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OMNIDIRECTIONAL IMAGE CAPTURING
METHOD AND APPARATUS PERFORMING
THE METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of Inter-
national Application No. PCT/KR2017/006419, filed Jun.
19, 2017, which claims priority to Korean Patent Applica-
tion No. 10-2017-0028745, filed on Mar. 7, 2017, the entire
contents of each which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present inventive concept relates to an omni-
directional image capturing method and an apparatus per-
forming the omnidirectional image capturing method, and
more particularly, an omnidirectional image capturing
method capable of capturing an omnidirectional image (or a
360-degree image) using a plurality of image capturing units
provided in a wearable device and an apparatus performing
the omnidirectional image capturing method.

BACKGROUND

[0003] An omnidirectional imaging system is an imaging
system capable of recording image information of all direc-
tions (360 degrees) from a particular point. Since the omni-
directional imaging system can provide very wide field-of-
view images, as compared to an existing imaging system,
the range of applications of the omnidirectional imaging
system has increasingly been broadened not only to research
fields such as the fields of computer vision and mobile
robots, but also to practical fields such as the fields of
surveillance systems, virtual reality systems, and pan-tilt-
zoom (PTZ) cameras, and video conferencing.

[0004] Various methods can be used to obtain an omnidi-
rectional image. For example, images may be obtained by
rotating one camera with respect to an optical axis that
satisfies a single view point, and an omnidirectional image
may be generated by combining the images. In another
example, a method may be used in which a plurality of
cameras are arranged into an annular structure and images
obtained by the plurality of cameras are combined. A user
may generate an omnidirectional image using various omni-
directional image processing apparatuses (or omnidirec-
tional image processing cameras) for obtaining an omnidi-
rectional image.

[0005] However, an existing omnidirectional image pro-
cessing apparatus is inconvenient to carry around and thus
has a problem in that the user may not be able to obtain
omnidirectional images naturally in his or her daily life. For
example, the existing omnidirectional image processing
apparatus is installed (or mounted) at a certain place, or held
by both hands of the user, to stably acquire an omnidirec-
tional image. Also, when image capturing is performed in a
handheld mode, an image of the user may also be captured
due to the characteristics of a 360-degree camera, so that the
image of the user may be included in an omnidirectional
image.

[0006] Thus, it is difficult for the user to acquire an
omnidirectional image easily and naturally using the exist-
ing omnidirectional image processing apparatus.
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SUMMARY

[0007] Exemplary embodiments of the present inventive
concept aim at addressing all the aforementioned problems.

[0008] Also, exemplary embodiments of the present
inventive concept aim at making an omnidirectional image
processing apparatus easy to carry around and allowing a
user to capture an omnidirectional image with both hands
free.

[0009] Also, exemplary embodiments of the present
inventive concept aim at generating a natural omnidirec-
tional image by stitching together a plurality of images
captured by a plurality of cameras at different locations.

[0010] Aspects of the present inventive concept are as
follows.
[0011] According to an aspect of the present inventive

concept, an omnidirectional image processing apparatus
includes: a plurality of image capturing units configured to
generate a plurality of images for generating an omnidirec-
tional image; and a processor configured to process the
plurality of images, wherein the plurality of images are
generated based on a plurality of image capturing lines of the
plurality of image capturing units and the plurality of image
capturing lines are imaginary lines vertically penetrating
centers of a plurality of lenses included in the plurality of
image capturing units, respectively.

[0012] According to another aspect of the present inven-
tive concept, an omnidirectional image processing method
includes: generating, by a plurality of image capturing units,
a plurality of images for generating an omnidirectional
image; and generating an omnidirectional image by process-
ing the plurality of images, wherein the plurality of images
are generated based on a plurality of image capturing lines
of the plurality of image capturing units and the plurality of
image capturing lines are imaginary lines vertically pen-
etrating centers of a plurality of lenses included in the
plurality of image capturing units, respectively.

[0013] According to exemplary embodiments of the pres-
ent inventive concept, a user can carry around an omnidi-
rectional image processing apparatus with ease and can
capture an omnidirectional image with both hands free.
[0014] Inaddition, a natural omnidirectional image can be
generated by stitching together, or correcting, a plurality of
images captured by a plurality of cameras at different
locations in the omnidirectional image processing apparatus.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a schematic view illustrating an omnidi-
rectional image processing apparatus according to an exem-
plary embodiment of the present inventive concept;

[0016] FIG. 2 is a schematic view showing the character-
istics of a plurality of image capturing units provided in an
omnidirectional image processing apparatus according to an
exemplary embodiment of the present inventive concept;

[0017] FIG. 3 is a schematic view illustrating image
capturing lines of a plurality of image capturing units
according to an exemplary embodiment of the present
inventive concept;

[0018] FIG. 4 is a schematic view illustrating image
capturing lines of a plurality of image capturing units
according to an exemplary embodiment of the present
inventive concept;
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[0019] FIG. 5 is a schematic view illustrating a method of
fixing an omnidirectional image processing apparatus
according to an exemplary embodiment of the present
inventive concept;

[0020] FIG. 6 is a schematic view illustrating an image
processing method of an omnidirectional image processing
apparatus according to an exemplary embodiment of the
present inventive concept;

[0021] FIG. 7 is a schematic view illustrating an image
capturing unit of an omnidirectional image processing appa-
ratus according to an exemplary embodiment of the present
inventive concept;

[0022] FIG. 8 is a block diagram of an omnidirectional
image processing apparatus according to an exemplary
embodiment of the present inventive concept;

[0023] FIG. 9 is a block diagram of an omnidirectional
image processing apparatus according to an exemplary
embodiment of the present inventive concept; and

[0024] FIG. 10 is a schematic view illustrating an omni-
directional image processing apparatus according to an
exemplary embodiment of the present inventive concept.

DETAILED DESCRIPTION

[0025] In the following detailed description of the present
inventive concept, references are made to the accompanying
drawings that show, by way of illustration, specific embodi-
ments in which the present inventive concept may be
practiced. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the present
inventive concept. It is to be understood that the various
embodiments of the present inventive concept, although
different from each other, are not necessarily mutually
exclusive. For example, specific shapes, structures and char-
acteristics described herein may be implemented as modified
from one embodiment to another without departing from the
spirit and scope of the present inventive concept. Further-
more, it shall be understood that the locations or arrange-
ments of individual components within each embodiment
may also be modified without departing from the spirit and
scope of the present inventive concept. Therefore, the fol-
lowing detailed description is not to be taken in a limiting
sense, and the scope of the present inventive concept is to be
taken as encompassing the scope of the appended claims and
all equivalents thereof. In the drawings, like reference
numerals refer to the same or similar elements throughout
the several views.

[0026] Hereinafter, preferred embodiments of the present
inventive concept will be described in detail with reference
to the accompanying drawings to enable those skilled in the
art to easily implement the present inventive concept.
[0027] Meanwhile, it should be understood that the term
“omnidirectional image processing apparatus” herein
encompasses a camera capable of capturing an omnidirec-
tional image (or a 360-degree image).

[0028] FIG. 1 is a schematic view illustrating an omnidi-
rectional image processing apparatus according to an exem-
plary embodiment of the present inventive concept.

[0029] The structure of the omnidirectional image pro-
cessing apparatus according to an exemplary embodiment of
the present inventive concept is as illustrated in FIG. 1.
[0030] Referring to FIG. 1, an omnidirectional image
processing apparatus 100 may have a wearable structure and
may have a necklace-like shape that can be worn around the
neck of a user. The omnidirectional image processing appa-
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ratus 100 may be in the shape of an open necklace that is
open on one side thereof, as illustrated in FIG. 1, or in the
shape of a non-open necklace. In the description that fol-
lows, it is assumed that the omnidirectional image process-
ing apparatus 100 has a U shape that is open on one side
thereof. The omnidirectional image processing apparatus
100, which is U-shaped, may be worn around the neck of the
user as a wearable device and may be able to capture an
omnidirectional image.

[0031] For convenience, it is assumed that the omnidirec-
tional image processing apparatus 100 is worn around the
neck of the user in the shape of a necklace (or in the shape
of an open necklace that is open on one side thereof or in a
U shape). However, the omnidirectional image processing
apparatus 100 may not necessarily be worn around the neck
of the user. For example, the omnidirectional image pro-
cessing apparatus 100 may acquire an omnidirectional
image by being hung on/attached to other parts of the body
of the user or an external object.

[0032] The user can wear the omnidirectional image pro-
cessing apparatus 100 around his or her neck and can thus
acquire a plurality of images for generating an omnidirec-
tional image with both hands free.

[0033] The omnidirectional image processing apparatus
100 may include a plurality of image capturing units. The
plurality of image capturing units may be provided at the
omnidirectional image processing apparatus 100 to be a
particular distance (or a predetermined distance) apart from
one another and may independently capture images in
accordance with a predetermined field of view/image cap-
turing line. The locations of the plurality of image capturing
units may be fixed in the omnidirectional image processing
apparatus 100, but may be movable so that their locations
may vary.

[0034] Forexample, the omnidirectional image processing
apparatus 100 may include three image capturing units, and
the three image capturing units may capture an omnidirec-
tional image with a predetermined field of view (e.g., 120
degrees to 180 degrees). The three image capturing units
may be first, second, and third image capturing units 110,
120, and 130.

[0035] For convenience, an omnidirectional image pro-
cessing apparatus 100 including three image capturing units
will hereinafter be described. However, the omnidirectional
image processing apparatus 100 may be modified to include
less than three, or more than three, image capturing units
(e.g., two, four, five, or six image capturing units) to capture
an omnidirectional image, without departing from the spirit
and scope of the present inventive concept.

[0036] The first, second, and third image capturing units
110, 120, and 130 may capture an image in accordance with
apredetermined field of view. At given time resources, a first
image may be generated by the first image capturing unit
110, a second image may be generated by the second image
capturing unit 120, and a third image may be generated by
the third image capturing unit 130. The first, second, and
third image capturing units 110, 120, and 130 may have a
field of view of 120 degrees or greater, and there may exist
overlapping imaging areas between the first, second, and
third images. Thereafter, an omnidirectional image may be
generated by stitching together and/or correcting the first,
second, and third images, which are captured at the given
time resources by the omnidirectional image processing
apparatus 100. The stitching and/or the correcting of a
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plurality of images may be performed by the omnidirec-
tional image processing apparatus or may be performed by
a user device (such as a smartphone) that can communicate
with the omnidirectional image processing apparatus 100.
That is, additional image processing for a plurality of images
generated may be performed by the omnidirectional image
processing apparatus 100 and/or another image processing
apparatus (such as a smartphone, a personal computer (PC),
or the like).

[0037] The characteristics of the omnidirectional image
processing apparatus and an omnidirectional image genera-
tion method will hereinafter be described.

[0038] FIG. 2 is a schematic view showing the character-
istics of a plurality of image capturing units provided in the
omnidirectional image processing apparatus according to an
exemplary embodiment of the present inventive concept.
[0039] FIG. 2 shows the characteristics of a plurality of
image capturing units provided in a U-shaped omnidirec-
tional image processing apparatus. The locations of the
plurality of image capturing units illustrated in FIG. 2 are
merely exemplary. The plurality of image capturing units
may be disposed at various locations in the omnidirectional
image processing apparatus to capture a plurality of images
for generating an omnidirectional image.

[0040] The rear of the omnidirectional image processing
apparatus is as illustrated in the upper part of FIG. 2.
[0041] First and second image capturing units 210 and
220, which are included in the omnidirectional image pro-
cessing apparatus, may be located at a curved part of the
omnidirectional image processing apparatus where curva-
ture exists. Specifically, in a case where the omnidirectional
image processing apparatus is a wearable device that can be
worn around the neck of a user, the first and second image
capturing units 210 and 220 may be provided at the curved
part of the omnidirectional image processing apparatus that
is in contact with the back of the neck of the user. For
example, the first and second image capturing units 210 and
220 may be a predetermined distance apart from a point on
the U-shaped omnidirectional image processing apparatus
with a maximum curvature (e.g., the middle part of the
U-shaped omnidirectional image processing apparatus).
[0042] The first image capturing unit 210 may capture an
image of a region including a rear left blind spot with respect
to the user’s line of sight. The second image capturing unit
220 may capture an image of a region including a rear right
blind spot with respect to the user’s line of sight. Specifi-
cally, the first image capturing unit 210 may have a first field
of' view and may capture an image of a region corresponding
to the first field of view. The second image capturing unit
220 may have a second field of view and may capture an
image of a region corresponding to the second field of view.
For example, the first and second fields of view may be 120
degrees to 180 degrees.

[0043] When image capturing is performed by the first and
second image capturing units 210 and 220, a first overlap-
ping area 215, which is the overlapping area of the first and
second fields of view, may be generated. Thereafter, an
omnidirectional image may be generated through image
stitching in consideration of the overlapping area.

[0044] The front of the omnidirectional image processing
apparatus is as illustrated in the lower part of FIG. 2.
[0045] A third image capturing unit 230 may be disposed
at the front of the omnidirectional image processing appa-
ratus. Specifically, the third image capturing unit 230 may be
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disposed at an end portion of the omnidirectional image
processing apparatus (i.e., at an end portion of the U-shaped
omnidirectional image processing apparatus). In a case
where the omnidirectional image processing apparatus is a
wearable device that can be worn around the neck of a user,
the end portion of the U-shaped omnidirectional image
processing apparatus may be located to be face forward (i.e.,
toward the direction of the user’s gaze). The omnidirectional
image processing apparatus includes first and second end
portions, and the third image capturing unit 230 may be
disposed at one of the first and second end portions.

[0046] The third image capturing unit 230 may perform
image capturing in the same direction as the direction of the
user’s gaze to capture an image of a region corresponding to
the user’s gaze.

[0047] Specifically, the third image capturing unit 230
may have a third field of view and may capture an image of
a region corresponding to the third field of view. For
example, the third field of view may be 120 degrees to 180
degrees. In a case where image capturing is performed by
the third image capturing unit 230, a second overlapping
area 225, which is the overlapping area of the first field of
view of the first image capturing unit 210 and the third field
of view of the third image capturing unit 230, may be
generated. Also, in the case where image capturing is
performed by the third image capturing unit 230, a third
overlapping area 235, which is the overlapping area of the
second field of view of the second image capturing unit 220
and the third field of view of the third image capturing unit
230, may be generated.

[0048] Due to the structural characteristics of the omnidi-
rectional image processing apparatus as a wearable device
that can be worn around the neck of the user, the first and
second image capturing units 210 and 220 may be posi-
tioned relatively higher than the third image capturing unit
230. Also, the third image capturing unit 230 may be
disposed at only one end portion of the omnidirectional
image processing apparatus.

[0049] In an existing omnidirectional image processing
apparatus, a plurality of image capturing units may be
configured to be disposed at the same height and to have a
predetermined angle, but in the omnidirectional image pro-
cessing apparatus according to an exemplary embodiment of
the present inventive concept, a plurality of image capturing
units may be configured to have different angles and to be
disposed at different heights. Thus, the first, second, and
third overlapping areas 215, 225, and 235, which are gen-
erated by a plurality of images captured by the plurality of
image capturing units of the omnidirectional image process-
ing apparatus according to an exemplary embodiment of the
present inventive concept, may have different sizes and/or
different shapes.

[0050] Thereafter, an omnidirectional image may be gen-
erated by performing image processing (such as image
stitching/correction) on the first, second, and third images
captured by the first, second, and third image capturing units
210, 220, and 230, respectively, in consideration of the first,
second, and third overlapping areas 215, 225, and 235.

[0051] The first, second, and third fields of view may be
set to be the same, or to differ from one another, without
departing from the spirit and scope of the present inventive
concept.
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[0052] FIG. 3 is a schematic view illustrating image
capturing lines of a plurality of image capturing units
according to an exemplary embodiment of the present
inventive concept.

[0053] FIG. 3 illustrates image capturing lines of a plu-
rality of image capturing units installed in an omnidirec-
tional image processing apparatus according to an exem-
plary embodiment of the present inventive concept.
Assuming that the ground is parallel to the X-Z plane formed
by the X axis and the Y axis, the plurality of image capturing
lines may be defined as lines vertically penetrating the
centers of the lenses of the plurality of image capturing units
included in the omnidirectional image processing apparatus
according to an exemplary embodiment of the present
inventive concept in a space defined by the X axis, the Y
axis, and the Z axis.

[0054] In an existing omnidirectional image processing
apparatus, a plurality of image capturing units may be
implemented at the same height at a predetermined angle
(of, for example, 120 degrees). In this case, a plurality of
image capturing lines of the plurality of image capturing
units included in the existing omnidirectional image pro-
cessing apparatus may be a plurality of lines extending in
parallel to the ground (or the X-Z plane) and having a
predetermined angle (of, for example, 120 degrees) with
respect to one another.

[0055] As already described above, in the omnidirectional
image processing apparatus according to an exemplary
embodiment of the present inventive concept, the plurality
of image capturing units may have different heights (or
locations) and different angles with respect to one another
(or the image capturing lines of the plurality of image
capturing units have different angles with respect to one
another) during image capturing. Thus, the properties of the
image capturing lines of the omnidirectional image process-
ing apparatus according to an exemplary embodiment of the
present inventive concept differ from the properties of the
image capturing lines of the existing omnidirectional image
processing apparatus.

[0056] The image capturing lines of the plurality of image
capturing units, illustrated in FIG. 3, are exemplary for
showing differences in properties (for example, in height and
angle) between the image capturing lines of the plurality of
image capturing units, resulting from the characteristics of a
wearable device. Also, the image capturing lines of FIG. 3
may be image capturing lines when a user who wears the
omnidirectional image processing apparatus according to an
exemplary embodiment of the present inventive concept
does not move or the omnidirectional image processing
apparatus according to an exemplary embodiment of the
present inventive concept is fixed in a particular state.

[0057] The upper part of FIG. 3 illustrates image capturing
lines of first and second image capturing units 310 and 320.

[0058] The first and second image capturing units 310 and
320 may be positioned relatively higher than a third image
capturing unit 330. Assuming that a user who wears an
omnidirectional image capturing apparatus around is stand-
ing in a Y-axis direction, due to the structural characteristics
of'a wearable device that can be worn the neck, a part of the
omnidirectional image capturing apparatus with curvature
(i.e., a curved/central part of a U shape) where the first and
second image capturing units 310 and 320 are disposed may
be relatively lifted up, and a leg part of the omnidirectional
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image capturing apparatus (i.e., an end part of the U shape)
where the third image capturing unit 330 is disposed may be
relatively lifted down.

[0059] For example, a first image capturing line 315 of the
first image capturing line 310 may be parallel to the X-Z
plane and may have angle 1, angle 2, and angle 3 with
respect to the X axis, the Y axis, and the Z axis, respectively,

[Tt}

at a point “a” on the Y axis.

[0060] A second image capturing line 325 of the second
image capturing unit 320 may be parallel to the X-Z plane
and may have angle 4, angle 5, and angle 6 with respect to
the X axis, the Y axis, and the Z axis, respectively, at the
point “a” on the Y axis.

[0061] Referring to the lower part of FIG. 3, a third image
capturing line 335 of the third image capturing unit 330 may
be parallel to the X-Z plane and may have angle 7, angle 8,
and angle 9 with respect to the X axis, the Y axis, and the
Z axis, respectively, at a point “b” on the Y axis. Here, b may
be a smaller value than a. The third image capturing line 335
of the third image capturing unit 330 may be parallel to the
X-Z plane and may face forward like the user’s gaze (for
example, toward a direction perpendicular to the X-Y plane).

[0062] That is, the first and second image capturing lines
315 and 325 may have the same height with respect to the
Y axis, and the third image capturing line 335 may be
positioned relatively lower than the first and second image
capturing lines with respect to the Y axis. The first, second,
and third image capturing lines 315, 325, and 335 illustrated
in FIG. 3 are exemplary image capturing lines having
different properties, and various image capturing lines other
than those set forth herein can be defined to capture an
omnidirectional image.

[0063] FIG. 4 is a schematic view illustrating image
capturing lines of a plurality of image capturing units
according to an exemplary embodiment of the present
inventive concept.

[0064] FIG. 4 illustrates image capturing lines of a plu-
rality of image capturing units, which are different from
those of FIG. 3. It is assumed that the ground is parallel to
the X-Z plane formed by the X axis and the Y axis.

[0065] The upper part of FIG. 4 illustrates image capturing
lines of first and second image capturing units 410 and 420.

[0066] The first and second image capturing units 410 and
420 may be positioned relatively higher than a third image
capturing unit 430. Assuming that a user is standing in a
Y-axis direction, due to the structural characteristics of a
wearable device that can be worn around the neck, image
capturing may be performed in a state in which a part of the
omnidirectional image capturing apparatus with curvature
(i.e., a curved part of a U shape) where the first and second
image capturing units 410 and 420 are disposed is relatively
lifted up and a leg part of the omnidirectional image cap-
turing apparatus (i.e., an end part of the U shape) where the
third image capturing unit 430 is disposed is relatively lifted
down.

[0067] Forexample, a first image capturing line 415 of the
first image capturing line 410 may be parallel to the X-Z
plane and may have angle 1, angle 2, and angle 3 with
respect to the X axis, the Y axis, and the Z axis, respectively,

[Tt}

at a point “a” on the Y axis.

[0068] A second image capturing line 415 of the second
image capturing unit 420 may be parallel to the X-Z plane
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and may have angle 4, angle 5, and angle 6 with respect to
the X axis, the Y axis, and the Z axis at the point “a” on the
Y axis.

[0069] The lower part of FIG. 4 illustrates an image
capturing line of the third image capturing unit 430.
[0070] A third image capturing line 435 of the third image
capturing unit 430 may be parallel to the X-Z plane and may
have angle 7, angle 8, and angle 9 with respect to the X axis,
the Y axis, and the Z axis, respectively, at a point “b” on the
Y axis.

[0071] Since the third image capturing unit 430 is dis-
posed at an end portion of the omnidirectional image pro-
cessing apparatus, the third image capturing line may not be
parallel to the X-Z plane or may have a predetermined angle
(of, for example, 0 to 30 degrees) with respect to the X-Z
plane.

[0072] That is, the first and second image capturing lines
415 and 425 may have the same height with respect to the
Y axis, and the third image capturing line 435 may be
positioned relatively lower than the first and second image
capturing lines 415 and 425 with respect to the Y axis. Also,
the first and second image capturing lines 415 and 425 may
be parallel to the X-Z plane, but the third image capturing
line 435 may not be parallel to the X-Z plane.

[0073] In another exemplary embodiment of the present
inventive concept, the first image capturing line of the first
image capturing unit may form angle 1' with respect to the
X-Z plane and may have angle 1, angle 2, and angle 3 with
respect to the X axis, the Y axis, and the Z axis, respectively,
starting from the point “a” on the Y axis, the second image
capturing line of the second image capturing unit may form
angle 1' with respect to the X-Z plane and may have angle
4, angle 5, and angle 6 with respect to the X axis, the Y axis,
and the 7 axis, respectively, starting from the point “a” on
the Y axis, and the third image capturing line of the third
image capturing unit may form angle 2' with respect to the
X-Z plane and may have angle 7, angle 8, and angle 9 with
respect to the X axis, the Y axis, and the Z axis, respectively,
starting from a point “b” on the Y axis.

[0074] In yet another exemplary embodiment of the pres-
ent inventive concept, the first image capturing line of the
first image capturing unit may form angle 1' with respect to
the X-Z plane and may have angle 1, angle 2, and angle 3
with respect to the X axis, the Y axis, and the 7Z axis,
respectively, starting from the point “a” on the Y axis, the
second image capturing line of the second image capturing
unit may form angle 2' with respect to the X-Z plane and
may have angle 4, angle 5, and angle 6 with respect to the
X axis, the Y axis, and the Z axis, respectively, starting from
the point “a” on the Y axis, and the third image capturing
line of the third image capturing unit may form angle 3' with
respect to the X-Z plane and may have angle 7, angle 8, and
angle 9 with respect to the X axis, the Y axis, and the Z axis,
respectively, starting from the point “b” on the Y axis.
[0075] That is, in the omnidirectional image processing
apparatus according to an exemplary embodiment of the
present inventive concept, unlike in an image processing
apparatus where the image capturing lines of a plurality of
image capturing units have the same angle with respect to
the ground at a given point on the Y axis, the image
capturing lines of a plurality of image capturing units may
be positioned at different points on the Y axis and may have
different angles with respect to the ground (or the X-Z
plane).
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[0076] FIG. 5 is a schematic view illustrating a method of
fixing an omnidirectional image processing apparatus
according to an exemplary embodiment of the present
inventive concept.

[0077] FIG. 5 illustrates a fixing structure for reducing
shake in an omnidirectional image processing apparatus (or
shake in an image captured by the omnidirectional image
processing apparatus) when a user who wears the omnidi-
rectional image processing apparatus is moving.

[0078] Referring to the upper part of FIG. 5, in an omni-
directional image processing apparatus, a fixing structure
510 for fixing a user and the omnidirectional image pro-
cessing apparatus together may be additionally provided.
[0079] For example, a structure for holding and fixing a
particular object onto the omnidirectional image processing
apparatus, such as pairs of tongs 510, may be implemented.
The user may couple his or her clothes and the omnidirec-
tional image processing apparatus using the pairs of tongs
510 and may thus prevent the omnidirectional image pro-
cessing apparatus from being moved excessively.

[0080] Also, referring to the lower part of FIG. 5, an inner
fixing structure 520 that can be attached to, and worn
around, the neck of a user may be implemented, and the
inner fixing structure 520 may be coupled to an omnidirec-
tional image processing apparatus via connectors. The inner
fixing structure 520 may be open on one side thereof so as
to be convenient to be worn on the neck of the user.
[0081] FIG. 6 is a schematic view illustrating an image
processing method of an omnidirectional image processing
apparatus according to an exemplary embodiment of the
present inventive concept.

[0082] FIG. 6 shows a method of generating an omnidi-
rectional image by stitching together images captured by a
plurality of image capturing units.

[0083] Referring to FIG. 6, as already described above,
image capturing lines of the plurality of image capturing
units may not necessarily have the same properties (such as
height and angle with respect to the ground). Due to differ-
ences in the properties of the image capturing lines of the
plurality of image capturing units, images captured by the
plurality of image capturing units may also have different
properties from one another.

[0084] The angle that an image capturing line of each of
first, second, and third image capturing units 610, 620, and
630 forms with the X-Z plane (or the ground) may vary
depending on a user’s action (such as bending backward or
forward). For example, the image capturing lines of the first
and second image capturing units 610 and 620 may face
upward to have a positive angle with respect to the X-Z
plane (or the ground), and the image capturing line of the
third image capturing unit 630 may face downward to have
a negative angle with respect to the X-Z plane (or the
ground).

[0085] In this case, image 1 (615) captured by the first
image capturing unit 610 and image 2 (625) captured by the
second image capturing unit 620 may have an inversely
trapezoidal shape that becomes wider in a positive Y-axis
direction. On the other hand, image 3 (635) captured by the
third image capturing unit 630 may have a trapezoidal shape
that becomes wider in a negative Y-axis direction.

[0086] Image 1 (615) and image 2 (625), which are
inversely trapezoidal in shape, and image 3 (635), which is
trapezoidal in shape, may be stitched together by the omni-
directional image processing apparatus, and as a result, an
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omnidirectional image may be generated. As already
described above, a first overlapping area 650 of image 1
(615) and image 2 (625), a second overlapping area 660 of
image 1 (615) and image 3 (635), and a third overlapping
area 630 of image 2 (625) and image 3 (635) may have
different shapes. That is, unlike in the case of an existing
omnidirectional image processing apparatus, the images
captured by the plurality of image capturing units may have
different shapes, and when the shapes of the captured images
are different from one another, the overlapping areas of the
captured images may have different properties. In one exem-
plary embodiment of the present inventive concept, an
omnidirectional image may be generated by stitching
together the first, second, and third overlapping areas 660,
670, and 680, which have different shapes.

[0087] For example, a feature point in each overlapping
area may be used to stitch together a plurality of images
captured by the omnidirectional image processing apparatus.
For example, in order to stitch the first and second images
together, a first feature point may be extracted from an object
in the first overlapping area 660 included in image 1 (615),
and a second feature point may be extracted from the same
object in the first overlapping area 660 included in the
second image. Thereafter, the first and second feature points
may be matched to stitch Image 1 (615) and image 2 (625)
together.

[0088] Forexample, in the omnidirectional image process-
ing apparatus according to an exemplary embodiment of the
present inventive concept, scale invariant feature transform
(SIFT)-based feature point extraction and image stitching
may be performed. In SIFT, feature points are detected by
locating the centers of regions that are darker or brighter
than their surroundings through Difference-of-Gaussian
(DoG), and descriptors may be generated using the sur-
rounding pixels of each of the feature points and using
main-direction components and 128-or 64-dimensional vec-
tors. Thereafter, matching may be performed on the feature
points based on the descriptors of the feature points, and
image stitching may be performed. SIFT-based feature point
extraction is merely an example of a method for feature
point extraction and image stitching, and other various
methods may be used to perform feature point extraction and
image stitching.

[0089] According to an exemplary embodiment of the
present inventive concept, feature points may be extracted
only for some objects for faster image processing. For
example, the omnidirectional image processing apparatus
may extract feature points first for an object whose feature
points can be easily extracted from each overlapping area,
rather than for a background part (such as a mountain, the
sky, or the like) whose feature points cannot be easily
extracted from each overlapping area, and may then perform
matching for feature points.

[0090] Also, in a case where feature points cannot be
found from a particular overlapping area within a predeter-
mined amount of time (e.g., in a case where the number of
valid feature points is less than a critical value), the omni-
directional image processing apparatus according to an
exemplary embodiment of the present inventive concept
may change the overlapping field of view of image capturing
units and may thus allow an object whose feature points can
be easily extracted to be included in each overlapping area.
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[0091] FIG. 7 is a schematic view illustrating an image
capturing unit of an omnidirectional image processing appa-
ratus according to an exemplary embodiment of the present
inventive concept.

[0092] FIG. 7 illustrates an operation of an image captur-
ing unit implemented in an omnidirectional image process-
ing apparatus. The image capturing unit may be imple-
mented at a particular location on the omnidirectional image
processing apparatus, and the lens of the image capturing
unit may be fixed so that an image capturing line thereof
may be fixed. However, the image capturing unit may be
movable over the omnidirectional image processing appa-
ratus, and the direction faced by the lens in the image
capturing unit (or the direction of the image capturing line)
may change.

[0093] Referring to FIG. 7, the locations of a plurality of
image capturing units in an omnidirectional image process-
ing apparatus may change. For example, a structure 750 for
moving an image capturing unit 700 may be implemented in
the omnidirectional image processing apparatus. For
example, the structure for moving the image capturing unit
700, such as a rail/groove, may be provided, and the image
capturing unit 700 may be movable along the structure 750
for moving the image capturing unit.

[0094] Forexample, the omnidirectional image processing
apparatus may change the location of the image capturing
unit 700 to adjust each overlapping area. For example, for
the convenience of image stitching, the location of the image
capturing unit 700 may be changed, and each overlapping
area may be adjusted.

[0095] Alternatively, the location of the image capturing
unit 700 may be changed in consideration of the movement
of a user. Due to the characteristics of the omnidirectional
image processing apparatus as a wearable device, the omni-
directional image processing apparatus may perform image
capturing for generating an omnidirectional image, while the
user is moving. The location of the image capturing unit 700
may be changed in consideration of the characteristics of the
movement of the user in order to correct heterogeneity
between, or shake in, images that may be caused by the
continuous movement of the user.

[0096] Also, for the adjustment of each overlapping area,
the direction of an image capturing line 720 of a lens
included in the image capturing unit 700 may be changed.
For example, for the convenience of image stitching, the
direction of the image capturing line 720 of the lens included
in the image capturing unit 700 may be changed, and each
overlapping area may be adjusted.

[0097] Also, the direction of the image capturing line 720
of the lens included in the image capturing unit 700 may be
changed in consideration of the movement of the user. Due
to the characteristics of the omnidirectional image process-
ing apparatus as a wearable device, the omnidirectional
image processing apparatus may generate an omnidirec-
tional image, while the user is moving. The image capturing
line 720 of the lens included in the image capturing unit 700
may be changed in consideration of the characteristics of the
movement of the user in order to correct heterogeneity
between, or shake in, images that may be caused by the
continuous movement of the user.

[0098] FIG. 8 is a block diagram of an omnidirectional
image processing apparatus according to an exemplary
embodiment of the present inventive concept.
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[0099] FIG. 8 illustrates the functional elements of the
omnidirectional image processing apparatus when image
processing is performed not in the omnidirectional image
processing apparatus, but in a separate user device (e.g., a
smartphone).

[0100] Referring to FIG. 8, an image processing system
may include an omnidirectional image capturing part 800, a
sensor part 810, an image processing part 820, a storage part
830, a communication part 840, and a processor 850.

[0101] The omnidirectional image capturing part 800 may
be configured to capture an omnidirectional image. The
omnidirectional image capturing part 800 may include a
plurality of image capturing units for capturing an omnidi-
rectional image. As already described above, the plurality of
image capturing units may include first, second, and third
image capturing units.

[0102] The sensor part 810 may be configured to sense
motion information of a user. As a wearable device, the
omnidirectional image processing apparatus may cause
shake in each image depending on the movement of the user.
The motion information of the user, sensed and generated by
the sensor part 810, may be transmitted to a user device (e.g.,
a smartphone) for performing image processing and may
thus be used for correcting any shake in each image.

[0103] Also, the sensor part 810 may be configured to
sense a current image-capturing environment. For example,
the sensor part 810 may sense information regarding the
image-capturing environment (e.g., brightness (or lumi-
nance) or the like) of an image captured by each of the
plurality of image capturing units. The result of the sensing
may be transmitted to the user device (e.g., a smartphone)
for performing image processing and may thus be used to
correct differences in luminance between a plurality of
images.

[0104] The current image-capturing environment may not
be sensed by the sensing part 810. Instead, feature informa-
tion of each image may be extracted by the user device for
performing image processing, and differences in image
properties (e.g., luminance) between a plurality of images
may be corrected based on the feature information.

[0105] The image processing part 820 may be configured
to process a plurality of images captured by the plurality of
image capturing units. The image processing part 820 may
collect the images captured by the plurality of image cap-
turing units and may transmit them to the communication
part 840.

[0106] The storage part 830 may be configured to store the
images captured by the plurality of image capturing units.

[0107] The communication part 840 may be configured for
communication between the omnidirectional image process-
ing apparatus and an external device. For example, the
communication part 840 the communication part 840 may
be configured to transmit information regarding the images
captured by the plurality of image capturing units and the
sensing information generated by the sensing part 810 to the
omnidirectional image processing apparatus and the user
device (e.g., a smartphone or a virtual reality (VR)
machine).

[0108] The processor 850 may be configured to control
operations of the omnidirectional image capturing part 800,
the sensor part 810, the image processing part 820, the
storage part 830, and the communication part 840.
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[0109] A driving part (not illustrated) may be configured
for driving the plurality of image capturing units and/or
lenses of the plurality of image capturing units.

[0110] In the example of FIG. 8, it is assumed that the
omnidirectional image processing apparatus transmits the
plurality of images captured by the plurality of image
capturing units to the user device (e.g., a smartphone) and
the user device generates an omnidirectional image by
performing image processing (e.g., image stitching/correc-
tion) on the plurality of images. However, the omnidirec-
tional image processing apparatus may generate an omnidi-
rectional image through image processing.

[0111] FIG. 9 is a block diagram of an omnidirectional
image processing apparatus according to an exemplary
embodiment of the present inventive concept.

[0112] FIG. 9 illustrates the functional elements of the
omnidirectional image processing apparatus.

[0113] Referring to FIG. 9, an image processing system
may include an omnidirectional image capturing part 900,
an image processing part 920, a correction part 925, a
storage part 930, a communication part 940, and a processor
950.

[0114] The omnidirectional image capturing part 900 may
be configured to capture an omnidirectional image. The
omnidirectional image capturing part 900 may include a
plurality of image capturing units for capturing an omnidi-
rectional image. As already described above, the plurality of
image capturing units may include first, second, and third
image capturing units.

[0115] A sensor part 910 may be configured to sense
motion information of a user and thus to generate motion
information. As a wearable device, the omnidirectional
image processing apparatus may cause shake in each image
depending on the movement of the user. The image pro-
cessing part 920 may correct shake in each image based on
the motion information of the user, sensed and generated by
the sensor part 910.

[0116] Also, the sensor part 910 may be configured to
sense an image-capturing environment and thus to generate
image-capturing environment information. The image-cap-
turing environment of the plurality of image capturing units
provided in the omnidirectional image processing apparatus
may vary depending on the location of light (e.g., the sun).
The sensor part 910 may sense information regarding the
image-capturing environment (e.g., brightness (or lumi-
nance) or the like) of an image captured by each of the
plurality of image capturing units. The result of the sensing
may be used to correct differences in luminance between a
plurality of images.

[0117] The image processing part 920 may be configured
to process a plurality of images captured by the plurality of
image capturing units and thus to generate an omnidirec-
tional image. As already described above, the image pro-
cessing part 920 may generate an omnidirectional image by
extracting feature points from each overlapping area and
matching the feature points to stitch together images.
[0118] The image processing part 920 may further include
a correction unit 925. The omnidirectional image generated
by the image processing part 920 may be an image corrected
by the correction unit 925. The correction unit 925 may
perform correction on an omnidirectional image. For
example, the correction unit 925 may correct an image based
on the sensed motion information of the user. Also, the
correction unit 925 may correct the luminances of the
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plurality of images generated by the plurality of image
capturing units. The stitching of images having different
luminances may cause heterogeneity between the images.
Thus, the correction unit 925 may generate an omnidirec-
tional image with no heterogeneity by correcting the lumi-
nances of the plurality of images based on the luminance
information of each of the plurality of images based on
luminance information of each of the plurality of images.
Also, the correction unit 925 may compensate the plurality
of images for any movement/shake in consideration of the
motion information of the user.

[0119] The storage part 930 may be configured to store
images captured by the omnidirectional image capturing unit
or an omnidirectional image generated by the image pro-
cessing patt.

[0120] The communication part 940 may be configured for
communication between the omnidirectional image process-
ing apparatus and an external device. For example, the
communication part 940 may transmit an omnidirectional
image to the omnidirectional image processing apparatus or
a user device (e.g., a smartphone or a VR machine).
[0121] The processor 950 may be configured to control
operations of the omnidirectional image capturing part 900,
the image processing part 920, the correction unit 925, the
storage part 930, and the communication part 940.

[0122] A driving part (not illustrated) may be configured
to drive the plurality of image capturing units and/or lenses
of the image capturing units.

[0123] FIG. 9 illustrates a method in which the omnidi-
rectional image processing apparatus generates an omnidi-
rectional image through image processing. However, alter-
natively, only some image processing steps may be
performed in the omnidirectional image processing appara-
tus, and other image processing steps may be performed in
a user device (e.g., a smartphone) connected to the omni-
directional image processing apparatus.

[0124] FIG. 10 is a schematic view illustrating an omni-
directional image processing method according to an exem-
plary embodiment of the present inventive concept.

[0125] Referring to FIG. 10, it is assumed that image
processing (e.g., image stitching or correction) for forming
an omnidirectional image is performed in a user device, but
as already described above, image processing may be per-
formed in an omnidirectional image processing apparatus
and/or a user device connected to the omnidirectional image
processing apparatus, and these exemplary embodiments all
fall within the scope of the present inventive concept.
[0126] Referring to FIG. 10, image-related information (or
image-related data) for generating an omnidirectional image
is generated by an omnidirectional image processing appa-
ratus (S1000).

[0127] For example, a plurality of image information may
be generated by a plurality of image capturing units of the
omnidirectional image processing apparatus. Also, user
motion information/image-capturing environment informa-
tion may be generated by a sensor part. The location of at
least one of the plurality of image capturing units may be
positioned relatively lower than the other image capturing
units with respect to the ground.

[0128] A plurality of images may be generated by a
plurality of image capturing lines of the plurality of image
capturing units. The plurality of image capturing lines may
be imaginary lines vertically penetrating the centers of a
plurality of lenses included in the plurality of image cap-
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turing units, respectively. As already described above, the
angle that at least one of the plurality of image capturing
lines forms with the ground may differ from the angle that
the other image capturing lines form with the ground.

[0129] At least one of the plurality of images may be in a
first shape, and the other images may be in a second shape.
An omnidirectional image may be generated by extracting
feature points from each overlapping area formed by the first
shape and the second shape and stitching together the first
and second shapes.

[0130] The omnidirectional image processing apparatus
transmits the image-related information to a user device
(S1010).

[0131] The omnidirectional image processing apparatus
may transmit the image-related information to the user
device via a communication part.

[0132] The user device generates an omnidirectional
image based on the image-related information through
image processing (S1020).

[0133] The user device may perform image processing for
generating an omnidirectional image based on the image-
related information. Specifically, image stitching/correction
may be performed on the plurality of images.

[0134] More specifically, the sensor part may include a
three-dimensional (3D) accelerator and a 3D gyroscope.
That is, the sensor part may include a 6-axis accelerator/
gyroscope. Values for the distance from the 6-axis accelera-
tor/gyroscope and the degree of misalignment with the
6-axis accelerator/gyroscope may be determined for the
plurality of image capturing units, which are at fixed loca-
tions. For example, if the coordinates of a virtual origin are
set to (0, 0), the 6 axis accelerometer/gyroscope and each
individual image sensor may be set to particular pairs of
coordinates. In response to the shake of the omnidirectional
image processing apparatus, a calculation part may calculate
the moving averages of the plurality of image capturing
units relative to the coordinates of the virtual origin The
moving averages may be calculated based on information
relative to the virtual origin, extracted from the 6-axis
accelerometer/gyroscope. The user device may perform
image stabilization on the plurality of images based on the
moving averages.

[0135] During image processing, the exposure/color val-
ues of the plurality of images captured by the plurality of
image capturing units are acquired, and exposure/color
value information of each of the images is fed back to the
plurality of image capturing units such that the plurality of
images can be corrected to have a similar range of exposure/
color values. Also, the direction of a user’s gaze upon a VR
image may be calculated, and differences in color and
exposure may be calculated by applying a weight to a part
of'the VR image that the user gazes at based on the result of
the calculation. Color and exposure errors between input
images may be variably corrected based on the plurality of
images captured by the plurality of image capturing units. In
a VR environment, unlike in a typical image environment
where a part of an image that the user actually gazes at
cannot be identified, the direction of the user’s gaze can be
identified. Thus, the level of importance in a spherical space
may be calculated based on the user’s gazing point, and an
entire image may be corrected by weighting the level of
importance during color/exposure correction for each image.
In this manner, an omnidirectional image may be generated.
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[0136] The above-described exemplary embodiments of
the present inventive concept may be implemented in the
form of a program command that can be performed through
various computer components, and may be recorded on a
computer-readable storage medium. The computer-readable
storage medium may include a program command, a data
file, and a data structure individually or a combination
thereof. The program command recorded in the computer-
readable storage medium may be specially designed and
configured for the present inventive concept, or may be
known to those skilled in a computer software field to be
used. Examples of the computer-readable storage medium
include a magnetic medium such as a hard disk, a floppy
disk, and a magnetic tape, an optical medium such as a
CD-ROM and a DVD, a magneto-optical medium such as a
floptical disk, and a hardware device such as a ROM, a
RAM, and a flash memory, that are specially configured to
store and perform program commands. Examples of the
program commands may include a machine code generated
by a compiler and a high-level language code that can be
executed in a computer using an interpreter. The hardware
device may be configured as at least one software-module in
order to perform the operations of the present inventive
concept, and vice versa.
[0137] While the present inventive concept has been
described with reference to specific details, such as detailed
components, specific embodiments, and drawings, these are
only examples to facilitate the overall understanding of the
present inventive concept and the present inventive concept
is not limited thereto. It will be understood by those skilled
in the art that various modifications and changes can be
made from the descriptions above.
[0138] Therefore, the spirit of the present inventive con-
cept is defined not by the detailed description of the present
inventive concept, but by the appended claims, and encom-
passes all modifications and equivalents that fall within the
scope of the appended claims.
What is claimed is:
1. An omnidirectional image processing apparatus com-
prising:
aplurality of image capturing units configured to generate
a plurality of images for generating an omnidirectional
image; and
a processor configured to process the plurality of images,
wherein
the plurality of images are generated based on a plurality
of image capturing lines of the plurality of image
capturing units,
the plurality of image capturing lines are imaginary lines
vertically penetrating centers of a plurality of lenses
included in the plurality of image capturing units,
respectively,
an angle that at least one of the plurality of image
capturing lines forms with an X-Z plane in an X-Y-Z
coordinate space is different from an angle that the
other image capturing lines form with the X-Z plane,
and
at least one of the plurality of image capturing units is
positioned relatively lower than the other image cap-
turing units with respect to a Y axis in the X-Y-Z
coordinate space.
2. The omnidirectional image processing apparatus of
claim 1, wherein
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the omnidirectional image processing apparatus is a wear-
able device that can be worn on the neck of a user and
has a U shape with a side thereof opened,

the plurality of image capturing units include first, second,
and third image capturing units,

the first and second image capturing units are a predeter-
mined distance apart from each other with respect to a
center of the U shape,

the third image capturing unit is disposed at an end
portion of the U shape,

the first image capturing unit captures an image of a rear
left area with respect to a direction of the user’s gaze,

the second image capturing unit captures an image of a
rear right area with respect to the direction of the user’s
gaze, and

the third image capturing unit captures an image of an
area including the direction of the user’s gaze.

3. The omnidirectional image processing apparatus of

claim 1, wherein

the omnidirectional image processing apparatus is a wear-
able device that can be worn on the neck of a user and
has a U shape with a side thereof opened,

the plurality of image capturing units include first, second,
and third image capturing units,

the plurality of image capturing lines include first, second,
and third image capturing lines,

the first image capturing unit captures an image based on
the first image capturing line,

the second image capturing unit captures an image based
on the second image capturing line,

the third image capturing unit captures an image based on
the third image capturing line,

an angle that the first and second image capturing lines
form with the X-Z plane is different from an angle that
the third image capturing line forms with the X-Z
plane, and

the third image capturing unit is positioned relatively
lower than the first and second image capturing units
with respect to the Y axis.

4. The omnidirectional image processing apparatus of

claim 1, wherein

at least one of the plurality of images is in a first shape,

the other images are in a second shape, and

the omnidirectional image is generated by extracting
feature points from each overlapping area formed by
the first and second shapes and stitching together the
first and second shapes.

5. The omnidirectional image processing apparatus of

claim 4, wherein

the plurality of image capturing lines include first, second,
and third image capturing lines,

the first shape is an inversely trapezoidal shape,

the second shape is a trapezoidal shape,

the first image capturing unit generates a first image
having the first shape,

the second image capturing unit generates a second image
having the first shape,

the third image capturing unit generates a third image
having the second shape,

a first overlapping area between the first and second
images, a second overlapping area between the second
and third images, and a third overlapping area between
the first and third images have different shapes, and
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the omnidirectional image is generated by stitching
together the first, second, and third overlapping areas.
6. An omnidirectional image processing method compris-
ing:
generating, by a plurality of image capturing units of an
omnidirectional image processing apparatus, a plurality
of'images for generating an omnidirectional image; and
generating an omnidirectional image by processing the
plurality of images,
wherein
the plurality of images are generated based on a plurality
of image capturing lines of the plurality of image
capturing units,
the plurality of image capturing lines are imaginary lines
vertically penetrating centers of a plurality of lenses
included in the plurality of image capturing units,
respectively,
an angle that at least one of the plurality of image
capturing lines forms with an X-Z plane in an X-Y-Z
coordinate space is different from an angle that the
other image capturing lines form with the X-Z plane,
and
at least one of the plurality of image capturing units is
positioned relatively lower than the other image cap-
turing units with respect to a Y axis in the X-Y-Z
coordinate space.
7. The omnidirectional image processing method of claim
6, wherein
the omnidirectional image processing apparatus is a wear-
able device that can be worn on the neck of a user and
has a U shape with a side thereof opened,
the plurality of image capturing units include first, second,
and third image capturing units,
the first and second image capturing units are a predeter-
mined distance apart from each other with respect to a
center of the U shape,
the third image capturing unit is disposed at an end
portion of the U shape,
the first image capturing unit captures an image of a rear
left area with respect to a direction of the user’s gaze,
the second image capturing unit captures an image of a
rear right area with respect to the direction of the user’s
gaze, and
the third image capturing unit captures an image of an
area including the direction of the user’s gaze.
8. The omnidirectional image processing method of claim
7, wherein
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the omnidirectional image processing apparatus is a wear-
able device that can be worn on the neck of a user and
has a U shape with a side thereof opened,

the plurality of image capturing units include first, second,
and third image capturing units,

the first and second image capturing units are a predeter-
mined distance apart from each other with respect to a
center of the U shape,

the third image capturing unit is disposed at an end
portion of the U shape,

the first image capturing unit captures an image of a rear
left area with respect to a direction of the user’s gaze,

the second image capturing unit captures an image of a
rear right area with respect to the direction of the user’s
gaze, and

the third image capturing unit captures an image of an
area including the direction of the user’s gaze.

9. The omnidirectional image processing method of claim

6, wherein

at least one of the plurality of images is in a first shape,

the other images are in a second shape, and

the omnidirectional image is generated by extracting
feature points from each overlapping area formed by
the first and second shapes and stitching together the
first and second shapes.

10. The omnidirectional image processing method of

claim 9, wherein

the plurality of image capturing lines include first, second,
and third image capturing lines,

the first shape is an inversely trapezoidal shape,

the second shape is a trapezoidal shape,

the first image capturing unit generates a first image
having the first shape,

the second image capturing unit generates a second image
having the first shape,

the third image capturing unit generates a third image
having the second shape,

a first overlapping area between the first and second
images, a second overlapping area between the second
and third images, and a third overlapping area between
the third and first images have different shapes, and

the omnidirectional image is generated by stitching
together the first, second, and third overlapping areas.

11. A computer-readable recording medium having

recorded thereon a computer program for executing the
omnidirectional image processing method of any one of
claims 6 through 10.



