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coding by reconstructing an icosahedron panorama image are provided. The
method includes: dividing patches forming a top part and a bottom part, re-
spectively, in development figure of an icosahedron panorama image, from
patches forming a middle part; reconstructing the divided patches on a2-di-
l mensional plane so that patches having a high correlation are placed adjacent
to each other; and encoding the re— constructed patches.
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Description

IVIETHOD AND APPARATUS FOR ENCODING AND

DECODING AN ICOSAHEDRON PANORAMA IMAGE
Technical Field
The present invention relates to encoding and decoding of moving pictures. More
particularly, the present invention relates to a method of and apparatus for effii:iently
performing encoding and decoding by reconstructing patches of an icosahedron
panorama moving picture.
Background Art
An omni-directional video camera system i a camera system that is capable of
taking 360-degree omni-directional images from a fixed viewpoint. The omni-di- .

rectional video camera system takes omni-directional images by mounting and using a
special shape mirror such as a hyperboloid mirror, a special lens such as a fish eye
lens, or by using a plurality of cameras.

A 3-dimensional realistic broadcasting system is presented as an example of an
omni-directional video coding applications for use with such a system . In the
3-d1mens:onal rea]lstlc broadcasting system, all i image information on views from

various viewpoints in a baseball game and the like, for exaruple, is provided to viewer
terminals. That is, a variety of image information itemns, including the view from the
pitcher, the view from the catcher, the view from the batter, the view from the audience
sitting near first base, are provided to the viewcxs Viewers can select a desired

v1ewpomt and view the image from that viewpoint.

An image photographed by the omni-directional camera system has a characteristic
corresponding to a 3-dimensional spherical environment. Accordingly, a 3-dimensional
image taken by the omni-directional camera system is converted into a 2-dimensional
plane image. At this time, the 2-dimensional plane image becomes a panorama image
comammg the omni-directional image. Onml—dxrectlonal video codmg is performed for

the 2-dimensional panorama image.

Generally, the panorama image has a size rnuch larger than that of a conventional
2-dimensional image, and in order to transmit a quality image, requires an excessively

. large bandwidth. Accordingly, it is very important to efficiently code the image.

Research on a variety of methods for processing the omni-directional image is
currently being conducted. In particular, when an icosahedron image is applied to
video coding, the developed or resulting figure is formed using 20 equilateral-
triangle-shaped patch images, as shown in FIG. 1, and matches relatively accurately
with a sphere. Accordingly, the panorama image processing bas become a popular
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research area.

FIG. 2 illustrates a conventional method of coding an icosahedron panorama
image. First, a boundary line such as a rectangle marked with dotted lines for an
icosahedron is set, and macroblocks are arranged to include all of the boundary line.
Then, the icosahedron panorama image is coded in units of blocks.

Black colored blocks are blocks outside the icosahedron having no image
information. When encoding and decoding are performed, a skip operation is performed
for the black colored blocks.

White colored blocks are blocks inside the icosahedron that are coded using a
conventional frame unit coding method. However, gray colored blocks are located on
the boundaries of respective patches, and if the conventional frame unit coding
technique is used, a lot of high frequency components occur on the boundary such that
the coding efficiency is quickly degraded.

For example, in order to process the icosahedron panorama image of FIG. 2, a
total of 288 macroblocks comprising 24 blocks in width and 12 blocks in length should
be processed, and among them, 109 macroblocks on the boundary part should be
processed, which means that low efficiency coding is performed in 38% of the
macroblocks. For example, in order to process patches 1, 5,9, 13, and 17 of the top
part, 47 macroblocks out of a total 96 macroblocks are on the boundary part, which
means that low efficiency coding is performed in about 49% of the macroblock on the
top part.

Therefore, a need exists for an apparatus and method of efficiently processing an
icosahedron panorama image. Specifically, a need exists for efficiently processing the
macroblocks of an icosahedron panorama image.

Disclosure of Invention

According to an exemplary aspect of the present invention, there is provided a
method of encoding a polyhedron panorama image with polygonal patches, the method
comprising:

reconstructing patches on the boundary of the development figure of the
polyhedron panorama image on a 2-dimensional plane such that patches having a high
spatial correlation are disposed adjacent to each other; and

encoding the reconstructed patches.

In reconstructing the patches, the S patches forming the top part may be
reconstructed on a 2-dimensional plane such that among 5 sides shared in the

icosahedron in a 3-dimensional space, 4 sides are shared.

N:\Melboune\Cases\Patent\7 1000-7 1999\P7 1429. AU\Specis\P7 1429.AU Specification 2008-12-17.doc 23/02/09
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In two patches each sharing only one side with another patch as the result of the
reconstruction, the method may further comprise copying part of each of two patches
and generating one equilateral triangle patch out of the copied parts such that the side
that are shared in the icosahedren in the 3-dim.ensional space and are not shared in the
reconstruction result are included, and inserting the generated patch between the
patches reconstructed on the 2-dimensional plane such that S sides are shared in the
same manner as in the icosahedron of the 3-dimensional space. This method is applied
to the bottom part in the same manner.

Meanwhile, in the development figure of the middle part, the right part of the
patch in the rightmost end may be copied and inserted such that the part shares one side
with the patch in the leftmost end, and the left part of the patch in the leftmost end may
be copied and inserted such that the part shares one side with the patch in the rightmost
end.

According to another exemplary aspect of the present invention, there is
provided an apparatus for encoding an icosahedron panorama image with polygonal
patches, the apparatus comprising:

an image division unit for dividing patches forming a top part and a bottom part,
respectively, of the development figure of the icosahedron panorama image from
patches forming a middle part;

an image reconstruction unit for reconstructing the patches divided by the image
division unit on a 2-dimensional plane such that patches having a high spatial
correlation are disposed adjacent to each other; and

an image encoding unit for encoding the reconstructed patches.

The image reconstruction unit may reconstruct the 5 patches forming the top
part on a 2-dimensional plane such that among 5 sides shared in the icosahedron in a
3-dimensional space, 4 sides are shared.

In two patches each sharing only one side with another patch as the result of the
reconstruction, the image reconstruction unit may copy part of each of two patches;
generate one equilateral triangle patch out of the copied parts such that the side that are
shared in the icosahedron in the 3-dimensional space and are not shared in the
reconstruction result are included, and insert the generated patch between the patches
reconstructed on the 2-dimensional plane such that 5 boundary surfaces are shared in
the same manner as in the icosahedron of the 3-dimensional space. This method is

applied to the bottom part in the same manner.

N:Welboume\Cases\Patent\7 1000-7 1999\P71429.AUNSpecis\P71429.AU Specification 2008-12-17.doc 23/02/09
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Meanwhile, in the development figure of the middle part, the image
reconstruction unit may copy and insert the right part of the patch in the rightmost end
such that the part shares one side with the patch in the leftmost end, and copy and insert
the left part of the patch in the leftmost end such that the part shares one side with the
patch in the rightmost end.

According to still another exemplary aspect of the present invention, there is
provided a method of decoding an icosahedron panorama image with polygonal
patches, the method comprising:

receiving and decoding a stream obtained by encoding patches reconstructed
such that patches having a high spatial correlation are disposed adjacent to each other,

restoring the patches generated as the result of the decoding, into a shape prior
to the reconstruction; and

combining the restored reconstructed patches to generate the development figure

According to yet still another exemplary aspect of the present invention, there is
provided an apparatus for decoding an icosahedron panorama image with polygonal
patches, the apparatus comprising:

an image decoding unit for receiving and decoding a stream obtained by
encoding patches reconstructed such that patches having a high spatial correlation are
disposed adjacent to each other;

an image restoration unit for restoring the patches generated as the result of the
decoding, into a shape prior to the reconstruction; and

an image combining unit for generating the development figure of the
icosahedron, by combining the restored reconstructed patches.

According to a further exemplary aspect of the present invention, there is
provided a computer readable recording medium having embodied thereon a set of
instructions for executing a method of encoding an icosahedron panorama image with
polygonal patches, the computer readable recerding medium comprises:

a first set of instructions for dividing patches forming a top part and a bottom
part, respectively, of the development figure of the icosahedron panorama image, from
patches forming the middle part;

a second set of instructions for reconstructing the divided patches on a
2-dimensional plane such that patches having high spatial correlation are disposed
adjacent to each other, and

a third set of instructions for encoding the reconstructed patches.

N:\Melboume\Cases\Patent\7 1000-7 1999\P7 1429, AU\Specis\P7 1429 AU Spacification 2008-12-17.doc 23/02/09
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According to an additional exemplary aspect of the present invention, there is
provided a computer readable recording medium having embodied thereon a set of
instructions for executing a method of decoding an icosahedron panorama image with
polygonal patches, the computer readable recording medium comprises:

a first set of instructions for receiving and decoding a stream obtained by
encoding patches reconstructed such that patches having a high spatial correlation axe
disposed adjacent to each other; a second set of instructions for restoring the patches
generated as the result of the decoding, into a shape prior to the reconstruction; and

a third set of instructions for combining the restored reconstructed patches to
generate the development figure of the icosahedron.

N:Melboume\Cases\Patent\71000-7 1999\P71429 AU\Specis\P71429.AU Specification 2008-12-17.doc 23/02/09
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Description of Drawings
FIG. 1 is a conventional development figure of an icosahedron panorama image;
FIG. 2 illustrates conventional method of coding an icosahedron panorama image;
FIG. 3 illustrates spatial correlations of equilateral patches of an icosahedron
panorama image;
FIGS. 4A and 4B are flowcharts illustrating an encoding process according to an
exemplary embodiment of the present invention;
FIGS. 5A through 5D are analytical diagrams of the top part and bottom part of an
icosahedron panorama image according to an exemplary embodiment of the present
invention,;
FIGS. 6A and 6B are diagrams illustrating improvements in coding efficiencies in a top
part and a bottom part of an icosahedron panorama image as a result of reconstructing
patches according to an exemplary embodiment of the present invention.
FIGS. 7A and 7B are diagrams illustrating improvements in coding efficiencies in the
top part and bottom part of an icosahedron panorama image as a result of reconstructing
patches according to another exemplary embodiment of the present invention;
FIGS. 8 is a diagram illustrating an improvement in a coding efficiency in the middle
part of an icosahedron panorama image as a result of reconstructing patches according
to an exemplary embodiment of the present invention,
FIG. 9 is a diagram illustrating an improvement in a coding efficiency in the middle
part of an icosahedron panorama image as a result of reconstructing patches according
to another exemplary embodiment of the present invention; and
FIG. 10 is a block diagram of an encoder and decoder according to an exemplary
embodiment of the present invention.
_ Mode for Invention

Exemplary embodiments of the present invention will now be described more
fully with reference to the accompanying drawings.

As shown in the icosahedron panorama image of FIG. 3, patches 1,5,9, 13, and
17 on the top part, patches 4, 8, 12, 16, and 20 on the bottom part, and patches 2 and 19
on the middle part are connected to each other when the icosahedron is formed.
Accordingly, there are high spatial correlations among the parts. However if the con-

N:\Melbourne\Casas\Patent\7 1000-7999\P7 1429, AU\Specis\P71429. AU Spaecification 2008-12-17.doc 23/02/09
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ventional technology is used, the patches are coded in the form of the development

figure of the icosahedron as shown in FIG. 1 without any rearrangéments. Therefore, -

the correlations cannot be applied and the coding efficiency is degraded.

FIG. 4A is a flowchart illustrating an encoding process according to an exemplary
embodiment of the present invention,

If an icosahedron panorama image is input to a decoder according to an exemplary
embodiment of the present invention in operation 410, the groups of patches forming
the top part and the bottom part are divided from the group of patches forming the
middle part in operation 420. Then, patches are reconstructed so that patches having a
large spatial with each other correlation are disposed adjacent to each other in
operation 430, and the reconstructed patches are coded in operation 440. There are a

_ variety of are exemplary methods for constructing patches havmg a high spatial

correlation, which will be described later.

FIG. 4B is a flowchart illustrating a decoding process according to an exemplary
embodiment of the present invention. In a decoder, the decoding process is performed
in the reverse order of the encoding process. That is, if a bitstream from the encoder is
received in operation 450, the received bitstream is decoded to generate patches

forming the icosahedron panorama image in operation 460. Since the generated

patches are those reconstructed in the encoder as déscribéd above, these patches are™
restored to the original form in operation 470. Finally, by combining the restored top,
middle and bottom parts, the development figure of the icosahedron panorama image is
constructed in its original form in operation 480.

FIGS. 5A and 5B are the plane view and perspectlve view, r&specuvely, of the top
part of an icosahedron.

If the top part of an icosahedron is viewed from above, the top is formed with 5
equilateral triangles as shown in FIG. 5A. As previously described, since these
triangles are all connected and have high spatial correlations, if these correlations are
used when coding is performed, the number of macroblocks is reduced and the coding

efﬁcnency can be improved. However, in order to perform coding; image patches—_* e

should be unfolded on a 2-dimensional plane, and if all patches of the top part are
connected, it becomes a cubic shape in a 3-dimensional space as shown in FIG. 5B.

~ FIGS. 5C and 5D are the development ﬁgures of the top part and the bottom part, re-

spectively, of an icosahedron panorama image. As described above, connecting all
patches of the top part and bottom part is ideal because it can reduce the number of
macroblocks on the boundary part. However, since those shapes cannot be unfolded on
a 2-dimensional plane, they cannot be coded. '

Therefore, if they are unfolded on a 2-dirensional plane, the top part has the shape

' as shown in FIG. 5C, and the bottom part has the shape shown in FIG. 5D.

SC025374PCT.tif
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FIGS. 6A and 6B are diagrams illustrating an improvement in coding efficiencies
~inthe top part and bottom part of an icosahedron panorama image as a result of-recon-
structing patches according to an exemplary embodiment of the present invention.

As shown in FIG. 6A, if only the patches of the top part are unfolded and coded
separately according to an exemplary embodiment of the present invention, it can be
noted that a number of boundary macroblocks is relatively less than that in FIG. 2. In
the case of FIG. 2, the number of boundary macroblocks to be coded in the patches on
the top part is 47, but according to the construction of the patches shown in FIG. 6A,
the number of boundary macroblocks to be coded is just 32, and the improvement of
the coding efficiency can be realized. The same: result occurs in the bottom part shown
in FIG. 6B. '

According to an exemplary embodiment of the present embodiment, though the
coding efficiency has improved compared to that in FIG. 2, the comrelations between "~
patches | and 17 in the case of the top part, and between patches 4 and 20 in case of
the bottom part are not applied. Another exemplary embodiment to utilize these cor-
relations will now be described.

FIGS. 7A and 7B are diagrams illustrating improvements in coding efficiencies in
the top part and bottom part of an icosahedron panorama image as a result of recon-

* structing patches according to another exemplary embodiment of the present invention, - - ---—-

According to this exemplary embodiment of the present invention, by using other
patches, dummy patches are generated and then, after inserting the dummy patches,
encoding and decoding are performed. When the image is displayed, by using a shape

-mask, the part corresponding to the dummy patches is removed.

That is, in case of the top part as shown in IFIG. 7A, in the half area facing patch 1,
the right half of the patch 17, which is 17b is copied and filled, and in the half area
facing patch 17, the left half of the patch 1, which is 1a is copied and filled. Then, if
encoding and decoding are performed, the number of boundary macroblocks is reduced
compared to that in FIG. 6A, as shown in FIG. 7A, such that the coding efficiency can

= - be improved: When compared to FIG: 6A; it can be seen that the number of the
boundary macroblocks is reduced to 23 from 47, that is, by more than half. This is
applicd to the bottom part as shown in FIG. 7B in the same manner. That is, in the
bottom part, in the half area facing patch 4, the right half of patch 20, which is 20b is
" copied and filled, and in the half area facing thz patch 20, the left half of the patch 4,
which is 4a is copied to generate durnmy patcbes. o

FIG. 8 is a diagram illustrating improvemeat in a coding efficiency in the middle
part as a result of reconstructing patches according to an exemplary embodiment of the
present invention.

"~ The method of coding the middle part of an icosahedron panorama image

SC025374PCT.tif
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accordmg to this exemplaly embodlment of the present mvenuon is as follows.
Since there are close correlations among equilatéral triangles forming the middle- —- ————
part, in the shape of the long parallelogram as shown in FIG. 8, some boundary
macroblocks in the leftmost side and the rightmost side occur, and these boundary
blocks can be processed by a 2-dimensional moving picture coding method. However,
there is a drawback in that the presence of a high spatial correlation between patches 2
and 19 is not utilized.
FIG. 9 is a diagram illustrating an improvement in a coding efficiency in the '
middle part as a result of reconstructing patches according to another exemplary
embodiment of the present invention.
In this exemplary embodiment of the present invention, in order to overcome the
drawback that the presence of a high spanal correlation between patches 2 and 19 is
not utilized, dummy patches are introduced. That is, in the area to the leftof the patch ™~ =~ ™~
2, the right half of the patch 19 is copied and filled, and in the area to the right of the
patch 19, the left half of the patch 2 is copied and filled. Then coding is completed, by
using a frame unit coding method for a rectangle shape. When the image is displayed,
a method of removing the part corresponding to the dummy patches by using a shape
mask can be used. Accordmg to this exemplary embodiment, the correlation between

| .patches 2 and 19 can be utilized and the boundary macroblocks can be removed such === -—

that the coding efficiency can be improved compared to the method of FIG. 8.

FIG. 10 is a block diagram of an exemplary encoder 700 and decoder 790
according to an exemplary embodiment of the present invention.

As shown in FIG. 10, the encoder 700 is formed with an image division unit 710,
an image reconstruction unit 720, a first image encoding unit 730 and a second image -
encoding unit 740.

The image division unit 710 divides patches forming the top part and the bottom
part, respectively, of the icosahedron in the development figure of the icosahedron
image panorama, from patches forming the middle part, and by using the methods

"described above, the image reconstruction unit 720 Teconstructs the equilateral
triangular patches divided by the image division unit 710, on a 2-dimensional plane
such that patches having a higher correlation are disposed adjacent to each other. The

- first image encoding unit 730 and the second image encodmg unit 740 encode the

patches reconstructed by the i image reconstruction unit 720. Since the middle paxt of

the panorama image is encoded using an exemplary method different from that for the

top and bottom parts, the two encoding units ere needed. If the top part and bottom part -
are encoded separately, then a total of 3 encoding units will be required. In this '
exemplary embodiment, the patches of the middle part are required to pass through the
image reconstruction unit 720. Also, if the paiches of the middle part divided from the -

SC025374PCT.tif
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top and bottom parts are directly encoded without inserting dummy patches, the middle
part patches can be directly input to the encoding unit from the image division unit 710.
Meanwhile, the decoder 790 comprises an image combining unit 760, an image
restoration unit 750, a first image decoding unit 735, and a second image decoding unit
745. The decoder 790 receives a bitstream obtained by encoding the icosahedmn
panorama image from the encoder 700. The first image decoding unit 735 and the
second image decoding unit 745 decode the bitstream and generate patches of the top
part, bottom part, and middle part of the icosahedron panorama image reconstructed in
the image reconstruction unit 720 of the encoder 700. The image restoration unit 750
restores the patches of the top part, bottom part, and the middle part of the icosahedron
panorama image, to the original shape prior to the reconstruction in the image
reconstruction unit 720 of the encoder. The image combining unit 760 combines patch
groups of the top part, bottom part and middle part restored by the image restoration
unit 750, into the shape of the development figure of the icosahedron prior to the
division by the image division unit 710 of the zncoder 700.

The exemplary embodiments of the present invention can be written as
computer programs and can be implemented in general-use digital computers that
execute the programs using a computer readable recording medium. Examples of the
computer readable recording medium include magnetic storage media such as read only
memory ROM, floppy disks, hard disks, and so on, optical recording media such as
compact disc (CD)-ROMs, or digital video discs (DVDs), and storage media such as
carrier waves such as transmission through the Internet.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein without
departing from the spirit and scope of the present invention as defined by the following
claims. The exemplary embodiments should be considered in a descriptive sense only
and not for purposes of limitation. Therefore, the scope of the invention is defined not
by the detailed description of the invention but by the appended claims, and all
differences within the scope will be construed as being included in the present
invention.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the
invention.

N:\Welboumne\Cases\Patent\71000-71999\P71429. AU\Specis\P7 1429.AU Spacification 2008-12-17 doc 23/02/09
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It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.
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Claims
1. A method of encoding a polyhedron panorama image with polygonal patches,
the method comprising:
reconstructing patches on the boundary of the development figure of the
polyhedron panorama image on a 2-dimensional plane such that patches having a high
spatial correlation are disposed adjacent to each other; and
encoding the reconstructed patches.

2. The method of claim 1, wherein the reconstructing of the patches comprises:
dividing patches forming a top part and a bottom part, respectively, of the
development figure of the polyhedron panorarna image, from patches forming a middle
part; and
reconstructing the divided patches on a 2-dimensional plane such that patches
having a high spatial correlation are disposed adjacent to each other.

3. The method of claim 2, wherein the polyhedron is an icosahedron with 20
equilateral triangular patches.

4. The method of claim 3, wherein in reconstructing the divided patches, the 5
patches forming the top part are reconstructed on a 2-dimensional plane such that

among 5 sides shared in the icosahedron in a 3-dimensional space, 4 sides are shared.

5. The method of claim 4, further comprising:

in two patches each sharing only one side with another patch as the result of the
reconstruction, copying part of each of the two patches and generating one equilateral
triangle patch out of the copied parts such that the side that are shared in the
icosahedron in the 3-dimensional space and arz not shared in the reconstruction result
are included; and

inserting the generated patch between the patches reconstructed on the
2-dimensional plane such that 5 sides are shared in the same manner as in the
icosahedron of the 3-dimensional space.

6. The method of claim 3, wherein in reconstructing the divided patches, the 5

patches forming the bottom part are reconstructed on a 2-dimensional plane such that

among 5 sides shared in the icosahedron in a 3-dimensional space,4 sides are shared.
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7. The method of claim 6, further comprising:

in two patches each sharing only one side with another patch as the result of the
reconstruction, copying part of each of two patches and generating one equilateral
triangle patch out of the copied parts such that the sides that are shared in the
icosahedron in the 3-dimensional space and are not shared in the reconstruction result
are included; and

inserting the generated patch between the patches reconstructed on the
2-dimensional plane such that 5 sides are shared in the same manner as in the
icosahedron of the 3-dimensional space.

8. The method of claim 3, wherein in reconstructing the divided patches, in the
development figure of the middle part, the right part of the patch in the rightmost end is
copied and inserted such that the part shares one side with the patch in the leftmost end,
and the left part of the patch in the lefimost end is copied and inserted such that the part
shares one side with the patch in the rightmost end.

9. An apparatus for encoding an icosahedron panorama image with polygonal
patches, the apparatus comprising:

an image division unit for dividing patches forming a top part and a bottom part,
respectively, of the development figure of the icosahedron panorama image, from
patches forming a middle part;

an image reconstruction unit for reconstructing the patches divided by the image
division unit on a 2-dimensional plane such that patches having a high spatial
correlation are disposed adjacent to each other; and

an image encoding unit for encoding the reconstructed patches.

10.  The apparatus of claim 9, wherein the polyhedron is an icosahedron with 20
equilateral triangular patches.

11. The apparatus of claim 9, wherein the image reconstruction unit reconstructs the
5 patches forming the top part on a 2-dimensional plane such that among 5 sides shared
in the icosahedron in a 3-dimensional space, 4 sides are shared.

12. The apparatus of claim 11, wherein in two patches each sharing only one side
with another patch as the result of the reconstruction, the image reconstruction unit

copies part of each of two patches, generates one equilateral triangle patch out of the
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copied parts such that the sides that are shared in the icosahedron in the 3-dimensional
space and are not shared in the reconstruction result are included, and inserts the
generated patch between the patches reconstructed on the 2-dimensional plane such that
5 sides are shared in the same manner as in the icosahedron of the 3-dimensional space.

13.  The apparatus of claim 10, wherein the image reconstruction unit reconstructs
the 5 patches forming the bottom part on a 2-cimensional plane such that among 5 sides
shared in the icosahedron in a 3-dimensional space, 4 sides are shared.

14.  The apparatus of claim 13, wherein in two patches each sharing only one side
with another patch as the result of the reconstruction, the image reconstruction unit
copies part of each of two patches, generates one equilateral triangle patch out of the
copied parts such that the sides that are shared in the icosahedron in the 3-dimensional
space and are not shared in the reconstruction result are included, and inserts the
generated patch between the patches reconstructed on the 2-dimensional plane such that
5 boundary surfaces are shared in the same manner as in the icosahedron of the

3-dimensional space.

15.  The apparatus of claim 10, wherein in the development figure of the middle part,
the image reconstruction unit copies and inserts the right part of the patch in the
rightmost end such that the part shares one side with the patch in the leftmost end, and
copies and inserts the left part of the patch in the lefimost end such that the part shares
one side with the patch in the rightmost end.

16. A method of decoding an icosahedron panorama image with polygonal patches,
the method comprising:

receiving and decoding a stream obtained by encoding patches reconstructed
such that patches havi'ng a high spatial correlation are disposed adjacent to each other;

restoring the patches generated as the result of the decoding, into a shape prior
to the reconstruction; and

combining the restored reconstructed patches to generate the development figure
of the icosahedron.

17. The method of claim 16, wherein the polyhedron is an icosahedron with
20 equilateral triangular patches.

N:WMelboume\Cases\Palenti7 1000-7 1999\P71429. AU\Specis\P7 1429. AU Specification 2008-12-17.doc 23/02/09




2005272280 23 Feb 2009

10

1s

20

25

30

35

-14 -

18.  The method of claim 17, wherein in the reconstruction, the 5 patches forming a
top part of the icosahedron panorama image are reconstructed such that among 5 sides
shared in the icosahedron in a 3-dimensional space, 4 sides are shared.

19.  The method of claim 18, wherein the reconstruction comprises:

in two patches each sharing only one side with another patch as the result of the
reconstruction, copying part of each of two patches and generating one equilateral
triangle patch out of the copied parts such that the sides that are shared in the
icosahedron in the 3-dimensional space and are not shared in the reconstruction result
are included; and

inserting the generated patch between the patches reconstructed on the
2-dimensional plane such that 5 sides are shared in the same manner as in the top.part
of the icosahedron of the 3-dimensional space.

20.  The method of claim 17, wherein in the: reconstruction, the 5 patches forming a
bottom part are reconstructed on a 2-dimensional plane such that among 5 sides shared

in the icosahedron in a 3-dimensional space, 4 sides are shared.

21. The method of claim 20, wherein the reconstruction comprises:

in two patches each sharing only one side with another patch as the result of the
reconstruction, copying part of each of two patches and generating one equilateral
triangle patch out of the copied parts such that the boundary surface that are shared in
the icosahedron in the 3-dimensional space and am not shared in the reconstruction
result are included; and

inserting the generated patch between the patches reconstructed on the
2-dimensional plane such that 5 sides are shared in the same manner as in the bottom
part of the icosahedron of the 3-dimensional space.

22. The method of claim 17, wherein in the reconstruction, in the development
figure of a middle part of the icosahedron panorama image, a right part of the patch in a
rightmost end is copied and inserted such that the part shares one side with the patch in
a leftmost end, and a left part of the patch in the leftmost end is copied and inserted
such that the part shares one side with the patch in the leftmost end is copied and
inserted such that the part shares one side with the patch in the right most end.
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23.  An apparatus for decoding an icosahedron panorama image with polygonal
patches, the apparatus comprising:

an image decoding unit for receiving and decoding a stream obtained by
encoding patches reconstructed such that patches having a high spatial correlation are
disposed adjacent to each other;

an image restoration unit for restoring the patches generated as the result of the
decoding, into a shape prior to the reconstruction; and

an image combining unit for generating the development figure of the
icosahedron, by combining the restored reconstructed patches.

24.  The apparatus of claim 23, wherein the polyhedron is an icosahedron with 20
equilateral triangular patches.

25.  The apparatus of claim 24, wherein in the reconstruction, 5 patches forming a
top part of the icosahedron panorama image are reconstructed on a 2-dimensional plane
such that among 5 sides shared in the icosahedron in a 3-dimensional space, 4 sides are
shared.

26. The apparatus of claim 25, wherein in the reconstruction; in two patches each
sharing only one side with another patch as the result of the reconstruction, part of each
of two patches is copied and one equilateral triangle patch is generated out of the copied
parts such that the sides that are shared in the icosahedron in the 3-dimensional space
and are not shared in the reconstruction result are included, and the generated patch is
inserted between the patches reconstructed on the 2-dimensional plane such that 5 sides
are shared in the same manner as in the bottom part of the icosahedron of the
3-dimensional space.

27.  The apparatus of claim 24, wherein in the reconstruction in the development
figure of a middle part of the icosahedron panorama image, a right part of the patch in a
rightmost end is copied and inserted such that the part shares one side with the patch in
a leftmost end, and a left part of the patch in the leftmost end is copied and inserted
such that the part shares one side with the patch in the rightmost end.

28. A computer readable recording medium having embodied thereon a set of
instructions for executing a method of encoding an icosahedron panorama image with

polygonal patches, the computer readable recording medium comprises:
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a first set of instructions for dividing patches forming a top part and a bottom
part, respectively, of the development figure of the icosahedron panorama image, from
patches forming the middle part;

a second set of instructions for reconstructing the divided patches on a
2-dimensional plane such that patches having high spatial correlation are disposed
adjacent to each other, and

a third set of instructions for encoding the reconstructed patches.

29.  The computer readable recording medium of claim 28, wherein the polyhedron
is an icosahedron with 20 equilateral triangular patches.

30. A computer readable recording mediura having embodied thereon a set of
instructions for executing a method of decoding an icosahedron panorama image with
polygonal patches, the computer readable recording medium comprises:

a first set of instructions for receiving and decoding a stream obtained by
encoding patches reconstructed such that patches having a high spatial correlation are
disposed adjacent to each other;

a second set of instructions for restoring the patches generated as the result of
the decoding, into a shape prior to the reconstruction; and

a third set of instructions for combining the restored reconstructed patches to
generate the development figure of the icosahedron.

31.  The computer readable recording medium of claim 30; wherein the polyhedron
is an icosahedron with 20 equilateral triangular patches.
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