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(57) Abstract: A method of encoding video using a plurality of reference
pictures is provided. The method includes: writing a parameter indicating a
temporal level of a reference picture or a period of a type of a reference pic-
ture into the reference picture for each of the plurality of reference pictures,
creating a first list of reference pictures comprising the plurality of reference
pictures sorted based on the parameter; and encoding a current picture of the
video using at least the first list of reference pictures. A method of decoding
video using a plurality of reference pictures is also provided. The method in-
cludes: parsing a parameter indicating a temporal level of a reference picture
or a period of a type of a reference picture from each of the plurality of ref-
erence pictures; creating a first list of reference pictures comprising the plur-
ality of reference pictures sorted based on the parameter; and decoding a
current picture of the video using at least the first list of reference pictures.
In addition, there are provided corresponding apparatuses for encoding and
decoding video.



WO 2012/108181 PCT/JP2012/000802

Description
Title of Invention: METHODS AND APPARATUSES FOR
ENCODING AND DECODING VIDEO USING MULTIPLE

REFERENCE PICTURES
Technical Field

[0001]  The present invention relates to methods of encoding and decoding video using a
plurality of reference pictures, and apparatuses thereof, and more particularly, for inter
picture prediction.

Background Art

[0002] State-of-the-art video coding schemes, such as MPEG-4 AVC / H.264, and the
upcoming HEVC (High-Efficiency Video Coding), support inter-picture prediction
utilizing motion-compensated prediction from more than one reference pictures. These
schemes also support a special type of bi-direction inter-picture prediction where both
directions are pointing to the same direction in time. Figure 1 shows an example of
such forward bi-predictive inter-picture prediction. In the case where there are more
than one reference frames/pictures, two lists of reference pictures are created for bi-
predictive inter-picture prediction, and the reference pictures that are temporally closer
to the current picture are sorted to the top of the lists by a predefined scheme.

[0003] It is against this background that the present invention has been developed.
Citation List
Non Patent Literature

[0004] NPL 1: ISO/IEC 14496-10, "MPEG-4 Part 10 Advanced Video Coding"
Summary of Invention
Technical Problem

[0005] A problem with the prior art is that reference pictures closest to the current picture
are always or typically sorted to the top of the lists. However, the closest reference
frames to the current picture may not always be the best reference pictures to be used

for forward bi-predictive inter-picture prediction.

Solution to Problem

[0006]  According to embodiment(s) of the present invention, methods of encoding /
decoding video are provided to solve or at least mitigate the problem associated with
the prior art described hereinbefore. For example, the methods allow for inter-picture
prediction using two reference lists where one of the lists is ordered based on a
temporal level or a period of a type of the reference pictures/frames.

[0007] By way of example, according to embodiment(s) of the present invention, when
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[0008]

[0009]

[0010]

[0011]

[0012]

forward bi-predictive inter-picture prediction is used, two reference lists are created
where one of the reference lists is ordered based on the temporal level of the reference
pictures while the other reference list is ordered based on the nearest temporal distance
to the current picture. Predefined reference picture lists constructed using em-
bodiment(s) of the present invention allow hierarchical coding structure to be
performed efficiently minimizing the bits for reference list reordering signals.

Benefits of hierarchical coding structure include improved coding efficiency and
better picture quality. By way of example, in a hierarchical coding structure according
to embodiment(s) of the present invention, pictures are arranged into temporal levels
where the lowest level represents a lowest frame rate and inclusion of subsequent
higher levels represents higher frame rates. Examples of the hierarchical coding
structure are shown in Figure 2. According to embodiment(s) of the present invention,
a certain amount of coding gain can be achieved by coding pictures at lower temporal
levels with better quality (for example by applying less quantization) than pictures at
higher temporal levels. In HEVC, temporal levels are indicated by means of the syntax
parameter temporal_id located in the NAL (Network Abstraction Layer) unit header of
a coded-slice of a picture.

According to a first aspect of the present invention, there is provided a method of
encoding video using a plurality of reference pictures, the method comprising:

writing a parameter indicating a temporal level of a reference picture or a period of a
type of a reference picture into the reference picture for each of the plurality of
reference pictures;

creating a first list of reference pictures comprising the plurality of reference pictures
sorted based on the parameter; and

encoding a current picture of the video using at least the first list of reference
pictures.

The step of encoding the current picture may comprise performing motion estimation
and motion prediction for the current picture using at least the first list of reference
pictures.

The step of creating the first list may further comprise sorting the reference pictures
having the same temporal level based on their temporal distance to the current picture.

The step of creating the first list may comprise:

selecting a first group of reference pictures including one or more reference pictures
of the plurality of reference pictures having a temporal level equal to a predetermined
value;

selecting a second group of reference pictures including reference pictures of the
plurality of reference pictures having a temporal level not equal to the predetermined

value; and
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[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

positioning the first group of reference pictures above the second group of reference
pictures within the first list.

The method may further comprise:

creating a second list of reference pictures sorted based on the temporal distance of
the reference pictures to the current picture; and

creating a third list of reference pictures sorted based on the temporal distance of the
reference pictures to the current picture.

The method may further comprise:

determining whether the second list matches the third list; and

if the second list matches the third list, the first list is created by being sorted based
on the parameter and the current picture is encoded using at least the first list of
reference pictures, and

if the second list does not match the third list, the current picture is encoded using the
second and third lists of reference pictures.

The method may further comprise:

writing a flag into a header of the current picture; and

determining whether the flag is of a predefined value,

if the flag is of the predefined value, the first list is created by being sorted based on
the parameter and the current picture is encoded using at least the first list of reference
pictures;

if the flag is not of the predefined value, the first list is created by being sorted based
on at least a prediction dependency of the reference pictures, and the current picture is
encoded using at least the first list of reference pictures.

The first list may be created by modifying either the second list or the third list using
the parameter.

According to a second aspect of the present invention, there is provided a method of
decoding video using a plurality of reference pictures, the method comprising:

parsing a parameter indicating a temporal level of a reference picture or a period of a
type of a reference picture from each of the plurality of reference pictures;

creating a first list of reference pictures comprising the plurality of reference pictures
sorted based on the parameter; and

decoding a current picture of the video using at least the first list of reference
pictures.

The step of decoding the current picture may comprise performing motion prediction
for the current picture using at least the first list of reference pictures.

The step of creating the first list may further comprise sorting the reference pictures
having the same temporal level based on their temporal distance to the current picture.

The step of creating the first list may comprise:
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[0021]

[0022]

[0023]

[0024]

[0025]

selecting a first group of reference pictures including one or more reference pictures of
the plurality of reference pictures having a temporal level equal to a predetermined
value;

selecting a second group of reference pictures including reference pictures of the
plurality of reference pictures having a temporal level not equal to the predetermined
value; and

positioning the first group of reference pictures above the second group of reference
pictures within the first list.

The method may further comprise:

creating a second list of reference pictures sorted based on the temporal distance of
the reference pictures to the current picture; and

creating a third list of reference pictures sorted based on the temporal distance of the
reference pictures to the current picture.

The method may further comprise:

determining whether the second list matches the third list; and

if the second list matches the third list, the first list is created by being sorted based
on the parameter and the current picture is decoded using at least the first list of
reference pictures, and

if the second list does not match the third list, the current picture is decoded using the
second and third lists of reference pictures.

The method may further comprise:

parsing a flag from a header of the current picture; and

determining whether the flag is of a predefined value,

if the flag is of the predefined value, the first list is created by being sorted based on
the parameter and the current picture is decoded using at least the first list of reference
pictures;

if the flag is not of the predefined value, the first list is created by being sorted based
on at least a prediction dependency of the reference pictures, and the current picture is
decoded using at least the first list of reference pictures.

The first list may be created by modifying either the second list or the third list using
the parameter.

According to a third aspect of the present invention, there is provided an apparatus
for encoding video using a plurality of reference pictures, the apparatus comprising:

a writing unit configured to write a parameter indicating a temporal level of a
reference picture or a period of a type of a reference picture into the reference picture
for each of the plurality of reference pictures;

a first list creation unit configured to create a first list of reference pictures

comprising the plurality of reference pictures sorted based on the parameter; and
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[0026]

[0027]

[0028]

[0029]

[0030]

an encoding section configured to encode a current picture of the video using at least

the first list of reference pictures.
According to a fourth aspect of the present invention, there is provided an apparatus

for decoding video using a plurality of reference pictures, the apparatus comprising:

a parsing unit configured for parsing a parameter indicating a temporal level of a
reference picture or a period of a type of a reference picture from each of the plurality
of reference pictures;

a first list creation unit configured for creating a first list of reference pictures
comprising the plurality of reference pictures sorted based on the parameter; and

a decoding unit configured for decoding a current picture of the video using at least
the first list of reference pictures.

According to a fifth aspect of the present invention, there is provided a method of
encoding video using a plurality of reference pictures, the method comprising:

selecting a technique among a plurality of predetermined techniques for constructing
a list of reference pictures;

encoding a current picture using the list of reference pictures constructed based on
the selected technique; and

writing a parameter indicating the selected technique into the current picture.

According to a sixth aspect of the present invention, there is provided a method of
decoding video using a plurality of reference pictures, the method comprising:

parsing a parameter indicating a selected technique among a plurality of prede-
termined techniques for constructing a list of reference pictures; and

decoding a current picture using the list of reference pictures constructed based on

the selected technique.

Advantageous Effects of Invention

The effect of the current invention is in the form of improvement in coding efficiency
as current invention provides the two different reference pictures lists to improve the
picture quality with negligible increase in overhead information.
Brief Description of Drawings

Embodiments of the present invention will now be described, by way of example
only, with reference to the accompanying drawings, in which:
[fig.1]Figure 1 depicts a diagram illustrating an example of bi-predictive inter-picture
prediction with both predictions in the same direction;
[fig.2]Figure 2 depicts a diagram illustrating an example of typical correspondence
between temporal level and quality of coded pictures;
[fig.3]Figure 3 depicts a diagram illustrating examples of reference picture lists con-

structed according to the prior art and an embodiment of the present invention for
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comparison;

[fig.4]Figure 4 depicts a flowchart illustrating a method of encoding video according to
a first embodiment of the present invention;

[fig.5]Figure 5 depicts a flowchart illustrating a method of decoding video according to
the first embodiment of the present invention;

[fig.6]Figure 6 depicts a block diagram illustrating an example apparatus for encoding
video according to the first embodiment of the present invention;

[fig.7]Figure 7 depicts a block diagram illustrating an example apparatus for decoding
video according to the first embodiment of the present invention;

[fig.8]Figure 8 depicts a diagram showing exemplary locations of the parameter in-
dicating the selected technique among a plurality of pre-determined technique for
reference picture list construction in a header of a coded video bitstream according to
embodiments of the present invention;

[fig.9]Figure 9 depicts a flowchart illustrating a method of encoding video according to
a second embodiment of the present invention;

[fig.10]Figure 10 depicts a flowchart illustrating a method of decoding video according
to the second embodiment of the present invention;

[fig. 11A]Figure 11A depicts a flowchart illustrating a method of encoding video
according to a third embodiment of the present invention;

[fig.11B]Figure 11B depicts a flowchart illustrating a method of encoding video
according to another embodiment of the present invention;

[fig.12A]Figure 12A depicts a flowchart illustrating a method of decoding video
according to the third embodiment of the present invention;

[fig.12B]Figure 12B depicts a flowchart illustrating a method of decoding video
according to another embodiment of the present invention;

[fig.13]Figure 13 depicts a flowchart illustrating an embodiment of the present
invention for sorting the third list of reference pictures;

[fig.14]Figure 14 depicts a flowchart illustrating another embodiment of the present
invention for sorting the third list of reference pictures;

[fig.15]Figure 15 depicts a block diagram illustrating an example apparatus for
encoding video according to the third embodiment of the present invention;
[fig.16]Figure 16 depicts a block diagram illustrating an example apparatus for
decoding video according to the third embodiment of the present invention;
[fig.17]Figure 17 depicts a diagram showing an example location of the parameter for
indicating the temporal level of a picture in a header of a coded slice of a coded
picture;

[fig. 18A]Figure 18A depicts a flowchart illustrating a method of encoding video

according to a fourth embodiment of the present invention;
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[fig. 18B]Figure 18B depicts a flowchart illustrating a method of encoding video
according to another embodiment of the present invention;

[fig. 19A]Figure 19A depicts a flowchart illustrating a method of decoding video
according to the fourth embodiment of the present invention;

[fig.19B]Figure 19B depicts a flowchart illustrating a method of decoding video
according to the fourth embodiment of the present invention;

[fig.20]Figure 20 depicts a flowchart illustrating yet another embodiment of the present
invention for sorting the third list of reference pictures;

[fig.21]Figure 21 depicts a block diagram illustrating an example apparatus for
encoding video according to the fourth embodiment of the present invention;
[fig.22]Figure 22 depicts a block diagram illustrating an example apparatus for
decoding video according to the fourth embodiment of the present invention;
[fig.23]Figure 23 depicts a diagram showing exemplary locations of the parameter in-
dicating the period of the type of pictures in a header of a coded video bitstream;
[fig.24A]Figure 24A depicts a flowchart illustrating a method of encoding video
according to a fifth embodiment of the present invention;

[fig.24B]Figure 24B depicts a flowchart illustrating a method of encoding video
according to another embodiment of the present invention;

[fig.25A]Figure 25A depicts a flowchart illustrating a method of decoding video
according to the fifth embodiment of the present invention;

[fig.25B]Figure 25B depicts a flowchart illustrating a method of decoding video
according to another embodiment of the present invention;

[fig.26]Figure 26 depicts an overall configuration of a content providing system for
implementing content distribution services according to an embodiment of the present
invention;

[fig.27]Figure 27 depicts an overall configuration of a digital broadcasting system
according to an embodiment of the present invention;

[fig.28]Figure 28 depicts a block diagram illustrating an example of a configuration of
a television according to an embodiment of the present invention;

[fig.29]Figure 29 depicts a block diagram illustrating an example of a configuration of
an information reproducing/recording unit that reads and writes information from or on
a recording medium that is an optical disk according to an embodiment of the present
invention;

[fig.30]Figure 30 depicts a drawing showing an example of a configuration of a
recording medium that is an optical disk according to an embodiment of the present
invention;

[fig.31A]Figure 31A depicts a drawing illustrating an example of a cellular phone;

[fig.31B]Figure 31B depicts a block diagram showing an example of a configuration of
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[0031]

the cellular phone according to an embodiment of the present invention;

[fig.32]Figure 32 depicts a drawing showing a structure of multiplexed data according
to an embodiment of the present invention;

[fig.33]Figure 33 depicts a drawing schematically illustrating how each of the streams
is multiplexed in multiplexed data according to an embodiment of the present
invention;

[fig.34]Figure 34 depicts a drawing illustrating how a video stream is stored in a
stream of PES packets in more detail according to an embodiment of the present
invention;

[fig.35]Figure 35 depicts a drawing showing a structure of TS packets and source
packets in the multiplexed data according to an embodiment of the present invention;
[fig.36]Figure 36 depicts a drawing showing a data structure of a PMT according to an
embodiment of the present invention;

[fig.37]Figure 37 depicts a drawing showing an internal structure of multiplexed data
information according to an embodiment of the present invention;

[fig.38]Figure 38 depicts a drawing showing an internal structure of stream attribute
information according to an embodiment of the present invention;

[fig.39]Figure 39 depicts drawing showing steps for identifying video data according
to an embodiment of the present invention;

[fig.40]Figure 40 depicts a block diagram illustrating an example of a configuration of
an integrated circuit for implementing the video coding method and the video decoding
method according to each of Embodiments;

[fig.41]Figure 41 depicts a drawing showing a configuration for switching between
driving frequencies according to an embodiment of the present invention;
[fig.42]Figure 42 depicts a drawing showing steps for identifying video data and
switching between driving frequencies according to an embodiment of the present
invention;

[fig.43]Figure 43 depicts a drawing showing an example of a look-up table in which
the standards of video data are associated with the driving frequencies according to an
embodiment of the present invention;

[fig.44A]Figure 44A depicts a drawing showing an example of a configuration for
sharing a module of a signal processing unit; and

[fig.44B]Figure 44B depicts a drawing showing another example of a configuration for
sharing a module of a signal processing unit according to an embodiment of the present
invention.

Description of Embodiments

According to exemplary embodiments of the present invention, there are provided
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[0032]

[0033]

[0034]

methods of encoding video using a plurality of reference pictures/frames, methods of
decoding video using a plurality of reference pictures, and apparatuses thereof.

Figure 3 shows two examples (Example #1 and Example #2) of reference list con-
struction according to an embodiment of the present invention in comparison with the
reference lists constructed according to the prior art. In the prior art, the reference list
construction method is based on the temporal distance to the current picture. Therefore,
in the examples illustrated, two identical lists of reference pictures (the first list and
second list in Figure 3) would be created according to the prior art. In contrast,
according to an embodiment of the present invention, at least one reference list (e.g.,
the third list in Figure 3) is created whereby the reference pictures in the list are
ordered/sorted based on the temporal level of the reference pictures. Referring to
Figure 3, in Example #1, the reference pictures are ordered as follow (starting from the
top of the reference list): reference picture "0", reference picture "2", reference picture
"3", and reference picture "1". In Example #2, the reference pictures are ordered as
follow (starting from the top of the reference list): reference picture "8", reference
picture "10", reference picture "9", and reference picture "7". The inter-picture
predictive coding is then performed using at least the third reference list. For example,
the inter-picture predictive coding may be performed using only the third list or the
third and second lists, instead of the first and second lists as taught in the prior art.

For consistency and clarity, unless otherwise specified, the temporal level will be
described in embodiment(s) of the present invention using a convention where the
lowest value of temporal level (e.g., value "0") indicate the primary picture(s) at the
lowest frame rate, and subsequent higher values of temporal level (e.g., values "1", "2"
and "3") respectively indicate the subsequent sets of pictures producing higher (e.g.,
two times) frame rates when added on top of the lower temporal levels. The same
convention is used in recent video coding schemes such as HEVC, H.264 MVC
extension and H.264 SVC extension, in which temporal level is indicated using the
syntax parameter temporal_id. However, it will be apparent to those skilled in the art
that other convention can be applied without departing from the scope of the present
invention. For example, a greater value of temporal level can instead indicate a lower
frame rate and still serve the same purpose.

Figure 4 shows a flowchart describing a process of encoding video using a plurality
of reference pictures according to a first exemplary embodiment of the present
invention. In step 400, one of a plurality of pre-determined techniques or methods for
reference picture list construction is selected. For example, the plurality of pre-
determined techniques may include a first technique which constructs a reference
picture list based on the temporal distance of the reference pictures to a current picture.

In this case, the temporal level of the reference pictures can be used for supporting the
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[0035]

[0036]

[0037]

[0038]

[0039]

feature of temporal scalability in the coded video bitstream. The plurality of pre-
determined techniques may further include a second technique which constructs a
reference picture list based on the temporal level of the reference pictures. As an
example, according to the second technique, a list of reference pictures can be created
whereby the reference pictures in the list are sorted by increasing temporal level (i.e.,
the reference picture(s) having the lowest temporal level are sorted to the top of the
list).

In step 402, the current picture is encoded (e.g., motion-compensated inter-prediction
encoding) using the selected technique of reference picture list construction. In step
404, a parameter or flag indicating the selected technique of reference picture list con-
struction is written into a header of the picture (coded video bitstream). For example,
the parameter values "0" and "1" may indicate that the first and second techniques, re-
spectively.

Figure 5 shows a flowchart describing a process of decoding video using a plurality
of reference pictures according to the first exemplary embodiment of the present
invention. In step 500, a header of a current picture (coded video bitstream) is parsed
to obtain a parameter or flag indicating the selected technique among the plurality of
pre-determined techniques for reference picture list construction. In step 502, using the
parameter to determine the selected technique, the current picture is decoded (e.g.,
motion-compensated inter-prediction decoding) based on the selected technique of
reference picture list construction. Preferably, the same plurality of pre-determined
techniques for reference picture list construction is present in the encoding process and
the decoding process according to the first exemplary embodiment as described here-
inbefore.

Figure 6 shows a block diagram illustrating an apparatus for encoding video
according to the first exemplary embodiment of the present invention. It will be
apparent to the person skilled in the art that modifications can be made to the example
apparatus shown in Figure 6 to implement any one of the methods of encoding video
disclosed herein or other methods without departing from the scope of the present
invention. That is, the apparatus for encoding video according to the present invention
is not limited to the components / elements, and the interconnections thereof, as shown
in Figure 6 and can be modified accordingly by the person skilled in the art for various
purposes.

The exemplary apparatus for encoding video comprises a selecting unit 700, a first
switch unit 702, a first creating unit 704, a second creating unit 706, a second switch
unit 708, an encoding unit 710, a writing unit 712, and a memory unit 714.

As shown in Figure 6, the selecting unit 700 is configured to select between two or

more pre-determined techniques or methods for reference picture list construction and
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[0040]

[0041]

[0042]

output a parameter or flag indicating the selection D701. The selection parameter D701
is used by the first switch unit 702 for sending stored reference pictures D703 from the
memory unit 714 either to the first creating unit 704 or to the second creating unit 706.
The first creating unit 704 or the second creating unit 706 is configured to create
reference picture lists according to the selected pre-determined technique of reference
picture list construction. Based on selection parameter D701, the second switch unit
708 is configured to send either the reference picture lists D707 produced by the first
creating unit 704 or the reference picture lists D711 produced by the second creating
unit 706 to the encoding unit 710. The encoding unit 710 is configured to receive the
reference picture lists D713, an original uncompressed image D715 and stored
reference pictures D703, then perform encoding, for example, using motion-
compensated inter-picture prediction, and output a coded picture D717. The writing
unit 712 is configured to write the coded picture D717 and the selection parameter
D701 into a coded video bitstream D719.

Figure 7 shows a block diagram illustrating an apparatus for decoding a video
according to the first exemplary embodiment of the present invention. It will be
apparent to the person skilled in the art that modifications can be made to the example
apparatus shown in Figure 7 to implement any one of the methods of decoding video
disclosed herein or other methods without departing from the scope of the present
invention. That is, the apparatus for decoding video according to the present invention
is not limited to the components / elements, and the interconnections thereof, as shown
in Figure 7 and can be modified accordingly by the person skilled in the art for various
purposes.

The apparatus comprises a parsing unit 800, a first switch unit 802, a first creating
unit 804, a second creating unit 806, a second switch unit 808, and a decoding unit
810.

As shown in Figure 7, the parsing unit 800 is configured to parse a header of a
current picture (coded video bitstream) D801 to obtain a parameter or flag D803 in-
dicating the selected pre-determined techniques for reference picture list construction.
Based on the parsed parameter D803, the switch unit 802 is configured to send the
stored reference pictures D801 either to the first creating unit D804 or to the second
creating unit D806, which creates reference picture lists according to the selected pre-
determined technique of reference picture list construction. Based on the parsed
parameter D803, the second switch unit 808 is configured to send either the reference
picture lists D807 from the first creating unit D804 or the reference picture lists D811
from the second creating unit 806 to the decoding unit 810. The decoding unit is
configured to use the reference picture lists D813, coded video bitstream D801 and

stored reference pictures D801, then performs decoding, for example, using motion-
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compensated inter-picture prediction to produce a reconstructed picture D817.

[0043]  Figure 8 shows a diagram illustrating example locations of the parameter or flag for
indicating the selected pre-determined technique for reference list construction in a
coded video bitstream. For example, the parameter or flag can have a value of "0" for a
first pre-determined technique and a value of "1" for a second pre-determined
technique. According to embodiments of the present invention, Figure 8(a) shows a
location of the parameter in a sequence header of a compressed video bitstream, Figure
8(b) shows a location of the parameter in a picture header of a compressed video
bitstream, Figure 8(c) shows a location of the parameter in a slice header of a
compressed video bitstream, and Figure 8(d) shows that the parameter can also be
derived from a pre-defined look-up table based on a profile parameter, a level
parameter, or both the profile and level parameters located in a sequence header of a
compressed video bitstream.

[0044]  Figure 9 depicts a flowchart illustrating a method of encoding video using a plurality
of reference pictures according to a second exemplary embodiment of the present
invention. As a first step 900, the method comprises writing a parameter indicating a
temporal level of a reference picture or a period of a type of reference picture into the
reference picture for each of the plurality of reference pictures. For example, as il-
lustrated in Figure 3, the parameter indicating the temporal level may be a value such
as "0", "1" or "2", etc., whereby the lowest value of temporal level indicate the
reference picture(s) at the lowest frame rate as described hereinbefore. The parameter
indicating a period of a type of a reference picture may be a value such as "1" or "2",
etc., whereby the value indicates the interval which the particular type of reference
pictures (e.g., primary pictures) occurs periodically. By way of example, if the
parameter indicating the period of the type of the reference pictures is "4", this
indicates that that particular type of reference pictures occur periodically every 4
frames in output order.

[0045]  The method of encoding video further comprises a step 902 of creating a first list of
reference pictures comprising the plurality of reference pictures sorted based on the
parameter. For example, in the case of the parameter being indicative of a temporal
level of the reference picture, step 902 creates a first list of reference pictures sorted
based on the temporal level of the reference pictures such as ordering lower reference
pictures having lower temporal level so as to be at the top of the first list.

[0046]  The method of encoding video further comprises a step 904 of encoding a current
picture of the video using at least the first list of reference pictures. For example,
encoding the current picture comprises performing motion estimation and motion
prediction for the current picture using at least the first list of reference pictures.

[0047]  Figure 10 depicts a flowchart illustrating a method of decoding video using a
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plurality of reference pictures according to the second exemplary embodiment. As a
first step 1002, the method comprises parsing a parameter indicating a temporal level
of a reference picture or a period of a type of reference picture from each of the
plurality of reference picture. As described hereinbefore, by way of example, the
parameter indicating the temporal level may be a value such as "0", "1" or "2", etc.,
whereby the lowest value of temporal level indicate the reference picture(s) at the
lowest frame rate as described hereinbefore. The parameter indicating a period of a
type of reference picture may be a value such as "1" or "2", etc., whereby the value
indicates the reoccurrence period (i.e., interval) of that particular type of the reference
picture (e.g., primary pictures).

The method of decoding video further comprises a step 1004 of creating a first list of
reference pictures including the plurality of reference pictures sorted based on the
parameter; and a step 1006 of decoding the current picture of the video using at least
the first list of reference pictures. For example, decoding the current picture comprises
performing motion prediction for the current picture using at least the first list of
reference pictures.

An apparatus for encoding video using a plurality of reference pictures according to
the second exemplary embodiment of the present invention comprises a writing unit, a
first list creation unit, and an encoding section. The writing unit is configured to write
the parameter into each of the plurality of reference pictures, the first list creation unit
is configured to create the first list of reference pictures comprising the plurality of
reference pictures sorted based on the parameter, and the encoding section is
configured to encode the current picture of the video using at least the first list of
reference pictures. For example, the encoding section may comprise a motion es-
timation unit configured to perform motion estimation for the current picture using at
least the first list of reference pictures and a motion prediction unit configured to
perform motion prediction for the current picture using at least the first list of reference
pictures.

An apparatus for decoding video using a plurality of reference pictures according to
the second exemplary embodiment of the present invention comprises a parsing unit, a
first list creation unit, and a decoding section. The parsing unit is configured for
parsing the parameter from each of the plurality of reference pictures, the first list
creation unit is configured to create the first list of reference pictures comprising the
plurality of reference pictures sorted based on the parameter, and the decoding section
is configured to decode the current picture of the video using at least the first list of
reference pictures. For example, the decoding section may comprise a motion
prediction unit configured to perform motion prediction for the current picture using at

least the first list of reference pictures.
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The second exemplary embodiment of the present invention has been found to
provide an improvement in encoding / decoding efficiency. As discussed in the
background, a problem with the prior art is that reference pictures closest to the current
picture are always sorted to the top of the reference lists. In contrast, according to the
second exemplary embodiment of the present invention, a parameter indicating a
temporal level of a reference picture or a period of a type of the reference picture is
written into the reference pictures, and at least one reference list is created with
reference pictures sorted based on the parameter. For example, the case where the
parameter indicates the temporal level of the reference picture is illustrated in Figure 3.
Referring to Figure 3, based on prior art teaching, the reference list for Picture/Frame
"4" in Example #1 would be created only based on the temporal distance, that is,
Picture "3" being closest to Picture "4" would be arranged at the top of the list,
followed by Picture "2" and Picture "1", and Picture "0" being at the bottom of the
reference list. However, due to the higher temporal level of Picture "3", Picture "3"
may not be the best reference picture/frame to use for inter picture prediction in respect
of Picture "4" and thus it may not be ideal to arrange such a picture at the top of the
list. In contrast, according to the second exemplary embodiment, Picture "0" having
been assigned a parameter with the lowest temporal level amongst Pictures "0" to "3"
would be arranged at the top of the list, followed by Picture "2", Picture "3" and
Picture "1". As a result, more suitable or appropriate reference picture(s) is arranged at
the top of the list which is therefore represented with the least bits for use in inter
picture prediction. Accordingly, better encoding / decoding of video can be achieved
according to the second exemplary embodiment of the present invention.

Further exemplary embodiments of the present invention will now be described
hereinafter with reference to Figures, providing more specific examples of the second
exemplary embodiments of the present invention. It will be appreciated to the person
skilled in the art that the exemplary embodiments described hereinafter are merely
provided by way of examples and do not restrict the scope of the present invention.

Figure 11A shows a flowchart illustrating a process or method of encoding video
using multiple reference pictures according to a third exemplary embodiment of the
present invention. As shown in Figure 11A, in step 1100, a parameter for indicating/
classifying a temporal level of a reference picture is written into a header of the
reference picture (e.g., a coded slice of the reference picture). An example of the
parameter classifying the temporal level is the syntax parameter temporal_id in HEVC
video coding scheme. In step 1102, a first list of reference pictures sorted based on the
temporal distance to a current picture is created. In step 1104, a second list of reference
pictures sorted also based on the temporal distance to the current picture is created.

Then in step 1106, a comparison is performed to determine or judge whether the first
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list matches (e.g., is identical to) the second list.

If the first list matches the second list, a third list of reference pictures (e.g., corre-
sponding to the first list of reference pictures described in the second exemplary em-
bodiment) sorted by using at least the temporal level of the reference pictures to the
current picture is created. Exemplary embodiments of sorting/ordering the third list of
reference pictures by at least the temporal level of the reference pictures will be
described later with reference to Figures 13 and 14. Next, a motion estimation process
is performed for the current picture (e.g., blocks of image samples) using at least the
third list of reference pictures in step 1110 and a motion prediction process is
performed for the current picture using at least the third list of reference pictures in
step 1112. For example, the motion estimation process may be performed using only
the third list, using the second and third lists, or using the first and third lists.

In an embodiment of the present invention, the third list is created by reordering the
reference pictures from either the first list or the second list using at least the temporal
level of the reference pictures to the current picture. In such an embodiment, the third
list of reference pictures effectively represents a modified version of either the first list
or the second list of reference pictures.

If the first list does not match the second list in step 1106, a motion estimation
process is performed for the current picture using the first and second lists of reference
pictures in step 1114 and a motion prediction process is performed for the current
picture using the first and second lists of reference pictures in step 1116.

In an embodiment, the logic at step 1106 may be switched. In particular, if the first
list matches the second list, a motion estimation process is performed for the current
picture using the first and second lists of reference pictures in step 1114 and a motion
prediction process is performed for the current picture using the first and second lists
of reference pictures in step 1116. On the other hand, if the first list does not match the
second list in step 1106, a third list of reference pictures (e.g., corresponding to the
first list of reference pictures described in the second exemplary embodiment) sorted
by at least the temporal level of the reference pictures is created in step 1108. Next, a
motion estimation process is performed for the current picture (e.g., a block of image
samples) using at least the third list of reference pictures in step 1108 and a motion
prediction process is performed for the current picture using at least the third list of
reference pictures in step 1112. For example, the motion estimation process and/or the
motion prediction process may be performed using only the third list, using the second
and third lists, or using the first and third lists.

Yet another embodiment is shown in Figure 11B. In particular, steps 1106, 1114 and
1116 as shown in Figure 11A are omitted. Accordingly, after step 1104, a third list of

reference pictures (e.g., corresponding to the first list of reference pictures described in
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the second exemplary embodiment) sorted by using at least the temporal level of the
reference pictures to the current picture is created in step 1158. Next, a motion es-
timation process is performed for the current picture (e.g., blocks of image samples)
using at least the third list of reference pictures in step 1160 and a motion prediction
process is performed for the current picture using at least the third list of reference
pictures in step 1162. For example, the motion estimation process and/or the second
and third lists of reference pictures, or using the first and third lists of reference
pictures.

Figure 12A shows a flowchart illustrating a process or method of decoding video
using multiple reference pictures according to the third exemplary embodiment of the
present invention. As shown in Figure 12A, in step 1200, a parameter indicating the
temporal level of the reference picture is parsed or determined from a header of the
reference picture from each of the multiple reference pictures. Next, in step 1202, a
first list of reference pictures sorted based on the temporal distance to a current picture
is created. In step 1204, a second list of reference pictures sorted also based on the
temporal distance to the current picture is created. Then in step 1206, a comparison is
performed to determine or judge whether if the first list matches (e.g., is identical to)
the second list.

If the first list matches the second list, a third list of reference pictures (e.g., corre-
sponding to the first list of reference pictures described in the second exemplary em-
bodiment) sorted by at least the temporal level of the reference pictures. Similarly,
exemplary embodiments of sorting/ordering the third list of reference pictures by at
least the temporal level of the reference pictures will be described later with reference
to Figures 13 and 14. Next, a motion prediction process is performed for the current
picture (e.g., blocks of image samples) using at least the third list of reference pictures
in step 1210. For example, the motion prediction process may be performed using the
second and third lists of reference pictures, or using the first and third lists of reference
pictures.

If the first list does not match the second list in step 1206, a motion prediction
process is performed for the current picture using the first and second lists of reference
pictures in step 1212.

In an embodiment, the logic at step 1206 may be switched. In particular, if the first
list matches the second list, a motion prediction process is performed for the current
picture using the first and second lists of reference pictures in step 1212. On the other
hand, if the first list does not match the second list in step 1206, a third list of reference
pictures (e.g., corresponding to the first list of reference pictures described in the
second exemplary embodiment) sorted at least based on the temporal level of the

reference pictures is created in step 1208. Next, a motion prediction process is
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performed for the current picture using at least the third list of reference pictures in
step 1210. For example, the motion prediction process may be performed using only
the third list, using the second and third lists, or using the first and third lists.

Yet another embodiment is shown in Figure 12B. In particular, steps 1206 and 1212
as shown in Figure 12A are omitted. Accordingly, after step 1204, a third list of
reference pictures (e.g., corresponding to the first list of reference pictures described in
the second exemplary embodiment) sorted by at least the temporal level of the
reference pictures is created in step 1258. Next, a motion prediction process is
performed for the current picture (e.g., blocks of image samples) using at least the third
list of reference pictures in step 1260. For example, the motion prediction process may
be performed using only the third list, using the second and third lists, or using the first
and third lists.

Figure 13 shows a flowchart illustrating an embodiment of the present invention for
sorting/ordering the third list of reference pictures by at least the temporal level of the
reference pictures. In step 1300, the reference pictures in the list are sorted in the order
of increasing temporal level. In step 1302, if two or more reference pictures have the
same temporal level, the two or more reference pictures are in turn sorted according to
their respective temporal distance to the current picture. For example, in step 1302,
reference pictures having the same temporal level are sorted in the order of increasing
temporal distance to the current picture, such that the reference pictures with shorter
temporal distance to the current picture are located higher (smaller reference index
value) in the third list as compared to the reference pictures with longer temporal
distance to the current picture. By way of example, in Example #1 shown in Figure 3,
Pictures "1" and "3" have the same temporal level "2". Accordingly, Pictures "1" and
"3" are further sorted based on their respective temporal distance to the current picture
"4". As a result, Picture "3" is arranged so as to be above Picture "1" in the list.

Figure 14 shows a flowchart illustrating another embodiment of the present invention
for sorting/ordering the third list of reference pictures by at least the temporal level of
the reference pictures. In step 1400, a first group of reference pictures comprising one
or more reference pictures having temporal level equal to a pre-determined value is
selected. An example of the pre-determined value may be "0" indicating the lowest
temporal level (corresponding to the lowest frame rate representation). Next, in step
1402, a second group of reference pictures comprising reference pictures that are not
included in the first group of reference pictures is selected. In step 1404, the first group
of reference pictures is positioned/sorted at the top of the third list whereby the
reference pictures within the first group are sorted according to their respective
temporal distance to the current picture. Next, in step 1406, the second group of

reference pictures is positioned/sorted after/below the first group of reference pictures
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in the third list according to their respective temporal distance to the current picture.
For example, sorting the reference pictures within the first group and/or the second
group are sorted in the order of increasing temporal distance to the current picture.

Figure 15 shows a block diagram illustrating an example apparatus for encoding
video according to the third exemplary embodiment of the present invention. It will be
apparent to the person skilled in the art that modifications can be made to the example
apparatus shown in Figure 15 to implement any one of the methods of encoding video
disclosed herein (e.g., the method as shown in Figure 9) or other methods without
departing from the scope of the present invention. That is, the apparatus for encoding
video according to the present invention is not limited to the components / elements,
and the interconnections thereof, as shown in Figure 15 and can be modified ac-
cordingly by the person skilled in the art for various purposes.

The exemplary apparatus for encoding video comprises a motion estimation unit
1500, a motion prediction unit 1502, a first list creation unit 1504, a second list
creation unit 1516, a third list creation unit 1510, a first switch unit 1506, a second
switch unit 1508, a memory unit 1512, a comparator unit or a determining unit 1514
and a writing unit 1518.

As shown in Figure 15, the motion estimation unit 1500 is configured or operable to
read a current picture (e.g., a block of image samples) D1501, a selected list of
reference pictures D1511 and a second list of reference pictures D1519, and output a
set of motion vectors D1503. The motion prediction unit 1502 is configured to read the
set of motion vectors D1503, the selected list of reference pictures D1511 and the
second list of reference pictures D1519, and output a block of predicted samples
D1505. The first list creation unit 1504 is configured to read reference pictures D1513
from the memory unit 1512 and output a first list of reference pictures D1515. The
second list creation unit 1516 is configured to read reference pictures D1517 from the
memory unit 1512 and output a second list of reference pictures D1519. The
comparator unit 1514 is configured to read both the first list of reference pictures
D1515 and the second list of reference pictures D1519, and output a control signal
D1521 to control the first switch unit 1506 and the second switch units 1508. The first
switch unit 1504 is configured to send the first list of reference pictures D1515 either
to the second switch unit 1508 or to the third list creation unit 1510 based on the
control signal D1521. The third list creation unit 1510 is configured to create a third
list of reference pictures D1523 based on the first list of reference pictures D1509 and
temporal level identifier parameter of the reference pictures D1525 stored in the
memory unit 1512. The second switch unit 1508 is configured to select either the first
list of reference pictures D1507 or the third list of reference pictures D1523 based on

the control signal D1521. The writing unit 1518 is configured to read the temporal
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level of the current picture D1527 and write a corresponding temporal level identifier
parameter into a header of the current picture D1529.

Figure 16 shows a block diagram illustrating an example apparatus for decoding
video according to the third exemplary embodiment of the present invention. Similarly,
it will be apparent to the person skilled in the art that modifications can be made to the
example apparatus shown in Figure 16 to implement any one of the methods of
decoding video disclosed herein (e.g., the method as shown in Figure 10) or other
methods without departing from the scope of the present invention. That is, the
apparatus for decoding video according to the present invention is not limited to the
components / elements, and the interconnections thereof, as shown in Figure 16 and
can be modified accordingly for various purposes.

The example apparatus for decoding video comprises a motion prediction unit 1600,
a first list creation unit 1602, a second list creation unit 1614, a third list creation unit
1608, a first switch unit 1604, a second switch unit 1606, a memory unit 1610, a
comparator unit or a determining unit 1612 and a parsing unit 1616.

As shown in Figure 16, the motion prediction unit 1600 is configured or operable to
read a decoded set of motion vectors D1601, a selected list of reference pictures D1609
and a second list of reference pictures D1617, and output a block of predicted samples
D1603. The first list creation unit 1602 is configured to read reference pictures D1611
from the memory unit 1610 and output a first list of reference pictures D1613. The
second list creation unit 1614 is configured to read reference pictures D1615 from the
memory unit 1610 and output a second list of reference pictures D1617. The
comparator unit 1612 is configured to read both the first list of reference pictures
D1613 and the second list of reference pictures D1617, and output a control signal
D1619 to control the first switch unit 1604 and the second switch units 1606. The first
switch unit 1604 is configured to send the first list of reference pictures D1613 either
to the second switch unit 1606 or to the third list creation unit 1608 based on the
control signal D1619. The third list creation unit 1608 is operable to create a third list
of reference pictures D1621 based on the first list of reference pictures D1607 and the
temporal level identifier parameter of the reference pictures D1623 stored in the
memory unit 1610. The second switch unit 1606 is operable to select either the first list
of reference pictures D1605 or the third list of reference pictures D1621 based on the
control signal D1619. The parsing unit 1616 is operable to parse a header of a coded
picture D1625 and output the parsed temporal level identifier parameter D1627 into the
memory unit 1610.

Figure 17 shows a diagram illustrating an example location of the parameter in-
dicating the temporal level of a picture in a header of the picture. . In a coded video

bitstream, each picture is represented in one or more slice Network Abstraction Layer
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Unit ("NALU"). As illustrated in Figure 12, the parameter for indicating/classifying the
temporal level of a picture can be located in the NALU header of slice NALU.

Figure 18A shows a flowchart illustrating a process or method of encoding video
using multiple reference pictures according to a fourth exemplary embodiment of the
present invention. As shown in Figure 18A, in step 1800, a parameter representing or
indicating a period of a type of a reference picture is written into a header of the
picture (coded video bitstream). The period of a type of a picture refers to the period in
which that type of picture will reoccur periodically, which can therefore also be
referred to as an interval of a type of a picture. For example, the parameter value may
be "4", which indicates that that particular type of pictures (e.g., primary pictures)
occurs periodically every 4 frames in output order. Next, in step 1802, a first list of
reference pictures sorted based on the temporal distance to a current picture is created.
In step 1804, a second list of reference pictures sorted also based on the temporal
distance to the current picture is created. In step 1806, a comparison is performed to
judge or determine whether the first list matches (e.g., is identical to) the second list.

If the first list matches the second list, in step 1808, a third list of reference pictures
sorted at least based on the period of the type of the reference pictures. Sorting/
ordering the third list of reference pictures at least based on the period of the type of
reference pictures can be similarly performed as described hereinbefore with reference
to Figures 13 and 14, but with the parameter for indicating the temporal level of the
reference pictures substituted with the parameter for indicating a period or interval of a
type of picture. Next, a motion estimation process is performed for a current picture
(e.g., a block of image samples) using at least the third list of reference pictures in step
1810 and a motion prediction process is performed for the current picture using at least
the third list of reference pictures in step 1812. For example, the motion estimation
process and/or the motion prediction process may be performed for the current picture
using only the third list, using the second and third lists, or using the first and third
lists.

In an embodiment of the present invention, the third list is created by reordering the
reference pictures from either the first list or the second list using at least a period of a
type of the reference pictures for sorting reference pictures. In such an embodiment,
the third list of reference pictures effectively represents a modified version of either the
first list or the second list of reference pictures.

If the first list does not match the second list in step 1806, a motion estimation
process is performed for the current picture using the first and the second lists of
reference pictures in step 1814 and a motion prediction process is performed for the
current picture using the first and second lists of reference pictures in step 1816.

In an embodiment, the logic at step 1806 may be switched. In particular, if the first
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list matches the second list, a motion estimation process is performed for the current
picture using the first and second lists of reference pictures in step 1814 and a motion
prediction process is performed for the current picture using the first and second lists
of reference pictures in step 1816. On the other hand, if the first list does not match the
second list in step 1806, a third list of reference pictures (e.g., corresponding to the
first list of reference pictures described in the second exemplary embodiment) sorted
by at least the period of the type of the reference pictures is created in step 1808. Next,
a motion estimation process is performed for the current picture using at least the third
list of reference pictures in step 1810 and a motion prediction process is performed for
the current picture using at least the third list of reference pictures in step 1812. For
example, the motion estimation process and/or the motion prediction process may be
performed using the second and third lists of reference pictures, or using the first and
third lists of reference pictures.

Yet another embodiment is shown in Figure 18B. In particular, steps 1806, 1814 and
1816 as shown in Figure 18A are omitted. Accordingly, after step 1804, a third list of
reference pictures (e.g., corresponding to the first list of reference pictures described in
the second exemplary embodiment) sorted by at least the period of the type of the
reference pictures is created in step 1858. Next, a motion estimation process is
performed for the current picture (e.g., blocks of image samples) using at least the third
list of reference pictures in step 1860 and a motion prediction process is performed for
the current picture using at least the third list of reference pictures in step 1862. For
example, the motion estimation process may be performed using only the third list,
using the second and third lists, or using the first and third lists.

Figure 19A shows a flowchart illustrating a process or method for decoding video
using multiple reference pictures according to the fourth embodiment of the present
invention. As shown in Figure 19A, in step 1900, a parameter indicating a period of a
type of pictures (e.g., primary pictures) is parsed from a header of the picture (coded
video bitstream). Next, in step 1902, a first list of reference pictures sorted based on
the temporal distance to a current picture is created. In step 1904, a second list of
reference pictures sorted also based on the temporal distance to the current picture is
created. In step 1906, a comparison is performed to judge or determine whether the
first list matches the second list.

If the first list matches the second list, in step 1908, a third list of reference pictures
sorted at least based on a period of the type of reference pictures. Sorting/ordering the
third list of reference pictures at least based on a period of the type of reference
pictures can be similarly performed as described hereinbefore with reference to Figures
13 and 14, but with the parameter for indicating the temporal level of the reference

pictures substituted with the parameter for indicating a period of a type of picture.
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Next, a motion prediction process is performed for the current picture using at least the
third list of reference pictures in step 1910. For example, the motion prediction process
may be performed using only the third list, using the second and third lists, or using the
first and third lists.

If the first list does not match the second list in step 1906, a motion prediction
process is performed for the current picture using the first and second lists of reference
pictures in module 1912.

In an embodiment, the logic at step 1906 may be switched. In particular, if the first
list matches the second list, a motion prediction process is performed for the current
picture using the first and second lists of reference pictures in step 1912. On the other
hand, if the first list does not match the second list in step 1206, a third list of reference
pictures (e.g., corresponding to the first list of reference pictures described in the
second exemplary embodiment) sorted based on at least the period of a type of the
reference pictures is created in step 1908. Next, a motion prediction process is
performed for the current picture using at least the third list of reference pictures in
step 1910. Similarly, the motion prediction process may be performed using only the
third list, using the second and third lists, or using the first and third lists.

Yet another embodiment is shown in Figure 19B. In particular, steps 1906 and 1912
as shown in Figure 19A are omitted. Accordingly, after step 1904, a third list of
reference pictures (e.g., corresponding to the first list of reference pictures described in
the second exemplary embodiment) sorted by at least the period of the type of the
reference pictures is created in step 1958. Next, a motion prediction process is
performed for the current picture (e.g., blocks of image samples) using at least the third
list of reference pictures in step 1960. For example, the motion prediction process may
be performed using only the third list, using the second and third lists, or using the first
and third lists.

Figure 20 shows a flowchart illustrating another embodiment of the present invention
for sorting the third list of reference pictures at least based on a period of the type of
reference pictures. In step 2000, a first group of reference pictures is selected
comprising one or more key reference pictures having picture numbers equal to integer
multiples of a period of a type of pictures (e.g., a period of the primary pictures). For
example, if the period is 4, the first group of pictures include one or more reference
pictures having picture numbers equal to 0, 4, 8, 12, 16 and so on. The term picture
number refers to the output order of coded pictures. Next, in step 2002, a second group
of reference pictures comprising reference pictures that are not included in the first
group of reference pictures. Then, in step 2004, the first group of reference pictures is
positioned/sorted at the top of the third list whereby the reference pictures within the

third list are sorted according to temporal distance to the current picture. Next, in step
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2006, the second group of reference pictures is positioned/sorted after/below the first
group of reference pictures in the third list whereby the reference pictures within the
third list are sorted according to temporal distance to the current picture. For example,
the reference pictures within the first group and/or the second group are sorted in the
order of increasing temporal distance to the current picture.

Figure 21 shows a block diagram illustrating an example apparatus for encoding
video according to the fourth exemplary embodiment of the present invention. It will
be apparent to the person skilled in the art that modifications can be made to the
example apparatus shown in Figure 21 to implement any one of the methods of
encoding video disclosed herein or other methods without departing from the scope of
the present invention. That is, the apparatus for encoding video according to the
present invention is not limited to the components / elements, and the interconnections
thereof, as shown in Figure 21 and can be modified accordingly for various purposes.

The exemplary apparatus for encoding video comprises a motion estimation unit
2100, a motion prediction unit 2102, a first list creation unit 2104, a second list
creation unit 2116, a third list creation unit 2110, a first switch unit 2106, a second
switch unit 2108, a memory unit 2112, a comparator unit 2114 and a writing unit 2118.

As shown Figure 21, the motion estimation unit 2100 is configure to read a block of
image samples D2101, a selected list of reference pictures D2111 and a second list of
reference pictures D2119, and output a set of motion vectors D2103. The motion
prediction unit 2102 is configured to read the set of motion vectors D2103, the selected
list of reference pictures D2111 and the second list of reference pictures D2119, and
output a block of predicted samples D2105. The first list creation unit 2104 is
configured to read reference pictures D2113 from the memory unit 2112 and output a
first list of reference pictures D2115. The second list creation unit 2116 is configured
to read reference pictures D2117 from the memory unit 2112 and output a second list
of reference pictures D2119. The comparator unit 2114 is configured to read both the
first list of reference pictures D2115 and the second list of reference pictures D2119,
and output a control signal D2121 to control the first switch unit 2106 and the second
switch units 2108. The first switch unit 2104 is configured to send the first list of
reference pictures D2115 either to the second switch unit 2108 or to the third list
creation unit 2110 based on the control signal D2121. The third list creation unit 2110
is configured to create a third list of reference pictures D2123 based on the first list of
reference pictures D2109 and a period of the type of reference pictures D2125 stored in
the memory unit 2112. The second switch unit 2108 is configured to select either the
first list of reference pictures D2107 or the third list of reference pictures D2123 based
on the control signal D2121. The writing unit 2118 is configured to read the period of

the type of reference pictures D2125 and write a corresponding parameter representing
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the period into a header of a coded picture D2127.

Figure 22 shows a block diagram illustrating an example apparatus for decoding
video according to the fourth exemplary embodiment of the present invention.
Similarly, it will be apparent to the person skilled in the art that modifications can be
made to the example apparatus shown in Figure 22 to implement any one of the
methods of decoding video disclosed herein or other methods without departing from
the scope of the present invention. That is, the apparatus for decoding video according
to the present invention is not limited to the components / elements, and the intercon-
nections thereof, as shown in Figure 22 and can be modified accordingly for various
purposes

The exemplary apparatus for encoding video comprises a motion prediction unit
2200, a first list creation unit 2202, a second list creation unit 2214, a third list creation
unit 2208, a first switch unit 2204, a second switch unit 2206, a memory unit 2210, a
comparator unit or a determining unit 2212 and a parsing unit 2216.

As shown in the Figure 22, the motion prediction unit 2200 is configured to read a
decoded set of motion vectors D2201, a selected list of reference pictures D2209 and a
second list of reference pictures D2217, and output a block of predicted samples
D2203. The first list creation unit 2202 is configured to read reference pictures D2211
from the memory unit 2210 and output a first list of reference pictures D2213. The
second list creation unit 2214 is configured to read reference pictures D2215 from the
memory unit 2210 and output a second list of reference pictures D2217. The
comparator unit 2212 is configured to read both the first list of reference pictures
D2213 and the second list of reference pictures D2217 and output a control signal
D2219 to control the first switch unit 2204 and the second switch units 2206. The first
switch unit 2204 is configured to send the first list of reference pictures D2213 either
to the second switch unit 2206 or to the third list creation unit 2208 based on the
control signal D2219. The third list creation unit 2208 is configured to create a third
list of reference pictures D2221 based on the first list of reference pictures D2207 and
a parsed period of primary pictures D2225. The second switch unit 2206 is configured
to select either the first list of reference pictures D2205 or the third list of reference
pictures D2221 based on the control signal D2219. The parsing unit 2216 is configured
to parse a header of a coded picture D2223 and output the parsed period of primary
pictures D2225.

Figure 23 shows a diagram illustrating example locations of the parameter rep-
resenting / indicating the period of the type of reference pictures in a header of the
picture (coded video bitstream) in the case where the type of reference pictures is
primary reference pictures. The period of primary pictures is used for indicating the

periodic occurrence of primary (key) pictures which are typically coded with higher
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quality as compared to other non-primary pictures. According to embodiments of the
present invention, Figure 23(a) shows an example location of the parameter in a
sequence header of a compressed video bitstream, Figure 23(b) shows an example
location of the parameter in a picture header of a compressed video bitstream, Figure
23(c) shows an example location of said parameter in a slice header of a compressed
video bitstream, Figure 23(d) shows that the parameter can also be derived from a pre-
defined look-up table based on a profile parameter, a level parameter, or both the
profile and level parameters located in a sequence header of a compressed video
bitstream.

Figure 24A shows a flowchart illustrating a process or method of encoding video
according to a fifth embodiment of the present invention. As shown in Figure 24A, in
step 2400, a flag (e.g., a reordering technique selection flag) is first written or
embedded into a header of a current picture. For example, the flag is used to indicate or
signal one of the two or more different technqiues used for the ordering the reference
pictures in a reference picture list.

In step 2402, a first list of reference pictures sorted based on the temporal distance to
a current picture is created. Next in step 2404, a second list of reference pictures sorted
based on the temporal distance to the current picture is created. And in step 2406, a
comparison is performed to determine or judge if the first list matches (e.g., identical
to) the second list.

If the first list matches the second list, a comparison is performed to determine if the
value of the flag has or is of a predefined value. If the flag is of a predefined value, a
third list of reference pictures (e.g., corresponding to the first list of reference pictures
described in the second exemplary embodiment), which is sorted based on the
temporal level of the reference pictures, is created in step 2414. If the flag is not of a
predefined value, a third list of reference pictures, which is sorted by prediction de-
pendency of the reference pictures, is created in step 2420. The prediction dependency
of the reference pictures refers to the dependency in inter-picture motion compensated
prediction among the reference frames. Next, a motion estimation process is performed
for a current picture (e.g., a block of image samples) using at least the third list of
reference pictures in step 2416 and a motion prediction process is performed for the
block of image samples using at least the third list of reference pictures in step 2418.
For example, the motion estimation process and/or the motion prediction process may
be performed using the only the third list, using the second and third lists, or using the
first and third lists.

If the first list does not match the second list in step 2406, a motion estimation
process is performed for a current picture using the first and second lists of reference

frames in step 2408 and a motion prediction process is performed for the current



26

WO 2012/108181 PCT/JP2012/000802

[0096]

[0097]

[0098]

picture using the first and second lists of reference frames in step 2410.

In an embodiment, the logic at step 2406 may be switched. In particular, if the first
list matches the second list, a motion estimation process is performed for a current
picture using the first and second lists of reference frames in step 2408 and a motion
prediction process is performed for the current picture using the first and second lists
of reference frames in step 2410. On the other hand, if the first list does not match the
second list in step 2406, a comparison is performed to determine or judge if the value
of the flag has or is of a predefined value. If the flag is of a predefined value, a third
list of reference pictures (e.g., corresponding to the first list of reference pictures
described in the first exemplary embodiment), which is sorted based on the temporal
level of the reference pictures, is created in step 2414. If the flag is not of a predefined
value, a third list of reference pictures, which is sorted by prediction dependency of the
reference pictures, is created in step 2420. The prediction dependency of the reference
pictures refers to the dependency in inter-picture motion compensated prediction
among the reference frames. Next, a motion estimation process is performed for a
current picture (e.g., a block of image samples) using at least the third list of reference
pictures in step 2416 and a motion prediction process is performed for the block of
image samples using at least the third list of reference pictures in step 1318. For
example, the motion estimation process and/or the motion prediction process may be
performed using only the third list, using the second and third lists, or using the first
and third lists.

Yet another embodiment is shown in Figure 24B. In particular, steps 2406, 2408 and
2410 shown in Figure 24A are omitted. Accordingly, after step 2404, a comparison is
performed to determine or judge if the value of the flag has or is of a predefined value
in step 2462. If the flag is of a predefined value, a third list of reference pictures (e.g.,
corresponding to the first list of reference pictures described in the second exemplary
embodiment), which is sorted based on the temporal level of the reference pictures, is
created in step 2464. If the flag is not of a predefined value, a third list of reference
pictures, which is sorted by prediction dependency of the reference pictures, is created
in step 2470. The prediction dependency of the reference pictures refers to the de-
pendency in inter-picture motion compensated prediction among the reference frames.
Next, a motion estimation process is performed for a current picture (e.g., a block of
image samples) using at least the third list of reference pictures in step 2466 and a
motion prediction process is performed for the block of image samples using at least
the first list of reference pictures in step 2468.

Figure 25A shows a flowchart illustrating a process or method of decoding video
according to the fifth exemplary embodiment of the present invention. As shown in

Figure 25A, in step 2500, a flag (e.g., a reordering technique selection flag) is first
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parsed or retrieved from a header of a current picture. For example, the flag indicates
the selected technique for the reordering of the reference pictures.

In step 2502, a first list of reference pictures sorted by a first scheme that uses
temporal distance to a current picture is created. Next in step 2504, a second list of
reference pictures sorted by a second scheme that also uses temporal distance to a
current picture is created. And in step 2506, a comparison is performed to determine or
judge if the first list matches (e.g., identical to) the second list.

If the first list matches the second list, a comparison is performed to determine or
judge if the value of the flag has or is of a predefined value in step 2508. If the flag is
of a predefined value, a third list of reference pictures (e.g., corresponding to the first
list of reference pictures described in the second exemplary embodiment), which is
sorted based on the temporal level of the reference pictures, is created in step 2512. If
the flag is not of a predefined value, a third list of reference pictures, which is sorted
by prediction dependency of the reference pictures, is created in step 2516. The
prediction dependency of the reference pictures refers to the dependency in inter-
picture motion compensated prediction among the reference pictures/frames. Next, a
motion prediction process is performed for a current picture (e.g., a block of image
samples) using at least the third list of reference pictures in step 2514. For example, the
motion prediction process may be performed using only the third list, using only the
second and third lists, or using the first and third lists.

If the first list does not match the second list in step 2506, a motion prediction
process is performed for the current picture using the first and second lists of reference
frames in step 2510.

In an embodiment, the logic at step 2506 may also be switched. In particular, if the
first list matches the second list, a motion prediction process is performed for the
current picture using the first and second lists of reference frames in step 2510. On the
other hand, if the first list does not match the second list in step 2506, a comparison is
performed to determine or judge if the value of the flag has or is of a predefined value.
If the flag is of a predefined value, a third list of reference pictures (e.g., corresponding
to the first list of reference pictures described in the second exemplary embodiment),
which is sorted based on the temporal level of the reference pictures, is created in step
2512. If the flag is not of a predefined value, a third list of reference pictures, which is
sorted by prediction dependency of the reference pictures, is created in step 2516. The
prediction dependency of the reference pictures refers to the dependency in inter-
picture motion compensated prediction among the reference frames. Next, a motion
prediction process is performed for a current picture (e.g., a block of image samples)
using at least the third list of reference pictures in step 2514.For example, the motion

prediction process may be performed using only the third list, the second and third
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lists, or using the first and third lists.

Yet another embodiment is shown in Figure 25B. In particular, steps 2506 and 2510
shown in Figure 25A are omitted. Accordingly, after step 2504, a comparison is
performed to determine or judge if the value of the flag has or is of a predefined value
in step 2558. If the flag is of a predefined value, a third list of reference pictures (e.g.,
corresponding to the first list of reference pictures described in the second exemplary
embodiment), which is sorted based on the temporal level of the reference pictures, is
created in step 2562. If the flag is not of a predefined value, a first list of reference
pictures, which is sorted by prediction dependency of the reference pictures, is created
in step 2566. The prediction dependency of the reference pictures refers to the de-
pendency in inter-picture motion compensated prediction among the reference frames.
Next, a motion prediction process is performed for a current picture (e.g., a block of
image samples) using at least the third list of reference pictures in step 2564.
Embodiment 6

The processing described in each of Embodiments can be simply implemented in an
independent computer system, by recording, in a recording medium, a program for im-
plementing the configurations of the video coding method and the video decoding
method described in each of Embodiments. The recording media may be any recording
media as long as the program can be recorded, such as a magnetic disk, an optical disk,
a magnetic optical disk, an IC card, and a semiconductor memory.

Hereinafter, the applications to the video coding method and the video decoding
method described in each of Embodiments and systems using thereof will be
described.

FIG. 26 illustrates an overall configuration of a content providing system ex100 for
implementing content distribution services. The area for providing communication
services is divided into cells of desired size, and base stations ex106, ex107, ex108,
ex109, and ex110 which are fixed wireless stations are placed in each of the cells.

The content providing system ex100 is connected to devices, such as a computer
ex111, a personal digital assistant (PDA) ex112, a camera ex113, a cellular phone
ex114 and a game machine ex115, via the Internet ex101, an Internet service provider
ex102, a telephone network ex104, as well as the base stations ex106 to ex110, re-
spectively.

However, the configuration of the content providing system ex100 is not limited to
the configuration shown in FIG. 26, and a combination in which any of the elements
are connected is acceptable. In addition, each device may be directly connected to the
telephone network ex104, rather than via the base stations ex106 to ex110 which are
the fixed wireless stations. Furthermore, the devices may be interconnected to each

other via a short distance wireless communication and others.
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The camera ex113, such as a digital video camera, is capable of capturing video. A
camera ex 116, such as a digital video camera, is capable of capturing both still images
and video. Furthermore, the cellular phone ex114 may be the one that meets any of the
standards such as Global System for Mobile Communications (GSM), Code Division
Multiple Access (CDMA), Wideband-Code Division Multiple Access (W-CDMA),
Long Term Evolution (LTE), and High Speed Packet Access (HSPA). Alternatively,
the cellular phone ex114 may be a Personal Handyphone System (PHS).

In the content providing system ex100, a streaming server ex103 is connected to the
camera ex 113 and others via the telephone network ex104 and the base station ex109,
which enables distribution of images of a live show and others. In such a distribution, a
content (for example, video of a music live show) captured by the user using the
camera ex113 is coded as described above in each of Embodiments, and the coded
content is transmitted to the streaming server ex103. On the other hand, the streaming
server ex103 carries out stream distribution of the transmitted content data to the
clients upon their requests. The clients include the computer ex111, the PDA ex112,
the camera ex113, the cellular phone ex114, and the game machine ex115 that are
capable of decoding the above-mentioned coded data. Each of the devices that have
received the distributed data decodes and reproduces the coded data.

The captured data may be coded by the camera ex113 or the streaming server ex103
that transmits the data, or the coding processes may be shared between the camera
ex113 and the streaming server ex103. Similarly, the distributed data may be decoded
by the clients or the streaming server ex103, or the decoding processes may be shared
between the clients and the streaming server ex103. Furthermore, the data of the still
images and video captured by not only the camera ex113 but also the camera ex116
may be transmitted to the streaming server ex103 through the computer ex111. The
coding processes may be performed by the camera ex116, the computer ex111, or the
streaming server ex103, or shared among them.

Furthermore, the coding and decoding processes may be performed by an LSI ex500
generally included in each of the computer ex111 and the devices. The LSI ex500 may
be configured of a single chip or a plurality of chips. Software for coding and decoding
video may be integrated into some type of a recording medium (such as a CD-ROM, a
flexible disk, and a hard disk) that is readable by the computer ex111 and others, and
the coding and decoding processes may be performed using the software. Furthermore,
when the cellular phone ex114 is equipped with a camera, the image data obtained by
the camera may be transmitted. The video data is data coded by the LSI ex500
included in the cellular phone ex114.

Furthermore, the streaming server ex103 may be composed of servers and

computers, and may decentralize data and process the decentralized data, record, or



30

WO 2012/108181 PCT/JP2012/000802
distribute data.
[0114]  As described above, the clients may receive and reproduce the coded data in the

[0115]

[0116]

[0117]

[0118]

content providing system ex100. In other words, the clients can receive and decode in-
formation transmitted by the user, and reproduce the decoded data in real time in the
content providing system ex100, so that the user who does not have any particular right
and equipment can implement personal broadcasting.

Aside from the example of the content providing system ex100, at least one of the
video coding apparatus and the video decoding apparatus described in each of Em-
bodiments may be implemented in a digital broadcasting system ex200 illustrated in
FIG. 27. More specifically, a broadcast station ex201 communicates or transmits, via
radio waves to a broadcast satellite ex202, multiplexed data obtained by multiplexing
audio data and others onto video data. The video data is data coded by the video
coding method described in each of Embodiments. Upon receipt of the multiplexed
data, the broadcast satellite ex202 transmits radio waves for broadcasting. Then, a
home-use antenna ex204 with a satellite broadcast reception function receives the radio
waves.

Next, a device such as a television (receiver) ex300 and a set top box (STB) ex217
decodes the received multiplexed data, and reproduces the decoded data.

Furthermore, a reader/recorder ex218 (i) reads and decodes the multiplexed data
recorded on a recording media ex215, such as a DVD and a BD, or (i) codes video
signals in the recording medium ex215, and in some cases, writes data obtained by
multiplexing an audio signal on the coded data. The reader/recorder ex218 can include
the video decoding apparatus or the video coding apparatus as shown in each of Em-
bodiments. In this case, the reproduced video signals are displayed on the monitor
ex219, and can be reproduced by another device or system using the recording medium
ex215 on which the multiplexed data is recorded. It is also possible to implement the
video decoding apparatus in the set top box ex217 connected to the cable ex203 for a
cable television or to the antenna ex204 for satellite and/or terrestrial broadcasting, so
as to display the video signals on the monitor ex219 of the television ex300. The video
decoding apparatus may be implemented not in the set top box but in the television
ex300.

FIG. 28 illustrates the television (receiver) ex300 that uses the video coding method
and the video decoding method described in each of Embodiments. The television
ex300 includes: a tuner ex301 that obtains or provides multiplexed data obtained by
multiplexing audio data onto video data, through the antenna ex204 or the cable ex203,
etc. that receives a broadcast; a modulation/demodulation unit ex302 that demodulates
the received multiplexed data or modulates data into multiplexed data to be supplied

outside; and a multiplexing/demultiplexing unit ex303 that demultiplexes the
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modulated multiplexed data into video data and audio data, or multiplexes video data
and audio data coded by a signal processing unit ex306 into data.

The television ex300 further includes: a signal processing unit ex306 including an
audio signal processing unit ex304 and a video signal processing unit ex305 that
decode audio data and video data and code audio data and video data, respectively; and
an output unit ex309 including a speaker ex307 that provides the decoded audio signal,
and a display unit ex308 that displays the decoded video signal, such as a display. Fur-
thermore, the television ex300 includes an interface unit ex317 including an operation
input unit ex312 that receives an input of a user operation. Furthermore, the television
ex300 includes a control unit ex310 that controls overall each constituent element of
the television ex300, and a power supply circuit unit ex311 that supplies power to each
of the elements. Other than the operation input unit ex312, the interface unit ex317
may include: a bridge ex313 that is connected to an external device, such as the reader/
recorder ex218; a slot unit ex314 for enabling attachment of the recording medium
ex216, such as an SD card; a driver ex315 to be connected to an external recording
medium, such as a hard disk; and a modem ex316 to be connected to a telephone
network. Here, the recording medium ex216 can electrically record information using a
non-volatile/volatile semiconductor memory element for storage. The constituent
elements of the television ex300 are connected to each other through a synchronous
bus.

First, the configuration in which the television ex300 decodes multiplexed data
obtained from outside through the antenna ex204 and others and reproduces the
decoded data will be described. In the television ex300, upon a user operation through
a remote controller ex220 and others, the multiplexing/demultiplexing unit ex303 de-
multiplexes the multiplexed data demodulated by the modulation/demodulation unit
ex302, under control of the control unit ex310 including a CPU. Furthermore, the
audio signal processing unit ex304 decodes the demultiplexed audio data, and the
video signal processing unit ex305 decodes the demultiplexed video data, using the
decoding method described in each of Embodiments, in the television ex300. The
output unit ex309 provides the decoded video signal and audio signal outside, re-
spectively. When the output unit ex309 provides the video signal and the audio signal,
the signals may be temporarily stored in buffers ex318 and ex319, and others so that
the signals are reproduced in synchronization with each other. Furthermore, the
television ex300 may read multiplexed data not through a broadcast and others but
from the recording media ex215 and ex216, such as a magnetic disk, an optical disk,
and a SD card. Next, a configuration in which the television ex300 codes an audio
signal and a video signal, and transmits the data outside or writes the data on a

recording medium will be described. In the television ex300, upon a user operation
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through the remote controller ex220 and others, the audio signal processing unit ex304
codes an audio signal, and the video signal processing unit ex305 codes a video signal,
under control of the control unit ex310 using the coding method described in each of
Embodiments. The multiplexing/demultiplexing unit ex303 multiplexes the coded
video signal and audio signal, and provides the resulting signal outside. When the mul-
tiplexing/demultiplexing unit ex303 multiplexes the video signal and the audio signal,
the signals may be temporarily stored in the buffers ex320 and ex321, and others so
that the signals are reproduced in synchronization with each other. Here, the buffers
ex318, ex319, ex320, and ex321 may be plural as illustrated, or at least one buffer may
be shared in the television ex300. Furthermore, data may be stored in a buffer so that
the system overflow and underflow may be avoided between the modulation/de-
modulation unit ex302 and the multiplexing/demultiplexing unit ex303, for example.

Furthermore, the television ex300 may include a configuration for receiving an AV
input from a microphone or a camera other than the configuration for obtaining audio
and video data from a broadcast or a recording medium, and may code the obtained
data. Although the television ex300 can code, multiplex, and provide outside data in
the description, it may be capable of only receiving, decoding, and providing outside
data but not the coding, multiplexing, and providing outside data.

Furthermore, when the reader/recorder ex218 reads or writes multiplexed data from
or on a recording medium, one of the television ex300 and the reader/recorder ex218
may decode or code the multiplexed data, and the television ex300 and the reader/
recorder ex218 may share the decoding or coding.

As an example, FIG. 29 illustrates a configuration of an information reproducing/
recording unit ex400 when data is read or written from or on an optical disk. The in-
formation reproducing/recording unit ex400 includes constituent elements ex401,
ex402, ex403, ex404, ex405, ex406, and ex407 to be described hereinafter. The optical
head ex401 irradiates a laser spot in a recording surface of the recording medium
ex215 that is an optical disk to write information, and detects reflected light from the
recording surface of the recording medium ex215 to read the information. The
modulation recording unit ex402 electrically drives a semiconductor laser included in
the optical head ex401, and modulates the laser light according to recorded data. The
reproduction demodulating unit ex403 amplifies a reproduction signal obtained by
electrically detecting the reflected light from the recording surface using a photo
detector included in the optical head ex401, and demodulates the reproduction signal
by separating a signal component recorded on the recording medium ex215 to
reproduce the necessary information. The buffer ex404 temporarily holds the in-
formation to be recorded on the recording medium ex215 and the information re-

produced from the recording medium ex215. The disk motor ex405 rotates the
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recording medium ex215. The servo control unit ex406 moves the optical head ex401
to a predetermined information track while controlling the rotation drive of the disk
motor ex405 so as to follow the laser spot. The system control unit ex407 controls
overall the information reproducing/recording unit ex400. The reading and writing
processes can be implemented by the system control unit ex407 using various in-
formation stored in the buffer ex404 and generating and adding new information as
necessary, and by the modulation recording unit ex402, the reproduction demodulating
unit ex403, and the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated manner. The
system control unit ex407 includes, for example, a microprocessor, and executes
processing by causing a computer to execute a program for read and write.

Although the optical head ex401 irradiates a laser spot in the description, it may
perform high-density recording using near field light.

FIG. 30 illustrates the recording medium ex215 that is the optical disk. On the
recording surface of the recording medium ex215, guide grooves are spirally formed,
and an information track ex230 records, in advance, address information indicating an
absolute position on the disk according to change in a shape of the guide grooves. The
address information includes information for determining positions of recording blocks
ex231 that are a unit for recording data. Reproducing the information track ex230 and
reading the address information in an apparatus that records and reproduces data can
lead to determination of the positions of the recording blocks. Furthermore, the
recording medium ex215 includes a data recording area ex233, an inner circumference
area ex232, and an outer circumference area ex234. The data recording area ex233 is
an area for use in recording the user data. The inner circumference area ex232 and the
outer circumference area ex234 that are inside and outside of the data recording area
ex233, respectively are for specific use except for recording the user data. The in-
formation reproducing/recording unit 400 reads and writes coded audio, coded video
data, or multiplexed data obtained by multiplexing the coded audio and video data,
from and on the data recording area ex233 of the recording medium ex215.

Although an optical disk having a layer, such as a DVD and a BD is described as an
example in the description, the optical disk is not limited to such, and may be an
optical disk having a multilayer structure and capable of being recorded on a part other
than the surface. Furthermore, the optical disk may have a structure for multidi-
mensional recording/reproduction, such as recording of information using light of
colors with different wavelengths in the same portion of the optical disk and for
recording information having different layers from various angles.

Furthermore, a car ex210 having an antenna ex205 can receive data from the satellite

ex202 and others, and reproduce video on a display device such as a car navigation
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system ex211 set in the car ex210, in the digital broadcasting system ex200. Here, a
configuration of the car navigation system ex211 will be a configuration, for example,
including a GPS receiving unit from the configuration illustrated in FIG. 28. The same
will be true for the configuration of the computer ex111, the cellular phone ex114, and
others.

FIG. 31A illustrates the cellular phone ex114 that uses the video coding method and
the video decoding method described in Embodiments. The cellular phone ex114
includes: an antenna ex350 for transmitting and receiving radio waves through the base
station ex110; a camera unit ex365 capable of capturing moving and still images; and a
display unit ex358 such as a liquid crystal display for displaying the data such as
decoded video captured by the camera unit ex365 or received by the antenna ex350.
The cellular phone ex114 further includes: a main body unit including an operation key
unit ex366; an audio output unit ex357 such as a speaker for output of audio; an audio
input unit ex356 such as a microphone for input of audio; a memory unit ex367 for
storing captured video or still pictures, recorded audio, coded or decoded data of the
received video, the still pictures, e-mails, or others; and a slot unit ex364 that is an
interface unit for a recording medium that stores data in the same manner as the
memory unit ex367.

Next, an example of a configuration of the cellular phone ex114 will be described
with reference to FIG. 31B. In the cellular phone ex114, a main control unit ex360
designed to control overall each unit of the main body including the display unit ex358
as well as the operation key unit ex366 is connected mutually, via a synchronous bus
ex370, to a power supply circuit unit ex361, an operation input control unit ex362, a
video signal processing unit ex355, a camera interface unit ex363, a liquid crystal
display (LCD) control unit ex359, a modulation/demodulation unit ex352, a mul-
tiplexing/demultiplexing unit ex353, an audio signal processing unit ex354, the slot
unit ex364, and the memory unit ex367.

When a call-end key or a power key is turned ON by a user's operation, the power
supply circuit unit ex361 supplies the respective units with power from a battery pack
so as to activate the cell phone ex114.

In the cellular phone ex114, the audio signal processing unit ex354 converts the
audio signals collected by the audio input unit ex356 in voice conversation mode into
digital audio signals under the control of the main control unit ex360 including a CPU,
ROM, and RAM. Then, the modulation/demodulation unit ex352 performs spread
spectrum processing on the digital audio signals, and the transmitting and receiving
unit ex351 performs digital-to-analog conversion and frequency conversion on the
data, so as to transmit the resulting data via the antenna ex350.

Also, in the cellular phone ex114, the transmitting and receiving unit ex351 amplifies
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the data received by the antenna ex350 in voice conversation mode and performs
frequency conversion and the analog-to-digital conversion on the data. Then, the
modulation/demodulation unit ex352 performs inverse spread spectrum processing on
the data, and the audio signal processing unit ex354 converts it into analog audio
signals, so as to output them via the audio output unit ex356.

Furthermore, when an e-mail in data communication mode is transmitted, text data of
the e-mail inputted by operating the operation key unit ex366 and others of the main
body is sent out to the main control unit ex360 via the operation input control unit
ex362. The main control unit ex360 causes the modulation/demodulation unit ex352 to
perform spread spectrum processing on the text data, and the transmitting and
receiving unit ex351 performs the digital-to-analog conversion and the frequency
conversion on the resulting data to transmit the data to the base station ex110 via the
antenna ex350. When an e-mail is received, processing that is approximately inverse to
the processing for transmitting an e-mail is performed on the received data, and the
resulting data is provided to the display unit ex358.

When video, still images, or video and audio in data communication mode is or are
transmitted, the video signal processing unit ex355 compresses and codes video signals
supplied from the camera unit ex365 using the video coding method shown in each of
Embodiments, and transmits the coded video data to the multiplexing/demultiplexing
unit ex353. In contrast, during when the camera unit ex365 captures video, still
images, and others, the audio signal processing unit ex354 codes audio signals
collected by the audio input unit ex356, and transmits the coded audio data to the mul-
tiplexing/demultiplexing unit ex353.

The multiplexing/demultiplexing unit ex353 multiplexes the coded video data
supplied from the video signal processing unit ex355 and the coded audio data
supplied from the audio signal processing unit ex354, using a predetermined method.

Then, the modulation/demodulation unit ex352 performs spread spectrum processing
on the multiplexed data, and the transmitting and receiving unit ex351 performs
digital-to-analog conversion and frequency conversion on the data so as to transmit the
resulting data via the antenna ex350.

When receiving data of a video file which is linked to a Web page and others in data
communication mode or when receiving an e-mail with video and/or audio attached, in
order to decode the multiplexed data received via the antenna ex350, the multiplexing/
demultiplexing unit ex353 demultiplexes the multiplexed data into a video data bit
stream and an audio data bit stream, and supplies the video signal processing unit
ex355 with the coded video data and the audio signal processing unit ex354 with the
coded audio data, through the synchronous bus ex370. The video signal processing

unit ex355 decodes the video signal using a video decoding method corresponding to
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the coding method shown in each of Embodiments, and then the display unit ex358
displays, for instance, the video and still images included in the video file linked to the
Web page via the LCD control unit ex359. Furthermore, the audio signal processing
unit ex354 decodes the audio signal, and the audio output unit ex357 provides the
audio.

Furthermore, similarly to the television ex300, a terminal such as the cellular phone
ex114 probably have 3 types of implementation configurations including not only (i) a
transmitting and receiving terminal including both a coding apparatus and a decoding
apparatus, but also (ii) a transmitting terminal including only a coding apparatus and
(ii1) a receiving terminal including only a decoding apparatus. Although the digital
broadcasting system ex200 receives and transmits the multiplexed data obtained by
multiplexing audio data onto video data in the description, the multiplexed data may be
data obtained by multiplexing not audio data but character data related to video onto
video data, and may be not multiplexed data but video data itself.

As such, the video coding method and the video decoding method in each of Em-
bodiments can be used in any of the devices and systems described. Thus, the ad-
vantages described in each of Embodiments can be obtained.

Furthermore, the present invention is not limited to Embodiments, and various modi-
fications and revisions are possible without departing from the scope of the present
invention.

Embodiment 7

Video data can be generated by switching, as necessary, between (i) the video coding
method or the video coding apparatus shown in each of Embodiments and (ii) a video
coding method or a video coding apparatus in conformity with a different standard,
such as MPEG-2, MPEG4-AVC, and VC-1.

Here, when a plurality of video data that conforms to the different standards is
generated and is then decoded, the decoding methods need to be selected to conform to
the different standards. However, since to which standard each of the plurality of the
video data to be decoded conform cannot be detected, there is a problem that an ap-
propriate decoding method cannot be selected.

In order to solve the problem, multiplexed data obtained by multiplexing audio data
and others onto video data has a structure including identification information in-
dicating to which standard the video data conforms. The specific structure of the mul-
tiplexed data including the video data generated in the video coding method and by the
video coding apparatus shown in each of Embodiments will be hereinafter described.
The multiplexed data is a digital stream in the MPEG2-Transport Stream format.

FIG. 32 illustrates a structure of the multiplexed data. As illustrated in FIG. 32, the

multiplexed data can be obtained by multiplexing at least one of a video stream, an
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audio stream, a presentation graphics stream (PG), and an interactive graphics stream.
The video stream represents primary video and secondary video of a movie, the audio
stream (IG) represents a primary audio part and a secondary audio part to be mixed
with the primary audio part, and the presentation graphics stream represents subtitles
of the movie. Here, the primary video is normal video to be displayed on a screen, and
the secondary video is video to be displayed on a smaller window in the primary video.
Furthermore, the interactive graphics stream represents an interactive screen to be
generated by arranging the GUI components on a screen. The video stream is coded in
the video coding method or by the video coding apparatus shown in each of Em-
bodiments, or in a video coding method or by a video coding apparatus in conformity
with a conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1. The audio
stream is coded in accordance with a standard, such as Dolby-AC-3, Dolby Digital
Plus, MLP, DTS, DTS-HD, and linear PCM.

Each stream included in the multiplexed data is identified by PID. For example,
0x1011 is allocated to the video stream to be used for video of a movie, 0x1100 to
Ox111F are allocated to the audio streams, 0x1200 to Ox121F are allocated to the pre-
sentation graphics streams, 0x1400 to Ox141F are allocated to the interactive graphics
streams, 0x1B0O0 to Ox1B1F are allocated to the video streams to be used for secondary
video of the movie, and 0x1A00 to Ox1A1F are allocated to the audio streams to be
used for the secondary video to be mixed with the primary audio.

FIG. 33 schematically illustrates how data is multiplexed. First, a video stream ex235
composed of video frames and an audio stream ex238 composed of audio frames are
transformed into a stream of PES packets ex236 and a stream of PES packets ex239,
and further into TS packets ex237 and TS packets ex240, respectively. Similarly, data
of a presentation graphics stream ex241 and data of an interactive graphics stream
ex244 are transformed into a stream of PES packets ex242 and a stream of PES
packets ex245, and further into TS packets ex243 and TS packets ex246, respectively.
These TS packets are multiplexed into a stream to obtain multiplexed data ex247.

FIG. 34 illustrates how a video stream is stored in a stream of PES packets in more
detail. The first bar in FIG. 34 shows a video frame stream in a video stream. The
second bar shows the stream of PES packets. As indicated by arrows denoted as yyl,
yy2, yy3, and yy4 in FIG. 34, the video stream is divided into pictures as I pictures, B
pictures, and P pictures each of which is a video presentation unit, and the pictures are
stored in a payload of each of the PES packets. Each of the PES packets has a PES
header, and the PES header stores a Presentation Time-Stamp (PTS) indicating a
display time of the picture, and a Decoding Time-Stamp (DTS) indicating a decoding
time of the picture.

FIG. 35 illustrates a format of TS packets to be finally written on the multiplexed
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data. Each of the TS packets is a 188-byte fixed length packet including a 4-byte TS
header having information, such as a PID for identifying a stream and a 184-byte TS
payload for storing data. The PES packets are divided, and stored in the TS payloads,
respectively. When a BD ROM is used, each of the TS packets is given a 4-byte
TP_Extra_Header, thus resulting in 192-byte source packets. The source packets are
written on the multiplexed data. The TP_Extra_Header stores information such as an
Arrival_Time_Stamp (ATS). The ATS shows a transfer start time at which each of the
TS packets is to be transferred to a PID filter. The source packets are arranged in the
multiplexed data as shown at the bottom of FIG. 35. The numbers incrementing from
the head of the multiplexed data are called source packet numbers (SPNs).

Each of the TS packets included in the multiplexed data includes not only streams of
audio, video, subtitles and others, but also a Program Association Table (PAT), a
Program Map Table (PMT), and a Program Clock Reference (PCR). The PAT shows
what a PID in a PMT used in the multiplexed data indicates, and a PID of the PAT
itself is registered as zero. The PMT stores PIDs of the streams of video, audio,
subtitles and others included in the multiplexed data, and attribute information of the
streams corresponding to the PIDs. The PMT also has various descriptors relating to
the multiplexed data. The descriptors have information such as copy control in-
formation showing whether copying of the multiplexed data is permitted or not. The
PCR stores STC time information corresponding to an ATS showing when the PCR
packet is transferred to a decoder, in order to achieve synchronization between an
Arrival Time Clock (ATC) that is a time axis of ATSs, and an System Time Clock
(STC) that is a time axis of PTSs and DTSs.

FIG. 36 illustrates the data structure of the PMT in detail. A PMT header is disposed
at the top of the PMT. The PMT header describes the length of data included in the
PMT and others. A plurality of descriptors relating to the multiplexed data is disposed
after the PMT header. Information such as the copy control information is described in
the descriptors. After the descriptors, a plurality of pieces of stream information
relating to the streams included in the multiplexed data is disposed. Each piece of
stream information includes stream descriptors each describing information, such as a
stream type for identifying a compression codec of a stream, a stream PID, and stream
attribute information (such as a frame rate or an aspect ratio). The stream descriptors
are equal in number to the number of streams in the multiplexed data.

When the multiplexed data is recorded on a recording medium and others, it is
recorded together with multiplexed data information files.

Each of the multiplexed data information files is management information of the
multiplexed data as shown in FIG. 37. The multiplexed data information files are in

one to one correspondence with the multiplexed data, and each of the files includes



39

WO 2012/108181 PCT/JP2012/000802

[0152]

[0153]

[0154]

[0155]

multiplexed data information, stream attribute information, and an entry map.

As illustrated in FIG. 37, the multiplexed data includes a system rate, a reproduction
start time, and a reproduction end time. The system rate indicates the maximum
transfer rate at which a system target decoder to be described later transfers the mul-
tiplexed data to a PID filter. The intervals of the ATSs included in the multiplexed data
are set to not higher than a system rate. The reproduction start time indicates a PTS in a
video frame at the head of the multiplexed data. An interval of one frame is added to a
PTS in a video frame at the end of the multiplexed data, and the PTS is set to the re-
production end time.

As shown in FIG. 38, a piece of attribute information is registered in the stream
attribute information, for each PID of each stream included in the multiplexed data.
Each piece of attribute information has different information depending on whether the
corresponding stream is a video stream, an audio stream, a presentation graphics
stream, or an interactive graphics stream. Each piece of video stream attribute in-
formation carries information including what kind of compression codec is used for
compressing the video stream, and the resolution, aspect ratio and frame rate of the
pieces of picture data that is included in the video stream. Each piece of audio stream
attribute information carries information including what kind of compression codec is
used for compressing the audio stream, how many channels are included in the audio
stream, which language the audio stream supports, and how high the sampling
frequency is. The video stream attribute information and the audio stream attribute in-
formation are used for initialization of a decoder before the player plays back the in-
formation.

In Embodiment 7, the multiplexed data to be used is of a stream type included in the
PMT. Furthermore, when the multiplexed data is recorded on a recording medium, the
video stream attribute information included in the multiplexed data information is
used. More specifically, the video coding method or the video coding apparatus
described in each of Embodiments includes a step or a unit for allocating unique in-
formation indicating video data generated by the video coding method or the video
coding apparatus in each of Embodiments, to the stream type included in the PMT or
the video stream attribute information. With the configuration, the video data
generated by the video coding method or the video coding apparatus described in each
of Embodiments can be distinguished from video data that conforms to another
standard.

Furthermore, FIG. 39 illustrates steps of the video decoding method according to
Embodiment 7. In Step exS100, the stream type included in the PMT or the video
stream attribute information is obtained from the multiplexed data. Next, in Step

exS101, it is determined whether or not the stream type or the video stream attribute
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information indicates that the multiplexed data is generated by the video coding
method or the video coding apparatus in each of Embodiments. When it is determined
that the stream type or the video stream attribute information indicates that the mul-
tiplexed data is generated by the video coding method or the video coding apparatus in
each of Embodiments, in Step exS102, decoding is performed by the video decoding
method in each of Embodiments. Furthermore, when the stream type or the video
stream attribute information indicates conformance to the conventional standards, such
as MPEG-2, MPEG4-AVC, and VC-1, in Step exS103, decoding is performed by a
video decoding method in conformity with the conventional standards.

As such, allocating a new unique value to the stream type or the video stream
attribute information enables determination whether or not the video decoding method
or the video decoding apparatus that is described in each of Embodiments can perform
decoding. Even when multiplexed data that conforms to a different standard, an ap-
propriate decoding method or apparatus can be selected. Thus, it becomes possible to
decode information without any error. Furthermore, the video coding method or
apparatus, or the video decoding method or apparatus in Embodiment 7 can be used in
the devices and systems described above.

Embodiment 8

Each of the video coding method, the video coding apparatus, the video decoding
method, and the video decoding apparatus in each of Embodiments is typically
achieved in the form of an integrated circuit or a Large Scale Integrated (LSI) circuit.
As an example of the LSI, FIG. 40 illustrates a configuration of the LSI ex500 that is
made into one chip. The LSI ex500 includes elements ex501, ex502, ex503, ex504,
ex5035, ex506, ex507, ex508, and ex509 to be described below, and the elements are
connected to each other through a bus ex510. The power supply circuit unit ex505 is
activated by supplying each of the elements with power when the power supply circuit
unit ex505 is turned on.

For example, when coding is performed, the LSI ex500 receives an AV signal from a
microphone ex117, a camera ex113, and others through an AV 10 ex509 under control
of a control unit ex501 including a CPU ex502, a memory controller ex503, a stream
controller ex504, and a driving frequency control unit ex512. The received AV signal
is temporarily stored in an external memory ex511, such as an SDRAM. Under control
of the control unit ex501, the stored data is segmented into data portions according to
the processing amount and speed to be transmitted to a signal processing unit ex507.
Then, the signal processing unit ex507 codes an audio signal and/or a video signal.
Here, the coding of the video signal is the coding described in each of Embodiments.
Furthermore, the signal processing unit ex507 sometimes multiplexes the coded audio

data and the coded video data, and a stream IO ex506 provides the multiplexed data
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outside. The provided multiplexed data is transmitted to the base station ex107, or
written on the recording media ex215. When data sets are multiplexed, the data should
be temporarily stored in the buffer ex508 so that the data sets are synchronized with
each other.

Although the memory ex511 is an element outside the LSI ex500, it may be included
in the LSI ex500. The buffer ex508 is not limited to one buffer, but may be composed
of buffers. Furthermore, the LSI ex500 may be made into one chip or a plurality of
chips.

Furthermore, although the control unit ex510 includes the CPU ex502, the memory
controller ex503, the stream controller ex504, the driving frequency control unit ex512,
the configuration of the control unit ex510 is not limited to such. For example, the
signal processing unit ex507 may further include a CPU. Inclusion of another CPU in
the signal processing unit ex507 can improve the processing speed. Furthermore, as
another example, the CPU ex502 may serve as or be a part of the signal processing unit
ex507, and, for example, may include an audio signal processing unit. In such a case,
the control unit ex501 includes the signal processing unit ex507 or the CPU ex502
including a part of the signal processing unit ex507.

The name used here is LSI, but it may also be called IC, system LSI, super LSI, or
ultra LSI depending on the degree of integration.

Moreover, ways to achieve integration are not limited to the LSI, and a special circuit
or a general purpose processor and so forth can also achieve the integration. Field Pro-
grammable Gate Array (FPGA) that can be programmed after manufacturing LSIs or a
reconfigurable processor that allows re-configuration of the connection or con-
figuration of an LSI can be used for the same purpose.

In the future, with advancement in semiconductor technology, a brand-new
technology may replace LSI. The functional blocks can be integrated using such a
technology. The possibility is that the present invention is applied to biotechnology.
Embodiment 9

When video data generated in the video coding method or by the video coding
apparatus described in each of Embodiments is decoded, compared to when video data
that conforms to a conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1
is decoded, the processing amount probably increases. Thus, the LSI ex500 needs to be
set to a driving frequency higher than that of the CPU ex502 to be used when video
data in conformity with the conventional standard is decoded. However, when the
driving frequency is set higher, there is a problem that the power consumption
increases.

In order to solve the problem, the video decoding apparatus, such as the television

ex300 and the LSI ex500 is configured to determine to which standard the video data
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conforms, and switch between the driving frequencies according to the determined
standard. FIG. 41 illustrates a configuration ex800 in Embodiment 9. A driving
frequency switching unit ex803 sets a driving frequency to a higher driving frequency
when video data is generated by the video coding method or the video coding
apparatus described in each of Embodiments. Then, the driving frequency switching
unit ex803 instructs a decoding processing unit ex801 that executes the video decoding
method described in each of Embodiments to decode the video data. When the video
data conforms to the conventional standard, the driving frequency switching unit ex803
sets a driving frequency to a lower driving frequency than that of the video data
generated by the video coding method or the video coding apparatus described in each
of Embodiments. Then, the driving frequency switching unit ex803 instructs the
decoding processing unit ex802 that conforms to the conventional standard to decode
the video data.

More specifically, the driving frequency switching unit ex803 includes the CPU
ex502 and the driving frequency control unit ex512 in FIG. 40. Here, each of the
decoding processing unit ex801 that executes the video decoding method described in
each of Embodiments and the decoding processing unit ex802 that conforms to the
conventional standard corresponds to the signal processing unit ex507 in FIG. 38. The
CPU ex502 determines to which standard the video data conforms. Then, the driving
frequency control unit ex512 determines a driving frequency based on a signal from
the CPU ex502. Furthermore, the signal processing unit ex507 decodes the video data
based on the signal from the CPU ex502. For example, the identification information
described in Embodiment 7 is probably used for identifying the video data. The identi-
fication information is not limited to the one described in Embodiment 7 but may be
any information as long as the information indicates to which standard the video data
conforms. For example, when which standard video data conforms to can be de-
termined based on an external signal for determining that the video data is used for a
television or a disk, etc., the determination may be made based on such an external
signal. Furthermore, the CPU ex502 selects a driving frequency based on, for example,
a look-up table in which the standards of the video data are associated with the driving
frequencies as shown in FIG. 43. The driving frequency can be selected by storing the
look-up table in the buffer ex508 and in an internal memory of an LSI, and with
reference to the look-up table by the CPU ex502.

FIG. 42 illustrates steps for executing a method in Embodiment 9. First, in Step
exS5200, the signal processing unit ex507 obtains identification information from the
multiplexed data. Next, in Step exS201, the CPU ex502 determines whether or not the
video data is generated by the coding method and the coding apparatus described in

each of Embodiments, based on the identification information. When the video data is
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generated by the video coding method and the video coding apparatus described in
each of Embodiments, in Step exS202, the CPU ex502 transmits a signal for setting the
driving frequency to a higher driving frequency to the driving frequency control unit
ex512. Then, the driving frequency control unit ex512 sets the driving frequency to the
higher driving frequency. On the other hand, when the identification information
indicates that the video data conforms to the conventional standard, such as MPEG-2,
MPEG4-AVC, and VC-1, in Step exS203, the CPU ex502 transmits a signal for setting
the driving frequency to a lower driving frequency to the driving frequency control
unit ex512. Then, the driving frequency control unit ex512 sets the driving frequency
to the lower driving frequency than that in the case where the video data is generated
by the video coding method and the video coding apparatus described in each of Em-
bodiment.

Furthermore, along with the switching of the driving frequencies, the power con-
servation effect can be improved by changing the voltage to be applied to the LSI
ex500 or an apparatus including the LSI ex500. For example, when the driving
frequency is set lower, the voltage to be applied to the LSI ex500 or the apparatus
including the LSI ex500 is probably set to a voltage lower than that in the case where
the driving frequency is set higher.

Furthermore, when the processing amount for decoding is larger, the driving
frequency may be set higher, and when the processing amount for decoding is smaller,
the driving frequency may be set lower as the method for setting the driving frequency.
Thus, the setting method is not limited to the ones described above. For example, when
the processing amount for decoding video data in conformity with MPEG4-AVC is
larger than the processing amount for decoding video data generated by the video
coding method and the video coding apparatus described in each of Embodiments, the
driving frequency is probably set in reverse order to the setting described above.

Furthermore, the method for setting the driving frequency is not limited to the
method for setting the driving frequency lower. For example, when the identification
information indicates that the video data is generated by the video coding method and
the video coding apparatus described in each of Embodiments, the voltage to be
applied to the LSI ex500 or the apparatus including the LSI ex500 is probably set
higher. When the identification information indicates that the video data conforms to
the conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the voltage to
be applied to the LSI ex500 or the apparatus including the LSI ex500 is probably set
lower. As another example, when the identification information indicates that the video
data is generated by the video coding method and the video coding apparatus described
in each of Embodiments, the driving of the CPU ex502 does not probably have to be

suspended. When the identification information indicates that the video data conforms
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to the conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the driving
of the CPU ex502 is probably suspended at a given time because the CPU ex502 has
extra processing capacity. Even when the identification information indicates that the
video data is generated by the video coding method and the video coding apparatus
described in each of Embodiments, in the case where the CPU ex502 has extra
processing capacity, the driving of the CPU ex502 is probably suspended at a given
time. In such a case, the suspending time is probably set shorter than that in the case
where when the identification information indicates that the video data conforms to the
conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1.

Accordingly, the power conservation effect can be improved by switching between
the driving frequencies in accordance with the standard to which the video data
conforms. Furthermore, when the LSI ex500 or the apparatus including the LSI ex500
is driven using a battery, the battery life can be extended with the power conservation
effect.

Embodiment 10

There are cases where a plurality of video data that conforms to different standards,
is provided to the devices and systems, such as a television and a mobile phone. In
order to enable decoding the plurality of video data that conforms to the different
standards, the signal processing unit ex507 of the LSI ex500 needs to conform to the
different standards. However, the problems of increase in the scale of the circuit of the
LSI ex500 and increase in the cost arise with the individual use of the signal
processing units ex507 that conform to the respective standards.

In order to solve the problem, what is conceived is a configuration in which the
decoding processing unit for implementing the video decoding method described in
each of Embodiments and the decoding processing unit that conforms to the con-
ventional standard, such as MPEG-2, MPEG4-AVC, and VC-1 are partly shared.
Ex900 in FIG. 44A shows an example of the configuration. For example, the video
decoding method described in each of Embodiments and the video decoding method
that conforms to MPEG4-AVC have, partly in common, the details of processing, such
as entropy coding, inverse quantization, deblocking filtering, and motion compensated
prediction. The details of processing to be shared probably includes use of a decoding
processing unit €x902 that conforms to MPEG4-AVC. In contrast, a dedicated
decoding processing unit ex901 is probably used for other processing unique to the
present invention. Since the present invention is characterized by a transformation unit
in particular, for example, the dedicated decoding processing unit ex901 is used for
inverse transform. Otherwise, the decoding processing unit is probably shared for one
of the entropy coding, inverse quantization, deblocking filtering, and motion com-

pensated prediction, or all of the processing. The decoding processing unit for im-
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plementing the video decoding method described in each of Embodiments may be
shared for the processing to be shared, and a dedicated decoding processing unit may

be used for processing unique to that of MPEG4-AVC.
Furthermore, ex1000 in FIG. 44B shows another example in that processing is partly

shared. This example uses a configuration including a dedicated decoding processing
unit ex1001 that supports the processing unique to the present invention, a dedicated
decoding processing unit ex1002 that supports the processing unique to another con-
ventional standard, and a decoding processing unit ex1003 that supports processing to
be shared between the video decoding method in the present invention and the con-
ventional video decoding method. Here, the dedicated decoding processing units
ex1001 and ex1002 are not necessarily specialized for the processing of the present
invention and the processing of the conventional standard, respectively, and may be the
ones capable of implementing general processing. Furthermore, the configuration of
Embodiment 10 can be implemented by the LSI ex500.

As such, reducing the scale of the circuit of an LSI and reducing the cost are possible
by sharing the decoding processing unit for the processing to be shared between the
video decoding method in the present invention and the video decoding method in
conformity with the conventional standard.

Industrial Applicability

The present invention is applicable to a coding apparatus which codes audio, still
images, and video and to a decoding apparatus which decodes data coded by the
coding apparatus. For example, the present invention is applicable to various audio-
visual devices such as audio devices, cellular phones, digital cameras, BD recorders,

and digital televisions.
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A method of encoding video using a plurality of reference pictures, the
method comprising:

writing a parameter indicating a temporal level of a reference picture or
a period of a type of a reference picture into the reference picture for
each of the plurality of reference pictures;

creating a first list of reference pictures comprising the plurality of
reference pictures sorted based on the parameter; and

encoding a current picture of the video using at least the first list of
reference pictures.

The method according to claim 1, wherein said encoding the current
picture comprises performing motion estimation and motion prediction
for the current picture using at least the first list of reference pictures.
The method according to claim 1 or 2, wherein said creating the first
list further comprises sorting the reference pictures having the same
temporal level based on their temporal distance to the current picture.
The method according to claim 1 or 2, wherein said creating the first
list comprises:

selecting a first group of reference pictures including one or more
reference pictures of the plurality of reference pictures having a
temporal level equal to a predetermined value;

selecting a second group of reference pictures including reference
pictures of the plurality of reference pictures having a temporal level
not equal to the predetermined value; and

positioning the first group of reference pictures above the second group
of reference pictures within the first list.

The method according to any one of claims 1 to 4, wherein the method
further comprises:

creating a second list of reference pictures sorted based on the temporal
distance of the reference pictures to the current picture; and

creating a third list of reference pictures sorted based on the temporal
distance of the reference pictures to the current picture.

The method according to claim 5, wherein the method further
comprises:

determining whether the second list matches the third list; and

if the second list matches the third list, the first list is created by being

sorted based on the parameter and the current picture is encoded using
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at least the first list of reference pictures, and

if the second list does not match the third list, the current picture is
encoded using the second and third lists of reference pictures.

The method according to claim 5, wherein the method further
comprises:

writing a flag into a header of the current picture; and

determining whether the flag is of a predefined value,

if the flag is of the predefined value, the first list is created by being
sorted based on the parameter and the current picture is encoded using
at least the first list of reference pictures;

if the flag is not of the predefined value, the first list is created by being
sorted based on at least a prediction dependency of the reference
pictures, and the current picture is encoded using at least the first list of
reference pictures.

The method according to any one of claims 5 to 7, wherein the first list
is created by modifying either the second list or the third list using the
parameter.

A method of decoding video using a plurality of reference pictures, the
method comprising:

parsing a parameter indicating a temporal level of a reference picture or
a period of a type of a reference picture from each of the plurality of
reference pictures;

creating a first list of reference pictures comprising the plurality of
reference pictures sorted based on the parameter; and

decoding a current picture of the video using at least the first list of
reference pictures.

The method according to claim 9, wherein said decoding the current
picture comprises performing motion prediction for the current picture
using at least the first list of reference pictures.

The method according to claim 9 or 10, wherein said creating the first
list further comprises sorting the reference pictures having the same
temporal level based on their temporal distance to the current picture.
The method according to claim 9 or 10, wherein said creating the first
list comprises:

selecting a first group of reference pictures including one or more
reference pictures of the plurality of reference pictures having a
temporal level equal to a predetermined value;

selecting a second group of reference pictures including reference
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pictures of the plurality of reference pictures having a temporal level
not equal to the predetermined value; and

positioning the first group of reference pictures above the second group
of reference pictures within the first list.

The method according to any one of claims 9 to 12, wherein the
method further comprises:

creating a second list of reference pictures sorted based on the temporal
distance of the reference pictures to the current picture; and

creating a third list of reference pictures sorted based on the temporal
distance of the reference pictures to the current picture.

The method according to claim 13, wherein the method further
comprises:

determining whether the second list matches the third list; and

if the second list matches the third list, the first list is created by being
sorted based on the parameter and the current picture is decoded using
at least the first list of reference pictures, and

if the second list does not match the third list, the current picture is
decoded using the second and third lists of reference pictures.

The method according to claim 13, wherein the method further
comprises:

parsing a flag from a header of the current picture; and

determining whether the flag is of a predefined value,

if the flag is of the predefined value, the first list is created by being
sorted based on the parameter and the current picture is decoded using
at least the first list of reference pictures;

if the flag is not of the predefined value, the first list is created by being
sorted based on at least a prediction dependency of the reference
pictures, and the current picture is decoded using at least the first list of
reference pictures.

The method according to any one of claims 13 to 15, wherein the first
list is created by modifying either the second list or the third list using
the parameter.

An apparatus for encoding video using a plurality of reference pictures,
the apparatus comprising:

a writing unit configured to write a parameter indicating a temporal
level of a reference picture or a period of a type of a reference picture
into the reference picture for each of the plurality of reference pictures;

a first list creation unit configured to create a first list of reference
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pictures comprising the plurality of reference pictures sorted based on
the parameter; and

an encoding section configured to encode a current picture of the video
using at least the first list of reference pictures.

An apparatus for decoding video using a plurality of reference pictures,
the apparatus comprising:

a parsing unit configured for parsing a parameter indicating a temporal
level of a reference picture or a period of a type of a reference picture
from each of the plurality of reference pictures;

a first list creation unit configured for creating a first list of reference
pictures comprising the plurality of reference pictures sorted based on
the parameter; and

a decoding unit configured for decoding a current picture of the video
using at least the first list of reference pictures.

A method of encoding video using a plurality of reference pictures, the
method comprising:

selecting a technique among a plurality of predetermined techniques for
constructing a list of reference pictures;

encoding a current picture using the list of reference pictures con-
structed based on the selected technique; and

writing a parameter indicating the selected technique into the current
picture.

A method of decoding video using a plurality of reference pictures, the
method comprising:

parsing a parameter indicating a selected technique among a plurality
of predetermined techniques for constructing a list of reference
pictures; and

decoding a current picture using the list of reference pictures con-

structed based on the selected technique.
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[Fig. 5]

4/46

Parsing a parameter or flag indicating
a selected technique among the
plurality of pre-determined techniques
for reference picture list construction

!

Decoding using the selected
technique of reference picture list

construction

[Fig. 6]

— 700
i

= Unit

02

-

Q-

e S -

First
Switch Unit

I D70t

Beleoting ¢y}

. D705

L.

— D715

i— 04

Unit

i- 707 |

First Creating | |

{708 ~DY3
&) }

~Tie |

{
i

Oreating Unit

0
——0
; R
D08 ¢ 106 Y
: r \ i Second :
I ; i it |
E 1 1 Seeond  Switch Unit

Lo

o

Encoding e

Unit .

)

- 712
AY
'.

PCT/JP2012/000802

500

502

; Writing Unit

P olpry



WO 2012/108181
[Fig. 7]

‘r 800

“Parsing
Cpnit

| D815
E_J

|02

5/46

— b8o3

!

b8a5 804 rDSU?

\

{

i
First Creating l
S Uit |

3

| ~808 ~D8I13 610

S |
(‘\) I— o A Oepenbeed Desoding
e o~ D80S — 806 s coding
i [ I : R Unit
First ‘ i Second ;
Switch Unit 1| Second . Switch Unit | 5
"} Creating Unit |} ! |
~- 081
e
Lopsor [ /
{ Memory Unit [« .
\ %)

i
H

PCT/JP2012/000802

rDBﬂ



6/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 8]

Coded video hitstream

- Pletures <

o

o]
)QOO

(a} i i
/
Reference picture
list construction
scheme selection
ideo bitstr
Sequence header - Pictures ST
i i, T
] . _ ‘.‘EM,E
(b) ; e 3 !
/Picture header Picture data
P § ses i
‘ — j A
’ . o
Reference picture " Slices £
tist construction
scheme selection
Coded video bitstream
Seqguence header Plotures S
festassassatassncasass. N e —
7
‘ LK X
i Picture header Picture data
{c) 7 {
i® '-‘/°I
~ St ,—;/ S Tl
-Blices - :
Slice header  Sfice data.
TR ;
/s |
Reference pictire
fist construction
scheme selection
Coded video bitstream
Sequence header - Piotures e
[ sunum IR - e
f
@ | i loes|
{ x §°°
Profile  Level -
Profile - *{P\re—d\egl;*:d\‘ Reference picture
CETEN L 3 list ponstrustian
table i

fovel ——i B schams sefection



WO 2012/108181

[Fig. 9]

7/46

Start

PCT/JP2012/000802

Writing a parameter indicating a
temporal level of a reference picture
or a period of a type of a reference
picture into the reference picture for
each of the plurality of reference

800

picture
v 902
Creating a first list of reference /
pictures sorted based on the
parameter
I

Encoding a current picture of the
video using at least the first list of
reference pictures

¥




8/46

WO 2012/108181

[Fig. 10]

Parsing a parameter indicating a
temporal level of a reference picture
or a period of a type of a reference
picture from each of the plurality of
reference picture

l

Creating a first list of reference
pictures sorted based on the
parameter

l

Decoding a current picture of the
video using at least the first list of
reference pictures

PCT/JP2012/000802

1002

1004

1006



9/46

WO 2012/108181 PCT/JP2012/000802
[Fig. 11A]
Dtart }
)4
Writing 2 parameter for indicatinga | 1100
temporal levetl of a reference picture
into a header of the reference picture
Creating & first st of reference
pictures sorted based on the ternporal | - 1102
distance of the reference pictures o {
the current picture
i}
¥
Creating a second list of reference 1104
pictures soried based on the termpaorai f
distance of the reference pictures fo
the current picture
7
/ 1108
Determining whether -
the first list matches
the second fist
~ B 4
\‘/ Creating a third fist of reference 1108
i pictures sorted based on at least the f
temporal level of the reference
Performing motion estimation ¢ 1114 pictures
for the current picture using |/ v
the first and second lists of Performi ] fimation § 1110
reference pictures er ormtng mottgn estimation for a / !
current picture using at least the third
list of reference pictures
, ‘
Performing motion prediction f 118 | performing motion prediction for a 1112
for the current picture using current picture using at least the third -
the first and second lists of fist of referance pictisres
reference pictures

-4

End ;



10/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 11B]

I"”Zst

Writing @ parameter for indicatinga |~ 1100
temporal level of a reference piciure
into a header of the reference picture

!

Creating a first list of reference

pictures sorted based on the temporal 1102

distance of the reference pictures to
the current picture

¥
Creating a second list of reference 1104
picturas sorted based on the temporal f
distance of the reference pictures to
the current picture

¥

Creating a third list of reference 1158
pictures sorted based on at least the /
temporal level of the reference
pictures

Vv

Performing motion estimation for a /'
current picture using at least the third
list of reference pictures

1160

X

Performing motion prediction for a 1162
current picture using at least the third S
list of reference pictures

f

End



11/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 12A]

Start

Parsing a parameter for indicating a
temporat level of a reference picture | _— 1200
from & header of the reference picture

¥

Creating a first list of reference

pictures sorted based on the ternporal . 1202

distance of the reference pictures to
the current picture

i
v
Creating a second list of reference 1204
pictures sorted based on the temporal /
distance of the reference pictures to
the current picture

1208
o
/ Determining whether
the firgt list matches
the second list
Y
Creating a third list of reference . 1208
picturas sorted based on at least the f
- temporal level of the reference
Performing motion prediction 1212 pictures
for the current picture using /
the first and second lists of 4
reference pictures Performing motion prediction for the 1210
current picture using at least the third f
list of reference pictures

End



12/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 128]

{ Start ’

7

Parsing a parameter for indicating a Ve 1200
temporal level of a reference picture
from a header of the reference picture

¥

Creating a first list of reference

pictures sorted based on the temporal 1202

distance of the reference pictures to
the current picture

X

Crealing a second list of reference 1204
pictures sorted based on the temporal f
distance of the refarence picturas to
the current picture

¥

Creating a third list of reference 1258
pictures sorted based on at least the /
temporal level of the reference
pictures
¥
1260

Performing motion prediction process
for the curreni picture using at least
the third list of reference pictures

End



13/46

WO 2012/108181 PCT/JP2012/000802

;

Sorting the third list of reference 1300
pictures at least based on the /
temporal level of the reference
pictures

!

Sorting reference pictures having the 1302
same temporal level according to their f
respective temporal distance {o the
current picture

[Fig. 13]

End



14/46

WO 2012/108181

[Fig. 14]

PCT/JP2012/000802

Seiec’tmg a fsrst group of reference p:ctures
ccmpnsmg one or more reference mctures havmg :
temporai ievel equa¥ to a. pre*determmed value

| 1400

Sa ectmg a second gmup of reference pzctures ’
somprssmg reference psctures that are not mciuded
“in said first group of reference ptctures

11402

w
.%‘

Placing said first group of reference pxctures at the
top of a thzrd list acccrdmg to temporal d;stance to
said current picture '

1404

iy
B4
X

Placing said second group of reference pictures after
said first group of reference pictures in said third list
according to temporal di_étance to said current

" picture '

1406




15/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 15]

(B7GIG -

7

Od-d

&

UL BURL

8151 — ”
B[ UOIBBI
1 M 18 puonsg
S
........... —
PIGE— Popig
wn b
ACYEXBBUOY L.
v DLEE [43:41
/ " 52810
.............. b

W PAYL e

L MUy uoneady R

o :
WU LOUMG sosLa—~ |- ) HUF UORERI
pucdag S A asrpgsay T
| ¢ YUY USHNG .
L0530~ 9081 — 38414 061 B
ottt el e R b e £ 4SS Smi £ S £ £ eSS S ee e £ e st et e e et e e { (\w
togia ~

tista -
‘3 ‘3
- e N
{yermsgree ONQPRAG |t pOTiRUITSY
~ uonop uopoly
! M ! 0
5061a - 208t~ 0510~ 00GE —



PCT/JP2012/000802

16/46

WO 2012/108181

[Fig. 16]

5

L -2

8181 —_

R

WP BUISARG el

Slice NALLL
i NALYU header

SUSUIT A

P
-
/

e e e HMIPUORERAG
; (N sy puossg | :
L1840 ;

, , :

- Pictures T ___

Coded video bitstream

ZEGY ooy oo - Lty srera - ;

) e R : ey 3 s

i ; oyeseduor L. : <iZ

: : . : ¢ Wy Aoy b z; 3

; 1691d 8081 — 61910 — 0191 ~ i ol £

: m [ : / / T

i M £2910 — — £ 3]

9091 7 T S —_ ANn A
SOS mos— Q\ WL e LIRSS 118G — L

4
’ " .
) W GoImg roeta - e : s
R ; LA R S b} WU UORESAG
puooag s o W Ea |

X

!

e

‘4 J /S GG m
GOYLa - ¥o8L 15414 2081

U g
. R ™
Hofop -

e

_~"Stice NALU

NALU header

7
:
7
:

!
ey

0091

[Fig. 17]

€6910 —

—
™ Temporai levsl

e



17/46
WO 2012/108181 PCT/JP2012/000802
[Fig. 18A]

Start

Writing a parameter for indicating a
period of a type of a reference picture | _— 1800
to a header of the reference picture

:

Creating a first list of reference

pictures sorted based on the temporal = 1802

distance of the reference pictures fo
the current picture

:

Creating a second {ist of reference 1804
pictures sorted based on the temporal f
distance of the reference pictures to
the current picture

) f 1806

Aermining whether

< the first fist maiches
the second list

¥
i Creating & third list of reference 1808

pictures sorted based on at least the f
period of the type of the reference

Performing motion estimation 1814 pictures
for the current picture using / v

the first S i : - o
rsfe?gr?ceegiigiéits of Performing motion estimation for the 1810
. current picture using at least the third |/~
least of reference pictures

A4
Performing motion prediction 1816 é'
for the current picture using / Performing motion prediction for the 1812
the first and second lists of current picture using at least the third | /7
reference pictures least of reference pictures

|

X

F“End



18/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 18B]

2 Start

R
Writing a parameter for indicating a o 1800
periad of a type of a reference picture
o a header of the reference picture

!

Creating a first fist of reference

pictures scorted based on the temporal 1802

distance of the reference pictures to
the current picture

!

Creating a second list of reference 1804
pictures sorted based on the temporal f
distance of the reference pictures to
the current picture

h 4 1858
Creating a third list of reference
pictures sorted based on at least the
petriod of the type of the reference
pictures

A

Performing motion estimation for the 1850
current picture using at least the third
least of reference pictures
¥
Performing motion prediction for the 1862

current picture using at least the third f
least of reference pictures

(=]




19/46

WO 2012/108181 PCT/JP2012/000802
[Fig. 19A]

Stayt

Parsing a parameter for indicating a
period of a type of a reference picture | 1900
from a header of the reference picture

'

Creating a first list of reference
pictures sorted based on the temporal 1802
distance of the reference pictures o a

cusrent picture

:

Creating a second list of referance 1904
pictures sorted based on the temporat f
distance of the reference pictures to
the current picture

/ 1808
Determining whether
the first list matches
the second fist
¥
Creating a third list of reference 1908
pictures sorfed based on at leastthe /7
period of the fype of the reference
pictures
Performing motion prediction 1912
for the cuirent picture using f
the first and second lists of ¥
reference pictures Performing motion prediction for the 1910
current picture using at least the third f
list of reference pictures

[ Ena |



20/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 19B]

Parsing a parameter for indicating a
period of a type of a reference picture | 1800
from a header of the reference picture

Y

Creating a first list of reference
pictures sorted based on the temporal 1802
distance of the reference pictures o a

current picture

¥

Creating a second list of reference 1904
pictures sorted based on the temporal f
distance of the reference pictures fo
the current picture

A2
Creating a third fist of reference
pictures.sorted based on at least the /
period of the type of the reference
pictures

1958

Y
Performing motion prediction for the f 1960

current picture using at least the third
list of reference pictures

¥
End



21/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 20]
(" start )
s 7
Selectmg a first greup of reference pictures .
ccmpnsmg one or more reference p;ctures havmg 12000
pzcture numbers equai to mteger muitxples of a :

~period of | prxmdry pictures

@f;

Se§actmg a second gr"oup of reference pxctures
compnsmg reference pmtures that are not mc!uded
- in said first group of reference pictures

| 2002

?‘s
Piaéing said first gr'oupkcsf reference pictures at the
top of a th;rd fist according to tempora! dzstance t{;
© said current picture

(2004

Placing said second group éf reference pictures after
said first group of reference pictures in said third list | 2006
according to temporal distance to said current

" picture
J— -
( End \/



22/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 21]

rza

8042 =4

T
H 4

iy v %
M . .ag, . N

h foeme _ ORI o] UORBUNST]
ﬂ i+ uonop w LI uonop

30120~ 201%

- £0i2Q - 8384 -

Y FunLm

gy uoeesy .
3867 pRUL

wn e
AOPZetWON g

ST~

U RS
puoseg

012G~

60lzd

©

P T

&
9942

i UoAmg

834

U UOREEID
1557 pUoosg

| i
gz~ iz

e e

§

[

Jiupy Adousapy

Hup} uoneRusy)
ISy s




23/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 22]

L eg
m w0
m ACIERUOT Ly
1zzza -, 80%E 7
,. i S — .
| 7 PP L eswa
=y T L wenvoneesy et i
J\? ...... . ey pangg, : zizeq
: S AT % :
Lsozga— WO USMS Lozza 4o
i puOLBY oli;l?. 2
A — O— ’
v v | W IS
B §022G~ P02~ ysuy
- CHYR
C‘asﬁ.. L HOROIPOI ok - - -
, | Luonop
TS R
gozea - 00zE

HUp Suisugy e

|
8122

HUf} HoReRI)
| 181 pueoes

sizz—  1zga
\ ; : . 5\

L pn Aoway V
4

0iee 5.\\ J

tzea

U} UOREAD
3877 35414

A

2022 —

L

S

S

L0z2Q



24/46
WO 2012/108181
[Fig. 23]

Coded video hitstream

PCT/JP2012/000802

Sequence header -~ Pictures “\:‘Nwﬁ\,‘m»\_
e R G .
R O P . . : L : : .
(H) i i . S 3 : Sl leee
!
Period of
primary gictures
Goded video bitstream
Sequence header - Pletures T~
P e P . T
: ; i . . ; LX 33
{b) :
{Picture headsr Picture data ™.
j: ) § .‘ ; L -1 &J
/f:‘i d e
Porod of D Slices £
primary pictures
Coded video bitstream
Sequerﬁe header o Pictures D S
'_" 1
; t L 2 -X 1
Picture header Picture data
{c} : T ; )
. f { ees J

\~S§ices el

Shice header  Slice data..

gl
i
St

!
Period of
primary pictures

Goded video bitstream

- Pictures e

G

-3
®
®

/ K3
Profil t -
rofile  Leve Profile —mpl e

Pre~defined | Period of
‘tabie J primary plcturas

Lovel ——wl = .



WO 2012/108181

[Fig. 24A]

,.gft_j

VWriting a flag inte a header of a
current picture

¢

Creating a first list of reference
pictures sorted based on the
temporai distance of the
reference pictures {o the current
picture

:

Creating a second list of
reference pictures sorled based
on the tempora! distance of the
reference pictures to the current

picture

Determining whethet

Performing motion estimation
for the current picture using
the first and second lists of

reference pictures

4

Performing motion prediction
for the current picture using
the first and second lists of

reference pictures

~

25/46

2400

2402

2404
2406

the first list matches B
the second list

T

2408

2410

Determining whether
the flaghasorisof &
predefined. valus

.

Creating a third fist of
reference pictures sorted
based on at least the
temporal lavel of the
referance piclures

2412

//—-— --------

2420

241

ey

PCT/JP2012/000802

h 4

\

4

Creating a third list of
referénce pictures sorted
based.on at least the
prediction dependency of
the reference pictures

]

v

Parforming motion estimation
far the current picture using
at feast the third least of
reference piciures

¥

Perfomming motion prediction
for the current picture using
at least the third least of
reference pictures

End

2418

2418



WO 2012/108181

[Fig. 24B]

i' Start }

E

¥

Writing & flag into a header of -
a current piclure

|

Creating a first fist of reference
pictures sorted based on the
temporai distance of the | 2402
reference pictures o the current
picture

:

2400

Creating a second list of 2404
reference pictures sorted based f
on the temporal distence of the
reference pictures to the cutrent
picture

2462

e

Determining whether

26/46

the flag has orisof 2

\predeﬁned value

|
¥
Creating a third fist of 2464
reference pictures sorted
based on at feast the
temporal level of the
reference pictures

=

Creating a third list of
reference pictures sorted
based on at least the
prediction dependency of
the reference picluces

i

|

¥
Performing motion - 2486
estimation for the current //
picture using af jeast the
third least of reference
pictures

!
4

Perfarming motion prediction
for the current pictura using f
at least the third least of
reference pictures

2468

PCT/JP2012/000802

2470



27/46
WO 2012/108181
[Fig. 25A]

Stant

: 2500
Parsing a flag from a header of f

& current picture

v
Creating a first list of refarence
pictures sorted basad on the
temporal distance of the f
reference pictures to the current
picture

'

Craating a second list of /

. 2802

. 2504

reference pictures sorted based

on the temporat distance of the

reference pictures to the current
picture

/Detefmining whethN

the first list matches
the second list

the flag has oris of a

H
i
{ predefined value

Determining whether\\

PCT/JP2012/000802

reference pictures sorted
based on at least the

prediction dependency of
the reference pictures

¥
} Creating a third list of
2512

Y T
Performing motion 2510
estimation for the current f ! ¥
picture using the first and Creating a third list of
second ists of reference referance pictures
pictures sorted based on at feast
the temporal ievel of the
reference pictures
A
Performing motion
prediction for the current
picture using at least the
third least of reference
pictures
I
¥

End

2514



28/46
WO 2012/108181
[Fig. 258]

Start

Parsing & flag from a header of f 2560

a current picture

I
¥
Creating a first fist of refersnce
pictures soried based an the ~ 2802
temporal distance of the e
reference pictures to the current
picture

¥

Creating a second list of

reference pictures sorted based / 2504
on the temporat distance of the
reference pictures 1o the current
picture
2558

Determining whether
the fiag has oris of &
predefined value o
\
T~ ¥
Creating & third iist of
reference pictures sorted
Creating a third fist of - 2562 based on at least the
reference pictures sorted | { prediction dependency of
basad on at least the . the teference pictures

temporal level of the
reference pictures

Y

Performing motion prediction 2564
for the current picture using /
at least the third least of
reference pictures

End

2566

PCT/JP2012/000802



29/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 26]

TTX3 suoyd Jemys) mmwﬂ Q0Ix®

7 s ZOIX2 Jopiacid 931AISS 18ULTUT
- 01TX®
R [swsven ]
CTIXa esauen m P
6012 ~
-
11X vAd Nv POIX® 1 >
H40MIBU
uoyds|sy TOTXe Jalldaiu] J

J

|
T1IX9 taandwo) ._ w
Forvanoonid e e m e a e e

COTXD J8ALDS Buwesng

10053 157 |

G11Xo epuweln

1higditses
HHHIT

(2 EELERAELE]



30/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 27]

112X% wasds uonebiasu Jeny

ZI¢%e
sniesedde uoponpouday

£TZX2 103jUsk

jgozxe

RIZXS Jopiosal/ispesy j
o
W

OOEXS UOISIABIR Y. =

LITXa g
//IHHHU

617X J0HUOW

1S

£0Zxa aiqed

TOZX8 UoIRIs 1se0peoly

§ 707X SuleIes 1seapeoiy
\

1414E
P



31/46

PCT/JP2012/000802

WO 2012/108181

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 00EXS
M“Wg i
: |
005X, TTEX®~ |
S e ~ N
m w N AN Addns Jemod w m_\ !
A i | N
| 80EXeN PTG gERSY T | !
Hun ” W : ! \cozxe
HAedsiq | 3y 124ng C1 Busseoud| ARlNt < w 1£0¢C
i i J i jleuBis oapiAl It N YA v
v LOEXS mm aTLXe “ 2 CHIEY42.C Bupidiinwap LORRINDOWSP ke B JOUN L | 1 POTXS
: o . o, | fbunaidopel] | fuoneinpon] | A
! ¥ “ o] ! | } %
; <bl 10)NG et Buissanodieis] tayngle . wm, A
,, b | feuBs opry] L E0EXT ot [oexs
_..xr:\\....i,x v -oX3 2 ORI ; {
gofxe § | 8T€ gocxs §  0TeX® \ | !
* }
w HUN |OUOD m W “
€TEXS FATLEN o1EXS!
AT u/ xxxxxxxxxxxxxxxxxxx R U4 : M
m DAL _ TE: u‘oumﬂ m sbpLig H mgc: ndut vonesadol; |
zzzzzzzzzzzzzzzzzzzzzzzzzz AczzorormzeoAcororososs Ao vros Ao u./, M
e L4 LTEXD
!
BTZXB  0TTX®




32/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 29]

(RRENARRRE]

IREREEERER]

VN

IKRERERREE)

~
005X

HUN JONRUOD WSISAS

<0bXs
\

X2
S0v \

/

3>

! : UONBMPOl

Jun Buiptosad

v

A\,T!e!v 8404

Bupeinpowsp
uopanpoidey

HUn

HUN jOLUOD CANRSG

pesy

jesiydo

\\\

!
| pobxe
i
: £0bXD

L e s v e wve eme v v dem rwmr mme wwe e mme mm e tmms mwe mm eem s mme

d030W
A8




33/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 30]

i i Recording blocks
(e)gfg! disk ) ex231

Information track b=

1 \
ex230 \\ Yy
\ \
W A Inner | ex232.
V. \circumference area
W
1\
3§
id )
1\ | Data recording § &x233
W area
i\
)
A
\
\|Outer _ex234
¥ circumference area




34/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 31A]

Antenna ex350 \,ﬂ

O ___ Audio output unit
ex357

/
Display unit ex358 Ag{/

IS

___Camera unit ex365

N
O
N

QL AN
ESNS/7,
) - _ ‘
O O D >t.’i)peratson key unit
Slot unit ex364 @D D D ex366
~ | o®®
ex216. O D D
T Eg - @D

b
%

— Audio input unit
ex356
exii4d




35/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 31B]

N Ay HUN [OJIU0D
uopessdo | 7% indus uonetado
99gx8 z9exs
Jun HUN 22R3433U4
efowen | eJowr)
59Ex8 £9gxa -
Bulpicony 1N 3015
91Tx® PgLxs
uun
0LU0D UiR
gogxa
i wes o T gdiea oy
TgeExa

pLEX®

. un
on ndano opny
BuIs5900.d & LGEXD
<>l ieubis opny
N Hun
PEERB #¥ andus oipny
g
X3
b HUN m%mmwuo\a 95¢€
eubis ospl
12UBIS 0BDIA b ey
pun
<34 Duixsidiajnuisp
/Buixeidiiniy TN £SEXD
et PUN AJOWBH L
™ L9EXS
N
HUN UGHRRINPOWBD :
S > DuiAleDdad pue
JUOLEINPOI Buipnusuely
z5exs 1GEX3-
v Hun
<=2 1onuod gol Hun Agjdsiq
65Exa 8gExa

05Ex3



36/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 32]

(02pIA ALBPUDISS ‘TOGIX0=0Id) Weals 0apiIa

(o3piA Adepuodss ‘00gIX0=01d) Weslis 08pIA

(DOPTX0=0ld) weadis soiydeid angoetaju]

(102 IX0=01d) weans soydesh uoneiuasald

(007 TX0=qld) wesns soiydesb uopeIussa.yd

(T0TTX0=(Id) wesis olpny

(00T IX0=QId) weadls oipny

(08pin Adewilid ‘TTOTX0=0Id) Wesls 0apiA




PCT/JP2012/000802

37/46

WO 2012/108181

[Fig. 33]

weans soydesd aapeIoluT weans soydesb uoneIuassld
PpTX3 | e
SpTxe o Crexs
OpTXa~_ | Evere
B18p PaX2ININA
o LE7x®
ObTXD \ 0 T
6E7XD~ P
- GETXD
gezXe

LWesu3s aulely oipny WReals sulel) 0apIA



38/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 34]

peojied ispesy
S3d S3d
S W
aunioid-~-g D aind-g D ainyoid-4 m asnind-1 D
| M ./ﬂwvﬁmg S3d
/ / 40 weans

HAA cAA ZAA TAA

/ / // /.

| | N N

ainid-g | sunpid-g | eanoid-g | adniid-g | aumpoid-4 | aanpid-l
WIRSIIS duwiel) 0apPIA



39/46

WO 2012/108181

[Fig. 35]

Stream of TS packets

TS header~~ TS payload
(4 Bytes) (184 Bytes)

Stream of
source packets.

H
H
i
3
H
t
s
$

AN v

TP_extra_header TSYpacket
(4 Bytes) (188 Bytes)

Multiplexed data
SPNQ 12 34 56 7

PCT/JP2012/000802

L'T"
Source packet



40/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 36]

N# 103di0sap wesns

. o o%

N# UOIRULIOJUI Weals

T# 103diosap weans

4 2 a

ald

T# UCRRULIOMU WRSNS

adAy weans

N# 103diiasaqg

e o o

T# Jo3diosad

dapeay Liid

LiNd 40 ainiongs eieq




41/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 37]

(SLZIAN "XXX) eiep paxajdiinig

awy pus
uonanpoIdoy

dew Anug

2Ui MRS
uononpoday

LoReULIOlL
aNgUNe Wwesng

164 WBISAS

uofewsojul din

1d70 XXX

afl uopewo did



42/46

WO 2012/108181

PCT/JP2012/000802

[Fig. 38]

UOIIRULIO UL \
IINQLNE WeDNS 03PIA | 00ETX0 |}
UOIBULIOU
Aouanbads Buyduwes NLIe weadls \
soydedb uoneiussald | T0ZIX0 ]
abenbue s
- uoewIoul
28pan soiydeuB uopelussald | 007 IX0
. UOIIBLIIONU
. singiile wesas oipny | TOTIX0 4
238l BUweld |
UORBUIIOLUI uoeuLIoul
ones padsy 2INqLNE WeaNS oIpny | 00T TX0 SINgUIe Weans
LONN0SaY UDIRULICIU] o
aInquIe weadls o03piA | TI0TX0 |,
2apod | \

oo ul
SINglle wesng

did




43/46

WO 2012/108181 PCT/JP2012/000802

[Fig. 39]

Obtain identification information §— &X5100

(stream type, video stream
attribute information) from
multiplexed data

-ex5101
Video data
generated by video™~
coding method or video
coding apparatus in
present invention?

YES NO
ex5102 ex5103
/

. v
Decode video data
using decoding method
in conformity with
corresponding
conventional standard

Decode video data
using video decoding
method in present
invention




44/46

PCT/JP2012/000802

WO 2012/108181

[Fig. 40]

617X
JOUUOW

OTSX

ETLIX3

1

elawie] m:ocmobi

GIZXs LOIX3

< K

13]j03U00

weans

LOSXS

\

13yng

uun
Butsss204d
jeubis 0apIA

jun
Huisssoo.d
jeubis oipny

uun Buissancad jeubig

Lm\tobcou
LoEmZ

i
H
H
i
{
|
|
|
|
|
|

ﬁcz&e

yoes

O._.A@

t

i)

AJOWBIW N T15%®

UM JN0AD
Alddns demod

JUN jOUOD

| Aouanbauyy .

Buinug| | 0dO P
A~ = Togxe
L CIsXe  20sXs | jo.3uoD

J



WO 2012/108181

[Fig. 41]

45/46

_-ex801

Decoding

invantion

unit in present A

processing

PCT/JP2012/000802

ex803

Driving freguency
switching unit

/@XSOZ

Decoding processing
unit in conformity with g
conventional standard

[Fig. 42]

ex5202

N

Obtain identification information
from coded stream

- exS200

stream generated
by video coding method or
video coding apparatus in g
present invention?

YES

NO

\

\

ex5201

ex5203

;

higher

Set driving frequency

lower

Set driving freguency




46/46

WO 2012/108181
[Fig. 43]
Corresponding Driving E
standard frequency
MPEG-4 AVC 500 MHz
MPEG-2 350 MHz

[Fig. 44A]

e

Decoding processing
unit dedicated to
present invention

ex802
/

/

Decoding processing unit
shared between present
invention and conventional
standard

standard

Decoding processing unit
shared between present
invention and canventional

ex1001
i

1
i
4
1
3
4
k]
i
¢
¥
$
1
: [
1
1
¥
i
¥
i
i
¥
i
Y
1

Decoding processing
unit dedicated to
present invention

ex1002
/

i

Decoding processing unit
dedicated to conventional
standard

PCT/JP2012/000802

...................................................................

............................................................................



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/000802

A.

CLASSIFICATION OF SUBJECT MATTER

Int.Cl. HO4N7/32(2006.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. HO4N7/32

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2012
Registered utility model specifications of Japan 1996-2012
Published registered utility model applications of Japan 1994-2012

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2005/011285 A1 (NIPPON TELEGRAPH AND TELEPHONE [19-20
CORPORATION) 2005.02.03, pars. [0008] , [0032] [1-18
- [0037] ,Fig.1-3 & US 2007/0098068 A1 & EP 1650977
Al & TW 258992 B & KR10-2006-0023989 A & CN 1806447
A

Hideaki KIMATA et al., Temporal Scalable Video [19-20
Coding with Hierarchical Reference Picture |1-18
Selection Method, The IEICE Transactions on
Fundamentals of Electronics, Communications and
Computer Sciences (JAPANESE) , 2005.03,
Vol.J88-A, No.3, p.397-410

W

Further documents are listed in the continuation of Box C. {™  See patent family annex.

*

“A”
“g»

“p

“Q”

“p»

Special categories of cited documents: “T» later document published after the international filing date or
document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

earlier application or patent but published on or after the inter-
national filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
combination being obvious to a person skilled in the art

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

document published prior to the international filing date but later
than the priority date claimed “&” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

01.05.2012 22.05.2012

Name and mailing address of the ISA/JP Authorized officer 5cl9468

Japan Patent Office Takayuki HATANAKA

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3541

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/000802

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

improve support for temporal scalability, Joint
Collaborative Team on Video Coding (JCT-VC) of
ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG1ll 4th
Meeting: Daegu, KR, Document: JCTVC-D200, ITU-T,
2011.01

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Hideaki Kimata et al., Hierarchical Reference [19-20
A Picture Selection Method for Temporal |1-18
Scalability beyond H.2064, 2004 IEEE
International Conference on Multimedia and Expo,
2004. ICME'Q4., 2004.00.27, Vol.1l, p.181-184

A Hideaki Kimata et al., Reference Picture |1-20
Selection Prediction for Temporal Scalability,
The Proceedings of the 18th Picture Coding
Symposium of Japan, 2003.11.14, p.55-56

A Heiki Schwarz et al., Hierarchical B pictures, |1-20
Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T
VCEG (ISO/IEC JTC1/SC29/WGl1l and ITU-T SG16 Q.6)
l16th Meeting: Poznan, PL, Document: JVT-P014,
ITU-T, 2005.07

A WO 2007/040336 Al (LG ELECTRONICS INC.) 1-20
2007.04.12, page 17, line 15 to page 20, line 1,
Fig.6A to 6B & JP 2009-512268 A & US 2007/0086518
Al & EP 1943840 A & KR 10-2007-0038417 A & CN
101283595 A & RU 2008117444 A

A Heiko Schwarz et al., Overview of the Scalable |1-20
Video Coding Extension of the H.264/AVC Standard,
IEEE Transactions on Circuits and Systems for
Video Technology, 2007.09, Vol.1l7, No. 9,
p.1103-1120

A Jill Boyce and Danny Hong, High layer syntax to |[1-20

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2012/000802
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Toshiyvasu Sugio and Takahiro Nishi, Modified [1-20

usage of predicted motion wvectors in forward
directional bi-predictive coding frame, Joint
Collaborative Team on Video Coding (JCT-VC) of
ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG1ll 4th
Meeting: Daegu, KR, Document: JCTVC-D274, ITU-T,
2011.01

Form PCT/ISA/210 (continuation of second sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - wo-search-report
	Page 98 - wo-search-report
	Page 99 - wo-search-report

