Wi.thin .a variety of cironic t ,
suBhPrascling ra%tlgfgdﬂl@,gesgsérlluaﬁr%fﬁ‘i %_éﬁgp ﬁ%ﬁreifmspe pefiod 1641 imay
COfRRHKide P_ﬁ)j eclifif 8 Phaalitd oPichiddye A58 trbash ne(0PRARSt plurality of
wor kst ati ons, video players, video ganmes, vehicles,

15 anseperatieg icets 068 lans o 4n imgee pwiccEambplanratleckigdS hEhe

i e ;
a1y YO g ORI S ABASE e oo
vaa sezosd phubadidly ofeseparatii@pfaeetodf thé Eensfbmotls imhagelpeojection plane at

descr.i Jb eer§g fron1tﬁ§ rocess jl.lustr gﬁ

P o4, " g0 ofaey BF scrniRliog HeRP e pT S RE S

a sRbitPlufafitylofMsByarhtaipt fadi hhd thelphghlity 3F 168 636 lfayb @ddy comprise

Wth receiving a plurality of left eye rays through

20 gn@pertion of ¢ peparaind lefh eye image, whilsthe plupplity afoaghd ey rays may

| elsinghseAboltiHALR R4t Fib Ry PIANR, ARNMCDEE ey INsIF with

pluréﬁﬁnygkﬁ?igﬁtagge ra%s Fﬁf@%%h one. of abseco% W
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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plurality of separating facets of the lens at the

i mge acqui sition plane. The first plurality of
waeepanetsisrg facets may be interleaved w th t hepeEUSII4/043252

plurality of separating facets, as shown in FIG 4.

[0062] The nethod 1611 may continue with acquiring

data fromthe image acquisition plane to construct a

separated | eft eye irrage and acquiring data fromthe

ey DtRAEGe Uit Eand i i ORBling e B Rh R R Sielad one
| N6f srdmaiyoskill Ghé Ae welk pidenstad thcelfnhm&:y éh whieh @ sbware program

provide a joiped |eft eyelm% and. joining the
s epairbgtlagpched; Jh pyfipmencompiicEEeadably psdiumeing qoamge&baﬁesﬁystem to
ey ;@xécgﬁgﬁe RhctRIne Qkfindd3d the%%ﬁ%ﬁlle prétahO Wik 0k Bt skill in the
joined left eye inmage and the joined right eye inhage

5t oarplwmbl/ﬁu‘dleaumtemta@dsh@mrmus rmg@nmim@ lamgkages ﬂ_h‘At mEpbe

h th f
Inen,tg% gl%g% ea%e (g)f: Oé; anore %ch ware %rogxgaurg ({%§rg1? g}gs mtentg%]g

degdir&&m(tﬁé nﬁ:ﬂms diedsed kl)llafﬁh; nrheqfrogelgs Ry )ogI sipaIea i ah
st ereoscopi ¢ inmage at ock 1631. not e revio
anORgttearicptated farmyyt upipg an ghjgcty r?ag?nteé.lqngg%ﬁaclf%s e, Shulitalk

di §f @REeAREmMNH) tiik frbghfhs @hn b EMcRted iRQ préfREEre-orientated
acqui sition plane overTaps a field of viéw of the

10 | efrsmpOGEE] 2 Mhecdyeal Foguagsisuchas assermblyion 6} (e software
r eE’o“i@S S n?a @Ma%%Fsﬂxﬁaa%xg g}{) H\?Tb&%‘??ne%ﬁaﬂx‘ﬂén?é WhiPRaown

16724 n
r epﬁhb&dkyledazqthle fatthgpch as @pﬂmﬂmntﬂnegrmgerfmq or mtdr+pmscess

| ane ta construct a.s r at ed
D OB P e S DG ol R UGl o i faschings of

s epaioak embbdifthts Qveendt IBHRA ¢ {clar propPahfifhg language or
stereoscopi c i mage _at bl ock airg[ Theémet hod ]g.6 gy '

15 { yenviOpMEHis mquémgéé@&ft@tt|l\glar§emhmgua5€ @GEML} ansExtepsible
| ef t
oy SRRCRIIHERIE AV, ARG oher ARBHERs o BORARAE e
acfieo3j ti on lfil(hm@maablod«magmmtofan sephr la7t8édccrqr@;hg tcewous
i m .an cessin he separated |eft ey
na GRSl B RO oM 4 BB Sy F maeSetf oy PRESLEEE
degimeeothér starafidevRe SR/ 1 uiP8ihe of eldatin@tdevicepaB@iteil The
stereoscopi c 1 mage at bl ock 1623. [0064] Still further
20 enpygigtertd ﬁg @aﬁﬁ9m8’éser"e%fpfef% 17%?""&5@5‘% pdnachingaegsible

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 1787) 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 projecting nultiple images is illustrated in FIG

16B. Thus, a nethod 1641 may include projecting a
w@basabizty of |eft eye rays through one of a fPEBEUS2004/043252

plurality of separating facets of a lens froman inage

proj ection plane at block 1645. The nethod 1641 may

al so include projecting a plurality of right eye rays

t hrough one of a second plurality of separating facets

of . the |Lens from.t.he i mage projecti.on pl.ane at bl ock
st g Srrarued gt eaf IRaEe of P P riBhlaf e Syl os
| NEGhbiBRAY Bk oinkd 1 &eSReg hdRhefoaleld riphoéyeimaaE igrodde a
facets, and the plurality of left eye rays may
coPtpiePsFePis 1188 i on of a separated left eye inmage,

ol 10BoF "0y P ikt Bl Oy fde BTTRY aPATRAYSFIR ove
5 pr eays tusigh onetofia fiess phirality of spanatisgyfaceta pf aless fomrem, imape

RN e T e e
Pl pRaliey6f deparatingdfacdté 6f tHe hy from the inagelpedisction@fie] Alstnoted

shoul d be noted that the nmethods described herein do
noPrevigyalythe plaraieel el 4y 1Yt HaY 6P BB SCARUemRIR sepirated left

anyy, agé Gl fe ﬂ?ﬁx‘éﬁ{g-%f Mgﬁ@éw ®dys ﬂ@réomﬁsasg;b&ibh 'gﬁ separated

descri _dvmthrespc o the nethods identifie
10 herightreye imagse executed in repetitive, iterative,

sefdndhy Or rallel. fashion, .For th [ f IS,
ot " HE ok BiRIGRR PR R E AR Fypal Qb
us Reéteinh B prbedg & aleblyanisnhfod Feverdeating, panoanicl{upgo 360 degrees),

par anet ers,. comyands, operands, and other data, can.b
D aTeaP I ABEE G ah I LT G 6o OBl s s Spbin lace

vayesultiBRA6sedPORN 8ACh A s A Rthy G RBRVE RN gliang dﬂiﬁa%ing in three
content of this disclosure, one of ordinary skill In
15 t hdimgnsiony atiredueerbeast anddnemesedgfiisiancy.n which a software

f - - |
ﬁ;ﬂ@zm (r:]ag @%n%g#‘gﬁ@%glgedé%gi HBHh & aﬁ%@{é@ﬁ ﬁgow by way of

emto execute t
f uilluktrarion, aeifrionefllimnatidagspeciffic warbediprentyriamhidbrtbe sifbject matter

ordinary skill .in the,art will further ynderstand the.

O e B P st ThF etpPtifistis st bl ESerad 81 $1eB0En 4ot o
Cr g tA6KR sRilled D e SRS ﬁ@l‘:@ceﬂh@@ﬁ@iﬁg s@Rseldg6EHerti@. Other

i npl ement and performthe nethods disclosed herein.

20 Thembedigerifmayy uilizediand detiveddherafrem, ip st stoiciupland degical
g?r%\ﬁ@{itgrléﬂs'ﬁd%ﬂar%gé BGY bO B0 bRt AESHASE S MGHe &3pd ¥ fis

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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or C++. Alternatively, the prograns can be structured
in a procedure-orientated format using a procedura

wo angoees such as assenbly or C. The soft war ePCT/US2004/043252

5

conmponents may comuni cate using any of a nunber of
mechani sns wel | -known to those skilled in the art,
such as application programinterfaces or
inter-process comuni cation techni ques, including

! ocegrafé %ﬁzg)?aqons 0 eaélatlon gogy Susoefn():bo n?e% o
pr @Gﬁl@ﬂﬁhm Jf angibageefbodimnuemts, mﬂbﬂter etmbediments got specifically
FNpertext Nhrku Language &TW q Extensible Mar kup
Lafergrbre hesginwi h%@gPar%‘t AR tho é%f)o*&l htheahpponygviewng the
reg&kggg LAGS7] FIG 17 is a block diagram of an

article %%%5 according to various enbodi nents, such as
a 9Pt er, Bhavibatragt @ylset Risslosurertsgmetifed torcomptyi wigh 37 C.F.R.

o 872 P Fhioh PR 05 AR, 08 1 Al REe Bl e

C ofifttitef tie tadfmﬁﬁlsdi@crlos]ﬂ& 7It is(subﬂnﬁtédtvﬁtlﬁhe understandmg that it will
machi ne- accessi bl e gediﬁn1such as a ne
puitd

a ﬂ%trPGru;?eq Rapgrgr £390PF pLmeaning of e Xlaléps %n g&dlgon in

el ﬁ{étf&‘é?aﬂé‘ getaﬁe& 9@%‘1’5&9& )it {48 bk ReenaffiQatisSatures are grouped
i nfornna g., computer programinstructions

10 or tofg@therrm@aﬂrm}e emhﬂd@hemwhgp@ng@éﬂ streasaliflingthe disglosure. This

15

”a{h'éih%ﬁ o% &SQDSuré E%Op {o%qﬁt%?;g ftg:(z §s71)e¥'19:${n§% %tgﬁloil{ﬁg the

I'ONS "as recer Vi ng eye ra
t helaingdd embedmients xfeqmsi mmietfezﬁhnet ghamﬁrmpmssly remged ﬂmt]s claim.

of _a lens n.i e acguisiti rec

BT A R A e R S

Pl fattrdstof a@ingkeRsvlored BAbLbEMRAS ThHus tHeFoll®hisg dlaithd'&re hereby

i mge acquisition plane. [0068] Other actions nay

i nEllcal@@m&@q{!‘iorth%]@etéd?‘bDFﬁCBHﬁleh ¥ithpageclaisytiangding ghits own as a
Erafee 1#pt a separated |left eye inmage, and

acq I ring romthe i mage acquisition plane to

construct a separated ri ght eye image. Further

activity may include joining the separated |left eye

image to provide a joined left eye inmage, andjoining

the separated right eye inmage to provide ajoined right

eye image, as well as conbining the joined |eft eye

i mage and the joined right eye image to provide a

stereoscopic image. [0069] Still further activities

may include projecting a plurality of left eye
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rays through one of a first plurality of separating
facets of a lens froman i nage projection plane, and

woeapeetdisig a plurality of right eye rays thropghusme4043252

10

15

20

25

of a second plurality of separating facets of the |lens
fromthe image projection plane. As noted previously,
the plurality of left eye rays may conprise a portion
of a separated left eye inage, and the plurality of
right eye rays may conprise a QQrtion of a separated
ri ght eye imge. [0070] Inpleégggé%g t he | enses,

appar atus, systens, and nethods descri bed herein nmay
provi de a_mechanismfor re-creating panoranmic (up to
36Whabigclad®sd isst er eoscopic images in real tinme. In
many cases, a single lens may be used in place of
multiple | enses. Such a nechani sm may i nprove the

qual ilt yAghethoragdmpridimg:t hr ee di nensi ons at reduced cost

and i ncyease figi C [
ar i ngEouRaE Pyl SR ek BRE ol oG TRA Ay of
i || ustparstingfacetst arleris abbn imagetaatpuisition plaaeiahd ¢

enbodi nents, i n ich the subject matter y be .

ot act | CERSVinad PHO R RRCEVP FY Pt che 41 g plugaliy of
i N subfdrgtiRthcetiedfahd lehPattNdihBe bbRESGHPIhdeed i n the

art to practice the teachings disclosed herein. O her
enbodi ments may be utilized and derived therefrom

such 4t h [ ﬁﬂﬁéﬁ't ' .
chané%s?%§§g%§&h§gghhﬁt 5%$9H%gg?tlng f%%ét éngggﬁgzwe
of t hi sinthrkeavedsvithethe $dvioad phiraity efisepasting fatéton,
therefore, is not to be taken in a linmting sense, and
the scope of various enbodi nents is defined only by

t he @ppeRieth6d af (im Bl fefkerbinprisihg ful | range of

equi valents to which such clains are entitled. [0072]
Such entrayirmgsete fm thedmage aaquisifionlase @ sonylrgt @ sepaigted eye
be rqﬁﬁééed to herein, individually and/or

coll ecttvely, by the term"invention" nerely for

conveni ence and wthout intending to voluntarily limt

t he sco of . this . application to any,single inventi

or 1 drens SenRBREetBPH iRt S Tl @i ) hefe [y ReA BBm a
di scl osrést ohé108a sephiattduefherpanit id £sdpadiadeiphseyedinage.
been illustrated and described herein, it should be
appreci ated that any arrangenent cal cul ated to achieve

the sameLOMERBS Bf claim 3, further comprising:

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

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:
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



may be substituted for the specific enbodi nents shown.

This disclosure is intendedto cover any and all
wadaphetsioHns or variations of various enbodi NEPCEUS2004/043252

Combi nati ons of the above enbodi nents, and ot her

enbodi ments not specifically described herein, will be

apparent to those of skill in the art upon review ng

t he above description. [0073] The Abstract of the

D 75 b) Sonfhite BnES sy S SR g he Qindl vl s Sippes o
r eadgyrovide giptinoldnyic asaeEdoplcrimape nature of the

technical disclosure. It is submtted with the
understanding that it wll not be used to interpret or

it t g SERPEoPElaiERRI TR fn bREr 1BHRAE BBthe Idhs 30FEDHbRR to a
in the foregoing Detailed Description, it can be Seen

5 t hat distanico aswhiclaa ficklofaiaw of the frstlimaggacausitipmplansoveglaps a

enbodi for-th ur pose of streamining the
di sc%&%‘ﬁa‘?e“?’ﬂféle%e hod of disclosure is not to be

interpreted as reflecting an intention that the

cl ai ned_enbodi ts require nore . features than are
expr g@_s]”@e ‘P%tg?gggclf“ﬁl ARt her, as the

fol | ow &Fea@é@y BGquirfie! e frorh MedRtabe foqitti RGP an®Rb E&struct a

lies in Tess than all features of a single disclosed
10 enbodepasated lefiays im#ge; f ol | owi ng cl ai ns are hereby

el oy oteBriphy iRttt e B8 Bl Bl bianthd Bork6lt o
embodkpaeated Glatieys inipat aids cl ai med is: 1. A net hod,

ising: . I Vi I lit f. left : .
t hr ougHPBrEsiBE T Fparded M vk imegs ol teapalet fight S dpaee to
of apr@iige BinoiNg isEP@Scopiditiage.t i on pl ane; and receiving

a plurality of right eye rays through one of a second
I5plurality of separating facets of the lens at the

i mggilﬁtﬁ%%m deai“ﬁ@“.“f“y colpﬁﬁggé.hod of claiml,

wher Irst p separating facets are

i nt er | expentiedly adyuiring dataciooml thelimagé adqpisgfongpdqpartatonsguct a
facets. 3. Tﬁe nmet hod of claim 1, further conprising:
acquisFRHG Y SFEYF B he i mage acquisition plane to
const r ugpeatedie pafuiringiagyfeom 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
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i mge. 4. The nethod of claim 3, wherein the separated
eye image is selected fromat | east one of a separated
wo edos/oenses | mage and a separated right eye i mageCT/BS20041¢43252

met hod of claim 3, further conprising: joining the
separated eye imge to provide a joined eye inmage. 6.
The nmethod of claimb5, wherein the joined eye inage is
selected fromat |east one of a joined right eye irrage

and ﬂéljr ”9% gﬁgtlhgcg b4 CIFI¥E] 4 TR9&in thF i(1i;er-r1]n“aterlactecgj Q? ei?l{agg ip 6

furt conbinin
I mage aggectdddirgn® hﬂ’ledst ohegdtta le& de—hﬂt&%ed Oylihdge stelpand aright
stereoscopl c .. 8. The nethod of claim®6, further
conpr i sfsit %ﬁ%ﬁwwagw? oined left eye image and the
joined right eye image to provide a panoramc
stereoscopic inmage. 9. The nethod of claim1l, wherein

5 an outeFhe methad o lamhb3 ifesther eoppréssi®nds to a di st ance

at which gtructﬁgn arate (5 1Inaé{' ?ec{ﬂax{ ﬁém tHBQE; er aﬁed eye image

acqui si ¥ ver VI ew 0

| ens.strik0. The met hod of cI aiml, further conprising:
repeatedly acquiring data fromthe i mage acqui sition
pl ane to construct a separated |eft eye image;

r epedlsethe/maGedbf d1fith R twhefdiik bRrdtEPYR iMagidesiidd RRelected
plane to construct a separated ri ght eye inmage; and

10 pr ocessirog at leastoapaf alcéibepasnted eyedimage seotiom and peght separated

separ at Iy i mge to provide a noving
st er eos p“.rncg%ﬁgééf 11. The method of claim1, further

conprising: repeatedly acquiring data fromthe imge
SRR KRG e B R AT
acquiigfolrhA&dnPBEEin!tRe BEdHlafiols twhn 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



separated right eye inmage; and processing the
separated left eye inmage and the separated right eye

WO pgm613e8 provi de a nmoyi ng panoram c St er eoscopCT/US2004/043252
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20

25

i mage. 12. A nethod, conprising: capturing a plurality
of left eye rays and a plurality of right eye rays;
and constructing an interlaced i mage fromthe
plurality of captured |eft eye rays and the plurality

f ured righ rays.. 13 T hod_of .cl aj
T2, “Fhriigte bbb il b e o R SRR £l B

eye image strip fromthe interlaced i nage. 14. The
nmet hod of claim 13, wherein the de-inter|aced ey

i mag@lsthe ptisls ofdpiat £ avheredmihg informationgy EMACCESSHE rgsults in
de-i @ﬁ&ﬁgﬁgﬁg,e%gnjngage strip and a right

de-interlaced eye inage strip. 15. The nethod of claim
13, f urconshiniogtherdisedigft eye imagepad ithrgoined cighireye dnjagste

i mage _section fromthe de-interlaced eye inmage strip.
16.T|%°Vrlr(tget%sge e%%‘cg%lft%\rflgﬁel& wherei n the separated eye

i mge section is selected fromat |east one of a |left
separ.at eye i mpge section and a right separated eye

i nag@gség?qso‘i?mpf‘?g‘ﬂh article conprising a

machi nexAGRGTadiN £ hﬁ‘ﬁﬁ’%h‘ SepAfi¥ing Gaces SPeted! £ approximately equal
i nformati on, wherein the information, when accessed,
results in a ma*chi n@vperformng: receiving a plurality

of left eye r&yS®hrpugh one of a first plurality of
sepat@at » ahereinag somprses gidistange from a
pl ane; ¢ i ity of right eye rays

t hr ough ity of separating facets
of the lens at the inmage acquisition plane. 18.The

ar t i eprtergif retaiomiosan imagreacanisitionlangs adrvdieradm Sowreomprises an

accessed, results in the nmachi ne perform ng:
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.
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acquiring data fromthe i mage acquisition plane to
construct a separated eye inmage. 19.The article of

w@b@snsB83 wherein the separated eye i nage i s Bel/@s10e€043252

5

fromat |east one of a separated |left eye inage and a
separated right eye image. 20. The article of claim

19, wherein the information, when accessed, results in
the nmachine performng: joining the separated left eye
i mage,t v 470 | ef '
T R e S
eye irgfegifion, Zxﬂher&'ﬂ ® ,ﬁfstappﬂoﬁlrméftely le@hmo?:ﬁh invdge cqptiiretdeeice ray
i nformation, when accessed, results in the nmachine

per f anpiiengid vdendin ﬂlersgpardttmg fa¢eh bab 4 faf¢t opigntatioagpéectaddrom one
the joined right eye image to provide a s erﬁg copi c

i mage. 22. A lens, conpri gnpd; an,. er SIp

havi g & s @ﬁﬂmﬁm&gf efqaaletb wherei n n (i 5 apA@X) MRivdEin
equal to -. r -, wherein r conprises a
dlstance froma f fov ( fovc } . I fov, } cos -- -
*ta

\
r ot at | oﬁ 15( aé)prommatelé/ é:qilalg ah linlg%e) caéfu; Qiev(fcer}éﬁ \%?éé mlnus a
fove SFIRHRRd ety a1 he® ) Vgpﬂ?&ﬁ{n%& &uaf foe! d Of vi ew

for the i mage acquisitiof plane, and OV conprises an

effective horizontgl @)%I of view spanned by the
| ens.9023.0© Thac h{‘ WigreiuA® h éx apponpmateiyregual doithe
i nner radl us def At H@S(%G tion of a cylindri caI

secti.on n er co s n
2ol i st dSiss g afie B abEher slfrla ehe BRSO
separating facet, |ocated approxi mately al ong the
outer.  radius. 25. The lens of claim 24, wherein the

10 p| ur 28i Tiye leps fehpimaA2, Whereicis apProsImaRly equabia andpdexofor

15

20

| ef t &(%emoﬁlywﬁ»e‘faﬁ r@ilcte %/sglgplfo?ﬁr?itay el td SRANESe Widtlke Aevice ray

pl ura
angle, and wherein the separating facet has a facet orientation of © 4

sin(A®, )

90° - @, —arctan| —————""~ . ]
n—cos(A®,) ), 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®, )

90° - 0@, —arctan| ——————
(n ~cos(A®,)

] , wherein A®, is approximately equal to

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

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

equal to

27



ray separating facets. 26. The | ens of claim 25,
wherein the plurality of separating facets includes at

wo eashesne additional eye ray separating facetprPClUSHne043252
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| ens of claim22, wherein n is approxi mately equal to
an index of refraction, wherein Q¢ is approximtely
equal to an inage capture device ray angle, and
wherein the separating facet has a facet orientation

sel ected from one m(l?%gsj - arctan - of QRS ,
appr oxi gt ehy_ e/ n “%Ql%{rP@@Ni @n
IS appr oxi re}%tely e uaJcot;(AGITI)l I mage caﬁtartTl evi celgyr f} °

angle mnus a selected eye ray angle, and QS ,

appr ohd inmie baptergdavice mydgle ngnus athiotd aeledted eye rapenglé.n
DQ is approximtely equal to the - cos(DQ i mage
capture device ray angle m nus another sel ected eye

ray a9glag. ap &amIr@Iﬂpei@ﬁlgof claim 22, wherein n | S
approxi nat e equal to an index of refraction,

O 15 cpprbleRshaenya BtaRriEy shinteHetysd sepraig fapop huding a
ray apglsg, areﬁﬂ% Aihe [oeﬂeﬁaét hér ??%%nﬁ@%eé&ﬁ%ﬁbﬁﬁﬁlﬁacet to

facet orientation of arctan

;o\ apﬁnco»ughtwyerqysmldal to - cos(DQ) , wherein DQis

angl o i A el Qi P o TR e Bpel Y LRy B trom

i ncl ukk figt separaBfOfibets &IAL addelve affastatirivied mght ayd Agdiom the
orient at| on of QLS approximately equal to 90 - Q -

ar ct &FPOPISRAFRINGIACCBO, i s approxi mately equal to -
cos(DQ )J the image capture device ray angle mnus a
second sel ected eye ray angle, and a third separating

f ace30h bt appagatenefeainrA9e whereinghe first lons inghidenatilenst enoy

additional eye ray separating facet interleaved with the first separating facet and
the second separating facet, wherein the first separating facet corresponds to a
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:

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
from the third separating facet, and to receive a second refracted right eye ray

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

of the cylindrical section.
28



equal to090 - Q- arctan / \ >wherein DQis
approxi mately equal to - cos(DQ ) the inmage capture

walewsoe73iey angle minus a third sel ected eye regr/asmh€043252

5

29. An apparatus, conprising: a first 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 a first inmage acquisition plane to

receive a first refracted left eye ray fromthe first
separat Thdappastis.of 8afn B0, wigeah W f@stfinagé adqaisitamtpishe and the
right eye ray fromthe second separatjng facet. 30. o
The apeoadamage asAuisitign planog are|lprates; ah a raghal fdistance rfem an origin
I ncl L1l . . epar ating

fac e#’ ‘3:&1?] %%%ﬁeg g@%%en\?m&? ﬁ Q? ﬂg&@gg{r OE%I graélgt%{?(%g facet and
the second separating facet, wherein the first

ting facet ds_. i i i .
aner cn T EarPaat o8 Cirp 30 ierh eelebled L RE eflapegis
SeCthﬁ{)ﬂékﬂM@ﬂ& ntcentﬁﬁ@{er\@AT@Ai%ir@kimbelyasicHntih@fwé. eye ray

separating facet corresponds to a third viewpoint. 31
The apparatus of claim 29, further conprising: a

secong 'i"ﬁ@a%#)g%\ﬂs%g cRir? 96 Atk r&h %e%rgttﬁéﬁggé aéqtﬂfsﬁfdneiﬁéﬂ%%

separati ng ets including a thir arati ng facet

10t o0 r dboatedhtat b naslidl distaney & fromy 8 fisst driginfpoint lovated pha edritergf a first

15

20

25

30

facet. to refract the ri.ght rayvs; .and _a..secon .
| mmgdnBefaiditsst ek ils i def B a S sRBFER arasne
| ef t feyeecdrispdrdinp th Aseddnid ittesequddr distange hirtidterleaved with the
recei ve a second refracted right e ray fromth X
f our tfHstSEpERtNg tAgst fagl G seogpd Sem@tlajé EBSFEEEFLWE‘FW’&I t_ﬁ? figst image
31, vh&Li&lion plake fitd Rlceive B8 adfiforRl feliastbd bYW YAY floAfiihb additional
defining a portion of a cylindrical section;, and
wher eeparating faestond | ens has a second i nner radius
| ocat ed approximately on a cylinder defined by the
portion

36. The apparatus of claim 29, wherein 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 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

planes.
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of the cylindrical section.33. The apparatus of claim
31, wherein the first imge acquisition plane and the
WG e@sna7siisrage acqui sition plane are | ocated atprer/usmoabs32s2
di stance rc froman origin point |ocated at a center
of a selected inter-ocular distance. 34. The apparatus
of claim 33, wherein the selected inter-ocular
di stance is approximtely 4 centineters to
approxl g%:g s¥en§ of:agiﬁrl e WHettin fhe iml%eda@iﬂéﬁlaéﬁﬁfo?ﬁxation to
cl ai m 29, ereln the first 1 mage acquisition plane iIs
| ocatcenstakt @sterackicapic dimsgeance rc froma first origin
point | ocated at a center of a first inter-ocular
di stance, wherein the first |lens includes an
addi t390Mak s @R bed1hiR03 T, 3dREeiC O hiRaRANEH MElulles iaforMansitio
i nter-ocul ar distance and interleaved with the first
5 separcanstigt § paneramip ereRECOPEIBIEL-separ at i ng facet, and
wherein the first inmage acquisition plane is to
receive an additional refracted eye ray fromthe
addi t0otind syseparfatdimd7f whetin tB6imaph datappdudes asemrated left eye
claim 29 [H@herei n an puter._radius of the first |lens
cor r é2A%H YSsparaigsl CeBTeYE i oh a field of view of
the first image acquisition plane overlaps a field of
view of one of the first plurality of interl eaved
separiat iThe sysie pEclaigyd0, Authes eIRPIISRGpr i si ng: a
pl urali b Anfd l ' >
separ at%%rgeésgéﬁagﬁi%%%gi ng gﬁ %‘oﬁ?gtmég%g{agdpﬁge# ac e?gand
t o r &6 joamthelsefarated aghtgyeimagd.- a second separating facet
to refract right eye rays; a plurality of inmage
acqui sition planes to receive refracted left eye rays
f r om4hendf dppadatus aqoatpaisingg f acets and to receive

refracted rjght eye rays fromthe second separatin
I5facet s; 2 f?ﬂah%flraﬁeﬁﬁwypk%iﬁn&fgweewﬁa@@%@g%ﬁﬁmlh&g a first
pl ur ?Eﬁdrétir%ffadeﬂﬁﬂ%_fré&qm &elrh @ hndladB8snd38pardile faNS IR ract

of claim 37, wherein the image data includes
i nf oright ¢xsrraysparcbnst ruct a stereoscopi ¢ i mage.

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

10

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
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39. The systemof claim37, wherein the image data

i ncludes information to construct a panoramc
WGe@seescopi ¢ | mage. 40. The system of cl ai m 3FCT/US2004/043252

wherein the imge data includes a separated |left eye

i mage and a separated right eye inmage. 41. The system

of claim40, further conprising: a processor coupled

to the menory to join the separated |l eft eye i nage and

to ] Qf']e{%ﬂ);o'ﬂﬁ @ﬁ&éﬁ%@&cédﬁbar@%ﬁg 2B Y6rrespdndsAb a second

appara , conprising: l'ens having a first plurality
of i Mevdoteyad vwepan teiadditiond sye rayrseparetinggfaeet £orrespondsto a

separating facet to refract t.. rays and a second
sep ar@f ‘# Wg@%‘&g?ndtaose?%}drlgﬁéf oéuﬁ%rhdtl&é& € rays; and an
I mage projection plane to transmt a first refracted

left eye ray to the first separating facet, and to
5trand$i tA methpd. ompEFNgct ed right eye ray to the second
separ at j e, f; gg}urﬁ' feR e § BrolzhQhne OF A kik8t pRirality of
wher ei nbt é:n?%ra e plf%(’)j)ect [ gﬁﬁ% an%%l s | ocat edﬁat ay

r adi akpalititgdacts of;a lensoora an snaggiprojpsionplanseanded at a

t f.a.fi Nt e - i 4 .
copar at ik Bl S A5 they 558 BRSHe of dseclhEplupalty of
di st appRatinfg fagy eithekhefrymahe mmge padjetion phane.

approximately 8 centineters. 45. The apparatus of
10¢| ai m 43, wherein the lens includes at |east one

addi t470M8le nf¥od YIB! Whirbll thaGRt plufliey dfaapeating fatets are
the first separating facet and the second separating
facet, witksleayed withotheiseoond physality of segamtp@facetsr r esponds

to a firstviewpoint, wherein the second separating

facet corresponds to a second vi ewpoi nt, and wherein

t he a$diThé method f elainay6,sdpasintn ogef radias of the lens gomeponds to a

155" "t LB R 45 P B bRl o AR nea
| ef t FWew a8ihe idag.ough one of a first plurality of

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
perforrhing:
25 projecting 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.

31



separating facets of a lens froman inmage projection

pl ane; and projecting a plurality of right eye rays
wo boosugisione of a second plurality of separatipgr/ismes/es3252
of the lens fromthe image projection plane. 47. The
met hod of claim46, wherein the first plurality of
separating facets are interleaved wth the second
plurality of separating facets. 48. The nethod of
claim 46, wherein an outer radius of the |lens
corresponds to a distance at which figld of view o
t he iSRabee astidf ebelpgh G |“§‘ﬁée“b%?‘rt8fpf§3‘&s P&)F ) F°‘K¥?SBW‘I§ft° a
t he ldFs%ﬁme étgwlrlgl? 8 ABRLITQEEwOSS the RhdPe$fojedtdB HRING ot Eifps a field
plurality of left eye rays conprisé a portion of a
sepamiiview dfdhe leagye | nage, and wherein the plurality of
right eye rays conprise a portion of a separated right
eye image. 50. An article conprising a
mac hispeTReatss obtiginre]iviherdimthepiurality of ledit ayd rays comprise a
i nformati on, wherejn_the. infornmation, when access
r esulPOEIONPT S SERAEHP gﬂrfé(f: {8955 gt Whergh dhs ;ﬁw&ﬁg’ Oefsngﬁ{jéye rays
Pl ur abinp¥s@d pdrBbi oY Rphiaked right &yedmagne of a first
plurality of separating facets of a |lens froman inmage
projection plane; and projecting a plurality of right
eye rays through one of a second plurality of
separating facets of the lens fromthe inage
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
radius of the |lens corresponds to a distance at which
a field of view of the image projection plane overl aps
a field of view of the lens. 53. The article of claim
50, wherein the plurality of left eye rays conprise a
portion of a separated |eft eye inage, and wherein the
plurality of right eye rays conprise a portion of a
separated right eye i mge.
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