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FIG.14
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PICTURE DECODING DEVICE, PICTURE
DECODING METHOD AND PICTURE
DECODING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of application
Ser. No. 15/936,682, filed Mar. 27, 2018; which is a Con-
tinuation of application Ser. No. 15/865,371, filed Jan. 9,
2018, now U.S. patent Ser. No. 10/070,146; which is a
Continuation of application Ser. No. 15/711,117, filed Sep.
21, 2017, now U.S. Pat. No. 9,912,963; which is a Continu-
ation of application Ser. No. 14/860,292, filed Sep. 21, 2015,
now U.S. Pat. No. 9,807,420; which is a Continuation of
International Application No. PCT/JP2014/001510, filed on
Mar. 17, 2014, which in turn claims the benefit of Japanese
Application No. 2013-074913, filed on Mar. 29, 2013,
Japanese Application No. 2013-074914, filed on Mar. 29,
2013, Japanese Application No. 2013-081796, filed on Apr.
10, 2013, Japanese Application No. 2013-081797, filed on
Apr. 10, 2013, Japanese Application No. 2014-023251, filed
on Feb. 10, 2014, and Japanese Application No. 2014-
023252, filed on Feb. 10, 2014, the disclosures of which
Applications are incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to technology for
coding and decoding a picture, and particularly, technology
for coding and decoding in a screen.

2. Description of the Related Art

[0003] As a representative example of a compression
coding system of moving pictures, the standard of MPEG-4
AVC/H.264 is known. In MPEG-4 AVC/H.264, coding is
performed in units of macro blocks obtained by dividing a
picture into a plurality of rectangular blocks. A size of the
macro block is defined as 16x16 pixels in a brightness
signal, regardless of a picture size. A color-difference signal
is also included in the macro block. However, a size of the
color-difference signal included in the macro block is dif-
ferent according to a color-difference format of a coded
picture. When the color-difference format is 4:2:0, the size
of the color different signal is defined as 8x8 pixels, when
the color-difference format is 4:2:2, the size of the color
different signal is defined as 8x16 pixels, and when the
color-difference format is 4:4:4, the size of the color differ-
ent signal is defined as 16x16 pixels.

[0004] In the color-difference format, a ratio of sampled
pixel numbers of three signals of one piece of brightness
information and two pieces of color-difference information
is represented by X:Y:Z. As examples of a color-difference
format of a picture to be coded and decoded by MPEG-4
AVC/H.264, 4:2:0, 4:2:2, 4:4:4, and a monochrome are
known.

[0005] FIGS. 3A to 3E are a diagram illustrating each
color-difference format of a picture. x shows a position of a
pixel of a brightness signal of a picture on a screen plane and
o shows a position of a pixel of a color-difference signal.
[0006] 4:2:0 illustrated in FIG. 3A is a color-difference
format in which a color-difference signal is sampled at a
density of ¥ in both horizontal and vertical directions, with
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respect to a brightness signal. That is, in 4:2:0, aspect ratios
of pixels of the brightness signal and the color-difference
signal are equal to each other. In 4:2:0, the color-difference
signal may be sampled at a position illustrated in FIG. 3E.
[0007] 4:2:2 illustrated in FIG. 3B is a color-difference
format in which a color-difference signal is sampled at a
density of 2 in a horizontal direction and at the same density
in a vertical direction, with respect to a brightness signal.
That is, in 4:2:2, aspect ratios of pixels of the brightness
signal and the color-difference signal are different from each
other.

[0008] 4:4:4 illustrated in FIG. 3C is a color-difference
format in which both a brightness signal and a color-
difference signal are sampled at the same density. That is, in
4:4:4, aspect ratios of pixels of the brightness signal and the
color-difference signal are equal to each other.

[0009] The monochrome illustrated in FIG. 3D is a color-
difference format configured using only a brightness signal
without using a color-difference signal.

[0010] The brightness signal and the color-difference sig-
nal are set to share coding information such as motion
compensation with each other and are coded and decoded.
However, in 4:4:4, a mechanism for coding and decoding
one brightness signal and two color-difference signals as
three monochromes independently is also prepared.

[0011] In a system of AVC/H.264, a method of executing
prediction from a block coded/decoded in a coding/decoding
target picture is used. This method is called intra-prediction.
In addition, motion compensation to predict a motion from
a reference picture using a coded/decoded picture as the
reference picture is used. A method of predicting the motion
by the motion compensation is called inter-prediction.
[0012] First, switching units of an intra-prediction mode
by the intra-prediction in intra-coding of the system of
AVC/H.264 will be described. FIGS. 4(a) to 4(c¢) are dia-
grams illustrating the switching units of the intra-prediction
mode. In the intra-coding of the system of AVC/H.264, three
types of “4x4 intra-prediction”, “16x16 intra-prediction”,
and “8x8 intra-prediction” are prepared as the switching
units of the intra-prediction mode.

[0013] Inthe “4x4 intra-prediction”, a brightness signal of
a macro block (a brightness signal of 16x16 pixel blocks and
a color-difference signal of 8x8 pixel blocks) is divided into
16 parts of 4x4 pixel blocks, a mode is selected from nine
types of 4x4 intra-prediction modes in 4x4 pixel units
divided, and the intra-prediction is sequentially performed
(FIG. 4A).

[0014] In the “16x16 pixel intra-prediction”, a mode is
selected from four types of 16x16 intra-prediction modes in
16x16 pixel block units of a brightness signal and the
intra-prediction is performed (FIG. 4B).

[0015] In the “8x8 pixel intra-prediction”, a brightness
signal of a macro block is divided into 4 parts of 8x8 pixel
blocks, a mode is selected from nine types of 8x8 intra-
prediction modes in 8x8 pixel units divided, and the intra-
prediction is sequentially performed (FIG. 4C).

[0016] In addition, in the intra-prediction of the color-
difference signal, when the color-difference format is 4:2:0
or 4:2:2, a mode is selected from four types of intra-
prediction modes of the color-difference signal in macro
block units and the intra-predictions are performed.

[0017] Next, units of the inter-prediction in inter coding of
the system of AVC/H.264 will be described. FIGS. 5(a) to
5(k) are diagrams illustrating macro block partition and
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sub-macro block partition. Here, only a pixel block of a
brightness signal is illustrated for the simplification of
explanation. In MPEG series, a macro block is defined by a
square region. Generally, in the MPEG series including the
system of AVC/H.264, a block defined by 16x16 pixels (16
pixels in a horizontal direction and 16 pixels in a vertical
direction) is called a macro block. In addition, in the system
of AVC/H.264, a block defined by 8x8 pixels is called a
sub-macro block. The macro block partition means each of
small blocks obtained by dividing the macro block for the
sake of motion compensation and prediction. The sub-macro
block partition means each of small blocks obtained by
dividing the sub-macro block for the sake of the motion
compensation and prediction.

[0018] FIG. 5A is a diagram illustrating the case in which
a macro block is configured from one macro block partition
configured from a brightness signal of 16x16 pixels and two
color-difference signals corresponding to the brightness sig-
nal. Here, this configuration is called a macro block type of
a 16x16 mode.

[0019] FIG. 5B is a diagram illustrating the case in which
a macro block is configured from two macro block partitions
configured from a brightness signal of 16x8 pixels (16 pixels
in a horizontal direction and 8 pixels in a vertical direction)
and two color-difference signals corresponding to the bright-
ness signal. The two macro block partitions are arranged
vertically. Here, this configuration is called a macro block
type of a 16x8 mode.

[0020] FIG. 5C is a diagram illustrating the case in which
a macro block is configured from two macro block partitions
configured from a brightness signal of 8x16 pixels (8 pixels
in a horizontal direction and 16 pixels in a vertical direction)
and two color-difference signals corresponding to the bright-
ness signal. The two macro block partitions are arranged
horizontally. Here, this configuration is called a macro block
type of an 8x16 mode.

[0021] FIG. 5D is a diagram illustrating the case in which
a macro block is configured from four macro block parti-
tions configured from a brightness signal of 8x8 pixels and
two color-difference signals corresponding to the brightness
signal. The four macro block partitions are arranged two by
two vertically and horizontally. Here, this configuration is
called a macro block type of an 8x8 mode.

[0022] FIG. 5E is a diagram illustrating the case in which
a sub-macro block is configured from one sub-macro block
partition configured from a brightness signal of 8x8 pixels
and two color-difference signals corresponding to the bright-
ness signal. Here, this configuration is called a sub-macro
block type of an 8x8 mode.

[0023] FIG. 5F is a diagram illustrating the case in which
a sub-macro block is configured from two sub-macro block
partitions configured from a brightness signal of 8x4 pixels
(8 pixels in a horizontal direction and 4 pixels in a vertical
direction) and two color-difference signals corresponding to
the brightness signal. The two sub-macro block partitions
are arranged vertically. This configuration is called a sub-
macro block type of an 8x4 mode.

[0024] FIG. 5G is a diagram illustrating the case in which
a sub-macro block is configured from two macro block
partitions configured from a brightness signal of 4x8 pixels
(4 pixels in a horizontal direction and 8 pixels in a vertical
direction) and two color-difference signals corresponding to
the brightness signal. The two macro block partitions are
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arranged horizontally. Here, this configuration is called a
sub-macro block type of a 4x8 mode.

[0025] FIG. 5H is a diagram illustrating the case in which
a sub-macro block is configured from four sub-macro block
partitions configured from a brightness signal of 4x4 pixels
and two color-difference signals corresponding to the bright-
ness signal. The four sub-macro block partitions are
arranged two by two vertically and horizontally. Here, this
configuration is called a sub-macro block type of a 4x4
mode.

[0026] In the coding system of AVC/H.264, a mechanism
for selectively using the motion compensation block sizes is
taken. First, any macro block type can be selected as the
motion compensation block size of the macro block unit,
from the macro block types of the 16x16, 16x8, 8x16, and
8x8 modes. When the macro block type of the 8x8 mode is
selected, any sub-macro block type can be selected as the
motion compensation block size of the sub-macro block
unit, from the sub-macro block types of the 8x8, 8x4, 4x8,
and 4x4 modes.

CITATION LIST

Non-Patent Literature

[0027] Non-Patent Literature 1: ISO/IEC 14496-10 Infor-
mation technology—Coding of audio-visual objects—Part
10: Advanced Video Coding

[0028] When information regarding an intra-prediction
mode of a picture signal is coded, information regarding an
intra-prediction mode of a brightness signal and information
regarding an intra-prediction mode of a color-difference
signal are coded and are arranged in a bitstream. However,
at this time, if the intra-prediction mode is not coded
according to a color-difference format, process efficiency
may be degraded.

SUMMARY OF THE INVENTION

[0029] The present invention has been made in view of the
above circumstances and an object of the present invention
is to provide technology for efficiently coding and decoding
a picture signal by intra-prediction of a brightness signal and
a color-difference signal according to a color-difference
format.

[0030] In order to solve the above issue, a picture coding
device of an aspect of the present invention for coding
information regarding an intra-prediction mode in a predic-
tion block unit and coding picture signals including a
brightness signal and a color-difference signal in a conver-
sion block unit using intra-prediction, includes: an intra-
brightness prediction mode coder (122, 126) that sets a
prediction block of the brightness signal, codes a syntax
element regarding the intra-prediction mode of the bright-
ness signal, on the basis of the intra-prediction mode of the
brightness signal showing an intra-prediction method of the
prediction block of the bright signal, and codes information
regarding an intra-brightness prediction mode in a bitstream;
an intra-color-difference prediction mode coder (123, 126)
that sets a prediction block of the color-difference signal,
codes a syntax element regarding an intra-color-difference
prediction mode of the color-difference signal by referring to
the intra-brightness prediction mode, on the basis of the
intra-color-difference prediction mode of the color-differ-
ence signal showing an intra-prediction method of the
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prediction block of the color-difference signal, and codes
information regarding the intra-color-difference prediction
mode in the bitstream; a brightness signal intra-predictor
(103) thatpredictsabrightness signal of a conversion block of
the brightness signal from a surrounding brightness signal of
the conversion block of the brightness signal, according to
the intra-brightness prediction mode; and a color-difference
signal intra-predictor (103) that predicts a color-difference
signal of a conversion block of the color-difference signal
from a surrounding color-difference signal of the conversion
block of the color-difference signal, according to the intra-
color-difference prediction mode.

[0031] According to another aspect of the present inven-
tion, there is provided a picture coding method. The picture
coding method for coding information regarding an intra-
prediction mode in a prediction block unit and coding
picture signals including a brightness signal and a color-
difference signal in a conversion block unit using intra-
prediction, includes: setting a prediction block of the bright-
ness signal, coding a syntax element regarding the intra-
prediction mode of the brightness signal, on the basis of the
intra-prediction mode of the brightness signal showing an
intra-prediction method of the prediction block of the bright
signal, and coding information regarding an intra-brightness
prediction mode in a bitstream; setting a prediction block of
the color-difference signal, coding a syntax element regard-
ing an intra-color-difference prediction mode of the color-
difference signal by referring to the intra-brightness predic-
tion mode, on the basis of the intra-color-difference
prediction mode of the color-difference signal showing an
intra-prediction method of the prediction block of the color-
difference signal, and coding information regarding the
intra-color-difference prediction mode in the bitstream; pre-
dicting a brightness signal of a conversion block of the
brightness signal from a surrounding brightness signal of the
conversion block of the brightness signal, according to the
intra-brightness prediction mode; and predicting a color-
difference signal of a conversion block of the color-differ-
ence signal from a surrounding color-difference signal of the
conversion block of the color-difference signal, according to
the intra-color-difference prediction mode.

[0032] According to further another aspect of the present
invention there is provided a picture decoding device. The
picture decoding device for decoding information regarding
an intra-prediction mode in a prediction block unit and
decoding picture signals including a brightness signal and a
color-difference signal in a conversion block unit using
intra-prediction, includes: an intra-brightness prediction
mode decoder (222, 224) that decodes a syntax element
regarding an intra-prediction mode of the brightness signal
from a bitstream in which information regarding an intra-
brightness prediction mode showing an intra-prediction
method of a prediction block of the bright signal is coded
and derives the intra-prediction mode of the brightness
signal; an intra-color-difference prediction mode decoder
(222, 225) that decodes a syntax element regarding an
intra-color-difference prediction mode of the color differ-
ence signal from the bitstream in which information regard-
ing an intra-color-difference prediction mode showing an
intra-prediction method of a prediction block of the color-
difference signal is coded and derives the intra-color-differ-
ence prediction mode by referring to the intra-brightness
prediction mode; a brightness signal intra-predictor (206)
that predicts a brightness signal of a conversion block of the
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brightness signal from a surrounding brightness signal of the
conversion block of the brightness signal, according to the
intra-brightness prediction mode specified for each predic-
tion block of the brightness signal; and a color-difference
signal intra-predictor (206) that predicts a color-difference
signal of a conversion block of the color-difference signal
from a surrounding color-difference signal of the conversion
block of the color-difference signal, according to the intra-
color-difference prediction mode specified for each predic-
tion block of the color-difference signal.

[0033] According to further another aspect of the present
invention there is provided a picture decoding method. The
picture decoding method for decoding information regard-
ing an intra-prediction mode in a prediction block unit and
decoding picture signals including a brightness signal and a
color-difference signal in a conversion block unit using
intra-prediction, includes: decoding a syntax element
regarding an intra-prediction mode of the brightness signal
from a bitstream in which information regarding an intra-
brightness prediction mode showing an intra-prediction
method of a prediction block of the bright signal is coded
and deriving the intra-prediction mode of the brightness
signal; decoding a syntax element regarding an intra-color-
difference prediction mode of the color-difference signal
from the bitstream in which information regarding an intra-
color-difference prediction mode showing an intra-predic-
tion method of a prediction block of the color-difference
signal is coded and deriving the intra-color-difference pre-
diction mode by referring to the intra-brightness prediction
mode; predicting a brightness signal of a conversion block
of' the brightness signal from a surrounding brightness signal
of the conversion block of the brightness signal, according
to the intra-brightness prediction mode specified for each
prediction block of the brightness signal; and predicting a
color-difference signal of a conversion block of the color-
difference signal from a surrounding color-difference signal
of the conversion block of the color-difference signal,
according to the intra-color-difference prediction mode
specified for each prediction block of the color-difference
signal.

[0034] In addition, any combinations of the above com-
ponents and conversion expressions of the present invention
among a method, a device, a system, a recording medium,
and a computer program are effective as aspects of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a block diagram illustrating a configura-
tion of a picture coding device according to an embodiment;
[0036] FIG. 2 is a block diagram illustrating a configura-
tion of a picture decoding device according to an embodi-
ment;

[0037] FIGS. 3A to 3E are a diagram illustrating a color-
difference format of a picture;

[0038] FIGS. 4A to 4C are a diagram illustrating switching
units of an intra-prediction mode of a system of AVC/H.264;
[0039] FIGS. 5A to 5H are a diagram illustrating units of
inter-prediction of the system of AVC/H.264;

[0040] FIG. 6 is a diagram illustrating a tree block and a
coding block defined in this embodiment;

[0041] FIGS.7Ato 7D are a diagram illustrating a division
mode defined in this embodiment;
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[0042] FIG. 8 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode defined in
this embodiment;

[0043] FIG. 9 is an exemplary diagram illustrating a
position of a block defined in this embodiment;

[0044] FIG. 10 is a diagram illustrating an example of a
definition of a syntax when color-difference format infor-
mation is coded by a sequence parameter set becoming a
header to code information regarding coding of an entire
sequence defined in this embodiment;

[0045] FIGS. 11A to 11D area diagram illustrating a
division method of a color-difference signal of a coding
block in NxN division at the time of intra-prediction defined
in this embodiment;

[0046] FIG. 12 is a block diagram illustrating a configu-
ration of a second bitstream generator of the picture coding
device according to the embodiment;

[0047] FIG. 13 is a block diagram illustrating a configu-
ration of a second bitstream decoder of the picture decoding
device according to the embodiment;

[0048] FIG. 14 is a table to derive a value of an intra-
color-difference prediction mode from a value of a syntax
element used at a decoding side defined in this embodiment
and a value of an intra-brightness prediction mode of a
prediction block of a brightness signal of the same position
as a prediction block of a color-difference signal;

[0049] FIG. 15 is a diagram illustrating an example of a
conversion table to convert an intra-brightness prediction
mode or a first intra-color-difference prediction mode into a
second intra-color-difference prediction mode at a color-
difference format 4:2:2 defined in this embodiment;

[0050] FIG. 16 is a diagram illustrating a conversion table
to convert an intra-brightness prediction mode or a first
intra-color-difference prediction mode into a second intra-
color-difference prediction mode at a color-difference for-
mat 4:2:2 defined in this embodiment;

[0051] FIG. 17 is a diagram illustrating another example
of a conversion table to convert an intra-brightness predic-
tion mode or a first intra-color-difference prediction mode
into a second intra-color-difference prediction mode at a
color-difference format 4:2:2 defined in this embodiment;
[0052] FIG. 18 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode of the
conversion table of FIG. 15 defined in this embodiment;
[0053] FIG. 19 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode of the
conversion table of FIG. 16 defined in this embodiment;
[0054] FIG. 20 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode of the
conversion table of FIG. 17 defined in this embodiment;
[0055] FIGS. 21A and 21B are a diagram illustrating a
correspondence relation of prediction directions of intra-
predictions of a brightness signal and a color-difference
signal when a color-difference format is 4:2:2;

[0056] FIGS. 22A and 22B area diagram illustrating a
correspondence relation of prediction directions of intra-
predictions of a brightness signal and a color-difference
signal when a color-difference format is 4:2:0;

[0057] FIG. 23 is a diagram illustrating a derivation pro-
cess sequence when an intra-brightness prediction mode or
a first intra-color-difference prediction mode is converted
into a second intra-color-difference prediction mode, corre-
sponding to the conversion tables of FIGS. 15 and 16
defined in this embodiment;
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[0058] FIG. 24 is a diagram illustrating a derivation pro-
cess sequence when a first intra-color-difference prediction
mode is converted into a second intra-color-difference pre-
diction mode, corresponding to the conversion table of FIG.
17 defined in this embodiment;

[0059] FIG. 25 is a table to derive a value of a syntax
element regarding an intra-color-difference prediction mode
from a value of an intra-color-difference prediction mode
used at a coding side defined in this embodiment and a value
of an intra-brightness prediction mode of a prediction block
of a brightness signal of the same position as a prediction
block of a color-difference signal;

[0060] FIG. 26 is a diagram illustrating a process sequence
of' decoding of an intra-prediction mode and intra-prediction
of a decoding side;

[0061] FIG. 27 is a diagram illustrating an example of a
table to derive an angle of intra-prediction fora color-
difference format 4:2:2 from a first intra-color-difference
prediction mode;

[0062] FIG. 28 is a diagram illustrating another example
of a table to derive an angle of intra-prediction for a
color-difference format 4:2:2 from a first intra-color-differ-
ence prediction mode;

[0063] FIG. 29 is a diagram illustrating a derivation pro-
cess sequence to derive an angle of intra-prediction for a
color-difference format 4:2:2 from a first intra-color-differ-
ence prediction mode, corresponding to the table of FIG. 28
defined in this embodiment;

[0064] FIG. 30 is a diagram illustrating a conversion table
to convert an intra-brightness prediction mode or a first
intra-color-difference prediction mode into a second intra-
color-difference prediction mode at a color-difference for-
mat 4:2:2 defined in this embodiment;

[0065] FIG. 31 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode of the
conversion table of FIG. 30 defined in this embodiment;
[0066] FIG. 32 is a diagram illustrating a derivation pro-
cess sequence when a first intra-color-difference prediction
mode is converted into a second intra-color-difference pre-
diction mode, corresponding to the conversion table of FIG.
30 defined in this embodiment;

[0067] FIG. 33 is a diagram illustrating a conversion table
to convert an intra-brightness prediction mode or a first
intra-color-difference prediction mode into a second intra-
color-difference prediction mode at a color-difference for-
mat 4:2:2 defined in this embodiment;

[0068] FIG. 34 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode of the
conversion table of FIG. 33 defined in this embodiment; and
[0069] FIG. 35 is a diagram illustrating a derivation pro-
cess sequence when a first intra-color-difference prediction
mode is converted into a second intra-color-difference pre-
diction mode, corresponding to the conversion table of FIG.
33 defined in this embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0070] The invention will now be described by reference
to the preferred embodiments. This does not intend to limit
the scope of the present invention, but to exemplify the
invention.

[0071] This embodiment relates to coding and decoding of
moving pictures. Particularly, in this embodiment, a code
amount is reduced using intra-prediction to perform predic-
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tion from pixel values of surrounding coded and decoded
blocks in coding and pixel values of neighboring decoded
blocks in decoding and inter-prediction by motion compen-
sation from a decoded picture, in units of blocks obtained by
dividing a picture into rectangles having any size and shape.
[0072] First, technologies and technical terms used in this
embodiment are defined.

[0073] (Color-Difference Format)

[0074] In description of an embodiment, it is assumed that
color-difference formats of a picture to be coded and
decoded are set to a monochrome, 4:2:0, 4:2:2, and 4:4:4 and
a brightness signal and a color-difference signal are set and
are coded and decoded. However, in description of the
color-difference signal, description of the case of the mono-
chrome is omitted. When the color-difference format is
4:4:4, RGB signals can be coded and decoded. In this case,
a G (green) signal is regarded as a brightness signal, a B
(blue) signal and an R (red) signal are regarded as color-
difference signals, and the signals are coded and decoded. A
method of coding and decoding the brightness signal and the
color-difference signals independently at 4:4:4 is regarded as
the monochrome in this embodiment.

[0075] (With respect to tree block and coding block) In the
embodiment, as illustrated in FIG. 6, a screen is equally
divided in units of squares having any same size. This unit
is defined as a tree block and is used as a basic unit of
address management to specify a coding/decoding target
block (a coding target block in coding and a decoding target
block in decoding) in a picture. The tree block other than the
monochrome is configured from one brightness signal and
two color-difference signals. A size of the tree block can be
freely set in sizes of a power of 2, according to a picture size
or a texture in the screen. To optimize a coding process
according to the texture in the screen, the tree block can be
changed to blocks having a small block size, by dividing
brightness signals and color-difference signals in the tree
block by 4 (two division in each of a horizontal direction and
a vertical direction) hierarchically, according to necessity.
Each of these blocks is defined as a coding block and is used
as a basic unit of a process when coding and decoding are
performed. The coding block other than the monochrome is
also configured from one brightness signal and two color-
difference signals. A maximum size of the coding block is
equal to the size of the tree block. A coding block having a
minimum size of the coding blocks is called a minimum
coding block and the size thereof can be freely set in sizes
of a power of 2.

[0076] In FIG. 6, a coding block A is a block of the case
in which the tree block is not divided and is used as one
coding block. Coding blocks B are coding blocks obtained
by dividing the tree block into four blocks. Coding blocks C
are coding blocks obtained by dividing each of blocks
obtained by dividing the tree block into four blocks into four
blocks. Coding blocks D are coding blocks obtained by
dividing each of blocks obtained by dividing the tree block
into four blocks into four blocks two times hierarchically
and are coding blocks having a minimum size.

[0077] In description of the embodiment, when the color-
difference format is 4:2:0, the size of the tree block is set to
64x64 pixels in the brightness signal and 32x32 pixels in the
color-difference signal and the size of the minimum coding
block is set to 8x8 pixels in the brightness signal and 4x4
pixels in the color-difference signal. In FIG. 6, the size of the
coding block A is 64x64 pixels in the brightness signal and
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32x32 pixels in the color-difference signal, the size of the
coding block B is 32x32 pixels in the brightness signal and
16x16 pixels in the color-difference signal, the size of the
coding block Cis 16x16 pixels in the brightness signal and
8x8 pixels in the color-difference signal, and the size of the
coding block D is 8x8 pixels in the brightness signal and 4x4
pixels in the color-difference signal. When the color-differ-
ence format is 4:4:4, the sizes of the brightness signal and
the color-difference signal of each coding block are equal to
each other. When the color-difference format is 4:2:2, the
size of the coding block A is 32x64 pixels in the color-
difference signal, the size of the coding block B is 16x32
pixels in the color-difference signal, the size of the coding
block C is 8x16 pixels in the color-difference signal, and the
size of the coding block D to be the minimum coding block
is 4x8 pixels in the color-difference signal.

[0078] (With Respect to Prediction Mode)

[0079] The intra-prediction to perform prediction from
surrounding coded/decoded picture signals and the inter-
prediction to perform prediction from picture signals of
coded/decoded pictures are switched in a coding block unit.
A mode to identify the intra-prediction and the inter-predic-
tion is defined as a prediction mode (PredMode). The
prediction mode (PredMode) has a value of intra-prediction
(MODE_INTRA) or inter-prediction (MODE_INTER) and
can be selected and coded.

[0080] (With Respect to Division Mode and Prediction
Block)
[0081] When the screen is divided into blocks and the

intra-prediction and the inter-prediction are performed, a
coding block is divided according to necessity to cause
switching units of methods of the intra-prediction and the
inter-prediction to be smaller and the prediction is per-
formed. A mode to identify a division method of the bright-
ness signal and the color-difference signal of the coding
block is defined as a division mode (PartMode). The divided
block is defined as a prediction block. As illustrated in FIGS.
7A to 7d, four types of division modes (PartMode) are
defined according to the division method of the brightness
signal of the coding block. A division mode (PartMode) of
the case (FIG. 7A) in which the brightness signal of the
coding block is not divided and the coding block is regarded
as one prediction block is defined as 2Nx2N division
(PART_2Nx2N), a division mode (PartMode) of the case
(FIG. 7B) in which the brightness signal of the coding block
is divided into two blocks in a horizontal direction and the
coding block is used as two prediction blocks is defined as
2NxN division (PART_2NxN), a division mode (PartMode)
of the case (FIG. 7C) in which the brightness signal of the
coding block is divided in a vertical direction and the coding
block is used as two prediction blocks is defined as Nx2N
division (PART_Nx2N), and a division mode (PartMode) of
the case (FIG. 7D) in which the brightness signal of the
coding block is divided equally in a horizontal direction and
a vertical direction and the coding block is used as four
prediction blocks is defined as NxN division (PART_NxN).
The color-difference signal is also divided at the same
division ratio as the division ratio of the vertical and
horizontal directions of the brightness signal, for each divi-
sion mode (PartMode) other than the NxN division (PART_
NxN) of the intra-prediction (MODE_INTRA). The division
ratio of the vertical and horizontal directions of the color-
difference signal of the coding block of the NxN division
(PART_NxN) of the intra-prediction (MODE_INTRA) is
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different according to the type of the color-difference format,
which will be described below.

[0082] A number starting from O is allocated to each of the
prediction blocks existing in the coding block in coding
order to specify each prediction block in the coding block.
The number is defined as a division index Partldx. A
numeral described in each prediction block of the coding
block of FIGS. 7A to 7D shows a division index Partldx of
each prediction block. In the 2NxN division (PART_2NxN)
illustrated in FIG. 7B), a division index Partldx of an upper
prediction block is defined as 0 and a division index Partldx
of a lower prediction block is defined as 1. In the Nx2N
division (PART_Nx2N) illustrated in FIG. 7C, a division
index Partldx of a left prediction block is defined as O and
a division index Partldx of a right prediction block is defined
as 1. In the NxN division (PART_NxN) illustrated in FIG.
7D, a division index Partldx of an upper left prediction block
is defined as 0, a division index Partldx of an upper right
prediction block is defined as 1, a division index Partldx of
a lower left prediction block is defined as 2, and a division
index Partldx of a lower right prediction block is defined as
3.

[0083] When the prediction mode (PredMode) is the intra-
prediction (MODE_INTRA), the division mode (PartMode)
is defined as the 2Nx2N division (PART_2Nx2N) in the
coding blocks other than the coding block D (in this embodi-
ment, 8x8 pixels in the brightness signal) to be the minimum
coding block and the division mode (PartMode) is defined as
the 2Nx2N division (PART_2Nx2N) and the NxN division
(PART_NxN) in only the coding block D to be the minimum
coding block.

[0084] When the prediction mode (PredMode) is the inter-
prediction (MODE_INTER), the division mode (PartMode)
is defined as the 2Nx2N division (PART_2Nx2N), the
2NxN division (PART_2NxN), and the Nx2N division
(PART_Nx2N) in the coding blocks other than the coding
block D to be the minimum coding block and the division
mode (PartMode) is defined as the 2Nx2N division (PART_
2Nx2N), the 2NxN division (PART_2NxN), the Nx2N
division (PART_Nx2N), and the NxN division (PART_Nx
N) in only the coding block D to be the minimum coding
block. The reason why the NxN division (PART_NxN) is
not defined in the coding blocks other than the minimum
coding block is that the coding block can be divided into
four blocks and the small coding block can be represented,
in the coding blocks other than the minimum coding block.

[0085] (With Respect to Intra-Prediction and Intra-Predic-
tion Mode)
[0086] In the intra-prediction, values of pixels of a process

target conversion block are predicted from values of pixels
of a surrounding decoded conversion block to be described
below in the same screen. In a coding device and a decoding
device according to this embodiment, an intra-prediction
mode is selected from 35 intra-prediction modes for each
prediction block and intra-prediction is performed for each
conversion block. Sizes of the prediction block and the
conversion block may be different from each other. How-
ever, when the intra-prediction of the conversion block is
performed, an intra-prediction mode of a prediction block
including the conversion block is used. FIG. 8 is a diagram
illustrating a value and a prediction direction of an intra-
prediction mode defined in this embodiment. The value of
the intra-prediction mode is defined by mode numbers from
0 to 34. The intra-prediction mode (intraPredMode) defines
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plane prediction (intra-prediction mode intraPredMode=0)
in which prediction is performed by interpolating a pixel
value from a surrounding decoded block, average value
prediction (intra-prediction mode intraPredMode=1) in
which prediction is performed by deriving an average value
from a surrounding decoded block, and 33 angle predictions
(intra-prediction mode intraPredMode=2 . . . 34) in which
prediction is performed from a surrounding decoded block at
various angles.

[0087] (Conversion Block)

[0088] Similarly to the conventional technology, in this
embodiment, a code amount is reduced using orthogonal
transform to convert a discrete signal into a frequency
domain, such as discrete cosine transform (DCT) and dis-
crete sine transform (DST), and inverse transform thereof.
Conversion or inverse conversion is performed in units of
conversion blocks obtained by dividing a coding block into
four parts hierarchically. In the embodiment, four conver-
sion sizes of 32x32 pixels, 16x16 pixels, 8x8 pixels, and 4x4
pixels are defined and 32x32 conversion, 16x16 conversion,
8x8 conversion, 4x4 conversion, and inverse conversion
thereof are performed.

[0089] (Positions of Tree Block, Coding Block, Prediction
Block, and Conversion Block)

[0090] For a position of each of the blocks including the
tree block, the coding block, the prediction block, and the
conversion block described in this embodiment, a position
of a pixel of a top-left brightness signal included in a region
of each block is represented by the two-dimensional coor-
dinates of (X, y), using a position of a pixel of a top-left
brightness signal in a screen of brightness signals as an
original point (0, 0). In directions of coordinate axes, a
rightward direction in a horizontal direction and a downward
direction in a vertical direction are positive directions and a
unit is a unit of one pixel of a brightness signal. In addition
to the case of the color-difference format 4:4:4 in which
picture sizes (pixel numbers) are equal in a brightness signal
and a color-difference signal, in the cases of the color-
difference formats 4:2:0 and 4:2:2 in which picture sizes
(pixel numbers) are different in a brightness signal and a
color-difference signal, a position of each block of the
color-difference signal is represented by the coordinates of
a position of a pixel of a brightness signal included in a
region of each block and a unit is one pixel of the brightness
signal. In this way, the position of each block of the
color-difference signal can be specified and a position rela-
tion of a block of the brightness signal and a block of the
color-difference signal becomes clear by comparing values
of the coordinates. FIG. 9 is an exemplary diagram illus-
trating a position of a block defined in this embodiment,
when the color-difference format is 4:2:0. In FIG. 9, x shows
a position of a pixel of a brightness signal of a picture on a
screen plane and o shows a position of a pixel of a color-
difference signal. In FIG. 9, a rectangle shown by a dotted
line is a block E of brightness signals of 8x8 pixels and is
a block F of color-difference signals of 4x4 pixels. A is a
position of a pixel of a top-left brightness signal of the block
E of the brightness signals of the 8x8 pixels shown by the
dotted line. Therefore, A becomes a position of the block B
of the brightness signals of the 8x8 pixels shown by the
dotted line and the coordinates of the brightness signal of the
pixel shown by A become the coordinates of the block E of
the brightness signals of the 8x8 pixels shown by the dotted
line. Likewise, A is a position of a pixel of a top-left
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brightness signal included in a region of the block F of the
color-difference signals of the 4x4 pixels shown by the
dotted line. Therefore, A becomes a position of the block F
of'the color difference signals of the 4x4 pixels shown by the
dotted line and the coordinates of the brightness signal of the
pixel shown by A become the coordinates of the block F of
the color difference signals of the 4x4 pixels shown by the
dotted line. In the embodiment, only when values of x
components and y components of the defined coordinates of
the block of the brightness signal and the defined coordi-
nates of the block of the color-difference signal are equal to
each other, regardless of the type of the color difference
format or the shape and the size of the block, these blocks
are defined as blocks at the same position.

[0091] FIG. 1 is a block diagram illustrating a configura-
tion of a picture coding device according to the embodiment.
The picture coding device according to the embodiment
includes a color-difference format setter 101, a picture
memory 102, an intra-predictor 103, an inter-predictor 104,
a coding method determiner 105, a residual signal generator
106, an orthogonal transformer/quantizer 107, an inverse
quantizer/inverse orthogonal transformer 108, a decoding
picture signal superimposer 109, a decoding picture memory
111, a first bitstream generator 112, a second bitstream
generator 113, a third bitstream generator 114, and a bit-
stream multiplexer 115.

[0092] In the color-difference format setter 101, a color-
difference format of a picture signal of a coding target is set.
The color-difference format may be determined from a
coding picture signal supplied to the color-difference format
setter 101 and the color-difference format may set or the
color-difference format may be set from the outside. Infor-
mation of a color-difference format set to 4:2:0, 4:2:2, or
4:4:4 in only a brightness signal is supplied to the first
bitstream generator 112 and the second bitstream generator
113 and a coding process is executed on the basis of the
color-difference format. Although not illustrated in the draw-
ings, in the picture memory 102, the intra-predictor 103, the
inter-predictor 104, the coding method determiner 105, the
residual signal generator 106, the orthogonal transformer/
quantizer 107, the inverse quantizer/inverse orthogonal
transformer 108, the decoding picture signal superimposer
109, and the third bitstream generator 114 of FIG. 1, the
coding process is executed on the basis of the set color-
difference format and in a coding information memory 110
and the decoding picture memory 111, a management is
made on the basis of the set color-difference format.
[0093] In the picture memory 102, picture signals of
coding targets supplied in order of time are temporarily
stored. The picture signals of the coding targets stored in the
picture memory 102 are arranged in order of coding, are
divided in each coding block unit by a plurality of combi-
nations according to setting, are divided in each prediction
block unit, and are supplied to the intra-predictor 103 and
the inter-predictor 104.

[0094] The intra-predictor 103 sets a plurality of intra-
brightness prediction modes and a plurality of intra-color-
difference prediction modes for each of a brightness signal
and a color-difference signal of a prediction block of a
coding target from a decoded picture signal stored in the
decoding picture memory 111, in a prediction block unit
according to each division mode (PartMode) in a plurality of
coding block units, performs each intra-prediction according
to an intra-brightness prediction mode and an intra-color-
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difference prediction mode for each conversion block, and
obtains an intra-prediction signal. The intra-color-difference
prediction mode can select a value predicted from the
intra-brightness prediction mode or select any one of 0
(plane prediction), 1 (average value prediction), 10 (hori-
zontal prediction), 26 (vertical prediction), and 34 (oblique
prediction) to be representative intra-prediction modes for
each prediction block. However, in this embodiment, when
the intra-prediction in which the color-difference format is
4:2:2 is performed, a second intra-color-difference predic-
tion mode to be described below is used. The intra-predic-
tion and the intra-prediction mode of the color-difference
signal will be described in detail below.

[0095] An intra-prediction signal of a prediction block unit
is subtracted from a signal of a coding target supplied in the
prediction block unit for each pixel and a prediction residual
signal is obtained. An evaluation value to evaluate a code
amount and a distortion amount is derived using the predic-
tion residual signal, an optimal mode is selected from the
plurality of intra-brightness prediction modes and the plu-
rality of intra-color-difference prediction modes in the pre-
diction block unit, from the viewpoint of the code amount
and the distortion amount, and intra-prediction information,
an intra-prediction signal, and an evaluation value of the
intra-prediction corresponding to the selected intra-predic-
tion mode are supplied as candidates of the intra-prediction
of'the prediction block to the coding method determiner 105.

[0096] The inter-predictor 104 performs each inter-predic-
tion according to a plurality of inter-prediction modes (LO
prediction, L1 prediction, and both predictions) and a ref-
erence picture from the decoded picture signals stored in the
decoding picture memory 111, in a unit according to each
division mode (PartMode) in the plurality of coding block
units, that is, a prediction block unit, and obtains an inter-
prediction signal. At this time, a motion vector search is
performed and the inter-prediction is performed according to
a searched motion vector. In the case of both predictions,
two inter-prediction signals are averaged or are weighted
and added for each pixel and the inter-prediction of both
predictions is performed. An inter-prediction signal of a
prediction block unit is subtracted from a signal of a coding
target supplied in the prediction block unit for each pixel and
a prediction residual signal is obtained. An evaluation value
to evaluate a code amount and a distortion amount is derived
using the prediction residual signal, an optimal mode is
selected from the plurality of inter-prediction modes in the
prediction block unit, from the viewpoint of the code amount
and the distortion amount, and inter-prediction information,
an inter-prediction signal, and the evaluation value of the
inter-prediction corresponding to the selected inter-predic-
tion mode are supplied as candidates of the inter-prediction
of'the prediction block to the coding method determiner 105.

[0097] The coding method determiner 105 determines a
coding block division method, a prediction mode (Pred-
Mode), and a division mode (PartMode) optimally, on the
basis of the intra-prediction evaluation value and the inter-
prediction evaluation value respectively corresponding to
the intra-prediction information and the inter-prediction
information selected for each prediction block in the plu-
rality of coding block units, supplies coding information
including the intra-prediction information or the inter-pre-
diction information according to the determination to the
second bit stream generator 113, stores the coding informa-
tion in the coding information memory 110, and supplies a
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prediction signal of the intra-prediction or the inter-predic-
tion according to the determination to the residual signal
generator 106 and the decoding picture signal superimposer
109.

[0098] The residual signal generator 106 subtracts the
prediction signal of the intra-prediction or the inter-predic-
tion from a picture signal to be coded for each pixel,
generates a residual signal, and supplies the residual signal
to the orthogonal transformer/quantizer 107.

[0099] The orthogonal transformer/quantizer 107 per-
forms orthogonal transform and quantization to convert a
signal into a frequency domain, such as the DCT or the DST,
for the supplied residual signal, according to a quantization
parameter, generates an orthogonally transformed/quantized
residual signal, and supplies the orthogonally transformed/
quantized residual signal to the third bitstream generator 114
and the inverse quantizer/inverse orthogonal transformer
108.

[0100] The first bitstream generator 112 derives a value of
a syntax element regarding coding information of sequence,
picture, and slice units, according to a semantics rule defin-
ing a meaning of the syntax element and a derivation
method, performs entropy coding using variable length
coding and arithmetic coding for the derived value of each
syntax element, according to a syntax rule, generates a first
bitstream, and supplies the coded first bitstream to the
bitstream multiplexer 115. A value of a syntax element
regarding the color-difference format is also derived by the
first bitstream generator 112. The syntax element regarding
the color-difference format is derived from the color-differ-
ence formation information supplied from the color-differ-
ence format setter 101. FIG. 10 illustrates an example of a
definition of a syntax when color-difference format infor-
mation is coded by a sequence parameter set becoming a
header to code information regarding coding of an entire
sequence defined in this embodiment. A syntax element
chroma_format_idc shows a type of the color-difference
format. The syntax element chroma_format_idc shows a
monochrome when a value is 0, 4:2:0 when the value is 1,
4:2:2 when the value is 2, and 4:4:4 when the value is 3. In
addition, a syntax element separate_colour_plane_flag
shows whether a brightness signal and a color-difference
signal are coded separately and when a value of separate_
colour_plane_flag is 0, this shows that the two color-differ-
ence signals are associated with the brightness signal and the
signals are coded. When the value of the syntax element
chroma_format_idc is 1, this shows that the brightness
signal and the two color-difference signals are coded sepa-
rately. Only when the value of the syntax element chroma_
format_idc is 3, that is, the color-difference format is 4:4:4,
the value of chroma_format_idc can be set to O or 1. In the
other color-difference formats, the value of the syntax ele-
ment separate_colour_plane_flag is set to 0 at all times and
the signals are coded.

[0101] The second bitstream generator 113 derives a value
of'a syntax element regarding the coding information deter-
mined by the coding method determiner 105 for each
prediction block, in addition to coding information of a
coding block unit, according to the semantics rule defining
the meaning of the syntax element and the derivation
method. Specifically, the second bitstream generator 113
derives a value of a syntax element regarding coding infor-
mation of a prediction block unit, in addition to the coding
information of the coding block unit such as the coding
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block division method, the prediction mode (PredMode),
and the division mode (PartMode). When the prediction
mode (PredMode) is the intra-prediction, the second bit-
stream generator 113 derives a value of a syntax element
regarding an intra-prediction mode including an intra-
brightness prediction mode and an intra-color-difference
prediction mode and when the prediction mode (PredMode)
is the inter-prediction, the second bitstream generator 113
derives a value of a syntax element regarding the inter-
prediction mode, information specifying a reference picture,
and inter-prediction information such as a motion vector.
The second bitstream generator 113 performs the entropy
coding using the variable length coding and the arithmetic
coding for the derived value of each syntax element, accord-
ing to the syntax rule, generates a second bitstream, and
supplies the coded second bitstream to the bitstream multi-
plexer 115. The detailed process content for the derivation of
the syntax element regarding the intra-brightness prediction
mode and the intra-color-difference prediction mode per-
formed by the second bitstream generator 113 will be
described below.

[0102] The third bitstream generator 114 performs the
entropy coding using the variable length coding and the
arithmetic coding for the orthogonally transformed and
quantized residual signal, according to the prescribed syntax
rule, generates a third bitstream, and supplies the third
bitstream to the bitstream multiplexer 115.

[0103] The first bitstream, the second bitstream, and the
third bitstream are multiplexed by the bitstream multiplexer
115 according to the prescribed syntax rule, a bit stream is
generated, and the multiplexed bit stream is output.

[0104] The inverse quantizer/inverse orthogonal trans-
former 108 performs inverse quantization and inverse
orthogonal transform for the orthogonally transformed and
quantized residual signal supplied from the orthogonal trans-
former/quantizer 107, derives a residual signal, and supplies
the residual signal to the decoding picture signal superim-
poser 109. The decoding picture signal superimposer 109
superimposes the prediction signal of the intra-prediction or
the inter-prediction according to the determination by the
coding method determiner 105 and the residual signal
inversely quantized and inversely orthogonally transformed
by the inverse quantizer/inverse orthogonal transformer 108,
generates a decoding picture, and stores the decoding picture
in the decoding picture memory 111. A filtering process to
decrease block distortion by coding may be executed on the
decoding picture and the decoding picture may be stored in
the decoding picture memory 111.

[0105] FIG. 2 is a block diagram illustrating a configura-
tion of a picture decoding device according to the embodi-
ment corresponding to the picture coding device of FIG. 1.
The picture decoding device according to the embodiment
includes a bitstream separator 201, a first bitstream decoder
202, a second bitstream decoder 203, a third bitstream
decoder 204, a color-difference format manager 205, an
intra-predictor 206, an inter-predictor 207, an inverse quan-
tizer/inverse orthogonal transformer 208, a decoding picture
signal superimposer 209, a coding information memory 210,
a decoding picture memory 211, and switches 212 and 213.
[0106] A bit stream supplied to the bitstream separator 201
is separated according to the prescribed syntax rule, a first
bitstream showing coding information of sequence, picture,
and slice units is supplied to the first bitstream decoder 202,
a second bitstream including coding information of a coding
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block unit is supplied to the second bitstream decoder 203,
and a third bitstream including the orthogonally transformed
and quantized residual signal is supplied to the third bit-
stream decoder 204.

[0107] The first bitstream decoder 202 performs entropy
decoding on the supplied first bitstream according to the
syntax rule and obtains each value of syntax elements
regarding coding information of sequence, picture, and slice
units. The first bitstream decoder 202 derives the coding
information of the sequence, picture, and slice units from the
decoded value of the syntax element regarding the coding
information of the sequence, picture, and slice units, accord-
ing to a semantics rule defining a meaning of the syntax
element and a derivation method. The first bitstream decoder
202 is a bitstream decoder corresponding to the first bit-
stream generator 112 of the coding side and has a function
of returning the first bitstream including the coding infor-
mation of the sequence, picture, and slice units coded by the
first bitstream generator 112 to each coding information. The
color-difference format information coded by the first bit-
stream generator 112 is derived from the value of the syntax
element regarding the color-difference format information
obtained by performing the entropy decoding on the second
bitstream by the first bitstream decoder 202. The type of the
color-difference format is specified from the value of the
syntax element chroma_format_idc according to the syntax
rule and the semantics rule illustrated in FIG. 10 and the
syntax element chroma_format_idc shows a monochrome
when a value is 0, 4:2:0 when the value is 1, 4:2:2 when the
value is 2, and 4:4:4 when the value is 3. In addition, when
the value of the syntax element chroma_format_idc is 3, that
is, the color-difference format is 4:4:4, the syntax element
separate_colour_plane_flag is decoded and it is determined
whether the brightness signal and the color-difference signal
are coded separately. The derived color-difference format
information is supplied to the color-difference format man-
ager 205.

[0108] The color-difference format manager 205 manages
the supplied color-difference format information. The sup-
plied color-difference format information is supplied to the
second bit stream decoder 203 and a derivation process of
the coding information of the coding block and the predic-
tion block based on the color-difference format information
is executed. Although not illustrated clearly in the drawings,
the decoding process based on the color-difference format
information is executed in the third bitstream decoder 204
and the intra-predictor 206, the inter-predictor 207, the
inverse quantizer/inverse orthogonal transformer 208, and
the decoding picture signal superimposer 209 of FIG. 2 and
management based on the color-difference format informa-
tion is performed in the coding information memory 210 and
the decoding picture memory 211.

[0109] The second bit stream decoder 203 performs the
entropy decoding on the supplied first bitstream according to
the syntax rule and obtains each value of syntax elements
regarding coding information of coding block and prediction
block units. The second bit stream decoder 203 derives the
coding information of the coding block unit and the predic-
tion block unit from the supplied value of the syntax element
regarding the coding information of the coding block unit
and the prediction block unit, according to the semantics rule
defining the meaning of the syntax element and the deriva-
tion method. The second bitstream decoder 203 is a bit-
stream decoder corresponding to the second bitstream gen-
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erator 113 of the coding side and has a function of returning
the second bitstream including the coding information of the
coding block unit and the prediction block unit coded by the
second bitstream generator 113 to each coding information.
Specifically, in addition to the division method of the coding
block, the prediction mode (PredMode), and the division
mode (PartMode), an intra-prediction mode including an
intra-brightness prediction mode and an intra-color-differ-
ence prediction mode is obtained from each syntax element
obtained by decoding the second bitstream according to the
prescribed syntax rule, when the prediction mode (Pred-
Mode) is the intra-prediction. Meanwhile, when the predic-
tion mode (PredMode) is the inter-prediction, an inter-
prediction mode, information specifying a reference picture,
and inter-prediction information such as a motion vector are
obtained. When the prediction mode (PredMode) is the
intra-prediction, the intra-prediction mode including the
intra-brightness prediction mode and the intra-color-differ-
ence prediction mode is supplied to the intra-predictor 206
through the switch 212 and when the prediction mode
(PredMode) is the inter-prediction, the inter-prediction
mode, the information specifying the reference picture, and
the inter-prediction information such as the motion vector
are supplied to the inter-predictor 207 through the switch
212. The detailed process for the entropy decoding process
and the derivation process of the intra-brightness prediction
mode and the intra-color-difference prediction mode from
the syntax element regarding the intra-brightness prediction
mode and the intra-color-difference prediction mode,
executed by the second bitstream decoder 203, will be
described below.

[0110] The third bitstream decoder 204 decodes the sup-
plied third bitstream, derives an orthogonally transformed/
quantized residual signal, and supplies the orthogonally
transformed/quantized residual signal to the inverse quan-
tizer/inverse orthogonal transformer 208.

[0111] The intra-predictor 206 generates a prediction pic-
ture signal by the intra-prediction from the surrounding
decoded block stored in the decoding picture memory 211,
according to the supplied intra-brightness prediction mode
and intra-color-difference prediction mode, and supplies the
prediction picture signal to the decoding picture signal
superimposer 209 through the switch 213. However, in this
embodiment, when the intra-prediction in which the color-
difference format is 4:2:2 is performed, a second intra-color-
difference prediction mode to be described below is used.
The intra-prediction and the intra-prediction mode of the
color-difference signal will be described in detail below.
[0112] The inter-predictor 207 generates a prediction pic-
ture signal by the inter-prediction using the motion com-
pensation, from the decoded reference picture stored in the
decoding picture memory 211, using the inter-prediction
information such as the inter-prediction mode, the informa-
tion specifying the reference picture, and the motion vector
to be supplied, and supplies the prediction picture signal to
the decoding picture signal superimposer 209 through the
switch 213. When both predictions are performed, the two
motion compensation prediction picture signals of the 1O
prediction and the L1 prediction are adaptively multiplied
with a weighting coefficient and are superimposed and a
final prediction picture signal is generated.

[0113] The inverse quantizer/inverse orthogonal trans-
former 208 performs inverse orthogonal transform and
inverse quantization on the orthogonally transformed/quan-



US 2019/0089982 Al

tized residual signal decoded by the third bitstream decoder
204 and obtains an inversely orthogonally transformed/
inversely quantized residual signal.

[0114] The decoding picture signal superimposer 209
superimposes the prediction picture signal predicted by the
intra-predictor 206 or the inter-predictor 207 and the
residual signal inversely orthogonally transformed/inversely
quantized by the inverse quantizer/inverse orthogonal trans-
former 208, decodes the decoding picture signal, and stores
the decoding picture signal in the decoding picture memory
211. When the decoding picture signal is stored in the
decoding picture memory 211, a filtering process to decrease
block distortion by coding may be executed on the decoding
picture and the decoding picture may be stored in the
decoding picture memory 211. The decoding picture signal
stored in the decoding picture memory 211 is output in
output order.

[0115] Next, the intra prediction performed by the intra-
predictor 103 of the picture coding device of FIG. 1 and the
intra-prediction performed by the intra-predictor 206 of the
picture decoding device of FIG. 2 and the intra-prediction
mode used at the time of the intra-prediction, coded by the
second bitstream generator 113 of FIG. 1, and decoded by
the second bitstream decoder 203 of FIG. 2 will be
described.

[0116] In the intra-prediction, a value of a pixel of a
conversion block of a process target is predicted from a
value of a pixel of a surrounding decoded conversion block
in the same screen. In the coding device and the decoding
device according to this embodiment, an intra-prediction
mode is selected from 35 intra-prediction modes and the
intra-prediction is performed. FIG. 8 is a diagram illustrating
a value and a prediction direction of an intra-prediction
mode defined in this embodiment. An arrow direction shows
a prediction direction of each intra-prediction, that is, a
direction referred to by the intra-prediction. In each intra-
prediction mode, the intra-prediction of each pixel (pixel of
a starting point of an arrow of FIG. 8) is performed by
referring to a decoded boundary pixel of a prediction direc-
tion (arrow direction of FIG. 8) of the intra-prediction
included in a conversion block neighboring a conversion
block becoming a target of the intra-prediction. Each of left
and upper numbers shows a value of an intra-prediction
mode. Each of right and lower numerals shows an angle of
the intra-prediction corresponding to each of the left and
upper intra-prediction modes. An intra-prediction mode (in-
traPredMode) defines 33 angle predictions (intra-prediction
mode intraPredMode=2 . . . 34) in which prediction is
performed from a pixel of a surrounding decoded conversion
block at various angles, in addition to plane prediction
(intra-prediction mode intraPredMode=0) in which predic-
tion is performed by interpolating a pixel value from a pixel
of a surrounding decoded conversion block and average
value prediction (intra-prediction mode intraPredMode=1)
in which prediction is performed by deriving an average
value from a pixel of a surrounding decoded conversion
block. In the angle predictions, vertical prediction (intra-
prediction mode intraPredMode=26) in which prediction is
performed from a pixel of an upper decoded conversion
block in a vertical direction and horizontal prediction (intra-
prediction mode intraPredMode=10) in which prediction is
performed from a pixel of a left decoded conversion block
in a horizontal direction are included. In this embodiment,
an angle of the intra-prediction is represented by a length of
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the vertical direction to a unit length 32 of the horizontal
direction or a length of the horizontal direction to a unit
length 32 of the vertical direction. An angle of the intra-
prediction corresponding to an intra-prediction mode of the
horizontal prediction to perform the prediction in the hori-
zontal direction is set as 0 and the length of the vertical
direction to the unit length 32 of the horizontal direction is
represented by a positive value in a downward direction and
a negative value in an upward direction and is set as an angle
of the intra-prediction. In addition, an angle of the intra-
prediction corresponding to an intra-prediction mode of the
vertical prediction to perform the prediction in the vertical
direction is set as 0 and the length of the horizontal direction
to the unit length 32 of the vertical direction is represented
by a positive value in a rightward direction and a negative
value in a leftward direction and is set as an angle of the
intra-prediction. For example, an angle of the intra-predic-
tion of 32 shows 45° of a degree measure and an angle of the
intra-prediction of =32 shows —45° of the degree measure.

[0117] The intra-prediction mode is prepared for each of
the brightness signal and the color-difference signal and an
intra-prediction mode for the brightness signal is defined as
an intra-brightness prediction mode and an intra-prediction
mode for the color-difference signal is defined as an intra-
color-difference prediction mode. When the intra-brightness
prediction mode is coded and decoded, a correlation with an
intra-brightness prediction mode of a neighboring block is
used. When it is determined that prediction can be per-
formed from the intra-brightness prediction mode of the
neighboring block at the coding side, information specifying
a reference block is transmitted. When it is determined that
setting a different value to the intra-brightness prediction
mode is more preferable than the prediction from the intra-
brightness prediction mode of the neighboring block, a
mechanism for coding or decoding the value of the intra-
brightness prediction mode is used. An intra-brightness
prediction mode of a coding/decoding target block is pre-
dicted from the intra-brightness prediction mode of the
neighboring block, so that a transmitted code amount can be
reduced. Meanwhile, when the intra-color-difference predic-
tion mode is coded and decoded, a correlation with an
intra-brightness prediction mode of a prediction block of a
brightness signal of the same position as the prediction block
of the color-difference signal is used. When it is determined
that prediction can be performed from the intra-brightness
prediction mode at the coding side, a value of the intra-
color-difference prediction mode is predicted from a value of
the intra-brightness prediction mode. When it is determined
that setting an independent value to the intra-color-differ-
ence prediction mode is more preferable than the prediction
from the intra-brightness prediction mode, a mechanism for
coding or decoding the value of the intra-color-difference
prediction mode is used. An intra-color-difference prediction
mode is predicted from the intra-brightness prediction mode,
so that a transmitted code amount can be reduced.

[0118] Next, a coding process of coding information of the
coding block and prediction block units executed by the
second bitstream generator 113 of FIG. 1 will be described
on the basis of a point relating to the intra-prediction mode
to be a characteristic of the embodiment. FIG. 12 is a block
diagram illustrating a configuration of the second bitstream
generator 113 of FIG. 1.

[0119] As illustrated in FIG. 12, the second bitstream
generator 113 of FIG. 1 includes a syntax element deriver
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121 regarding coding information of a coding block unit, a
syntax element deriver 122 regarding an intra-brightness
prediction mode, a syntax element deriver 123 regarding an
intra-color-difference prediction mode, a syntax element
deriver 124 regarding inter-prediction information, an intra-
prediction mode coding controller 125, and an entropy coder
126. In individual elements configuring the second bit
stream generator 113, a process according to color difference
information supplied from the color-difference format setter
101 is executed and a process according to coding informa-
tion such as a prediction mode and a division mode (Part-
Mode) of a coding block unit is executed.

[0120] The syntax element deriver 121 regarding the cod-
ing information of the coding block unit derives a value of
a syntax element regarding the coding information of the
coding block unit and supplies the derived value of each
syntax element to the entropy coder 126. Values of syntax
elements regarding a prediction mode (PredMode) to deter-
mine intra-prediction (MODE_INTRA) or inter-prediction
(MODE_INTER) of the coding block and a division mode
(PartMode) to determine a shape of a prediction block are
derived by the syntax element deriver 121 regarding the
coding information of the coding block unit.

[0121] When the prediction mode (PredMode) of the
coding block is the intra-prediction (MODE_INTRA), the
syntax element deriver 122 regarding the intra-brightness
prediction mode derives a value of a syntax element regard-
ing an intra-brightness prediction mode of a prediction block
of a brightness signal and supplies the derived value of each
syntax element to the entropy coder 126. The syntax ele-
ments regarding the intra-brightness prediction mode are a
syntax element prev_intra_luma_pred_flag[x0][y0] to be a
flag showing whether prediction can be performed from an
intra-brightness prediction mode of a neighboring block, a
syntax element mpm_idx[x0][y0] to be an index showing a
prediction block of a prediction origin, and a syntax element
rem_intra_luma_pred_mode[x0][y0] showing an intra-
brightness prediction mode of a prediction block unit. In
addition, x0 and yO0 are the coordinates showing a position
of the prediction block. When the value of the syntax
element regarding the intra-brightness prediction mode is
derived, a correlation with an intra-brightness prediction
mode of a neighboring block stored in the coding informa-
tion memory 110 is used. When prediction can be performed
from the intra-brightness prediction mode of the neighboring
block, a syntax element prev_intra_luma_pred_flag[x0][y0]
to be a flag showing that the value is used is set to 1 (true)
and a value to specify a reference destination is set to the
syntax element mpm_idx[x0][y0] to be the syntax showing
the prediction block of the prediction origin. When the
prediction cannot be performed, prev_intra_luma_pred_flag
[x0][y0] is set to O (false) and a value to specify the
intra-brightness prediction mode is set to the syntax element
rem_intra_luma_pred_mode[x0][y0] showing an intra-
brightness prediction mode to be coded.

[0122] The number of intra-brightness prediction modes
of a prediction block in a coding block is different according
to a division block. When the division mode (PartMode) is
2Nx2N division, values of syntax elements regarding intra-
brightness prediction modes of one set of prediction blocks
are derived for each coding block and when the division
mode is NxN division, values of syntax elements regarding
intra-brightness prediction modes of four sets of prediction
blocks are derived for each coding block.
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[0123] When the prediction mode (PredMode) of the
coding block is the intra-prediction (MODE_INTRA), the
syntax element deriver 123 regarding the intra-color-differ-
ence prediction mode derives a value of a syntax element
intra_chroma_pred_mode[x0][y0] regarding an intra-color-
difference prediction mode of a prediction block of a color-
difference signal and supplies the derived value of the syntax
element intra_chroma_pred_mode[x0][y0] to the entropy
coder 126. In determination of the intra-color-difference
prediction mode in the intra-predictor 103 and derivation of
the value of the syntax element regarding the intra-color-
difference prediction mode of the syntax element deriver
123 regarding the intra-color-difference prediction mode, a
correlation with an intra-brightness prediction mode of a
prediction block of a brightness signal of the same position
as the prediction block of the color-difference signal is used.
When a prediction value from the intra-brightness prediction
mode of the prediction block of the brightness signal of the
same position as the prediction block of the color-difference
signal is most suitable, a value of the intra-color-difference
prediction mode is predicted from the value of the intra-
brightness prediction mode. When it is determined that
setting an independent value is more preferable than the
prediction value from the intra-brightness prediction mode,
a mechanism for setting any value of 0 (plane prediction), 1
(average value prediction), 10 (horizontal prediction), 26
(vertical prediction), and 34 (oblique prediction) to be
representative intra-prediction modes to the intra-color-dif-
ference prediction mode is used and a code amount is
reduced.

[0124] Here, a method of deriving a value of the intra-
color-difference prediction mode from the value of the
intra-brightness prediction mode and the value of the syntax
element regarding the intra-color-difference prediction
mode by the intra-color-difference prediction mode deriver
225 to be described below at the decoding side will be
described. In this embodiment, an intra-color-difference
prediction mode for 4:2:0 or 4:4:4 derived by a table of FIG.
14 to be described below is defined as a first intra-color-
difference prediction mode to distinguish an intra-color-
difference prediction mode for a color-difference format
4:2:2 to be described below and the intra-color-difference
prediction mode. FIG. 14 is a table to derive a value of a first
intra-color-difference prediction mode from a value of a
syntax element intra_chroma_pred_mode[x0][y0] regarding
an intra-color-difference prediction mode defined in this
embodiment and a value of an intra-brightness prediction
mode of a prediction block of the same position as a
prediction block of a color-difference signal. At the decoding
side, the value of the first intra-color-difference prediction
mode is derived using the table.

[0125] Inthe case in which the value of the syntax element
intra_chroma_pred_mode[x0][y0] is 0, if the value of the
intra-brightness prediction mode of the prediction block of
the same position as the prediction block of the color-
difference signal is not O, the value of the first intra-color-
difference prediction mode takes a value of O (plane predic-
tion) and if the value of the intra-brightness prediction mode
is 0, the value of the first intra-color-difference prediction
mode takes a value of 34 (oblique prediction).

[0126] Inthe case in which the value of the syntax element
intra_chroma_pred_mode[x0][y0] is 1, if the value of the
intra-brightness prediction mode of the prediction block of
the same position as the prediction block of the color-
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difference signal is not 1, the value of the first intra-color-
difference prediction mode takes a value of 26 (vertical
prediction) and if the value of the intra-brightness prediction
mode is 1, the value of the first intra-color-difference pre-
diction mode takes a value of 34 (oblique prediction).
[0127] Inthe case in which the value of the syntax element
intra_chroma_pred_mode[x0][y0] is 2, if the value of the
intra-brightness prediction mode of the prediction block of
the same position as the prediction block of the color-
difference signal is not 2, the value of the first intra-color-
difference prediction mode takes a value of 10 (horizontal
prediction) and if the value of the intra-brightness prediction
mode is 2, the value of the first intra-color-difference pre-
diction mode takes a value of 34 (oblique prediction).
[0128] Inthe case in which the value of the syntax element
intra_chroma_pred_mode[x0][y0] is 3, if the value of the
intra-brightness prediction mode of the prediction block of
the same position as the prediction block of the color-
difference signal is not 3, the value of the first intra-color-
difference prediction mode takes a value of 1 (average value
prediction) and if the value of the intra-brightness prediction
mode is 3, the value of the first intra-color-difference pre-
diction mode takes a value of 34 (oblique prediction).
[0129] Inthe case in which the value of the syntax element
intra_chroma_pred_mode[x0][y0] is 4, the value of the first
intra-color-difference prediction mode takes the same value
as the intra-brightness prediction mode of the prediction
block of the same position as the prediction block of the
color-difference signal.

[0130] When the color-difference format is 4:2:0 or 4:4:4,
the first intra-color-difference prediction mode derived by
FIG. 14 is used as an intra-prediction mode of a color-
difference signal for a color-difference format 4:2:0 or 4:4:4.
In the intra-predictor 103 of the picture coding device of
FIG. 1 and the intra-predictor 206 of the picture decoding
device of FIG. 2, when the color-difference format is 4:2:0
or 4:4:4, the intra-prediction of the color-difference signal is
performed using the first intra-color-difference prediction
mode.

[0131] When the color-difference format is 4:2:2, a value
of an intra-color-difference prediction mode for a color-
difference format 4:2:2 is derived from the first intra-color-
difference prediction mode derived by FIG. 14 by the
conversion table. In coding and decoding according to this
embodiment, the intra-color-difference prediction mode for
the color-difference format 4:2:2 derived by a conversion
table of FIG. 15, 16, 17, 30, or 33 to be described below is
defined as a second intra-color-difference prediction mode.
In the intra-predictor 103 of the picture coding device of
FIG. 1 and the intra-predictor 206 of the picture decoding
device of FIG. 2, when the color-difference format is 4:2:2,
the intra-prediction of the color-difference signal is per-
formed using the second intra-color-difference prediction
mode. FIGS. 15, 16, 17, 30, and 33 are conversion tables to
derive a value of the second intra-color-difference prediction
mode for the color-difference format 4:2:2 used for the
intra-prediction of the color-difference signal in which the
color-difference format is 4:2:2, from the intra-brightness
prediction mode defined in this embodiment or the first
intra-color-difference prediction mode derived by the table
of FIG. 14. FIG. 18 is a diagram illustrating a value and a
prediction direction of an intra-prediction mode derived by
the conversion table of FIG. 15 defined in this embodiment.
FIG. 19 is a diagram illustrating a value and a prediction
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direction of an intra-prediction mode derived by the con-
version table of FIG. 16 defined in this embodiment. FIG. 20
is a diagram illustrating a value and a prediction direction of
an intra-prediction mode derived by the conversion table of
FIG. 17 defined in this embodiment. FIG. 31 is a diagram
illustrating a value and a prediction direction of an intra-
prediction mode derived by the conversion table of FIG. 30
defined in this embodiment. FIG. 34 is a diagram illustrating
a value and a prediction direction of an intra-prediction
mode derived by the conversion table of FIG. 33 defined in
this embodiment.

[0132] In this embodiment, a process for deriving the
second intra-color-difference prediction mode for the color-
difference format 4:2:2 from the intra-brightness prediction
mode or the first intra-color-difference prediction mode in
FIGS. 15, 16, 17, 30, and 33 is executed by the intra-
predictor 103 of the coding device at the coding side and is
executed by the second bitstream decoder 203 or the intra-
predictor 206 of the decoding device at the decoding side.

[0133] The reason why the second intra-color-difference
prediction mode for the color-difference format 4:2:2 is
derived using the conversion table of FI1G. 15, 16, 17, 30, or
33, instead of using directly the first intra-color-difference
prediction mode derived by the table of FIG. 14 like 4:2:0
or 4:4:4, when the color-difference format is 4:2:2, in coding
and decoding according to this embodiment, will be
described. When the color-difference format is 4:2:2, the
color-difference format is a color-difference format in which
the color-difference signal is sampled at a density of Y2in a
horizontal direction and the same density in a vertical
direction, with respect to the brightness signal, as illustrated
in FIG. 3(b4). Therefore, if the intra-prediction of the color-
difference signal is performed in a prediction direction
obtained by scaling a prediction direction of each of the
intra-brightness prediction mode and the first intra-color-
difference prediction mode Y% times in the horizontal direc-
tion or a surrounding prediction direction thereof, the intra-
prediction becomes equivalent to or almost equivalent to the
intra-prediction of the brightness signal of the prediction
block of the same position as the prediction block of the
color-difference signal.

[0134] This will be described in detail with reference to
FIGS. 21A and 21B. FIGS. 21A and 21B are a diagram
illustrating a correspondence relation of prediction direc-
tions of intra-predictions of a brightness signal and a color-
difference signal when a color-difference format is 4:2:2. In
FIGS. 21A and 21B, x shows a position of a pixel of a
brightness signal and o shows a position of a pixel of a
color-difference signal. In 4:2:2, a color-difference signal is
sampled at a density of %% in a horizontal direction, with
respect to a brightness signal, and aspect ratios of pixels of
the brightness signal and the color-difference signal are
different from each other. FIG. 21A illustrates positions of
sampled pixels of a brightness signal and a color-difference
signal at 4:2:2. A symbol P1 shows a pixel of the intra
prediction and a symbol P2 shows a pixel (in actuality,
because filtering is performed, adjacent pixels are also
referred to) to be referred to at the time of the intra-
prediction. An arrow extended from a pixel P1 to a pixel P2,
shown by a symbol 2701, shows an intra-prediction direc-
tion of the pixel P1 of the brightness signal and shows an
intra-prediction direction of the pixel P1 of the color-
difference signal.
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[0135] FIG. 21B illustrates an array of pixels of a color-
difference signal sampled at a density of %2 in the horizontal
direction. Here, when scaling of V% is not performed in the
horizontal direction at the time of the intra-prediction of the
color-difference signal, the intra-prediction direction of the
pixel P1 of the color-difference signal becomes an arrow
direction shown by a symbol 2702 and a pixel of a symbol
P3 is erroneously referred to in the pixel array of the
color-difference signal. However, a correct reference desti-
nation is the pixel shown by the symbol P2. Therefore, the
intra-prediction direction of the brightness signal is scaled %5
times in the horizontal direction and the intra-prediction
direction is set to the intra-prediction direction of the color-
difference signal, so that a correct intra-prediction direction
in the array of the color-difference signal is derived, as
shown by a symbol 2703, and a pixel (in actuality, because
filtering is performed, adjacent pixels are also referred to) to
be the correct reference destination in the intra-prediction
direction and neighboring in an upward direction is
acquired.

[0136] In FIGS. 21(a) and 21(b), the case in which the
pixel neighboring the prediction block in the upward direc-
tion is referred to has been described. However, the case in
which a pixel neighboring in a leftward direction is referred
to is also the same. In the case of the pixel neighboring in
the leftward direction, the intra-prediction direction of the
brightness signal is scaled two times in the vertical direction
(this is equivalent to scaling the intra-prediction direction Y2
times in the horizontal direction, from the viewpoint of
acquiring the direction of the intra-prediction), so that a
correction intra-prediction direction in the array of the
color-difference signal is derived, and a pixel (a part of
pixels neighboring in the upward direction is also included)
to be the correct reference destination in the intra-prediction
direction and neighboring in the leftward direction is
acquired.

[0137] Therefore, in the conversion tables of FIGS. 15 and
16, as shown by arrows of dotted lines of FIGS. 18 and 19,
when values of the intra-brightness prediction modes
arranged in the horizontal direction (on a horizontal axis) or
the first intra-color-difference prediction modes derived by
the table of FIG. 14 are 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 31, 32, 33, and 34, values of intra-prediction
modes of a prediction direction close to a prediction direc-
tion derived by scaling an angle of the prediction direction
V5 times in the horizontal direction on the basis of the
vertical prediction (intra-prediction mode 26) are selected as
values of the second intra-color-difference prediction modes
and the values of the second intra-color-difference predic-
tion modes are set to 21, 22, 23, 23, 24, 24, 25, 25, 26, 27,
27, 28, 28, 29, 29, 30, and 31, respectively. In addition,
scaling the prediction direction of the intra-prediction Y2
times in the horizontal direction is equivalent to scaling the
prediction direction two times in the vertical direction.
Therefore, if the intra-prediction of the color-difference
signal is performed in a prediction direction obtained by
scaling a prediction direction of each of the intra-brightness
prediction mode and the first intra-color-difference predic-
tion mode two times in the vertical direction on the basis of
the horizontal prediction (intra-prediction mode 10) or a
surrounding prediction direction thereof, the intra-prediction
becomes equivalent to or almost equivalent to the intra-
prediction of the brightness signal of the prediction block of
the same position as the prediction block of the color-
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difference signal. Therefore, in the conversion tables of
FIGS. 15 and 16, as illustrated in FIGS. 18 and 19, when
values of the intra prediction modes (intra-brightness pre-
diction modes or first intra-color-difference prediction
modes) arranged in the vertical direction (on a vertical axis)
are 2,3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, and 17,
values of intra-prediction modes of a prediction direction
close to a prediction direction derived by scaling an angle of
the prediction direction two times in the vertical direction on
the basis of the horizontal prediction (intra-prediction mode
10) are selected as values of the second intra-color-differ-
ence prediction modes and the values of the second intra-
color-difference prediction modes are set to 2, 2, 2, 2, 3, 5,
7,8,10, 12,13, 15,17, 18, 18, 18, and 18 and 2, 2, 2, 2, 3,
5,7,8,10,12, 13, 15, 17, 18, 18, 19, and 20, respectively.
[0138] In addition, the intra-prediction mode (intra-bright-
ness prediction mode or first intra-color-difference predic-
tion mode) can be converted into the second intra-color-
difference prediction mode using the conversion table of
FIG. 17. In the conversion table of FIG. 17, as shown by an
arrow of a dotted line of FIG. 20, when values of the
intra-brightness prediction modes in which the reference
destinations are arranged in the horizontal direction (on a
horizontal axis) or the first intra-color-difference prediction
modes derived by the table of FIG. 14 are 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, and 34, values
derived by scaling the intra-brightness prediction mode or
the first intra-color-difference prediction mode Y times in
the horizontal direction on the basis of the vertical prediction
(intra-prediction mode 26) are set to values of the second
intra-color-difference prediction modes and the values of the
second intra-color-difference prediction modes are set to 22,
22,23,23, 24,24, 25, 25, 26, 27, 27, 28, 28, 29, 29, 30, and
30, respectively.

[0139] In addition, scaling the prediction direction of the
intra-prediction % times in the horizontal direction is
equivalent to scaling the prediction direction two times in
the vertical direction. Therefore, if the intra-prediction of the
color-difference signal is performed in a prediction direction
obtained by scaling a prediction direction of each of the
intra-brightness prediction mode and the first intra-color-
difference prediction mode two times in the vertical direc-
tion on the basis of the horizontal prediction (intra-predic-
tion mode 10) or a surrounding prediction direction thereof,
the intra-prediction becomes equivalent to or almost equiva-
lent to the intra-prediction of the brightness signal of the
prediction block of the same position as the prediction block
of the color-difference signal. Therefore, in the conversion
table of FIG. 17, as shown by an arrow of a dotted line of
FIG. 20, when values of the intra-brightness prediction
modes in which the reference destinations are arranged in
the vertical direction (on a vertical axis) or the first intra-
color-difference prediction modes are 2, 3,4, 5,6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, and 17, values derived by scaling the
intra-brightness prediction mode or the first intra-color-
difference prediction mode two times in the vertical direc-
tion on the basis of the horizontal prediction (intra-predic-
tion mode 10) and limiting the values to larger than or equal
to 2 and smaller than or equal to 18 are set to values of the
intra-color-difference prediction modes and the values of the
second intra-color-difference prediction modes are set to 2,
2,2,2,2,4,6,8, 10, 12, 14, 16, 18, 18, 18, and 18.
[0140] In addition, the intra-prediction mode (intra-bright-
ness prediction mode or first intra-color-difference predic-
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tion mode) can be converted into the second intra-color-
difference prediction mode using the conversion table of
FIG. 30. In the conversion table of FIG. 30, as shown by an
arrow of a dotted line of FIG. 31, when values of the
intra-brightness prediction modes or the first intra-color-
difference prediction modes derived by the table of FIG. 14
are 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, and 34, values derived by scaling the intra-
brightness prediction mode or the first intra-color-difference
prediction mode % times in the horizontal direction on the
basis of the vertical prediction (intra-prediction mode 26)
are set to values of the second intra-color-difference predic-
tion modes and the values of the second intra-color-differ-
ence prediction modes are set to 21, 21, 22, 22, 23, 23, 24,
24, 25, 25, 26, 27, 27, 28, 28, 29, 29, 30, and 30, respec-
tively. In addition, when values of the intra-brightness
prediction modes or the first intra-color-difference predic-
tion modes are 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, and
15, the values derived by scaling the intra-brightness pre-
diction modes or the first intra-color-difference prediction
modes two times in the vertical direction on the basis of the
horizontal prediction (intra-prediction mode 10) and limit-
ing the values to larger than or equal to 2 are set to values
of the second intra-color-difference prediction modes and
the values of the second intra-color-difference prediction
modes are setto 2,2, 2,2,2,4,6,8,10, 12, 14, 16, 18, and
20.

[0141] In addition, the intra-prediction mode (intra-bright-
ness prediction mode or first intra-color-difference predic-
tion mode) can be converted into the second intra-color-
difference prediction mode using the conversion table of
FIG. 33. In the conversion table of FIG. 33, as shown by an
arrow of a dotted line of FIG. 34, when values of the
intra-brightness prediction modes or the first intra-color-
difference prediction modes derived by the table of FIG. 14
are 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, and 31, values
derived by scaling the intra-brightness prediction mode or
the first intra-color-difference prediction mode Y% times in
the horizontal direction on the basis of the vertical prediction
(intra-prediction mode 26) are set to values of the second
intra-color-difference prediction modes and the values of the
second intra-color-difference prediction modes are set to 23,
24,24, 25, 25, 26, 27, 27, 28, 28, and 29, respectively. In
addition, when values of the intra-brightness prediction
modes or the first intra-color-difference prediction modes
are 7, 8,9, 10, 11, 12, and 13, the values derived by scaling
the intra-brightness prediction modes or the first intra-color-
difference prediction modes two times in the vertical direc-
tion on the basis of the horizontal prediction (intra-predic-
tion mode 10) are set to values of the second intra-color-
difference prediction modes and the values of the second
intra-color-difference prediction modes are set to 4, 6, 8, 10,
12, 14, and 16. In addition, when values of the intra-
brightness prediction modes or the first intra-color-differ-
ence prediction modes are 2, 3, 4, 5, and 6, the values
derived by subtracting 3 from the intra-brightness prediction
modes or the first intra-color-difference prediction modes
and limiting the values to larger than or equal to 2 are set to
values of the second intra-color-difference prediction modes
and the values of the second intra-color-difference predic-
tion modes are set to 2, 2, 2, 2, and 3. In addition, when
values of the intra-brightness prediction modes or the first
intra-color-difference prediction modes are 14, 15, 16, 17,
18, 19, and 20, the values derived by adding 3 to the
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intra-brightness prediction modes or the first intra-color-
difference prediction modes are set to values of the second
intra-color-difference prediction modes and the values of the
second intra-color-difference prediction modes are set to 17,
18, 19, 20, 21, and 22. In addition, when values of the
intra-brightness prediction modes or the first intra-color-
difference prediction modes are 32, 33, and 34, the values
derived by subtracting 3 from the intra-brightness prediction
modes or the first intra-color-difference prediction modes
are set to values of the second intra-color-difference predic-
tion modes and the values of the second intra-color-differ-
ence prediction modes are set to 29, 30, and 31.

[0142] A derivation process sequence when the first intra-
color-difference prediction mode corresponding to the con-
version tables of FIGS. 15 and 16 when the first intra-color-
difference prediction mode is converted into the second
intra-color-difference prediction mode at the color-differ-
ence format 4:2:2 is converted into the second intra-color-
difference prediction mode will be described using a flow-
chart of FIG. 23.

[0143] In each value of a first intra-prediction mode
IntraPredModel from 0 to 34, a second intra-prediction
mode IntraPredMode2 is derived by the sequence of the
flowchart of FIG. 23.

[0144] First, when the prediction is not the angle predic-
tion, that is, the first intra-prediction mode IntraPredModel
is smaller than or equal to 1 (NO of step S3001 of FIG. 23),
the value of the first intra-prediction mode IntraPredModel
is used directly as the second intra-color-difference predic-
tion mode IntraPredMode2 (step S3002 of FIG. 23) and this
derivation process ends. When the first intra-prediction
mode IntraPredModel is smaller than or equal to 1, this
corresponds to plane prediction (intra-prediction mode
intraPredModel=0) in which prediction is performed by
interpolating a pixel value from a surrounding decoded
block and average value prediction (intra-prediction mode
intraPredModel=1) in which prediction is performed by
deriving an average value from a surrounding decoded
block.

[0145] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is the angle prediction,
that is, larger than 1 (YES of step S3001 of FIG. 23), a
conversion process from the first intra-color-difference pre-
diction mode to the second intra-color-difference prediction
mode after step S3003 is executed.

[0146] When the intra-color-difference prediction mode
IntraPredModel is smaller than 18 (YES of step S3003 of
FIG. 23), an angle IntraPredAnglel of the first intra-predic-
tion corresponding to the first intra-color-difference predic-
tion mode IntraPredModel is doubled and is set to an angle
IntraPred Angle2' of the intra-prediction (step S3004 of FIG.
23). In addition, a value of the intra-brightness prediction
mode or and the first intra-color-difference prediction mode
IntraPredModel corresponding to the angle IntraPre-
dAnglel of the first intra-prediction close to the angle
IntraPred Angle2' of the intra-prediction is set to the second
intra-prediction mode IntraPredMode2 (step S3005 of FIG.
23) and this derivation process ends. However, when the first
intra-prediction modes are 2, 3, 4, and 5, a value of the angle
IntraPredAngle2' of the intra-prediction becomes smaller
than or equal to -32. However, at this time, the angle of the
intra-prediction is set to -32 and the second intra-color-
difference prediction mode is set to 2. When the first
intra-prediction modes are 15, 16, and 17, a value of the
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angle intraPredAngle2' of the Intra-prediction becomes
larger than or equal to 32. However, at this time, the angle
of' the intra-prediction is set to 32 and the second intra-color-
difference prediction mode is set to 18. As illustrated in FIG.
19, if the angle of the intra-prediction corresponding to the
first intra-prediction mode of 16 is doubled in a longitudinal
direction, the angle takes a value close to an angle of the
intra-prediction corresponding to the intra-prediction mode
of 19 and if the angle of the intra-prediction corresponding
to the first intra-prediction mode of 17 is doubled in a
longitudinal direction, the angle takes a value close to an
angle of the intra-prediction corresponding to the intra-
prediction mode of 20. Therefore, as illustrated in FIG. 19,
when the first intra-prediction mode is 16, the second
intra-prediction mode can be set to 19 and when the first
intra-prediction mode is 17, the second intra-prediction
mode can be set to 20.

[0147] Meanwhile, when the intra-color-difference predic-
tion mode IntraPredModel is not smaller than 18, that is,
larger than or equal to 18 (NO of step S3003 of FIG. 23), the
angle IntraPredAnglel of the first intra-prediction corre-
sponding to the first intra-color-difference prediction mode
IntraPredModel is multiplied with %2 and is set to the angle
IntraPredAngle2' of the intra-prediction (steps S3006 and
S3007 of FIG. 23). In this embodiment, a value is set to a
variable SignlntraPredAngle having a value of -1 when a
sign of the angle IntraPred Anglel of the first intra-prediction
corresponding to the first intra-color-difference prediction
mode IntraPredModel is negative and having a value of 1
when the sign is positive or a variable a is O (step S3006 of
FIG. 23), a result obtained by executing an operation to shift
one bit to the right, equivalent to %4 times, on an absolute
value of the first intra-color-difference prediction mode
IntraPredModel is multiplied with the variable Signln-
traPredAngle, and an obtained value is set to the angle
IntraPredAngle2' of the intra-prediction (step S3007 of FIG.
23). Also, a result obtained by executing the operation to
shift one bit to the right, equivalent to Y2 times, on the
absolute value of the first intra-color-difference prediction
mode IntraPredModel after adding 1 to the absolute value
may be multiplied with the variable SignlntraPred Angle and
an obtained value may be set to the angle IntraPredAngle2'
of the intra-prediction. In addition, a value of an intra-
prediction mode (upper step of FIG. 8) corresponding to an
angle (lower step of FIG. 8) of the intra-prediction prepared
in the intra-brightness prediction mode and the first intra-
color-difference prediction mode, close to the angle
IntraPredAngle2' of the intra-prediction, is set to the second
intra-prediction mode IntraPredMode2 (step S3008 of FIG.
23) and this derivation process ends. When the angle
IntraPredAngle2' of the intra-prediction is rounded off to a
value of an angle of the intra-prediction prepared in the
intra-brightness prediction mode and the first intra-color-
difference prediction mode, the angle IntraPredAngle2' of
the intra-prediction may be rounded off to a value closest to
the angle IntraPredAngle2' of the intra-prediction, may be
revalued, and may be devalued. In addition, the same
positive/negative sign as the angle IntraPredAngle2' of the
intra-prediction may be set to a value obtained by rounding
off, revaluing, or devaluing an absolute value of the angle
IntraPredAngle2' of the intra-prediction.

[0148] If the angle of the intra-prediction in which the first
intra-color-difference prediction mode is 25 is multiplied
with 1%, the angle becomes -1 and -1 can be converted into
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a value of either -2 corresponding to the value of the
intra-prediction mode of 25 or 0 corresponding to the value
of' the intra-prediction mode of 26. However, because coding
can be performed at all times in 26 showing the vertical
prediction, the first intra-color-difference prediction mode is
set to 25 when 25 is converted into the second intra-color-
difference prediction mode. If the angle of the intra-predic-
tion in which the first intra-color-difference prediction mode
is 27 is multiplied with %, the angle becomes 1 and 1 can
be converted into a value of either O corresponding to the
value of the intra-prediction mode of 26 or 2 corresponding
to the value of the intra-prediction mode of 27. However,
because coding can be performed at all times in 26 showing
the vertical prediction, the first intra-color-difference pre-
diction mode is set to 27 when 27 is converted into the
second intra-color-difference prediction mode. In other
words, when the first intra-color-difference prediction mode
is converted into the second intra-color-difference prediction
mode using the conversion tables illustrated in FIGS. 15, 16,
17, 30, and 33, in the case in which the first intra-color-
difference prediction mode is not 26 to be the vertical
prediction, the value is converted into a value other than 26
to be the vertical prediction and the second intra-color-
difference prediction mode is derived from the first intra-
color-difference prediction mode. That is, the value is con-
verted to exclude values (0, 1, 10, 26, and 34) that can be
derived from syntax elements (0, 1, 2, and 3 of FIGS. 14 and
25) of the intra-color-difference prediction modes selected
when the value of the intra-brightness prediction mode and
the value of the intra-color-difference prediction mode are
not matched with each other. By this setting, a selection
width of the intra-color-difference prediction mode is
extended and coding efficiency can be improved.

[0149] In steps S3005 and S3008, when a value of the
intra-brightness prediction mode or the first intra-color-
difference prediction mode IntraPredModel corresponding
to the angle IntraPredAnglel of the first intra-prediction
close to the angle IntraPredAngle2' of the intra-prediction is
set to the second intra-prediction mode IntraPredMode2 and
an intra-prediction operation of the color-difference signal at
the color-difference format 4:2:2 is mounted by hardware,
the intra-prediction operation using the second intra-color-
difference prediction mode can be realized by only the angle
of the intra-prediction corresponding to the intra-brightness
prediction mode or the first intra-color-difference prediction
mode IntraPredModel. Therefore, the intra-prediction
operation can be executed without adding hardware by an
angle of new intra-prediction.

[0150] In the angle predictions, vertical prediction (intra-
prediction mode intraPredMode1=26) in which prediction is
performed from an upper decoded block in a vertical direc-
tion and horizontal prediction (intra-prediction mode
intraPredMode1=10) in which prediction is performed from
a left decoded block in a horizontal direction are also
included. However, in the vertical prediction and the hori-
zontal prediction, even though the conversion process from
the first intra-color-difference prediction mode to the second
intra-color-difference prediction mode after step S3003 is
executed, values do not change. Therefore, in condition
determination of step S3001, the process may proceed to
step S3002, in the cases of the vertical prediction and the
horizontal prediction.

[0151] A derivation process sequence when the first intra-
color-difference prediction mode corresponding to the con-
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version table of FIG. 17 is converted into the second
intra-color-difference prediction mode at the color-differ-
ence format 4:2:2 will be described using a flowchart of FIG.
24.

[0152] When the prediction is not the angle prediction,
that is, the first intra-prediction mode IntraPredModel is
smaller than or equal to 1 (NO of step S3101 of FIG. 24), the
value of the first intra-prediction mode IntraPredModel is
used directly as the second intra-color-difference prediction
mode IntraPredMode2 (step S3102 of FIG. 24) and this
derivation process ends.

[0153] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is the angle prediction,
that is, larger than 1 (YES of step S3101 of FIG. 24), a
conversion process from the first intra-color-difference pre-
diction mode to the second intra-color-difference prediction
mode after step S3103 is executed.

[0154] When the first intra-color-difference prediction
mode IntraPredModel is smaller than 18 (YES of step
S3103 of FIG. 24), a value derived by scaling the first
intra-color-difference prediction mode derived by the table
of FIG. 14 two times in the vertical direction on the basis of
the horizontal prediction (intra-prediction mode 10) is set to
a value of the second intra-color-difference prediction mode
(steps S3304 to S3307 of FIG. 32). A value obtained by
subtracting 10 showing the horizontal prediction from the
first intra-color-difference prediction mode IntraPredModel
is set to a variable a (step S3104 of FIG. 24). Next, a value
obtained by doubling the variable a is set to a variable b (step
S3105 of FIG. 24). Next, a value obtained by adding 10
showing the horizontal prediction to b is set to a variable ¢
(step S3106 of FIG. 24). Next, a value obtained by limiting
the value of the variable ¢ to larger than or equal to 2 and
smaller than or equal to 18 is set to the second intra-
prediction mode IntraPredMode2 (step S3107 of FIG. 24)
and this derivation process ends. Specifically, when the
variable c is larger than or equal to 2 and is smaller than 18,
the variable ¢ is set directly to the value of the intra-
prediction mode IntraPredMode2, when the variable c is
smaller than 2, 2 is set to of the intra-prediction mode
IntraPredMode2, and when the variable ¢ is more than 18, 18
is set to the intra-prediction mode IntraPredMode2. That is,
when a value derived by scaling a mode number of the angle
prediction of the first intra-color-difference prediction mode
is beyond a range of mode numbers of the angle prediction
defined by the intra-prediction mode, the derived value is set
to a value in the range. As a result, when an intra-prediction
operation of the color-difference signal at the color-differ-
ence format 4:2:2 is mounted by hardware, the intra-predic-
tion operation using the second intra-color-difference pre-
diction mode can be executed without adding the hardware.
[0155] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 18, that
is, larger than or equal to 18 (NO of step S3103 of FIG. 24),
a value derived by scaling the first intra-color-difference
prediction mode derived by the table of FIG. 14 % times in
the horizontal direction on the basis of the vertical prediction
(intra-prediction mode 26) is set to a value of the second
intra-color-difference prediction mode (steps S3108 to
S3112 of FIG. 24). A value obtained by subtracting 26
showing the vertical prediction from the first intra-color-
difference prediction mode IntraPredModel is set to the
variable a (step S3108 of FIG. 24). Next, a value is set to a
variable SignlntraPredMode having a value of -1 when a
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sign of the variable a is negative and a value of 1 when the
sign is positive or the variable a is O (step S3109 of FIG. 24).
Next, a result obtained by executing an operation to shift one
bit to the right, equivalent to /2 times, on an absolute value
of the variable a, is multiplied with the variable Signln-
traPredMode and an obtained value is set to the variable b
(step S3110 of FIG. 24). Also, a result obtained by executing
the operation to shift one bit to the right, equivalent to 12
times, on the absolute value of the variable a after adding 1
to the absolute value, may be multiplied with the variable
SignIntraPredMode and an obtained value may be set to the
variable b. Next, a value obtained by adding 26 showing the
vertical prediction to b is set to the variable ¢ (step S3111 of
FIG. 24). Next, the value of the variable c is set to the second
intra-prediction mode IntraPredMode2 (step S3112 of FIG.
24) and this derivation process ends. In the case in which the
value of the variable ¢ corresponding to the first intra-color-
difference prediction mode of 25 becomes 26, the first
intra-color-difference prediction mode is set to 25 when 25
is converted into the second intra-color-difference prediction
mode, excluding 26 showing the vertical prediction in which
coding can be performed at all times. In the case in which
the value of the variable ¢ corresponding to the first intra-
color-difference prediction mode of 27 becomes 26, the first
intra-color-difference prediction mode is set to 27 when 27
is converted into the second intra-color-difference prediction
mode, excluding 26 showing the vertical prediction in which
coding can be performed at all times. That is, the value is
rounded off (converted) to exclude values (0, 1, 10, 26, and
34) that can be derived from syntax elements (0, 1, 2, and 3
of FIGS. 14 and 25) of the intra-color-difference prediction
modes selected when the value of the intra-brightness pre-
diction mode and the value of the intra-color-difference
prediction mode are not matched with each other.

[0156] By this setting, a selection width of the intra-color-
difference prediction mode is extended and coding efficiency
can be improved. In this derivation process sequence, to
convert the value to exclude a value 26 that can be derived
from a syntax element (1 of FIGS. 14 and 25) of the
intra-color-difference prediction mode selected when the
value of the intra-brightness prediction mode and the value
of the intra-color-difference prediction mode are not
matched with each other, in step S3110, 1 is added to the
absolute value of the variable a, before the operation to shift
one bit to the right is executed on the absolute value of the
variable a.

[0157] A derivation process sequence when the first intra-
color-difference prediction mode corresponding to the con-
version table of FIG. 30 is converted into the second
intra-color-difference prediction mode at the color-differ-
ence format 4:2:2 will be described using a flowchart of FIG.
32.

[0158] When the prediction is not the angle prediction,
that is, the first intra-prediction mode IntraPredModel is
smaller than or equal to 1 (NO of step S3301 of FIG. 32), the
value of the first intra-prediction mode IntraPredModel is
used directly as the second intra-color-difference prediction
mode IntraPredMode2 (step S3302 of FIG. 32) and this
derivation process ends.

[0159] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is the angle prediction,
that is, larger than 1 (YES of step S3301 of FIG. 32), a
conversion process from the first intra-color-difference pre-



US 2019/0089982 Al

diction mode to the second intra-color-difference prediction
mode after step S3303 is executed.

[0160] When the first intra-color-difference prediction
mode IntraPredModel is smaller than 16, that is, smaller
than or equal to 15 (YES of step S3303 of FIG. 32), a value
derived by scaling the first intra-color-difference prediction
mode derived by the table of FIG. 14 two times in the
vertical direction on the basis of the horizontal prediction
(intra-prediction mode 10) and limiting the value to larger
than or equal to 2 is set to a value of the second intra-color-
difference prediction mode (steps S3304 to S3307 of FIG.
32). A value obtained by subtracting 10 showing the hori-
zontal prediction from the first intra-color-difference predic-
tion mode IntraPredModel is set to a variable a (step S3304
of FIG. 32). Next, a value obtained by doubling the variable
a is set to a variable b (step S3305 of FIG. 32). Next, a value
obtained by adding 10 showing the horizontal prediction to
b is set to a variable ¢ (step S3306 of FIG. 32). Next, a value
obtained by limiting the value of the variable ¢ to larger than
or equal to 2 is set to the second intra-prediction mode
IntraPredMode2 (step S3307 of FIG. 32) and this derivation
process ends. Specifically, when the variable ¢ is smaller
than or equal to 2, the value of the intra-prediction mode
IntraPredMode2 is set to 2. That is, when a value derived by
scaling a mode number of the angle prediction of the first
intra-color-difference prediction mode is beyond a range of
mode numbers of the angle prediction defined by the intra-
prediction mode, the derived value is set to a value in the
range. As a result, when an intra-prediction operation of the
color-difference signal at the color-difference format 4:2:2 is
mounted by hardware, the intra-prediction operation using
the second intra-color-difference prediction mode can be
executed without adding the hardware.

[0161] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 16, that
is, larger than or equal to 16 (NO of step S3303 of FIG. 32),
a value derived by scaling the first intra-color-difference
prediction mode derived by the table of FIG. 14 % times in
the horizontal direction on the basis of the vertical prediction
(intra-prediction mode 26) is set to a value of the second
intra-color-difference prediction mode (steps S3308 to
S3312 of FIG. 32). A value obtained by subtracting 26
showing the vertical prediction from the first intra-color-
difference prediction mode IntraPredModel is set to a
variable a (step S3308 of FIG. 32). Next, a value is set to the
variable SignlntraPredMode having a value of -1 when a
sign of the variable a is negative and a value of 1 when the
sign is positive or the variable a is O (step S3309 of FIG. 32).
Next, a result obtained by executing an operation to shift one
bit to the right, equivalent to % times, on an absolute value
of the variable a is multiplied with the variable Signln-
traPredMode and an obtained value is set to the variable b
(step S3310 of FIG. 32). Also, a result obtained by executing
the operation to shift one bit to the right, equivalent to %2
times, on the absolute value of the variable a after adding 1
to the absolute value may be multiplied with the variable
SignIntraPredMode and an obtained value may be set to the
variable b. Next, a value obtained by adding 26 showing the
vertical prediction to b is set to the variable ¢ (step S3311 of
FIG. 32). Next, the value of the variable c is set to the second
intra-prediction mode IntraPredMode2 (step S3312 of FIG.
32) and this derivation process ends. In the case in which the
value of the variable ¢ corresponding to the first intra-color-
difference prediction mode of 25 becomes 26, the first
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intra-color-difference prediction mode is set to 25 when 25
is converted into the second intra-color-difference prediction
mode, excluding 26 showing the vertical prediction in which
coding can be performed at all times. In the case in which
the value of the variable ¢ corresponding to the first intra-
color-difference prediction mode of 27 becomes 26, the first
intra-color-difference prediction mode is set to 27 when 27
is converted into the second intra-color-difference prediction
mode, excluding 26 showing the vertical prediction in which
coding can be performed at all times. In other words, when
the first intra-color-difference prediction mode is converted
into the second intra-color-difference prediction mode using
the conversion tables illustrated in FIGS. 15, 16, 17, 30, and
33, in the case in which the first intra-color-difference
prediction mode is not 26 to be the vertical prediction, the
value is converted into a value other than 26 to be the
vertical prediction and the second intra-color-difference
prediction mode is derived from the first intra-color-differ-
ence prediction mode. That is, the value is rounded off
(converted) to exclude values (0, 1, 10, 26, and 34) that can
be derived from syntax elements (0, 1, 2, and 3 of FIGS. 14
and 25) of the intra-color-difference prediction modes
selected when the value of the intra-brightness prediction
mode and the value of the intra-color-difference prediction
mode are not matched with each other. In this derivation
process sequence, to convert the value to exclude a value 26
that can be derived from a syntax element (1 of FIGS. 14 and
25) of the intra-color-difference prediction mode selected
when the value of the intra-brightness prediction mode and
the value of the intra-color-difference prediction mode are
not matched with each other, in step S3310, 1 is added to the
absolute value of the variable a, before the operation to shift
one bit to the right is executed on the absolute value of the
variable a.

[0162] In step S3303 of this derivation process sequence,
when the intra-color-difference prediction mode IntraPred-
Model is smaller than 16, that is, smaller than or equal to 15,
a value derived by scaling the first intra-color-difference
prediction mode two times in the vertical direction on the
basis of the horizontal prediction (intra-prediction mode 10)
and limiting the value to larger than or equal to 2 is set to a
value of the second intra-color-difference prediction mode
(steps S3304 to S3307 of FIG. 32). When the intra-color-
difference prediction mode IntraPredModel is not smaller
than 16, that is, larger than or equal to 16, a value derived
by scaling the first intra-color-difference prediction mode %2
times in the horizontal direction on the basis of the vertical
prediction (intra-prediction mode 26) is set to a value of the
second intra-color-difference prediction mode (steps S3308
to S3312 of FIG. 32). However, when the intra-color-
difference prediction mode IntraPredModel is smaller than
15, that is, smaller than or equal to 14, a value derived by
scaling the first intra-color-difference prediction mode two
times in the vertical direction on the basis of the horizontal
prediction (intra-prediction mode 10) is set to a value of the
second intra-color-difference prediction mode (steps S3304
to S3307 of FIG. 32). When the intra-color-difference pre-
diction mode IntraPredModel is not smaller than 15, that is,
larger than or equal to 15, a value derived by scaling the first
intra-color-difference prediction mode Y% times in the hori-
zontal direction on the basis of the vertical prediction
(intra-prediction mode 26) may be set to a value of the
second intra-color-difference prediction mode (steps S3308
to S3312 of FIG. 32) and the conversion result is the same.
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This is because a value derived by scaling the first intra-
color-difference prediction mode two times in the vertical
direction on the basis of the horizontal prediction (intra-
prediction mode 10) and a value derived by scaling the first
intra-color-difference prediction mode %% times in the hori-
zontal direction on the basis of the vertical prediction
(intra-prediction mode 26) are equal to each other, when the
intra-color-difference prediction mode IntraPredModel is
15.

[0163] Next, a derivation process sequence when the first
intra-color-difference prediction mode corresponding to the
conversion table of FIG. 33 is converted into the second
intra-color-difference prediction mode at the color-differ-
ence format 4:2:2 will be described using a flowchart of FIG.
3s5.

[0164] When the prediction is not the angle prediction,
that is, the first intra-prediction mode IntraPredModel is 1
or less (NO of step S3401 of FIG. 35), the value of the first
intra-prediction mode IntraPredModel is used directly as the
second intra-color-difference prediction mode IntraPred-
Mode2 (step S3402 of FIG. 35) and this derivation process
ends.

[0165] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is the angle prediction,
that is, larger than 1 (YES of step S3401 of FIG. 35), a
conversion process from the first intra-color-difference pre-
diction mode to the second intra-color-difference prediction
mode after step S3403 is executed.

[0166] When the first intra-color-difference prediction
mode IntraPredModel is smaller than 7, that is, smaller than
or equal to 6 (YES of step S3403 of FIG. 35), a value
obtained by subtracting 3 showing the horizontal prediction
from the first intra-color-difference prediction mode
IntraPredModel is set to a variable ¢ (step S3407 of FIG.
35). Next, a value obtained by limiting the value of the
variable ¢ to larger than or equal to 2 is set to the second
intra-prediction mode IntraPredMode2 (step S3408 of FIG.
35) and this derivation process ends. Specifically, when the
variable ¢ is larger than or equal to 2, the variable c is set
directly to the intra-prediction mode IntraPredMode2 and
when the variable ¢ is smaller than 2, 2 is set to the
intra-prediction mode IntraPredMode2. That is, when a
value derived by scaling a mode number of the angle
prediction of the first intra-color-difference prediction mode
is beyond a range of mode numbers of the angle prediction
defined by the intra-prediction mode, the derived value is set
to a value in the range. As a result, when an intra-prediction
operation of the color-difference signal at the color-differ-
ence format 4:2:2 is mounted by hardware, the intra-predic-
tion operation using the second intra-color-difference pre-
diction mode can be executed without adding the hardware.
[0167] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 7 and
the first intra-color-difference prediction mode IntraPred-
Model is smaller than 14, that is, larger than or equal to 7
and smaller than or equal to 13 (NO of step S3403 and YES
of'step S3404 in FIG. 35), a value derived by scaling the first
intra-color-difference prediction mode derived by the table
of FIG. 14 two times in the vertical direction on the basis of
the horizontal prediction (intra-prediction mode 10) is set to
a value of the second intra-color-difference prediction mode
(steps S3409 to S3412 of FIG. 35). A value obtained by
subtracting 10 showing the horizontal prediction from the
first intra-color-difference prediction mode IntraPredModel
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is set to a variable a (step S3409 of FIG. 35). Next, a value
obtained by doubling the variable a is set to the variable b
(step S3410 of FIG. 35). Next, a value obtained by adding
10 showing the horizontal prediction to b is set to the
variable ¢ (step S3411 of FIG. 35). Next, the value of the
variable ¢ is set to the second intra-prediction mode
IntraPredMode2 (step S3412 of FIG. 35) and this derivation
process ends.

[0168] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 14 and
is smaller than 21, that is, larger than or equal to 14 and
smaller than or equal to 20 (NO of step S3404 and YES of
step S3405 in FIG. 35), a value obtained by adding 3 to the
first intra-color-difference prediction mode IntraPredModel
is set to the variable ¢ (step S3413 of FIG. 35). Next, the
value of the variable cis set to the second intra-prediction
mode IntraPredMode2 (step S3414 of FIG. 35) and this
derivation process ends.

[0169] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 21 and
is smaller than 32, that is, larger than or equal to 21 and
smaller than or equal to 31 (NO of step S3405 and YES of
step S3406 in FIG. 35), a value derived by scaling the first
intra-color-difference prediction mode derived by the table
of FIG. 14 % times in the horizontal direction on the basis
of the vertical prediction (intra-prediction mode 26) is set to
a value of the second intra-color-difference prediction mode
(steps S3415 to S3419 of FIG. 35). A value obtained by
subtracting 26 showing the vertical prediction from the first
intra-color-difference prediction mode IntraPredModel is
set to a variable a (step S3415 of FIG. 35). Next, a value is
set to the variable SignlntraPredMode having a value of -1
when a sign of the variable a is negative and a value of 1
when the sign is positive or the variable a is 0 (step S3416
of FIG. 35). Next, a result obtained by executing an opera-
tion to shift one bit to the right, equivalent to %4 times, on an
absolute value of the variable a is multiplied with the
variable SignIntraPredMode and an obtained value is set to
the variable b (step S3417 of FIG. 35). Also, a result
obtained by executing the operation to shift one bit to the
right, equivalent to 2 times, on the absolute value of the
variable a after adding 1 to the absolute value may be
multiplied with the variable SignlntraPredMode and an
obtained value may be set to the variable b. Next, a value
obtained by adding 26 showing the vertical prediction to b
is set to the variable ¢ (step S3418 of FIG. 35). Next, the
value of the variable ¢ is set to the second intra-prediction
mode IntraPredMode2 (step S3419 of FIG. 35) and this
derivation process ends. In the case in which the value of the
variable ¢ corresponding to the first intra-color-difference
prediction mode of 25 becomes 26, the first intra-color-
difference prediction mode is set to 25 when 25 is converted
into the second intra-color-difference prediction mode,
excluding 26 showing the vertical prediction in which
coding can be performed at all times. In the case in which
the value of the variable ¢ corresponding to the first intra-
color-difference prediction mode of 27 becomes 26, the first
intra-color-difference prediction mode is set to 27 when 27
is converted into the second intra-color-difference prediction
mode, excluding 26 showing the vertical prediction in which
coding can be performed at all times. That is, the value is
rounded off (converted) to exclude values (0, 1, 10, 26, and
34) that can be derived from syntax elements (0, 1, 2, and 3
of FIGS. 14 and 25) of the intra-color-difference prediction
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modes selected when the value of the intra-brightness pre-
diction mode and the value of the intra-color-difference
prediction mode are not matched with each other. In this
derivation process sequence, to convert the value to exclude
a value 26 that can be derived from a syntax element (1 of
FIGS. 14 and 25) of the intra-color-difference prediction
mode selected when the value of the intra-brightness pre-
diction mode and the value of the intra-color-difference
prediction mode are not matched with each other, in step
S3417, 1 is added to the absolute value of the variable a,
before the operation to shift one bit to the right is executed
on the absolute value of the variable a.

[0170] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is not smaller than 32, that
is, larger than or equal to 32 (NO of step S3416 of FIG. 35),
a value derived by subtracting 3 from the first intra-color-
difference prediction mode IntraPredModel is set to the
variable ¢ (step S3420 of FIG. 35). Next, the value of the
variable ¢ is set to the second intra-prediction mode
IntraPredMode2 (step S3421 of FIG. 35) and this derivation
process ends.

[0171] In step S3403 of this derivation process sequence,
when the intra-color-difference prediction mode IntraPred-
Model is smaller than or equal to 6, a value obtained by
limiting a value obtained by subtracting 3 from the first
intra-color-difference prediction mode to larger than or
equal to 2 is set to the second intra-color-difference predic-
tion mode. However, even when the condition determination
of step S3403 is omitted for the simplification and the
intra-color-difference prediction mode IntraPredModel is
smaller than or equal to 6, similarly to when the intra-color-
difference prediction mode IntraPredModel is larger than or
equal to 7 and smaller than or equal to 13, a value derived
by scaling the first intra-color-difference prediction mode
two times in the vertical direction on the basis of the
horizontal prediction (intra-prediction mode 10) can be set
to a value of the second intra-color-difference prediction
mode (steps S3409 to S3412 of FIG. 35). However, in step
S3412, a value obtained by limiting the variable ¢ derived by
step S3411 to larger than or equal to 2 is set to the second
intra-color-difference prediction mode, similarly to S3408.
[0172] Inaddition, in step S3406 of this derivation process
sequence, when the intra-color-difference prediction mode
IntraPredModel is larger than or equal to 32, a value
obtained by subtracting 3 from the first intra-color-differ-
ence prediction mode is set to the second intra-color-differ-
ence prediction mode. However, even when the condition
determination of step S3406 is omitted for the simplification
and the intra-color-difference prediction mode IntraPred-
Model is larger than or equal to 32, similarly to when the
intra-color-difference prediction mode IntraPredModel is
larger than or equal to 21 and smaller than or equal to 31, a
value derived by scaling the first intra-color-difference pre-
diction mode %2 times in the horizontal direction on the basis
of the vertical prediction (intra-prediction mode 26) can be
set to a value of the second intra-color-difference prediction
mode (steps S3415 to S3419 of FIG. 35).

[0173] Meanwhile, when the color-difference format is
4:2:0 or 4:4:4, because the sampling ratios of the intra-
prediction direction of the brightness signal and the hori-
zontal direction and the vertical direction of the color-
difference signal are matched with each other, it is not
necessary to convert the first intra-color-difference predic-
tion mode derived by the table of FIG. 14 into the second
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intra-color-difference prediction mode. This will be
described with reference to FIGS. 22A and 22B. FIGS. 22A
and 22B are a diagram illustrating a correspondence relation
of prediction directions of intra-predictions of a brightness
signal and a color-difference signal when the color-differ-
ence format is 4:2:0. FIG. 22A illustrates an arrangement of
the brightness signal and the color-difference signal when
the color-difference format is 4:2:0 and a color-difference
signal is sampled at a density of %4 in both horizontal and
vertical directions, with respect to a brightness signal, and
aspect ratios of pixels of the brightness signal and the
color-difference signal are equal to each other. An arrow
extended from a pixel P4 to a pixel P5, shown by a symbol
2704, shows an intra-prediction direction of the pixel P4 of
the brightness signal. An arrow extended from a pixel P1 to
a pixel P2, shown by a symbol 2705, shows an intra-
prediction direction of the pixel P1 of the color-difference
signal. The arrow extended from the pixel P4 to the pixel P5,
shown by the symbol 2704, and the arrow extended from the
pixel P1 to the pixel P2, shown by the symbol 2705, extend
in the same direction and the intra-prediction directions are
the same. In this case, in an array of the color-difference
signals illustrated in FIG. 22B, the intra-prediction direction
of the brightness signal is the intra-prediction direction of
the color-difference signal as shown by a symbol 2706 and
the pixel P2 of the reference destination of the pixel P1 of
the color-difference signal can be surely referred to.

[0174] When the value of the intra-color-difference pre-
diction mode is predicted in the intra-predictor 103 in
consideration of the points described above, a value of the
intra-color-difference prediction mode is predicted from a
value of the intra-brightness prediction mode of the predic-
tion block of the same position as the prediction block of the
color-difference signal, according to the color-difference
format. That is, when the value of the intra-color-difference
prediction mode is predicted at the color-difference format
4:2:0 or 4:4:4 in which aspect ratios of the pixels of the
brightness signal and the color-difference signal are the
same, the value of the intra-color-difference prediction mode
obtained from the table of FIG. 14 is used directly as the
value of the intra-color-difference prediction mode for the
color-difference format 4:2:0 or 4:4:4 and the intra-predic-
tion of the color-difference signal is performed according to
the intra-color-difference prediction mode. When the value
of the intra-color-difference prediction mode is predicted at
the color-difference format 4:2:2, a value of the intra-color-
difference prediction mode for the color-difference format
4:2:2 is derived from the value of the intra-color-difference
prediction mode obtained from the table of FIG. 14 by the
conversion table illustrated in FIG. 15, 16, 17, 30, or 33 and
the intra-prediction of the color-difference signal is per-
formed according to the intra-color-difference prediction
mode.

[0175] FIG. 25 is a table to derive a value of a syntax
element intra_chroma_pred_mode[x0][y0] regarding an
intra-color-difference prediction mode from a value of an
intra-color-difference prediction mode and a value of an
intra-brightness prediction mode of a prediction block of a
brightness signal of the same position as a prediction block
of a color-difference signal and the table of FIG. 25 used at
the coding side corresponds to the table of FIG. 14 used at
the decoding side. At the coding side, a value of the syntax
element intra_chroma_pred_mode[x0][y0] is derived using
the table illustrated in FIG. 25.
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[0176] In the case in which the value of the first or second
intra-color-difference prediction mode is 0, if the value of
the intra-brightness prediction mode of the prediction block
of the same position as the prediction block of the color-
difference signal is not 0, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 0 and if
the value of the intra-brightness prediction mode is 0, the
value of the syntax element intra_chroma_pred_mode[x0]
[v0] takes a value of 4.

[0177] In the case in which the value of the first or second
intra-color-difference prediction mode is 26, if the value of
the intra-brightness prediction mode of the prediction block
of the same position as the prediction block of the color-
difference signal is not 26, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 1 and if
the value of the intra-brightness prediction mode is 26, the
value of the syntax element intra_chroma_pred_mode[x0]
[v0] takes a value of 4.

[0178] In the case in which the value of the first or second
intra-color-difference prediction mode is 10, if the value of
the intra-brightness prediction mode of the prediction block
of the same position as the prediction block of the color-
difference signal is not 10, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 2 and if
the value of the intra-brightness prediction mode is 10, the
value of the syntax element intra_chroma_pred_mode[x0]
[v0] takes a value of 4.

[0179] In the case in which the value of the first or second
intra-color-difference prediction mode is 1, if the value of
the intra-brightness prediction mode of the prediction block
of the same position as the prediction block of the color-
difference signal is not 10, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 3 and if
the value of the intra-brightness prediction mode is 10, the
value of the syntax element intra_chroma_pred_mode[x0]
[v0] takes a value of 4.

[0180] In the case in which the value of the first intra-
color-difference prediction mode is 34, if the value of the
intra-brightness prediction mode of the prediction block of
the same position as the prediction block of the color-
difference signal is not 0, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of O, if the
value of the intra-brightness prediction mode is 1, the value
of the syntax element intra_chroma_pred_mode[x0][y0]
takes a value of 1, if the value of the intra-brightness
prediction mode is 2, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 2, if the
value of the intra-brightness prediction mode is 3, the value
of the syntax element intra_chroma_pred_mode[x0][y0]
takes a value of 3, and if the value of the intra-brightness
prediction mode is 34, the value of the syntax element
intra_chroma_pred_mode[x0][y0] takes a value of 4.
[0181] When the value of the first intra-color-difference
prediction mode is equal to the value of the intra-brightness
prediction mode of the prediction block of the same position
as the prediction block of the color-difference signal, the
value of the syntax element intra_chroma_pred_mode[x0]
[v0] takes a value of 4. However, when the value of the
intra-color-difference prediction mode is predicted at the
color-difference format 4:2:2, in the intra-predictor 103, the
second intra-color-difference prediction mode for the color-
difference format 4:2:2 is derived from the first intra-color-
difference prediction mode for the color-difference format
4:2:0 or 4:4:4 by the conversion table illustrated in FIG. 15,
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16, 17, 30, or 33. The second intra-color-difference predic-
tion mode is used for the intra-prediction of the color-
difference signal for the color-difference format 4:2:2.
[0182] When the prediction block of the same position as
the prediction block of the color-difference signal is speci-
fied, the prediction block may be specified by referring to a
division index Partldx to specify each prediction block and
may be specified by referring to the coordinates showing a
position of each prediction block.

[0183] The number of intra-color-difference prediction
modes of the prediction block in the coding block is different
according to a combination of a division mode and a
color-difference format supplied from the color-difference
format setter 101. When the division mode is 2Nx2N
division, a value of a syntax element regarding an intra-
color-difference prediction mode of one prediction block is
derived for each coding block, regardless of a type of the
color-difference format.

[0184] When the division mode is NxN division and the
color-difference format is 4:2:0, a value of a syntax element
regarding an intra-color-difference prediction mode of one
prediction block is derived for each coding block. When the
division mode is the NxN division and the color-difference
format is 4:2:2, values of syntax elements regarding intra-
color-difference prediction modes of two prediction blocks
are derived for each coding block. When the division mode
is the NxN division and the color-difference format is 4:4:4,
values of syntax elements regarding intra-color-difference
prediction modes of four prediction blocks are derived for
each coding block. FIGS. 11A to 11D is a diagram illustrat-
ing a method of dividing a color-difference signal of a
coding block in the NxN division when the intra-prediction
is performed into a prediction block. FIG. 11A illustrates a
brightness signal in the NxN division, FIG. 11B illustrates a
color-difference signal in the NxN division when the color-
difference format is 4:2:0, FIG. 11C illustrates a color-
difference signal in the NxN division when the color-
difference format is 4:2:2, and FIG. 11D illustrates a color-
difference signal in the NxN division when the color-
difference format is 4:4:4. When the color-difference
formats are 4:2:0 and 4:4:4, a coding block of the brightness
signal and a coding block of the color-difference signal are
similar to each other and aspect ratios of both blocks are
matched with each other. When the color-difference format
is 4:2:2, a coding block of the brightness signal and a coding
block of the color-difference signal are not similar to each
other and aspect ratios of both coding blocks are different
from each other. Similarly to when the color-difference
format is 4:2:0, when the color-difference format is 4:2:2 or
4:4:4, a coding block can be used as one prediction block
without dividing the coding block, in a color-difference
signal in which the division mode is the NxN division.
Similarly to when the color-difference format is 4:0:0, when
the color-difference format is 4:2:2 or 4:4:4, a coding block
can be used as one prediction block without dividing the
coding block, in a color-difference signal in which the
division mode is the NxN division.

[0185] When a prediction mode (PredMode) of a coding
block is inter-prediction (MODE_INTER), the syntax ele-
ment deriver 124 regarding the inter-prediction information
derives a value of a syntax element regarding inter-predic-
tion information of a prediction block unit and supplies the
derived value of each syntax element to the entropy coder
126. The inter-prediction information of the prediction block



US 2019/0089982 Al

unit includes information such as inter-prediction modes (LLO
prediction, .1 prediction, and both predictions), indexes to
specify a plurality of reference pictures, and a motion vector.
[0186] The entropy coder 126 performs entropy coding on
avalue of a syntax element regarding the coding information
of the coding block unit supplied from the syntax element
deriver 121 regarding the coding information of the coding
block unit, a value of a syntax eclement regarding the
intra-brightness prediction mode of the prediction block of
the brightness signal supplied from the syntax element
deriver 122 regarding the intra-brightness prediction mode,
a value of a syntax element regarding the intra-color-
difference prediction mode of the prediction block of the
color-difference signal supplied from the syntax element
deriver 123 regarding the intra-color-difference prediction
mode, and a value of a syntax element regarding the
intra-prediction information of the prediction block unit
supplied from the syntax element deriver 124 regarding the
inter-prediction information, according to a prescribed syn-
tax rule. At this time, the intra-prediction mode coding
controller 125 controls order of entropy coding of the
intra-brightness prediction mode and the intra-color-differ-
ence prediction mode, according to the division mode and
the color-difference format, and the entropy coder 126
executes an entropy coding process of the intra-brightness
prediction mode and the intra-color-difference prediction
mode, in order commanded by the intra-prediction mode
coding controller 125.

[0187] Next, a decoding process of coding information of
the coding block and prediction block units executed by the
second bitstream decoder 203 of FIG. 2 will be described on
the basis of a point relating to the intra-prediction mode to
be a characteristic of the embodiment. FIG. 13 is a block
diagram illustrating a configuration of the second bitstream
decoder 203 of FIG. 2.

[0188] As illustrated in FIG. 13, the second bitstream
decoder 203 of FIG. 2 includes an intra-prediction mode
decoding controller 221, an entropy decoder 222, a coding
information deriver 223 of a coding block unit, an intra-
brightness prediction mode deriver 224, an intra-color-
difference prediction mode deriver 225, and an inter-predic-
tion information deriver 226. In individual elements
configuring the second bitstream decoder 203, a process
according to color-difference format information supplied
from the color-difference format manager 205 is executed
and a process according to coding information such as a
prediction mode and a division mode of a coding block unit
is executed.

[0189] The entropy decoder 222 performs entropy decod-
ing on the second bitstream including the coding informa-
tion of the coding block and prediction block units supplied
from the bitstream separator 201 according to the prescribed
syntax rule and obtains the value of the syntax element
regarding the coding information of the coding block unit,
the value of the syntax element regarding the intra-bright-
ness prediction mode of the prediction block of the bright-
ness signal, the value of the syntax element regarding the
intra-color-difference prediction mode of the prediction
block of the color-difference signal, and the value of the
syntax element regarding the inter-prediction information of
the prediction block unit. At this time, the intra-prediction
mode decoding controller 221 controls order of the entropy
decoding of the intra-brightness prediction mode and the
intra-color-difference prediction mode according to the divi-
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sion mode and the color-difference format and the entropy
decoder 222 executes an entropy decoding process of the
intra-brightness prediction mode and the intra-color-differ-
ence prediction mode in order commanded by the intra-
prediction mode decoding controller 221. The intra-predic-
tion mode decoding controller 221 is a controller
corresponding to the intra-prediction mode coding controller
125 of the coding side. The intra-prediction mode decoding
controller 221 sets decoding order of the intra-prediction
mode equal to the coding order of the intra-prediction mode
set by the intra-prediction mode coding controller 125
according to the division mode and the color-difference
format and controls the decoding order of the intra-predic-
tion mode of the entropy decoder 222. The entropy decoder
222 is a decoder corresponding to the entropy coder 126 of
the coding side and executes an entropy decoding process
according to the same rule as the syntax rule used by the
entropy coder 126.

[0190] The value of the syntax element regarding the
coding information of the coding block unit obtained by
decoding is supplied to the coding information deriver 223
of the coding block unit, the value of the syntax element
regarding the intra-brightness prediction mode of the pre-
diction block of the brightness signal is supplied to the
intra-brightness prediction mode deriver 224, the value of
the syntax element regarding the intra-color-difference pre-
diction mode of the prediction block of the color-difference
signal is supplied to the intra-color-difference prediction
mode deriver 225, and the value of the syntax element
regarding the inter-prediction information of the prediction
block unit is supplied to the inter-prediction information
deriver 226.

[0191] The coding information deriver 223 of the coding
block unit derives the coding information of the coding
block unit from the supplied value of the syntax element
regarding the coding information of the coding block unit
and supplies the coding information to the intra-predictor
206 or the inter-predictor 207 through the switch 212.
[0192] The coding information deriver 223 of the coding
block unit is a coding information deriver corresponding to
the syntax element deriver 121 regarding the coding infor-
mation of the coding block unit of the coding side and
derives coding information according to a common rule at
the coding side and the decoding side. Values regarding a
prediction mode (PredMode) to determine intra-prediction
(MODE_INTRA) or inter-prediction (MODE_INTER) of
the coding block and a division mode (PartMode) to deter-
mine a shape of a prediction block are derived by the coding
information deriver 223 of the coding block unit.

[0193] When the prediction mode (PredMode) of the
coding block derived by the coding information deriver 223
of the coding block unit is the intra-prediction (MODE_
INTRA), the intra-brightness prediction mode deriver 224
derives the intra-brightness prediction mode of the predic-
tion block of the brightness signal from the supplied value
of the syntax element regarding the intra-brightness predic-
tion mode of the prediction block of the brightness signal,
supplies the derived value to the intra-color-difference pre-
diction mode deriver 225, and supplies the derived value to
the intra-predictor 206 through the switch 212. The intra-
brightness prediction mode deriver 224 is a deriver corre-
sponding to the syntax element deriver 122 regarding the
intra-brightness prediction mode of the coding side and
derives the intra-brightness prediction mode according to the
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common rule at the coding side and the decoding side. The
syntax elements regarding the intra-brightness prediction
mode are a syntax element prev_intra_luma_pred_flag[x0]
[v0] to be a flag showing whether prediction can be per-
formed from an intra-brightness prediction mode of a neigh-
boring block, a syntax element mpm_idx[x0][y0] to be an
index showing a prediction block of a prediction origin, and
a syntax element rem_intra_luma_pred_mode[x0][y0]
showing an intra-brightness prediction mode of a prediction
block unit. When the intra-brightness prediction mode is
derived, a correlation with an intra-brightness prediction
mode of a neighboring block stored in the coding informa-
tion memory 210 is used. When prediction can be performed
from the intra-brightness prediction mode of the neighboring
block, a syntax element prev_intra_luma_pred_flag[x0][y0]
to be a flag showing that the value is used become 1 (true)
and the intra-brightness prediction mode of the neighboring
prediction block shown by the syntax element mpm_idx[x0]
[v0] to be the syntax showing the prediction block of the
prediction origin is set to the intra-brightness prediction
mode of the prediction mode. When the syntax element
prev_intra_luma_pred_flag[x0][y0] is O (false), the intra-
brightness prediction mode is not predicted from the neigh-
boring prediction block and the intra-brightness prediction
mode is derived from the value of the syntax element
rem_intra_luma_pred_mode[x0][y0] showing the decoded
intra-brightness prediction mode.

[0194] The number of intra-brightness prediction modes
of the prediction block in the coding block is different
according to the division mode. When the division mode is
2Nx2N division, values of intra-brightness prediction modes
of one set of prediction blocks are derived for each coding
block and when the division mode is NxN division, values
of intra-brightness prediction modes of four sets of predic-
tion blocks are derived for each coding block.

[0195] When the prediction mode (PredMode) of the
coding block derived by the coding information deriver 223
of the coding block unit is the intra-prediction (MODE_
INTRA), the intra-color-difference prediction mode deriver
225 derives a value of the first intra-color-difference pre-
diction mode from the supplied value of the syntax element
intra_chroma_pred_mode[x0][y0] regarding the intra-color-
difference prediction mode of the prediction block of the
color-difference signal and the value of the intra-brightness
prediction mode supplied from the intra-brightness predic-
tion mode deriver 224, according to the table of FIG. 14.
When the color-difference format is 4:2:0 or 4:4:4, the first
intra-color-difference prediction mode is supplied as the
intra-prediction mode of the color-difference signal to the
intra-predictor 206 through the switch 212. In addition,
when the color-difference format is 4:2:2, the second intra-
color-difference prediction mode is derived from the first
intra-color-difference prediction mode by the conversion
table of FIG. 15, 16, 17, 30, or 33 and the second intra-
color-difference prediction mode is supplied as the intra-
prediction mode of the color-difference signal to the intra-
predictor 206 through the switch 212. The intra-color-
difference prediction mode deriver 225 is a coding
information deriver corresponding to the syntax element
deriver 123 regarding the intra-color-difference prediction
mode of the coding side and derives the intra-color-differ-
ence prediction mode according to the common rule at the
coding side and the decoding side. At the coding side, in
coding of the intra-color-difference prediction mode, a cor-
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relation with an intra-brightness prediction mode of a pre-
diction block of a brightness signal of the same position as
the prediction block of the color-difference signal is used. At
the coding side, when it is determined that a prediction value
from the intra-brightness prediction mode of the prediction
block of the brightness signal of the same position as the
prediction block of the color-difference signal is most suit-
able, a value of the intra-color-difference prediction mode is
predicted from the value of the intra-brightness prediction
mode. When it is determined that setting an independent
value to the intra-color-difference prediction mode is more
preferable than the prediction from the intra-brightness
prediction mode, a mechanism for setting any value of 0
(plane prediction), 1 (average value prediction), 10 (hori-
zontal prediction), 26 (vertical prediction), and 34 (oblique
prediction) to be representative intra-prediction modes to the
intra-color-difference prediction mode is used and a code
amount is reduced.

[0196] When the prediction mode (PredMode) of the
coding block is the intra-prediction (MODE_INTER), the
inter-prediction information deriver 226 derives the inter-
prediction information from the value of the syntax element
regarding the inter-prediction information of the prediction
block unit and supplies the derived value of the inter-
prediction information to the inter-predictor 207 through the
switch 212. The inter-prediction information deriver 226 is
an inter-prediction information deriver corresponding to the
syntax element deriver 124 regarding the inter-prediction
information of the coding side and derives the inter-predic-
tion information according to the common rule at the coding
side and het decoding side. The derived inter-prediction
information of the prediction block unit includes informa-
tion such as inter-prediction modes (LO prediction, L1
prediction, and both predictions), indexes to specify a plu-
rality of reference pictures, and a motion vector.

[0197] Next, a process sequence of decoding of the inter-
prediction mode and the intra-prediction at the decoding side
will be described. FIG. 26 is a diagram illustrating a process
sequence of decoding of the intra-prediction mode and the
intra-prediction executed by the second bit stream decoder
203 and the intra-predictor 206 of the decoding side. First,
the intra-brightness prediction mode is decoded by the
intra-brightness prediction mode deriver 224 of the second
bitstream decoder 203 (step S4001 of FIG. 26). Next, the
first intra-color-difference prediction mode is decoded by the
intra-color-difference prediction mode deriver 225 of the
second bitstream decoder 203 according to the table of FIG.
14 (step S4002 of FIG. 26). Next, when the color-difference
format is not 4:2:2 (NO of step S4003 of FIG. 26), the
process proceeds to step S4004 and when the color-differ-
ence format is 4:2:2 (YES of step S4003 of FIG. 26), the
second intra-color-difference prediction mode is derived
from the first intra-color-difference prediction mode by the
intra-color-difference prediction mode deriver 225 of the
second bitstream decoder 203, using the conversion table of
FIG. 15, 16, 17, 30, or 33 (step S4004 of FIG. 26). Next, the
intra-prediction of the brightness signal and the color-dif-
ference signal is performed by the intra-predictor 206 (step
S4004 of FIG. 26). A process for deriving the second
intra-color-difference prediction mode from the first intra-
color-difference prediction mode in step S4004 of FIG. 26
may be executed by the intra-predictor 206, instead of the
intra-color-difference prediction mode deriver 225 of the
second bitstream decoder 203.
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[0198] When the intra-prediction mode of the plane pre-
diction is 0 and the intra-prediction mode of the average
value prediction is 1, similarly to the cases of the color-
difference formats 4:2:0 and 4:4:4, in the case of the
color-difference format 4:2:2, the intra-prediction mode of
the plane prediction is set to 0, the intra-prediction mode of
the average value prediction is set to 1, and the intra-
prediction is executed. For this reason, in the conversion
table of FIG. 15, 16, 17, 30, or 33, even though the first
intra-color-difference prediction mode is converted into the
second intra-color-difference prediction mode, the values
are the same. Therefore, in the intra-prediction modes 0 and
1 not to be the angle prediction, the intra-prediction may be
executed after the value of the second intra-color-difference
prediction mode is derived from the value of the first
intra-color-difference prediction mode using the conversion
table of FIG. 15, 16, 17, 30, or 33 and the intra-prediction
may be executed according to the first intra-color-difference
prediction mode without deriving the second intra-color-
difference prediction mode using the conversion table of
FIG. 15, 16, 17, 30, or 33.

[0199] In the picture coding device and the picture decod-
ing device according to this embodiment, when the color-
difference format is 4:2:2, the value of the second intra-
color-difference prediction mode is derived from the value
of the first intra-color-difference prediction mode using the
conversion table of FIG. 15, 16, 17, 30, or 33. However, the
value of the second intra-color-difference prediction mode
may be derived from the value of the first intra-color-
difference prediction mode using a calculation formula,
instead of the conversion table.

[0200] In the picture coding device and the picture decod-
ing device according to this embodiment, in the case of the
color-difference format 4:2:2 in which the aspect ratios of
the pixels of the brightness signal and the color-difference
signal are different from each other, the value of the second
intra-color-difference prediction mode is derived from the
value of the first intra-color-difference prediction mode
using the conversion table of FIG. 15, 16, 17, 30, or 33.
However, in the intra-predictor 103 of the coding device and
the intra-predictor 206 of the decoding device, instead of
converting the first intra-color-difference prediction mode
into the second intra-color-difference prediction mode, a
table associated with the angle of the intra-prediction for the
color-difference signal of the color-difference format 4:2:2
in addition to the angle (the angle of the intra-prediction for
the brightness signal and the angle of the intra-prediction for
the color-difference signals of the color-difference formats
4:2:0 and 4:4:4) of the intra-prediction for the signal other
than the color-difference signal of the color-difference for-
mat 4:2:2 from the intra-prediction mode illustrated in FIG.
27 or 28 may be prepared, the angle of the intra-prediction
for the color-difference signal of the color-difference format
4:2:2 may be derived from the first intra-color-difference
prediction mode using the table, when the color-difference
format is 4:2:2, and the intra-prediction of the color-differ-
ence signal may be performed using the angle. FIGS. 27 and
28 are tables used when an angle of the intra-prediction for
the color-difference signal of the color-difference format
4:2:2 is derived from the intra-prediction mode, in addition
to the angle (the angle of the intra-prediction for the bright-
ness signal and the angle of the intra-prediction for the
color-difference signals of the color-difference formats 4:2:0
and 4:4:4) of the intra-prediction for the signal other than the
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color-difference signal of the color-difference format 4:2:2.
FIG. 27 is a table in which the angle of the intra-prediction
for the color-difference signal of the color-difference format
4:2:2 is set to obtain the same result as when the value of the
second intra-color-difference prediction mode is derived
from the value of the first intra-color-difference prediction
mode using the conversion table of FIG. 15 and the intra-
prediction of the color-difference signal is performed. When
the color-difference format is 4:2:2, the angle of the intra-
prediction for the color-difference signal is derived accord-
ing to the table of FIG. 27 and the intra-prediction is
performed, so that the same result as when the value of the
second intra-color-difference prediction mode is derived
from the value of the first intra-color-difference prediction
mode using the conversion table of FIG. 15 and the intra-
prediction of the color-difference signal is performed is
obtained.

[0201] FIG. 28 is a table in which a result obtained by
multiplying the angle of the intra-prediction with 2 in the
vertical direction and %% in the horizontal direction is set. A
derivation process sequence of the table of FIG. 28 when the
angle of the first intra-color-difference prediction is con-
verted into the angle of the second intra-color-difference
prediction at the color-difference format 4:2:2 will be
described using a flowchart of FIG. 29.

[0202] In each value of the first intra-prediction mode
IntraPredModel from O to 34, an angle IntraPredMode2 of
the second intra-prediction used for the intra-prediction of
the color-difference signal of the color-difference format
4:2:2 is derived by a sequence of the flowchart of FIG. 29.
[0203] First, when the prediction is not the angle predic-
tion, that is, the first intra-prediction mode IntraPredModel
is smaller than or equal to 1 (NO of step S3201 of FIG. 29),
this derivation process ends. When the first intra-prediction
mode IntraPredModel is smaller than or equal to 1, this
corresponds to plane prediction (intra-prediction mode
intraPredModel=0) in which prediction is performed by
interpolating a pixel value from a surrounding decoded
block and average value prediction (intra-prediction mode
intraPredModel=1) in which prediction is performed by
deriving an average value from a surrounding decoded
block.

[0204] Meanwhile, when the first intra-color-difference
prediction mode IntraPredModel is the angle prediction,
that is, larger than 1 (YES of step S3201 of FIG. 29), a
conversion process from the angle of the first intra-predic-
tion to the angle of the second intra-prediction after step
S3202 is executed.

[0205] When the intra-color-difference prediction mode
IntraPredModel is smaller than 18 (YES of step S3202 of
FIG. 29), an angle IntraPredAnglel of the first intra-predic-
tion corresponding to the first intra-prediction mode
IntraPredModel is doubled and is set to an angle IntraPre-
dAngle2 of the second intra-prediction (step S3203 of FIG.
29). In addition, the angle IntraPredAngle2 of the second
intra-prediction is limited to larger than or equal to -32 and
smaller than or equal to 32 (step S3204 of FIG. 29) and this
derivation process ends. Specifically, when the angle
IntraPred Angle2 of the second intra-prediction is smaller
than -32, -32 is set to the angle IntraPredAngle2 of the
second intra-prediction and when the angle IntraPred Angle2
of the second intra-prediction is larger than 32, 32 is set to
the angle IntraPredAngle2 of the second intra-prediction.
When the intra-prediction mode IntraPredMode2 is larger
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than or equal to 2 and is smaller than 18, the intra-prediction
mode IntraPredMode2 is maintained.

[0206] Meanwhile, when the intra-color-difference predic-
tion mode IntraPredModel is not smaller than 18, that is,
larger than or equal to 18 (NO of step S3202 of FIG. 29), the
angle IntraPredAnglel of the first intra-prediction corre-
sponding to the first intra-color-difference prediction mode
IntraPredModel is multiplied with %2 and is set to the angle
IntraPredAngle2 of the second intra-prediction (step S3205
of FIG. 29) and this derivation process ends. In this embodi-
ment, a result obtained by executing an operation to shift one
bit to the right, equivalent to ' times, on the angle IntraPre-
dAnglel of the first intra-prediction is set to the angle
IntraPredAngle2 of the second intra-prediction.

[0207] In the above description, when the color-difference
format is 4:2:2, the angle of the second intra-prediction is
derived from the angle of the first intra-prediction using the
table of FIG. 28. However, in the intra-predictor 103 of the
coding device and the intra-predictor 206 of the decoding
device, the angle of the second intra-prediction may be
derived from the value of the first intra-color-difference
prediction mode, by a derivation method according to the
process sequence of FIG. 29, instead of the table of FIG. 28.

[0208] The bitstream of the moving pictures output by the
picture coding device according to the embodiment
described above has the specific data format to be decoded
according to the coding method used in the embodiment and
the picture decoding device corresponding to the picture
coding device can decode the bitstream of the specific data
format.

[0209] When a wired or wireless network is used to
exchange the bitstream between the picture coding device
and the picture decoding device, a data format of the
bitstream may be converted into a data format suitable for a
transmission form of a communication path and the bit-
stream may be transmitted. In this case, a picture transmit-
ting device to convert the bitstream output by the picture
coding device into coding data of the data format suitable for
the transmission form of the communication path and trans-
mit the coding data to a network and a picture receiving
device to receive the coding data from the network, restore
the coding data to the bitstream, and supply the bitstream to
the picture decoding device are provided.

[0210] The picture transmitting device includes a memory
that buffers the bitstream output by the picture coding
device, a packet processor that packetizes the bitstream, and
a transmitter that transmits the packetized coding data
through the network. The picture receiving device includes
a receiver that receives the packetized coding data through
the network, a memory that buffers the received coding data,
and a packet processor that processes the coding data to
generate a bitstream and provides the bitstream to the picture
decoding device.

[0211] The processes regarding the coding and the decod-
ing can be realized as transmission, accumulation, and
reception devices using hardware and can be realized by
firmware stored in a read only memory (ROM) and a flash
memory or software such as a computer. A firmware pro-
gram and a software program can be recorded on a recording
medium readable by the computer and can be provided, the
firmware program and the software program can be provided
from a server through the wired or wireless network, and the
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firmware program and the software program can be provided
as data broadcasting of terrestrial or satellite digital broad-
casting.

[0212] The present invention has been described on the
basis of the embodiment. However, the embodiment is only
exemplary and it should be understood by those skilled in
the art that various modifications can be made in a combi-
nation of components and processes and the modifications
can be included in a range of the present invention.

[Ttem 1]

[0213] A picture coding device for coding information
regarding an intra-prediction mode in a prediction block unit
and coding picture signals including a brightness signal and
a color-difference signal in a conversion block unit using
intra-prediction, comprising:

[0214] an intra-brightness prediction mode coder that
sets a prediction block of the brightness signal, codes a
syntax element regarding the intra-prediction mode of
the brightness signal, on the basis of the intra-predic-
tion mode of the brightness signal showing an intra-
prediction method of the prediction block of the bright
signal, and codes information regarding an intra-bright-
ness prediction mode in a bitstream;

[0215] an intra-color-difference prediction mode coder
that sets a prediction block of the color-difference
signal, codes a syntax element regarding an intra-color-
difference prediction mode of the color-difference sig-
nal by referring to the intra-brightness prediction mode,
on the basis of the intra-color-difference prediction
mode of the color-difference signal showing an intra-
prediction method of the prediction block of the color-
difference signal, and codes information regarding the
intra-color-difference prediction mode in the bitstream;

[0216] a brightness signal intra-predictor that predicts a
brightness signal of a conversion block of the bright-
ness signal from a surrounding brightness signal of the
conversion block of the brightness signal, according to
the intra-brightness prediction mode; and

[0217] a color-difference signal intra-predictor that pre-
dicts a color-difference signal of a conversion block of
the color-difference signal from a surrounding color-
difference signal of the conversion block of the color-
difference signal, according to the intra-color-differ-
ence prediction mode.

[Ttem 2]
[0218] The picture coding device according to item 1,
wherein

[0219] when aspect ratios of pixels of the brightness

signal and the color-difference signal are different from
each other, the intra-color-difference prediction mode
coder converts a mode number of a first intra-color-
difference prediction mode used when the aspect ratios
are equal to each other into a scaled mode number and
derives a second intra-color-difference prediction mode
used when the aspect ratios are different from each
other.

[Ttem 3]

[0220]
wherein

The picture coding device according to item 1,
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[0221] when aspect ratios of pixels of the brightness
signal and the color-difference signal are different from
each other, the color-difference signal intra-predictor
scales an angle of a prediction direction defined by a
first intra-color-difference prediction mode used when
the aspect ratios are equal to each other, specifies a
mode number of an intra-prediction mode of an angle
close to the scaled angle, and derives a second intra-
prediction mode used when the aspect ratios are dif-
ferent from each other.

[Ttem 4]
[0222] The picture coding device according to item 1,
wherein

[0223] when aspect ratios of pixels of the brightness

signal and the color-difference signal are different from
each other, the color-difference signal intra-predictor
refers to a conversion table in which a mode number of
an intra-color-difference prediction mode used when
the aspect ratios are equal to each other and an angle
after scaling are associated with each other and per-
forms the intra-prediction on the color-difference signal
using a converted angle.

[Ttem 5]
[0224] The picture coding device according to item 1,
wherein

[0225] when aspect ratios of pixels of the brightness

signal and the color-difference signal are different from
each other, the intra-color-difference prediction mode
coder derives a second intra-color-difference prediction
mode used when the aspect ratios are different from
each other, on the basis of a conversion table in which
a value close to a prediction direction derived by
scaling an angle of a prediction direction corresponding
to a first intra-color-difference prediction mode used
when the aspect ratios are equal to each other is set.

[Ttem 6]
[0226] The picture coding device according to item 5,
wherein

[0227] when a value of the second intra-color-difference

prediction mode derived by scaling the angle of the
prediction direction of the first intra-color-difference
prediction mode is beyond a range of mode numbers
defined by an intra-prediction mode, the intra-color-
difference prediction mode coder sets the value of the
second intra-color-difference prediction mode to a
value in the range of the mode numbers defined by the
intra-prediction mode.

[Ttem 7]
[0228] The picture coding device according to item 5 or 6,
wherein

[0229] the intra-color-difference prediction mode coder

refers to a syntax element regarding an intra-color-
difference prediction mode and a corresponding intra-
brightness prediction mode and specifies a mode num-
ber of the first intra-color-difference prediction mode,
and

[0230] the color-difference signal intra-predictor
derives the second intra-color-difference prediction
mode, on the basis of a conversion table in which a

25
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value obtained by scaling the mode number of the first
intra-color-difference prediction mode is set to exclude
a mode number derived when values of the intra-
brightness prediction mode and the first intra-color-
difference prediction mode are not matched with each
other.

[Ttem 8]

[0231] The picture coding device according to any one of
items 5 to 7, wherein
[0232] the intra-color-difference prediction mode coder
refers to a syntax element regarding an intra-color-
difference prediction mode and a corresponding intra-
brightness prediction mode and specifies a mode num-
ber of the first intra-color-difference prediction mode,
and
[0233] when the mode number of the first intra-color-
difference prediction mode is not a value showing
vertical prediction, the color-difference signal intra-
predictor derives the second intra-color-difference pre-
diction mode, on the basis of a conversion table in
which the mode number is converted to exclude a mode
number showing the vertical prediction.

[Ttem 9]

[0234] The picture coding device according to any one of
items 1 to 8, wherein
[0235] the number of candidates of the syntax element
regarding the intra-color-difference prediction mode is
smaller than the number of intra-color-difference pre-
diction modes.

[ITtem 10]

[0236] A picture coding method for coding information
regarding an intra-prediction mode in a prediction block unit
and coding picture signals including a brightness signal and
a color-difference signal in a conversion block unit using
intra-prediction, comprising:

[0237] setting a prediction block of the brightness sig-
nal, coding a syntax element regarding the intra-pre-
diction mode of the brightness signal, on the basis of
the intra-prediction mode of the brightness signal
showing an intra-prediction method of the prediction
block of the bright signal, and coding information
regarding an intra-brightness prediction mode in a
bitstream;

[0238] setting a prediction block of the color-difference
signal, coding a syntax element regarding an intra-
color-difference prediction mode of the color-differ-
ence signal by referring to the intra-brightness predic-
tion mode, on the basis of the intra-color-difference
prediction mode of the color-difference signal showing
an intra-prediction method of the prediction block of
the color-difference signal, and coding information
regarding the intra-color-difference prediction mode in
the bitstream;

[0239] predicting a brightness signal of a conversion
block of the brightness signal from a surrounding
brightness signal of the conversion block of the bright-
ness signal, according to the intra-brightness prediction
mode; and

[0240] predicting a color-difference signal of a conver-
sion block of the color-difference signal from a sur-



US 2019/0089982 Al

rounding color-difference signal of the conversion
block of the color-difference signal, according to the
intra-color-difference prediction mode.

[Ttem 11]

[0241] A picture coding program for coding information
regarding an intra-prediction mode in a prediction block unit
and coding picture signals including a brightness signal and
a color-difference signal in a conversion block unit using
intra-prediction, the picture coding program causing a com-
puter to execute:

[0242] setting a prediction block of the brightness sig-
nal, coding a syntax element regarding the intra-pre-
diction mode of the brightness signal, on the basis of
the intra-prediction mode of the brightness signal
showing an intra-prediction method of the prediction
block of the bright signal, and coding information
regarding an intra-brightness prediction mode in a
bitstream;

[0243] setting a prediction block of the color-difference
signal, coding a syntax element regarding an intra-
color-difference prediction mode of the color-differ-
ence signal by referring to the intra-brightness predic-
tion mode, on the basis of the intra-color-difference
prediction mode of the color-difference signal showing
an intra-prediction method of the prediction block of
the color-difference signal, and coding information
regarding the intra-color-difference prediction mode in
the bitstream;

[0244] predicting a brightness signal of a conversion
block of the brightness signal from a surrounding
brightness signal of the conversion block of the bright-
ness signal, according to the intra-brightness prediction
mode; and

[0245] predicting a color-difference signal of a conver-
sion block of the color-difference signal from a sur-
rounding color-difference signal of the conversion
block of the color-difference signal, according to the
intra-color-difference prediction mode.

[Ttem 12]

[0246] A picture decoding device for decoding informa-
tion regarding an intra-prediction mode in a prediction block
unit and decoding picture signals including a brightness
signal and a color-difference signal in a conversion block
unit using intra-prediction, comprising:

[0247] an intra-brightness prediction mode decoder that
decodes a syntax element regarding an intra-prediction
mode of the brightness signal from a bitstream in which
information regarding an intra-brightness prediction
mode showing an intra-prediction method of a predic-
tion block of the bright signal is coded and derives the
intra-prediction mode of the brightness signal;

[0248] an intra-color-difference prediction mode
decoder that decodes a syntax element regarding an
intra-color-difference prediction mode of the color dif-
ference signal from the bitstream in which information
regarding an intra-color-difference prediction mode
showing an intra-prediction method of a prediction
block of the color-difference signal is coded and derives
the intra-color-difference prediction mode by referring
to the intra-brightness prediction mode;
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[0249] a brightness signal intra-predictor that predicts a
brightness signal of a conversion block of the bright-
ness signal from a surrounding brightness signal of the
conversion block of the brightness signal, according to
the intra-brightness prediction mode specified for each
prediction block of the brightness signal; and

[0250] a color-difference signal intra-predictor that pre-
dicts a color-difference signal of a conversion block of
the color-difference signal from a surrounding color-
difference signal of the conversion block of the color-
difference signal, according to the intra-color-differ-
ence prediction mode specified for each prediction
block of the color-difference signal.

[Ttem 13]

[0251]
wherein
[0252] when aspect ratios of pixels of the brightness
signal and the color-difference signal are different from
each other, the intra-color-difference prediction mode
decoder converts a mode number of a first intra-color-
difference prediction mode used when the aspect ratios
are equal to each other into a scaled mode number and
derives a second intra-color-difference prediction mode
used when the aspect ratios are different from each
other.

The picture decoding device according to item 12,

[Ttem 14]

[0253]
wherein
[0254] when aspect ratios of pixels of the brightness
signal and the color-difference signal are different from
each other, the color-difference signal intra-predictor
scales an angle of a prediction direction defined by a
first intra-color-difference prediction mode used when
the aspect ratios are equal to each other, specifies a
mode number of an intra-prediction mode of an angle
close to the scaled angle, and derives a second intra-
prediction mode used when the aspect ratios are dif-
ferent from each other.

The picture decoding device according to item 12,

[Ttem 15]

[0255]
wherein
[0256] when aspect ratios of pixels of the brightness
signal and the color-difference signal are different from
each other, the color-difference signal intra-predictor
refers to a conversion table in which a mode number of
an intra-color-difference prediction mode used when
the aspect ratios are equal to each other and an angle
after scaling are associated with each other and per-
forms the intra-prediction on the color-difference signal
using a converted angle.

The picture decoding device according to item 12,

[Item 16]

[0257]
wherein
[0258] when aspect ratios of pixels of the brightness
signal and the color-difference signal are different from
each other, the intra-color-difference prediction mode
decoder derives a second intra-color-difference predic-
tion mode used when the aspect ratios are different
from each other, on the basis of a conversion table in

The picture decoding device according to item 12,
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which a value close to a prediction direction derived by
scaling an angle of a prediction direction corresponding
to a first intra-color-difference prediction mode used
when the aspect ratios are equal to each other is set.

[Ttem 17]

[0259]
wherein

[0260] when a value of the second intra-color-difference
prediction mode derived by scaling the angle of the
prediction direction of the first intra-color-difference
prediction mode is beyond a range of mode numbers
defined by an intra-prediction mode, the intra-color-
difference prediction mode decoder sets the value of the
second intra-color-difference prediction mode to a
value in the range of the mode numbers defined by the
intra-prediction mode.

The picture decoding device according to item 16,

[Ttem 18]
[0261] The picture decoding device according to item 16
or 17, wherein

[0262] the intra-color-difference prediction mode

decoder refers to a syntax element regarding an intra-
color-difference prediction mode and a corresponding
intra-brightness prediction mode and specifies a mode
number of the first intra-color-difference prediction
mode, and

[0263] the color-difference signal intra-predictor
derives the second intra-color-difference prediction
mode, on the basis of a conversion table in which a
value obtained by scaling the mode number of the first
intra-color-difference prediction mode is set to exclude
a mode number derived when values of the intra-
brightness prediction mode and the first intra-color-
difference prediction mode are not matched with each
other.

[Ttem 19]

[0264] The picture decoding device according to any one
of items 16 to 18, wherein
[0265] the intra-color-difference prediction mode
decoder refers to a syntax element regarding an intra-
color-difference prediction mode and a corresponding
intra-brightness prediction mode and specifies a mode
number of the first intra-color-difference prediction
mode, and
[0266] when the mode number of the first intra-color-
difference prediction mode is not a value showing
vertical prediction, the color-difference signal intra-
predictor derives the second intra-color-difference pre-
diction mode, on the basis of a conversion table in
which the mode number is converted to exclude a mode
number showing the vertical prediction.

[Ttem 20]

[0267] The picture decoding device according to any one
of items 12 to 19, wherein
[0268] the number of candidates of the syntax element
regarding the intra-color-difference prediction mode is
smaller than the number of intra-color-difference pre-
diction modes.
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[Ttem 21]

[0269] A picture decoding method for decoding informa-
tion regarding an intra-prediction mode in a prediction block
unit and decoding picture signals including a brightness
signal and a color-difference signal in a conversion block
unit using intra-prediction, comprising:

[0270] decoding a syntax element regarding an intra-
prediction mode of the brightness signal from a bit-
stream in which information regarding an intra-bright-
ness prediction mode showing an intra-prediction
method of a prediction block of the bright signal is
coded and deriving the intra-prediction mode of the
brightness signal;

[0271] decoding a syntax element regarding an intra-
color-difference prediction mode of the color-differ-
ence signal from the bitstream in which information
regarding an intra-color-difference prediction mode
showing an intra-prediction method of a prediction
block of the color-difference signal is coded and deriv-
ing the intra-color-difference prediction mode by refer-
ring to the intra-brightness prediction mode;

[0272] predicting a brightness signal of a conversion
block of the brightness signal from a surrounding
brightness signal of the conversion block of the bright-
ness signal, according to the intra-brightness prediction
mode specified for each prediction block of the bright-
ness signal; and

[0273] predicting a color-difference signal of a conver-
sion block of the color-difference signal from a sur-
rounding color-difference signal of the conversion
block of the color-difference signal, according to the
intra-color-difference prediction mode specified for
each prediction block of the color-difference signal.

[Ttem 22]

[0274] A picture decoding program for decoding informa-
tion regarding an intra-prediction mode in a prediction block
unit and decoding picture signals including a brightness
signal and a color-difference signal in a conversion block
unit using intra-prediction, the picture decoding program
causing a computer to execute:

[0275] decoding a syntax element regarding an intra-
prediction mode of the brightness signal from a bit-
stream in which information regarding an intra-bright-
ness prediction mode showing an intra-prediction
method of a prediction block of the bright signal is
coded and deriving the intra-prediction mode of the
brightness signal;

[0276] decoding a syntax element regarding an intra-
color-difference prediction mode of the color-differ-
ence signal from the bitstream in which information
regarding an intra-color-difference prediction mode
showing an intra-prediction method of a prediction
block of the color-difference signal is coded and deriv-
ing the intra-color-difference prediction mode by refer-
ring to the intra-brightness prediction mode;

[0277] predicting a brightness signal of a conversion
block of the brightness signal from a surrounding
brightness signal of the conversion block of the bright-
ness signal, according to the intra-brightness prediction
mode specified for each prediction block of the bright-
ness signal; and
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[0278] predicting a color-difference signal of a conver-
sion block of the color-difference signal from a sur-
rounding color-difference signal of the conversion
block of the color-difference signal, according to the
intra-color-difference prediction mode specified for
each prediction block of the color-difference signal.

What is claimed is:

1. A picture decoding device for decoding information
regarding an intra-prediction mode in a prediction block unit
and decoding picture signals including a brightness signal
and a color-difference signal in a conversion block unit using
intra-prediction, comprising:

an bitstream decoder that decodes a first syntax element

regarding an intra-prediction mode of the brightness
signal from a bitstream in which information regarding
an intra-brightness prediction mode showing an intra-
prediction method of a prediction block of the bright
signal is coded and derives the intra-brightness predic-
tion mode from the first syntax element, and decodes a
second syntax element regarding an intra-color-differ-
ence prediction mode of the color difference signal
from the bitstream in which information regarding an
intra-color-difference prediction mode showing an
intra-prediction method of a prediction block of the
color-difference signal is coded and derives a first
intra-color-difference prediction mode from the second
syntax element and the intra-brightness prediction
mode;

a brightness signal intra-predictor that predicts a bright-
ness signal of a conversion block of the brightness
signal from a surrounding brightness signal of the
conversion block of the brightness signal, according to
the intra-brightness prediction mode specified for each
prediction block of the brightness signal; and

a color-difference signal intra-predictor that predicts a
color-difference signal of a conversion block of the
color-difference signal from a surrounding color-differ-
ence signal of the conversion block of the color-
difference signal, according to the intra-color-differ-
ence prediction mode specified for each prediction
block of the color-difference signal, wherein

when a color-difference format is 4:2:2, the bitstream
decoder derives a second intra-color-difference predic-
tion mode from the first intra-color-difference predic-
tion mode, based on a predetermined conversion table,

in the conversion table in which, when the first intra-
color-difference prediction mode is not an angle pre-
diction, a mode number of the first intra-color-differ-
ence prediction mode is used directly as a mode
number of the second intra-color-difference prediction
mode, when the first intra-color-difference prediction
mode is the angle prediction, an intra-prediction mode
of a prediction direction of an angle close to an angle
derived by scaling an angle of a prediction direction
corresponding to the first intra-color-difference predic-
tion mode by a predetermined scaling factor that is 12
times or 2 times depending on a prediction direction is
used as the second intra-color-difference prediction
mode, a mode number of the second intra-color-differ-
ence prediction mode is set by rounding off the scaled
angle value to correspond to a mode number, excluding
the mode number showing vertical prediction, if the
predetermined scaling factor is %2 times and the mode
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number of the first intra-color-difference prediction
mode is not a mode number showing vertical predic-
tion, and

when the color-difference format is not 4:2:2, the color-

difference signal intra-predictor predicts the color dif-
ference signal of the conversion block of the color-
difference signal from the surrounding color-difference
signal of the conversion block of the color-difference
signal, according to the first intra-color-difference pre-
diction mode, and when the color-difference format is
4:2:2, the color-difference signal intra-predictor pre-
dicts the color difference signal of the conversion block
of the color-difference signal from the surrounding
color-difference signal of the conversion block of the
color-difference signal, according to the second intra-
color-difference prediction mode.

2. A picture decoding method for decoding information
regarding an intra-prediction mode in a prediction block unit
and decoding picture signals including a brightness signal
and a color-difference signal in a conversion block unit using
intra-prediction, comprising:

decoding a first syntax element regarding an intra-predic-

tion mode of the brightness signal from a bitstream in
which information regarding an intra-brightness pre-
diction mode showing an intra-prediction method of a
prediction block of the bright signal is coded and
deriving the intra-brightness prediction mode from the
first syntax element;

decoding a second syntax element regarding an intra-

color-difference prediction mode of the color-differ-
ence signal from the bitstream in which information
regarding an intra-color-difference prediction mode
showing an intra-prediction method of a prediction
block of the color-difference signal is coded and deriv-
ing a first intra-color-difference prediction mode from
the second syntax element and the intra-brightness
prediction mode;

predicting a brightness signal of a conversion block of the

brightness signal from a surrounding brightness signal
of the conversion block of the brightness signal,
according to the intra-brightness prediction mode
specified for each prediction block of the brightness
signal; and

predicting a color-difference signal of a conversion block

of the color-difference signal from a surrounding color-
difference signal of the conversion block of the color-
difference signal, according to the intra-color-differ-
ence prediction mode specified for each prediction
block of the color-difference signal, wherein

when a color-difference format is 4:2:2, the decoding

derives a second intra-color-difference prediction mode
from the first intra-color-difference prediction mode,
based on a predetermined conversion table,

in the conversion table in which, when the first intra-

color-difference prediction mode is not an angle pre-
diction, a mode number of the first intra-color-differ-
ence prediction mode is used directly as a mode
number of the second intra-color-difference prediction
mode, when the first intra-color-difference prediction
mode is the angle prediction, an intra-prediction mode
of a prediction direction of an angle close to an angle
derived by scaling an angle of a prediction direction
corresponding to the first intra-color-difference predic-
tion mode by a predetermined scaling factor that is 12
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times or 2 times depending on a prediction direction is
used as the second intra-color-difference prediction
mode, a mode number of the second intra-color-differ-
ence prediction mode is set by rounding off the scaled
angle value to correspond to a mode number, excluding
the mode number showing vertical prediction, if a
mode number of the first intra-color-difference predic-
tion mode is not a mode number showing vertical
prediction, and

when the color-difference format is not 4:2:2, the predict-

ing of a color-difference signal predicts the color dif-
ference signal of the conversion block of the color-
difference signal from the surrounding color-difference
signal of the conversion block of the color-difference
signal, according to the first intra-color-difference pre-
diction mode, and when the color-difference format is
4:2:2, the predicting of a color-difference signal pre-
dicts the color difference signal of the conversion block
of the color-difference signal from the surrounding
color-difference signal of the conversion block of the
color-difference signal, according to the second intra-
color-difference prediction mode.

3. A non-transitory computer-readable recording medium
having embodied thereon a picture decoding program for
decoding information regarding an intra-prediction mode in
a prediction block unit and decoding picture signals includ-
ing a brightness signal and a color-difference signal in a
conversion block unit using intra-prediction, the picture
decoding program causing a computer to execute:

decoding a first syntax element regarding an intra-predic-

tion mode of the brightness signal from a bitstream in
which information regarding an intra-brightness pre-
diction mode showing an intra-prediction method of a
prediction block of the bright signal is coded and
deriving the intra-brightness prediction mode from the
first syntax element;

decoding a second syntax element regarding an intra-

color-difference prediction mode of the color-differ-
ence signal from the bitstream in which information
regarding an intra-color-difference prediction mode
showing an intra-prediction method of a prediction
block of the color-difference signal is coded and deriv-
ing a first intra-color-difference prediction mode from
the second syntax element and the intra-brightness
prediction mode;

predicting a brightness signal of a conversion block of the

brightness signal from a surrounding brightness signal
of the conversion block of the brightness signal,
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according to the intra-brightness prediction mode
specified for each prediction block of the brightness
signal; and

predicting a color-difference signal of a conversion block

of the color-difference signal from a surrounding color-
difference signal of the conversion block of the color-
difference signal, according to the intra-color-differ-
ence prediction mode specified for each prediction
block of the color-difference signal, wherein

when a color-difference format is 4:2:2, the decoding

derives a second intra-color-difference prediction mode
from the first intra-color-difference prediction mode,
based on a predetermined conversion table,

in the conversion table in which, when the first intra-

color-difference prediction mode is not an angle pre-
diction, a mode number of the first intra-color-differ-
ence prediction mode is used directly as a mode
number of the second intra-color-difference prediction
mode, when the first intra-color-difference prediction
mode is the angle prediction, an intra-prediction mode
of a prediction direction of an angle close to an angle
derived by scaling an angle of a prediction direction
corresponding to the first intra-color-difference predic-
tion mode r by a predetermined scaling factor that is %2
times or 2 times depending on a prediction direction is
used as the second intra-color-difference prediction
mode, a mode number of the second intra-color-differ-
ence prediction mode is set by rounding off the scaled
angle value to correspond to a mode number, excluding
the mode number showing vertical prediction, if a
mode number of the first intra-color-difference predic-
tion mode is not a mode number showing vertical
prediction, and

when the color-difference format is not 4:2:2, the predict-

ing of a color-difference signal predicts the color dif-
ference signal of the conversion block of the color-
difference signal from the surrounding color-difference
signal of the conversion block of the color-difference
signal, according to the first intra-color-difference pre-
diction mode, and when the color-difference format is
4:2:2, the predicting of a color-difference signal pre-
dicts the color difference signal of the conversion block
of the color-difference signal from the surrounding
color-difference signal of the conversion block of the
color-difference signal, according to the second intra-
color-difference prediction mode.
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