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Description
FIELD OF THE INVENTION

[0001] The invention relates generally to the field of
recording, generating and playing back or displaying im-
ages, and more particularly to the generation and dis-
playing of panoramic images stereoscopically.

BACKGROUND OF THE INVENTION

[0002] Panoramic images are images of a scene hav-
ing a wide field of view, up to a full 360°.

[0003] WO 99/17555 published April 8, 1999 and filed
Sep. 29, 1998 in the name of Nottingham Trent University
and entitled ALine-scan imaging system in 3-D@ dis-
closes an apparatus and method for producing a stere-
oscopic line-scan image of an object in which a detector
camera is used to view the object. Means are provided
to move relative to one another the surface of the object
past the detector in a direction which is at right angles to
the scanning lines direction of the detector, and means
are provided to select the outputs from two spaced lines
in each picture frame produced by the detector and store
those lines in a frame store to build up individual pictures
from each of the two lines, so that one individual picture
constitutes a left hand picture of a stereoscopic pair and
the other individual picture constitutes a right hand image
of a stereoscopic pair.

[0004] US Patent No. 5,657,073 (Henley) entitled A
Seamless multi-camera panoramic imaging with distor-
tion correction and selectable field of view@ discloses
an imaging system for the production of panoramic or
panospheric output images in still or video formats, by
seamlessly merging an arbitrary number of simultane-
ous, overlapping input images which collectively encom-
pass an entire field of view. The system includes a plu-
rality of cameras which direct multiple simultaneous
streams of analog or digital input into an image transfor-
mation engine, to process those streams to remove dis-
tortion and redundant information, creating a single out-
put image in a cylindrical or spherical perspective. The
outputimage signal is directed through an image clipping
system, which acts under the control of a pan-flit-rotation-
zoom controller to select a portion of the panoramic or
panospheric image for display on a monitor, screen or
headset.

[0005] EP 361297 to NEC Corporation published Apr.
4,1990discloses animage pickup system for use in com-
bination with a craft flying over an object zone, wherein
a plurality of photoelectric transducers are arranged in
the craft to pick up partial images of the object zone,
respectively, and are divided into forward and backward
halves that are operable in cooperation with a signal
processing unit to obtain a stereo image of the object
zone fromthe partialimages. A selected one of the partial
images is picked up from a selected one of the forward
half transducers at a time instant and is thereafter picked
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up again at another time instant with an interval left be-
tween the time instants from another one of the backward
half transducers that is symmetrical with the selected for-
ward half transducer and spaced apart a predetermined
number of photoelectric transducers from the selected
forward half transducer. The interval is defined by the
predetermined number. The signal processing unit may
be located either in the craft or in a ground station.
[0006] Panoramic images may be recorded using a
wide angled lens, a mirror, or the like, providing a wide
field of view. Panoramic images having a wider field of
view can be generated by, for example, recording a plu-
rality of images around a particular point and, using con-
ventional mosaicing techniques, generating a single mo-
saic image. Panoramic images may also be generated
of simulated scenes using conventional computer graph-
ics techniques.

[0007] A problem arises in connection with viewing
panoramic images stereoscopically. A person can see
stereoscopically because his or her eyes are displaced
horizontally (when standing) which, will provide a per-
ception of depth when viewing a scene, which would not
be present otherwise. Stereoscopic images comprise
two images recorded of a scene recorded from slightly
displaced positions, which, when viewed’ simultaneously
by the respective eyes, provides a perception of depth.
Although currently there are arrangements for generating
and displaying stereoscopically non-panoramic images,
currently there are no such arrangements for generating
and displaying stereoscopically panoramic images.

SUMMARY OF THE INVENTION

[0008] The invention provides a new and improved
system and method of generating and displaying stere-
oscopic panoramic images.

[0009] In brief summary, in one aspect the invention
provides a system for generating a stereoscopic pano-
ramic mosaic image pair comprising left and right pano-
ramic mosaic images of a scene, from a series of images
of the scene that correspond to images recorded by a
moving camera from different positions, the system char-
acterised by:

left and right panoramic image generators (12) con-
figured to receive data that is representative of a plu-
rality of images from a storage medium that is sep-
arate from a recording medium of the camera, and
to determine from said data a plurality of first (30L )
image strips and a plurality of second (3OR(m)) image
strips and to mosaic the plurality of first image strips
to form a continuous left panoramic mosaic image
(31L) and to mosaic the plurality of second image
strips to form a continuous right panoramic mosaic
image (31R).

Further advantageous embodiments of the invention
are set out in the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Thisinvention is pointed out with particularity in
the appended claim The above and further advantages
of this invention may be better understood by referring
to the following description taken in conjunction with the
accompanying drawings, in which:

FIGS. 1A and 1B are useful in understanding oper-
ations performed by arrangements for generating
and displaying stereoscopic panorama images con-
structed in accordance with the invention;

FIG. 2 schematically depicts a stereoscopic pano-
rama according and generating system constructed
in accordance with one embodiment of the invention;
FIG. 3 schematically depicts a camera used in the
stereoscopic panorama recording and generating
system depicted in FIG. 2;

FIG. 4 depicts generation of left and right panorama
images from images recorded by the camera depict-
ed in FIG. 1B, useful in understanding the operation
of the panoramic image generator of the stereoscop-
ic panorama recording and generating system de-
picted in FIG. 2;

FIG. 5 depicts a flow chart describing operations per-
formed by the stereoscopic panoramarecording and
generating system;

FIG. 6 schematically depicts a stereoscopic pano-
rama recording and generating system constructed
in accordance a second embodiment of the inven-
tion;

FIGS. 7 and 7A schematically depicts a stereoscopic
panorama recording and generating system con-
structed in accordance with a third embodiment of
the invention;

FIG. 8 schematically depicts a stereoscopic pano-
rama recording and generating system constructed
in accordance with a fourth embodiment of the in-
vention;

FIG. 9 schematically depicts a stereoscopic pano-
rama recording and generating system constructed
in accordance with a fifth embodiment of the inven-
tion;

FIG. 10 is useful in understanding generation of a
stereoscopic panorama image pair using computer
graphics techniques;

FIG. 11 schematically depicts a first arrangement for
displaying a stereoscopic panoramaimage to a view-
er; and

FIGS. 12A and 12B together schematically depict a
second arrangement for displaying a stereoscopic
panorama image to a viewer.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE
EMBODIMENT

[0011] The invention provides systems and methods
for generating stereoscopic panoramic images of a

10

15

20

25

30

35

40

45

50

55

scene, and for displaying the images to a one or more
viewers in a manner so that the viewer(s) can view the
panoramic images stereoscopically. Before describing
the inventive systems and methods, it would be helpful
to first describe what a stereoscopic panoramic image is
and generally how the various systems and methods de-
scribed herein generate the stereoscopic panoramic im-
ages and facilitate their display. This will be done in con-
nection with FIGS. 1A and 1B. With reference initially to
FIG. 1A, that FIG. schematically depicts an observer,
and, particularly, eyes represented by dots 2L and 2R
(generally identified by reference numeral "2L/R") stand-
ing vertically and observing a point P in a scene. The
observer sees point P by means of rays of light reflected
from the point and directed toward the eyes 2L and 2R
along respective rays represented by dashed arrows 3L
and 3R. It will be appreciated that, since the rays 3L and
3R are not parallel, the observer will be able to observe
a depth in connection with the region of the scene at and
near point P.

[0012] The observertypically can see only a small por-
tion of the 360° panorama around himself or herself. To
see more of the panorama, the observer will rotate his
or her head in, for example, the direction indicated by the
arrow identified by reference numeral 4. Rotation of the
head will allow the observer to view other points (not
shown) in the scene, along rays (also not shown) that
rotate with him or her. If the observer rotates around a
full 360°, each eye will revolve around the same viewing
circle 5.

[0013] It will be apparent from FIG. 1A that each the
succession ofimages as seen by the observer’'s two eyes
as he or she rotates, can be separated into separate sets
of images, with one set of images being associated with
each eye. This will be described in connection with FIG.
1B. FIG. 1B, depicts the viewing circle 5 divided into sep-
arate viewing circles sol and 5R (generally 5L/R) for the
respective left and right eyes, with point P being shown
in the same position as in FIG. 1A, with respect to each
viewing circle 5L/R, and the associated ray 3L(1) and 3R
(1), which correspond to rays 3L and 3R depicted in FIG.
1A. Each viewing circle 5L/R also depicts other rays,
identified by reference numerals 3L(2),..., 3L(N) (gener-
ally identified by reference numeral 3L(n)) and 3R(2),...,
3R(N) (generally identified by reference numeral 3R(n))
that represent images that the respective left and right
eyes of the observer will receive of the various points in
the scene as he or she rotates in the direction represent-
ed by arrows 4L and 4R.

[0014] Further in connection with FIG. 1B, to facilitate
the viewing of a stereoscopic panoramic image of the
scene by a viewer, the images as would be received by
each of the observer’s eyes can be separately recorded
and viewed by, or otherwise displayed to, the respective
eyes of the viewer. Thus, if, for example, images are re-
corded around a circle corresponding to viewing circle
5L at successive points, in successive direction depicted
by rays 3L(1),.... 3L(N), and the images mosaiced togeth-
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er, and further images are recorded around a circle cor-
responding to viewing circle 5R at successive points, in
successive direction depicted by rays 3R(1),.... 3R(N),
and if those images are suitably aligned (such that the
point of intersection of the rays 3L(n) and 3R(n) are
viewed in the same relative location) and displayed to
respective eyes of a viewer, the viewer can see a stere-
oscopic panoramic image of the scene.

[0015] In a similar manner, stereoscopic panoramic
images can be generated using computer graphics tech-
nigues. However, instead of the regular perspective pro-
jection used in conventional image rendering, the pano-
ramic image for the left eye will be rendered using rays
tangent to a circle such as viewing circle 5L, and the
panoramic image for the right eye will be rendered using
rays tangent to a circle such as viewing circle 5R.
[0016] The invention provides various arrangements
for facilitating the recording of images from which left and
right panoramic images can be generated, which, inturn,
can be displayed to a viewer. Generally, left and right
panoramic images can be generated by rendering from
a model, or by recording a plurality of non-panoramic
images and mosaicing together portions thereof to gen-
erate the left and right panoramic images. While in FIG.
1A, the eyes are depicted as viewing in a direction tan-
gent to the viewing circle 5, it will be appreciated that in
some embodiments the camera may instead be gener-
ally, although not precisely, perpendicular to the viewing
circle.

[0017] FIG. 2 schematically depicts a stereoscopic
panorama recording and generating system 10 con-
structed in accordance with one embodiment of the in-
vention. With reference to FIG. 2, system 10 includes a
camera rig 11 and a panorama mosaic image generator
12. The camera rig 11 includes an image recording de-
vice such as a camera 13 mounted on a support com-
prising an upwardly (in the case of horizontally-recorded
panoramas) extending mast 14 and an arm 15 rigidly
affixed thereto and extending therefrom. The camera 13
may record images using any of a number of types of
image recording media, including, for example, film,
charge-coupled devices (CCD’s) or the like. The camera
13 is rigidly mounted on the arm 15 so that the images
recorded by the camera 13 will be recorded thereby a
predetermined distance from the mast 14. A motor 16 is
configured to rotate the mast 14 around a vertical axis,
thereby to, in turn, cause the camera 13 to revolve along
a curved path centered on the axis around which mast
14 rotates. The movement of the motor 16 is controlled
by a motor control 17 which, in turn, is controlled by the
panorama mosaic image generator 12, as will be de-
scribed below. Since the camera 13 is rigidly affixed to
the arm 15, the camera 13 will pointin a direction defined
by the arm 15. In one embodiment, the camera 13 is a
still camera, as opposed to a motion picture camera, and
in that embodiment the motor 16 will preferably be a step-
ping motor to enable the camera 13 to revolve step-by-
step, with the camera 13 being stopped at each step to
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allow the camera 13 to record an image. In that case, the
angle between steps will be such as to facilitate mosai-
cing images recorded at each step into a panoramic im-
age, as will be described below in connection with FIGS.
2 and 3. At some point, each of the images recorded at
successive steps will be provided to the panorama mo-
saic image generator 12 for processing. The panorama
mosaic image generator 12, in turn, receives the images
recorded at the successive steps and mosaics portions
of the images together to generate therefrom a stereo-
scopic panoramic image pair comprising left and right
panoramic images. The left and right panoramic images
comprising the stereoscopic panoramic image pair may
be displayed to or viewed by a user as will be described
below in connection with FIG. 3 to provide the user with
a stereoscopic image of the scene as recorded by the
camera 13.

[0018] As noted above, the panoramic image is gen-
erated by mosaicing together portions of images record-
ed with the camera 13 at various angular positions around
the center of rotation of the mast 14. Before proceeding
further, it would be helpful to describe details of the cam-
era 13 and how the panoramic image generator 12 mo-
saics portions of the images together to form a panoramic
image pair that, when viewed simultaneously by an ob-
server’s left and right eyes, provides a unitary stereo-
scopic panoramic image of the scene surrounding the
location of the mast 14. FIG. 3 is a top plan view depicting
details of the interior of camera 13, as seen from the top
in FIG. 2, and FIG. 4 depicts details of images recorded
by the camera and how portions of those images are
mosaiced together to form the stereoscopic panoramic
image pair. With reference initially to FIG. 3, camera 13
includes a housing 24 having a forward aperture 20, a
rear image recording medium 21, a screen 22 proximate
to and forward of the image recording medium 21, and
a shutter 23. The image recording medium 21, which
defines an image plane for the camera 13, may comprise
any convenient image recording medium, including film,
a CCD array, or the like. The camera 13 may also include
alens (not shown) in the aperture 20 to facilitate focusing
of images on the image plane. Alternatively, the camera
13 may comprise a pinhole camera, in which case no
lens will be provided.

[0019] The shutter 23 is provided to selectively allow
light reflected from portions of a scene 27 at which the
camera 13 is directed is allowed to enter the camera and
project upon the screen 22 and portions of the image
recording medium 21 for recording thereby. The scene
27 forms part of a panoramic scene which is centered on
the axis of rotation of the mast 14. Preferably, the shutter
23 will be closed while the motor 16 moves the camera
13 from one step to the next, thereby to block light from
the scene 27 from entering the camera 13 and exposing
the image recording medium 21 during such movement,
which might otherwise cause blur in the recorded image.
After the motor 16 has reached a next step and the cam-
era 13 has stopped moving, the shutter 23 can be opened



7 EP 1048 167 B1 8

to allow light from the scene 27 to enter the camera and
be directed rearwardly toward the screen 22 and image
recording medium 21. After the image recording medium
21 has been appropriately exposed, the shutter can be
closed, and the motor 16 energized to rotate the mast
14, thereby step the camera 13 to a new orientation, at
which point these operations can be repeated. Prefera-
bly, if the image recording medium 21 is film, the film will
be advanced before the shutter 23 is again opened so
as to avoid double-exposure; similarly, if the image re-
cording medium 21 is a CCD device, the image informa-
tion can be retrieved and stored and the CCD’s refreshed
as necessary to avoid double exposure. The image re-
corded by the camera 13 at the respective steps will be
independent of each other, so as to avoid multiple expo-
sures.

[0020] The screen 22 is configured to generally cover
portions of the image recording medium 21, except for
at least two vertical slits 25L and 25R, which allow light
from respective directions and portions 27L and 27R of
the scene 27 to fall on proximate regions 26L and 26R
oftheimage recording medium 21 and be recorded there-
by. As is shown by the dashed lines 28L and 28R, the
slit 25R is positioned to allow region 26R of the image
recording medium 21 to record the left-hand portion 27R
of the scene 27, and the slit 25L is positioned to allow
region 26L of the image recording medium 21 to record
theright-hand portion 27L of the scene 27. With reference
to FIG. 1A, it will be appreciated that the portion 27R of
the scene 27 as recorded by the region 26R of the image
recording medium 21 is from a direction which corre-
sponds to the direction that an observer’s right eye would
be viewing that portion 27R of the scene if he or she were
looking directly at the portion 27R of the scene. Similarly,
the portion 27L of the scene 21 as recorded by the region
26L of the image recording medium is from a direction
which corresponds to the direction that the observer's
left eye would be viewing that portion 27L of the scene
if he or she were looking directly at the portion 27L of the
scene. It will further be appreciated that, preferably the
placement of the camera 13 on the arm 15 will be such
that, as the camera 13 is rotated, the regions 26L and
26R revolve through a circle, namely, the image circle,
and the rays shown by dashed lines 28L and 28R are
tangentto an inner viewing circle similar to that described
above in connection with FIGS. 1A and 1B. Thus, as the
motor 16 steps the camera 13 so as to enable the region
26L of the image recording medium 21 to record what is
depicted in FIG. 3 as portion 27R of the scene 27, an
observer who contemporaneously views that image with
the left eye, and with the right eye the image previously
recorded in the region 27R of the scene 27, would see a
stereoscopic image of that portion 27R of the scene 27.
Similarly, when the motor 16 steps the camera 13 so as
to enable the region 26R of the image recording medium
21 to record what is depicted in FIG. 3 as region 27L of
the scene 27, an observer who contemporaneously
views that image with the right eye, and with the left eye
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the image previously recorded in the region 27L of the
scene 27, would see a stereoscopic image of that portion
27L of the scene 27.

[0021] In the embodiment depicted in FIG. 3, the
screen 22 of camera 13 also is provided with a center slit
25C, which, when shutter 22 opens to allow light from
the scene 27 to enter the camera 13, allows a center
region 26C of the image recording medium 21 to record
what is depicted in FIG. 3 as region 27C of the scene 27.
It will be appreciated that the center region 26C is a direct
view of the region, and the ray 28C approximately cor-
responds to the optical center of the camera.

[0022] As noted above, the images recorded by the
camera 13 at successive steps around the center of ro-
tation of the mast 14 can be mosaiced together by the
panorama mosaic image generator 12 to provide left and
right panorama images. The left and right panoramic im-
ages, when viewed simultaneously by an observer, in
particular by the observer’s left and right eyes, results in
a stereoscopic panoramic image of the panoramic scene
centered on the center of rotation of mast 14. The manner
in which the left and right panoramic images are gener-
ated will be described in detail in connection with FIG. 4.
With reference to FIG. 4, each of the images 30(1)
through 30(N) (generally identified by reference numeral
30(n)) recorded at "N" (where "N" is an integer) succes-
sive steps around the center of rotation of the mast 14
includes a left image portion 30L(n) and a right portion
30R(n). The left image portion 30L(n) of each image 30
(n), inturn, corresponds to the left region 26L as recorded
on the image recording medium 21 at the "n-th" step, and
the right image portion 30R(n) corresponds to the right
region 26R as recorded on the image recording medium
21 at the same "n-th" step. The panorama mosaic image
generator 12 receives the successive images 30(1), 30
(2),...30(N) and mosaics the left image portions 30L(1),
30L(2),...30L(N) therefrom together to form the left pan-
oramic image 31L, as indicated by the arrows 32L(1),
32L(2),...32L(N). Similarly, the panorama mosaic image
generator 12 mosaics the right image portions 30R(1),
30R(2),...30R(N) therefrom together to form the right
panoramic image 31 R, as indicated by the arrows 32R
(1), 32R(2),...32R(N). The panorama mosaic image gen-
erator 12 can generate the left and right panoramic im-
ages 3 1 L and 31 R using any conventional technique
for mosaicing images or portions of images together. It
will be appreciated that the left and right panoramic im-
ages 31L and 31R conform to what an observer would
see through his or her left and right eyes, respectively,
as they revolve through the left and right viewing circles
5L and 5R described above in connection with FIG. 1B.
The panoramic mosaic image generator 12 can generate
the left and right panoramic images 3 1 L and 31 R as
respective image strips, or it may form the images as
respective continuous loops by mosaicing together their
respective left and right ends. In addition, the images
may be formed on or stored in any convenient medium,
such as paper or film, in digital form in electronic or mag-
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netic data storage, or other media as will be appreciated
by those skilled in the art.

[0023] It will further be appreciated that the widths of
the left and rightimage portions 30L(n) and 30R(n) of the
respective images 30(n), which are generally related to
the widths of the left and right slits 25L and 25R in the
screen 22 (FIG. 3), will generally determine the angle to
which the motor 16 will be constrained for successive
steps. The angle between successive steps will be such
as to ensure that the successive image portions 30L(1),
30L(2),...30L(N) can be mosaiced together to provide a
single and continuous left panoramic image 31L and the
successive images 30R(1), 30R(2),... 30R(N) can be mo-
saiced together to provide a single and continuous right
panoramic image 31R.

[0024] Asnotedabove, inone embodiment, the screen
22 (FIG. 3) also has a center slit 25C to facilitate recording
of a portion of the scene 27 in a center region 26C of the
image recording medium, the portion being intermediate
the portions recorded on the left and right regions 26L
and 26R. The center image portions as recorded on the
respective images 30(n) are identified in FIG. 2 by refer-
ence numeral 30C(n). Inthat case, the panorama mosaic
image generator 12 can also generate a center pano-
ramic image from center image portions 30C(n) of the
successive images 30(n). While the center panoramic
image so generated (which is not depicted in FIG. 4, may
be used for stereo viewing together with one of the other
two panoramic images 31L and 31R, it is preferable to
use the left and right panoramic images 31L and 31R
since the symmetry between the two images reduce dis-
tortion and increase stereoscopic disparity.

[0025] The distance of the camera 13 from the mast
14, as well as the separation between the left and right
slits 25L and 24R, are selected such that for normal ster-
eoscopy the radius of the viewing circle to which all rays
28R, 28L are tangent, approximates the distance be-
tween a person’s eyes, which, in turn, approximately cor-
responds to the diameter of the viewing circle described
above in connection with FIG. 1A. It will be appreciated
that, the diameter of the viewing circle can be enlarged
or reduced for exaggerated or reduced stereo.

[0026] With this background, operations performed by
the stereoscopic panorama recording and generating
system 10 in connection with generating the left and right
panoramic images 31L and 31R will be described in con-
nection with the flow chart in FIG. 5. With reference to
FIG. 5, after the camerarig 11 has been positioned such
that the axis of mast 14 is placed at the center of rotation
for the stereoscopic panorama, the motor control 17 in-
itially enables the motor 16 to position the camera 13 at
a starting point at which the first image 30(1) will be re-
corded (step 100). After the camera 13 is appropriately
positioned, the motor control 17 notifies the panorama
mosaic image generator 12 (step 101).

[0027] Thereafter, the stereoscopic panorama record-
ing and generating system 10, in a number of iterations,
records successive images 30(1), 30(2),... 30(N) at suc-
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cessive steps around the center of rotation of mast 14.
In each iteration, the panorama mosaic image generator
12 controls the camera 13 to record an image, in the first
iteration image 30(1), on the image recording medium
21 (step 102). In that operation, the panorama mosaic
image generator 12 can enable the camera shutter 23 to
open to facilitate exposure of the image recording medi-
um 21. After the image recording medium 21 has been
suitably exposed, the shutter 23 will be closed. Thereaf-
ter, if the camera 13 uses film as the image recording
medium 21, the film can be advanced. Alternatively, if
the camera 13 uses a CCD array as the image recording
medium 21, the panorama mosaic image generator 12
can enable the image to be stored by a storage medium
(notshown) maintained by the camera 13, or downloaded
to it (that is, the panorama mosaic image generator 12)
for storage.

[0028] Aftertheimage hasbeenrecorded by theimage
recording medium 21 in step 102, the panorama mosaic
image generator 12 will determine whether all of the im-
ages 30(1) through 30(N) used in generating the left and
right panoramic images 31L and 31R for the stereoscopic
panorama image pair have been recorded (step 103). If
the panorama mosaic image generator 12 makes a neg-
ative determination in step 103, that is, if it determines
that all of the images 30(1) through 30(N) needed for the
stereoscopic panoramaimage pair have notbeenrecord-
ed, it will enable the motor control 17 to, in turn, control
the motor 16 to advance a step (step 104). Thereafter,
operations return to step 102 to facilitate recording of
another image 30(2).

[0029] The stereoscopic panoramarecording and gen-
erating system 10 performs steps 102 through 104
through a plurality of iterations, in each iteration recording
an image 30(n) at each successive step around the cent-
er of rotation of mast 14, until the panorama mosaic im-
age generator 12 determines in step 103 that all of the
images 30(1) through 30(N) needed for the stereoscopic
panorama image pair have been recorded. At that point,
the panorama mosaic image generator 12 can begin
processing the recorded images 30(n) to generate the
stereoscopic panorama image pair. In that operation, the
panorama mosaic image generator 12 can initially iden-
tify the left and right image portions 30L(n) and 30R(n)
for the respective images 30(n) (step 105) and mosaic
successive leftimage portions 30L(n) to form the left pan-
oramic image 31L and the successive right image por-
tions 30R(n) to form the right panoramic image 31R (step
106). The panorama mosaic image generator 12 gener-
ate the left and right panoramic images 31L and 31R in
step 106 using any convenient mosaicing technique.
[0030] Although the stereoscopic panorama recording
and generating system 10 described above in connection
with FIG. 2 makes use of a single camera mounted on
mast 14 and arm 15 and rotated by the motor 16 and
motor control 17 through the arc required to generate the
panoramic image of the scene 27, other arrangements
may be used. For example, rather than using a motor
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controller, the rotation of the mast can be approximated
by measuring image motion from the video frames using
computer vision techniques. As another example, FIG.
6 schematically depicts a second embodiment of the sys-
tem, identified by reference numeral 50, in which a
number of cameras are mounted in a circle. It will be
appreciated that, preferably, the diameter of the circle is
selected in the same way as the rotating camera system
described above in connection with FIG. 2, that is, so that
the rays from the left slits and the rays from the right slits
of all cameras should be tangent to an inner viewing cir-
cle, which will correspond to the diameter of the viewing
circle 5 described above in connection with. FIG. 1A. The
cameras can record the images of the scene contempo-
raneously, and thereafter the images can be processed
to generate the left and right panoramic images in the
same manner as that described above in connection with
FIG. 4. With reference to FIG. 6, the stereoscopic pano-
rama recording and generating system 50 includes a plu-
rality of cameras 51(1) through 51(N) (generally identified
by reference numeral 51(n) supported by a circular sup-
port 52. The number "N" of cameras will correspond to
the number required to generate the number "N" of im-
ages 30(N) required to provide the left and right image
portions 30L(n) and 30R(n) sufficient to generate the left
and right panoramic images 31L and 31R. The cameras
51(n) may be similar to the camera 13 (FIG. 2) used in
stereoscopic panorama recording and generating sys-
tem 10 described above in connection with FIGS. 1 and
2. Each of the cameras 51(n) will have a particular field
of view 52(n) represented by the dashed lines 52L (n) and
52R(n), and arrow 53(n). The number of cameras "N,"
their respective field of views 52(n) and their disposition
around circular support 52 will be sufficientto ensure that
sufficient numbers of left and right image portions 30L(n)
and 30R(n) will be recorded to ensure that the left and
right panorama images 31L and 31R are continuous.

[0031] Inthe systems 10 (FIG. 2) and 50 (FIG. 6), the
cameras 13 and 51(n) were described as either pinhole
cameras or cameras with lenses for focusing the images
from the scene 27 onto the image recording medium 26.
In other embodiments, described in connection with
FIGS. 7 through 9 mirrors are used to reflect images of
the scene 27 toward the camera. FIGS. 7 through 9 spe-
cifically depict, in schematic form, the image recording
components (essentially analogous to the camerarig 11
depicted in FIG. 2) for respective stereoscopic panorama
recording and generating systems, and do not depict the
panoramic mosaic image generator 12 which also be in-
cluded in such a system. With reference initially to FIG.
7, that FIG. schematically depicts a top view of a camera
rig 60 including a multi-sided CCD array 61 and a mirror
array 62. In one embodiment, the CCD array 61 is multi-
sided, as seen from the top, with each side 60(1) through
60(S) (generally identified by reference numeral 60(s))
having two CCD devices 61(s)(L) and 61(s)(R) (generally
identified by reference numeral 61(s)(1/r)). In the illustra-
tive embodiment depicted in FIG. 7, the CCD array 61 is
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in the form of an octagon, as seen from the top, in which
case "S" equals "eight." As noted above, FIG. 7 depicts
the CCD array 61 from above, and it will be appreciated
that, a side 60(s) will preferably, when viewed from the
front, have a square or rectangular configuration, as
shown in FIG. 7A. Similarly, each of the CCD devices 61
(s)(1/r) will preferably have a square or rectangular con-
figuration when the respective side 60(s) is viewed from
the front. Preferably the CCD devices 61(s)(1/r) on each
side 60(s) will be symmetrically disposed on opposite
sides of a vertical line 63 that vertically bisects the re-
spective side 60(s).

[0032] Displacedfromeach side 61(s) of the octagonal
CCD array 61 is a respective mirror 64(s), with each mir-
ror 64(s) comprising left and right mirror faces 65(s)(L)
and 65(s)(R) (generally identified by reference numeral
65(s)(1/r)) which are generally disposed at a predeter-
mined angle with respect to each other, with the vertex
66(s) pointing towards the center of the respective side
60(s) of the CCD array 61, and parallel to the vertical line
63 that vertically bisects the respective side 60(s). The
respective mirror face 65(s)(1/r), is disposed to direct an
image of a portion of a scene towards the correspond-
ingly-indexed CCD device 61(s)(1/r).

[0033] The left and right mirror faces 65(s)(L) and 65
(s)(R) (s'=s+1, modulo S), ofproximate mirrors of proxi-
mate mirrors 64(s) and 64(s’) serve to direct images of
a scene for recording by the respective left and right CCD
device 61 (s)(L) and 62(s’)(R). This will be apparent from
the following. Generally, as shown in FIG. 7, respective
rays 70(s)(L) and 70(s’)(R) from a scene (not shown) are
reflected from the respective mirror faces 65(s)(L) and
65(s")(R) toward the respective CCD devices 61(s)(L)
and 61(s)(R). It will be apparent that the rays 70(s)(L)
and 70(s)(R) are generally from the left and right direc-
tions of a portion of a scene. Thus, the image as recorded
by the combination of the CCD device 62(1)(L) and 62
(2)(R), as provided by the respective mirror faces 65(1)
(L) and 65(2)(R) will comprise the appropriate left and
right images for a particular region of a scene.

[0034] The images recorded by successively-indexed
CCD devices 61 (s)(L) are mosaiced together to provide
a left panoramic mosaic image. Similarly, the images re-
corded by successively-indexed CCD devices 61(s)(R)
may be mosaiced together to provide a right panoramic
mosaic image.

[0035] FIG. 8 depicts a plan view, as seen from the
top, of image recording components comprising a cam-
era rig 80 for a stereoscopic panorama recording and
generating system which makes use of a single fixed
camera and a rotating planar mirror. With reference to
FIG. 8, the camera rig 80 includes a camera 81 and a
planar mirror 82. Camera 81 is generally a conventional
camera. Mirror 82 will typically be mounted on a vertical
post (not shown) and rotated by motor (also not shown)
in a manner similar to the manner in which camera 13
and arm 15 are rotated by motor 16 and motor control
17, as described above in connection with FIG. 2. The
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mirror 82 will preferably be in rectangular form, the top
edge of which is depicted in FIG. 8. The mirror 82 reflects
an image from a scene 83 toward the camera 81 along
aline indicated by dashed line arrow 84. Since the image
provided to the camera 81 is a reflected one, the virtual
point of view, or center of projection, of the camera is
defined by the dashed line arrow 85. As the mirror is
rotated, the portion of the scene 83 which is reflected
toward the camera rotates around a circle centered on
the center of rotation of the mirror of which directed virtual
point of view of the camera 81 moves around the circle
86. As the mirror 82 is rotated, the camera 81 records a
series of images, similar to images 30(n) described
above in connection with FIG. 4. A panoramic mosaic
image generator can mosaic together left and rightimage
portions of the images to generate left and right pano-
ramicimages, in a manner similar to that described above
in connection with FIG. 4.

[0036] Since the image provided to the camera 81 is
a reflected one, the virtual point of view, or center of pro-
jection, of the camera is defined by the dashed line arrow
85. As the mirror is rotated, the portion of the scene 83
which is reflected toward the camera rotates around a
circle centered on the center of rotation of the mirror of
which directed virtual point of view of the camera 81
moves around the circle 86. As the mirror 82 is rotated,
the camera 81 records a series of images, similar to im-
ages 30(n) described above in connection with FIG. 4. A
panoramic mosaic image generator can mosaic together
left and right image portions of the images to generate
left and right panoramic images, in a manner similar to
that described above in connection with FIG. 4.

[0037] FIG. 9 depicts a plan view, as seen from the
top, of image recording components comprising a cam-
era rig 10 for a stereoscopic panorama recording and
generating system which makes use of a single fixed
camera and a curved mirror. With reference to FIG. 9,
the camera rig 100 includes a camera 101 and a curved
mirror 102. Camera 101 is a conventional camera, such
as a conventional film or video camera. The mirror 102
will preferably have a curved reflective surface, as de-
picted in FIG. 9. The mirror 102 is curved so as to reflect
an image from a scene 105 toward the camera 101 along
rays indicated by dashed line arrows generally indicated
by reference numeral 104. Generally, the mirror 102 is
constructed, and the camera 101 is placed, so that rays
from the scene 105, are directed to the optical center of
the camera as indicated by reference numeral 106. In
that process, light rays reflected from the scene, and pro-
jected tangent to an imaginary viewing circle 103, will
reflect off the mirror 102 and be directed towards the
optical center of the camera. The camera 101, in turn, is
located so as to receive and record the image represent-
ed by the light rays passing through the optical center. It
will be apparent that the curved mirror 102 facilitates the
recording of an image of scene 105 that subtends a rel-
atively wide angled arc, generally up to approximately
180-degrees.
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[0038] Camera rig 100 may be fixed, in which case it
will record images of only the scene 105 as shown in
FIG. 9. To cover a full 360 degrees, an illustrative em-
bodiment may use six such camera rigs, with three of the
rigs being used to cover 360 degrees for the left eye and
three being used to cover 360 degrees for the right eye.
Alternatively, camera rig 100 may be mounted to rotate
a center of rotation centered on the imaginary viewing
circle 103. Any convenient support (not shown) may be
provided to support the camera 101 and mirror 102. The
support will be is mounted on a vertical post (not shown),
with the assembly being rotated by motor (also not
shown), all in a manner similar to the manner in which
camera 13 and arm 15 are rotated by motor 16 and motor
control 17, as described above in connection with FIG.
2. As the assembly is rotated, the camera 101 records a
series of images, similar to images 30(n) described
above in connection with FIG. 4. A panoramic mosaic
image generator can mosaic together leftand rightimage
portions of the images to generate left and right pano-
ramicimages, inamanner similar to that described above
in connection with FIG. 4.

[0039] As noted above, the invention also provides ar-
rangements by which a panoramic mosaic image gener-
ator, such as generator 12, can generate panoramic ster-
eoscopic image pair using computer graphics tech-
nigues. Operations performed by the panoramic mosaic
image generator in this connection will be described in
connection with FIG. 10. Generally, the panoramic mo-
saic image generator synthesizes images for cameras
located on a circle 110. For normal stereoscopic effects,
the radius of the circle 110 should be on the order of the
radius of the human head, and the angle "a" should be
such that d=2r sin a approximately corresponds to the
distance between human eyes. Ifangle "b" approximately
corresponds to angle "a," at every position on the circle
110, an image is synthetically generated in two viewing
directions, one for the left panoramic image 31 L and the
other for the right panoramic image 31R, as shown in
FIG. 10. As shown in FIG. 10, the viewing direction at
each camera position P1, P2,..., is to the right for the
image to be used in generating the left panoramic image
31L and to the left for the image to be used in generating
the right panoramic image 31R. All of the images gener-
ated at the successive camera positions are mosaiced
together to create the left and right panoramic images.
[0040] The invention is further directed to systems for
displaying the left and right panoramic images 31L and
31R (FIG. 4) generated by the panoramic mosaic image
generator 12 to a viewer, thereby to enable the viewer
to view the panorama represented thereby stereoscopi-
cally. Several illustrative panoramic image display sys-
tems will be described in connection with FIGS. 11
through 12B. With reference to FIG. 11, that FIG. sche-
matically depicts a panoramic image display system 120
which includes goggles which a viewer may wear over
his or her eyes. Generally, the panoramic image display
system 120 includes left and right display devices 121L
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and 121R, a display control module 122, left and right
display controllers 123L and 123R and a pointing stick
124. The left and right display devices 121L and 121R
may be worn by the viewer as goggles over the respective
left and right eyes. The left and right display devices 121L
and 121R may comprise any convenient devices, includ-
ing, for example, thin-film-transistor active matrix display
devices, liquid crystal devices, and the like. The left and
right display devices 121L and 121R may be mounted in
any convenient arrangement which will hold them in front
of the viewer’s respective eyes, including, for example,
spectacle frames, masks and the like. The left and right
display controllers 123L and 123R, under control of the
display control module 122, enable the respective left
and right display devices 121L and 121R to display at
least selected portions of the respective left and right
panoramic images 3 1 L and 3 1 R, so that they may be
viewed by the viewer. The display control module ena-
bles the left and right panoramic images will be aligned
so as to display images relating to the same portion of
the panorama at the same relative position in the viewer's
field of vision, as described above in connection with FIG.
1B. The viewer can use the pointing stick 124 to control
the display control module to adjust the particular portion
of the scene that is directly in front of the viewer’s eyes,
which is similar to controlling the angular position of an
observer in viewing the scene as described in connection
with FIG. 1A.

[0041] Since the geometrical shape of the surface on
which the panoramic image is recorded may be different
from the geometrical shape of the surface on which the
image is displayed, some geometrical transformation on
the image may be needed to avoid distortions. For ex-
ample, the rotating camera system of FIG 2 generates
the panoramic stereo image on a cylindrical surface.
When the image is displayed using goggles having flat
screens, the image should preferably be rectified using
a cylinder-to-plane transformation before the display. On
the other hand, no rectification may be needed when the
cylindrical image is displayed on a cylindrical theater as
in FIG 11A.

[0042] FIGS.12Aand 12B schematically depictan om-
ni-directional theater arrangement for displaying a ster-
eoscopic panorama to a viewer, with FIG. 12A generally
depicting a plan view and FIG. 12B depicting a top view.
In the arrangement depicted in FIGS. 12A and 12B, the
left and right panoramic images 31 L and 31 R are pro-
jected onto the surface of a cylindrical screen so that they
are visible by a viewer positioned interiorly of the space
subtended by the screen. The images may be polarized
in orthogonal directions, and a viewer, positioned interi-
orly of the space subtended by the screen and wearing
polarized glasses, can view the panoramic image on the
screen stereoscopically. The images comprising the re-
spective left and right panoramic images 31 L and 31 R
may be projected by projectors located within the space
subtended by the screen, or from locations external
thereto. Since the images are polarized orthogonal to
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each other, the polarization of the lenses of the glasses
worn by the viewer will allow each of the viewer’s eyes
to receive a respective one of the images projected onto
the screen.

[0043] Thus, andwithreferenceto FIGS. 12A and 12B,
an omni-directional theater 140 includes a cylindrical
screen 141 and a plurality of projector sets 142(1) through
142(N) (generally identified by reference numeral 142
(n)), each including two projectors 143L(n) and 143R(n).
Each of the projectors 143L(n) and 143R(n) in each pro-
jector set 142(n) projects a portion of the respective left
and right panoramic images 31 Land 31 R onto a respec-
tive portion of the screen 141. The number of projection
sets 142(n) is preferably selected so that the images as
displayed will not be distorted, and the portions of the left
and right panoramic images 31L and 31R that are dis-
played by the respective projector sets 142(n) will be such
as to provide continuous images around the screen 141,
thereby to provide a panoramic image. The projector sets
142(n) may be positioned to project their images onto
the exterior of the screen 141 as shown in FIG. 12B,
provided the screen 141 is such as would allow the pro-
jected images to be viewed interiorly of the space sub-
tended by the screen 141. Alternatively, the projector sets
142(n) may be positioned to project their images onto
the interior of the screen 141. A viewer 144, standing
interiorly of the space subtended by the screen 141,
wearing polarized glasses 145, will be able to view the
panoramic image stereoscopically.

[0044] It will be appreciated by those skilled in the art
that, in addition to the use of polarization, stereo viewing
can be done using any other method of stereo separation.
This includes stereo glasses with shutters, which work
in accordance with alternating display of "left" and "right"
images. The glasses have fast shutters, which are trans-
parent at the left eye, while opaque at the right eye, when
the left image is displayed, and the opposite when the
rightimage is displayed. Another arrangement is the use
of"Anaglyph Stereo" with green-red glasses.

[0045] The invention provides a number of advantag-
es. In particular, the invention provides systems and
methods for generating stereoscopic panoramic images
of a scene, and for displaying the images to an observer
in a manner so that the viewer can view the panoramic
images stereoscopically.

[0046] It will be appreciated that a number of modifi-
cations may be made to the systems and methods as
described herein. For example, although the system de-
scribed in connection with FIG. 2 has been described as
providing left and right panoramic images by enabling
the camera 13 to rotate around a fixed point, it will be
appreciated thatthe system may instead enable the cam-
era 13 to translate along a line, thereby to provide for an
elongated panoramic image.

[0047] In addition, although the systems as described
herein have been described as recording and displaying
a static panoramic image, it will be appreciated that the
systems may be used to record and display motion pic-
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tures stereoscopically. For example, systems such as
those described in connection with FIGS. 6 through 8,
which do not make use of a revolving camera, mirror or
the like, can be translated as necessary along a path and
record 360° panoramic images as they are translated.
Systems such as those described in connection with
FIGS. 2, and 8, which do make use of arevolving camera,
mirror or the like, can also be translated while they are
being revolved. However, in the latter case, it will be ap-
preciated that, to provide a complete panorama, the cam-
era and/or mirror will need to be translated as well as
revolved. The camera and/or mirror can be revolved
through a complete 360° circle before it is translated
slightly and the operation repeated. Alternatively, if the
translation is relatively slow, so that there is a substantial
overlap so as to allow for a fairly complete panorama as
the camera and mirror is translated, they may be trans-
lated while one or both are revolved. In either case, it will
be appreciated that the panoramic mosaic image gener-
ator 12 generate a series of left and right panoramic im-
ages 31L and 31R, which can be successively displayed
to a viewer. For example, the panoramic image display
system 120 will enable the left and right display devices
1211 and 121R to display the successive left and right
panoramic images. Similarly, in the omni-directional
theater arrangement 140, the left and right projectors
143L(n) and 143R(n) of the respective projector sets 142
(n) will be enabled to project respective portions of the
left and right panoramic images 31L and 31R on respec-
tive portions of the screen 141. It will be appreciated that
the advancement of left and right panoramic images the
left and right display devices 121L and 121R, and by
projectors in the various projector sets, an as among the
various projector sets, will be synchronized manner so
that left and right images 31L and 31R as displayed will
be from the same panorama.

[0048] In addition, although the camera 13 has been
described as including a screen 22 having left and right
slits 25L and 25R , it will be appreciated that a camera
13 need not include a screen. Instead, the panoramic
mosaic image generator may use sections from the re-
spective left and right-hand portions of the images 30(n)
in generating the respective left and right panoramic im-
ages 31L and 31R.

[0049] In addition, although the panoramic image dis-
play system 120 has been described as making use of
a pointing stick to control the angular position of the cent-
er of the stereo panoramic image relative to the viewer's
eyes, it will be appreciated that other devices may be
used, including, for example, arrangements such as
trackers for determining changes in the position or an-
gular orientation of the viewer’s head.

[0050] Furthermore, although the invention has been
described as including an arrangement for recording im-
ages for use in connection with generation of the left and
right panoramic images 31L and 31R, which may be dis-
played to a viewer, it will be appreciated that the left and
right panoramic images 31L and 31R may instead be
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generated using computer graphics techniques.

[0051] It will be appreciated that systems constructed
in accordance with the invention may find utility in a
number of applications, including, for example, recording
of sporting events for later reporting or analysis, during
travel, and for use in education and marketing. In addi-
tion, systems constructed in accordance with the inven-
tion may find utility in connection with robotics and com-
puter video games. Furthermore, although the invention
has been described in connection with specific display
arrangements, it will be appreciated that other types of
arrangements, such as display on computer monitors,
televisions and the like may also find utility.

[0052] It will be appreciated that a system in accord-
ance with the invention can be constructed in whole or
in part from special purpose hardware or a general pur-
pose computer system, or any combination thereof, any
portion of which may be controlled by a suitable program.
Any program may in whole or in part comprise part of or
be stored on the system in a conventional manner, or it
may in whole or in part be provided in to the system over
a network or other mechanism for transferring informa-
tion in a conventional manner. In addition, it will be ap-
preciated that the system may be operated and/or oth-
erwise controlled by means of information provided by
an operator using operator input elements (not shown)
which may be connected directly to the system or which
may transfer the information to the system over a network
or other mechanism for transferring information in a con-
ventional manner.

[0053] The foregoing description has been limited to a
specific embodiment of this invention. It will be apparent,
however, that various variations and modifications may
be made to the invention, with the attainment of some or
all of the advantages of the invention. It is the object of
the appended claims to cover these and such other var-
iations and modifications as come within the true spirit
and scope of the invention.

[0054] It will be appreciated that systems constructed
in accordance with the invention may find utility in a
number of applications, including, for example, recording
of sporting events for later reporting or analysis, during
travel, and for use in education and marketing. In addi-
tion, systems constructed in accordance with the inven-
tion may find utility in connection with robotics and com-
puter video games. Furthermore, although the invention
has been described in connection with specific display
arrangements, it will be appreciated that othertypes of
arrangements, such as display on computer monitors,
televisions and the like may also find utility.

[0055] The foregoing description has been limited to a
specific embodiment of this invention. It will be apparent,
however, that various variations and modifications may
be made to the invention, with the attainment of some or
all of the advantages of the invention. It is the object of
the appended claims to cover these and such other var-
iations and modifications as come within the scope of the
invention.
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Claims

A system (10) for generating a stereoscopic image
pair comprising left (31L) and right (31R) images of
a scene, from a series of images (30;)) of the scene
that correspond to images recorded by a moving
camera (13) from different positions, the system be-
ing characterized by:

left and right panoramic image generators (12)
configured to receive data that is representative
of a plurality of images from a storage medium
that is separate from a recording medium of the
camera, and to determine from said data a plu-
rality of first (30L(n)) image strips and a plurality
of second (30R(m)) image strips and to mosaic
the plurality of first image strips to form a con-
tinuous left panoramic mosaic image (31L) and
to mosaic the plurality of second image strips to
form a continuous right panoramic mosaic im-
age (31 R).

A system as defined in claim 1 in which said different
positions correspond to changes in angular orienta-
tion of at least one camera (13).

A system as defined in claim 1 or claim 2 in which
said different positions correspond to translational
positions of at least one camera (13).

A system as defined in any of the preceding claims
further comprising an image generator for generat-
ing said series of images (30(n)) that correspond to
images recorded by a moving camera from different
positions.

A system as defined in claim 4 in which said image
generator generates said series ofimages (30(n)) us-
ing a predetermined computer graphic technique.

A system as defined in claim 4 in which said image
generator comprises a camerarig (11) configured to
record images of a scene.

A system according to claim 6 wherein the camera
rig (11) acquires images of the scene from a plurality
of the positions simultaneously.

A system as defined in claim 6 or claim 7 in which
said camera rig (11) comprises separate image
records for separately recording images used by the
left and right panoramic image generators (12).

A system according to any of claims 6 to 8 wherein
the camera rig (11) comprises a plurality of cameras
(51), each of which acquires animage of the scene
from a different position of the respective positions.
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10.

11.

12.

13.

14.

15.

16.

17.

20

A system according to any of claims 6 to 9 wherein
the camera rig (60) comprises a camera (61) and a
reflective element (62) that directs light from the
scene to the camera (61) along directions corre-
sponding to different positions of the respective po-
sitions.

A system according to any of claims 6 to 10 wherein
a camera (61) in the rig (11) comprises a photosen-
sitive surface and a screen configured to block light
from the scene from reaching the photosensitive sur-
face except along at least two separate and parallel
strips on the photosurface.

A system according to any of the preceding claims
wherein the panoramic images are images charac-
terized by wide fields of view of the scene that have
angular extents greater than the normal angular ex-
tent of the instantaneous field of view of a person.

A system according to claim 12 wherein the angular
extent has a value between that of a person and up
to a full 360°.

A system according to any of the preceding claims
wherein the panoramic image generators (12) are
configured to generate a plurality of strips (3OX(n))
greater than two and to choose the left (30L,)) and
right (30R,,y) strips from the plurality of strips.

A system according to any one of claims 1 to 14,
wherein the left and right panoramic image genera-
tors (12) include a camera (81) configured to record
at least one image strip.

A system according to claim 15, wherein the left and
right panoramic image generators (12) include a re-
flector (82) configured to reflectimages of the scene
to the camera (81 for recording thereby of at least
the image strips (30;)); and a reflector positions con-
trol module configured to position the reflector at
least one position to facilitate definition of the path.

A method for generating a stereoscopic image pair
comprising left (31L) and right (31R) images of a
scene from a series of images (30;) of the scene
that correspond to images recorded by a moving
camera (13) from different positions, the method be-
ing characterized by:

receiving data representative of a plurality of im-
ages (30;) from a storage medium that is sep-
arate from a recording medium of the camera;

processing said data for determining a plurality
of first image strips (30L,)) and a plurality of
second (30R ;) image strips;

mosaicing the plurality of first image strips
(30Ly)) to form a continuous left panoramic mo-
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19.

20.

21.

22.

21

saic image (31 L); and

mosaicing the plurality of second image strips
(30R ) to form a continuous right panoramic
image (31R).

A method according to claim 17 and comprising gen-
erating the series of images (30(i)).

A method according to claim 18 wherein generating
the series of images (30(0) comprises generating the
series of images using a predetermined computer
graphic technique.

A method according to claim 18 or claim 19 wherein
generating the series of images (30(0) comprises
generating the series of images using a camera rig
(12).

A computer program comprising computer program
code means for performing the method of any one
of claims 17 to 20 when said program is run on a
computer.

A computer program as claimed in claim 21 embod-
ied on a computer readable medium.

Patentanspriche

1.

System (10) zur Erzeugung eines Stereobildpaars,
das linke (31 L) und rechte (31R) Bilder einer Szene
umfasst, aus einer Reihe von Bildern (30(0) der Sze-
ne, die Bildern entsprechen, die durch eine sich be-
wegende Kamera (13) aus unterschiedlichen Posi-
tionen aufgezeichnet werden, wobei das System
durch Folgendes gekennzeichnet ist:

linke und rechte Panoramabilderzeuger (12),
die ausgestaltet sind, um Daten, die mehrere
Bilder darstellen, von einem Speichermedium
zu empfangen, das von einem Aufzeichnungs-
medium der Kamera getrennt ist, und um aus
den Daten mehrere erste (30L,) Bildstreifen
und mehrere zweite (30Ry,)) Bildstreifen zu be-
stimmen und die mehreren ersten Bildstreifen
mosaikartig anzuordnen, um ein kontinuierli-
ches linkes Panoramamosaikbild (31L) zu bil-
den, und die mehreren zweiten Bildstreifen mo-
saikartig anzuordnen, um ein kontinuierliches
rechtes Panoramamosaikbild (31R) zu bilden.

System nach Anspruch 1, wobei die unterschiedli-
chen Positionen Anderungen der Winkelausrichtung
von mindestens einer Kamera (13) entsprechen.

System nach Anspruch 1 oder Anspruch 2, wobei
die unterschiedlichen Positionen Translationsposi-
tionen von mindestens einer Kamera (13) entspre-
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chen.

System nach einem der vorhergehenden Anspru-
che, das Uberdies einen Bilderzeuger zum Erzeugen
der Reihe von Bildern (30,) umfasst, die Bildern
entsprechen, die durch eine sich bewegende Kame-
ra aus unterschiedlichen Positionen aufgezeichnet
werden.

System nach Anspruch 4, wobei der Bilderzeuger
die Reihe von Bildern (30,)) unter Verwendung ei-
nes vorbestimmten Computergrafikverfahrens er-
zeugt.

System nach Anspruch 4, wobei der Bilderzeuger
ein Kamera-Rig (11) umfasst, das ausgestaltet ist,
um Bilder einer Szene aufzuzeichnen.

System nach Anspruch 6, wobei das Kamera-Rig
(11) gleichzeitig aus mehreren Positionen Bilder der
Szene erfasst.

System nach Anspruch 6 oder Anspruch 7, wobei
das Kamera-Rig (11) getrennte Bildaufzeichnungen
zum getrennten Aufzeichnen von Bildern umfasst,
die durch die linken und rechten Panoramabilder-
zeuger (12) verwendet werden.

System nach einem der Anspriiche 6 bis 8, wobei
das Kamera-Rig (11) mehrere Kameras (510)) um-
fasst, von denen jede ein Bild der Szene aus einer
unterschiedlichen Position der jeweiligen Positionen
erfasst.

System nach einem der Anspriche 6 bis 9, wobei
das Kamera-Rig (60) eine Kamera (61) und ein Re-
flexionselement (62) umfasst, das entlang Richtun-
gen, die unterschiedlichen Positionen der jeweiligen
Positionen entsprechen, Licht von der Szene zur Ka-
mera (61) leitet.

System nach einem der Anspruche 6 bis 10, wobei
eine Kamera (61) im Rig (11) eine lichtempfindliche
Flache und eine Abschirmung umfasst, die ausge-
staltet ist, um Licht vor dem Erreichen der lichtemp-
findlichen Flache zu sperren, auler entlang minde-
stens zweier getrennter und paralleler Streifen auf
der lichtempfindlichen Flache.

System nach einem der vorhergehenden Anspru-
che, wobei die Panoramabilder Bilder sind, die durch
breite Sichtfelder der Szene gekennzeichnet sind,
die Winkelbereiche aufweisen, die gréer sind als
der normale Winkelbereich des augenblicklichen
Sichtfelds einer Person.

System nach Anspruch 12, wobei der Winkelbereich
einen Wert zwischen demjenigen einer Person und



14.

15.

16.

17.

18.

19.

20.

23
bis zu vollen 360° aufweist.

System nach einem der vorhergehenden Anspru-
che, wobei die Panoramabilderzeuger (12) ausge-
staltet sind, um mehr als zwei mehrere Streifen
(30X ) zu erzeugen und aus den mehreren Streifen
die linken (30L,)) und rechten (30R,)) Streifen aus-
zuwahlen.

System nach einem der Anspriiche 1 bis 14, wobei
die linken und rechten Panoramabilderzeuger (12)
eine Kamera (81) umfassen, die ausgestaltet ist, um
mindestens einen Bildstreifen aufzuzeichnen.

System nach Anspruch 15, wobei die linken und
rechten Panoramabilderzeuger (12) einen Reflektor
(82), der ausgestaltet ist, um Bilder der Szene zur
Kamera (81) zu reflektieren, um dadurch minde-
stens die Bildstreifen (30;) aufzuzeichnen; und ein
Reflektorpositions-Steuerungsmodul ~ umfassen,
das ausgestaltet ist, um den Reflektor mindestens
eine Position zu positionieren, um die Bestimmung
des Wegs zu erleichtern.

Verfahren zum Erzeugen eines Stereobildpaars, das
linke (31 L) und rechte (31R) Bilder einer Szene um-
fasst, aus einer Reihe von Bildern (30(i)) der Szene,
die Bildern entsprechen, die durch eine sich bewe-
gende Kamera (13) aus unterschiedlichen Positio-
nen aufgezeichnet werden, wobei das Verfahren
durch Folgendes gekennzeichnet ist:

Empfangen von Daten, die mehrere Bilder (30;)
darstellen, von einem Speichermedium, das von
einem Aufzeichnungsmedium der Kamera ge-
trennt ist;

Verarbeiten der Daten zum Bestimmen mehre-
rer erster Bildstreifen (30L(n)) und mehrerer
zweiter Bildstreifen (30R(m));

mosaikartiges Anordnen der mehreren ersten
Bildstreifen (30L,)) zum Bilden eines kontinu-
ierlichen linken Panoramamosaikbilds (31 L);
und

mosaikartiges Anordnen der mehreren zweiten
Bildstreifen (30R(m)) zum Bilden eines kontinu-
ierlichen rechten Panoramabilds (31R).

Verfahren nach Anspruch 17, das das Erzeugen der
Reihe von Bildern (30;)) umfasst.

Verfahren nach Anspruch 18, wobei das Erzeugen
der Reihe von Bildern (30;) das Erzeugen der Reihe
von Bildern unter Verwendung eines vorbestimmten
Computergrafikverfahrens umfasst.

Verfahren nach Anspruch 18 oder Anspruch 19, wo-
bei das Erzeugen der Reihe von Bildern (30(i)) das
Erzeugen der Reihe von Bildern unter Verwendung
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eines Kamera-Rigs (11) umfasst.

Computerprogramm, das Computerprogramm-Co-
demittel zum Durchfiihren des Verfahrens nach ei-
nem der Anspriiche 17 bis 20 umfasst, wenn das
Programm auf einem Computer ausgefiihrt wird.

Computerprogramm nach Anspruch 21, das in ei-
nem computerlesbaren Medium enthalten ist.

Revendications

Systéme (10) pour générer une paire d'images sté-
réoscopiques comportant des images gauche (31L)
et droite (31R) d'une scéne, a partir d’'une série
d'images (30(;) de la scene qui correspondent aux
images enregistrées par une caméra mobile (13) de-
puis différentes positions, le systéme étant caracté-
risé par :

des générateurs d’image panoramique gauche
et droite (12) configurés pour recevoir des don-
nées qui sont représentatives d’'une pluralité
d'images provenant d'un support de stockage
qui est distinct d’'un support d’enregistrement de
la caméra, et pour déterminer & partir desdites
données une pluralité de premieres bandes
d'images (30Lp,)) et une pluralité de secondes
bandes d'images (30Ry,) et pour former une
mosaique de la pluralité de premiéres bandes
d’'images pour former une image mosaique pa-
noramique gauche continue (31L) et pour réali-
ser une mosaique de la pluralité de secondes
bandes d’'images pour former une image mosai-
que panoramique droite continue (31R).

Systéme selon la revendication 1, dans lequel les-
dites différentes positions correspondent a des
changements d’orientation angulaire d’au moins une
caméra (13).

Systéme selon larevendication 1 ou larevendication
2, dans lequel lesdites différentes positions corres-
pondent a des positions de translation d’au moins
une caméra (13).

Systéme selon I'une quelcongue des revendications
précédentes, comportant en outre un générateur
d'images pour générer ladite série d'images (30(n))
qui correspondent aux images enregistrées par une
caméra mobile depuis différentes positions.

Systéme selon la revendication 4, dans lequel ledit
générateur d'images génére ladite série d'images
(30() en utilisant une technique graphique informa-
tique prédéterminée.
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Systeme selon la revendication 4, dans lequel ledit
générateur d'images comporte unrigde caméra (11)
configuré pour enregistrer les images d’'une scéne.

Systéme selon la revendication 6, dans lequel le rig
de caméra (11) acquiert des images de la scene a
partir d’une pluralité de positions simultanément.

Systéme selon la revendication 6 ou la revendication
7, dans lequel ledit rig de caméra (11) comporte des
registres d'images séparés pour enregistrer des
images de facon séparée utilisés par les générateurs
d’'image panoramique gauche et droite (12).

Systéme selon I'une quelconque des revendications
6 a 8, dans lequel le rig de caméra (11) comporte
une pluralité de caméras (51;), dont chacune ac-
quiert une image de la scene depuis une position
différente parmi les positions respectives.

Systéme selon I'une quelconque des revendications
6 a 9, dans lequel le rig de caméra (60) comporte
une caméra (61) et un élément réfléchissant (62) qui
dirige de la lumiére depuis la scene vers la caméra
(61) lelong de directions correspondant a différentes
positions parmi les positions respectives.

Systeme selon I'une quelconque des revendications
6 a 10, dans lequel une caméra (61) dans le rig (11)
comprend une surface photosensible et un écran
configuré pour empécher la lumiére provenant de la
scéne d'atteindre la surface photosensible sauf le
long d’au moins deux bandes paralléles et séparées
sur la surface photosensible.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel les images panoramiques
sont des images caractérisées par des champs de
vision larges de la sceéne qui présentent des largeurs
d’angle supérieures a la largeur d’angle normale du
champ de vision instantané d’une personne.

Systéme selon la revendication 12, dans lequel la
largeur d’angle posséde une valeur entre celle d’'une
personne et supérieure a 360°.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel les générateurs d'images
panoramiques (12) sont configurés pour générer
une pluralité de bandes (3OX(n)) supérieures a deux
et pour choisir les bandes gauche (3OL(n)) et droite
(30Rmy) parmi la pluralité de bandes.

Systéme selon I'une quelconque des revendications
1 & 14, dans lequel les générateurs d’'image pano-
ramique gauche et droite (12) comprennent une ca-
meéra (81) configurée pour enregistrer au moins une
bande d'image.
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Systéme selon la revendication 15, dans lequel les
générateurs d’'image panoramique gauche et droite
(12) comprennent un réflecteur (82) configuré pour
réfléchir des images de la scéne vers la caméra (81)
pour enregistrer ainsi au moins les bandes d’image
(30) ; et un module de commande de position de
réflecteur configuré pour positionner le réflecteur en
au moins une position pour faciliter la définition du
trajet.

Procédé pour générer une paire d’'images stéréos-
copiques comportant des image gauche (31L) et
droite (31R) d’'une scéne a partir d’'une série d'ima-
ges (30(0) de la scéne qui correspondent aux images
enregistrées par une caméra mobile (13) a partir de
différentes positions, le procédé étant caractérisé

par :

la réception de données représentatives d'une
pluralité d'images (30(0) a partir d’'un support de
stockage qui est distinct d’'un support d’enregis-
trement de la caméra;

le traitement desdites données pour déterminer
une pluralité de premiéres bandes d’images
(30Ly) et une pluralité de secondes bandes
d'images (30R(m)) ;

la réalisation d’'une mosaique de la pluralité de
premieres bandes d'images (30L,)) pour former
une image mosaique panoramigue gauche con-
tinue (31L) ; et

la réalisation d’'une mosaique de la pluralité de
secondes bandes d'images (30R(m)) pour for-
mer une image panoramique droite continue
(31R).

Procédé selon la revendication 17 et comportant la
génération de la série d'images (30;).

Procédé selon la revendication 18, dans lequel la
géneration de la série d'images (30(;) comprend la
génération de la série d'images en utilisant une tech-
nique graphique informatique prédéterminée.

Procédé selon la revendication 18 ou la revendica-
tion 19, dans lequel la génération de la série d'ima-
ges (30;) comprend la génération de la série d'ima-
ges en utilisant un rig de caméra (11).

Programme informatique comportant un moyen de
code de programme informatique pour effectuer le
procédé selon I'une quelconque des revendications
17 a 20 lorsque ledit programme est exécuté sur un
ordinateur.

Programme informatique selon la revendication 21
réalisé sur un support pouvant étre lu sur un ordina-
teur.
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y‘@. CAMERA RIG 11 IS POSITIONED SUCH THAT THE
AXIS OF MAST 14 IS PLACED AT THE CENTER OF
ROTATION FOR THE STEREOSCOPIC PANORAMA, AND
THE MOTOR CONTROL. 17 INITIALLY ENABLES THE
MOTOR 16 TO POSITION THE CAMERA 13 AT A STARTING
POINT AT WHICH THE FIRST IMAGE 30(1) WILL BE
RECORDED

(101. MOTOR CONTROL 17 NOTIFIES THE PANORAMA
MOSAIC IMAGE GENERATOR 12 THAT THE CAMERA 13 IS
APPROPRIATELY POSITIONED

(102. PANORAMA MOSAIC IMAGE GENERATOR 12
CONTROLS THE CAMERA 13 TO RECORD AN IMAGE ON
THE IMAGE RECORDING MEDIUM 21

103. PANORAMA MOSAIC IMAGE GENERATOR 12
DETERMINES WHETHER ALL OF THE IMAGES 30(1)
THROUGH 30(N) TO BE USED IN GENERATING THE LEFT
AND RIGHT PANORAMIC IMAGES 31L AND 31R FOR THE
STEREOSCOPIC PANORAMA IMAGE PAIR HAVE BEEN
RECORDED

104. PANORAMA MOSAIC IMAGE GENERATOR 12
ENABLES THE MOTOR CONTROL 17 TO, IN TURN,
CONTROL THE MOTOR 16 TO ADVANCE A STEP

105. PANORAMA MOSAIC IMAGE GENERATOR 12
IDENTIFIES THE LEFT AND RIGHT IMAGE PORTIONS
30L(n) AND 30R(n) FOR THE RESPECTIVE IMAGES 30(n)

106. PANORAMA MOSAIC IMAGE GENERATOR 12
MOSAICS SUCCESSIVE LEFT IMAGE PORTIONS 30L(n) TO

FORM THE LEFT PANORAMIC IMAGE 31L AND THE
SUCCESSIVE RIGHT IMAGE PORTIONS 30R(n) TO FORM
THE RIGHT PANORAMIC IMAGE 31R

18
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