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panoram c i nage capture device and, nore
specifically, to a panoram c i mage capture device for
produci ng a stereoscopi ¢c panoram c i mage. 10
Background Panorani c canmeras are known in the art.
Such caneras often use a single, rotatable canera.
Al t hough such devices are suitable for stationary
i mges, such devices typically produce blurred or
di storted i mages when used to capture non-stationary
objects. It is also known in the art to utilize an
I mage 15 capture system having a plurality of inage
capt ur SIEREQOSCONIE PAN: bANHE IMAGE CAPAURE DEVICE
i mages can be captured, substantially sinultaneously,
and stitched together using processes known in the
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eliminate the problem associated with capturing objects in motion, such systems

do not provide means for producing a stereoscopic image.

20 It is also known in the art to use a "fish-eye" lens to capture a panoramic
image. Such images, however, import a large amount of distortion into the
resulting image, and capture images of relatively low quality. Accordingly, it
would be desirable to produce a panoramic image of lower distortion and higher
quality.

25 Typically, to capture a stereoscopic image, two imaging systems are
positioﬁed next to one another to capture a particular image. Unfortunately, this
method cannot be extrapolated to producing a stereoscopic panoramic image, as
one image capture device would necessarily fall into the field of view of the
adjacent image capture device. It would be desirable, therefore, to provide a

30 panoramic image capture system which could be utilized to produce a



I mge. Summary of the Invention 5 In an advant age
provided by this invention, an imge capture system
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Advant ageously, this invention provides an i.nmage
capture systemfor producing a seanl ess panoram c

i mge. Advant ageously, this invention provides an

i mge capture systemfor 10 producing a stereoscopic
panoram c i mage in notion. Advantageously, this

i nvention provides a stereoscopic panoram c i mage of

m ni mal distorti on. Advant ageousl t.hi.s i to .
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Advant ageously, in a preferred exanple of this

i nvention, an inmaging systemis provided conprising a
first imge capture ﬂ%{rﬁn‘f' o tIRSHD jsfrege capture
device, and a third T-Tag'e—%a'p%'ure—%m-ce. Means are
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P capture device, and a third image capture device. Means are also provided for

combining at least a first portion of a first image captured using the first image
capture device with a portion of a second image captured using the second image
capture device to produce a first combined image. Means are also provided for
combining at least a second portion of the first image with at least a portion of a
third image captured using the third image capture device, to produce a second
combined image.

In the preferred embodiment, a plurality of image capture devices are
utilized to produce a plurality of images, a portion of each of which is combined
with a portion of adjacent images to produce a first combined panoramic image.
Similarly, a second portion of each image is combined with separate portions of
adjacent images to produce a second combined panoramic image. Preferably,
the first combined panoramic image, and second combined panoramic image are

displayed in a stereoscopic orientation to produce a stereoscopic panoramic
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full-notion stereoscopi c panoram c i mage. Bri ef
Description of the Drawings 5 The present invention

w Il now be described, by way of exanple, with
reference to the acconpanyi ng drawi ngs in which: Fig.
lillustrates a front elevation of the inmging system
of the present invention; Fig. 2 illustrates a

graphi c .depi ction of i e _capture .regio of.. adj.acent
S otPaksg e Tmeeing wudvm oL DG oAb M St Fn RS MRS f e«
Pr sRedity bPinedeh, a8 prddude a fuli-hdotish kRERScapidPddodthic image.
perspective view of the final panoram c stereoscopic

i mge di spl ayed on a screen, and the pol arized gl asses
used to view they - Fi - i trate a left
panor am c i nmage aﬂ e lJl: %Oﬁﬁdﬁawd‘ 15 and

Fi gs. S5Ah&Prastiltidichéibe wvill o ®s dassibed, diyedlayww  dxahiples twith
i mge buffer and second inmage buffer; Figs. 6A-6C are
a 19 @WPtth%‘FCCPW@aW%&QWﬂIﬁ%?ﬂPd‘g“‘HV ocess utilized in
associ a - :

Govi co. TR A B R ing 381l G @O bresent
captvantbsh; Wi t h t he i magi ng devices into a first

anoram.c i e and a second panqrani.c i rage to }
br oducel 5 STBISLE Gt P IOL I AP R fesions of pdjacent
|| i HSder @b RiSe BeREs DR B il4ingl s§Wefof th3H8s e tiveRtion;

unobs ruct eql panoram c St €eréeoscopic i mage, creat ed
usi ng t Fig. 3allestratesfa bisttgm perspeEivBetielv o€ thedawmt pipiramole of

the Preferr.ed Enbodi nent Referri teo Fig. .1l a .
caREIRS Rt e SR HOR AL P3G ca Boy el st sedlp view
of eliggké;,c or other simlar |ightweight material. In

the preferred enbodi nent, the body (12) is o
subst an¥igal 4$4-4Soiluptrata p lefhpaporanig Iapgmandgight panoramic image;

and

Figs. SA-5B illustrates images associated with first image buffer and
second image buffer;

Figs. 6A-6C are a flowchart of the transformation process utilized in
association with the imaging system of the present device, to transform the
plurality of images captured with the imaging devices into a first panoramic
image and a second panoramic image to produce a stereoscopic panoramic
image; and

Fig. 7 illustrates a perspective view of a 360 degree unobstructed

panoramic stereoscopic image, created using the camera of Fig. 1.

Detailed Description of the Preferred Embodiment

Referring to Fig. 1, a camera (10) is shown having a body (12)
constructed of plastic or other similar lightweight material. In the preferred
embodiment, the body (12) is substantially spherical, having a diameter

preferably between about 0.001 and about 500 centimeters, and more preferably,
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30 preferably between about 0.001 and about 500
centineters, and nore preferably, 3 WO 2004/068865
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centineters. Provided substantially equally spaced
across the surface of the body (12) are a plurality of
| enses (14). The lenses (14) are preferably circular

| enses having a dianmeter of preferably between about 5
angstrons and about 10 centineters, and nore
preferably, 5 between about 0.5 and about 5
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i mage capture devices (14) and/or (16).
pr Bﬁ@somd ané mlablveﬁmn Riohks2(001gofpis yis¢ a@y Bmwm/mage capture
Pent i u

o A Gl e SEE TR B IR iRt b Eis REGY0E By tehies 3
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Pr &) ate R Do B SHAD i REECH 39, KRl i Wby
notgetied ithggs! feoym (H4Ainagh cadtureidevicbe(14) aidor @d). In the preferred
enbogl nent is a VEX3D, manufacture I nter act ive
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(I)l% in tlho 29[ tt Pseprgfépaﬁ}él cr:]épia e quacf gl?ftl"enn% ang utilizing page
flipping software in a manner such as that known in the art. The CPU (22) may
be coupled to a head mounted display (24) which, in the preferred embodiment,
is a VFX3D, manufactured by Interactive Imaging Systems, Inc., located at 2166
Brighton Henrietta Townline Road, Rochester, NY 14623.

As shown in Fig. 2, the lenses (14) are divergent from one another, and
offset about twenty degrees from one another along the substantially arcuate path
or line defined by the body (12). This offset, which may be from about 5 to
about 45 degrees along the direction of the substantially arcuate path, allows
each lens (14) and/or image capture unit (26), (40), (54) to have a substantially
similar focal point. Each lens (14) has a about a fifty-three degree field of view,

4



or line defined by the body (12). This offset, which
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each lens (14) and/or inmage capture unit (26), (40),

(54) to have a substantially 30 simlar focal point.

Each Iens (14) has a about a fifty-three degree field

of view, 4 WD 2004/068865 PCT/ US2003/002285 which
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10 percent, and about 7 percent in the preferred embodiment. Similarly, the
defined image planes of adjacent image capture units overlap horizontally,
preferably about 20 percent, more preferably about 5-10 percent, and about 6
percent in the preferred embodiment. These overlaps aid in the "stitching”
25  process described below.
To produce the final panoramic image (68) of the present invention,
which may display about 180 degrees of a scene (e.g., a hemisphere), a first
panoramic image (72) and second panoramic image (74) are created. (Figs. 3 and

4A-4B). Each of the panoramic images (72), (74) may display about 90 degrees

30  of ascene (e.g., about half of a hemisphere). To create the first panoramic image
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percent in the preferred enbodi mrent. These overl aps
aid in the "stitching" 25 process described below. To

w@e@diesses he final panoram c image (68) of theP@Er/ESMNE/002285

10
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(72) and second panoram c i nmage (74) are created.
(Figs. 3 and 4A-4B). Each of the panorani c inmges
(72), (74) may di splay about 90 degrees 30 of a scene
(e.g., about half of a hem sphere). To create the
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20 t hgescribed in Figs. 6A-6C. As shown in block (88), source images, which in the

25
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preferred embodiment are substantially rectilinear images, but which may, of
course, be any type of image, are obtained or received from the image capture
units (26), (40) and (54) by the CPU (22). (Figs. 2, 4A, 4B and 6A-6C). As
shown in block (94), the CPU (22) may then define registration pixel pairs for
the untransformed source images.

Thereafter, as shown in block (96), the CPU(22) creates an input file.
The inputv file includes the height and width of the final panoramic image (68),
the source information, and registration point information. The source
information includes the file name and path of the source image, the height and

width of the source image in pixels, and the yaw, pitch and roll angles of the

6



preferred enbodi nent are substantially rectilinear
i mges, but which may, of course, be any type of
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units (26), (40) and (54) by the CPU (22). (Figs. 2,

4A, 4B and 6A-6C). As shown in block (94), the CPU

(22) may then define registration pixel pairs for 25

the untransformed source i nages. Thereafter, as shown

in block (96), the CPU(22) creates an input file. The
input file includes the height and width of the final

r qu({é%’m%‘f PI% ?qsasgf}ﬁ‘%ﬁsl?liﬁg t n ? ﬁﬁ& Cilacleﬂf ] ?’?‘}i ﬁeﬂi ofaVlew of the
I nffﬁ)i[gé% ke ﬁlﬁg IV\"-}ﬁJ&ISIS oRFerfibly®ehdiR 06k Patdatehit 8d8egrees,

sour ce image, ight and 30 width of the source
i magee pqumblb bstwealm abqum 80 yadabgiit 60 ieguses, ead Rbar §P degiges in

s B aTtPas PREGRRIEE R et BY MR R fning

5 VI ﬁ\ﬂb pfanta RRe Xi SFBEY At tidezdsn ValusdiiGhe scurdy iafage althy
bet ween about 1 and, about 80 degrees, _nore preferably

beinfRiatntiap gstocBtedatich ﬁl@é@&lst@éwa@@ﬂ%gw %ﬁ%mémloss
degr
t ﬁe as S 1:?1&35%@? H‘#lfge% %ﬁtwﬁﬂk r)? plké’l p%@fhog 1%%/“‘] e,

t hﬁ:g)étféhmi polnt{ aﬂ%imnfzbntalrmhdmﬂmalqab(a]@sﬂfonnn ¢hesfrst arce

T;[‘F? for |on associ t wth the h
e, e ishindet A REoraH G BEe PYISH lm?%gaém%d wit

10 t h&e%@éﬁrﬁ%lkﬁ%@ﬁh@ﬁ S08 b ofdohlt E{illdt\/léﬁld‘al %%El Iﬂisﬁ%ln in the
posi tion of regi stration point, ori'zontal and
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20 represents a first pixel of a given registration pixel pair in three-
dimensional space, locating it on the final panoramic image (68). This is
accomplished by applying the following matrix transformation to each
pixel:
Define segment x: Alter the horizontal position of the pixel in the source

25 image so that it is relative to the image's center. Then compensate for the

X Shift and zoom variables of the source image.

Define segment y: Alter the vertical position of the pixel in the source
image so that it is relative to the image's center. Then compensate for the

30 Y Shift and zoom variables of the source image.
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panoram c inmage (68). Starting with an arbitrary
source inmage, a vector is defined that 20 represents
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t hree- dinensional space, locating it on the fina
panoram c i mage (68). This is acconplished by applying
the following matrix transformation to each pixel:
Defi ne segnent x: Alter the horizontal position of the
pi xel in the source 25 image so that it is relative
to the image's center. Then conpensate for the X
Shift and zoom vari abl es of the source i nage. Define
segnent y: Alter the vertical position of the pixel in
the soupgfine ddERAAT 20U atibus s%ufc%'iﬁhh%é’ Raridb1dsh&termine the z
i mage's center. Then conpensate for the 30 Y Shift
and zoosagusnt thist egrasportdsdo twiscale pravadpe by7thw@nage's size in
2004/ 068865 PCT/ US2003/ 002285 Define segment z: Using
vari ousP%¥6trce i mage variables, deternine the z
segnent that corresponds to the scal e provided by the
image's size in pixels. 5 Transformthe vector so

that it Teosforyseneestarsotha ireoriasnasds inige setaien angles of the
source e c%ﬁle-;hl 'f]%llﬁ 3s ga?éu‘f#%(ﬁ}g %% ?rﬁér{iﬁg glIeegx{emfg gytegcql of

vector Dy éach o Freero

Rot at i ofhr@hotdtionalanitsicess 0 0 0 0 cos(pitch)
sin(pitch) 0 0 - sin(pitch) cos(pitch) 0O 0001
Rot ati on about y-axis: cos(yaw) O - sin(yaw 0 0 1 0
0 e Rotation about x-axis:

1 0 0
0 cos(pitch) sin(pitch)
0 -—sin(pitch) cos(pitch)
0 0 0

—_ O O O

e Rotation about y-axis:

cos(yaw) 0 -—sin(yaw) O

0 1 0 0
| sin(yaw) 0 cos(yaw) 0
0 0 0 1

e Rotation about z-axis:

cos(roll) sin(roll) 0 O
—sin(roll) cos(roll) 0 0O
0 0 1 0

0 0 0 1

Upon matrix transformation, the pixel vector represents the global globX, globY,
and globZ positions of that point in three-dimensional space. The CPU (22) then
converts these positions into spherical coordinates and applies them directly to

the final panoramic coordinates. The vector's yaw angle represents its horizontal
8



sin(yaw) 0 cos(yaw) 0 0 0 0 1 15 Rotation about
z-axis: cos(roll) sin(roll) 00 - sin(roll)
weominedshy 0 0 0 0 1 0 0 0 0 1 Upon matrix  PCT/US2003/002285
transformation, the pixel vector represents the gl oba
gl obX, globY, 20 and globZ positions of that point in
t hr ee-di nensi onal space. The CPU (22) then converts
these positions into spherical coordinates and applies
then1direct|y to the final panoram c coordinates. The
vector's yaw angl e represents its horizontal 8 WO
2004/ 068865 . PCT/ US200 OOZ%@ anor ama 03|
N eRBROTHPRDOSEOT PEE A pﬂngﬁéﬁﬁr&sqr%ssl ?33 Rpnorama
.@ﬁpn6995|t|on newY. As shown in block (100),
ng e registration pixel pairs have been napped to
t he f i nak shawmoindipdk (1A en¢EBP registtatios pirehpairs havikdbeapu
5 cal cu es t ween th
e R G i Binoraicratief PO BT Rl B LR o
5 t h@al&ﬁ%ﬂ}fe@ﬁsme BEtRlen B reisfrMorfpifl\Ralts STUhE Bvdrigge
rare not yet mnimzed, as would be the case upon the
i nilisiaate ofrthasdeitration mxel BHBVIAT § BIVENR seULce MaRe)are Referel aw

it BRAR S o lTRI T fsf hGL B8 gkt mARST SANEIn block

r egiogy, i 4w oPihy eburp@irmsgeds eltae@slﬁgmlwawaéxeamdhé protess
pi xel points in the final panoramc image (68). This
pr wéwss tcldaek (9eand félmr@wtﬁﬂélontpﬁ@l iy, B AEHR tigormed to

10 avﬁ&?ﬂgolgﬂsﬂ A3 Hnal é]antol:b‘?n g%{%%éagﬁ%m S 151% s§ u)ﬁ‘ ﬂu%ﬁ‘ altering

arrs I's I'mze eaf'ter,
1 otble,ya¥, Siilfthe avérsiei didtaraed s zlmmlmeemagds mg&xltatlompbqel pairs is

b RURTGgSy STheteah P (st oI S AREHA e G FEd:
>< &&nftﬁe avbragdl cf1§tar§:@%fﬁ9:°ﬁb&f1até’d RAstrh ot &eﬁ&r‘ﬁs%nﬁﬂﬁﬂ&d
el

51s optimzed, as shown in block (104
t r @nsdé theryawi, plmchp radb oohi, Y<Shifs peéz@cojn ofa partlcular source image

15  is optimized, as shown in block (104), the transformation procedure is repeated

for all source images until they are all thus optimized.

As shown in block (106), once all of the source images have been thus
optimized, the average distance of all source image registration pixel pairs is
calculated and, if they are not yet minimized, the yaw, pitch, roll, XShift, YShift

20  and zoom of the source images are altered as shown in block (108), and the
process returns to block (98), where the process continues, until the distance
between the registration pixel pairs is minimized across all of the source images.

Once the average distance between the registration pixel pairs has been
minimized across all source images, as shown in block (110), an output file is

25  created, identifying the height and width 6f the first panoramic image (72), the
yaw, pitch, roll, XShift, YShift and zoom transformation image information
relative to each particular source image. Thereafter, as shown in block (112), for
each pixel within a given source image, a vector is defined representing the
particular pixel's position in three dimensional space, using the vector

30 transformation described above.



for all source images until they are all thus
optimzed. As shown in block (106), once all of the

W@ ounoesssirmges have been thus optim zed, the BUBUSIYE3/002285

di stance of all source image registration pixel pairs
is calculated and, if they are not yet mnimzed, the
yaw, pitch, roll, XShift, YShift 20 and zoom of the
source images are altered as shown in block (108), and
the process returns to block (98), where the process
continues, until the distance between the

regi stration plxe pair s mnimzed | of .
the soulQEepys § 3?%%%@8&@ igid gr(ii‘l)b@ﬁ?@%tﬁr 1s

th ?raﬁﬁghﬁt%cf t%trbﬂ&:t Bﬁeﬁ% @Rbl{ $oll @?Slﬁﬁe?sgiﬁ ﬁ{g@o%ﬁﬁnformatlon

across a source | as shown in ocC

0 utap;omatadl veith the sBairce nraagesacs defidethini thy butgut file. bPeﬁeg hOmgm;ion
e first.panoramc

o1 CEfheagpiommstgi +BE Y b L RIB L HOr B grmed

5 I 'T%@cof 04Tk ORith b Bl inifle HRaIGRAGBraRAk lm&gé (?8) %Léhﬁﬁn in

e. Thereafter, aS shown in block (112), each
p| Jo ck\M 19)i thisprgpese s rsmaﬁ@emtlﬂra@ of the pixads tra pastioday seaepe
r e nt in Dart i cu Xe
- %Y&b%%lbg%%sf rn%ed r]ilét vlg%to %1%& tp%gg)%?l 1% cglce:éa F%% final
de@gﬂidrgﬁﬁ; ap¥€68)9 WO 2004/ 068865 PCT/ U82003/ 002285
Once a vector has been defined, as shown in bl ock
(114), Pwehowatnplack (120%msre aledthepixals phe sw% gouegmage

0L 350 B AP B, SR Sl 00

ou(§)tard ereated Afatle havingp heiphioand veildit fproximatdpequat toothat of

Or e PetTIReE (0. (Easot: SA-SB TR wAs basyn implogle
f' | (2 3%{&9&1%%@ ‘Eﬁﬂ@rs((ﬁ(%)andfb?zﬁﬁ%\@?é relib@Solol 18)

rocess is repeated unt e pixels in a
pai@nsfahwtmmaufouaatwmagmuttad/ withesmatinhisdlaffed adpcent pixels

15 pa bR AT yEoq Basee Ao U v oihe dkedriagyl SFets gpi

20

25

30

of {KepRi keglnihffge BufbV©0) SOVLY: ?F]‘.ggaﬂ@éﬁ(hnﬁ%‘@ PR pixel is

| ocat ed on the final panoram c inmage (68 two i nage
bufitf Gredelt goageaﬂ@nes @@) (58) er ©6pdbepixelbiaawitieao fhy laft image

Pekgﬁ%rp@ﬁgrigr%g 13(91%J In t Iggx%{ﬁe 1(1%»gggyal s %)i (E@f or @4%%] cpixel is
As i15 theWpht ﬁn@eﬂﬁﬂffer (92) (Figs. 2 and 5A-5B).

As shown in block (124), since the transformation is likely to spread out
the quadrilateral of pixels on the image buffer, there will likely be gaps between
pixels as they are converted from their rectilinear location to their
equirectangular location in the associated ‘image buffer (90) or (92). (Figs. SA-
5B and 6C). When the quadrilateral of pixels is located on the associated image
buffer (90) or (92), the gaps thereby created are filled as smoothly as possible,
perhaps using a linear gradient of the corner pixel colors, in a manner such as
that known in the art. Known linear gradient fill techniques may also be used to
diminish visible seams between images. As additional source image information
is applied to the image buffers (90) and (92), for areas of the image buffers (90)
and (92) that have already been filled with pixel data, the alpha transparency of

10



(122), once the image buffers (90) and (92) have been
created, vector transformation information associ ated

wowdah/oessquadri | at eral of four adjacent pixels BEGI/082083/002285

10

15

2

<

25

30

particular source image is utilized to draw the
quadrilateral of pixels onto the appropriate inmage
buffer (90) or (92). (Figs. 5A-5B and 6C). If the
pixel is in the left image planes (38), (52) or (66),
the pixel is witten to the left image buffer (90).
If the pixel is in the right imge planes (36), (50)

uf f
o I o s e 10 5 PP

t hdescribedsbadowat i on is likely to spread out the
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i near gradient of the corner pixel” colors,
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i emee bixkbrinmt besh mhspednpticas fdpn’ra{é%nia E&ff&“(@{)g%xf@%)

or, areas of t e image buffers
éﬁg) (S nctei?ﬁo’fﬁg @Xﬁlsrhé‘é‘ﬁl?ﬁené@@pﬁd,l dsstown ithblptlk €128), the

WD 2004/ 068865
L T e S

| ifelenangragdg imaaied 72 pdmes hbi Inge bigxdl Q%bhtdﬂ%ﬁl@@ﬁix%ﬁm the
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qahimags P U BieChd LB sk peige et aazes0fTenio0)
|( %i?)el}aggilﬁgltl ?r%bl{l %?Ifgﬁl)ﬁr{ta rna pﬁ(nté%%\;g?ﬁeseax}ﬁ Q?ﬁqagpléﬁk/
metIR6 it pixel inethafitst imigectiutforyo0)nibk udistigOPRE! g

t Q&ng%g 'ti(? htehc% gﬂolnﬁent ﬁzfpém tgpgrg;rlﬁpggééﬁ%ﬁgg(ﬁ ggﬂmet@q}gﬂ in
i ﬁ‘meﬁis’aﬂneigys baﬂelc(@e?ihﬁtga dhoABEdisEn@ BTh Qé?lteir%?% HsPective

t to extrapol ate the nost appropria
v ‘?‘Hgén meagethan @@gt herexistislg piwelithe pixeblln t(léﬁﬁ;) 1m£§edﬁ1|fﬁ>r (90)

(&2 to%ﬁj)(lﬁﬂn%fl%sﬁﬂﬁyr %BS‘%:I‘S%%/, YF tth plxel 1n t?le tl r?telngeu ‘tr)lg:f?er

/.
(90) has a greater distance to the center of its respective source image than that

of the existing pixel, then the pixel in the first image buffer (90) is set to
minimum visibility. The process is repeated to merge pixels of the second image
buffer (92) into the second panoramic image (74).

As shown in block (130), the overlapping edges of the image in the
image buffers (90) and (92) are feathered by degrading visibility of the pixels
over the area of overlap. This feathering smoothes the overlapping areas of the
image once it is merged from the image buffers (90) and (92) into the panoramic
images (72) and (74). As shown in block (132), once the image buffer pixels

have been set to the appropriate visibility, and the image of the image buffers

i1



10 i mage pi xel s have been mapped to the appropriate
i mge buffer (90) or (92). Once all of the pixels

whaooe/otssen mapped, as shown in block (128), theCT/UE2083/002285
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i mage buffer pixels are conpared to the first
panoram c i mage pixels. If the first panoram c inmage
(72) does not have a pixel associated with a pixel in
the first image buffer (90), the CPU (22) sets the
pixel in the first inmage buffer (90) 15 to maxi mum
visibility. If the first panoranic inage (72) already

h i xgl ted i st
g Ehefr i impads (i Ghed bbitef % Siaet b O sk Pitsepna
th mﬁ%ﬁ@m@g@ (72) AdXeh).1 As §ldvr ihbidcki (MBeblddkd Q2) through
(90). If the pixel in the first inmage buffer O has

a 6173) @@rrenﬁa@simbalﬂ of thﬁéowémré@geéﬁlaw eepangye nmathe first

e {i
 OUEF TPl N0 058 DR A0nBLtSheyd I Bltel o,
vi gighiahd (30) a@eaﬁi&ﬂmﬂytheiléﬁ iﬂi@eqﬂamh (36), isbeaid €62 of the
i mage buffer 90 ha 21 reater distance iLo t he )
cem@e capmret%m%%@e&qm é%ﬁ)@@e“ﬁeﬁ&g@eﬁtﬁéb\e lwapanoaamw

{ | L
bufF S (B Bl hecsB2] (M BRI aeicRiet it i rigs TR
[ Splaamaﬁ)e dSZ)mlﬁé@@e)f pheielage (oﬁpttlnelmte QZﬁ)d(AhODmgcb(M) are used
buffer i nto the second 9 noramc i mge (74). 25
AsOHER N er?e?ﬂng&f‘n?rf%S maged &erl appi ng edges of the

i mage i PnédWoth 'oFﬁﬁeﬁﬂﬂ‘f)ﬁrﬁﬁﬁnfcgﬁl)ag&r@ﬂa%@(ﬁf Eave been created,
feathered by degrading visibility o pi Xxel s over

t h@s show inblaskt€iIQpthe Phngramécintages W@) alm¢>€7t4h esn bhdisplayed

BN 00 S PR L 35 i
' ”ﬁﬁ’@é%s (3@ el )be beer e, Sodekor( alaaﬂdar@pm)ramm

the image buffer pixels 30 have been set to the

apprressr (1 4Q)esushais hat ishgwn Eniist henf rigyeedgmsingrelasspadéd?)

5 PO 85y Y AL 0RO FCTLIGRON BB )

I N{7@) itag beicoateyad tb ﬁledxemdimopﬁiﬂd Idﬂ;pia@ (Rapdesm(id Fig.dndhe

(1659 @@eSa?%%ﬂ%%@&%%ﬁ%o‘réﬁﬁ’wgésﬁé Teoterd St hlay @4

Ibrergégré <§7i7gx§j“ a%& (ﬂ(l%[hs?g’f ﬂeﬁlﬁﬁ %ﬁ%ﬁ%e}ﬁﬁ &gdéﬁerﬁa}z t%lg)

5 (rﬂ:fg)ss anttie Qﬁoandasgm (dll@la'sl ofvtheﬂlehchmohmfeﬂ dlspstuye(Zp) ases

Bproénagg 1s p o%g S ca]; bte I?Jsed to animate the display as a full 24 frame

per second motion picture, or to display multiple visual images to each display.
Thus, an imaging system (see Fig. 2) may comprise a first image capture unit
(26) to capture a first image (36), a second image capture unit (40) to capture a
second image (50), and a third image capture unit (54) to capture a third image
(64), as well as a means (22) for combining a first portion of the first image (36)
with a portion of the second image (50) to produce a first combined image, and
means (22) for combining a second portion of the first image (36) with a portion
of the third image (64) to produce a second combined image. The first portion
of the first image can be any amount up to the entire first image, or may be

between about 20 percent and about 80 percent of the first image. The portion of

12



i mage capture units (26), (40) and (54) are used to
create the first panoramc imge (72), and the inages
W@ 2)/06888%1) and (86) associated with the ri ghtPCTEH§®03/002285
pl anes: (38), (52) and (66) of the inage capture units

(26), (40) and (54) are used to create the second
panoram c image (74). 10 Once both of the final
panoram c i nages (72) and (74) have been created, as
shown in block (138), the panoram c imges (72) and
(74) can be displayed together as the final panoramc

i e (68).. (Figs. 3, 4A and 4B). The pangr.am c
| g estqiaaimath b et g BEh (e BiE SPARI DS crana be
- ONb@webAsHA d0 ?meﬁtadﬁhgboﬁcsoqﬁfcehﬂé%e s§d6a0 idBgd. BHe first
shown in Fig. 3, and viewed using glasses (142) 15
hagihgpcprhewsbiped ineages sadbqrspeatedly profueest angtdispdaxed te he
pangQ i.C ] 2 A and (74) may be conveyed to the
heg%{@%%{éé’g@%?égﬁ%ﬁ@-(z@ shown in Fig. 1. The CPU
5(22) capnsgagdingslsten ntaypasocoipriseiaft@age ¢pidrdantt €26) for
mount ed display (24) using known, "page-fli ppi.ng"

t eEWHFCH’la%gn tr’@)a@e"ﬁééé?ﬂng@ﬁ Mg pyfirgh nogfion of skl image fe s
:jpgltggﬁle a?lgrﬁs ’ﬁgi‘aég&ggﬁtim%é Rha@¥aRd (%?P forteRE FREMEShrtion of

I ay appradpriate. S procCess can be
ussxdd iroagerto padedd hsecdnd pedpsapicainfagkl 24 franme per

second pptjo icture, or to displa | tiple, visual
mges 08¢ behhermus] Gonie) whb ) e e Byt B (e
10 Fi Qrierﬁitidi%én&ﬁ_‘([’ﬂ)?ﬁwﬂ af tHogd welTRESWR APIHNEL, HNHange( #@)
to capture a first inmage (36), a second i nage capture

unimage4ayvited wdpt head mounsestdisplay (2dges {BGEnsoa 4 mdvies.dIn
[ e _capture uni 54) to capture a third.jnmge 25
(oS R oot Dich bbb 550 b ol it o oG, to
POgdel tRat pottidn¢f the fifdl pa®raid Bfge (98)ldAsRiNQT Witk Taedfectdtdf
second i mage (50) to produce a first conbined inage,

antre usersrine(of 3ight, pd baveiha sengadonselcasinlly deakingargpnd p ghree-
fipst | 6) wth a portion of the third image
13 (6@@6&%{(‘5%?%8%(& a second conbi ned i nage. The first

por ti onln @f alteheative esbodirRgeoLian phse@iiyvanion, the Uiméra (10)
r.. may be 30 hetween about 20

the entire first innge, or.
pef@¥ RE PEYAIAwith a ggmﬂléy ebfragsfcapies patisdivingaybstantielly
pofet:tigﬁba%a tere SX@GI%Q BALACPEAR RGN ngé’f hOBa28Rthdrn The
secon |naéé cah be any anmpount up to the entire secon
i npagss, may bareffsdbby alpetdseemimd dadtoi20 obéaic e desiwd dteatnsodpic
80.n9erc t of the second i mage. The first .

20 ~ image. Because the images are captured in pairs, the transformation process
associated with this embodiment is identical to that described above, albeit
instead of dividing the images in half, and sending pixels from each half to a
separate image buffer, all of the pixels associated with the images from the “left”
image capture devices of each image capture device pair are sent to one image

25  buffer, and all of the pixels associated with images from the “right” image
capture devices are sent to another image buffer.

In another alternative embodiment of the present invention, the camera
(10) and CPU (22) may be utilized to capture twenty-four or more frames per
second, and display the final stereoscopic, panoramic image (68), in real time, as

30 amotion picture.
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and second conbi ned i mages can be repeatedly produced
and di spl ayed to convey stereoscopic notion. 5 An

WO pgioes36syst em nmay al so conpri se an i nage capPCF/ES2003/002285
(26) for providing an inmage, a neans (22) for using a
first portion of said inmage to provide a first
st ereoscopi ¢ i mage, and neans (22) for using a second
portion of said inage to provide a second
stereoscopi c i mage. The head nounted di splay unit (24)
may al so be provided with an 10 orientation sensor

(144) uch as_thqgse well known i t,. t
tha )t R anobrutasdve rmoROaok e ettt ySp Ry buter
as g&{é?atécﬁ @%ﬁmcmﬂﬂmgﬁ&? Sprodueed fohd SR 36 asihASRl known
(not shown) may up, "down, and in either

d| irethe nadm,nay be cgtebmt:dx anthgb@* fina) pansramiciniiges (7%6) and( ahiie the

h
TR 50 8P S e oG o
5 | opkh&d (BO)OMITdigitizbd eRtuallRaktyiRASEsq126). FHACH- ThiR an

al ter nat i ve enbodi nent of the present invention, the
capembingtia) prodws lpesepnlsss derlanpf 1rakang \irtualipegorgmis nage
ca AT Substantially rectilinear

cag gmgrgﬁgféﬁ%ﬁé¢$§%ted substantially parallel to one
anot her In §feh @notbat dteriiye kmbofisat obthe @rqssemtdﬁvminshnﬁel

factor to obtain a desired stereoscgpic )

Be#BgsE CRErelbydhe capea &Hgtna?ryehf traﬁlsgwﬁé ut{lﬁélggfﬁe above

tr .
S R e T

aI h@nbgrap}msumagb ohs showindindyg.tlhéhei cmi@ea;(hom 1shabﬁde<bwdh a
fromeach half to

bupinapt et (49 i BReenu i uther SRaiot Fufihdsisee

fr o808, RemitAab tor idenTBA %o 8RR 1eA iff séfsb@ﬁﬁommﬁa&hoter&g@ol cars
captur’e device pair are sent to one image 25 buffer,

an elnchthle lise. itheggsiagwicatabsitl tbatléfa impgerplanas @é thef image pépeure

"ri re devjc are sent 10 angt her

15 ol i P e BEAR o PP EEF ik A he bR At-C6 pretpetn
pr geaitht MyRH150R ,oftﬁéeinﬁgéfez[rﬂure hQ3 maRbe R (02R)krWiae and
be utilized to capture twenty-four or nore franes per

se ﬁ&ﬁh{e coipkined Bpaegyjo hide the sipor pestdddPopareagedAs) %nﬁ a1y
| MBg%r éa%@ra ehlﬂpﬁl%ﬁt! otﬁéﬁﬁse \f'i‘sible%lq fitcs J&B{Hn%a 1913%5.%}% foile%omg
transformation procedures may be utilized for such overwriting and filling. In
20  this manner, only those images which do not include the undesired information
are mapped to a final panoramic image (152), which may be displayed on a
spherical screen (154) or on the head mounted display (24). (Figs. 1 and 7). For
that portion of the image reflecting the area covered by the footprint of the
carriage (150), the interpolation and feathering procedures detailed above may
25 be utilized to approximate the image lying beneath the carriage (150), to produce
the appearance of a completely unobstructed 360-degree image.
Although the invention has been described with respect to the preferred
embodiment thereof, it is to be also understood that it is not to be so limited,
since changes and modifications can be made therein which are within the full

30  intended scope of this invention as defined by the appended claims.
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WO 2004/ 068865 PCT/ US2003/ 002285 1In yet anot her
al ternative enbodi nent of the present invention,

W@ 0vpl6s865 gener at ed graphi cal information, proRPCES20031002285

a manner such as that well known in the art, may be
conmbined with the final panoram c inmages (72) and (74)
in the CPU (22) to provide a seanl ess integration of
actual imges captured with the 5 canera (10), and
digitized virtual reality imges (146). (Fig. 3) This
conbi nati on produces a seamnl ess display of real and

vi rtual anor:—llm' Cc,.Stereographic virtual imges. In
yet anot %4 ?lg}ﬁﬂéi'i ve enbodi ment of the present
inventign, tRhg imapM@essteAPEshSesimy the canera (10) may
be transfornmed, utilizing the above 10 transformation
procedures, féIfivagceapirsgaitieetiese-fHedmasspanor ani c

hic | - |0 Fi 10
o o eq href i3S UBMRe Wi K Shpnde o SOGHRER (10)

stransport ati athitthiniagsdeftussunit toeapiies chidrimlagear ri age

(150), simlar to or identical to ,tho].?e g_sed in |
associ ati on WieeRs 1o pynkinggy st PP of hedirstimage pith a

| mages gmﬁio@hfe%ew%dgﬁ#gg tdbgsohuéeg@glgt gdr Al BhadeNnd

i mage capture 15 uni use uce a
conbi ned i mageaanithr tbhmbinepgescasdpatian efithwifirkt intage with a

right inmage pl.anes. of the image capture units .my be
Used t oPORIGRRE Hiedhis gmags toprediice A GHSRH SaMPREAMAE hi de

1ot he support post (148), carriage (150) and any other

canera equi pnent otherw se visible in the conbi ned

i mage. ZThe f dhegonigigg systeansef Clamatli whersisaadifirse smageycaprire
utilized for_such. overw.tin nd filling.,ln .20 this
manner - onl y S SRENH AR Fa ot i (ke e osbture
undesi red i nigi BRtIb&ed aab? seppedlatie @ dnkRAabthBAABSRHAVE to
i mge (152), which maybe di spl ayed on a spheri cal
screen (154) abgut §yty-fEe degiersipaiit ed di spl ay (24).

;s(Figs. 1 and 7). For that portion of the inage

20

25

reflecting the area covered by the footprint of the
carri age. ( 150he irhdpeng syisempof @lairan, ahekefresat e plane
procedures detail ed a%ove ma%, 25. be utilized to

appr oxi mat e #¥%ecipled Jath spdiirshiunagsonerlans aadmppgglene
(150), to pr

unobst r uct edg%gg%ﬁgg?gleﬁﬁpn%géﬁﬁﬁgﬁfgﬁgﬁ&@@ ﬁ}%dé)\r?tt |3%n
has been despercéigd with respect to the preferred
enbodi nent thereof, it is to be al so understood that
it is not to be so limted,

4, The imaging system of Claim 1, wherein an image plane
associated with said first image vertically overlaps an image plane

associated with said second image by about 1 to about 20 percent.

5. The imaging system of Claim 1, wherein said first image and said

second image are substantially rectilinear.
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since changes and nodifications can be nmade therein
which are within the full 30 intended scope of this

w0 pooeiesse as defi ned by the appended cl ai ns. PABUYY003/002285

5

10

15

20

25

30

2004/ 068865 PCT/ US2003/ 002285 What is clained is: 1.
An i magi ng system conprising: a first inmage capture
unit to capture a first inmage; a second inmage capture
unit to capture a second inmage; 5 a third inage
capture unit to capture a third i mage; nmeans for
conbining a first portion of the first inage with a

portion of t secand i mage .prodyce.a filLs .
combi ned i mad@e TARARNE SYSIGN of @fm@(}n{ﬂ%ﬁ{%saﬁ @E% §erpgbined
portion of tReadd ndltsaldREShd¥dnibiReddiRalzt aFt Rlcashgartiliiy d
i mage to produce a second conbined i mage. 10 2. The

i magi ng syst equitdctadigaliam 1, wherein said first inmage
capture wunit, said second i mage capture unit, and
said third inage capture wunit are |ocated al ong an

arc rel gtive The iadEn@Bwtdie of CRRaUL whieketh the firét@dtthe second
forty-five degrees apart. 15 3. The_ i maging system of

Clai m 1, whecemhingd ipagessappa displayediwairayide 2 werepseenie
first image qyer] aps an inmage plane associated with
said second ineage by about 0.5 to about 30 percent.
20 4. The imaging systemof Claiml1l, wherein an inage
pl ane associated with said first inage vertically
over| aps an i mage plane associated with said second

I mage by abogeiml it P CREHGE Rlrt isid @ fheans f
i magi ng systemeclarfﬂ %1%9% 1m wher ei n sg}eag%in?%? ?nggrés o
and said displaying said first combined image and said second combined

image as a stereoscopic image.

9. The imaging system of Claim 1, further comprising means for
sequentially displaying a plurality of the first and the second

combined images as a moving stereoscopic image.

10.  The imaging system of Claim 1, further comprising means for
combining said first combined image with a sufficient plurality of
images to produce a first combined panoramic image representing
at least about 90 degrees of a scene, and combining said second
combined image with a sufficient plurality of other images to
produce a second combined panoramic image, representing about
90 degrees of the scene, and means for displaying said first
combined panoramic image and said second combined panoramic

image to provide a stereoscopic, panoramic image.
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second i mage are substantially rectilinear. 15 WO
2004/ 068865 PCT/ US2003/ 002285 6. The imagi ng system
W@B00@loetisns 1, wherein said first conbi ned i nageP@EnusS®as/ah2285

second conbi ned image are at |east partially \

equi rectangular. 5 7. The imaging systemof Caima1,
wherein the first and the second conbined inages can

be displayed to provide a stereoscopic imge. 10 8.

The imagi ng systemof Claim1l, further conprising

means for displaying said first conbined i mage and

said second nmbi ned i mage .a Stereoscopi ¢.i mage.

5. The lhagi e Syedansysf-repty T 1O e oryiing sgns to

means for 1%15?13&%%ﬂ Rt bcAMHREBYAnDEnGC RhhgeRlanf ¥ seéond set

the first and thé second conbined inages as a noving

st er eoscopi c of pergeined panoTamiciimagesriy sesossseen OfProvide mnlqving

further conprjsing means for .20 conbining said first

conbi ned i mag f%ﬁ%ﬁméP?HFFP5P8HE&p|ura|ity of i mages
sto produce a first conbined panoram c i mage

representing at |east about 90 degrees of a scene,

and conmBZni ndhsanagisg sysin ot GHBM e #hereiyaidfiish combined
suf fi ci ent Pt Al Jeof O8N LophTRAAALL s RSHES Bith 5
second conbi ned® panoram ¢ | nage, repréesenting about 25
90 degrees ofdigitatinsapene prodnck as@redsdopic idiagp limjudiag sed d
first conbined panoram c i mage and sai d second
conbi ned panéﬁﬁﬁfﬁnﬁﬁnage to provide a stereoscopic,

1o Panoram c image. 30 16 WO 2004/ 068865
PCT/ US2003/ 002285 11. The imaging system of C aim 10,
f urt her 18onpAsinraging systems ceropuiisgl ay a first set of

conbi ned pan % ?nTaé:e éa%ﬁﬁ*é? lslm??oq p?ovslgi%g I?lg ir“?lg;t;e;

means for using a first portion of said image to provide a first
stereoscopic image; and
15 means for using a second portion of said image to provide a

second stereoscopic image.

14.  The imaging system of Claim 13, further comprising means for
combining said first stereoscopic image and said second

20 stereoscopic image into a panoramic stereoscopic image.

15.  The imaging system of Claim 13, further comprising:
a plurality of image capture units to provide a plurality of images;
means for combining selected ones of the plurality of images with
25 the image to produce combined images;
means for combining said combined images into a first panoramic
image and a second panoramic image; and
means for displaying said first panoramic image and said second

panoramic image to provide a panoramic, stereoscopic image.

17



of conbi ned panorani c i mages in succession to provide
a noving stereoscopic, panoramc imge. 5 12. The

w0 pagioessesyst em of Claim 1, wherein said firstPCDOkiongeh2285
i mage and said second conbi ned i mage are conbined with
a digital imge to produce a stereoscopic inage
including said digital imge. 10 13. An i nagi ng
system conprising: an imge capture unit for
provi ding an inmage; nmeans for using a first portion of
said image to provide a first stereoscopic inage; and

15 f i.ng . d.POrt i f said,] to .
provide 1§ salEieE e Rt 8p PR Reu ey s, B Riharstgic
system of C %hﬁ%el@lsplﬁﬁdbbﬁﬂ(ﬁ&ﬁ@éés_%ﬁﬁ@céiﬁans for

conmbining said first stereoscopic i mtage and said
second 20 stereoscopic imge into a panoramc

st er eosgopi C . ' i<n t ek J m
T3 dner - dRRREpegepl 3P GRS, HupeR S Blnotiley
sunits to proviekeseopid iizpeidigplays abord8s degieeaniSa §cete.
conbi ning sel ected ones of the plurality of inages
with 25 the image to produce conbi ned i mages; means

for conﬁ%ningkﬁ@hgdgggﬂﬁﬁ&%.inages into a first

panorami ¢ inmage and a‘secdnd panorami c image; and
nmeans for di sptaninggfisdimadd;r st panoram c i mage and
said second ramc %r)lalge to provi de a panoranic,

anaQ
stereoscopicogﬁﬁﬁﬁgaf*o #8894/ 068865
10 PCT/ US2003/ 0Q8288ng 4 trirdiBRigk:mQi Ng system of O ai m 15,
wherein said first panoramc i nmage di spl ays about 90
degrees of acewbmang a first portion of said first image with a portion of said

second image to produce a first combined image;
combining a second portion of said first image with a portion of
said third image to produce a second combined image; and
15 displaying said first combined image and said second combined

image as a stereoscopic image.

19. The method of Claim 18, further comprising obtaining said first
image, said second image, and said third image from a plurality of

20 image capture units located along an arc.

20.  The method of Claim 19, wherein said plurality of image capture
units are located about 5 degrees to about 45 degrees apart in a
single direction along the arc.
25 .
21.  The method of Claim 18, further comprising displaying a
plurality of first combined images in sequence and a plurality of
second combined images in sequence to provide a moving

stereoscopic image.

18



17. The imagi ng systemof C aim15, wherein said
panoramc, 5 stereoscopic inmage displays about 180

waelegnmessedf a scene. 18. A nethod, conpri si ngPCT/US2003/002285

5

10

15

20

25

30

obtaining a first imge; obtaining a second i mage;
10 obtaining a third inmage; conbining a first portion
of said first image with a portion of said second

i mage to produce a first conbined i nage; comnbining a
second portion of said first image wwth a portion of
said third inage to produce a second conbi ned inage

and 15 ispl in nmbi.ned. . ma nd said

second conbi Hg‘?tﬁ?iiggf@é 5%1“2‘?%8@@6‘8@&0‘3% greojypic
The nmethod ofjmGh&idebéhts ﬁwuttﬁ'% d6SBRY dfSi AenObt ai ni ng
said first 1inmage, said second imge, and said third

i mge froma pI urallty of 20 i mage capture units

| ocat ed | on 31; szcg i tehodmof s11C1] aim 19,
wher ei n %ai d ﬁﬂﬂm % | rage " Capt U i ts are
| ocat ed abou&hﬁnﬂ@gﬁﬁﬁﬁhﬁaﬁaggyhgéﬁg%&g?ggs apart in a

single direction along the arc . The net hod of
Claim18, further conprising displaying a plurality

8]‘: f;;itgngog? %‘?ﬁ'e %&Bﬁ&%sraﬂn%%%&ngﬂgog plurality

mages 1 n sequenc ‘provide a
novi ng ster em&cﬁmnmgIthmlgarahiﬁoﬁwgﬂﬁﬁkﬂdrﬂﬁﬁaﬁﬁlrs to minimize a
PCT/ US2003/ 002§85 22. The met hod of Claim 21, wherein
sai d noWHISECE OE FBIEEIBHFFAMage r epr esent s about 180
odegrees of a scene. 23. The nethod of claim 18,
further conprising: 5 defining a plurality of
regi st r&bi on Thiexedthghofradaim 23, further comprising:

defining a vector to represent a pixel of one of the plurality of

registration pixel pairs.

26.  The method of claim 25, further comprising:
transforming the vector into a transformed vector to correspond to

a source rotation angle.

27.  The method of claim 26, further comprising:
associating the transformed vector with a pixel in a panoramic

image.

28.  The method of claim 27, further comprising:
adjusting a visibility of a pixel in an image buffer by comparing a
distance associated with the pixel in the panoramic image with a

distance associated with the pixel in the image buffer.

29.  The method of claim 21, further comprising:
feathering overlapping edges of an image in an image buffer by

degrading visibility of pixels in an overlap area.

19



24. The nethod of claim 23, further conprising:
transformng the plurality of registration pixel pairs

W o00ai068863 ze a di stance of inmage registrati onPC/OSD83/002285

5

15

20

25

The nmethod of claim 23, further conprising: defining a
vector to represent a pixel of one of the plurality of
regi stration pixel pairs. 15 26. The nethod of claim

25, further conprising: transform ng the vector into a
transfornmed vector to correspond to a source rotation
angle. 27. The method of claim26, further conprising:

20 associating the transforned vector with a pixel in
a panor aHi c |:'kr“rl‘ﬁb'j‘émgfgs CRIFETRERSd of clai m 27,

further conpyi %t'?&aé&’dﬂﬁ&hﬁi_@t@c Q'ﬂrbttﬁfhagé a pixel
in an i mage buffer %y gon‘parl ng di sta

associ at ed vvlatsbcdnkiémp’ge(@ptlirnunihm g’qmuaarsﬁ@nldnn@ge,vw th
a distance associ at ed th t i xel n.the i nage
hutfor 56. SRRRS el Gaphte i G cBhtif o it
conprising: H¢a Jé%nh@ﬂu@%;ﬁiétﬁﬂﬁllﬁ@o@ﬂ&?@ tRE fitsh se€dPCand
in an |nage buf f er degr adi n V|S|b|I|ty of

pi xel s i n thind imagd %@ptvéi@ wits tsngeqmezt ofirstabgegond, and the third
T st o7 00 3808E Mherctln S ph A BN FHEUREL 8GeA

first |mage apture Uit 0 capture

second i negih & apitiohef thy decéil 1@@@& o promc&elcﬁmﬂcdnﬁﬁ@ﬁ image,
athird H%gg capture unit to capture a third Hﬂi@gi
and 5 a preasdiargeun RorEpReitbe 8%@%%&6@&@@1 eith 2

ofirst, se g%&% t
r eceive t ?nrgftq[ﬂe ﬂﬁe seg%n , aﬁ%%tgﬁe dftﬁa)lrrﬁﬁnéﬁmage and
wherein a Whe’rsih thofitst anl stotdenibinad irma@g%ml&rldlh;ﬂayed to

conbi ned ) ..
provide a stereoscopic image.

31. The imaging system of Claim 30, wherein said first, the
second, and the third image capture units are located
approximately equidistant from each other along a

substantially arcuate path.

32. The imaging system of Claim 31, wherein said
substantially arcuate path is defined by a substantially
spherical body.

33. The imaging system of Claim 30, wherein said first and
said second image capture units are separated from each
other by an angular distance of about 5 degrees to about
45 degrees along an arc, and wherein said second and said
third image capture units are separated from each other by

about the angular distance along the arc.
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with a portion of the second inmage to provide a first
conbi ned i mage, wherein a second portion of the first

WO pge6sseh be conbined with a 10 portion of theCT/HE2003/002285
i mage to provide a second conbi ned i mage, and wherein
the first and second conbi ned i mages can be di spl ayed
to provide a stereoscopic image. 31. The inmagi ng
system of Claim 30, wherein said first, the 15
second, and the third inage capture units are | ocated
approxi mately equi di stant from each other along a

substantially arcyate path. 32, .1 magi SyS f.
Caim 3&4 wher ei nL@SiHBEgQBg SR 8%??%;‘53}’ gﬁ%ﬁlﬁaehglg]tongw
is defined by a syfgtRrdivall said fRbehigadapheshinit Srlaphe

i magi ng system of C aim 30, wherein said first and

sai d second i mage fielinfuiey asspeisted vathswnirhsanordiinagspapture
each 25 other by ap 82@3 Ldlvgﬁag)ldaln?&%? G WneRlR gﬁe V\tjﬁeécrl of view

degrees to about ¥5 grees ong &n arc, an

ssaid second and saisdciatediwith daithgRofd@Ihadetapiiid GniBbeerlaps a
separated from each other by about the angul ar

di st ance al ong t héielgref viewagapristsd ayiipsbthird mage capture unit
PCT/ US2003/ 002285 ' i-ng system of C ai m 30,
wherein a field oPy\:?hﬁee%;gaggg%{?g%téd with said first

i mage capture unit overlaps a field of view

associ ated with sajd.second i ma apture. unit b n
over | _apt-”g'm)unt, and®Whes'es stﬁﬁ%gfpgal"53 fW\l}‘F@W eoxer?ap
jpassoci ated with SﬁhQuﬁﬁQQIS%t'lU%_Gl%eﬁﬁBtaHBﬁ ddekcent. .

overlaps a field of view assocCiated with said third

i mage capture unit by the overlap anount. 35. The

i magi ng,system of ai m.34 erejn.t oyerla 0,.

amoont P8 about - 187 PR it b i, S Pacriied image
plane associated with said first image capture unit
overlaps a defined image plane associated with said

15 second image capture unit by about 1 to about 20 percent.

37. The imaging system of Claim 30, wherein said first
portion of said first image is between about 20 percent and
about 80 percent of said first image, and wherein said

20 portion of said second image is between about 20 percent

and about 80 percent of said second image.

38. The imaging system of Claim 30, wherein a plurality of
said first and said second combined images are displayed

25 in sequence to convey motion.

39. The imaging system of Claim 30, wherein the first
combined image is combined with a sufficient plurality of
images to produce a first combined panoramic image,

30 representing about 90 degrees of a scene, and wherein the
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36. The imagi ng system of C aim 30, wherein a defined

i mge plane associated with said first inmge capture
waeot/06889%r | aps a defined i nage pl ane associ at BCT/WE1003/002285

said 15 second inmage capture unit by about 1 to about

20 percent. 37. The inmagi ng system of C ai m 30,

wherein said first portion of said first image is

bet ween about 20 percent and about 80 percent of said

first imge, and wherein said 20 portion of said

second i mage i s between about 20 percent and about 80

percent of said second i e..38. The imging s em
bF ' Gt ai m 30, wher Fens opTREH imigdet Coupitict Scren

sai d second conbi Bﬁffalht%ggﬁxeﬁf _F%é EPPRUEL a eohdlcombined
seguence to convey hotion. e imagi ng system of

Cl ai m 30, whereinp mlqmage,dgpmsmn@uguamg&&@grees of the
conbined with a suffici Iural

- & 6%1}1 SR ctI r%( binh eoramlc image
produce a first cSfBn Eé

srepresenting aboutyn@6aid E@bﬁeao@f;m@d g@ﬂ@mmﬁcagwaﬁrcﬁsplayed
the 21 WD 2004/ 068865 PCT/US2003/ 002285 second

conbi ned i mage i s tepiAvidsaPteRPasEoRICRANPTAEYIE Hpage.
plurality of other images to produce a second conbi ned
panoram c i mage, representing about 90 degrees of the

scene, 30d wher ei Thsamdgihg Eystens off0lated dpahereana setiofifige
5 and said second conbi ned panoram c i nage are
di spl ayed to pro¢PREINgd PERATEBIIBISEES afﬂa?n%?ﬁ&ﬁ?e&oﬂ%ge

1040. The imaging SXﬁﬁB{HeQi)algrgthl ﬁdé"él@ ?élp{hg?dﬁ?ée Q%meto

first conbined panoram C | mages a secon
10 conbi ned panor anwidé amgemgateecadcgpt,paedrainmic BRIgeence
to provide a noving stereoscopic, panoran c inmage.
41. An imagi ng system conpri sing:

41. An imaging system comprising:

an image capture unit to provide an image;
15 a processing unit coupled to the image capture unit to receive a
first portion of said image to provide a first stereoscopic image, and
to receive a second portion of said image to provide a second

stereoscopic image.

20 42, The imaging system of Claim 41, wherein said first
stereoscopic image and said second stereoscopic image

are combined into a panoramic stereoscopic image.

43. The imaging system of Claim 41, further comprising:

25 a plurality of image capture units coupled to the processing unit,
the plurality of image capture units to provide a plurality of images,
wherein selected ones of the plurality of images are combined with at
least one other image to produce a plurality of combined images,
wherein the plurality of combined images are combined to provide a

30 first panoramic image and a second panoramic image, and wherein
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an image capture unit to provide an inmage; 15 a
processing unit coupled to the inmage capture unit to

WO emeiessen first portion of said inage to proRCHESHE03/002285

10

first stereoscopic imge, and to receive a second
portion of said inmage to provide a second

stereoscopic image. 20 42. The inmagi ng systemof C aim
41, wherein said first stereoscopic inmage and said
second stereoscopic inage are conbined into a
panor am c stereoscopic image. 43. The imagi ng system

of CAaim4l, .further conpri Si : 25 lurality of
mage capiif ESURES FRPe N FEORT pReRie g pre
the pluralbiwifl tb PRIRICAhIagiY RidiSostpiBiNgdle a
plurality of iImges, wherein selected ones of the
plurality of images are conbined with at |[|east one

ot her ippge to praoduce a plurali of ,cambi ned i es,
wher ei n*the pIurafﬁ%§n%ﬁn4§%%$n633%%W%é%Q%%Fg%%%@b|ned
to provide a 30 fpindtaniio Mg displaysdeublidérréedadceene.
panoram c i mage, and wherein 22 WO 2004/ 068865

PCT/ US2003/ 002285 the first panoram c imge and the
second noram ¢ rRge i 1de: :
panoraﬁ?%, stereozcopl%ﬁ%ﬁ%g%&ﬂgzggg%g9fﬁ%g%%g§§'gﬁgﬁgug
of Claim43, whergelosapid ifnagstisplapastmuai8€ degregsenf a scene.
di spl ays about 90 degrees of a scene. 45. The inaging
system of Claim 43, wherein said panoram c,

St er eosgopi ¢ i mag {-snl i
scene. E@O 46. Thgh‘?irrn;%l%@g%gfﬁg %fﬁ&é@%ﬂ%ﬁ%oﬁ;pﬁ ther
conpri sing an i magmagingmiit couplegltethetppotdssinguoitessi ng
unit. 23
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