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& (57) Abstract: Provided is a method and apparatus for encoding and decoding a multi-view image. By predicting a current picture
based on at least one of an intra (I) picture of a previous image processing block and an I picture of a current image processing block,
which is generated for a different view than a view at which the I picture of the previous image processing block is generated, and

=

at views other than a base view.

encoding the current picture based on the prediction, it is possible to prevent display quality degradation that may occur in images
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Description
METHOD AND APPARATUS FOR ENCODING AND

DECODING MULTI-VIEW IMAGE
Technical Field

[1] Apparatus and methods consistent with the present invention relate to encoding and
decoding a multi-view image, and more particularly, to encoding and decoding a multi-
view image, in which display quality degradation can be prevented for an image at any
view.

Background Art

[2] In multi-view image encoding, images input from a plurality of cameras that provide
a multi-view image are simultaneously encoded. The multi-view image is compression
encoded using temporal correlation and inter-view spatial correlation.

[3] FIG. 1 illustrates image sequences of a multi-view image according to the related art.

[4] In FIG. 1, a horizontal axis is a time axis and a vertical axis is a view axis. In multi-
view image encoding, an intra (I) picture is periodically generated for an image at a
base view and temporal prediction or inter-view prediction is performed based on
generated [ pictures, thereby predictive-encoding other pictures. An arrow direction
indicates a direction in which reference is made for prediction.

[5] Temporal prediction is performed using temporal correlation between images at the
same view, i.e., in the same row. Inter-view prediction is performed using spatial
correlation between images at the same point of time, i.e., in the same column.

[6] In FIG. 1, each row shows an image sequence at each view for a multi-view image
over time and each column shows an image sequence at views 0, 1, 2, through to 7, se-
quentially from top to bottom. The view 0 is a base view and an image sequence 110 in
the first row is at the base view. Pictures included in the image sequence 110 at the
base view are predictive-encoded using only temporal prediction without using inter-
view prediction.

[7] Each column shows multi-view images at the same point of time. Pictures included
in columns 130, 140, and 150 in which an image at the base view is an | picture are
referred to as anchor pictures. The anchor pictures are encoded using only inter-view
prediction.

[8] Referring to FIG. 1, I pictures periodically exist in the image sequence 110 at the
base view, but no I picture exists in image sequences 120 at other views. In other
words, I pictures periodically exist only in positions corresponding to anchor pictures
in the image sequence 110 at the base view.

[9] According to the related art, since image sequences 120 at views other than the base
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[12]

[13]

[14]

view are predictive-encoded without using an I picture, they are likely to suffer from
display quality degradation when compared to the image sequence 110 at the base
view. Even if spatial correlation between cameras, i.e., inter-view spatial correlation,
exists, prediction is performed without using an I picture for an image at each view. As
a result, prediction is likely to be inaccurately performed and thus display quality
degradation is likely to occur.

FIG. 2 illustrates syntax of a sequence parameter of a multi-view image according to
the related art.

First, information about the number of views of a multi-view image, i.e.,
num_views_minus_1", is set. Once 'num_views_minus_1'"is set, information about the
number of views that are referred to by each view for inter-view prediction, i.e.,
num_multiview_refs_for_listO[i]' and 'num_multiview_refs_for list1[i]’, is set. 'list0'
is a list of reference views whose numbers are less than the current view number from
among all reference views referred to by the current view, and 'listl' is a list of
reference views whose numbers are greater than the current view number from among
all the reference views.

Once the number of reference views referred to by each view is set, information
indicating each view refers to which view is set in detail. At this time, since a view
referred to by an anchor picture and a view referred to by a non-anchor picture are
different from each other, the information is set separately for the anchor picture and
the non-anchor picture. All parameters set in this way are encoded and then inserted
into a bitstream.

As illustrated in FIG. 1, in a multi-view image, reference views referred to by
pictures at each view for inter-view prediction do not change over the entire image
sequence. For example, referring to FIG. 1, in an image sequence at view 2, i.e., in the
third row, anchor pictures in columns in which I pictures exist are predictive (P)
pictures and refer only to the view 0 and non-anchor pictures do not refer to any view.
The reference view referred to by the view 2 does not change over the entire image
sequence. Similarly, in an image sequence at view 3, i.e., in the fourth row, anchor
pictures and non-anchor pictures refer to views 2 and 4 and the reference views
referred to by the view 3 do not change over the entire image sequence.

Thus, when a reference view does not change, information about a reference view
referred to by each view in a multi-view image for inter-view prediction may be set as
illustrated in FIG. 2. However, when information about a reference view changes in an

image sequence, it cannot be expressed properly with the syntax illustrated in FIG. 2.
Disclosure of Invention

Technical Solution
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Exemplary embodiments of the present invention overcome the above disadvantages
and other disadvantages not described above. Also, the present invention is not
required to overcome the disadvantages described above, and an exemplary
embodiment of the present invention may not overcome any of the problems described
above.

Advantageous Effects

As described above, according to the present invention, an I picture is generated for
an image at a different view than a base view and a multi-view image is predictive-
encoded based on the generated [ picture, thereby preventing display quality
degradation that may occur in the image at the different view than the base view.

When I pictures are generated for images at different views, information about
reference views referred to by each of the views for inter-view prediction can be
transmitted by using a sequence parameter, thereby allowing a decoding side to ef-
ficiently perform decoding.

A system according to an exemplary embodiment of the present invention can also
be embodied as computer readable code on a computer readable recording medium.
The computer readable recording medium is any data storage device that can store data
which can be thereafter read by a computer system. Examples of the computer readable
recording medium include read-only memory (ROM), random-access memory (RAM),
CD-ROMs, magnetic tapes, floppy disks and optical data storage devices. The
computer readable recording medium can also be distributed over network coupled
computer systems so that the computer readable code is stored and executed in a
distributed fashion.

While the present invention has been particularly shown and described with reference
to an exemplary embodiment thereof, it will be understood by those of ordinary skill in
the art that various changes in form and detail may be made therein without departing
from the spirit and scope of the present invention as defined by the following claims.
Description of Drawings

The above aspects of the present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to the attached drawings in
which:

FIG. 1 illustrates image sequences of a multi-view image according to the related art;

FIG. 2 illustrates syntax of a sequence parameter of a multi-view image according to
the related art;

FIG. 3 illustrates image sequences of a multi-view image according to an exemplary
embodiment of the present invention;

FIG. 4 is a block diagram of an apparatus for encoding a multi-view image according
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[35]
[36]

[37]

to an exemplary embodiment of the present invention;

FIG. 5 is a flowchart of a method of encoding a multi-view image according to an
exemplary embodiment of the present invention;

FIG. 6 illustrates syntax of a slice parameter of a multi-view image according to an
exemplary embodiment of the present invention;

FIG. 7 is a flowchart of a process of generating a sequence parameter of a multi-view
image according to an exemplary embodiment of the present invention;

FIG. 8A illustrates syntax of a sequence parameter of a multi-view image according
to an exemplary embodiment of the present invention;

FIG. 8B illustrates a view difference index according to an exemplary embodiment of
the present invention;

FIG. 8C illustrates the generation of information about reference views according to
an exemplary embodiment of the present invention;

FIG. 9 is a block diagram of an apparatus for decoding a multi-view image according
to an exemplary embodiment of the present invention; and

FIG. 10 is a flowchart of a method of decoding a multi-view image according to an
exemplary embodiment of the present invention.

Best Mode

The present invention provides a method and apparatus for encoding and decoding a
multi-view image, in which display quality degradation can be prevented for any view
of the multi-view image, a method and apparatus for encoding information about
reference views for inter-view prediction, and a computer-readable recording medium
having recorded thereon a program for executing the methods.

According to one aspect of the present invention, there is provided a method of
encoding a multi-view image. The method includes generating an intra (I) picture of a
current image processing block for a different view than a view at which an I picture of
a previous image processing block is generated, predicting a current picture based on at
least one of the I picture of the previous image processing block and the I picture of the
current image processing block, and encoding the current picture based on the
prediction.

The I pictures may be anchor pictures at different times.

The predicting of the current picture may include predicting the current picture by
performing temporal prediction or inter-view prediction based on at least one of the I
picture of the previous image processing block and the I picture of the current image
processing block.

The inter-view prediction may be performed by referring to pictures at reference
views referred to by a view including the current picture for the inter-view prediction,

and the reference views may be determined according to a view at which the I picture
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[44]

of the current image processing block is generated.

According to another aspect of the present invention, there is provided an apparatus
for encoding a multi-view image. The apparatus includes an interprediction unit
predicting a current picture based on at least one of an intra (I) picture of a previous
image processing block and an I picture of a current image processing block, which is
generated for a different view than a view at which the I picture of the previous image
processing block is generated, and an encoding unit encoding the current picture based
on the prediction.

The encoding unit may encode information about the view at which the I picture of
the current image processing block is generated.

According to another aspect of the present invention, there is provided a method of
encoding a multi-view image. The method includes generating information indicating
that at least one intra (I) picture for a plurality of views from among total views of the
multi-view image is generated and the multi-view image is predictive-encoded based
on the generated I pictures, and inserting the generated information into a bitstream for
the multi-view image.

The generation of the information may include generating information about
reference views referred to by each of the total views of the multi-view image for inter-
view prediction, and the reference views may be determined according to a view at
which each of the I pictures for each image processing block of the multi-view image
is located.

According to another aspect of the present invention, there is provided an apparatus
for encoding a multi-view image. The apparatus includes an information generation
unit generating information indicating that at least one intra (I) picture for a plurality of
views from among total views of the multi-view image is generated and the multi-view
image is predictive-encoded based on the generated [ pictures, and an information
insertion unit inserting the generated information into a bitstream for the multi-view
image

According to another aspect of the present invention, there is provided a method of
decoding a multi-view image. The method includes reconstructing an intra (I) picture
of a current image processing block for a different view than a view at which an [
picture of a previous image processing block is reconstructed, predicting a current
picture based on at least one of the I picture of the previous image processing block
and the I picture of the current image processing block, and reconstructing the current
picture based on the prediction.

The predicting of the current picture may include predicting the current picture by
performing temporal prediction or inter-view prediction based on at least one of the I

picture of the previous image processing block and the I picture of the current image
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processing unit.

The inter-view prediction may be performed by referring to pictures at reference
views referred to by a view including the current picture for the inter-view prediction
according to information about reference views, which is inserted into a bitstream for
the multi-view image, and the information about the reference views may be
determined according to a view at which the I picture of the current image processing
block is generated.

According to another aspect of the present invention, there is provided an apparatus
for decoding a multi-view image. The apparatus includes a decoding unit receiving a
bitstream including data about a current picture and extracting the data about the
current picture from the received bitstream, an interprediction unit predicting the
current picture based on at least one of an intra (I) picture of a previous image
processing block and an I picture of a current image processing block, which is re-
constructed at a different view than a view at which the I picture of the previous image
processing block is reconstructed, and a reconstruction unit reconstructing the current
picture based on the data about the current picture and the prediction.

According to another aspect of the present invention, there is provided a computer-
readable recording medium having recorded thereon a program for executing the
method of encoding a multi-view image and the method of decoding a multi-view
image.

Mode for Invention

Hereinafter, exemplary embodiments of the present invention will be described in
detail with reference to the accompanying drawings. It should be noticed that like
reference numerals refer to like elements illustrated in one or more of the drawings. In
the following, a detailed description of known functions and configurations in-
corporated herein will be omitted for conciseness and clarity.

FIG. 3 illustrates image sequences of a multi-view image according to an exemplary
embodiment of the present invention. In FIG. 3, as in FIG. 1, a horizontal axis is a time
axis and a vertical axis is a view axis. According to the related art, an intra (I) picture is
periodically generated for an image at a base view and temporal prediction or inter-
view prediction is performed based on generated I pictures, thereby predictive-
encoding other pictures.

However, according to the exemplary embodiment of the present invention, an [
picture is generated for images at views other than the base view, i.e., a view 0, and
temporal prediction or inter-view prediction is performed based on the generated I
picture, thereby predictive-encoding other pictures.

By generating an I picture for images at views other than the base view as well as an

image at the base view, it is possible to prevent display quality degradation that may
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occur in the images at views other than the base view during predictive encoding.

Referring to FIG. 3, the apparatus according to an exemplary embodiment of the
present invention encodes the multi-view image in predetermined image processing
units. First, predictive-encoding is performed on initial pictures 310 at different views.
The initial pictures 310 at different views are generated by performing inter-view
prediction based on I pictures generated at reference views.

More specifically, predictive (P) pictures are generated for images at views 2, 4, 6,
and 7 using unidirectional inter-view prediction, and bidirectionally predictive (B)
pictures are generated for images at views 1, 3, and 5 using bidirectional inter-view
prediction. The initial pictures 310 are predicted based on an I picture generated for the
base view.

After prediction with respect to an initial image processing block, i.e., the initial
pictures 310, is finished, prediction is performed on the next image processing block.
In multi-view encoding, a group of successive picture from a picture that temporally
immediately follows a previous I picture 311 to a current I picture 321 is referred to as
a group of pictures (GOP) 350 and a block including GOPs at different views is known
as a group of GOPs (GGOP). In FIG. 3, group of successive pictures from a picture
that temporally immediately follows the current I picture 321 to a next I picture 331 is
also a GOP 360. The apparatus according to an exemplary embodiment of the present
invention performs predictive-encoding using a GGOP as an image processing block.

The apparatus according to an exemplary embodiment of the present invention
generates the I picture 321 for an image at a different view than a base view 0 at which
the I picture 311 is generated, e.g., an image at a view 1. In other words, the apparatus
generates the I picture of the current image processing block 320 for an image at a
different view than a view at which the I picture 311 of the previous image processing
block 310 is generated. Similarly, an I picture 331 of the next image processing block
330 is generated for an image at a different view than a view at which the I picture 321
of the current image processing block 320 is generated, e.g., an image at the view 2.

Once the I picture 321 of the current image processing block 320 is generated,
temporal prediction or inter-view prediction is performed based on the generated I
picture 321 of the current image processing block 320 and the I picture 311 of the
previous image processing block 310, thereby predictive-encoding the other pictures of
the current image processing block 320. In other words, the other pictures are
predictive-encoded by performing temporal prediction or inter-view prediction based
on the I pictures. Temporal prediction or inter-view prediction may further be
performed based on the predicted pictures.

Intervals at which an I picture is generated for an image at a different view than the

base view are not limited, or an I picture may be non-periodically generated. Al-
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ternatively, [ pictures may be generated for images only at a plurality of specific views,
instead of for images at all views in a multi-view image. For example, I pictures may
be generated for images at all views at an interval of a single GOP as illustrated in FIG.
3, but I pictures may also be non-periodically generated for images only at a plurality
of particular views, i.e., views 0, 4, and 7.

When I pictures are generated for images at a plurality of views and the multi-view
image is predictive-encoded based on the generated I pictures, the position of a
reference view for inter-view prediction changes.

For example, referring to FIG. 1, a reference view for inter-view prediction of
pictures included in an image sequence at a view 6 does not change.

Anchor pictures among total pictures included in the image sequence at the view 6
refer only to pictures at a view 4 and thus the reference view is the view 4. Non-anchor
pictures from among the total pictures are referred to by pictures at other views without
referring to any view. Such a characteristic is maintained without being changed for
other image processing units.

However, referring to FIG. 3, in an image sequence 340 at the view 6, an anchor
picture 341 included in the current image processing block 320 refers to a picture at the
view 7 and non-anchor pictures included in the current image processing block 320
refer to pictures at the views 5 and 7 for inter-view prediction. However, an anchor
picture 342 included in the next image processing block 330 refers to a picture at the
view 4 and non-anchor pictures included in the next image processing block 330 are
referred to by pictures at other views without referring to any view.

The reason why the position of a reference picture for inter-view prediction changes
in a single image sequence is that the I pictures 321 and 331 included in different
image processing units are generated for images at different views. Since the I picture
321 is generated for an image at the view 1 in the current image processing block 320
and the I picture 331 is generated for an image at the view 2 in the next image
processing block 330, the position of a reference view referred to by the view 6
changes with a change in image processing block.

Thus, a method capable of encoding information about a reference view for each
view, whose position changes with a view at which an I picture is generated, is
required. Such a method suggested in the present invention will be described later in
detail with reference to FIGS. 8A through 8C.

FIG. 4 is a block diagram of an apparatus 400 for encoding a multi-view image
according to an exemplary embodiment of the present invention.

Referring to FIG. 4, the apparatus 400 includes an intraprediction unit 410, an inter-
prediction unit 420, an encoding unit 430, a reconstruction unit 440, a filtering unit

450, a frame memory unit 460, an information generation unit 470, and an information
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insertion unit 480.

In order to intrapredict an I picture of a current image processing block, the in-
traprediction unit 410 performs intraprediction on an image at a different view than a
view at which an I picture of a previous image processing block is generated. The
apparatus 400 can generate I pictures for images at views other than a base view as il-
lustrated in FIG. 3. Thus, the intraprediction unit 410 performs intraprediction on
images at different views than a base view (view 0).

The generated intrapredicted image is subtracted from the original image, thereby
generating a residue. The generated residue is encoded by the encoding unit 430 by
discrete cosine transformation (DCT) and quantization. The encoded residue undergoes
inverse quantization and inverse DCT and is then added to the intrapredicted image in
the reconstruction unit 440, thereby reconstructing the I picture.

The reconstructed I picture is deblocking-filtered by the filtering unit 450 and is then
stored in the frame memory unit 460 in order to be used for prediction of other
pictures. The frame memory 460 stores the I picture of the previous image processing
block as well as the I picture of the current image processing block, and the stored I
pictures are referred to when the interprediction unit 420 performs temporal prediction
or inter-view prediction.

The interprediction unit 420 predicts the current picture based on the I pictures stored
in the frame memory unit 460. In other words, the interprediction unit 420 predicts the
current picture based on at least one of the I picture of the previous image processing
block and the I picture of the current image processing block, in which the I pictures
are generated for images at different views. Here, each of the I pictures may be
generated as an anchor picture in each of the current image processing block and the
previous image processing block. Temporal prediction or inter-view prediction is
performed based on the I pictures, thereby predicting the current picture.

As described above with reference to FIG. 3, in image sequences of a multi-view
image according to an exemplary embodiment of the present invention, a reference
view referred to by views for inter-view prediction is determined according to a view
at which an I picture is generated in each image processing unit. Thus, the inter-
prediction unit 420 first determines the position of a view at which an I picture is
generated in the current image processing block, determines a reference view based on
the determined position, and performs inter-view prediction by referring to pictures at
the determined reference view.

The picture that is temporal-predicted or inter-view-predicted by the interprediction
unit 420 is subtracted from the original picture in order to generate a residue and the
generated residue is encoded by the encoding unit 430.

When the encoding unit 430 encodes the current picture, it also encodes information
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about a view at which an I picture is generated in the current image processing block.
When the inter-view prediction encoded current picture is decoded, a decoding side

has to know the position of a view at which an I picture is generated in the current
image processing block. This is because the position of a reference view used for inter-
view prediction changes with the position of a view at which an I picture is generated
in the current image processing unit. Thus, information about a view at which an I
picture of the current image processing block is generated is also encoded and
transmitted for each picture.

The information generation unit 470 generates I pictures for images at a plurality of
views from among all views of a multi-view image and generates information
indicating that the multi-view image is predictive-encoded based on the generated |
pictures.

As illustrated in FIG. 3, the information generation unit 470 generates I pictures for
images at views other than a base view and generates information indicating that
pictures of a multi-view image are predictive-encoded based on the generated 1
pictures.

The information generated by the information generation unit 470 also includes in-
formation about reference views referred to by each view for inter-view prediction.

Although the encoding unit 430 encodes information about a view at which an |
picture of the current image processing block is generated for each picture, a decoding
side cannot instantly specify a reference view referred to by the current picture for
inter-view prediction. In other words, in addition to information about a view at which
an | picture of the current image processing block is generated, information about
reference views referred to by each view when the I picture is generated at the view
has to be also transmitted to the decoding side.

Thus, the information generation unit 470 generates information about reference
views referred to for inter-view prediction by each view that is determined according
to the view at which the I picture is generated. A way to generate information about
reference views will be described later in detail with reference to FIGS. 7 through 8C.

The information insertion unit 480 inserts information generated by the information
generation unit 470 into a bitstream. A sequence parameter including the information
generated by the information generation unit 470 is generated and is inserted into the
bitstream.

FIG. 5 is a flowchart of a method of encoding a multi-view image according to an
exemplary embodiment of the present invention.

In operation 510, the apparatus for encoding a multi-view image according to the
exemplary embodiment of the present invention generates an I picture 321 for a current

image processing block at a different view than a view at which an I picture 311 for a
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previous image processing block is generated. If an I picture is generated for an image
only at a base view, i.e., a view 0, and pictures at views other than the view 0 are
predictive-encoded, display quality degradation may occur in images at the views other
than the view 0. For this reason, I pictures are generated for images at views other than
the base view and pictures of the multi-view image are predictive-encoded based on
the generated I pictures.

In operation 520, the apparatus predicts the current picture based on at least one of
the I picture of the current image processing block, which is generated in operation
510, and a previously generated I picture of the previous image processing block.
Prediction may be performed using one or both of the two I pictures. The current
picture is predicted using temporal prediction or inter-view prediction.

In operation 530, the apparatus encodes the current picture based on the prediction of
operation 520. More specifically, a prediction value for the current picture obtained in
operation 520 is subtracted from the original value, thereby generating a residue, and
the generated residue is encoded.

In order to provide information about reference views referred to by the current
picture for inter-view prediction to a decoding side, information about a view, at which
there is an I picture for the current image processing block, is also encoded , and will
now be described with reference to FIG. 6.

FIG. 6 illustrates syntax of a slice parameter of a multi-view image according to an
exemplary embodiment of the present invention.

Referring to FIG. 6, a slice parameter according to the exemplary embodiment of the
present invention includes information about a view at which an I picture of the current
image processing block is generated in addition to a related art slice parameter.

In FIG. 6, 'I_frame_position' is information about a view at which an I picture is
generated. Information about a view at which an I picture is generated is encoded as a
parameter and is transmitted for the current picture or for each slice, so as to allow the
decoding side to refer to the information.

FIG. 7 is a flowchart of a process of generating a sequence parameter of a multi-view
image according to an exemplary embodiment of the present invention. As mentioned
above, even when information about a view at which the I picture of the current image
processing block is encoded and transmitted for each picture of the multi-view image,
the decoding side cannot instantly specify a reference view referred to by the current
picture for inter-view prediction. Thus, a sequence parameter specifying a reference
view determined according to a view at which the I picture of the current image
processing block is generated has to be separately encoded and transmitted to a
decoding side.

Referring to FIG. 7, in operation 710, the apparatus for encoding a multi-view image
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determines whether I pictures are generated for images at a plurality of views and the I
pictures are predictive-encoded based on the generated I pictures.

In other words, it is determined whether I pictures are periodically or non-pe-
riodically generated for a plurality of views instead of periodically generating an I
picture for a base view like in the related art.

In operations 720 and 730, information indicating that at least one or more I pictures
are generated for a plurality of views and that the multi-view image is predictive-
encoded based on the generated I pictures according to the exemplary embodiment
present invention is generated. The generated information includes information about
reference views referred to by each view for inter-view prediction.

If it is determined that the I pictures are not generated for the plurality of views in
operation 710, a sequence parameter of the multi-view image corresponding to |
pictures that are not generated for the plurality of views is generated in operation 720.

As in the sequence parameter illustrated in FIG. 2, the information about reference
views is generated separately for anchor pictures and non-anchor pictures at each view.
However, according to an exemplary embodiment of the present invention, as il-
lustrated in FIG. 8A, even when the I pictures are not generated for the plurality of
views, 'flexible_I_frame_position_flag' is set in order to indicate whether the | pictures
are generated for the plurality of views. For example, 'flexible I frame position_flag'
is set to '1' when the I pictures are generated for the plurality of views, and
'flexible_I frame_position_flag' is set to '0' when the I picture is generated only for the
base view as in operation 420.

Moreover, according to an exemplary embodiment of the present invention, a view
difference, instead of a view number, is used to generate the information about
reference views. By setting and encoding the information about reference views using
a view difference from each view to its reference view, compression efficiency in
terms of encoding a sequence parameter can be improved.

In order to directly use a view number, a large amount of bits may be required in
order to encode a large view number such as a view 7. However, by setting a sequence
parameter using a view difference between each view and its reference view, the
sequence parameter can be encoded into a small amount of bits.

If it is determined that the I pictures are generated for the plurality of views in
operation 710, the sequence parameter of the multi-view image corresponding to |
pictures generated for the plurality of views is generated in operation 730.

As described in operation 720, 'flexible_I_frame_position_flag' is set in order to
indicate that the I pictures are generated for the plurality of views. Next, information
about reference views referred to by each view of the multi-view image according to

each of the I pictures is generated.
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In operation 740, the apparatus inserts the sequence parameter generated in operation
720 or 730 into a bitstream.

FIG. 8A illustrates syntax of a sequence parameter of a multi-view image according
to an exemplary embodiment of the present invention.

Referring to FIG. 8A, a parameter indicating the number of views of the multi-view
image, i.e., num_views_minus_1", is set first. Since view numbers start from 0,
num_views_minus_1" indicating a number obtained by subtracting 1 from a view
number is the last view number. In order to indicate that the I pictures are generated for
the plurality of views, 'flexible_I_frame_position_flag' is determined.

Once 'flexible_I_frame_position_flag' is determined, 'diff_view_idc' indicating in-
formation about a view difference is determined, as will now be described with
reference to FIG. 8B.

FIG. 8B illustrates a view difference index according to an exemplary embodiment of
the present invention.

Referring to FIG. 3, in the image sequence 340 at the view 6, the anchor picture 341
included in the current image processing block 320 refers to the view 7 and the non-
anchor pictures included in the current image processing block 320 refers to the views
5 and 7 for inter-view prediction.

In this case, a view difference from the view 6 to the view 5 is -1 and a view
difference from the view 6 to the view 7 is +1. If the view 6 refers to the view 4 for
inter-view prediction, a view difference from the view 6 to the view 4 is -2.

Preferably, but not necessarily all possible view differences may be used after being
indexed, as will be described below with reference to FIG. 8B.

Thus, if 'diff_view_idc' is set as illustrated in FIG. 8B, 'diff_view_idc' is only an
index indicating a view difference and respectively corresponds to each actual view
difference such as -2, +2, -1, or +1.

Referring back to FIG. 8A, after view difference indices are set up, information about
reference views is generated according to 'flexible_I_frame_position_flag'. If
‘flexible_I_frame_position_flag' is 0, i.e., indicates that I pictures are not generated for
a plurality of views, information about reference views of 'list0" and information about
reference views of 'listl' are generated separately for anchor pictures and non-anchor
pictures.

As in FIG. 2, 'listQ' is a list of reference views whose numbers are less than the
current view number from among all reference views referred to by the current view,
and 'list]" is a list of reference views whose numbers are greater than the current view
number from among all the reference views. In this case, information about reference
views may be generated by indexing a view difference using the view difference index

'diff_view_idc' illustrated in FIG. 8B. FIG. 8A illustrates syntax of a sequence
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parameter when information about reference views is generated after a view difference
is indexed.

[108] Since the position of an I picture is fixed to a base view, a reference view referred to
by each view does not change over the entire image sequence. Thus, information about
the number of reference views of 'list0' and information about the number of reference
views of 'list]' are determined for each view.
num_diff_view_idc_multiview_refs_for_listO[i]', which indicates the number of
reference views of 'listQ', is determined and
num_diff_view_idc_multiview_refs_for list1[i]’, which indicates the number of
reference views of 'listl’, is determined. Next, information about reference views of
1ist0" and reference views of 'listl' is determined separately for anchor pictures and
non-anchor pictures.

[109] More specifically, using a view difference index, 'diff_view_idc_anchor_referenc
e_for_list_O[i][j]', which indicates information about reference views of 'list0’', which
are referred to by an anchor picture, is set and 'diff_view_idc_non_anchor_
reference_for_list_O[i][j]', which indicates information about reference views of 'list0’,
which are referred to by a non-anchor picture, is set.

[110] Likewise, using a view difference index,
'diff_view_idc_anchor_reference_for_list_1[i][j]', which indicates information about
reference views of 'listl’, which are referred to by an anchor picture, is set and
'diff_view_idc_non_anchor_ reference_for_list_1[i][j]’, which indicates information
about reference views of 'listl’, which are referred to by a non-anchor picture, is set.

[111] If 'flexible I frame position_flag'is 1, i.e., I pictures are generated for a plurality of
views, the position of a reference view referred to by each view changes according to
the position of a view at which an I picture is generated. Thus, information about
reference views has to be set for each view according to a view at which the I picture
of the current image processing block is generated.

[112] First, when an I picture is generated at a view 0, i.e., for i=0, information about the
number of reference views of 'listQ" and information about reference views of 'listl' are
generated for each view. 'num_diff_view_idc_multiview_anchor_refs_for_listO[i][j]' is
information about the number of reference views of 'list0', which are referred to by an
anchor picture, and 'num_diff_view_idc_multiview_non_ anchor_refs_for_listO[i][j]' is
information about the number of reference views of 'listQ)', which are referred to by a
non-anchor picture. 'num_diff_view_idc_multiview_anchor_refs_for_list1[i][j]' is in-
formation about the number of reference views of 'listl', which are referred to by an
anchor picture, and 'num_diff_view_idc_multiview_non_ anchor_refs_for_list1[i][j] is
information about the number of reference views of 'listl', which are referred to by a

non-anchor picture.



15

WO 2008/044889 PCT/KR2007/004987

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Once information about the number of reference views is set, information about
reference views referred to by an anchor picture and reference views referred to by a
non-anchor picture is set using a view difference index. The information about the
reference views of 'list0’, which are referred to by an anchor picture, is set to
'diff_view_idc_anchor_reference_for_list_O[i][j][k] by using a view difference index,
and the information about the reference views of 'list0', which are referred to by a non-
anchor picture, is set to 'diff_view_idc_non_anchor_reference_for_list_O[i][j][k]' by
using a view difference index. Likewise, the information about the reference views of
1ist]’, which are referred to by an anchor picture, is set to
'diff_view_idc_anchor_reference_for_list_1[i][j][k] by using a view difference index,
and the information about the reference views of 'listl’, which are referred to by a non-
anchor picture, is set to 'diff_view_idc_non_anchor_reference_for_list_1[i][j][k]' by
using a view difference index.

By applying a process of setting syntaxes, which is performed when the I picture is
generated at the view 0, to cases where the | picture is generated at the view 1, at the
view 2, and at the view 3, and so on, the generation of information about reference
views according to a view, at which the I picture of the current image processing block
is generated, is completed.

FIG. 8C illustrates the generation of information about reference views according to
an exemplary embodiment of the present invention. Information about reference views
referred to by the view 5 in the next image processing block 330 illustrated in FIG. 3
will be taken as an example.

In FIG. 8C, the generation of information about reference views referred to by the
view 5 for inter-view prediction is taken as an example. The B picture refers to the P
picture at the view 4 for inter-view prediction. To this end, the B picture has to also
refer to the I picture at the view 2 and the P picture at the view 6. The position of a
view at which an I picture is generated in the current image processing block is the
view 2, and thus i=2.

As a result, reference views of 'list0', which are referred to by the B picture, are the
view 4 and the view 2, a view difference between the view 5 and the view 4 is -1, and a
view difference from the view 4 to the view 2 is -2. When those view differences are
compared with view difference indices illustrated in FIG. 8B, a view difference of -1
corresponds to 'diff_view_idc=2"and a view difference of -2 corresponds to
'diff_view_idc=0'".

Thus, 'num_diff view_idc_multiview_anchor_refs_for_listO[2][5] is 2,
'diff_view_idc_anchor_reference_for_list_O[2][5][0]"is 2, and
'diff_view_idc_anchor_reference_for_list_O[2][5][1] is O.

A reference view of 'listl', which is referred to by the B picture, is the view 6, and
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thus a view difference between the view 5 and the view 6 is +1 and 'diff view idc'is
3. Therefore, 'num_diff view_idc_ multiview_anchor_refs_for list1[2][5] is 1 and
'diff_view_idc_anchor_ reference_for_list_1[2][5][0] is 3.

FIG. 9 is a block diagram of an apparatus 900 for decoding a multi-view image
according to an exemplary embodiment of the present invention.

Referring to FIG. 9, the apparatus 900 includes an information extraction unit 910, a
decoding unit 920, a reconstruction unit 930, a filtering unit 940, a frame memory unit
950, an intraprediction unit 960, and an interprediction unit 970.

The information extraction unit 910 extracts information about reference views from
a received bitstream. According to an exemplary embodiment the present invention,
the position of a reference view referred to by each view for inter-view prediction
changes with the position of a view at which an I picture is generated in an image
processing block, i.e., a GGOP. Thus, a sequence parameter, including information
about reference views determined according to a view at which the I picture of the
current image processing block is generated, is extracted from the bitstream.

The intraprediction unit 960 generates I pictures for images at different views based
on the information about reference views, extracted by the information extraction unit
910. If it is determined that I pictures are generated for a plurality of views and a multi-
view image is predictive-encoded based on the generated I pictures according to the
extracted information, the intraprediction unit 960 performs intraprediction for the
different views, thereby reconstructing the I pictures. To this end, the intraprediction
unit 960 refers to 'flexible_I_frame_position_flag' of a parameter. Preferably, the in-
traprediction unit 960 predicts I pictures as anchor pictures.

The frame memory unit 950 stores pictures used by the interprediction unit 970 for
temporal prediction or inter-view prediction. Pictures referred to by the current picture
for inter-view prediction are determined according to the information about reference
views, extracted by the information extraction unit 910. Thus, a reference view is
specified according to the extracted information and pictures at the specified reference
view are stored in order to be used by the interprediction unit 970 for inter-view
prediction.

Since the frame memory unit 950 stores only the pictures at the reference view
specified by the extracted information, the multi-view image can be efficiently
predictive-encoded with the frame memory 950 having a small capacity.

The interprediction unit 970 performs temporal prediction or inter-view prediction on
the current picture by referring to the pictures stored in the frame memory unit 950. In
particular, the interprediction unit 970 performs inter-view prediction by referring to
the pictures at the reference view specified according to the extracted information.

When an I picture of the current image processing block and an I picture of the
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previous image processing block are generated at different views, temporal or inter-
view prediction is performed based on the I pictures, thereby predicting the current
picture.

An image predicted by the intraprediction unit 960 and the interprediction unit 970 is
transmitted to the reconstruction unit 930. The reconstruction unit 930 reconstructs the
current picture using data about the current picture, extracted by the encoding unit 920,
i.e., data about a residue, and the predicted image. The predicted image is added to an
inversely quantized and inversely discrete cosine transformed residue. The re-
constructed current picture is deblocking-filtered by the filtering unit 940 and then
stored in the frame memory unit 950 for prediction of another picture.

FIG. 10 is a flowchart of a method of decoding a multi-view image according to an
exemplary embodiment of the present invention.

In operation 1010, the apparatus for decoding a multi-view image according to the
exemplary embodiment of the present invention reconstructs an I picture of the current
image processing block for a different view than a view at which an I picture of a
previous image processing block is generated. The reconstructed I pictures are
generally anchor pictures and the image processing block is a GGOP.

In operation 1020, the apparatus predicts the current picture based on the I picture of
the current image processing block, reconstructed in operation 1010, and the I picture
of the previous image processing unit. By performing temporal prediction or inter-view
prediction based on the I pictures, the current picture is predicted. By further
performing temporal prediction or inter-view prediction based on other pictures
predicted based on I pictures, the current picture may also be predicted.

Inter-view prediction may be performed by referring to information about reference
views, included in a sequence parameter of a bitstream. According to the present
invention, the position of a reference view changes with the position of an I picture in
an image processing unit. Thus, a view at which the I picture of the current image
processing block is generated is determined and a reference view is specified based on
the determined view. Thereafter, inter-view prediction is performed by referring to
pictures at the specified reference view.

In operation 1030, the apparatus reconstructs the current picture based on the
prediction performed in operation 1020. Data about the residue for the current picture
is extracted from the bitstream and the extracted data is added to the predicted image,
thereby reconstructing the current picture.

The I picture, the P picture, and the B picture are used for convenience of ex-
planation. Thus, it would be easily understood by those of ordinary skill in the art that
the present invention may also be applied to a slice block, i.e., an I slice, a P slice, and

a B slice.
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Claims

1. A method of encoding a multi-view image, the method comprising:
generating an intra (I) picture of a first image processing block for a different
view than a view at which an I picture of a second image processing block is
generated;

predicting a first picture based on at least one of the I picture of the second image
processing block and the I picture of the first image processing block; and
encoding the first picture based on the prediction.

2. The method of claim 1, wherein the I pictures are anchor pictures at different
times.

3. The method of claim 1, wherein the predicting the first picture comprises
predicting the first picture by performing temporal prediction or inter-view
prediction based on at least one of the I picture of the second image processing
block and the I picture of the first image processing block.

4. The method of claim 3, wherein the inter-view prediction is performed by
referring to pictures at reference views referred to by a first view including the
first picture for the inter-view prediction,

wherein the reference views are determined according to a second view at which
the I picture of the first image processing block is generated.

5. The method of claim 4, wherein the encoding the current picture comprises
encoding information about the second view at which the I picture of the current
image processing unit is generated.

6. An apparatus for encoding a multi-view image, the apparatus comprising:

an interprediction unit which predicts a first picture based on at least one of an
intra (I) picture of a second image processing block and an I picture of a second
image processing block, which is generated for a different view than a view at
which the I picture of the second image processing block is generated; and

an encoding unit which encodes the current picture based on the predictions.

7. The apparatus of claim 6, wherein the I pictures are anchor pictures at
different times.

8. The apparatus of claim 6, wherein the interprediction unit predicts the first
picture by performing at least one of temporal prediction and inter-view
prediction based on at least one of the I picture of the second image processing
block and the I picture of the first image processing unit.

9. The apparatus of claim 8, wherein the inter-view prediction is performed by
referring to pictures at reference views referred to by a view including the first

picture for the inter-view prediction, and
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wherein the reference views are determined according to a view at which the I
picture of the first image processing unit is generated.

10. The apparatus of claim 9, wherein the encoding unit encodes information
about the view at which the I picture of the first image processing unit is
generated.

11. A method of encoding a multi-view image, the method comprising:
generating information indicating that at least one intra (I) picture for a plurality
of views from among total views of the multi-view image is generated and the
multi-view image is predictive-encoded based on the generated I pictures; and
inserting the generated information into a bitstream for the multi-view image.

12. The method of claim 11, wherein the generating the information comprises
generating information about reference views referred to by each of the total
views of the multi-view image for inter-view prediction, and the reference views
are determined according to a view at which each of the I pictures for each image
processing unit of the multi-view image is located.

13. The method of claim 12, wherein the information about the reference views
includes at least one of (a) information about a reference view referred to by an
anchor picture included in each of the total views and a reference view referred
to by a non-anchor picture included in each of the total views and (b) information
about a view difference between each of the total views and its reference view.
14. The method of claim 12, wherein the inserting the generated information
comprises inserting a sequence parameter including the information about the
reference views for the multi-view image into the bitstream.

15. The apparatus for encoding a multi-view image of claim 7 further
comprising:

an information generation unit which generates information indicating that at
least one intra (I) picture for a plurality of views from among total views of the
multi-view image is generated and the multi-view image is predictive-encoded
based on the generated I pictures; and

an information insertion unit which inserts the generated information into a
bitstream for the multi-view image.

16. The apparatus of claim 15, wherein the information generation unit generates
information about reference views referred to by each of the total views of the
multi-view image for inter-view prediction, and the reference views are
determined according to a view at which each of the I pictures for each image
processing block of the multi-view image is located.

17. The apparatus of claim 16, wherein the information about the reference views

is information about a view difference between each of the total views and its
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reference view.

18. The apparatus of claim 16, wherein the information insertion unit inserts a
sequence parameter including the information about the reference views for the
multi-view image into the bitstream.

19. A method of decoding a multi-view image, the method comprising:
reconstructing an intra (I) picture of a first image processing block for a different
view than a view at which an I picture of a second image processing block is re-
constructed;

predicting a first picture based on at least one of the I picture of the second image
processing block and the I picture of the first image processing block; and
reconstructing the first picture based on the prediction.

20. The method of claim 19, wherein the I pictures are anchor pictures at
different times.

21. The method of claim 19, wherein the predicting the current picture comprises
predicting the first picture by performing at least one of temporal prediction and
inter-view prediction based on at least one of the I picture of the second image
processing unit and the I picture of the first image processing unit.

22. The method of claim 21, wherein the inter-view prediction is performed by
referring to pictures at reference views referred to by a view including the current
picture for the inter-view prediction according to information about reference
views, which is inserted into a bitstream for the multi-view image,

the information about the reference views is determined according to a view at
which the I picture of the current image processing unit is generated, and

the information about the reference views is inserted into the bitstream for the
multi-view image as a sequence parameter.

23. An apparatus for decoding a multi-view image, the apparatus comprising:

a decoding unit which receives a bitstream including data about a first picture
and extracts the data about the first picture from the received bitstream;

an interprediction unit which predicts the first picture based on at least one of an
intra (I) picture of a first image processing unit and an | picture of a second
image processing block, which is reconstructed at a different view than a view at
which the I picture of the first image processing block is reconstructed; and

a reconstruction unit reconstructing the first picture based on the data about the
first picture and the prediction.

24. The apparatus of claim 23, wherein the interprediction unit predicts the first
picture by performing at least one of temporal prediction and inter-view
prediction based on at least one of the I picture of the first image processing

block and the I picture of the second image processing block, wherein the I
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pictures are anchor pictures at different times.

25. The apparatus of claim 24, wherein the inter-view prediction is performed by
referring to pictures at reference views referred to by a view including the first
picture for the inter-view prediction according to information about reference
views, which is inserted into the bitstream for the multi-view image, and the in-
formation about the reference views is determined according to a view at which
the I picture of the second image processing block is generated and the in-
formation about the reference views is inserted into the bitstream for the multi-

view image as a sequence parameter.
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FIG. 2

seq_parameter_set_mvc_extension( ) {
num_views_minus_1
for(i = 0; i <= num_views_minus_1; i++) {
num_multiview_refs_for_listO[i]
num_multiview_refs_for_list1[i]
for( j = 0; j <num_multiview_refs_for_list0; j++ ) {
anchor_reference_view_for_list_0[i][j]
non_anchor_reference_view_for_list_0[i][j]
}
for( j = 0; j < num_multiview_refs_for_list1; j++ ) {
anchor_reference_view_for_list_1[i][j]
non_anchor_reference_view_for_list_1[i][j]

}
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FIG. S

GENERATE | PICTURE OF CURRENT IMAGE L
PROCESSING BLOCK AT DIFFERENT VIEW THANF— 510
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!
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FIG. 6

slice_layer_in_svc_mvc_extension_rbsp( ) {

if(svc_mve_flag == 1) {
if(view_level == 0) {
view_id

|_frame_position
anchor_pic_flag
}oelse {
slice_header( )
}

I else {
if ( dependency_id= =0& & quality_level= =0 ) {
if ( nal_ref_idc!=0 ) {
key_pic_flag
if ( key_pic_flag&&nal_unit_type!=21)
dec_ref_pic_marking_base()
}

}oelse {
slice_header_in_scalable_extension( )
if( slice_typel=PR )

slice_data_in_scalable_extension()
else {
if( fragmented_flag= =1 )
if( fragment_order= =0
NumBytesInPRF = 0
while( entropy_coding_mode_flag && ! byte_aligned( ) )
cabac_alignment_one_bit
if ( fragment_order | = 0 ) {
while(rbtmp_byte[ NumBytesInPRF = =0x00
NumBytesInPRF-—

NumBytesInPRF——
h

while( more_rbsp_trailing_data( ) )
rbtmp_byte[ NumBytesInPRF++ ]

if( next_nalu_not_belongs_to_current_PRF( ) )
swap_buffers( rbtmp_byte, rbsp_byte )

{
)

}
if ( fragmented_flag = = 0|
next_nalu_not_belongs_to_current_PRF ( ) )
progressive_refinement_slice_data_in_scalable_extension( )

}

if ( fragmented_flag = = 0|
next_nalu_not_belongs_to_current_PRF ( ) )

rbsp_slice_trailing_bits( )

}
}
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FIG. 7
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seq_parameter_set_mvc_extension(?) {
num_views_minus_1
flexible_|_frame_position_flag
num_diff_view_idc

for (i=0; i< num_inter_view_prediction_index) {
diff_view_idc[i]

if (flexible_|_frame_position==0){

for(i=0; i <= num_views_minus_1; i++){
num_diff_view_idc_multiview_refs_for_listO[i]
num_diff_view_idc_multiview_refs_for_list1 [i]

for(j=0; j< num_multiview_refs_for_list0; j++){
diff_view_idc_anchor_reference_for_list_0[i] [j]
diff_view_idc_non_anchor_reference_for_list_0[i][j]
}

for(j=0; | < num_multiview_refs_for_list1; j++){
diff_view_idc_anchor_reference_for_list_1[i] []]
diff_view_idc_non_anchor_reference_for_list_1[i][j]

}

else {

for(i=0; i <= num_view_minus_1; i++){

for(j=0; | <= num_view_minus_1; j++){
num_diff_view_idc_multiview_anchor_refs_for_list0[i][j]
num_diff_view_idc_multiview_non_anchor_refs_for_listO[i][j]
num_diff_view_idc_multiview_anchor_refs_for_list1[i][j]
num_diff_view_idc_multiview_non_anchor_refs_for_list1[i][j]
for(k=0; k < num_multiview_anchor_refs_for_list0; k++){
diff_view_idc_anchor_reference_for_list_0[i][j]1[k]
}
for(k=0; k < num_multiview_non_anchor_refs_for_list0; k++){
diff_view_idc_non_anchor_reference_for_list_0[i][j][k]
¥
for(k=0; k < num_multiview_anchor_refs_for_list1; k++){
diff_view_idc_anchor_reference_for_list_1[i][j][k]
}
for(k=0; k < num_multiview_anchor_refs_for_list1; k++}{
diff_view_idc_non_anchor_reference_for_list_1[i][j] [Kk]
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FIG. 8B
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FIG. 10

RECONSTRUCT | PICTURE OF CURRENT IMAGE
PROCESSING UNIT FOR DIFFERENT VIEW
THAN VIEW AT WHICH | PICTURE OF PREVIOUS
IMAGE PROCESSING UNIT IS RECONSTRUCTED

—1010

!

PREDICT CURRENT PICTURE BASED ON AT
LEAST ONE OF | PICTURE OF PREVIOUS IMAGE
PROCESSING UNIT AND | PICTURE OF CURRENT

IMAGE PROCESSING UNIT

—1020

'

RECONSTRUCT CURRENT PICTURE
BASED ON PREDICTION

—1030

END
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