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MOYVING PICTURE CODING APPARATUS,
MOVING PICTURE DECODING
APPARATUS, AND STREAM DATA

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a reissue of U.S. Pat. No. 9,197,901,
which issued on Nov. 24, 2015 from application Ser. No.
13/457,851, which 1s a divisional of Application Ser. No.
11/996,034, now U.S. Pat. No. 8,204,113, which 1s the
National Stage of International Application Ser. No. PCT/

JP2006/314184, filed Jul. 18, 2006.

TECHNICAL FIELD

The present invention relates to a moving picture coding
apparatus, a moving picture decoding apparatus, and stream
data, when coding or decoding a picture made up of N
component pictures (N 1s an integer that 1s two or greater),
cach of the component pictures having equal number of
pixels.

BACKGROUND ART

In a Moving Picture Experts Group 4 Advanced Video
Coding (MPEG-4 AVC) standard (Non-patent Reference 1)
established by the MPEG under the ISO/IEC, a method for
coding a moving picture of RGB format 1s provided. Here,
a conventional method for coding and decoding RGB data
by mapping the RGB data to YUV data (where a G signal 1s
mapped to a 'Y signal, a B signal 1s mapped to a U signal, and
a R signal 1s mapped to a V signal) 1s provided.

However, 1n the conventional method, the RGB signal 1s
coded and decoded using the same method as the conven-
tional method for coding and decoding YUYV data. In the
conventional coding of YUV data, the same 1ntra prediction
mode 1s used for coding U data and V data, whereas an intra
prediction mode used for coding Y data is diflerent from an
intra prediction mode used for coding U data and V data.
Therefore, when mapping the YUV data to the RGB data,
although the same ntra prediction mode 1s used for R data
and B data, an intra prediction mode used for G data is
different from the intra prediction mode used for R data and
B data.

In the conventional coding of the YUV data, a motion
vector for Y data 1s used for motion compensation for the U
data and the V data. Therefore, when mapping the YUV data
to the RGB data, a motion vector for G data 1s used for
motion compensation for the R data and the B data.
Non-Patent Reference 1: Draft of Version 4 of H.264/AVC

(ITU-T
Recommendation H.264 and ISO/IEC 14496-10 (MPEG-4

Part 10) Advanced Video Coding, JVI-N050d1, Jan. 28,

2005)

DISCLOSURE OF INVENTION

Problems that Invention 1s to Solve

Coding high-definition and high-quality pictures 1s
becoming necessary for consumer-oriented devices, rather
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than for professional-use devices (television, camera, and
the like). In the atorementioned conventional technique, the

4:2:0 format or 4:2:2 format 1s used as the format of a YUV
signal 1n most cases for the consumer-oriented devices. On
the other hand, the 4:4:4 format for an RGB signal 1s used
for the professional-use devices in order to code high-
definition and thh quality pictures. In a conventional tech-
nique of mapping RGB data to YUV data, 1t 1s difhicult to
code a 4:4:4 format picture for an RGB signal without
degrading 1ts high definition and high quality.

Furthermore, in order to code/decoding processing on
high-definition pictures of RGB 4:4:4 format, 1t 1s possible
to devise an apparatus structure including three encoders and
three decoders each of which corresponds to R data, G data,
and B data, and operates in parallel. Even 1n this case, for the
alorementioned conventional mapping technique, 1t 1s nec-
essary to provide interface circuits 1n each of the encoders
and the decoders 1n order to recerve and pass, 1n each block
between the encoders, information, such as an intra-coded
processing method and a motion vector. For this reason,
there 1s a problem that such structures of the encoders/
decoders become complex, and the circuit scale increases.

The present invention 1s for solving the aforementioned
problem, and the object 1s to provide: stream data; a moving
picture coding apparatus that codes a picture made up of N
component pictures; and a moving picture decoding appa-
ratus that decodes such picture, where N 1s an 1integer that 1s
2 or greater, each apparatus having a simple hardware
structure.

Means to Solve the Problems

In order to solve the aforementioned problem, the moving
picture coding apparatus of the present invention ncludes:
an obtainment unit that obtains N color component pictures
that compose one picture, where N 1s an integer that 1s 2 or
greater; N coding umts, each of which codes, 1n one of
intra-picture prediction coding and inter-picture prediction
coding, a corresponding one of the N color component
pictures, the N coding units being provided so as to corre-
spond to the N color component pictures; and a signal
multiplexing unit that multiplexes N bit streams outputted
from the N coding units into one bit stream signal, and that
outputs the bit stream signal. With this structure, since one
coding unit corresponds to one component picture, it 1s
possible to efliciently code a high-definition picture for
proiessional use.

Here, each of the N coding units may independently
determine a prediction mode to be used for the intra-picture
prediction coding. With this structure, since each of the
coding units performs 1ntra-picture prediction coding using
a prediction mode independently determined, there is no
need to pass, between the N coding units, prediction modes
in each block. As a result, there 1s no need for each of the
coding units to include interfaces that pass prediction
modes. When each of the coding units 1s, for example,
included 1 an LSI or a board, it 1s possible to keep the
increase of a circuit scale to the minimum, since there 1s no
need to provide interface circuits that pass prediction modes
for each block.

Furthermore, since each of the coding units independently
determine a prediction mode, 1t 1s possible to improve the
coding efliciency 1n the intra-picture prediction coding.

Here, each of the N coding units may independently
determine a motion vector to be used for the inter-picture
prediction coding. With this structure, since each of the
coding units performs 1nter-picture prediction coding using
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an motion vector mndependently determined, there 1s no need
to pass, between the N coding units, prediction modes for
inter-picture prediction coding. As a result, there 1s no need
for each of the coding units to include interfaces that pass
prediction modes. When each of the coding units 1s, for
example, included in an LSI or a board, 1t 1s possible to keep
the 1ncrease of a circuit scale to the mimmum.

Here, each of the N coding units may independently
determine a prediction mode to be used for the intra-picture
prediction coding, one of the N coding units may determine
a motion vector to be used for the inter-picture prediction
coding, and the N coding units may perform the inter-picture
prediction coding by commonly using the motion vector.
With this structure, 1t 1s possible to improve the coding
ciliciency 1n the intra-picture prediction coding. Further-
more, one of the N coding units has only to include a circuit
(motion estimation circuit) that determines a motion vector,
and there 1s no need to include other coding units. Generally,
since a scale of the motion estimation circuit 1s large, 1t 1s
possible to reduce the circuit area of the other coding units.

Here, 1t 15 possible that the N coding units individually use
respective prediction modes or commonly use a prediction
mode for the intra-picture prediction coding, and the signal
multiplexing unit may insert, in the bit stream signal, coding,
information indicating correspondence between the N color
component pictures and prediction modes to be used for the
intra-picture prediction coding. With this structure, the mov-
ing picture decoding apparatus can easily determine between
which coding units from among the N coding units a
common prediction mode 1s used for the intra-picture pre-
diction coding, using the bit stream signal in which the
coding information 1s mserted, and can simplify the decod-
Ing processing.

Here, the coding information may include the number of
prediction modes and one or more of identifiers of the
prediction modes, and the coding information may further
include assignment information mdicating color component
pictures to which a common prediction mode 1s assigned
when the prediction mode common to the color component
pictures exists in the coding information. With this structure,
the moving picture decoding apparatus can simplity the
decoding processing by determining the number of predic-
tion modes, one or more ol identifiers of the prediction
modes, and assignment imnformation.

Here, the coding information may include a prediction
mode flag, and the prediction mode flag may indicate one of:
(a) that each of the N color component pictures has been
coded in an independent prediction mode; (b) that the N
color component pictures have been coded 1 a common
prediction mode; and (c¢) that two or more of the N color
component pictures have been coded 1n a common predic-
tion mode and one or more of the N color component
pictures other than the two or more of the N color compo-
nent pictures has been coded 1n an independent prediction
mode. This structure 1s appropriate for a coding method and
a decoding method each of which selectively uses one of the
(a) to (¢). In such a case, the prediction mode tlag may be 2
bits.

Here, the coding information may include a prediction
mode flag, and the prediction mode flag may indicate one of:
(a) that each of the N color component pictures has been
coded 1n an mndependent prediction mode; and (b) that the N
color component pictures have been coded 1 a common
prediction mode. This structure i1s appropriate for a coding,
method and a decoding method each of which selectively
uses one of the (a) and (b). In such a case, the prediction
mode tlag may be 1 bat.
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Here, the coding information may include a first predic-
tion mode flag, the first prediction mode flag may indicate
one of: (1) that two or more of the N color component
pictures have been coded 1n a common prediction mode and
one or more of the N color component pictures other than the
two or more of the N color component pictures has been
coded 1 an mdependent prediction mode; and (1) a case
other than (1), the coding information further includes a
second prediction mode flag when the first prediction mode
flag indicates (1), and the second prediction mode flag may
indicate one of: (a) that each of the N color component
pictures has been coded 1n an independent prediction mode;
and (b) that the N color component pictures have been coded
in a common prediction mode. This structure 1s appropriate
for a coding method and a decoding method each of which
selectively uses one of the (a), (b), and (1). In such a case, the
prediction mode flag may be 1 bit or 2 bats.

Here, the N coding units may be N semiconductor inte-
grated devices. With this structure, when the number of
pixels of a picture 1s many (for example, 1n the case of a
super-high resolution picture having the degree of resolution
equal to or more than the HD'TV, it 1s possible to efliciently
code each of component pictures, even when 1t 1s diflicult to
code a picture using one coding unit.

Furthermore, the moving picture decoding apparatus of
the present mvention includes: a separation umt that sepa-
rates a bit stream signal imto N bit streams corresponding to
N color component pictures that compose one picture, where
N 1s an integer that 1s 2 or greater, the bit stream signal
indicating a coded moving picture; N decoding units, each
of which decodes, 1n one of intra-picture prediction decod-
ing and inter-picture prediction decoding, a corresponding
one of the N bit streams, the N decoding umts being
provided so as to correspond to the N bit streams; and a
picture multiplexing unit that multiplexes the N color com-
ponent pictures from the N decoding units into the one
picture.

With this structure, there 1s no need to pass, between the
N decoding units, prediction modes for intra-picture predic-
tion coding for each block. As a result, there 1s no need for
cach of the coding units to include interfaces that pass
prediction modes. When each of the coding units 1s, for
example, included 1n an LSI or a board, it 1s possible to keep
the 1increase of a circuit scale to the minimum, since there 1s
no need to provide interface circuits that pass prediction
modes for each block.

Here, each of the N decoding units may perform the
intra-picture prediction decoding 1n an independent predic-
tion mode.

Here, each of the N decoding units may perform the
inter-picture prediction decoding using an independent
motion vector.

Here, 1t 1s possible that each of the N decoding units may
perform the intra-picture prediction decoding in an indepen-
dent prediction mode, and the N decoding units may perform
the ter-picture prediction decoding using a common
motion vector.

Here, the separation unit may separate the bit stream
signal mto coding information indicating correspondence
between the N color component pictures and prediction
modes to be used for the intra-picture prediction decoding,
and each of the N decoding units may perform the intra-
picture prediction decoding according to the coding infor-
mation.

Here, the coding information may include the number of
prediction modes and one or more of identifiers of the
prediction modes, and the coding information may further
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include assignment information indicating color component
pictures to which a common prediction mode 1s assigned
when the prediction mode common to the color component
pictures exists i the coding information.

Here, the coding information may include a prediction
mode flag, and the prediction mode tlag indicates one of: (a)
that each of the N color component pictures has been coded
in an independent prediction mode; and (b) that the N color
component pictures have been coded 1n a common predic-
tion mode.

Here, the coding information may include a prediction
mode flag, and the prediction mode flag may indicate one of:
(a) that each of the N color component pictures has been
coded 1in an independent prediction mode; (b) that the N
color component pictures have been coded 1in a common
prediction mode; and (c¢) that two or more of the N color
component pictures have been coded 1n a common predic-
tion mode and one or more of the N color component
pictures other than the two or more of the N color compo-
nent pictures has been coded 1n an independent prediction
mode.

Here, the coding information may include a first predic-
tion mode flag, the first prediction mode flag may indicate
one of: (1) that two or more of the N color component
pictures have been coded in a common prediction mode and
one or more of the N color component pictures other than the
two or more of the N color component pictures has been
coded 1 an mdependent prediction mode; and (1) a case
other than (1), the coding information further includes a
second prediction mode flag when the first prediction mode
flag indicates (11), and the second prediction mode flag may
indicate one of: (a) that each of the N color component
pictures has been coded 1n an independent prediction mode;
and (b) that the N color component pictures have been coded
in a common prediction mode.

Here, the N decoding units may be N semiconductor
integrated devices.

Furthermore, the stream data of the present mvention
includes N bit streams and coding information, wherein the
N bit streams represent N color component pictures that
compose one picture, where N 1s an integer that 1s 2 or
greater, and the coding information indicates correspon-
dence between the N color component pictures and predic-
tion modes to be used for the intra-picture prediction decod-
ng.

INDUSTRIAL APPLICABILITY

A moving picture coding apparatus, a moving picture
decoding apparatus, and stream data according to the present
invention have an eflect that coding processing and decod-
ing processing can be performed independently for each
signal so that the structures of the coding apparatus and
decoding apparatus can be simplified. They are usetul as the
moving picture coding apparatus, the moving picture decod-
ing apparatus, and the bit stream.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating an example of a
structure of the moving picture coding apparatus according
to the first embodiment of the present invention.

FIG. 2 1s a block diagram illustrating a structure of a
coding unit.

FIG. 3 1s a schematic diagram illustrating a format of a
RGB 4:4:4 format.
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FIG. 4 1s a schematic diagram for describing an intra
prediction mode.

FIG. 5A 1llustrates a data stream indicating mode infor-
mation and three bit streams which are multiplexed on a
macro block unit basis.

FIG. 5B illustrates a data stream indicating mode infor-
mation and three bit streams which are multiplexed on a
slice unit basis.

FIG. 5C illustrates a bit stream including information (a
flag) indicating that the inter-picture prediction coding has
been independently performed.

FIG. 5D illustrates a schematic diagram of a format of a
data stream.

FIG. SE 1llustrates a schematic diagram of a format of a
data stream.

FIG. 6 1s a block diagram illustrating a structure of a
coding umt in the first vaniation according to the first
embodiment.

FIG. 7 1s a block diagram illustrating an example of a
structure of the moving picture coding apparatus i1n the
second variation according to the first embodiment.

FIG. 8 1s a block diagram illustrating an example of a
structure of a coding unit that codes a G signal.

FIG. 9 1s a block diagram illustrating an example of a
structure of a coding unit that codes a R (or B) signal.

FIG. 10 1s a block diagram showing an example of a
structure of the moving picture coding apparatus in the
second embodiment.

FIG. 11 1s a block diagram 1illustrating a structure of a
coding unait.

FIG. 12 1llustrates prediction modes for the intra predic-
tion mode.

FIG. 13A 1llustrates a format of a data stream.
FIG. 13B illustrates a format of a data stream.

FIG. 13C illustrates a format of a data stream.
FIG. 13D 1illustrates a format of a data stream.

FIG.
FIG.

FIG. 13G describes an example of a prediction mode tlag.

13E describes an example of a prediction mode tlag.

13F describes an example of a prediction mode tlag.

FIG. 14 1s a block diagram showing an example of a
structure of the moving picture decoding apparatus in the
third embodiment.

FIG. 15 1s a block diagram showing a structure of a
decoding unait.

FIG. 16 1s a block diagram showing another structure of
a decoding unit.

FIG. 17 1s a block diagram illustrating a structure of a
video camera as an application example of the present
invention.

NUMERICAL REFERENC.

L1
o

100 Moving picture coding apparatus
101 Signal separation unit

102, 103, 104 Coding unit

105 Bit stream multiplexing unit

106 Control unit

1000 Moving picture decoding apparatus
1001 Variable length decoding unit
1002, 1003, 1004 Decoding unit

1005 Signal multiplexing unit

1010 Probabaility table holding unit
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Best Mode for Carrying Out the Invention

(First embodiment)

The present embodiment describes a moving picture
coding apparatus including: an obtainment unit that obtains
N component pictures that compose one picture, where each
of the component pictures has an equal number of pixels and
N 1s an integer that 1s 2 or greater; N coding units, each of
which codes, 1n intra-picture prediction coding, a corre-
sponding one of the N component pictures, the N coding
units being provided so as to correspond to the N color
component pictures; and a signal multiplexing unit that
multiplexes N bit streams outputted from the N coding units
into one bit stream signal. The each of the N coding units
independently determines a prediction mode to be used for
the intra-picture prediction coding. Since one coding unit
corresponds to one component picture and each of the

[

coding units independently determines a prediction mode for
the intra-picture prediction coding, 1t 1s possible to efli-
ciently code a high-definition picture for professional use. N
1s assumed to be three 1n the following description so as to
correspond to RGB.

FIG. 1 1s a block diagram showing an example of a
structure of the moving picture coding apparatus according
to the first embodiment of the present invention. A moving,
picture coding apparatus 100 includes a signal separation
unit 101, three coding units 102, 103 and 104, a bit stream
multiplexing unit 105, and a control unit 106.

An mput signal IN 1s inputted to the signal separating unit
101. The input signal IN 1s a moving picture signal of RGB
4:4:4 format. Here, as shown in FIG. 3, the RGB 4:4:4
format 1s a format i which each pixel 1s described as a
combination of three pixels of R signal, G signal and B
signal, and 1n which each of the R signal, G signal and B
signal within a picture has equal number of pixels. For
example, 1n the case where each color pixel of the R signal,
G signal and B signal 1s indicated by 8 bits, one pixel of the
RGB signal 1s imndicated by 24 baits.

The input RGB signal IN inputted to the signal separation
unit 101 1s separated into three signals: an input signal (input
picture) IN_R including only R signal; an input signal (input
picture) IN_G including only G signal; and an input signal
(input picture) IN_B including only B signal. The separated
three signals are respectively mnputted to the coding units
102, 103 and 104.

FIG. 2 shows a structure of each of the coding units 102,
103 and 104. Hereatter, the operation of the coding unit 102
1s described which codes the iput signal IN_R. However,
the structure and the operation are common to the coding
unit 103 which codes the mput signal IN_G and to the
coding unit 104 which codes the input signal IN_B.

As shown 1n FIG. 2, the coding unit 102 includes a frame
memory 201, a subtracting unit 202, a frequency transform
unit 203, a quantization unit 204, a variable length coding
unit 205, an inverse quantization unit 206, an 1inverse
frequency transform unit 207, an adding unit 208, a refer-
ence picture memory 209, an intra prediction mode deter-
mination unit 210, an 1ntra prediction unit 212, a control unit
216 and a probability table holding umt 217.

The coding unit 102 codes each picture of the input
pictures IN_Rs as an intra-picture prediction coded (Intra)
picture.

The mput picture IN_R 1s stored in the frame memory 201
and then outputted from the frame memory 201 on a block
unit basis (e.g. 1n a unit of macro block having horizontal 16
pixels and vertical 16 pixels).
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The macro block outputted from the frame memory 201
1s 1mputted to the intra prediction mode determination unit
210. The ntra prediction mode determination unit 210
determines how to perform intra-picture prediction coding
on the mputted macro block. More specifically, the intra
prediction mode determination umt 210 determines an intra
prediction block size of the inputted macro block and an
intra prediction mode for each block. The intra prediction
block size 1s one of the following sizes: horizontal 4 pixelsx
vertical 4 pixels; horizontal 8 pixelsxvertical 8 pixels; and
horizontal 16 pixelsxvertical 16 pixels. The 1ntra prediction
mode 1s determined in accordance with an intra prediction
mode specified by the MPEG-4 AVC standard.

FIG. 4 1s a schematic diagram illustrating an intra-picture
prediction mode specified by the MPEG-4AVC standard. In
the diagram, 1t 1s assumed that peripheral pixels (pixels
above the dotted line) to be used for the intra-picture
prediction have already been coded and stored 1n the refer-
ence picture memory 209. Black circles of a pixel group 402
in FIG. 4 are used for performing the intra-picture prediction
on an 1ntra prediction current block 401 of 4 pixelsx4 pixels.
An 1ntra prediction mode 1s determined for each block. For
example, a prediction mode 1s determined from among nine
different intra prediction modes for a block of horizontal 4
pixelsxvertical 4 pixels. Furthermore, a prediction mode 1s
determined from among four different intra prediction
modes for a block of horizontal 16 pixelsxvertical 16 pixels.
FIG. 12 1illustrates prediction modes for an intra prediction
block of horizontal 4 pixelsxvertical 4 pixels.

One of a block size of: horizontal 4 pixelsxvertical 4
pixels; horizontal 8 pixelsxvertical 8 pixels; and horizontal
16 pixelsxvertical 16 pixels 1s determined as an intra pre-
diction size.

FIG. 12 1s a schematic diagram illustrating prediction
directions using the pixel group 402 shown in FIG. 4. A
prediction mode 0 1s a mode 1 which pixels underneath the
pixel group 402 are predicted 1n a vertical direction. Simi-
larly, as each prediction direction: a prediction mode 1
indicates a horizontal direction; a prediction mode 3 indi-
cates a diagonal down left direction; a prediction mode 4
indicates a diagonal down right direction; a prediction mode
5 indicates a vertical right direction; a prediction mode 6
indicates a horizontal down direction; and a prediction mode
7 indicates a vertical right direction. The mode 2 indicates
not a direction but an average as a prediction value. Note that
there are four different intra prediction modes for a block of
horizontal 16 pixelsxvertical 16 pixels.

An mtra prediction mode (IPM) determined by the intra
prediction mode determination unit 210 1s outputted to the
intra prediction unit 212 and the variable length coding unit
205. The tra prediction unit 212 determines an 1intra
prediction block size and a prediction mode for each block,
based on the intra prediction mode IPM determined by the
intra prediction mode determination umt 210. Furthermore,
the intra prediction unit 212 generates an intra prediction
picture IP by obtaining an intra reference pixel from the
reference picture memory 209, and outputs the generated IP
to the subtracting unit 202.

The subtracting unit 202 receives the macro block of the
input picture from the frame memory 201 and the intra

predictive 1image IP generated by the intra prediction umit
212, generates a differential image between the mput picture
and the intra predictive image IP, and outputs the diflerential
image to the frequency transform unit 203.
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The frequency transform unit 203 performs frequency
transformation on the differential image generated by the
subtracting unit 202, and outputs frequency transform coel-
ficients.

The quantization unit 204 performs quantization of the
frequency transform coefhicients generated by the frequency
transform unit 203, and outputs the quantized frequency
transiorm coeflicients Q1. Here, the quantization 1s a process
of dividing the frequency transiform coeflicients by a pre-
determined value (quantization step). It 1s assumed that this
quantization step 1s given by the control umt 216 (the
quantization step may be included 1n a control signal CTL
from the control unit 106). The quantized frequency trans-
form coellicients QT are outputted to the variable length
coding unit 205 and the inverse quantization unit 206.

The quantized frequency transform coeflicients QT are
processed 1n mverse quantization by the inverse quantization
unit 206, are further processed 1n mmverse frequency trans-
formation by the mverse frequency transform unit 207, and
become a decoded differential image LDD. The decoded
differential image L.DD 1s added to the intra predictive image
IP 1n the adding umit 208, becomes a decoded image LD, and
stored 1n the reference picture memory 209. The decoded
image LD stored in the reference picture memory 209 1is
used 1n the later coding as a reference picture.

The vanable length coding unit 205 performs variable
length coding on the quantized frequency transform coetli-
cients QT iputted from the quantization unit 204, an intra
prediction mode IPM mputted from the intra prediction
mode determination unit 210 and the like, and outputs a bit
stream S1 R.

Here, as a method for the vanable length coding method
used 1n the variable length coding unit 205, there 1s a context
adaptive arithmetic coding method adopted 1n the interna-
tional standard moving picture coding method H.264. The
context adaptive arithmetic coding method 1s a method for
switching the probability tables used for arithmetic coding
according to the variable length coding target data and data
on which the variable length coding has already been
performed (context adaptation). For example, as a context
for performing variable length coding of the quantized
frequency transform coeflicients QT, a block size for intra
prediction and a block size for frequency transformation and
the like are used. Here, 1t 1s assumed that the probability
tables are held 1n the probability table holding unit 217.

The coding units 102, 103 and 104 respectively output the
bit streams ST_R, ST_G and ST_B, and input them to the bit
stream multiplexing unit 105. The bit stream multiplexing
unit 105 multiplexes the mputted three bit streams ST_R,
ST_G and ST_B 1nto one bit stream ST, and outputs the ST.
In this case, the bit stream multiplexing unit 105 1nserts, into
a bit stream signal, mode information indicating a prediction
mode of a component picture. As a method for multiplexing,
three bit streams and mode information into a bit stream,
there are methods, such as a method for multiplexing data on
a block or a macro block unit basis and on a picture or a slice
unit basis. Examples of such multiplexing are illustrated in
FIGS. 5A and 3B.

FIG. SA 1llustrates a data stream indicating mode infor-
mation and three bit streams which are multiplexed on a
macro block unit basis. As such, the multiplexing method on
a block or macro block unit basis has an eflect of having an
almost the same bit stream structure as the bit stream
structure of the conventional bit stream obtained by coding
the YUV pictures.

FIG. 5B illustrates a data stream indicating mode infor-
mation and three bit streams which are multiplexed on a
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slice unit basis. Furthermore, when multiplexing data on a
picture or slice unit basis, a unit for multiplexing becomes
larger. As a result, there 1s an effect that the number of
switching processes of bit streams for the multiplexing
processing can be reduced, and the multiplexing processing
can be simplified.

Furthermore, information (flag) indicating that each of the
R, G, and B si1gnals 1s independently coded may be described
in the bit stream. This information may be a flag indicating
that a prediction mode i1s independently determined for
intra-picture prediction, and may be information, in the bit
streams, 1ndicating a prediction mode for performing intra-
picture prediction on RGB signals. The information (flag)
has only to be described 1n a header of the whole sequence
or 1n an additional information unit. FIG. 5C shows an
example of a structure of the bit stream for this case. With
this, when a decoding apparatus decodes the bit stream, 1t
can be easily judged whether or not each of the RGB signals
can be decoded individually.

As described 1n the above, the moving picture coding
apparatus of the present invention separates an input moving
picture of RGB 4:4:4 format into R signal, G signal and B
signal, and performs intra-picture prediction coding on each
of the signals, using respective coding units for each signal.
Herein, in the intra prediction at the time of coding each
signal, an intra prediction mode 1s determined respectively
for each signal. Further, in variable length coding using
arithmetic coding when coding each signal, a probability
table 1s held respectively by each signal (a probability table
1s not commonly used among signals).

Through such operations, coding can be performed com-
pletely independently for each signal (coding units do not
need to transier data, information and the like mutually each
other) so that the structure of the coding apparatus can be
simplified without reducing the coding efliciency. For
example, 1n the case where 1t 1s diflicult to process for single
coding apparatus a very large number of pixels of an mput
signal (e.g. 1n the case where the mput picture has pixels
equal to or more than the pixels in the HDTV picture), the
present invention 1s very useful. Also, 1n this case, each of
the RGB signal has the same number of pixels so that the
respective coding units of each signal can have the same
hardware structure. Furthermore, 1n the case where the intra
prediction mode 1s determined respectively for each signal,
information indicating the intra prediction mode 1s respec-
tively described in each signal as a bit stream structure.
Accordingly, the RGB signals can be decoded respectively
also when decoding the bit stream so that there 1s an eflect
that the decoding process 1s simplified.

It should be noted that, while 1n the present embodiment,
the input picture of RGB 4:4:4 format, that 1s a picture
having three color elements, 1s described, coding process
can be performed 1n the same structure for the number of
color elements even in the case where the color elements
include other than the three colors (e.g. four colors, six
colors and the like). Therefore, the same effect as obtained
in the present embodiment can be obtained.

(First variation)

The first variation according to the first embodiment 1s to
be described. In this variation, a moving picture coding
apparatus including three coding units each of which can
perform not only intra-picture prediction coding but also
inter-picture prediction coding 1s to be described. In coding
of a moving picture, each of the three coding units 1nde-
pendently determines a prediction mode for intra-picture
prediction coding, and independently determines a motion
vector for inter-picture prediction coding.
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The moving picture coding apparatus according to the
first vanation further includes coding units 102a, 103a, and
104a, instead of the coding units 102, 103, and 104. The
coding units 102a, 103a, and 104a selectively perform the
intra-picture prediction coding and inter-picture prediction
coding.

FIG. 6 1s a block diagram 1illustrating a structure of the
coding unit 102a (or one of coding units 103a and 104a). The
coding unit 102a includes a motion estimation unit 611, a
motion compensation umt 613, switches 614 and 615, and a
coding mode determination unit 618, 1n addition to the units
of the coding unit 102 shown i FIG. 2.

The coding unit 102a 1s different from the coding unit 102
in that the coding unit 102 codes each picture of the input
pictures IN_R as an intra-picture prediction coded picture,
whereas the coding unit 102a codes each picture of the input
pictures IN_R as an iter-picture prediction coded picture.

A processing method used 1n the coding unit 102a when
coding each picture of the mput pictures IN_R as an intra-
picture prediction coded picture 1s the same as the process-
ing method described in the first embodiment. Therefore, the
description 1s omitted here.

An operation when coding a picture of the mput pictures
IN_Rs as an inter-picture prediction coded picture 1is
described hereinatter.

The mput pictures IN_Rs are first stored in the frame
memory 201, and then outputted from the frame memory
201 on a block unit basis (e.g. 1n a unit of macro block
having horizontal 16 pixels and vertical 16 pixels).

The macro block outputted from the frame memory 201
1s 1mputted to the intra prediction mode determination unit
210 (the switch 614 1s connected to “a” by the control unit
216). In this case, since the operations 1n the intra prediction
mode determination unit 210 and the intra prediction unit
212 are the same as those in the first embodiment, the
description 1s omitted. The intra prediction mode 1s output-
ted to the intra prediction umt 212 and the coding mode
determination unit 618.

The macro block again outputted from the frame memory
201 1s inputted to the intra prediction mode determination
unit 611 (the switch 614 1s connected to “b™ by the control
unit 216). The motion estimation unit 611 estimates, for the
inputted macro block, the motion amount (motion vector)
with respect to the reference picture (a coded picture that 1s
held 1n the reference picture memory 209 and 1s diflerent
from the picture to be coded). In the motion estimation,
generally, the motion vector having the minimum weighted
sum of: a differential value between the block to be coded
and a predictive 1image (an 1mage in the reference picture
referred by the motion vector); and an amount of codes for
the motion vector 1s selected. The estimated motion vector
1s outputted to the motion compensation unit 613 and the
coding mode determination unit 618.

The motion compensation unit 613 generates a predictive
image MP by obtaining mter reference pixels from the
reference picture memory 209 based on the motion vector
determined by the motion estimation unit 611, and outputs
the predictive image MP to the subtracting unit 202 (the
switch 615 1s connected to “b” by the control umt 216).

The processing performed by the subtracting unit 202, the
frequency transform unit 203, the quantization umt 204, the
inverse quantization unit 206, the mverse frequency trans-
form unit 207, and the adding unit 208 1s the same as the
processing described 1n the first embodiment. Therefore, the
description about the processing 1s omitted here.

The coding mode determination unit 618 determines a
coding mode of a macro block to be coded using outputs
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from the intra prediction mode determination unit 210,
motion estimation unit 611, quantization unit 204, frame
memory 201, and adding unit 208, and the like. Here, 1t 15
determined which one of the intra-picture prediction coding
and the inter-picture prediction coding 1s used for coding the
macro block to be coded. In general, the coding mode having
the small weighted sum of the amount of bits to be generated
and the coded distortion 1s selected. In the case where the
intra-picture prediction coding 1s selected as the coding
mode, the information indicating the intra prediction mode
IPM 1s outputted to the variable length coding unit 205. In
the case where the inter-picture prediction coding 1s selected
as a coding mode, the motion vector MV and the coding
mode MD are outputted to the vanable length coding unit
205.

The vanable length coding unit 205 performs variable
length coding on: the quantized frequency transform coet-
ficients QT inputted from the quantization unit 204; and the
coding mode MD, and the intra prediction mode IPM or the
motion vector MV which are outputted from the coding
mode determination unit 618, and outputs the bit stream
ST_R.

Here, 1n the case where the variable length coding unit
2035 codes the motion vector MV using a context adaptive
arithmetic coding method, a method for changing a prob-
ability table depending on a size (context) of the motion
vector of the coded peripheral block can be used. Here, it 1s
assumed that the probability tables are held in the probabil-
ity table holding umt 217.

The bit streams ST_R, ST G, and ST_B respectively
outputted from the coding umts 102a, 103a, and 104a are
inputted to the bit stream multiplexing unit 105. The bat
stream multiplexing unit 105 multiplexes three bit streams
ST_R, ST_G, and ST_B 1nto one bit stream ST, and outputs
the bit stream ST. Here, as a method for multiplexing three
bit streams into one bit stream, there are a method for
multiplexing bit streams in a unit of block or macro block,
and a method for multiplexing bit streams 1n a unit of picture
or slice.

FIG. 5D illustrates a data stream in which motion vector
information and three bit streams are multiplexed on a
macro unit basis. In the case where the bit streams are
multiplexed 1n a umt of block or macro block, there 1s an
cllect that the multiplexed bit stream has the same structure
as the bit stream obtained by coding the conventional YUV
pictures. Furthermore, the bit streams may be multiplexed
on a picture or a slice unit basis. In this case, since the unit
for multiplexing becomes large, there 1s an effect that the
number of switching processes of bit streams for the mul-
tiplexing processing can be reduced, and the multiplexing
processing can be simplified. The bit stream structure herein
1s the same as the structure shown in FIG. 5B, and motion
vector information 1s inserted 1n each slice header.

Further, information (flag) indicating that each of the R,
G, and B signals 1s independently coded (indicating that a
motion vector 1s determined independently or indicating that
the motion vector for each signal 1s respectively described in
the bit stream) may be described in the bit stream. The
information (flag) has only to be described in a header of a
whole sequence or an additional information unit. FIG. 5C
shows an example of a bit stream structure for this case.
Accordingly, when the decoding apparatus decodes the bit
stream, whether 1t can decode each of the RGB signals
independently can be easily judged.

As described 1n the above, the moving picture coding
apparatus of the present invention receives a moving picture
of RGB 4:4:4 format as an mput picture, separates R signal,
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G signal and B signal from the input signal, and performs
intra prediction coding of each signal using respective
coding unit for each signal. Herein, the motion vector used
for motion prediction for coding each signal 1s determined
independently for each signal. Further, in the case where
arithmetic coding i1s used for variable length coding for
coding each signal (e.g. when the motion vector 1s coded),
a probability table 1s held respectively by each signal (a
probability table 1s not commonly used among signals).

Through such operations, coding can be performed com-
pletely independently for each signal (coding units do not
need to transter data, information and the like mutually each
other). Therefore, in the case where single coding apparatus
cannot perform coding because the number of pixels to be
processed 1s very large as 1 the moving picture having the
degree of resolution equal to or more than the HDTYV, the
coding process can be realized 1n real time by coding each
signal 1n parallel. Also, the structure of the coding apparatus
and the processing details herein can be simplified. Also, 1n
this case, each of the RGB signal has the same number of
pixels so that the respective coding unit of each signal can
have the same hardware structure. Furthermore, 1n the case
where the motion vector 1s determined respectively for each
signal, information indicating the motion vector 1s respec-
tively described in each signal within a bit stream. Accord-
ingly, the RGB signals can be decoded respectively when
decoding the bit stream so that there i1s an efiect that the
decoding process 1s simplified.

(Second vanation)

In the first variation, the moving picture coding apparatus
in that each of the three coding units independently deter-
mines a prediction mode for intra-picture prediction coding
and independently determines a motion vector for inter-
picture prediction coding i1s described. In the present varia-
tion, the moving picture coding apparatus 1n that one of the
three coding umts determines a motion vector for inter-
picture prediction coding and the inter-picture prediction
coding 1s performed by commonly using the motion vector
determined by the three coding units 1s to be described. The
second variation 1s the same as the first variation 1n that the
cach of the three coding units independently determines a
prediction mode for intra-picture prediction coding.

FIG. 7 1s a block diagram showing an example of a
structure of the moving picture coding apparatus in the
second variation. The moving picture coding apparatus 100b
has almost the same structure as that of the moving picture
coding apparatus 100 described in the first embodiment.
However, it diflers from the moving picture coding appara-
tus 100 1n that the moving picture coding apparatus 100b
includes the coding units 102b, 103b, and 104b instead of
the coding units 102, 103, and 104, and the coding units
102b, 103b, and 104b pass information each other. Further-
more, the structures are slightly different between the coding,
unit 103b which processes a G signal and the coding units
102b and 104b which process other signals (R signal and B
signal). In other words, the structure of the second variation
speciflies that the coding unit 103b which processes a G
signal notifies the coding units 102b and 104b which process
other signals (R signal and B signal) respectively of a coding
mode MD indicating either the intra-picture prediction cod-
ing or inter-picture prediction coding, and of a motion vector
MYV used for the inter-picture prediction coding.

FIG. 8 1s a block diagram showing an example of a
structure of the coding unit 103b which codes the G signal.
The coding unit 103b has the same structure as the coding
unit 102a shown in FIG. 6 according to the first embodiment.
However, 1t differs in that it outputs the coding mode MD
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and motion vector MV (only 1n the case of inter-picture
prediction mode) that are determined by the coding mode
determination unit 618, to the coding units 102b and 104b.

FIG. 9 1s a diagram showing an example of a structure of
the coding unit 102b (or 104b) which codes the R signal (or
B signal). The coding unit 102b has the same structure as the
coding unit 102a shown 1 FIG. 6 according to the first
embodiment. However, the following two points are difler-
ent. First, 1t does not have the motion estimation unit 611.
Second, it performs coding using the coding mode MD and
motion vector MV (only 1n the case of iter-picture predic-
tion coding mode) that are mputted from the coding umit
103b to the control unit 219. The details are described in the
following.

In the case where the coding mode MD 1s the 1ntra-picture
prediction coding mode, the intra prediction mode determi-
nation unit 210 determines the intra prediction mode, and the
inter prediction unit 212 generates the inter predictive image
(the switch 6135 1s connected to “a”). The method for coding
the differential 1mage between the mput picture and the
predictive 1image 1s the same as the method described 1n the
first embodiment. The intra prediction mode IPM 1s output-
ted to the variable length coding unit 205 and 1s described in
the bit stream.

In the case where the coding mode MD 1s the inter-picture
prediction coding mode, the motion vector MV 1s outputted
to the compensation unit 613. Also, the switch 615 1s
connected to “b”. The motion compensation unit 613, based
on the inputted motion vector, obtains inter-picture reference
pixels from the reference picture memory 209, generates a
predictive image MP, and outputs the predictive image MP
to the subtracting unit 202 via the switch 615. The method
for coding the differential image between the input picture
and the predictive image 1s the same as the method described
in the first embodiment. However, the coding mode MD and
the motion vector MV are not described 1n the bit stream (the
coding mode MD and the motion vector MV are described
in the bit stream ST_G outputted by the coding unit 103b).

The bit streams ST_R, ST_G and ST_B outputted from
the coding unmits 102b, 103b and 104b are inputted to the bit
stream multiplexing unit 105. The bit stream multiplexing
umt 105 multiplexes the inputted three bit streams ST_R,
ST_G and ST_B into one bit stream and outputs the bit
stream. Here, as a method for multiplexing the three bit
streams 1nto one bit stream, there are methods, such as a
method for multiplexing bit streams 1 a unit of block or
macro block and a method for multiplexing bit streams 1n a
unit of picture or slice. In the case where the bit streams are
multiplexed 1n a unit of block or macro block, there 1s an
cllect that the multiplexed bit stream has the same bit stream
structure as the bit stream obtained by coding the conven-
tional YUV pictures. FIG. 5E shows an example of a bit
stream structure for this case. In this case, the order within
the bit stream 1s changed so that the coding mode MD and
the motion vector MV described 1n the bit stream ST G are
described 1n a head of a block or a macro block. Also, when
multiplexing bit streams 1n a unit of picture or slice, since the
umt for the multiplexing processing becomes large, there 1s
an elffect that the number of switching processes ol bit
streams for the multiplexing processing can be reduced, and
the multiplexing processing can be simplified. The bit
stream structure herein 1s the same as the structure shown 1n
FIG. 5B. Further, information (flag) may be described 1n the
bit stream, the information indicating that the intra predic-
tion 1s determined independently for each of the RGB
signals (an 1ntra prediction mode for each signal 1s indepen-
dently described 1n the bit stream); and the motion vector 1s
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commonly used by the RGB signals (the common motion
vector for the RGB signals 1s described in the bit stream).
The mnformation (flag) has only to be described 1n a header
ol the whole sequence or in the additional information unat.
FIG. 5C shows an example of a bit stream structure for this
case. Accordingly, when the decoding apparatus decodes the
bit stream, 1t can be easily judged that the intra prediction 1s
independently described for each signal and the motion
vector 1s commonly used by the signals and described.

As described 1 the above, the moving picture coding
apparatus of the present invention receives a moving picture
of RGB 4:4:4 format as an input picture, separates the input
signal into an R signal, a G signal and a B signal, and codes
cach signal using the intra-picture prediction coding and the
inter-picture prediction coding. Herein, the coding mode
(indicating which one of the intra-picture prediction coding
and the inter-picture prediction coding 1s used) determined
by the first signal (e.g. G signal) 1s also used for coding the
second signal (e.g. R signal and B signal). In the case where
the coding mode 1s the mtra-picture prediction coding, the
intra picture prediction method 1s determined independently
for each signal. Further, 1n the case where the inter-picture
prediction coding, the motion vector determined for the first
signal (G signal) 1s used. Then, the coding mode and the
motion vector determined for the first signal on one coding,
unit basis (e.g. macro block) are only described 1n the stream
data. Also, the intra prediction mode determined for each
signal 1s described 1n the bit stream.

Through such operation, 1n the intra-picture prediction
coded macro block within the intra-picture prediction coded
picture or within the inter-picture prediction coded picture,
coding 1s performed completely independently for each
signal, while 1 the inter-picture prediction coded macro
block, the motion vector determined for the first signal 1s
commonly used. In general, 1n the intra-picture prediction
coded macro block, while the amount of codes for the
quantization frequency transform coeflicients occupies a
considerable amount of codes to be generated, the amount of
information of the intra prediction mode 1s small. In addi-
tion, the amount of processing for determining the intra
prediction mode 1s relatively small. Further, in the inter-
picture prediction coded macro block, the amount of codes
for the motion vector has the high percentage of the total
amount of codes to be generated. Further, 1n the inter-picture
prediction coding, the amount of processing for the motion
estimation occupies the majority of the total amount of
processing. Therefore, in the processing of the present
intra-picture coded picture, the structure (processing) of the
coding apparatus can be simplified without reducing the
coding efliciency. At the same time, 1n the processing of
inter-picture prediction coded picture, although the structure
(processing) of the coding apparatus 1s slightly complicated
(because communication among coding units of respective
signals 1s necessary), the amount ol processing for the
coding units as a whole can be largely reduced (because the
processing ol motion estimation i1s performed only on one
signal), and the coding efliciency can be increased (because
the number of motion vectors described in the bit stream
becomes less).

It should be noted that, 1n the second vanation, the coding
mode and motion vector obtained 1n the coding process of a
G signal are used for coding other signals (R signal and B
signal). However, the coding mode and the motion vector
can be determined using the R signal and B signal, and the
similar effect as 1n the present invention can be obtained for
this case.
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Furthermore, although the present embodiment describes
a case where a picture of RGB 4:4:4 format 1s used, the
present invention can be applied even 1n the case where the
picture 1s in RGB 4:2:2 format or in RGB 4:2:0 format.

(Second embodiment)

The present embodiment describes a moving picture
coding apparatus including: three coding units in which
prediction modes for intra-picture prediction coding are used
individually or a prediction mode 1s used commonly; and a
signal multiplexing unit that inserts, into a bit stream signal,
coding information indicating correspondence between
three component pictures and the prediction modes for the
intra-picture prediction coding. For prediction coding, this
moving picture coding apparatus selects one of the follow-
ing: (1) each of three coding units independently determines
a prediction mode; (2) two coding units use a common
prediction mode and one coding unit uses an mdependent
prediction mode; and (3) three coding units commonly use
a prediction mode. Furthermore, for notifying a decoding
apparatus of one of (1) to (3), the coding information
includes the number of prediction modes and one or more of
identifiers of the prediction modes, and further includes
assignment information indicating component pictures to
which a common prediction mode 1s assigned when the
prediction mode common to the color component pictures
exists 1n the coding information.

FIG. 10 1s a block diagram illustrating an example of a
structure of the moving picture coding apparatus in the
second embodiment. The moving picture coding apparatus
100c has almost the same structure as that of the moving
picture coding apparatus 100 described 1n the first embodi-
ment. However, 1t differs from the moving picture coding
apparatus 100 in that the moving picture coding apparatus
100c includes the coding units 102¢, 103c, and 104¢ 1nstead
of the coding units 102, 103, and 104, and the coding units
102c, 103c, and 104c pass mnformation each other. The
coding units 102c, 103c, and 104¢ have the same structure,
and they notily a coding mode MD indicating either the
intra-picture prediction coding or inter-picture prediction
coding, a motion vector MV used for the inter-picture
prediction coding, and a prediction mode IPM for the
intra-picture prediction coding each other.

FIG. 11 1s a block diagram illustrating a structure of the
coding unit 102c¢ (alternatively, 103c or 104c¢). The diagram
differs from FIG. 8 1n: that the coding mode determination
unmit 618 transmits, to the coding units 103¢c and 104c, the
prediction mode IPM for the intra-picture prediction coding,
in addition to the coding mode MD and the motion vector
MYV; that a control unit 218 receives, from the coding units
103c and 104c, the prediction mode IPM for the intra-picture
prediction coding; and the operation in the control unit 218.

The control umit 218 independently determines, according,
to an extraneous instruction or a predetermined setting, a
prediction mode for the intra-picture prediction coding, or
determines a prediction mode commonly used with other
coding units. When the prediction mode 1s commonly used
with other coding units, it 1s determined whether the com-
mon prediction mode 1s determined and transmitted to other
coding units, or the common prediction mode determined by
other coding units 1s recerved and used. One of nine pre-
diction modes 1s determined as the prediction mode for the
intra-picture prediction coding in the case of a block size of
4 pixelsx4 pixels as shown 1n FIG. 12.

Furthermore, the bit stream multiplexing unit 105 multi-
plexes the coding information into a data stream. This
coding information includes the number of prediction modes
and an 1dentifier corresponding to the prediction mode, and
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turther includes assignment information indicating a com-
ponent picture that commonly allocates a prediction mode
when a prediction mode commonly used exists in the
component picture.

FIG. 13A 1llustrates a format of a data stream 1n which
coding information and three bit streams are multiplexed
when each of the three coding units independently deter-
mines a prediction mode as described 1 above (1). The
stream data in the diagram includes the number of prediction
modes (number 1dentifier) 610, and prediction mode 1den-
tifiers (prediction mode) 620R, 620G, and 620B. In this
case, the number of prediction modes 610 1s 3, indicating
that each of the three coding units independently uses a
prediction mode. The number of prediction modes 610 may
be 1nserted in a data stream on a macro block, slice, or
picture unit basis, and may be applied to macro blocks
following the inserted macro block as i1n the diagram. The
prediction mode identifiers 620R, 620G, and 620B are
respectively provided for three components of the macro
block for every coding data.

FIG. 13B illustrates a format of a data stream in which
coding information and three bit streams are multiplexed
when the three coding units uses a common prediction mode
as described 1 above (3). The stream data includes the
number of prediction modes 610 and a prediction mode
identifier 620C. In this case, the number of prediction modes
1s 1, indicating that one common prediction mode 1s used
among the three coding units. The prediction mode 1dentifier
620C indicates a common prediction mode, and 1s provided
in a head of three component coding data.

FIG. 13C 1illustrates a format of a data stream 1n which
coding information and three bit streams are multiplexed
when the two coding units uses a common prediction mode
and one coding unit uses an independent prediction mode, as
described 1 above (2). The stream data in the diagram
includes the number of prediction modes 610, assignment
information 630, and prediction mode 1dentifiers 620a and
620b. In this case, the number of prediction modes 610 1s 2,
indicating that one common prediction mode 1s used
between two coding units and the other coding unit inde-
pendently uses one prediction mode. The prediction mode
identifiers 620a and 620b indicate respective prediction
modes. The assignment information 630 indicates corre-
spondence between the prediction modes indicated by the
prediction mode 1dentifiers 620a and 620b and component
coding data. For example, the assignment information 650
indicates that the prediction mode indicated by the predic-
tion mode 1dentifier 620a 1s common to component coding,
data 630R and 630G, and the prediction mode indicated by
the prediction mode 1dentifier 620b 1s used by component
coding data 630B.

FIG. 13D illustrates a data stream in which the intra-
picture prediction coding in three coding units has been
changed from the above (3) to (1) on the way. As such, the
intra coding may be changed dynamically.

As described above, according to the moving picture
coding apparatus of the present embodiment, 1t 1s possible to
select whether the three coding units can use a prediction
mode commonly or individually use prediction modes, for
the intra-picture prediction coding. One of the above (1) to
(3) may be determined in advance, or may be adaptively
selected according to details of a moving picture (a motion
amount and complexity of a picture).

Note that although the second embodiment describes the
moving picture coding apparatus that can adaptively set
whether a prediction mode for the intra-picture prediction
coding 1s independently determined 1n each of the three
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coding units or commonly used in the three coding units,
whether a motion vector for the inter-picture prediction
coding 1s independently determined in each of the three
coding units or commonly used 1n the three coding units may
be adaptively set.

Furthermore, although the second embodiment describes
a case where coding information includes the number of
prediction modes and one or more of identifiers of the
prediction modes, when the bit stream multiplexing unit 1035
multiplexes the coding information 1into a data stream, 1t may
include a predetermined prediction mode flag instead of the
number of prediction modes. Here, the prediction mode flag
1s a tlag indicating which one of (1) to (3) 1s used. Although
(1) to (3) are described 1n view of the coding apparatus, 1n
view of stream data, (1) indicates that each of the three
component pictures 1s coded 1 an independent coding
mode. Furthermore, (2) indicates that two component pic-
tures are coded 1 a common prediction mode, and one
component picture 1s coded in an independent prediction
mode. (3) indicates that three color component pictures are
coded im a common prediction mode. There are plural
methods for representing prediction mode flags.

In the first method for representing a prediction mode tlag,
the prediction mode flag indicates one of (1) and (3). FIG.
13E illustrates an example of a representation of a tlag
(Flag_a) 1n the first method. As 1n the diagram, the value of
Flag_a 1s 0 1n the case of (1) and 1 1n the case of (3). In this
case, the structure of a coding stream becomes similar to
FIGS. 13A, 13B, and 13D. The first method 1s appropriate
as a coding method and a decoding method using above (1)
or (3) without using (2). In such a case, the prediction mode
flag may be 1 bit.

In the second method for representing a prediction mode
flag, the prediction mode tlag indicates one of (1) to (3). FIG.
13F 1illustrates an example of a representation of a flag
(Flag_b) 1n the second method. As in the diagram, the value
of Flag_b 1s O 1n the case of (1), 1 in the case of (2), and 2
in the case of (3). In this case, the structure of a coding
stream becomes similar to FIGS. 13A, 13B, 13C and 13D.
The second method 1s approprate as a coding method and a
decoding method, selectively using one of (1) to (3). In such
a case, the prediction mode tlag may be 2 bits.

In the third method for representing a prediction mode
flag, the prediction mode flag indicates two steps (two flags).
FIG. 13G illustrates an example of a representation of a flag
(Flag_cl,Flag_c2) in the third method. For example, as
shown 1n FIG. 13G, the first prediction mode flag Flag_cl
indicates (2) or other methods (1n other words, (1) or (3)),
when the first prediction mode tlag 1s other than (2). Further,
the second prediction mode flag Flag_c2 indicates either (1)
or (3). When the first prediction mode tlag Flag_c1 indicates
(2), the second prediction mode flag Flag ¢2 can be omitted.
The third method 1s appropriate as a coding method and a
decoding method, selectively using one of (1) to (3). In such
a case, the prediction mode tlag may be 1 bit or 2 bats.

(Third embodiment)

In the present embodiment, a moving picture decoding
apparatus corresponding to the moving picture coding appa-
ratus 1 FIG. 1 described in the first embodiment 1s to be
described.

FIG. 14 1s a block diagram illustrating an example of a
structure of the moving picture decoding apparatus of the
present invention. The moving picture decoding apparatus
1000 includes a vanable length decoding unit 1001, three
decoding units 1002, 1003 and 1004, a signal multiplexing
unmit 1005, and a probability table holding unit 1010.
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Abit stream ST 1s inputted to the variable length decoding
unit 1001. It 1s assumed that the bit stream ST 1s obtained by
coding a moving picture signal of RGB 4:4:4 format and 1s
the bit stream generated by the moving picture coding
apparatus described 1n the first embodiment.

The bit stream ST inputted to the variable length decoding,

unit 1001 1s variable-length decoded. The examples of the
bit stream herein are shown 1n FIG. 5A and FIG. 5B. As

shown 1n FIG. SA, when multiplexing bit streams into one

bit stream 1n a unit of block or macro block, there 1s an eflect
that the bit stream has a structure that 1s almost the same as
that of the bit stream obtained by coding the conventional
YUYV pictures. Further, as shown in FIG. 5B, when multi-
plexing bit streams 1nto a bit stream 1n a unit of picture or
slice, the unit of iverse multiplexing becomes greater so
that there 1s an eflect that the mverse multiplexing can be
simplified. Further, as the bit stream structure shown 1n FIG.
5C, 1n the case where information indicating that each of the
R, G, and B signals 1s independently coded 1s described 1n
the bit stream, the decoding apparatus can judge easily about
whether or not the decoding apparatus can decode the RGB
signals independently by checking the information when the
decoding apparatus decodes the bit stream.

As an example of the variable length decoding method
used by the variable length decoding unit 1001, there 1s a
context adaptive arithmetic decoding method. The context
adaptive arithmetic decoding method 1s a method for switch-
ing probability tables used for arithmetic decoding, accord-
ing to data to be variable length decoded and data that has
been variable length decoded (context adaptation). For
example, as a context for variable-length decoding the
quantized frequency transiorm coeflicients QT, block size
for intra prediction, block size for frequency transformation
and the like are used. Here, it 1s assumed that the probabaility
tables are held in the probability table holding unit 1010.
Also, the probability tables are different for each of R si1gnal,
G signal and B signal.

Among the quantized frequency transform coeflicients
obtained by performing variable length decoding on the bit
stream ST and the data for intra prediction mode and the
like, the data of signal DT_R, the data of signal DT_G and
the data of signal DT_B are respectively mputted to the
decoding units 1002, 1003 and 1004.

FIG. 15 shows a structure of each of the decoding units
1002, 1003, and 1004. Hereafter, the operation of the
decoding unit 1002 which decodes the data of R signal
DT_R 1s described. The structure and the operation are the
same for the decoding unit 1003 which decodes the data of
G signal DT_G and for the decoding unit 1004 which
decodes the data of B signal DT_B.

As shown 1n FIG. 15, the decoding unit 1002 includes an
inverse quantization unit 1101, an iverse frequency trans-
form unit 1102, an adding unit 1103, a frame memory 1104,
and an inter prediction unit 1105.

The decoding unit 1102 decodes each picture of the data
of R signal DT_R as an intra-picture prediction coded
picture.

Among the data DT_R, the information indicating the
intra prediction mode 1s 1nputted to the intra prediction unit
1105 and the quantized frequency transform coethcients QT
are 1nputted to the mverse quantization unit 1101.

The intra prediction unit 1105 obtains intra reference
pixels from the frame memory 1104 and generates an intra
predictive 1mage based on the nputted intra prediction
mode, and outputs the intra predictive image to the adding

unit 1103.
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The quantized frequency transform coeflicients QT are
inverse quantized by the inverse quantization unit 1101, are
further inverse frequency transformed by the inverse fre-
quency transform umt 1102, and becomes a decoded difler-
ential 1mage LDD. The decoded differential image LDD 1s
added to the intra predictive image IP by the adding unit
1103 so as to obtain the decoded image LD, and LD 1s stored
in the frame memory 1104. The decoded image stored 1n the
frame memory 1104 1s used as a reference picture in a later
decoding. Also, 1t 1s outputted as an output picture OT_R at
an appropriate timing.

The output picture of R signal outputted from the decod-
ing unit 1002 OT_R, the output picture of G signal outputted
from the decoding unit 1003 OT_G, and the output picture
of B signal outputted from the decoding umt 1004 are
inputted to the signal multiplexing unit 1005, and are
outputted as an RGB color picture signal OUT.

As described 1n the above, the moving picture decoding
apparatus according to the present invention receives the bit
stream obtained by coding the moving picture of RGB 4:4:4
format as an input bit stream, separates the input bit stream
into data of R signal, data of G signal and data of B signal
alter performing variable length decoding of the mput bat
stream, and performs intra predictive decoding respectively
on the data of each signal using respective decoding units.
Herein, 1n the intra prediction for decoding each signal, the
intra prediction 1s performed using information of the intra
prediction mode determined respectively for each signal.
Further, 1in the variable length decoding using arithmetic
decoding, the probability tables are held for respective
signals.

Through such operation, the decoding processing after
variable length decoding can be performed completely inde-
pendently for each signal (because 1t 1s unnecessary to
mutually transfer data and information among decoding
units) and the structure of the decoding apparatus can be
simplified without reducing the coding efliciency. In this
case, each of the RGB signals has an equal number of pixels
so that the decoding unit of each signal can have the same
hardware structure.

It should be noted that, while the present embodiment
describes the case where the picture of RGB 4:4:4 format,
that 1s, a bit stream 1nto which a picture having three color
clements 1s coded 1s handled, the decoding process can be
realized 1n the same structure even in the case where the
number of elements 1s other than the values indicating three
colors (e.g. four colors, six colors and the like). With this, the
same ellect obtained in the present embodiment can be
obtained.

(First variation)

The third embodiment can be modified as follows. In the
present variation, a moving picture decoding apparatus

corresponding to the moving picture coding apparatuses 1n
FIGS. 6, 7, and 10 described 1n the first embodiment 1s to be

described.

FIG. 16 illustrates an example of a structure that 1s
different from the decoding unit 1002 (decoding unit 1003 or
1004) (for the purpose of distinction, they are called decod-
ing units 1002a, 1003a, and 1004a). The decoding unit
1002a includes, 1n addition to the structure of the decoding
umt 1002 shown i FIG. 15, a motion compensation unit
1206, a control unit 1207, and switches 1208 and 1209.

When coding information 1s multiplexed 1n the bit stream
ST generated by the moving picture coding apparatuses
illustrated 1n FIGS. 6, 7, and 10, the variable length decoding
umt 1001 extracts the coding information from the bit
stream ST. This coding information includes the number of
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prediction modes and one or more of identifiers of the
prediction modes as described in FIGS. 13A to 13D, and

turther includes assignment imnformation idicating compo-
nent pictures to which a common prediction mode 1s
assigned when the prediction mode common to the color
component pictures exists in the coding information.
According to the prediction mode or the prediction modes
indicated by this coding information, the three decoding
units 1002a, 1003a, and 1004a decode respective R, G, and

B component pictures.

Whereas the decoding unit 1002 decodes each picture of
the data of R signal DT_R into an intra-picture predictive
coded picture, the decoding unit 1002a differs from the
decoding unit 1002 1n that 1t can decode the picture of the
data of R signal D'T_R 1nto an intra-picture prediction coded
picture.

The method for the coding unit 102a to decode a picture
into an intra-picture prediction coded picture 1s the same as
the method described 1n the second embodiment. Therefore,
the explanation about the same method 1s omitted here (the

processing 1s performed by connecting the switches 1208
and 1209 to “a”).

An operation 1n the case where the picture of the data
DT _R 1s decoded mnto an inter-picture prediction coded
picture 1s to be described. Note that, herein in the case where
the context adaptive arithmetic decoding method is used in
the vanable length decoding unit 1001, different probability
tables are used for R signal, G signal and B signal.

Among the data DT_R, the coding mode MD 1s mputted
to the control unit 1207, the information indicating the intra
prediction mode IPM or the motion vector MV 1s mputted to
the switch 1208, and the quantized frequency transiorm
coellicients QT are iputted to the mverse quantization unit
1101.

The control unit 1207 controls the switch 1208 based on
the coding mode MD. In the case where the coding mode
MD 1indicates the intra prediction coding, the switch 1208 1s
connected to “a”, and the information indicating the intra
prediction mode IPM 1s mputted to the intra prediction unit
1105. In the case where the coding mode MD indicates the
inter-picture prediction coding, the switch 1208 1s connected
to “b”, and the motion vector MV 1s mputted to the motion
compensation unit 1206. The processing in the case where
the coding mode MD indicates the intra prediction coding 1s
the same as the processing explained 1n the second embodi-
ment. Therefore, the explanation about the same processing,
1s omitted here. Hereafter, the case where the coding mode
MD 1indicates the inter-picture prediction coding 1s to be
described.

The motion compensation unit 1206, based on the input-
ted motion vector MV, obtains reference pixels from the
frame memory 1104, generates a predictive picture, and
outputs the predictive picture to the adding unit 1103.

The processing of the inverse quantization umt 1101,
inverse frequency transform unit 1102 and adding unit 1103
are the same as the processing explained in the second
embodiment, and the decoded images LDs are generated
through the processing. The decoded images LLDs are stored
in the frame memory 1104. The decoded images stored in the
frame memory 1104 are used as reference pictures for the
later decoding. Also, the decoded images are outputted as
output pictures OT_R at an appropriate timing.

The output picture of R signal outputted from the decod-
ing unit 1002 OT_R, the output picture of G signal outputted
from the decoding unit 1003, and the output picture of B
signal outputted from the decoding unit 1004 OT_B are
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inputted to the signal multiplexing unit 1005, multiplexed
and outputted as an RGB color picture signal OUT.

As described 1n the above, the moving picture decoding
apparatus according to the present mvention receives a bit
stream obtained by coding the moving picture of RGB 4:4:4
format as an input bit stream, separates the input bit stream
into data of R signal, data of G signal and data of B signal
alter performing variable length decoding of the mput bat
stream, and decodes data of each signal independently using
a decoding unit that 1s different for each signal. Herein, 1n
the intra prediction for decoding each signal, the intra
prediction 1s executed using information of the intra predic-
tion mode determined independently for each signal. Also,
in the inter-picture prediction for decoding each signal, the
inter-picture prediction (motion compensation) 1s executed
using information of the motion vector determined indepen-
dently for each signal. Further, in the vanable length decod-
ing using arithmetic decoding, each signal respectively
holds a probability table.

Through such operation, decoding processing after the
variable length decoding can be performed independently
for each signal (because it 1s unnecessary to mutually
transier data and information among decoding units). There-
fore, as a moving picture having a degree of resolution that
1s equal to or greater than the HDTYV, in the case where
single decoding apparatus cannot decode a picture because
there are too many number of pixels to be processed, each
signal can be decoded in parallel. In this case, the RGB
signals have the same number of pixels so that a decoding
unit of each signal can have the same hardware structure.
Therefore, even 1 the case where there are too many
number ol pixels to be processed, the structure of the
decoding apparatus as a whole and the processing details can
be simplified.

Note that it 1s described that the aforementioned coding
information includes the number of prediction modes and
one or more identifiers of the prediction modes, a predeter-
mined prediction mode flag may be included instead of the
number of prediction modes. Here, the prediction mode flag
indicates a flag using one of (1) to (3). There are plural
methods for representing prediction mode tlags.

The first method for representing a prediction mode tlag
indicates one of (1) and (3). For example, the tlag shown 1n
FIG. 13E indicates that the value of the flag 1s 0 1n the case
of (1), and 1 1n the case of (3). In this case, the structure of
a coding stream becomes similar to FIGS. 13A, 13B, and
13D.

The second method for representing a prediction mode
flag indicates one of (1) to (3). For example, the flag shown
in FI1G. 13F indicates that the value of the flag 1s 0 1n the case
of (1), 1 1n the case of (2), and 2 1n the case of (3). In this
case, the structure of a coding stream becomes similar to
FIGS. 13A, 13B, 13C and 13D.

The third method for representing a prediction mode tlag
indicates two steps (two flags). For example, as shown 1n
FIG. 13G, the first prediction mode flag indicates (2) or other
methods (1in other words, (1) or (3)), and when the first
prediction mode flag 1s other than (2), further, the second
prediction mode flag indicates either (1) or (3).

With such a prediction mode flag, the picture decoding
apparatus can easily judge whether coding processing has
been performed using the prediction mode 1 one of the
above (1) to (3). Furthermore, according to the coding
information, the prediction modes used 1n each of the three
decoding units can be 1dentified easily.

Furthermore, in the aforementioned case, a prediction
mode flag 1s described when the number of component
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pictures for each color 1s 3. Next, a case where the number
of component pictures 1s generalized into N 1s to be

described.

In the first method, the prediction mode flag Flag_a
indicates one of: (1) that each of the N color component
pictures has been coded 1n an independent prediction mode;
and (3) that the N color component pictures have been coded
in a common prediction mode.

In the second method, the prediction mode flag Flag b
indicates one of: (1) that each of the N color component
pictures has been coded 1n an independent prediction mode;
(3) that the N color component pictures have been coded 1n
a common prediction mode; and (2) that two or more of the
N color component pictures have been coded 1n a common
prediction mode and one or more of the N color component
pictures other than the two or more of the N color compo-
nent pictures has been coded 1n an independent prediction
mode.

In the third method, the prediction mode flag includes the
first tflag tlag_c1. The first tlag tlag_c1 indicates one of: (2)
that two or more of the N color component pictures have
been coded 1n a common prediction mode and one or more
of the N color component pictures other than the two or
more of the N color component pictures has been coded in
an mdependent prediction mode; and a case other than (2).
When the first flag tlag_c1 indicates a case other than (2), the
prediction mode flag further includes the second flag. The
second flag indicates one of: (1) that each of the N color
component pictures has been coded in an independent
prediction mode; and (3) that the N color component pic-
tures have been coded in a common prediction mode.

(Second varnation)

The second vanation of the third embodiment 1s
described.

Abit stream ST 1s inputted to the variable length decoding
unit 1001. The bit stream ST 1s obtained by coding the
moving picture signal of RGB 4:4:4 format, and generated
by the moving picture coding apparatus described in the
second variation of the first embodiment.

The bit stream ST nputted to the variable length decoding
unit 1001 1s vaniable-length decoded. FIG. SE shows an
example of a bit stream structure for this case. The second
variation differs from the first variation of the third embodi-
ment 1n that the motion vector information 1s described
commonly for the R signal, the G signal and the B signal 1n
the macro block that 1s inter-picture prediction coded. The
variable length decoding unit 1001 copies the motion vector
information obtained by performing variable length decod-
ing on the bit stream ST to the data of R signal DT_R, the
data of G signal D'T_G and the data of B signal DT_B, and
outputs the result to the decoding units 1002a, 1003a and
1004a.

Note that herein 1n the case where the variable length
decoding unit 1001 uses the context adaptive arithmetic
decoding method, the probability table for the motion vector
1s used commonly for the R signal, the G signal and the B
signal (common among blocks and macro blocks).

The later processing 1s the same as the processing
described 1n the first variation of the third embodiment.
Therefore, the explanation about the same processing 1is
omitted 1n here.

As described 1n the above, the moving picture decoding
apparatus according to the present invention recerves the bit
stream obtained by coding the moving picture of the RGB
4:4:4 format as an input bit stream, separates the mput bit
stream 1nto the data of R signal, the data of G signal and the
data of B signal after variable length decoding, and decodes
data of each signal independently using a different decoding
unit. Herein, in the intra-picture prediction for decoding
cach signal, the itra prediction 1s performed using infor-
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mation of the intra prediction mode determined indepen-
dently for each signal. Further, 1n the inter-picture prediction
for decoding each signal, the inter-picture prediction (mo-
tion compensation) 1s performed using information of the
motion vector that 1s common to all of the signals. Further-
more, 1n the vanable length decoding using the arithmetic
decoding, the data other than the motion vector 1s held 1n a
probability table for each of the signals.

Through such operation, in the intra-picture prediction
coded macro block within the intra-picture prediction coded
picture or within the inter-picture prediction coded picture,
decoding 1s performed completely independently for each
signal, while 1n the inter-picture prediction coded macro
block, the motion vector common to all signals 1s used. In
general, 1 the itra-picture prediction coded macro block,
while the amount of codes for the quantization frequency
transform coellicients occupies a considerable amount of
codes to be generated, the amount of information of the 1ntra
prediction mode 1s small. Further, in the inter-picture pre-
diction coded macro block, the amount of codes for the
motion vector has the high percentage of the total amount of
codes to be generated. Therefore, in the processing of the
present intra-picture coded picture, the structure (process-
ing) of the decoding apparatus can be simplified without
reducing the coding efliciency, and in the processing of
inter-picture prediction coded picture, although the structure
(processing) of the decoding apparatus becomes slightly
complicated, the coding efliciency can be increased (because
the number of motion vectors described in the bit stream
becomes less). Therefore, as a moving picture having a
degree of resolution that 1s equal to or greater than the
HDTYV, 1n the case where a single decoding apparatus cannot
decode a picture because there are too many number of
pixels to be processed, each signal can be decoded in
parallel. In this case, the RGB signals have the same number
of pixels so that a decoding unit of each signal can have the
same hardware structure.

Note that the present invention 1s not limited to the
alforementioned embodiments, and 1t 1s possible to modity or
change the present invention without departing from the
scope of the invention.

Finally, an application example of the moving picture
coding apparatus described 1n the first and second embodi-
ments 1s to be described.

FIG. 17 1s a block diagram illustrating main units of a
video camera that applies the present invention. A video
camera 700 1s referred to as a three imaging camera, and 1t
differs from the apparatus illustrated 1n FIG. 10 in that 1t
includes a lens 701, an optical device 702, and 1imaging
devices 703 to 705, instead of the signal separation unit 101.
The optical device 702 separates incident light that passes
through the lens 701 into primary colors, blue, green and
red. The imaging devices 703 to 705 capture respective R,
G, and B component pictures having the same number of
pixels which correspond to the obtained colors, blue, green
and red. The captured three component pictures are inputted
to the coding units 102c, 103c, and 104c.

Note that 1n FI1G. 17, the apparatus may include the coding
units 102b, 103b, and 104b; the coding units 102a, 103a, and
104a; or the coding units 102, 103, and 104, instead of the
coding units 102c, 103c, and 104c.

INDUSTRIAL APPLICABILITY

The present invention 1s for a moving picture coding
apparatus, a moving picture decoding apparatus, and stream
data, and in particular, 1s applicable to a moving picture
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recording/reproducing apparatus, a video camera, a televi-
sion camera for professional-use, and the like.

The invention claimed 1s:

[1. A moving picture coding apparatus comprising:

an obtainment unit operable to obtain N color component
pictures that compose one picture, where N 1s an
integer that 1s 2 or greater;

N coding units, each of which 1s operable to code, 1n one
of intra-picture prediction coding and inter-picture pre-
diction coding, a corresponding one of the N color
component pictures, said N coding units being pro-
vided so as to correspond to the N color component
pictures; and

a signal multiplexing unit operable to multiplex N bit
streams outputted from said N coding units 1nto one bit
stream signal, and to output the bit stream signal,

wherein said N coding units are operable to individually
use respective prediction modes or commonly use a
prediction mode for the intra-picture prediction coding
or the inter-picture prediction coding,

said signal multiplexing unit 1s operable to insert, 1 the
bit stream signal, a prediction mode flag indicating
correspondence between the N color component pic-
tures and prediction modes to be used for one of the
intra-picture prediction coding and the interpicture pre-
diction coding,

the prediction mode flag includes information indicating
whether or not the N color component pictures have
been coded independently, and

the prediction mode flag indicates one of: (1) that each of
the N color component pictures has been coded 1 an
independent prediction mode; and (11) that the N color
component pictures have been coded in a common
prediction mode.]

[2. A moving picture decoding apparatus comprising:

a separation unit operable to separate a bit stream signal
into N bit streams corresponding to N color component
pictures that compose one picture, where N 1s an
integer that 1s 2 or greater, the bit stream signal indi-
cating a coded moving picture;

N decoding units, each of which 1s operable to decode, 1n
one of intra-picture prediction decoding and inter-
picture prediction decoding, a corresponding one of the
N bit streams, said N decoding units being provided so
as to correspond to the N bit streams; and

a picture multiplexing umt operable to multiplex the N
color component pictures from said N decoding units
into the one picture,

wherein said separation unit 1s operable to separate the bit
stream signal into a prediction mode flag indicating
correspondence between the N color component pic-
tures and prediction modes to be used for the intra-
picture prediction decoding,

cach of said N decoding units 1s operable to perform the
intra-picture prediction decoding according to the pre-
diction mode flag,

the prediction mode flag includes information indicating
whether or not the N color component pictures have
been coded independently, and

the prediction mode flag indicates one of: (1) that each of
the N color component pictures has been coded 1n an
independent prediction mode; and (11) that the N color
component pictures have been coded in a common
prediction mode.]

3. A moving picture coding method comprising:

obtaining N color component pictures that compose one
picture, where N is an integer that is [2] 3 or greater;
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[coding, in one of intra-picture prediction coding and
inter-picture prediction coding, a corresponding one of
the N color component pictures in N coding units that
correspond to the N color component pictures; and

multiplexing N bit streams outputted from the N coding
units 1into one bit stream signal, and outputting the bit
stream signal,

wherein the N coding units are operable to individually
use respective prediction modes or commonly use a
prediction mode for the intra-picture prediction coding
or the iter-picture prediction coding,

said multiplexing comprises iserting, in the bit stream
signal, a prediction mode flag indicating correspon-
dence between the N color component pictures and
prediction modes to be used for one of the intra-picture
prediction coding and the inter-picture prediction cod-
Ing,

the prediction mode flag includes information indicating
whether or not the N color component pictures have
been coded independently, and

the prediction mode tlag indicates one of: (1) that each of
the N color component pictures has been coded 1 an
independent prediction mode; and (11) that the N color
component pictures have been coded in a common
prediction mode.}

separately coding each of the N color component pictures,
each of the N colov component pictures being coded
using one of intra-picture prediction coding and inter-
prediction coding, and

multiplexing bit streams obtained by the separately cod-
ing each of the N color component pictures one bit
stream signal, and outputting the bit stream signal,

wherein when the N color component picturves are coded
using the inter-picturve predication coding, a prediction
mode is commonly used for the inter-picturve prediction
coding,

when the N color component pictures are coded using the
intra-picture predication coding, the wmultiplexing
includes inserting, in the bit stream signal, a prediction
flag indicating correspondence between the N color
component pictures and prediction modes to be used
for the intra-picture prediction coding, and

the prediction flag has a predefined value indicating that
a prediction mode for the intra-picture prediction cod-
ing used to code one of the N colov component pictures
is independent of a prediction mode for the intra-
picture prediction coding commonly used to code
remaining N color component pictures.

4. A moving picture decoding method comprising:

separating a bit stream signal into [N] bit streams corre-
sponding to N color component pictures that compose
one picture, where N is an integer that is [2] 3 or
greater, the bit stream signal indicating a coded moving,
picture;

[decoding, in one of intra-picture prediction decoding and
inter-picture prediction decoding, a corresponding one
of the N bit streams 1n N decoding units that correspond
to the N bit streams; and

multiplexing the N color component pictures from the N
decoding units mto the one picture,

wherein said separating comprises separating the bit
stream signal into a prediction mode flag indicating,
correspondence between the N color component pic-
tures and prediction modes to be used for the intra-
picture prediction decoding,



US RE49,510 E

27

cach of the N decoding units 1s operable to perform the
intra-picture prediction decoding according to the pre-
diction mode flag,

the prediction mode flag includes information indicating
whether or not the N color component pictures have 5
been coded independently, and

the prediction mode flag indicates one of: (1) that each of
the N color component pictures has been coded 1n an
independent prediction mode; and (11) that the N color
component pictures have been coded in a common 10
prediction mode.]

separately decoding each of the N color component
pictures, each of the N color component pictures being
decoded using one of intra-picture prediction decoding
and inter-prediction decoding; and 15

multiplexing the decoded N color component pictures
obtained by the separately decoding each of the N color
component pictures into the one picture,

wherein when the N color component pictures are
decoded using the inter-picture predication decoding, a 20
prediction mode is commonly used for the inter-picture
prediction decoding,

the separating includes separating the bit stream signal
into a prediction flag indicating correspondence
between the N color component pictures and prediction 25
modes to be used for the intra-pictuve prediction decod-
ing, and

the prediction flag has a predefined value indicating that
a prediction mode for the intra-picture prediction
decoding used to decode one of the N colov component 30
pictures is independent of a prediction mode for the
intra-picture prediction decoding commonly used to
decode remaining N color component pictures.

[S. A stream data that is computer readable, comprising

N bit streams and a prediction mode tlag, 35

wherein said N bit streams represent N color component
pictures that compose one picture, where N 1s an
integer that 1s 2 or greater,

the prediction mode flag includes mnformation indicating
correspondence between the N color component pic- 40
tures and prediction modes to be used for one of
intra-picture prediction coding and inter-picture predic-
tion coding, and information indicating whether or not
the N color component pictures have been coded 1nde-
pendently, and 45

the prediction mode flag indicates one of: (1) that each of
the N color component pictures has been coded 1n an
independent prediction mode; and (11) that the N color
component pictures have been coded in a common
prediction mode.] 50

6. The moving picture coding method according to claim

3, wherein the prediction flag has a first predefined value
from among at least three predefined values, the first pre-

28

defined value indicating that a prediction mode for the
intra-picture prediction coding used to code one of the N
color component pictures is independent of a prediction
mode for the intra-picture prediction coding commonly used
to code remaining N color component pictures.

7. The moving picture coding method according to claim

3, wherein
the prediction flag has a first predefined value indicating
that each of the N color component picture ave coded
using a prediction mode for the intra-picture prediction
coding that is independent of prediction modes for the
intra-picture prediction coding used to code the
remaining N color component pictures,

the prediction flag has a second predefined value indicat-

ing that a prediction mode for the intra-picture predic-
tion coding used to code one of the N color component
pictures is independent of a prediction mode for the
intra-picture prediction coding commonly used to code
remaining N color component pictures, and

the prediction flag has a third predefined value indicating

that a prediction mode for the intra-prediction predic-
tion coding is commonly used to code all of the N color
component pictures.

8. The moving picture decoding method according to
claim 4, wherein the prediction flag has a first predefined
value from among at least three predefined values, the first
predefined value indicating that a prediction mode indicat-
ing that a prediction mode for the intra-picture prediction
decoding used to decode one of the N color component
pictures is independent of a prediction mode for the intra-
picture prediction decoding commonly used to decode
remaining N colov component pictures.

9. The moving picture decoding method according to
claim 4, wherein

the prediction flag has a first predefined value indicating

that each of the N color component picture are decoded
using a prediction mode for the intra-picture prediction
decoding that is independent of prediction modes for
the intra-picture prediction decoding used to decode
the remaining N color component pictures,

the prediction flag has a second predefined value indicat-

ing that a prediction mode for the intra-picture predic-
tion decoding used to decode omne of the N color
component pictures is independent of a prediction
mode for the intra-picture prediction decoding com-
monly used to decode remaining N color component
pictures, and

the prediction flag has a third predefined value indicating

that a prediction mode for the intra-prediction predic-
tion decoding is commonly used to decode all of the N
color component pictures.
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