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For The Creation and Interactive Viewing of Totally Immersive Stereoscopic
Images S to 15 zo 2s This appliratian makes rcFerence to, incorporates
her>rin and elainss all benefits eca~uing under 35 U.S.C.  119(e) by Yimre
of a provisional patent application earlier filed in the United States
Patcnt and ?rademark Off ce on October 8, 1997, entitled METHOD AI~ SYSTEM
FOR CREATION AND INTERACTIVE VIEWING OF TOTALLY ~RSNE STEREOSCOPIC IMAGES
which was duly assigned Serial No. 6D/061,342. ?leis application is a
continuation-in-part of U.S. Patent Applicztion Serial No, 08r!67,376 filed
December 16, 1996, which is a continuation-in-part of U.S. Patent
Application Serial No. 08/516,629 6lcd August 18, l995, which is a
continuationin-part of U.S. Patent Application Serial No. 08494,599 filed
June 23, i995 (now abandoned)) which is a contimiation-in-part of U.S.
Patent Application Serial No. 08l386,912 filed February 8, 1995, which is a
continuation ofU.S. Patent Application Serial No. 08r339,663 Sled November
11, 1994, which is a continuation of U.S. Patent Application Serial No.
081189,585 filed 3arluary 31, 1994 (now U.S. Patent No. 5,384,588), which
is a continuation-inpart of U_S. Patent Application Serial No. 08l014,508
filed February 8, 1993 (now U.S. Patent No. i,359,363), which is a
eoatiauation-in Bart of U.S. Patent Application Serial No. 07I699,366 filed
May 13, 1991(now U.S. Patt>Zt No. 5,185,667). Furthermore, U.S. Patent
Application No 08/494,599 filed June 23, 1995 (now abandoned), and U.S.
Patent Application Serial No. 081516,629 filed August 18, 1995, are both
continuation-in-parts of U.S_ Patent Appli~ion Serial No. 08I373,446 filed
3anuary 17, 1995, which is a continuation-inpart of U. S. Patent
Application Serial No. 08/189, 5 85 filed 3anuary 31, 1994 (now U.S. Patent
No. 5;384,S88). l3is application is also a continuation-in-part of U.S.
Patent Application Serial No. 08l863,5$4 filed May 27, 1997, which is a
continuation-in-part of U.S. application serial number 081386,9I2 filed
February 8, 1995, which is a continuation of U.S. Patent Application Serial
No. 08r339,663' filed November 11, l994) which is a coatinuat'ton of U.S.
Patent Application Serial No. 08/189,585 filed January 31, 1994 1   2 ~ au~
2aoi ~iVO 99f18715 PCTNS98I11304 (now U.S. Patent No. 5,384,588), which is
a continuation-in-part of U.S. Patent Application Serial No. 08/014,508
filed February 8) 1993 (now U.S. Patent No. 5,359,363), which is a
continuation=tn-part of U.S. Patent Application Serial No. 47J699,366 filed
May 13, 1991(now U.S. Patent No.S,185,667). In addition, U.S. patent 5
Application Serial No. 0S/863,584 filed May 27, 1997, is also a
oontittuation-in-part of U.S. application serial numbs o873,446 filed
ranuary 17, 1995, which is a contiauation ia-part ofU.S. Patent Application
SerialNo. 08I189,585 filed January 31, 1994 (now U.S. Patent No.
5,384,588). Teebnic~ Field 10 . This invention relates to support
structutes for image capturing devicxs and the methods for thdr use in the
mpulre at~d station of totally imaiersive stereoscopic images $om fisheye
or wide-angle images captiured from the support strucxures_ $ac ;,~rennd of
theJnvention One of the purposes of modern photography is to encourage a
viewer to explore 1 s an image and, in the process, tran'orm the image imo
something more than a two dimensional representation of space. Panoramic
images provide some feeling of bring enveloped into an images but this
feel'sng diminishes at the periphery of the image. To ~e a greater eeting
of being enveloped and to provide a greater resolution image to a viewer,
high numbers of picnue elements have been combined to create even zo larger
paaorarnic images. See) for example, U.S. Patent No. 5,083,3B9 to Alperia
which is expressly incorporated herein by reference. Unfortunately, the
cotnbiaiag of a plurality of imagrs creates the potential for distortions
at the scams of the images. Additionally, the number of images required to
arc a composite image in this marute~c is burdensome. A partially
emrelvping image was disclosed in U.S. Patent No. 5,18S,667 to 25
Zirnmermgan, expressly incorporased by reference to its entire contents.
Ziantnennann discloses a system and method for navigating about a
spherically distorted image where the user's inputs control the displayed
portion of the screen. Another difficulty of capturing large field-of view
images is the potemiel far misalignment of a camesa as it is awed tom a
5rst image capturing position to a second 3o image capturing position
Further, with multiple images being captured, the possible 2  



2 1 AUG 2002 WO 99I18TI5 PcrNS9sm 3oa alignment exmr grows with each
movement of a misaligned camera. The resulting images they require
additional manual correlation to compensato for any misalignment of the Yet
another difficulty is providing a supporting structure which allows for the
quick and easy eapan~e of an image, Another dt~tly is providing a portable
support for a camas where the support does not reduire numerous sdjustments
to capture panoramic or spherical images. See, for exanple, U.S. Pate:Jt
Application Serial No. 08I767,376 filed December 16) 1996 to Kubsn et al.
that is expressly incorporated herein by reference. V~hOe tbc Kubaa et al.
system solves the above problems) it is directed to the caparre of io
images about a single axis of rotation, which effects the usefulness of
these irnagea when used for stereoscopic viewing. This elect is dne to the
identical image being used as the display in each eye, which does not
account for the normal rotor-papillary distance between a user's eyes. This
irnez pupdlary distance is necessary for realistic stereoscopic , viewing.
~ s None of this previous work uses the new tecfmiques descnbed in this
application far the and cxraaon of aten~oscopic immersivc images.
Therefore, there is a need for the method of and apparatus for capturing
5sheye or wide-eagle images sad then aeatimg sad displaying totally
immersive stereoscopic images from the fisheye sad wideangle images. 2o
Sutgp~ar~ of the nvention the problems sad related pt~blems of the prior
art are overcome by the prindples of the present invention. A~ecording to
these principles, a lens supporting structure is disclosed which provides
exact alignment of sad offsets for a image capture mesas. The exact
aligmrent produces captured images that are ptvperly aligned for easily
seaming 25 together the eaparred images to form spherical images. In
addition, the combination of the exact alignment and offsets is used to
produce multiple, properly aligned c~ptumd images~to form a seamed
paaocami,c view. Embodiments of the present invention include a base
support structure that notably attaches to an offset mounting system that
includes a notable eccentric mount support and a ratable leas meant wpport
that affaches co sad 3o supports a image caPttu,e means. F.atbodiments of
the present invention also contemplate   2 1 AUG 200z ,, wo 99nans
PCTNS98~Z13o4 the offset mounring system and ratable lens mount taking on a
variety of forms and combinations. For simplicity, the notable lens mount
is desrnbed herein as a ring and associated elemaus thereof. Additional
configurations of the notable lens mount include a supporting platform and
equivalents thereo In at least one embodiment, the ratable 5 lens moue
attaches to a rotating sleeve that rotates about a central bore. In one
embodiauat the supporting structure is a tripod; in another a caonopod is
aged to diminish the footprint of the struc~ue on the image. Itt one
embodiment, the axis of rotation of the lens mourn coincides with s plane
of as objective lens of the leas where the plane signifies a large 5eld.of
view of the lens. to In another embodiment, the plane sigrvfies an
approximate 180-degree field-of view of the lens. ~~n yet another
embodiment, the plane signifies a field~f view greaxer rhea 180 degrees.
The axis of rotation of the lens mount is preFerably co~iaear with the axis
of rotation of the lens. Hy rotating the image capture means about the
notable eoceatric mount support and by rotating the lens about the axis of
rotation of the lens mount, t s multiple irnages are captured. Ia
particular, through the comrolled positiaaS of the eccentric and leas
mounts, the captured images ace seamed together to form totally imanersive
stereoscopic images. the number of faced positions of the lens mount
accounts for leases with various fields.of view. In one embod'uaent, the
offset mounting system consists of a leas mount, where to the leas mount
bottom securely attaches to the top end of the top-half of a two-stop
rotator_ The bottom end of the top half of the two-stop rotator is notably
com~eotsd to the top end of the bottom-half of the two-stop rotator and the
bottom end of the bottomhalf of two-stop rotator securely attaches to the
top side at a 5rst end of the eocenttic mount The bottom side at a second
end of the ecc~ic mount securely attaches to the zs top end of the top-half
of an n stop rotator, where n is a number greater than one. ?he 



bottom end of the tophalf of the n-stop rotator is notably connected to the
top end of the bottom-half of the n stop rotator. By way of example only,
capturing and seaming together le$ and right hemispherical images are
described is gents detail in co-pending U.S. Application Serial 3o No.
08/863,58 filed May 27, 1997, which is incorporated by reference herein as
to its 4   2 1 AUG 2002 wo 99I1875 entire contents. PCT1US98r11304
Additional techniques for captitcing first sad second images having
approximately equal to or greater than 180 degree field-of view are
desc:ibed in co-pending U.S. Application SaialNo. 08l494,599 filed June 23)
1995) which is incorporated by reference 5 herein as to its eatirc
contents. Through the use of perspective correction cad m~arvipulation
disclosed in U.S. Patent No. 5,185,667 to ~rmmennartn and its progeny
including U.S. Patent Nos. 5,384,588; 5,359,363; and 5,313,306 and U.S.
Patcnt Application Serial. Nos. 08I189,585 filed Jarwary 31, 1994,
08339,663 filed Novanbe 11, 1994 red 08t373,446 filed January 10 17, 1995,
the formed seamless image is explored) of which these are expressly
incorporated by reference as to their entire contents. The exact
representation of the transformation provided by this approach allows the
seamless edges to be produced when the data is collecued in a controlled
meaner. Consequently, a method of capturing immersive images for
stereoscopic display t s is claiau~ compti~ag the steps of. mounting an
abet mou~ng mans to a support meaac at a Emit cod of the offset moumting
means; mounting sa image capture means to a second end of the offset
mounting coatis and rotating the offset mounting means so that the image
capture mesas is in a first position; rotating the offset mounting means
through a first series of positions in a constant direction; capturing an
immecsive image with the 2o image capture mesas at each of the series of
positions such that the inuaersive images cover a 360 degree field-of
viev~r, converting each of the captured immersive images into a first
digital data image for each of the series of first positions; ereavag a
first totally immersive representation; storing the f rst totally
invne~sive representation in memory; rotating the o:ffet mounting mesas so
that the image capture mea~as is in a second 2s position, wheraa the socond
position is 180 degrees apart from the first position; rotating the offset
mourning mesas through a second series of positions is the constant
direction; cagturiag an immersive image with the camera input means at each
of the series of positions such that the immersive images cover a 360
degree field-of view, converting each of the captured inunersive images
into a seooad digital data image for each of the 3o series of see~nd
positions; seating s second tntatly i~acrsive representation; and storing .
S   2 1 AUG 2UDT CVO 99It8'n5 PCtNS98lZ130a the totally immersive
representation in memory. Consequently) a camera mounting apparatus for use
in capturing totally immersive sta~eoxopic images is claimed that campuses:
as n-stop rotator means having a top end and a bottom end; an err~trie
mount mcatts havr~g a top side, a bottom side, a fast end, sad a second
end, wherein the bottom sido of the first end of the eccentric mount meaa5
is rigidly attached to the top end of the n-step rotator means; a two-stop
rotasor means having a top end and a bottom end, wheran the bottom end of
the two-stop rotator means is rigidly attached to the top side of the
second end of the ecceat:ic mount mesas; and a tens mount means having a
bottom s'sd~ wherdn the bottom side of the lens mount mesas 10 is rigidly
attached to the top end of the two-stop rotator means. -C.onseqner~tly, a
system for capturing immersive images for stereoscopic display 



is cfaiared comprising: as image arpture mesas for capturing immersive
images; as offset mounting means for mounting said image capture mean9
thereon; a support means for mounting said offxt mounting means thereon; an
image raxivi~g means for receiving said 15 captured immersive images from
said caatera input mews; a conversion means for c~oavarting said immersive
images into digital data images; a storage mesas for storing said digital
data images is memory; a processing mcaas for creating two totally eve
repreions from said digital data images) one for each eye; an associating
mesas for associating said totally immersive representations as a pair, a
traasfora~tion 2o means for tra~'orming a portion of said totally immersive
representation with distortion and perspective coaec~on; and a stereoscopic
display mesas for displaying said two totally immeraive reprrsantations
independently to each eye of a user. Consaquentty, a method of displaying
totally immersive represetrtations is ctaiuned compeising the saps o
tsensformiag portions of a first totally immecsive representation i5 sad a
second totally immasive representation with distortion and perspective
correction, whcem the transforming portions step comprises the steps o
reading even lines from a first totally irarnersive representation difital
image file) sending said even lines to a traos~nmer far trarrsfozming said
even lines into a right eye image, reading odd lines from a second totally
ictunecsive represeirtation digits! image file, and Bending said odd lines
to 3o a transformer for transforming said add lines into a left eye image;
displaying said 6   ~ ~ nny ~ WO 99/18'TZS pCTNS98111304 trar~fortned
portions, wherein said displaying each said transformed portion step
further comprises the steps o selecting a stereoscopic display device for
receiving said portions, said stereoscopic display device being selected
from, but not limited to, the group comprising: independent miniature
displays hrad motmttd for each eye) displayswidt 5 polarized f hers than
direct independent monitor images to each eyo, color 5lters that direct
stereo images to each eye through color mapping, and sequential shuttered
glasses that altettlatety display every image to al tcrnating eyes allowing
the left eye to receive the le$ eye image and then the tight eye to receive
the right eye image, in rapid succession; cad receiving said portions
ftorrl said totally immQS:ve reptes~tarions in said stereoscopic 1 o
display device. ~oa~aquently) a method of capturing immersive images for
stereoscopic display is claimed comprising the steps of mounting an image
capture means oa sa offset mounting mesas; rotating ,the offset mounting
mans through s series of positions is a constant direction; capturing an
immetsive image with the image capttue means at each 1 s of the series of
positions; converting the captured immetsive images inta digital data
images; creating two totally imtncrsive representations from the digital
data images, one for each eye, cad digitally storing the totally immersive
representations in memory, transforming a portion of the totally immersivr
representation with- distortion and perspective correction; and displaying
the two totally immersive representations ~o iadependertly to each eye of a
user. In the drawings, Figure lA illustrates a front view of one embodiment
of the stereoscopic image capture system. zs Pigure 1B illustrates a side
view of one embodiment of the stereoscopic image capture system. Figure 2A
illustrates a diagram of the image orientations and tha order for the steps
in the image capture process. Figure 2B illustrates the right image
digitization process and fight totally 3o immetsive representation creation
process. 7   2 1 AUG 2002 .WO 99/187I5 PC1'NS98~130d Fgure 2C illustrates
the left image digitization process and left totally immersive 



representation creation process. Figure 3 illustrates a flowchart of the
steps in the image file display process. Fgure 4 ~lustratas an embodiment
of a display is which the inventive method may 5 be practiced and which is
exaaplary of other displays itt which the inventive method may also be
practiced. Figure 5A iflustrarrs one ezttbodimertt of the offset mounting
system. Figure 5B illustrates a side-perspective view of the lens motmt.
Figure SC illustrates a artaway top view of the connection between the lens
t o mount and the twostop rotator. Fguse SD illustrates a partial aos.on of
the two.stop rotator that shows the structure of the positioning elements
sad cenual bore. Fsguce SE t~usrtatex a bottom v~cw ofthc top.half and top
view ofthe bottom-half of the two-stop rotator. 15 Figure 5F illustrates a
bottom view of the top-half and top view of the bottom-half of the n-stop
rotator. Figure SG illustrates a partial cut away view of the top side of
eccentric meant at the nstop rotator end.. Figure 6 illustrates an
alternative embodiment of the offset mounting system. 20 pg gil~~! erintien
FIG. lA shows a front view of the stereoscopic image capture system l00 as
contemplated by embodiments of the present imrentioa System 100 includes as
image capture mesas 110 securely mounted to an offset mounting mesas 120
and onset mvuatmg means l20 is mounted to a support means 190) Image
capture means 110 25 consists of a camera 112 with a lens 114 securely
mounted to the camera 112. Embodiments of the present invention oontempiate
the camera 112 as a still camera talang chetriieal or digital pictures, or
a video camera capturing video images. In one embodiment) the leas 114 is a
wide-angle lens. Other embodiments of the present inveo~ior< corctmiplate
the lens 114 including the lens types ofl 5sh-eye, hemispherical, and 3o
greater thsa hemispherical types of leases. Embodunents of the present
invertion 8   ? 1 A~i~ ~tf't .WO 99118'TZ5 pCTNS9BlZ1~04 contemplate the
support means 190 including stable base structures ouch as tripods and
tripod-monopod combinations. Offset mounting means 120 consists of a Iens
mount 141 that seaaety attaches to a top-half 144 of a two-stop rotator
132. I'tte tophalf 144 of the two-atop rotator 132 is rotably connected to
a bottom-half 14? of the two-stop rotator 5 13Z. the bottom half 147 of the
taro-stop rotator 132 securely attaches on the top-side of a first end of
an ec~ic mount 150. The bottom side of a second end of the eccentric mount
150 severely attaches to a top.half 153 of sn n-stop rotator 135, where n
is a numbs greater than one. The top-half 153 of the n-stop rotator 13 5 is
rotably connected to abottnm-half 156 ofthe n-stop rotator 135. The
bottom-half 156 of n-stop rotator 13S to is mounted on a support means 190.
two-stop rotator 132 and nstop rotator 135 are separgtsd by as inter-device
distance di, for example, simulating the average iaterpupillaty distance of
human eyes. In one embodiment, the inter device distance d 1 is
approxisastely 3 inches. >;atbodimeats of the present invention contemplate
the two-stop and n-stop t s remtors 132 and '13 S, respectively, including
a law friction layer between the contacting sub ofthe top-half 144 and
bottom half 146 oftwo-stop rotator 13Z and between the top~alf 153 and
bottom-half 156 of n-stop rotator 13 5. Ttus low friction layer preferably
includes at least one Teflon 1'M (or equivalent) disk Alternative
erabodimeats of the two-atop and n stop rotators 132 and 135, respectively,
include bearings, a fluid filled 2o enclosurS and ao~d surfaoa. In one
embodiment', the lens mount 141) two-stop rotator 132, eccentric mount l50,
n-stop rotator 135, and support mesas 190 are made of 



aluminum andlor anodized aluminum. Hy rotating the tophalf 144 of two-stop
rotator 132 180 degrees, the lens 114 points in a direction opposite from
its initial directian. Positioning devices (see FIG. 5 ZS description)
bet~reen top-half' 144 and bottom-half 14T of two,scop rotator 132 aeauely
mairnain lens 114 in a first position and in a second, opposite position,
where the first and second positions dd~er by 180 degrees. Atcotdiagly, a
user arishiag to capture trovo oppositely dit~octed images photographs a
first image with the camera 112 is a first position, rotates the top-half
144 of the two-stop rotator 132 until the camera 11Z i5 30 oriented in a
second position, which is 180 degrees apart from the, first position, and 9
2 ~ AuG Zo~r WO 99118'1Z5 pCTN5981Z130a photographs a second image. FIG. 1B
illustrates a side view of the stereoscopic image capwre system 100
illustrated in FTG, lA. 5 to t5 20 25 FIG. 2A shows the ianages captured by
the stereo image capture process of the present invention, In FIG. 2, an
cmbodimcnt is 9howa for captu~ittg images every 90 deb with the
stereoscopic image capture sysrtem 100 being centered at point 210. In this
embodimerri, the center of stereoscopic image capture system 100 is the
oectter of a stop rotator 13 5 and the center of image capture means 110 is
the cmnter of two-stop rotator 13Z. Offset mounting rneaau 12D is first
offset to the right of center 210 ao that image capture means 110 is
centered over right position 212 sad lens 114 is oriented toward right 1
image 220. Right 1 image 220 is captured using image capture means 110,
Offset mounting means 120 is then rotated 90 degrees in a counter-clockwise
direction so that image eaptyme arenas 110 is xatered over top position Z14
with camera lefts 114 oriented toward right 2 image 230. Right 2 image 230
is captured using image capture means 110. Offset mounting means 120 is
again rotated 90 degrees in a caunterclockwisc dit~ecrion so that image
capwre means 110 is centered over left position 216 with lens 114 oriented
toward tight 3 image 240. Right 3 image 240 is captured using image rapture
mesas 1 i 0. Offset mourning mesas 120 is rotated a final 90 degrees in a
counter.clockvvise direction so that image capture mesas 110 is centered
over bottom position 218 with lens 114 oriented toward right 4 image 250.
Right 4 image 250 is captured using image capture mesas 110. FIG. 2B shows
right 1, 2, 3, sad 4 images 220, 230, 240, and 25D, respectively, are sent
thmugh as Analog-to Digital (A/D~ converter 201 sad digtized into rip~t 1,
2, 3, and 4 digital images 2Z0', 230', 240', and 250', te~pactively. Then,
all of the right digital images 220', Z30', 240', and 250 are combined into
a right eye totally immetsive representation 292. T'he right eye totally
immersive representation 292 is then stored in a tight eye file 294 for
future display. While the order of image capture and the direction of
rotation of the offset mounting means 120 can be varied in alternate
embodiments of the present irrventio4 this will rr~uir~o additional manual
operator intervention and a more 30 complex processing system_ The order
and constant direction specified in this 10   ~ 1 AUG 2002 . WO 99f18725
PCTNS9Hr11304 embodiment of the present invention her been selected to
ma~d,mize the e~ciency of the image capture and totally irnmersive
representation creation processes. The constant direction speafied in this
embodiment could have also been clockwise. A similar set of steps are
followed to mpriue the left eye images. O$set mounting s means 120 is first
offset to the lcft of center 210 so that image capture tnear~s 110 is
centered over left position 216 and lens 114 is oriented toward le$ 1 image
260. Le& 1 image 260 is captured using image capture means 110. Offset
mounting means 120 is then rotated 90 degrees in a counta~:locdetection so
that image capture mean 110 is centered over bottom position 218 with leas
114 oriented toward left 2 image 270. Left to 2 image 270 is captured using
image capture nneans 110. Offset mounting mesas 120 is again rotated 90
degrees in a counter-cloclca~ise direction so that image capture means 110
is centered over right position 212 with lens 114 oriented toward left 3
image 280. heft 3 image 280 is captured using image capture means 110.
Offset mounting mesas 120 is rotated a final 90 degrees in a
counterclockwise direction so that image capture means 15 I 10 is centered
over top position 214 with leas l 14 oriented toward lei 4 image 290. Left
4 image 290 is captured using image capture means 110. FIG. 2C shows left
1, 2, 3, and 4 imiages 260, 270, 280, and 290, respectively, are sent
through the AID converter 201 and digitized into left 1, Z) 3) and 4
digital images 



260', Z70', 280', sad 290', respearvely. Theg all of the left digital
images 260', Z70') 280', Zo and 290 are combined into a left eye totally
itnmersive representation 296. The left eye totally iatmersive
representation 296 is then stored in a left eye file 298 for future
display. The creation of the right and left totally immersive
representations 292 end 296, respectively, and subsequent storage`-in right
and left eye files Z94 sad 298 296, respectively, create images that are
internally seamless and perfectly aligned. Similarly, is the points in the
tight eye file 294 and the left eye file 298 are also perfectly aligned so
as to provide the correct perspective view for each eye. This is important
for accurate and realistic stereoscopic displays of the stored images to a
user's left sad right eyes. Alternate ernbodinterrts can include capturing
images et different offset eagles, including, but not limited to: 180, 110,
72, 60, 45, 40, 36, sad 30 degrees. In another 3o embodiment, images could
also be captured in the up and down directions Bather I1   21 AUG ?00? ylr0
99lt8??5 PCTNS9821304 independent of or in combination with the left and
right images. FIG. 3 shows a flowchart of the steps performed in one
embodiment of tire atereoxopic image file display process. In FIG 3, the
right eye file 294 and left eye file 298 information are alternately output
thmugh tight eye canasction 310 anrl left eye connection 3Z0 to input
ooctnection 33Z for gnomic usnstprmrr 330, Gnomic traasormer 330 gtoducrs
an interlaced stereo image by interlacing the right eye file 294
information into the eves numbered lines and the le& eye file 29S
irtformatioa into the odd aumnbectd lines of the interlaced stereo image,
Iaterlac~ing of the image data is accomplished by fadback loop 334, which
outputs the nntnber of the neat line in the image, and, ~ it is an even
number, then input connection 332 switches to right eye connection 310 to
receive the ne~ct line of image data. Similarly, if the output line number
is an odd nutnbet, then input coanertion 332 switches to left eye
connection 320 to receive the next line of image data This interlaced
srareo icnag~e is then sent to a stereo interlard output buffer 340. In one
erabodimeat, steroo interlaced output buffo 340 outputs the stereo image as
an 15 interlaced display signal 335 to a Digita~to-Analog (D!A) converter
350 which converts display signal 33 5 to an analog signal sad than
ttans~mits the analog signet to a display. FIG. 4 shows one embodiment of a
stereo display apparatus in which the inventive method may be practiced and
which is exemplary of other displays in which the inventive zo method may
also be practiced. IaFTG 4, the interlaced display signet 335 is output
from stereo inte~aoed output buffer 340 to as image sputter 410. Image
sputter 410 spfits out the even. and odd lines from the inserlaced display
signal 335 and sends the even lines via output connection 415 to a right
eye display connection 420 to a tight eye display 442 and sends the odd
lees via output cottaearon 415 to a lei eye display connection 430 to i5
the lei eye display 444 of a miniature head mounted display 440. Output
connection 415 switches between tight eye display connection 420 and left
eye display connection 430 basod oa the line number of the next line to be
output. For example, if the next line to be output is an even number then
output connection 415 switches to the right eye display connection 420) cad
the next line to be output is an odd number then output connection 30 415
switches to the left eye display connection 430. Alternative stereo
displays include, , 12   21 AUG lug WO 99/18'TZ5 pCTlUS98~1304 but are not
limited to, the following: dual displays; independent miniature displays
head mounted for each eye; displays with polarized filters that d'u~ect
independent monitor images to each eye; color filters that direct stereo
itnsges to each eye through color mapping; and sequential sluuttered
glasses that alternately display every image to s alternating eyes allowing
the left rye to receive the left eye image and they the right eye to
receive the right eye image, in ispid succession. FIG 5A shows one
embodiment of onset mounting means 1 Z0. Ia FIG 5 ~ offset mounting means
120 consists of a lens mount 141 with a lens mourn bottom 142 that aearrely
attaches to the top end 143 of the top-Isatf 144 of a tyvo-stop totator
132. The to bottom end 145 of the top-half 144 ofthe two-stop rotator 132
is notably connected to 



the top end 146 of the bottom-half 147 of the twostop rotator 132 and the
bottom end 148 of the bottom-half 147 ofthe taro-stop rotator 132 :eaaely
attaches to a top side 149 at a first end of ea eccentzic mount 150. Bottom
side 151, at a second end of the eccentric mourt 150, securely attaches to
a top end 152 of a top-half 153 of as n-atop 15 rotator 13 5, s bottom end
154 of the top-half 153 of the n-stop rotator I3 5 is notably canted to a
top end 1S5 of a bottom-half 156 of the n-stop rotator 135. Bottom end 157
of bottom half 156 of n-stop rotator 135 contains a support mesas mounting
recess 178 or attacd~iag the offset mounting means 120 to the support means
190. The surface of both top-half 144 sad bottom-half 147 can have a
grooved areas to provide easier 2o grasping by a user when rotating the
two-stop rotator 132. Likewise, the grooved areas could be lmut>~od) bumped
or some other grip enhancing sttuc~re in other embodiments. FIG. SB
provides a side-perspective view of lens mount 141. In FIG. SB, lens mount
141 compti.~es an outer surface 183, as inner surface 184, an image side
189, and a bark side (cot shown). Lens mount 141 is a substantially
complete angular ring having zs an opening 188 that extends the across the
width of image aide 189 and exxending between inner and outer suns 184 and
1 S3, respectively, to create upper sad lower portions of lens mount 141.
Fastening screw 1B5 is recessed downward through retessiag slot 186 on
outer surface 183 in the upper portion of lens mount 141, passing through
opening 188, and into the lower portion of lens mount 141 having a screw
recess 189 for 3o receiving the fastening screw 185. 1n the present
embodiment opening 188 is disposed 13   '7 t ~ ~ m ~n~ ENO 99118725
PCTIUS98f1130d at an approximately 90 degree angle from lens mount bottom
142. Lens mount bottom 142 is a fat section on the lower portion of outer
surface 183 . Faste~aiag screw 1 BS is loosened to pe3tnit installation
ofleiu 114 (not shown) and tightened to close opening 188 to seatrdy hold
leas 114. Alternate embodiments of the leas mount ate disclosed in co 5
pending U S. Application Serial No. 08l767,3 76 which a incorporated by
reference herein in its entirety. Fanbodiments of the present invention
contemplate the two-stop sad n-stop rotators 132 and 13 5, respectively,
including a low fiiction layer between the contacting of top-half 144 of
two-stop rotator 132 and bottomhalf 147 of two-stop rotator 10 132 aQd
besvveav top-half 153 of n-slop rotator 135 and bottom-half 156 of n stop
rotator 135. This low fi~ictioa layar preferably includes at least one
Teflon TM (or equivalent) disk Alternative embodiments of the two-stop and
n-stop rotators 132 and 135, respectively, include bearings, a Suid 5lled
eo~closure) sad coated surfaces. In one embodiment, the lees mount 141,
two-stop rotator 132, eccentric mount 150, n-stop i s rotator 135, sad
support mesas 190 are made of alumitmtn aadlor anodized aluminum. FIG SC
show a cut-away top viow of the connection of ieeis mount 141 and top end
143 of top-half 144 of two-stop rotator I32. Lens mount 141 has a pair of
sccevvs 181 reoessed through inner surface 184, extending through leas
mount bottom 142 sad irna fop cad 143 of top-half 144 of 2 stop-rotator 132
to seuuely fasten leas mount 141 zo to top end 143, Bottom fip 170 is
attached to image side 189 of lens mount 141 with the bottom edge of bottom
lip I70 being aligned with and emending along lens mourn bottom I42. Bottom
lip 170 attends from the lens mount bottom 142 along image side 189 with
the top-edge of bottom lip 170 octenfiic~g a short distance past inner
surface 184. The top edge of botxom lip 170 is Nrved in substantially the
same arc as inner surface 184. Zs H ottom lip 170 is ceateaed over top end
143 sad recessed screw 182. Top lip 171 is siarilarly atmched to imase side
189 of lens mount 141 with top edge of top lip I 71 being substaadalip
aligned with outer surface 183 at a poatt essentially 180 degrees from
bottom lip 170. Top lip 171 extends downward from outer surface 183 along
image side 189 with the bottom edge of top Lip 191 extending a short
distance past itu~er surface 184. P~t~e e~nbodimer~ for lips include, but
are not limited to: a single continuous lip and 14   2 1 All 2002 wo
99ns~Is PCf/LTS981Z1304 more than two lips equally arranged around image
side 189. Ratting again to FIG. 5A, recessed screw 182 extends from top end
143 of tophalf 144 oftwo-stop rotator 132 downward through bottom end 145
of top-half 144 and into two-sxop rotator ocat<al bore I?2 where it
tetmioates and operates to rotably connect 



s top-half 144 and horrors-half 147 of two-stop rotator 132. FIG, 5A also
shows scrcov 180 passing through vvasha I79 and bottom side 152 at a5cst
end of eccentric mount 150 and into bottom end 148 of bottom-half 147 of
two-stop rotator 132 to securely fasten two stop rotator 13Z to eccentzic
mount 150. FIG SD is a partial cross-section of two-stop rotator 132 along
line A and shows 1 o the iaterrlal structure of the two-stop rotator 132
positioning elements. In the prrsent embodimen>; bottom end 145 of top-half
144 contains two recesses 177 positioned l80 degrees apart along the center
line of bottom end 145. Springs 178 are positioned in recesses I 77, ball
br~ring~ 173 are positioned on top of the springs 178) sad bottom-half l47
is fastened to top-half 144 so that top end 146 of bottom-half 147 contact
ball 1 s bearings I 75 and strain springs 178 into recesses 177. Ilze
strain on springs 178 aeates a force that coasrtaatiy pushes ball bearings
175 against top end 146 of bottom-half 147. In the present embodiment,
top-half I44 is fastened to bottom-half 147 by inserting fastening screw
182 through top etld 143 of top-half 144 and into central bore 122 that
extends from bottom-half 147. Rrfemag now to FIG. SE, as ball bearings 175
slide into 2o cvcyed indents 176 on top end 146 of bottom-half 147 the
force exoated by the strained spilngs holds the ball beatvags 175, and,
thus, two-stop rotator 132 is place. Significant force must be e~oarted to
move the ball bearings 1?5 out of the curved indents 176 in order to rotate
the two-stop rotator 132_ The on-center distance d between recesses 177 is
equal to the on~eater distance betwe. curved indents I76, In addition,
recesses 177 arid 25 curved indents 176 are aligned along the center line
of two-stop rotator 132, In as alternate embodiment with an odd number of
recesses and curved indents, the recesses and~curved indents would have
equidistant radii from the center point of the two-stop rotator 132 and be
at equal offset angles, for exa<agle, radii equal to .5 inches and the
offset angles equal to 110 degrees for a 3-stop rotator. 3o FIG. 5F shows
the four recesses 177 and curved indents I76 of the current 15   7 ~ AUG
200? WO 99I18725 PC'TIUS98I113Ud embodiment of the n-stop rotator 135. The
operation is consistent with that described above for two-atop rotator I32
and alternate embodiments with odd numbers of recesses and curved indents.
FIG. SG shows a partial rut-sway view of top side 149 at a second end of s
eccentric mount 150, Screws 161 are rocessed into and through eccentric
mount 150 through tt;cessed screw holes 160 and into top eod 152 of
top-half 153 of n stop rotator 135. Recessed screw holes 160 at~o parallel
to and offset from the cetrter line of n-stop rotator 135. Eccentric meant
150 also has locator pirr holes 162 to receive locator pins 163. Locator
pins 163 e~aead through eccemric mount 150 and into top end 152 of top 1o
half 153 of n-stop rotator 13S. FIG. 6 shows as alternate ettibodimatt of
the offset tamers platform means 500. In this etnbodimcnt, the angled
eccentric mount 150 ofFIG. 5 is replaced with a straight e~dc mount 610.
All other dements are identical to those described above for FIG. SA.
Another a<tanate embodiment would replax the sagled errettrtic mount 150 of
FIG. 1 s 5A with a carte eel straight mount so that equal lengths of the
straight mount extend past the a-stop rotator l35. In addition, the
straight mount would permit the two-stop rotator 132 to slide from
side-to-side. What has been described is merely illustrative of the
application of the principles ofthe print immtion. Other attangemettts and
methods can be implernented by those 2o skilled in the art without
departing from the span and scope of the present invention. A11 U.S. Patent
Applicariaas herein shall be deemed to be incorporated by refnence as to
their entire contents. 16   2 1 AUG T002 ~i'hat is claimed is: A method of
captunne ~mmer~ive images for stereoscopic d~spla~~ compns~ns: the steps 



of mounting an offset mounting means to a support means at a first end of
said offset 5 mounting means) mounting an image capture means to a second
end of said offset mounune means and rotating said offset mounting means so
that said image capture means is in a first position) rotating said offset
mounting means through a first series of positions ~n a constant direction)
10 capturing an immersive image with said image capture means at each of
said series of positions such that said immersive images cover a 360 degree
field-of view) converting each of said captured immersive images into a
first digital data image for each of said series of first positions;
creating a first totally immersive representation; 15 storing said first
totally immersive representation in memory; rotating said offset mounting
means so that said image capture means is in a second position, wherein
said second position is 180 degrees apart from said first position;
rotating said offset mounting means thr ,rgh a second series of positions
in said constant direction; 20 capturing an immersive image with said
camera input means at each of said series of positions such that said
immersive images cover a 360 degree field-of view, converting each of said
captured immersive images into a second digital data image for each of said
series of second positions, creating a second totally immersive
representation, and 25 storing said totally immersive representation in
memory 2 The method of capturing immersive images for stereoscopic display
according to claim 1 wherein said image capture means comprises video or
still image camera systems I~   2 1 AUG 2002 3 The method of capturing
tmmersive images for stereoscopic dispta~~ according tc~ claim 2 wherein
said video or still image camera systems comprise digital and film cameras
4 The method of capturing tmmersive images for stereoscopic display
according to claim 1 wherein said image capture means comprises 5 a camera)
and a fisheye or wide-angle lens attached to said camera 5 The method of
capturing immersive images for stereoscopic d~splav according to claim 1
wherein said creating a first totally immersive representation step further
comprises the step of: combining said first digital data images for each of
said series of first positions into said first totally immersive
representation, so that said first totally immersive representation is a
seamless image. 6. The method of capturing immersive images for
stereoscopic display according to claim 1 wherein said transforming a
portion of said totally immersive representation step further 15 comprises
the step of: transforming said portion based on user input 7. The tr-;thod
of capturing immersive images for stereoscopic display according to claim 6
wherein said user input comprises: 20 pan, tilt, and zoom. 8. A camera
mounting apparatus for use in capturing totally immersive stereoscopic
images comprising: an n-stop rotator means having a top end and a bottom
end, an eccentric mount means having a top side, a bottom side, a first
end, and a second 25 end, wherein said bottom side of said first end of
said eccentric mount means is 1$ 



ngidlv attached to said top end of said n-stop rotator means, Z 1 Au;i U02
a two-stop rotator means having a top end and a bottom end, wherein said
bottom end of said tvvo-stop rotator means is rigidly attached to said top
side of said second end of said eccentric mount means, and S a lens mount
means having a bottom side) wherein said bottom side of said lens mount
means is rigidly attached to said top end of said two-stop rotator means 9.
The apparatus recited in claim 8) wherein said n-stop rotator means
compnses a top-half; a bottom-half, said bottom-half being rotably
connected to said top-half, and . " a rotator means disposed between said
top-half and said bottom-half for rotating said top-half around said
bottom-half. 10. The apparatus recited in claim 9) wherein said rotator
means comprises: a pair of springs; a pair of ball bearings; 1 S said
top-half having a bottom end with a pair of recesses to first receive said
pair of springs and then receive said pair of ball bearings; and said
bottom-half having a top end a pair of indents, said indents sized so as to
allov.~ said ball bearings to rest within said indents; wherein said pair
of indents and said pair of recesses will be coincident in two, l80 degree
apart, positions of said rotably connected bottom-half and top-half of said
two-stop rotator 11 A system for capturing immersive images for
stereoscopic display comprising' an image capture means for capturing
immersive images; an offset mounting means for mounting said image capture
means thereon; 2S a support means for mounting said offset mounting means
thereon; an image receiving means for receiving said captured immersive
images from said I~   2 1 AUG 2002 camera input means, a conversion means
for convertine said captured immersive imaees into digital data ~maees, a
storage means for storing said digital data images in memory, 5 a
processing means for creating two totally immersive representations from
said digital data images, one for each eve, an associating means for
associating said totally immersive representations as a pair) a
transformation means for transforming a portion of said totally immerswe
representation with distortion and perspective correction, and 10 a
stereoscopic display means for displaying said two totally immersive
representations 



independently to each eye of a user. 12. The system recited in claim 11
wherein said of~'set mounting means comprises' an n-stop rotator means
having a top end and a bottom end; an eccentric mount means having a top
side, a bottom side, a first end, and a second 15 end, wherein said bottom
side of said first end of said eccentric mount means is rigidly attached to
said top end of said n-stop rotator means, a two-stop rotator means having
a top end and a bottom end, wherein said bottom end of said two-stop
rotator means is rigidly attached to said top side of said second end of
said eccentric mount means, and ~ 0 a lens mount means having a bottom
side, wherein said bottom side of said lens mount means is rigidly attached
to said top end of said two-stop rotator means. 13. The system for
capturing immersive images for stereoscopic display according to claim 11
wherein said camera input means comprises video or still image camera
systems. 14 The system for capturing immersive images for stereoscopic
display according to 25 claim 12 wherein said video or still image camera
systems comprise digital and film cameras. 2G   2 ~ our 2002 15 The system
for capturing immersive images for stereoscopic d~splav according to claim
11 wherein said camera input means further comprises a fisheye or a
wide-angle lens 16 The system for capturing immersive images for
stereoscopic display according to 5 claim 11 wherein said stereoscopic
display means is selected from the group comprising independent miniature
displays head mounted for each eye) displays with polarized filters that
direct independent monitor images to each eye, color filters that direct
stereo images to each eye through color mapping, and sequential shuttered
glasses that alternately display every image to alternating e~~es 0
allowing the left eye to receive the left eye image and then the right eye
to receive the neht eye image, irt rapid succession. 17. A method of
displaying totally immersive representations comprising the steps of
transforming portions of a first totally immersive representation and a
second totally immersive representation with distortion and perspective
correction; and 5 displaying said transformed portions. 18. The method of
displaying totally immersive representations recited in claim 17, wherein
the transforming portions step comprises the steps of: reading even lines
from a first totally immersive representation digital image file) ' ^
sending said even lines to a transformer for transforming said even lines
into a right eye rmage; reading odd lines from a second totally immersive
representation digital image file; and sending said odd lines to a
transformer for transforming said odd lines into a left eye image. 25 19.
The method of displaying totally immersive representations recited in claim
18 wherein said displaying each said transformed portion step further
comprises the steps of: selecting a stereoscopic display device for
receiving said portions, said stereoscopic ~1  



2 1 AUG 200? display device being selected from, but not limited to, the
group compns~ng independent miniature displays head mounted for each eve,
displays with polarized filters that direct independent monitor images to
each e~~e, color filters that direct stereo images to each eye through
color mapping, and sequential shuttered glasses that alternately display
every image to alternating eves allowing the left eye to receive the left
eye image and then the right eye to receive the right eye image, in rapid
succession, and receiving said portions from said totally immersive
representations in said stereoscopic display device. 20. The' apparatus
recited in claim 8, wherein said n-step ~ otator is offset on said offset
camera platform mount from said two-stop rotator by an offset distance
representative of the standard inter-pupillary distance in human eyes. 21.
The apparatus recited in claim 20) wherein said offset distance is
approximately three inches from the center of said n-stop rotator to the
center of said two-stop rotator. 15 22 A method of capturing immersive
images for stereoscopic display comprising the steps of mounting an image
capture means on an offset mounting means; rotating said image capture
means through a series of positions in a constant direction, capturing an
immersive image with said image capture means at each of said series of 20
positions; converting said captured immersive images into digital data
images; creating two totally immersive representations from said digital
data images, one for each eye, and digitally storing said totally immersive
representations in memory, transforming a portion of each of said two
totally immersive representations with 25 distortion and perspective
correction; and lz   2 1 AUG ?00Z displaying said portions of said two
totally ~mmersive representations ~ndependenti~ to each eye of a user 23 A
method of capturing immersive spherical images for stereoscopic display
comprising the steps of 5 mounting an offset mounting means to a support
means at a first end of said offset mounting means; mounting an image
capture means to a second end of said offset mounting means and rotating
said offset mounting means so that said image captur a means is in a first
position) rotating said offset mounting means through a first series of
positrons in a constant ... direction; capturing an immersive image with
said image capture means at each of said series of positions such that said
immersive images cover a 360-degree hemispherical field-of view; converting
each of said captured immersive images into a first digital data image for
each of said series of first positions; 15 creating a first totally
immersive representation from said first digital data images; 



storing said first totally immersive representation in memory; rotating
said offset mounting means so that said image capture means is in a second
position, wherein said second position is 180 degrees apart from said first
position; rotating said offset mounting means through a second series of
positions in said "`' constant direction; capturing an immersive image with
said camera input means at each of said series of po~~~ons such that said
immersive images cover a 360-degree hemispherical field-of view; converting
each of said captured immersive images into a second digital data image for
each of said series of second positions; 25 creating a second totally
immersive representation from said second digital data images; and storing
said totally immersive representation in memory.  .Au,.A9r.A&.A@3.Au.A;
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