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[DESCRIPTION]

[Title of Invention]

IMAGE CODING METHOD, IMAGE DECODING METHOD, IMAGE
CODIMNG APPARATUS AND IMAGE DECODING APPARATUS

[Technical Field]
[G001]

The present invention relates to an image coding technigue and
an image decoding technigue for performing arithmetic coding and
arithmetic decoding, respectively.

[Background Art]
(0002}

Recent yvears have seen a significant technical development in
digital video apparatuses and demands for compression-coding a
video signal (a plurality of pictures arranged in time series). Sucha
compression-coded video signal is, for example, recorded on a
recording medium such as a DVD and a hard disc, and is distributed
cn a network, The H.264/AVC (MPEG-4 AVC) is one of the image
coding standards, and, as the next-generation standard, the High
Efficiency Video coding (HEVC) standard is currently being
considered (Non-patent Literature 1).

(6003} _

The HEVC standard today involves a step of predicting an
image to be coded, a step of calculating a residual between a
coding-target image and a prediction image, a step of transforming
the residual image into frequency coefficients, and a step of
performing arithmetic coding on the freguency coefficients. In the
arithmetic coding step, context adaptive arithmetic coding is
performed on the components (coefficients) included- in  the
coding-target block in the order from highest frequency components
to tow freqguency components.

(Citation List]
[Non Patent Literature 1]



[000G4]

joint Collaborative Team on Video Coding (3CT-VC) of ITU-T
SG16 WP3 and ISO/IEC JTCL/SC29/WG11,6th Meeting: Torino, IT,
14-22 July, 2011 JCTVC-FB03_d0, Title: WD4: Working Draft 4 of
High-efficiency Video Coding
htip://phenix.it-sudparis.eu/jct/doc_end_user/documents/6_Torino/
wgll/3CTVC-FBO3-v2.zip '

[Summary of Invention]
[Technical Problem]
{0005]

However, in the conventional context adaptive arithmetic
coding, a large amount of load is sometimes reguired to sslect
cohtexts for coding coding-target coefficients.

{0006]

Embodiments of the present invention provide an image coding method

which enables reduction in the amount of load reguired to

select contexts for coding coding-target coefficients.

[Solution to Problem]
[0007]

hccording to a first aspect of the present invention, there is
provided an image coding method for coding an image on a block-by-block
basis, the image coding method comprising: selecting, for each of a

plurality of

sub-bilocks inciuded in a coding-target block and each including a
plurality of coefficients, a context for performing arithmetic coding on
a parameter indicating a coding-target coefficient included in the
sub-block from a context set corresponding to the sub-block, based on
at least one reference coefficient located around the coding-target
coefficient, the coding-target biock being & transform unit; and
performing arithmetic coding on the parameter indicating the
coding-target coefficient using probability information about the
selected context, wherein, in the selecting, the context is sefected
from the context set, the context sef corresponding to a sum of (i) a

value indicating a position in a horizontal direction of the sub-biock in
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the coding-target block and (i) a value indicating a positicn in 2

vertical direction of the sub-biock in the coding-iarget biock.
i0c07a]
hccording to a second aspect of the present invention, there

provided an image coding apparatus which codes an image on a
block-by-biock basis, the image coding apparatus comprising:

a context selecting unit configured to select, for each cf a
pluratity of sub-blocks included in a coding-target biock and each
including a pluraiity of coefficients, a context for performing
arithmetic coding on a parameter indicating a coding-target
coefficient included in the sub-block from a context set
corresponding to the sub-block, based on st least one referance
coefficient located around the coding-taroet coefficient, the
coding-target block being a transform unit; and

an arithmetic encoder which performs arithmetic coding on the
carameter indicating the coding-target coefficient using probability
information about the selected context,

whereain, the context selecting unit is configured to select the
context from the context set, the context set corresponding to a sum
of (i) a value indicating a position in a horizontal direction of the
sub-biock in the coding-target block and (i) a value indicating a
position in a vertical direction of the sub-block in the coding-target
biock.

[0007b}

hccording to a third aspect of the presen invention, there

provided an image decoding method for decoding an image coded on &
5iock—by—biock basis, the image decoding method comprising:

selecting, for each of a plurality of sub-biocks included in a
decoding-target block and each 'mc&uo"mg a plurality of coefficiants, 3
context for performing arithmetic decoding on & parameter ingicating
a2 decoding-target coefficient inciuded in the sub-block from a
context set corresponding to the sub-block, based on st ieast one
reference coefficient located around the decoding-target coefficient,
the decoding-tarpet biock being a transform unit; and

is

i=



performing arithmetic decoding on the parameter indicating

the decoding-target coefficient using probability information about
the selected context,

~ wherein, in the selecting, the context is selected from the

context set, the context set corresponding to a sum of (i) a value

indicating a position in a horizontal direction of the sub-block in the

decoding-target block and (it) a value indicating a position in a

vertical direction of the sub-block In the decoding-target block.
[0007¢]

According to a fourth aspect of the present invention, there

provided an image decoding apparatus which decodes an image on a
biock-by-block basis, the'image decoding apparatus comprising:

a context selecting unit configured to select, for esach of a
plurality of sub-blocks included in a decoding-target biock and each
including a plurality of coefficients, a context for performing
arithmetic decoding on a parameter indicating a decoding-target
coefficient inciluded in the sub-block from a context set
corresponding to the sub-block, based on at least one reference
coefficient located around the decoding-target coefficient, the
decoding-target btock being a transform unit; and

an arithmetic decoder which performs arithmetic decoding on
the parameter indicating the decoding-target coefficient using
probability information about the sejected context,

wherein, the context selecting unit is configured to select the
context from the context set, the context set corresponding to a sum
of {i) a value indicating a position in a horizontal direction of the
sub-block in the decoding-target block and (it} a value indicating &
position in a vertical direction of the sub-block in the decoding-target
block. ‘

[00074]

According to a £ifth aspect of the present invention, there

is

is

provided an image coding and decoding apparatus comprising: the image

coding apparatus according to the above second aspect and the image

decoding apparatus according to the above fourth aspect.

3a



[0008]

These general and specific aspects may be implemented using a
system, an apparatus, an integrated circuit, a computer program, or a
computer-readable recording medium such as a CD-ROM, or any
combination of systems, methods, integrated circuits, computer

programs, or computer-readable recording media.

[Advantageous Effects of Invention]
(0009]

An image coding method according to an espect of the present
invention makes it possible to reduce the load of selecting contexts for
coding coding-target coefficients in context adaptive arithmetic
coding.

[Brief Description of Drawings]
(00107
[FIG. 1]

FIG. 1 is & diagram for iflustrating a scheme of seiecting a
context for arithmetic coding of significant_flag in the underlying
knowiedge forming the basis of the present invention.

IFiG. 2]

FIG. 2 is a diagram showing an order of coding the coefficients
inciuded in a coding-target block in the underlying knowiedge
forming the basis of the present invention.

[FIG. 3A]

FIG. 3A is a diagram for lllustrating a context set for one of the
coefficients included in a sub-block In the underiying knowiedge
forming the basis of the present invention.

[FIG. 38] |

FIG. 3B is a diagram for liustrating a context set for ancther
one of the coefficients included In a sub-block in the underlying
knowiedge forming the basis of the present invention.

[FIG. 4]
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FIG. 4 is a block diagram showing a structure of an image
coding apparatus in Embodiment 1.

[FIG. 5]

FIG. 5 is a Ffowchart showing a processing operation
nerformed by the image coding apparatus in Embodiment 1.

[FIG. &]

FIG. 6 is a biock diagram showing an internal structure of a
variable length encoder in Embodiment 1.

[FIG. 7]

FIG., 7 is a fiowchart showing a processing operation
performed by the variabie length encoder in Embodiment 1.

[FIG. 8]

FIG. 8 is a block diagram showing an internat structure of a
significant_flag encoder in Embodiment 1.

[FIG. 9]

FIG. 9 is a flowchart showing a processing operation
performed by the significant_flag encoder in Embodiment 1.

[FIG. 10A]

FIG. 10A is a diagram showing an example of a result of
grouping in the case of a coding biock of 16 x 16 pixels in
Embodiment 1.

[FIG. 10B]

FIG. 10B is a diagram showing an exampie of a result of
grouping in the case of a coding biock of 32 x 32 pixels in
Embodiment 1.

[FIG. 11A]

FIG. 11A is a diagram for illustrating a context set for one of
the coefficients included in a coefficient block in Embodiment 1.
[FIG. 118]

F14. 11B is a diagram for illustrating a-context set for another
one of the coefficients included in the coefficient block in
Embodiment 1.

[FIG. 12]

FIG. 12 is a block diagram showing a structure of an image

decoding apparatus in Embodiment 2.
- ,q_ -
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[FI1G. 13]

FIG. 13 is a flowchart showing a processing operation
performed by the image decoding apparatus in Embodiment 2.
[FIG. 14}

FIG. 14 is a block diagram showing an internal structure of a
variabie length decoder in Embodiment 2.

[FIG. 15}

FIG. 15 is a flowchart showing a processing operation
nerformed by the variable length decoder in Embodiment 2.

[FIG. 16]

FIG. 16 is a biock diagram showing an internal structure of a
significant_flag decoder in Embodiment 2.

[FIG. 17]

FIG. 17 is a flowchart showing a processing operation
performed by the significant_flag decoder in Embodiment 2.
iFIG. 18]

FIG. 18 is & block diagram showing a structure of an image
coding apparatus in Variation of Embodiment 1.

[F1G. 18]

FIG. 19 is a flowchart showing a processing operation
performed by the image coding apparatus in Variation of
Embodiment 1.

[FIG. 207

FIG. 20 is a block diagram showing a structure of an image
decoding apparatus in Variation of Embodiment 2.

[FIG. 21]

FIG. 21 is a flowchart showing a processing operation
performed by the image decoding apparatus in Variation of
Embodiment 2.

[FIG. 227

FIG. 22 shows an overall configuration of a content providing
system for implementing confent distribution services.
[FIG. 23]

FIG, 23 shows an overall configuration of a digital
broadcasting system.
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[FIG. 24]

FIG. 24 shows a block diagram illustrating an example of &
configuration of a television.
[FIG. 25]

FIG. 25 shows a block diagram iHustrating an example of a
configuration of an information reproducing/recording unit that
reads and writes information from and on a recording medium that is
an optical disk.

IFIG. 26]

FIG. 26 shows an example of a configuration of a recording

medium that is an optical disk.
(FIG. 27A1

FIG. 27A shows an example of a cellular phone.
[FIG. 27B]

FIG., 278 is a bhiock diagram showing an example of a2
configuration of a cellular phone.

[FIG. 28]

FIG. 28 illustrates a structure of multipiexed data.
[FIG. 29]

FIG. 29 schematically shows how each stream is mutltiplexed in
multipiexed data.
[FIG. 301

FIG. 30 shows how a video stream Is stored in a stream of PES
nackets in more detail. |
[FIG. 31}

FIG. 31 shows a siructure of TS packets and source packets in
the mulitiplexed data.

[FIG. 323

FIG. 32 shows a data structure of a PMT.
[FIG. 33]

FIG. 33 illustrates an internal structure of multiplexed data.
LFIG. 34}

FIG. 34 shows an internal structure of stream attribute
information.

[FIG. 35]
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FIG. 35 shows steps for identifying video data.
[FIG. 36]

FIG. 36 shows an example of a configuration of an integrated
circuit for impiementing the moving picture coding method and the
moving picture decoding method according to each of embodiments,
[FIG. 37]

Fic. 37 shows a configuration for switching between driving
frequencies.

[FIG. 38]

FIG. 38 shows steps for identifying video data and switching
between driving frequencies.
[FIG. 39]

FIG. 39 shows an exampie of a look-up table in which video
data stendards are associated with driving frequencies.
[FIG. 404]

FIG., 40A is a diagram showing an exampie of a configuration
for sharing a module of z signal processing unit.
[FIG. 40B} -

FIG. 40B is a diagram showing another example of a
configuration for sharing a module of the signal processing unit,

[Description of Embodiments]

[0011]

{Underlving Knowledge Forming Basis of the Presant
Disclosure)

A context for performing arithmetic coding on each of
coding-target coefficients is selected according to a coded coefficient
around the coding-target coefficient. The coding-targetl coefficient is
subjected to the arithmetic coding using & symbol occurrence
probability corresponding to the selected context.

(06012}

In the case of a natural image, a lowar freguency component
has a greater coefficient value. For this reason, it is possible to bias
a symbol occurrence probability by selecting a2 context with reference

to a coded neighboring coefficient (a coefficient of a freguency
-7 -
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component higher than the frequency component having the
coding-target coefficient). For example, when the value of the coded
neighboring coefficient is iarge, it is highly tikely that the value of the
codmg-{argét coefficient is also large. For this reason, it is possible
to decrease the amount of bits to be generated by using a context for
a large value for use in the arithmetic coding of the coding-target
coefficient when the value of the coded neighboring coefficient is
farge.

0013}

In addition, the plurality of coefficients in the coding-target
block are divided into groups based on the freguency components
thereof. Context sets exclusive for the respective groups are used.
In other words, each of the coefficients is subjected to arithmetic
coding using the context selected from the context set corresponding
to the group to which the coefficient belongs. In the case of a natural
image, large coefficients are present in a low freguency area, and
small coefficients are present in a high frequency area. For this
reason, it is possible to decrease the amount of bits to be generated
sefectively using the context sets determined differently for the
coefficients in the tow freguency area and for the coefficients in the
high frequency area.

[0014]

In the HEVC standard, the coefficients are represented as a
plurality of parameters (such as significant_flag and createri_fiag).
FIG. 1 is a disgram for illustrating a scheme of selecting a context for
arithmetic coding of significant_flag,

[0015]

In FIG. 1, the coding-target block includes 16 x 16 pixels,
Each of the pixels has a coefficient. A pixel located closer to the
upper ieft has a lower frequency component, and a pixel located closer
to the lower right has a higher frequency component,

[6016]

In addition, each of the pixels belongs to a group A or a group B.
In FIG. 1, the group A is a group to which pixels without hatching are
belong. The group B is 8 group to which pixels with hatching belong.

- 8 -
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10017}

The context for performing arithmetic coding on significant_flag
representing the coefficient of each pixel is selected from the contest
set corresponding to the group to which the pixel belongs. For
example, a context for significant_flag of the pixel located af the upper
ieft end is selected from a context set A correspending to the group A.
On the cther hand, for example, a context for significant_flag of the
pixel located at the lower right end is selected from a context set B
corresponding to the group B.

10018] |

At this time, the context is selected from the context set, based
on the coefficient of a reference pixel {a reference coefficient) located
around the coding-target pixel (coding-target coefficient). In FIG. 1,
the context selected from the context set is determined using a total of
five reference coefficients which are two coefficients located at the
right side of the coding-target coefficient, two coefficients located
below the coding-target coefficient, and one coefficient located at the
lower right of the coding-target coefficient.

[0019]

Asshown in FIG. 1, the plurality of pixels are divided into groups.
Thus, as described above, the use of the reference coefficient around
the coding-target coefficient makes it possible to select contexts
utilizing the feature that the coefficients are biased depending on
frequency coefficients, and to thereby increase the coding efficiency.
[0G20]

FIG. 2 shows an order of coding the coefficients included in &
coding-target block. In FIG. 2, the coding-target block of 16 x 16
pixels is divided into a plurality of sub-blocks of 4 x 4 pixels enclosed
by boid lines. The numbers shown in the respective sub-blocks
represent the coding order. In other waords, the plurality of
coefficients included in the coding-target block are coded on a
sub-block-by-sub-block basis in the order shown by the broken arrows.
in addition, the coefficients included in =sach aof the sub-blocks are
coded in the order as shown by the arrows providad in the thirteenth
sub-block.

- 9 -
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Each of FIG. 3A and FIG. 3B is a diagram for illustrating a
context set for different coefficients included in the sub-block located
at the upper left end. The coding-target coefficient in FIG. 3A and the
coding-target coefficient in FIG, 3B are included in the sub-biock, but
belong to different groups. In other words, the context for
performing arithmetic coding on the coding-target coefficient in FIG.
3A and the centext for performing arithmetic coding on the
coding-target coeffictent in FIG, 3B are selected from different context
sets.

[0622]

In other words, as shown in FIG, 1, when the plurality of pixels
{the plurality of coefficients) are divided into groups, a switch between
context sets is made in a sub-block. 1In this case, for exampie, there
iIs a need to determine cne of the groups o which the coefficient
beiongs for each of the coefficients in the sub-block. Thus, the load
for selecting a context increases.

[Q0237

In view of this, an image coding method according to an aspect
of the present invention is an image coding method for coding an
image on a block-by-biock basis and including: selecting, for each of a
plurality of sub-blocks inciuded in a coding-target block and each
inciuding a plurality of coefficients, a context for performing
arithmetic coding on a parameter indicating a coding-target coefficient
included in the sub-block from a context set corresponding to the
sub-black, based on at least one reference coefficient located around
the coding-target coefficient, the coding-target block being 2
transform unit; and performing arithmetic coding on the parameter
indicating the coding-target coefficient using probability information
about the selected context, wherein, in the selecting, the context is
sefected from the context set, the context set corresponding to a sum
of (1} a2 vaiue indicating a position in a horizonta! direction of the
sub-block in the coding-target biock and (i) a value indicating a
position in a vertical direction of the sub-block in the coding-target
biock.

- 10 -
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[0024]

According to this method, it is possible to select a context from
the context set corresponding to the sub-block., Accordingly, it is
possible to prevent accurrence of a switch between context sets in the
sub-block, and to thus reduce the load for selecting & context,
10025}

Furthermore, according to this method, it is possible to select a
context from the context set corresponding to the sum of the values
indicating the horizonta!l direction position and the vertical direction
position of the sub-block in the coding-target bltock., Accordingly, itis
possible to use the context set adapted to the coefficient variation
depending on the frequency components, and to thus suppress
decrease in the coding efficiency due to the use of the context set
corresponding to the sub-block.

0026}

For example, in the selecting, when & horizontai-direction
distance and a verticai-direction distance from a position of an upper
left coefficient in the coding-target block to a2 position of the
coding-target coefficient are denoted as H and V, respectively, and
when each of the sub-blocks has a3 size denoted as a in each of the
vertical direction and the horizontal direction, “an integer part of (H/a)
+ an integer part of (V/a)" may be calculated as the sum.

00273

According to this methad, it is possible {o easily calculate the
sum of the values indicating the horizontal direction position and the
vertical direction position of the sub-biock in the coding-target block.
(0028}

For example, in the selecting, when the sum is smaller than or
zqual to & threshold value, the context is selected from a first context
set; and when the sum is larger than the threshoid value, the context
may be selected from a second confext set different from the first
context set.
ro029]

According to this method, it is possible to select a context from
the first context set when the sum is smaller than or eqgual to the
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threshold value, and to select a context from the second context set
when the sum is larger than the threshold vaive. Accordingly, based
on the result of comparison between the sum and the threshold value,
it is possible to easily make a switch between the context sets between
sub-biocks.

00201

For example, in the selecting, the threshold valué may increase
with an increase in the size of the coding-target block.
(00311

According to this method, the threshoid value increases with an
increase in the size of the coding-target block. Accordingly, when the
variation in the coefficients is different depending on the size of the
coding-target block, it is possible to select & context from an
appropriate one of the context sats,

[0032]

For example, the at least one reference coefficient may be a
coefficient of a frequency component higher than a freguency
component having the coding-target coefficient.

16033]

According te this method, it is possible to use, as the reference
coefficient, the coefficient of a freguency component higher than the
coefficient having the coding-target coefficient. In the case of a
natural image, it is highly likely that the low frequency component
coefficients are larger in value than the high frequency component
coefficients. Accordingly, it is possibie to select the appropriate
context utilizing the feature of the natural image by using, as the
reference coefficient, the coefficient of the frequency component
higher than the coefficient having the coding-target coefficient.
{0034]

For example, the parameter indicating the coding-target
coefficient may be a flag indicating whether the coding-iarget
coefficient is U or not,

[0G35]

According to this method, it is possible toc code the flag

indicating whether thé coding-target coefficient is 0 or not, as the
- 12 -
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parameter indicating the coding-target coefficient. This flag is a
parameter having a high occurrence frequency, and thus places a
great influence on the coding efficiency. Furthermore, this flag is
different from a parameter having a limited number of occurrance
times in the sub-block, and thus there is no coefficient value variation
depending on the sub-block. However, it is also possible to suppress
decrease In the coding efficiency by selecting a2 context from the
context set corresponding to the sub-block when coding such a flag.
[0036]

For example, the at least one reference coefficient may be a
olurality of reference copefficients, and the context selected In the
selecting may correspond to the number of reference coefficients
having a non-zero value among the plurality of reference coefficients.
[0037]

According to this method, it is possible to select a context using
the number of the reference coefficients having non-zero values from
among the plurality of reference coefficients. Accordingly, it is
possible to select the appropriate context based on the reference
coefficients.

00387

For example, the image coding method may further include:
making a switch between a first coding process conforming to a first
standard and & second coding process conforming to a second
standard; adding, to a bit stream, identification information indicating
one of the first standard and the second standard which supports one
of the first coding process and the second coding process to which the
switch is made; and when the switch i5 made to the first coding
process, the selecting and the arithmetic coding are performed as the
first coding process.

(0039]

According to this method, it is possible to make a switch
between the first coding process conforming to the first standard and
the second coding process conforming to the second standard.
[0040]

Furthermore, an image decoding method according to an aspect

- 13 -



i0

15

20

25

30

35

of the present invention is an image decoding method for decoding an
image coded on a block-by-block basis and including: seiecting, for
each of a plurality of sub-blocks included in a decoding-target block
and each including a plurality of coefficients, a context for performing
arithmetic decoding on a parameter indicating a decoding-target
coefficient included in the sub-block from a context set corresponding
to the sub-block, based on at ieast one reference coefficient {ocated
around the decoding-target coefficient, the decoding-target block
being a transform unit; and performing arithmetic decoding on the
parameter indicating the decoding-target coefficient using probability
information about the selected context, wherein, in the selecting, the
context is selected from the context set, the context set corresponding
to a sum of {i) a value indicating a position In a horizontal direction of
the sub-block in the decoding-target block and (i) a value indicating a
position in a vertical direction of the sub-block in the decoding-target
biock.

0041}

According to this method, it is possible to select a context from
the context set corresponding to the sub-biock., Accordingly, it is
possible to prevent occurrence of a switch between context sets in the
sub-biock, and to thus reduce the load for selecting the context.
(00427

Furthermore, according to this method, it is possible to select 3
context from the context set corresponding to the sum of the values
indicating the horizontal direction position and the vertical direction
position of the sub-block in the deccding-target biock. Accordingly, it
is possibie to use the context set adapted to the coefficient variation
depending on the freguency compoenents, and to thus appropriately
decode the bitstream having a coding efficiency less reduced due to
the use of the context set corresponding to the sub-biock.

[0043] . .

For example, in the selecting, when a horizontal-direction
distance and a vertical-direction distance from a position of an upper
left coefficient in the decoding-target biock to a position of the
decoding~target coefficient are dencted as H and V, respectively, and

- 14 -
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when each of the sub-blocks has a size denoted as a in each of the
vertical direction and the horizontal direction, “an integer part of (H/a)
+ an integer part of (V/a)” may be calculated as the sum.

100447

According to this method, it is possible to easily calculate the
sum of the values indicating the horizontal direction position and the
vertical direction position of the sub-block in the decoding-target
block.

[06045]

For example, in the selecting, when the sum Is smaller than or
equal to a threshold value, the context is selected from a first context
set; and when the sum is larger than the threshold value, the context
may be selected from a second context set different from the first
context set.

[0046]

According to this method, it is possible to select a context from
the first context set when the sum is smaller than or equal to the
threshold value, and to seject a context from the second context set
when the sum is larger than the threshold value. Accordingly, based
on the result of comparison between the sum and the threshold value,
it is possible to easily make a switch between the context seis between
sub-blocks.

(68471

For example, in the selecting, the threshold value may increase
with an increase in the size of the decoding-target block,
[0048]

According to this method, the threshold value increases with an
increase in the size of the coding-target block. Accordingly, when the
variation in the coefficients is different depending on the size of the
decoding-target block, it is possible to select 2 context from an
appropriate one of the context sets.

00497 ,

For example, the at least one reference coefficient may be a

coefficient of a frequency component higher than a frequency

component having the decoding-target coefficient.
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(00507

According to this method, it is possible to use, as the reference
coefficient, the coefficient of a freguency component higher than the
frequency component having the decoding-target coefficient. In the
case of a natural image, it is highly likely that the low freguency
component coefficients are Iarger in value than the high frequency
component coefficients. Accordingly, it is possible to select the
appropriate context utilizing the feature of the natural image by using,
as the reference coefficient, the coefficient of the frequency
component higher than the frequency component having the
decoding-target coefficient.

[00511

For example, the parameter indicating the decoding-target
coefficlent may be a flag indicating whether the decoding-target
coefficient is 0 or not.

[0052]

According to this method, it is possibie to decode the fiag
indicating whether the decoding-target coefficient is 0 or not, as the
parameter indicating the decoding-target coefficient. This flag is &
parameter having a high occurrence frequency, and thus places a
great influence on the coding efficiency. Furthermore, this flag is
different from a parameter having a limited number of occurrance
times in the sub-block, and thus there is no coefficient value variation
depending on the sub-block. However, it is also possible to suppress
decrease in the coding efficiency by selecting a context from the
context set corresponding to the sub-block when coding such a flag.
[00537

For exampie, the at least one reference coefficient may be a
plurality of reference coefficients, and the context selected in the
selecting may correspond to the number of reference coefficients
having a non-zero value among the pluraiity of reference coefficients.
00547

According to this method, it is possible o select a context using
the number of the reference coefficients having non-zerc values from
among the plurality of reference coefficients. Accordingly, it is
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possible to select the appropriate context based on the reference
coefficients.
(00557

For example, the image decoding method may further incluge:
making a switch between a first decoding process conforming to a first
standard and a second decoding process conforming to a second
standard, according to identification information Indicating one of the
first standard and the second standard and added to a bitstream;
when the switch is made to the first decoding process, the selecting
and the arithmetic decoding are performed as the first decoding
Drocess.

[0056]

According to this method, it is possible tc make a switch
between the first decoding process conforming to the first standard
and the second decoding process conforming to the second standard.
[0057]

These general and specific aspects may be implemented using a
system, an apparatus, an integrated circuil, a computer program, or a
computer-readable recording medium such as a CD-ROM, or any
combination of systems, methods, integrated circuits, computer
programs, or computer-readable recording media.

[0058]

Hereinafter, embodiments are described specifically with
reference to the drawings.
10059]

EFach of the exemplary embodiments described beiow shows a
general or specific example. The numerical values, shapes,
materials, structural elements, the arrangement and connection of
the structural elements, steps, the processing order of the steps etc.
shown in the foliowing exemplary embodiments are mere exampies,
and therefore do not iimit the scope of the Claims. Therefore,
among the structural elements in the following exemplary
embodiments, structural elements not recited in any one of the
independent claims the define the most generic concept are
described as arbitrary structural elements.
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[0060]
[Embodiment 1]
[Cverall Structure]

FiG. 4 is & block diagram showing a structure of an image
coding apparatus 105 in Embodiment 1. The image coding
apparatus 100 encodes an image on a2 block-by-block basis. The
itmage coding apparatus 100 includes a coding biock generating unit
101, a predicting unit 102, a subtractor 103, a transforming unit 104,
a variable length encoder 105, an inverse transforming unit 106, an
adder 107, and a frame memory 108,

[0661]

The coding block generating unit 101 divides an input image
{an input picture) into a plurality of coding blocks. A coding block is,
for example, a unit {fransform unit) based on which frequency
transform is performed. The transform unit has a size smaller than
or egual to a coding unit. The coding block generating unit 101
sequentially outpuis the pluratity of coding blocks to the predicting
unit 102 and the subtractor 103,

[0062]

The predicting unit 102 generates a2 prediction image
{prediction block) for each of the coding blocks. For example, the
predicting unit 102 generates a prediction block using inter
prediction or intra prediction.

{6063]

The subtractor 103 subtracts the prediction image for the
coding biock from the image of the coding block to generate a
prediction error image (residual block) for the coding block.

[0064]

The transforming unit 104 performs freguency transform on
the residual block to generate a plurality of frequency coefficients.
It is to be noted that the transforming unit 104 quantizes the
plurality of freguency coefficients as necessary to generate a
plurality of guantized coefficients. Hereinafter, the frequency
coefficients and the guantized coefficients are simply referred to as

coefficients without being distinguished from each othery.
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[0065]

The wvariable length encoder 105 performs variable length
coding on the plurality of coefficients generated by the transforming
unit 104. Furthermore, the variable length encoder 105 performs
variable length coding on prediction information {(for example,
motion vector information). This variable length encoder 105 is
described in detail later.

(0066}

The inverse transforming unit 106 performs inverse transform
on the pluratity of coefficients to reconstruct a residual biock.
[0067]

The adder 107 adds the prediction image for the coding block
and the reconstructed error image to generate a decoded image
{decoded block) of the coding block.

0068}
The frame memory 108 stores such a decoded image.

(00691
[Operation (Whole)]

Next, a description is given of a processing operation
performed by the image coding apparatus 100 configured as
described above. FIG. 5 is a fiowchart showing the processing
operation performed by the image coding apparatus 100 in
Embodiment 1.

(0070}

{(Step S101)

The coding block generating unit 101 divides an input image
into a pilurality of coding blocks. The coding block generating unit
101 seguentially outputs the plurality of coding blocks to the
subtractor 103 and the predicting unit 102.

[0071]

Here, the coding block has a variable size. Accordingly, the
coding block generating unit 101 divides an input image info a
plurality of coding blocks based on features of the image. The
minimum size for the coding block is, for exampie, 4 x 4 pixels in the
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horizantal and vertical sizes, The maximum size for the coding
block is, for example, 32 x 32 pixels in the horizontal and vertical
sjzes.
[GO72]

(Step 51027

The predicting unit 102 generates a prediction block based on
the coding block and the decoded image stored in the frame memory
108.

[0073]

(Step 5103)

The subtractor 103 subtracts the prediction biock from the
input image to generate a residual block.

00743

(Step 5104)

The transforming unit 104 transforms the residual block into a
piurality of coefficients.

0675}

(Step 5105)

The variable length encoder 105 outputs a bitstream by
performing variable length coding on the plurality of coefficients.
[6076]

{Step 5106)

The inverse transforming unit 106 performs inverse transform
on the plurality of coefficients to reconstruct a residual block,
(606777

{Step 5107)

The adder 107 adds the reconstructed residual block and the
prediction biock toc generate a decoded biock. Furthermore, the
adder 107 stores the generated decoded block into the frame
memory 108.

[6078]
{Step 5108}
tep S102 to Step $107 are repeated until all the coding
biocks in the input image are coded,
[6079]
- 20 -
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[Structure of Variabie Length Encoder]

FIG. 6 is a block diagram showing an internat structure of a
variable length encoder 105 In Embodiment 1. In tnis embodiment,
the variable length encoder 105 performs coding using at least one of
the following five parameters: significant_flag, greateri_frag,

areater?_flag, level_minus3, and sign_fleg. The variable length

encoder 105 includes a coefficient block generating unit 111, a
significant_flag encoder 112, a greateri flag encoder 113, a
greater2_flag encoder 114, a level_minus3 encoder 115, and a
sign_flag encoder 116.

0080}

The coefficient block generating unit 111 divides the coding
biock into a plurality of coefficient blocks. The coefficient block is an
exampie of a sub-hiock. In this embodiment, the coefficient block
generating unit 111 divides the coding block into a plurality of
coefficient blocks of 4 x 4 pixels. In other words, in this
embodiment, each of the coefficient biocks includes sixteesn
coefficients.

(00811

The significant_flag encoder 112 encodes significant_flag.
The significant_flag is a flag indicating whether a coefficient is "0 or
not. When the value of the significant_flag is 0", it 15 shown that
the coefficient is "3”. When the value of the significant_flag is "17,
it is shown that the coefficient is not "0". The significant_flag
encoder 112 is described in detail later.

[0082]

when the significant_flag indicates 17 (only when the coefficient is
not “0”). The greaterl_Fflag is a flag indicating whether or not the
absolute value of the coefficient is larger than 1 or not. When the
value of the greaterl_flag is "0”, it is shown that the absolute value
of the coefficient is "1". On the other hand, when the value of the

coefficient is 2" or more,
100837
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The greater?_flag encoder 114 encodes greaterZ_flag only
when the greaterl_flag indicates "1 {only when the absolute value
of the coefficient is 2" or more). The greater2 _flag is a flag
indicating whether or not the absclute value of the coefficient is
larger than 2 or not. When the vajue of the greater?d _flag is "07, it
is shown that the abscolute value of the coefficient is "2”. On the
other hand, when the value of the greater2 flag is "1”, it is shown
that the absolute vaitue of the coefficient is "3” or more.

[0084]

The level _minus3 encoder 115 encodes level minus3 only
when the greater2_flag indicates "17 {only when the absolute valuse
of the coefficient is 3 or more). The level_minus 3 indicates a value
obtained by subiracting 37 from the absolute wvalue of the
coefficient.

[G0B5]

The sign_flag encoder 116 encodes sign_flag only when the
significant_flag indicates "1” {oniy when the coefficient is not “0"),
The significant_flag is a fiag indicating whether the coefficient is a
negative value or not., When the value of the sign_fiag is "07, it is
shiown that the coefficient is a positive value., Whern the vaiue of the
sign_flag is "17, it is shown that the coefficient is a negative value.

[0086]
[Operation (Variable Length Coding}]

Next, a description is given of a processing operation
performed by the variable length encoder 105 configured as
described above. FIG. 7 is a fiowchart showing the processing
operation performed by the variable length encoder 105 in
Embodiment 1.

[0687]

(Step S111)

The ceefficient block generating unit 111 divides a coding
block into coefficient blocks of 4 x 4 pixels. Forexample, in the case
of a coding block of 32 x 32 pixels, the coefficient block generating

unit 111 divides the coding block by 8 horizontally and verticallty. In
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addition, for example, in the case of a coding block of 4 x 4 pixels,
the coefficient block generating unit 111 does not divide the coding
block. It is to be noted that the following Steps S112 and 5116 are
performed on a basis of a coefficient block of 4 x 4 pixels.
[o088]

(Step 5112)

The significant_flag encoder 112 performs arithmetic coding
on significant_flag, using a context.
[0GB9]

(Step 5113)

The greaterl_flag encoder 113 performs arithmetic coding on
greaterl_flag, using a context.
(0090}

(Step S114)

The greater?_fiag encoder 114 performs arithmetic coding on
greater2_flag, based on a context.
[(0091]

{Step S115)

The level_minus3 encoder 115 performs arithmetic coding on
telvel _minus3. More specifically, the levell_minus3 encoder 115
performs arithmetic coding using a fixed symbol occurrence
probability (50%]}, without using a2 context.
(00921

(Step 5116)

The significant_flag encoder 116 performs arithmetic coding
on significant_flag. Mare specifically, the sign_flag encoder 116
performs arithmetic coding using a fixed symbol occurrence
probability {50%), without using a context, in the same manner as
the level_minus3 encoder 115 does.
003831

(Step S117)

Step 5112 to Step 5116 are repesated until ail the coefficient
blocks in the coding block are coded.

[0094]
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[Structure of significant_flag Encoder]

FIG. 8 shows an internal structure of a significant_flag encoder
112 in Embodiment 1. The significant_flag encoder 112 includes a
significant_flag group setting unit 121, a significant_flag setting unit
122, a significant_flag memory 123, & significant_flag context
selecting unit 124, an arithmetic encoder 125, and a significant_flag
context memory 126.

10095}

The significant_flag group setting unit 121 divides the
pluraiity of coefficient blocks included in the coding block into grougs.
More specifically, the significant flag group setting unit 121 divides
the plurality of coefficient blocks into the groups, based on the sum
of the values indicating the horizontal direction position and the
vertical direction position of each of the coefficient blocks in the
coding biock. More specifically, the significant_flag group setting
unit 121 divides the plurality of coefficient blocks into the groups, for
example, based on whether the sum is smaller than or equal to a
threshold value {a threshold value for group determination)} or the
sum is larger than the threshold value.

[0096]

The vaiues indicating the horizontal direction position and
vertical direction position of the coefficient block are derived from
the wvaiues indicating the horizontal direction positions {the
horizontal positions of the coefficients) and vertical direction
positions {the vertical positions of the coefficients) of the respective
coefficients included in the coefficient block. More specifically, for
example, the significant_flag group setting unit 121 derives “the
integer part of (the horizontal positions of the coefficients / the
horizontal size of the coefficient block)” as the vaiue indicating the
horizontal direction position of the coefficient biock. In addition, for
example, the significant_flag group setting unit 121 derives "the
integer part of {the vertical positions of the coefficients / the vertical
size of the coefficient block)” as the vaiuve indicating the vertical
direction position of the ceoefficient block,

[6097]
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Mere, it is possible to use, as the horizontal position and
vertical position of the coefficient included in the coefficient block,
the horizontal and vertical direction distances from the position of
the upper left coefficient in the coding block and the position of the
coafficient in the coefficient block.

(0098}

The significant_flag sefting unit 122 reads out, for each
coefficient block, a plurality of coefficients included in the coefficient
block. The significant_flag setting unit 122 sets a vaiue to the
significant_flag for the coefficient, based on whether or not the
read-out coefficient is “0” or not. In this embodiment, the
significant_flag setting unit 122 sets "0” to the significant_flag when
the coefficient is "0”, and sets 1" to the significant_flag when the
coefficient is 17,
r009s]

Furthermore, the significant_flag setting unit 122 stores the
significalt_flag for each coefficient into the significant _flag memory
123,

[0100]

The significant_flag memory 123 stores the significant_fiag
for each coefficient.
[0101]

The significant_flag context selecting unit 124 selects, for
each coefficient block, a context for arithmetic coding of a parameter
indicating a current processing-target coefficient {(coding-target
coefficient) included in the coefficient biock from the context set
corresponding to the coefficient block, based on af least one
reference coefficient around the coding-target coefficient. More
specifically, the significant_flag context selecting unit 124 selects a
context from the context set corresponding to the sum of the vaiues
indicating the horizontal direction position and the vertical airection
position of the coefficient block in the coding block.

(6102}

The arithmetic encoder 125 obtains the probability

information about the selected context from the significant_flag
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context memory 126, The arithmetic encoder 125 performs
arithmetic coding on the parameter indicating the processing-target
coefficient using the obtained context probability information. In
this embodiment, the parameter is the significant_flag.
101031

Furthermore, the arithmetic encoder 125 updates the context
probability information stored in the significant_flag context memory
126, according to the value of the significant_fiag.
[0104]

The significant_fltag context memory 126 stores the
probability information about each context,

[0105]
[Operation (Coding of significant_flag)]

Next, a description is given of the significant_flag encoder 112
configured as described above. FIG. 9 shows a processing operation
performed by the significant_flag encoder 112 in Embaodiment 1. It
is to be noted that the order of coding the plurality of coefficients
inciuded in the coefficient blocks is the same as in FIG. 2. In other
words, the significant_flag is coded on a per coefficient block basis.
{0108}

(Step S121)

The significant_flag group setting unit 121 calculates a group
determination threshold value. For example, the significant_flag
group setting unit 121 divides the horizontal size of the coding block
by, for example, "16". Next, the significant_flag group setting unit
121 sets the integer part of the division result as the group
determination threshoid value.

[0107]

In other words, the significant_flag group setting unit 121
calculates a larger threshold value for a larger coding block size. In
this way, when the coefficients are biased depending on the coding
biock size, it is possible to associate an appropriate context set with
the coefficient block. Itis to be noted that the threshold value may

be a certain value which does not depend on & coding block size. In
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this case, the significant_flag group setting unit 121 may caiculate
the threshold value without using the coding biock size.
[0108]

(Step 5122)

The significant_flag group setting unit 121 adds the integer
part of “the coefficient horizontal position / 47 and the integer part of
“the coefficient vertical position / 47, Next, the significant_flag
group setting unit 121 compares the addition result with the group
determination threshold value which is set in Step 5121, Here, a
transition to Step $123 is made when the addition result is smaller
than or egual to the group determination threshold value, and
otherwise, a transition to $124 is made.

(0109}

The coefficient horizontal position and the coefficient vertical
position are the horizontal and vertical direction positions of the
orocessing-target coefficients in the coding block or values indicating
the horizontal and vertical direction positions of  the
nrocessing-target coefficients. Here, the coefficient horizontal
position and the coefficient vertical position are horizontal and
vertical direction distances (the number of pixels) from the upper left
coefficient to the processing-target coefficient in the coding block.
In short, in the case of the upper left coefficient, the coefficient
horizontal position and the coefficient vertical position are both “07.
It is to be noted that each of the coefficient horizontal positicn and
the coefficient vertical position is divided by "4" because the
horizontal size and the vertical size of the cosfficient block is "4”7,
[0110]

{Step 5123)

The significant_flag group setting unit 121 sets “"A” to the
group,

[0111]

(Step 5124)

The significant_flag group setting unit 121 sets "B” to the
group.

(01127
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FIG. 10A shows an example of a grouping result in the case of
a coding biock of 16 x 16 pixels. FIG. 10B shows an example of a
grouping result in the case of a coding block of 32 x 32 pixels.
[0113]

As shown in FIG. 10A, in the case of the coding block of 16 x
16 pixels, only the upper left corner coefficient block is included in
the group A. As shown In FIG. 108, in the case of the coding block
of 32 x 32 pixels, three coefficient blocks at the upper left side is
included in the group A.
ro114]

The foliowing Steps S125 to 5139 are processes performed for
each coefficient in the coefficient block, and are repeated untit all the
coefficients in the coefficient block are processed.

[0115]

(Step 5125}

The significant_flag setting unit 122 determinegs whether or
not the processing-target coefficient is 07, A {ransition to Step
S126 is made when the processing-target coefficient is “0”, and a
transition to Step $127 is made when the processing-target
coefficient is not "0".

[0116]

(Step 5126)

The significant_flag setting unit 122 sets ™07 to the
significant_flag. The significant_flag setting unit 122 outputs the
significant_flag having a set value "0 to the arithmetic encoder 125
and the significant_flag memory 123.

[G117]

{Step S127)

The significant_flag setting unit 122 sets “17 to the
significant~flag. The significant_flag setling unit 122 outputs the
significant_flag having a set value "1" to the arithmetic encoder 125
and the significant_flag memory 123.

[G118]
{Step 5128)
The significant_flag context selecting unit 124 sets “0" to
- 28 -
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SNUM to be used in the following processing.
[0119]

it is to be noted that the foliowing Steps from $1259 to 5132
are performed for each processed coefficient, and are repeated until
all the processed coefficients are processed,

61247

(Step 5129)

The significant_flag context selecting unit 124 determines
whether or not the processed coefficient is of 2 frequency component
higher than the freguency component having processing-target
coefficient. A transition to Step $130 is made when the processed
coefficient is of the frequency component higher than the frequency
component having processing-target coefficient, and otherwise, 2
transition to Step S133 is made. In other words, the
significant_flag context selecting unit 124 uses, as a reference
coefficient, the coefficient of the frequency component coefficient
higher than the frequency component having the processing-target
coefficient.

[0121]

It is to be noted that the significant_flag context selecting unit
124 determines whether or not the processed coefficient is of the
frequency component higher than the freguency component having
processing-target coefficient, by determining the presence direction
of the processed coefficient from among the directions of right, lower,
and lower right with respect to the processing-target coefficient.
(0122]

(Step §130)

The significant_filag context setting unit 124 calculates the
difference between the positions of the processed coefficient and the
processing-target coefficient, and sets =z horizontal position
difference to h and set a vertical position difference to v.

(01233
(Step S131)
The significant_flag context seiecting unit 124 determines

whether or not the sum of the h and v set in Step S130 is smailer than
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or equai to "2%. Here, a transition to Step S132 is made when the
sum of the h and v is smatier than or equal to “27, and otherwise, &
transition to Step S133 is made. In other words, the
significant_flag context selecting unit 124 uses, as the reference
coefficient, the processed coefficient having 2”7 or less a5 the sum of
the h and v, and does not use, as the reference coefficient, any
processed coefficient having "32” or more as the sum of the h and v.
In other words, the following five coefficients in total are used as
reference coefficients: the coefficients located, with respect to the
processing-target coefficient, immediately right, next immediately
right, immediately below, next below, and lower right. The
positions of the reference coefficients are the same as the positions
of the reference cosfficients shown in FIG. 1.

[0124]

(Step 5132)

The significant_fiag context selecting unit 124 loads the value
of the significant_flag of the processed coefficient {reference
coefficient} from the significant_flag memory 123, and adds the
loaded vaiue to SNUM.
roiast

{Step 5133)

The significant_flag context selecting unit 124 repeats 5teps
5129 to $132 until all the processed coefficients in the coding block
are processed.

(0126]
As the result of the processes from Step 5129 to $132, the

ey

number of reference coefficients having 17 as the value of the
significant_flag is set as the final SNUM, from among the reference
coefficients around the processing-target coefficient. In short, the
SNUM shows the number of reference coefficients having a non-zero
value from amang the piurality of reference coefficients. Here, the
SKHUM takes a value in a range from 0 to 5.

(01277

(Step S134)

The significant_flag context selecting unit 124 determines
- 30 -
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whether or not the SNUM is larger than "37. Here, a transition to
Step S$135 is made when the SNUM is larger than 3", and otherwise,
a transition to Step S136 is made.

[0128]

[Step 5135)

The significant_flag context selecting unit 124 sets 4" ¢ the
SNUM. In other words, the significant_flag context selecting unit
124 re-sets the value of the SNUM such that the value of the SNUM
goes not exceed “4”,

[0129]
| (Step 5136)

The significant_flag context selecting unit 124 sets the SNUM
as the context number when the coefficient biock including the
processing-target coefficient is included in the group A. On the
other hand, when the coefficient block including the
processing-target coefficient s included in the group B, the
significant_flag context selecting unit 124 seis, as the context
number, a result obtained by adding "5” to a SUM,

(01307

As a result, one of the context indices indicated by the context
numbers 0 to 4 is seiected for the arithmetic coding of the
processing-target coefficient in the coefficient block included in the
aroup A, and one of the context indices indicated by the context
numbers 5 to 9 is selected for the arithmetic coding of the
processing-targat coefficient in the coefficient bicck included in the
group B.

(01317

In other words, the significant_flag context seiecting unit 124
selects & context from a first context set {contexts with context
numbers 0 to 4) when the sum of the horizontal and-vertical direction
positions of the coefficient block is smailer than or egual to the
threshold value. In addition, the significant_flag context selecting
unit 124 selects a context from a second context set (contexts with
context numbers 5 to 9) when the sum of the horizontal and vertical
direction paositions of the coefficient biock is smaller than or equal to
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the threshold value. In other words, one of the context sets to be
used is seiected depending on the group to which the coefficient
block belongs.

[0132]

In addition, the context to be selected from the determined
context set is determined depending on the SNUM (the number of
reference coefficients having a non-zero value from among the
plurality of reference coefficients). In other words, the
significant_flag context selecting unit 124 selects the context
corresponding to the number of reference coefficients having a value
that is not “0" from among the reference coefficients (stated
inversely, the number of reference coefficients having a “0" value).
01333

(Step S137)

The arithmetic encoder 125 loads context probability
information from the significant flag contest memory 126, according
to the context number.
r0i134]

(Step S138)

The arithmetic encoder 125 gutputs a bitstream by performing
arithmetic coding on the significant_flag using the probability
information,
f0135]

(Step S139)

The arithmetic encoder 125 updates the context probability
infermation depending on the value of the significant_flag, and
stores the updated context probability information into the
significant_flag context memory 126,

[0136]

{Step 51407

Steps 5125 to $139 are repeated until all the coefficients in
the coefficient block are processed,

[0137]

Although a determination on the group to which the coefficient

block belongs is made on a per coefficient block basis in FIG. 9, such
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a determination may be made on 2 coefficient-by-coefficient basis.
In other words, a return to Step S1i25 s made when the
determination result in Step 5140 is No, but it is possible to make a
return to Step 5122 instead. Even in this case, it is possible to
prevent occurrence of 8 switch between context sets in a coefficient
block. Furthermore, in this case, it is only necessary to load the
context set corresponding to the determined group from the memory,
and thus it is possible to reduce the lcad to be placed onto the
memory.

10138}
fAdvantageous Effects)

As described above, according to the image coding apparatus
100 in this embodiment, it is possible to suppress decease in the
coding efficiency, and to reduce the load for context sejection.  This
advantageous effect is described in detail with reference to the
drawings,

10139]

FIG, 11A and FIG. 11B are diagrams for illustrating context
sets for different coefficients inciuded in a coefficient block in
Embodiment 1. In the cases shown in FIGs. 11A and 11B, there is
no switch such as the switch between groups (context sets) in the
coefficient block as shown In FIGs. 3A and 3B. Accordingly, the
image coding apparatus 100 does not need to determine, for eaéh
coefficient, one of the context sets which includes a context to be
seiected. Thus, it is possible to reduce the load for context
setection.

[G140]

Furthermore, the image coding apparatus 100 can select a
context from the context set corresponding to the sum of the
horizontal and vertical direction positions of the coefficient block in
the coding block. Accordingly, it is possibie to use the context set
adapted to the coefficient variation depending on the frequency
components, and to thus suppress decrease in the coding efficiency

due to the use of the context set corresponding to the coefficient
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biock.
01413

In addition, according to the image coding apparatus 100 in
this embodiment, it is possible to select a context from the context
set corresponding to the coefficient bilock when performing
arithmetic coding on the significant flag. The significant_flag is &
parameter having & high occurrence freguency, and thus places 2
great influence on the coding efficiency. In addition, the
significant_flag is a parameter for which no restriction in the number
of occurrence times is placed in the coefficient block, and is free from
value variation depending on a coefficient block, The Inventors
have found that selecting & context from the context set
corresponding  to the coefficient block when coding the
significant_flag does not decrease the coding efficiency. In other
words, the image coding apparatus 100 is capable of reducing the
ioad for context seiection and concurrently suppressing decrease in
the coding efficiency, Iin the arithmetic coding of the significant_flag.

(01427
fEmbodiment 2]
fOverall Structure]

FIG. 12 shows a structure of an image decoding apparatus 200
in Embodiment 2. The image decoding apparatus 200 decodes an
image coded on a block-by-block basis. More specifically, the image
decoding apparatus 200 decodes an image coded by the image
coding apparatus 100 in Embodiment 1. The image decoding
apparatus 200 includes a variable length decoder 201, an inverse
transforming unit 202, a predicting unit 203, an adder 204, a
decoded block combining unit 205, and a frame memory 206.
[0143]

The variable length decoder 201 performs variable decoding
on a bitstream to obtain a plurality of coefficients and prediction
information (for exampie, motion vector information etc.} for each of
decoding-target blocks.

(0144}
- 34 -



10

20

30

35

The inverse transforming unit 202 performs inverse transform
on & plurality of coefficients to generate error images (residusl
biocks) of the respective decoding-target blocks.

[0145]

The predicting unit 203 generates 3 prediction image (&
prediction block) for each decoding-target block using the prediction
information and 2 decoded image (decoded picture) stored in the
frame memory 206.

[0146]

The adder 204 adds the error image of the decoding-target
block and the prediction image to generate the decoded image
{decoded block) of the decoding-target block.

[0147]

The decoded block combining unit 205 combines the plurality
of decoded blocks to generate a decoded image. Furthermore, the
decoded block combining unit 205 stores the decoded image into the
frame memory 206.

[0148)
The frame memory 206 stores such a decoded image.

[0149]
[Operation {(Whoie)]

Next, a description is given of a processing operation
performed by the image decoding apparatus 200 configured as
gescribed above. FIG. 13 is a flowchart showing @ processing
operation performed by the image decoding apparatus 200 in
Embodiment 2.

[C150]

(Step $201)

The variable iength decoder 201 performs variable length
decoding on 3 bitstream to obtain a plurality of ceoefficients and
prediction information. Next, the variable length deccder 201
cutputs the plurality of coefficients to the inverse transforming unit
202, and outputs the prediction information toc the predicting unit
203.
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(Step 5202)

The inverse transforming unit 262 performs inverse transform
on the pluraiity of coefficients to generate a residuai block.

[0152]

[Step $2033

The predicting unit 203 generates a prediction block using &
decoded image stored in the frame memory 206 and the prediction
information decoded by the variable length decoder 201.

[0153]

{(Step 5204)

The adder 204 adds the prediction biock and the residual block
to generate a decoded block.
f0154]

(Step 5205}

Steps 5201 to S204 are repeated until all the blocks in the
image are decoded.

[0155]

(Step 5206)

The decoded hiock combining unit 205 combines the decoded
blocks to generate a decoded image. Furthermore, the decoded
block combining unit 205 stores the decoded image into the frame
memory 206.

[G156]
[Structure of Variable Length Decoder}

FIG. 14 shows an internal structure of a variable length
decoger 201 in Embodiment 2. In this embodiment as in
Embodiment 1, each of the coefficients is represented using at least
one of the following five parameters: significant_flag, greaterl_frag,
greater2_flag, level_minus3, and sign_ftag. Each of the parameters
has the same meaning as in Embodiment 1, and thus the same
description is not repeated.

[0157]
The variable length decoder 201 includes a significant_fiag
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decoder 211, a greaterl_flag decoder 212, a greater2 flag decoder
213, a level_minus3 decoder 214, a sign_flag decoder 215, a
coefficient reconstructing unit 216, and a coefficient block combining
unit 217,

101587
{Operation (Variabie Length Decoding)}

Next, a description is given of a processing operation
performed by the variable length decoder 201 configured as
described above. FIG. 15 is a flowchart showing a processing
operation performed by the variable length decoder 201 in
Embodiment 2. It is to be noted that Steps $S211 to S216 are
performed for each of coefficient blocks included in a decoding-target
block.

(01587

(Step 5211}

The significant_flag decoder 211 performs, using a
corresponding context, arithmetic deceding on the significant_flag of
each coefficient included in the cosfficient block. Next, the
significant_fiag decoder 211 outputs the significant_flag to the
greaterl flag decoder 212, the greaterZ_flag decoder 213, the
level _minus3 decoder 214, the sign_flag decoder 215, and the
coefficient reconstructing unit 216,

[0160]

(Step 52123

The greaterl_flag decoder 212 performs, using a
corresponding context, arithmetic decoding on the greaterl_flag of
the coefficient having a significant_flag of ™1, Next, the
greaterl flag decoder 212 outputs the gresterl_flag to the
greaterZ_Tiag-decoder 213, the fevell_minus3 decoder 214, and the
coefficient reconstructing unit 216.

[0161]

(Step 5213)

The greater?_flag decoder 213 performs, using a
corresponding context, arithmetic decoding on the greater2_flag of
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the coefficient having a significant_flag of "1" and a greaterl _flag of
17, Next, the greater2_flag decoger 213 cutputs the greater’Z_flag
to the level_minus3 decoder 214, and the coefficient reconstructing
unit 216,

(01621

{Step 5214)

The fevel _minus3 decoder 214 decodes the level _minus3 of
the coefficient having a significant_flag of "1", a greaterl_flag of 17,
and a greaterZ_flag of 17, using & fixed symbol occcurrence
probabiiity (50%]) without wusing any context. Next, the
level minus3 decoder 214 outputs the levell _minus3 to the
coefficient reconstructing unit 216.

[0163]

(Step 5215)

The sign_flag decoder 215 decodes the sign_fiag of the
coefficient having & significant_flag of ™1, using the fixed symbol
occurrance probabitity (50%), without using any context., Next, the
reconstructing unit 216.

[0164]

{Step 5216)

The coefficient reconstructing unit 216 reconstructs the
coefficient using the significant_flag, the greaterl_flag, the
greater2_flag, the level_minus3, and the sign_flag. Each of the
parameters has the meaning as described earfier, the coefficient
reconstructing unit 216 reconstructs the coefficient according fe the
meaning.
t0165]

{Step S217)

Steps $212 to 5216 are repeated until ali the coefficient biocks
in the decoding-target block are decoded.

[0166]

{Step 5218)

The coefficient block combining unit 217 combines all the
coefficient blocks in the decoding-target block, and outputs the
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decoded block.

(0167}
[Structure of significant_flag Decoder]

FIG. 16 shows an internal structure of a significant_flag
cdecoder 211 in Embodiment 2. The significant _flag decoder 211
includes a significant_flag group setting unit 221, a significant_flag
context selecting unit 222, an arithmetic decoder 223, a
significant_flag context memory 224, and a significant_flag memaory
225.

[0168]

The significant_flag group setting unit 221 divides the
pluratity of coefficient blocks included in the coding biock into groups,
as performed by the significant_flag group setting unit 121 in
Embodiment 1.

[6169]

The significant_flag context selecting unit 222 selects, for
each coefficient block, a context for arithmetic coding on parametars
indicating the processing-target coefficient (decoding-target
coefficient) included in the coefficient block from the context set
corresponding to the coefficient block, based on at least one
reference coefficient arcund the coding-target coefficient. More
specifically, the significant_flag context selecting unit 222 selects a
context from the context set corresponding to the sum of the values
indicating the horizonta!l direction position and the vertical direction
position of the coefficient block in the coding block.

[0170]

The arithmetic decoder 223 obtains the probability
information about the selected contexit from the significant_flag
context memory 224, Next, the arithmetic decoder 223 performs
arithmetic  decoding on the parameter indicating the
processing-target coefficient using the probabllity information about
the cobtained context. In this embodiment, the parameter is the
significant_flag.

[0171]
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Furthermaore, the arithmetic decoder 223 stores the decoded
significant_flag in the significant_flag memory 225. In addition, the
arithmetic decoder 223 updates the probability information about the
context stored in the significant_Tlag context memory 224, according
to the value of the significant_flag.

(61731

The significant_flag context memory 224 stores the

orobability information about each context.

for each coefficient.

[0174]
[Operation {Decoding of significant_flag)]

Next, a description is given of the significant_flag decoder 211
configured as described above. FIG. 17 is a flowchart indicating a
processing operation performed by the significant_fiag decoder.
[0175]

(Steps S221

Lt

052243

The significant_flag group setting unit 221 divides the
coefficient blocks into groups in the same manner as in Steps S121 to
S124 in FIG. 9.

[0176]

(Steps 5225 to 5233)

The significant_flag context selecting unit 222 selects a
context based on a reference coefficient located around the
processing-target coefficient from the context set corresponding to
the group to which the coefficient biock belongs, in the same manner
as in Steps 5128 to S136 in FIG. 9. More specifically, the
significant_flag context selecting unit 222 sejects a context from a
first context set (contexts with context numbers § to-4) when the
sum of the horizontal and vertical direction positions of the
coefficient block is smaller than or equal to the threshold value. In
addition, the significant_flag context selecting unit 222 seiects 2
context from a second context set {contexts with context numbers 5

o 9y when the sum of the horizontal and vertical direction positions
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of the coefficient block is smaller than or equal to the threshold value.
In other words, the significant_flag context selecting unit 222 selects
the context corresponding to the number of reference coefficients
having a value that is not "0 from among the reference coefficients
of the freguency components higher than the frequency component
having the processing-target coefficient (stated inversely, the
number of reference coefficients having a “"0" value).

{0177]

{Step 5234)

The arithmetic decoder 223 loads context probability
information from the significant_flag context memory 224 according
to the context number.

(0178}

(Step 5235)

The arithmetic decoder 223 performs arithmetic decoding on
the significant_flag using the probability information.

(0179}

(Step 5236}

The arithmetic decoder 223 updates the context probability
information depending on the value of the significant_flag, and
stores the updated context probability information into the
significant _flag context memory 224.
r0180]

(Step 5237)

Steps $225 to 5236 are repeated untii all the ceefficients in
the coefficient block are processed.

o181}

Although a determination on the group to which the coefficient
biock belongs is made on a per coefficient biock basis in FIG. 17, such
a determination may be made on coefficient-by-coefficient basis. In
other words, a return to Step 5225 is made when the determination
result in Step 5237 is No, but it is possible to make a return to Step
5222 instead. Evenin this case, it is possibie to prevent occurrence
of a switch between context sets in a coefficient block. Furthermaore,

in this case, it is onty riecessary tc load the context set corresponding
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to the determined group from the memory, and thus it is possible to
reduce the load placed onto the memory.

(01821
[Advantageous Effects]

Simitarly in the case of the image coding apparatus 1480 in
Embodiment 1, according to the image decoding apparatus 200 in
this embodiment, it is possibie to suppress decease in the coding
efficiency, and to reduce the ioad for context selection as described
ahove.

({0183]

Although the image coding apparatus and the image decoding
apparatus according to one or more aspects have been described
above based on one or more embodiments, the present invention is
not Himited to the embodiments. Various kinds of maodifications
conceivabie by a person skilied in the art and other embodiments
obtained by combining some structural elements in different
embodiments may be included in the scope(s) of the one or more
aspects as long as the modifications and other embodiments are not
deviated from the spirit of the present invention.

[0184]

For example, in each of the embodiments, the wvalues
indicating the horizontal direction position and the vertical direction
position of the sub-biock are caiculated using "the integer part of (&
coefficient horizontal position / a coefficient block horizontal size}”
and “the integer part of (a coefficient vertical position / a coefficient
block vertical size)”. However, the values may be calculated using
another scheme. For example, the values indicating the horizontal
direction position and the vertical direction position of the sub-block
may-be calculated using a shift operation instead of the division.
[0185]

In addition, in each of the embodiments, the plurality of
coefficients inciuded in  the coding-target block or the
decoding-target block may be classified into two groups. However,

the plurality of coefficients may be classified into three or more
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groups. In this case, the group determination threshold may be
increased according to the number of groups.
[0186]

In addition, the number and positions of the reference
coefficients in each of the embodiments may be exemplary, and
other reference coefficients may be used,

[0187]

In addition, in each of the embodiments, each context is
selected based on the sub-block and the number of reference
coefficients. However, a context may be selected based on other
conditions.  For example, as a context for performing arithmetic
coding on the upper left end coefficient (a direct component} in
either a coding-target block or a decoding-target block, a context
different from the context for the other coefficients may be seiected.
[0188]

In addition, in each of the embodiments, arithmetic coding or
arithmetic decoding is performed on the coefficients of the
coding-target block or the decoding-target biock in order starting
with the coefficient at the right bottom end (the highest frequency
component) therein. However, it is also good to perform arithmetic
coding or arithmetic decoding on the coefficients starting with the
non-zero coefficient that appears first during the scanning of the
coefficients started with the highest frequency component. In this
case, the zero coefficients before the non-zero coefficient that
appears first during the scanning of the coefficients started with the
highest frequency component do not necessarily need to be
subjected to arithmetic coding.

10189]

Iin addition, in each of the embodiments, the coefficients are
coded using the five parameters., However, the coefficients may be
coded using another combination of parameters. For example, the
coefficients may be coded using the following three parameters:
significant_flag, level_minusl, and sign_flag.

(0190]
In addition, in each of the embodiments, the methods of
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selecting a context for performing arithmetic coding and arithmetic
decoding of significant_flag are described. As for the other
parameters, it is good to select a context using selection methods
similar to the methods used for the significant_fiag.

01917

In additicn, in each of the embodiments, the coefficients
iocated outside the coding-target block or the decoding-target block
do not always need to be used as the reference coafficient.
Furthermore, it is possible to use, as reference coefficients, the
coefficients included in a picture temporally different from the
picture including the coding-target block or the decoding-target
biock.

[0192]

In addition, the size of the coding block (the coding-target
block or the decoding-target block) in each of the embodiments and
the size of the coefficient block {sub-block) are exempiary, and thus
cther sizes are possible.

(01637

it is to be noted that the image coding apparatus 100 in
Embodiment 1 does not need to include ail the structural elements
shown in FIG. 4.For example, the image coding apparatus may be
configured as described below.

[0194]

FIG. 18 shows a structure of an image coding apparatus 300 in
Vartation of Embodiment 1. The image coding apparatus 300
encodes an image on a biock-by-block basis. As shown in FIG. 18,
the image coding apparatus 300 includes a2 context selecting unit 301
and an arithmetic encoder 302,

10195}

Here, a description is given of z processing operation
performed by the image coding apparatus 300 configured as
described above. FIG. 19 is a flowchart showing a processing
operation performed by the image coding apparatus 300 in Variation
of Embodiment 1.

[0196]
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{Step 5301)

The context selecting unit 301 selects a context for perfoerming
arithmetic coding on the parameters indicating the coefficients
included in the coding-target block which is a transform unit.  More
specifically, the context selecting unit 301 selects, for each of the
piurality of sub-blocks inciuded in the coding-target block, a context
for performing arithmetic coding on the parameters indicating the
coding-target coefficients inciuded in the sub-block from the context
set corresponding to the sub-block, based on at least one reference
coefficient located around the coding-target coefficient,

(0187]

Maore specifically, the context selecting unit 301 selects, for
each of the piurality of sub-blocks, a context for performing
arithmetic coding on the parameters indicating the coding-target
coefficients included in the sub-block, from the context set
corresponding to the sum of the values indicating the horizontal
direction position and the vertical direction position of the sub-block
in the coding-target block.

(0198}

The sub-block is a block that is obtained by dividing the
coding-target block. Each of the sub-biocks includes a plurality of
pixels (for exampie, 4 x 4 pixels) each including a coefficient.
(0199]

Coefficients located around the coding-target coefficient
means the coefficients of the pixels located within a predetermined
range with respect to the pixel having the coding-target coefficient.
For example, the coefficients located around the coding-target
coefficient are the coefficients of frequency components higher than
the frequency component having the coding-target coefficient.
[0200]

The parameter indicating the coding-target coefficient is, for
example, a8 flag (significant_flag) indicating whether or not the
coding-target coefficient is 0. It is to be noted that the parameter
indicating the coding-target coefficient does not need to be
significant_flag, and may be another paramsater.

- 45 -



10

15

240

25

30

35

(02017

{Step S302)

The arithmetic encoder 302 performs arithmetic coding on the
parameter indicating the coding-target coefficient using probability
information about the context selected by the context selecting unit
301.

[0202]

As described above, the image coding apparatus 300
configured as shown in FIG. 18 can also select a context from the
context set corresponding to the sum of the values indicating the
horizontal direction position and the vertical direction position of the
sub-block in the coding-target block. Accordingly, the image coding
apparatus 300 can suppress decrease in the coding efficiency and
reduce the load for context seiection.

[06203]

It is to be noted that the image decoding apparatus 2060 in
Embodiment 2 does not need to include all the structural elements
shown in FIG. 12, For example, the image decoding apparatus may
be configured as described below.

0204}

FIG. 20 shows a structure of the image decoding apparatus
400 in Variation of Embodiment 2. The image decoding apparatus
400 decodes an image coded on a2 block-by-block basis.  As shown in
FIG., 20, the image decoding apparatus 400 includes a context
selecting unit 401 and an arithmetic decoder 402.

[0205]

Here, a description is given of a processing operation
performed by the image decoding apparatus 400 configured as
described above. FIG. 21 is a flowchart showing a processing
operation performed by the image decoding apparatus 400 in
Variation of Embodiment 2.

[0206]
{Step S401)
The context selecting unit 401 selects a context for performing

arithmetic decoding on the parameters indicating the coefficients
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inciuded in the decoding-target block which is a transform unit. The
details of this processing are the same as in Step S301 in FIG, 19,
and thus the same description is not repeated here.

(02077

(Step 5402)

The arithmetic decoder 402 performs arithmetic decoding on
the parameter indicating the decoding-target coefficient using
probability information about the context selected by the context
selecting unit 401.

[0208]

As described above, the image decoding apparatus 400
configured as shown in FIG. 20 can select a context from the context
set corresponding to the sum of the values indicating the horizontal
direction position and the vertical direction position of the sub-block
in the decoding-target block. Accordingly, the image decoding
apparatus 400 can suppress decrease n the decoding efficiency and
reduce the load for context selection.
rgzo9]

It is to be noted that in each of the embodiments and the
variation thereof, each of the structural elements in each of the
above-~described embodiments may be configured in the form of an
exclusive hardware product, or may be realized by executing a
software program suitable for the structural element. Each of the
structural elements may be realized by means of a program
execuling unit, such as a CPU and a processor, reading and executing
the software program recorded on a recording medium such as a
hard disk or a semiconductor memory. Here, the software program
for realizing any one of the image coding apparatus and the image
decoding apparatus according to each of the embodiments and
variations thereof etc. is a program described beiow.

[0210]

The program is, for example, a program causing a computer
to execute an image coding method for coding an image on 3
block-by-block basis and including: selecting, for each of a pluraiity

of sub-blocks included in a coding-target biock and each inciuding a
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plurality of coefficients, a context for performing arithmetic coding
on a parameter indicating g coding-terget coefficient included in the
sub-block from a context set corresponding to the sub-block, based
on atieast one reference coefficient located around the coding-target
coefficient, the coding-target biock being a2 transform unit; and
performing arithmetic coding on the parameter indicating the
coding-target coefficient using probability information about the
sejected context, wherein, in the selecting, the context is selected
from the context set, the context set corresponding to a sum of {i) a
vaiue indicating a position in & horizontal direction of the sub-block in
the coding-target biock and (ii) a value indicating a position in a
vertical direction of the sub-block in the coding-target block.
[0211]

Alternatively, the program is & program for causing a
computer to execute an image decoding method according to an
aspect of the present invention is an image decoding method for
decoding an image coded on a block-by-block basis and including:
sejecting, for each of a plurality of sub-blocks inciuded in a
decoding-target block and 2ach including a plurality of coefficients, a
context for performing arithmetic decoding on a parameter indicating
a decoding-target coefficient included in the sub-block from a
context set corresponding to the sub-block, based on at least one
reference coefficient located around the decoding-target coefficient,
the decoding-target block being 2 transform unit; and performing
arithmetic decoding on the parameter indicating the decoding-target
coefficient using probability information about the selected context,
wherein, in the selecting, the context is selected from the context set,
the context set corresponding to a sum of (i) a value indicating a
position in a horizontal direction of the sub-block in  the
gecodging-target block and (i) a value indicating a position in a
vertical direction of the sub-biock in the decoding-target block.

G212}
[Embodiment 31

The processing described in each of embodiments can be
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simply implemented in an independent computer system, by
recording, in a recording medium, a program for implementing the
configurations of the moving picture coding method (image coding
method) and the moving picture decoding method (image decoding
method)} described in each of embodiments. The recording media
may be any recording media as long as the program can be recorded,
such as a magnetic disk, an optical disk, a magnetic optical disk, an
IC card, and a semiconductor memory.

r0213]

Hereinafter, the applications to the moving picture coding
method {(image coding method) and the moving picture decoding
method (image decoding method) described in each of embodiments
and systems using thereof will be described. The system has a
feature of having an image coding and decoding apparatus that
includes an image coding apparatus using the image coding method
and an image decoding apparatus using the image decoding method.
Other configurations in the system can be changed as appropriate
depending on the cases.

[0214]

FIG. 22 illustrates an overall configuration of a content
providing system ex100 for implementing content distribution
services., The area for providing communication services is divided
into cells of desired size, and base stations ex106, ex107, ex108,
ex109, and ex110 which are fixed wireless stations are placed in each
of the cells.

{02157

The content providing system ex100 is connected to devices,
such as a computer ex111, a personal digital assistant (PDA) ex112,
a camera ex113, a cellular phone ex114 and a game machine ex115,
via the Internet ex101, an Internet service provider exl102, a
telephone network ex104, as well as the base stations ex106 to
ex 110, respectively.

[0216]

However, the configuration of the content providing system

ex100 is not limited to the configuration shown in FIG. 22, and &
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combination in which any of the elements are connected is
acceptable. In addition, each device may be directly connected to
the telephone network ex104, rather than via the base stations
ex106 to ex110 which are the fixed wireless siations. Furthermore,
the devices may be interconnecied to each other via a short distance
wireless communication and others,

(02171

The camera ex113, such as a digital video camera, is capable
of capturing video. A camera ex116, such as a digital camera, is
capable of capturing both still images and video. Furthermore, the
ceflular phone ex114 may be the one that meets any of the standards
such as Giobal System for Mobiie Communications (GSM) (registered
trademark), Code Division Multiple Access (CDMA}Y, Wideband-Code
Division Multiple Access (W-CDMA), Long Term Evolution (LTE), and
High Speed Packet Access (HSPA), Alternatively, the celluiar phone
ex114 may be a Personal Handyphone System (PHS).

[0218]

In the content providing system ex100, a streaming server
ex103 is connected to the camera ex113 and others via the telephone
network ex104 and the base station ex109, which enables
distribution of images of a live show and others. In such a
distribution, a content (for example, video of a music live show)
captured by the user using the camera ex113 is coded as described
above in each of embodiments {i.e., the camera functions as the
image coding apparatus according to an aspect of the present
invention), and the coded content is transmitted to the streaming
server ex103. On the other hand, the streaming server ex103
carries out stream distribution of the transmitted content data to the
ciients upeon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the celtuiar phone ex114, and the
game machine ex115 that are capable of decoding the
above-mentioned coded data. Each of the devices that have
received the distributed data decodes and reproduces the coded data
{i.e., functions as the image decoding apparatus according to an
aspect of the present invention).
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(0219]

The captured data may be coded by the camera ex113 or the
streaming server ex103 that transmits the data, or the coding
processes may be shared between the camerz ex113 and the
streaming server ex1{3. Similarly, the distributed data may be
decoded by the clients or the streaming server ex103, or the
decoding processes may be shared befween the clients and the
streaming server ex103. Furthermore, the data of the still images
and video captured by not only the camera ex113 but also the
camera ex116 may be transmitted te the sireaming server exi{3
through the computer ex11l. The coding processes may be
performed by the camera ex116, the computer ex11i, or the
streaming server ex103, or shared among them.

[0220]

Furthermore, the coding and decoding processes may be
performed by an LSI ex500 generally included in each of the
computer ex111 and the devices., The L51 ex500 may be configured
of a single chip or a plurality of chips. Software for coding and
decoding video may be integrated into some type of a recording
medium {such as a CD-ROM, a flexible disk, and a hard disk) that is
readable by the computer exi111 and others, and the coding and
decoding processes may be performed using the software.
Furthermore, when the celiular phone ex11i4 is equipped with 3
camera, the video data obtained by the camera may be transmitted.
The video data is data coded by the LSI ex500 included in the cellular
phone ex114.

[02211

Furthermore, the streaming server ex103 may be composed of
servers and computers, and may decentraiize data and process the
decentralized data, record, or distribute data.

[0222]

As described above, the clients may receive and reproduce the
coded data in the content providing system exi100. In other words,
the clients can receive and decode information transmitted by the

user, and reproduce the decoded data in real time in the content
- 51 -



10

15

20

25

35

providing system ex100, so that the user who does nof have any
particular right and eguipment can implement personal
broadcasting.

[0223]

Aside from the example of the content providing system ex 108,
at least one of the moving picture coding apparatus {image coding
apparatus) and the moving picture decoding apparatus (image
decoding appearatus) described in each of embodiments may be
implemented in a digital broadcastiing system ex200 jHustrated in
FIG. 23. More specifically, a broadcast station ex201 communicates
ar transmits, via radio waves o a bDroadcast satellite ex202Z,
multiplexed data obtained by multiplexing audio data and others
onto video data. The video data is data coded by the moving picture
coding method described in each of embodiments {i.e., data coded by
the image coding apparatus according to an aspect of the present
invention). Upon receipt of the multiplexed data, the broadcast
satellite ex202 trapnsmits radic waves for broadcasting. Then, a
home-use antenna ex204 with a satellite broadcast reception
function receives the radio waves, Next, a device such as a
television {receiver) ex300 and a set top box {(§TB) ex217 decodes
the received multiplexed data, and reproduces the decoded data (i.e.,
functions as the image decoding apparatus according to an aspect of
the present invention).

[0224}

Furthermore, a reader/recorder ex218 (i) reads and decodes
the multiplexed data recorded on a recording medium ex215, such as
a DVD and a BD, or (i) codes video signals in the recording medium
ex215, and in some cases, writes data obtained by multiplexing an
audio signal on the coded data. The reader/recorder ex218 can
include the moving picture decoding apparatus or the moving picture
coding apparatus as shown in each of embodiments. In this case,
the reproduced video signezis are displayed on the monitor ex219,
and can be reproduced by ancther device or system using the
recording medium ex215 on which the multiplexed data is recorded.

it is also possible to impiement the moving piciure decoding
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apparatus in the set top box exZ217 connected to the cable ex203 for
a cable felevision or to the antenna exZ204 for satellite and/or
terrestrial broadcasting, 50 as to display the video signals on the
monitor ex219 of the television ex300. The moving picture
decoding apparatus may be implemented not in the set top box but in
the television ex300.

[0225]

FIG. 24 illustrates the television (receiver) ex300 that uses
the moving picture coding method and the moving picture decoding
method described in each of embodiments. The television ex300
includes: a tuner ex301 that obtains or provides multiplexed data
obtained by multiplexing audio data onto video data, through the
antenna ex204 or the cable ex203, etc. that receives a broadcast; a
modulation/demodulation unit ex302 that demodulates the received
multiptexed data or modulates data into multipiexed data to be
supplied outside; and a mulitiplexing/demultiplexing unit ex303 that
demultiplexes the modulated multiplexed data into video data and
audio data, or multiplexes video data and audio data coded by a
signal processing unit ex306 into data.

[G226]

The teievision ex300 further includes: a signal processing unit
ex306 inciuding an audio signal processing unit ex304 and a video
signal processing unit ex305 that decode audio data and video dats
and code audio data and video data, respectively {which function as
the image coding apparatus and the image decoding apparatus
according to the aspects of the present invention); and an output
unit ex30% including a speaker ex307 that provides the decoded
audio signal, and a display unit ex308 that displays the decoded
video signal, such as & display. Furthermore, the television ex300
includes an interface unit ex317 including an operation input unit
ex312 that receives an input of a user operation. Furthermore, the
television ex300 includes a control unit ex310 that controls overall
each constituent elemeant of the television ex300, and a power supply
circuit unit ex311 that supplies power to each of the elements.
Other than the operation input unit ex312, the interface unit ex317
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may include: a bridge ex313 that is connected to an external device,
such as the reader/recorder ex218; a siot unit ex314 for enabling
attachment of the recording medium ex216, such as an SD card; &
driver ex315 to be connected to an external recording medium, such
as a hard disk; and a modem ex316 to be connected to a telephone
network., Here, the recording medium ex216 can electrically record
information using a non-volatile/vaiastile semiconductor memory
element for storage. The constituent elements of the television
ex300 are connected to each cther through a synchronocus bus.
t0227]

First, the configuration ir which the television ex300 decodes
muitiplexed data obtained from outside through the antenna ex204
and others and reproduces the decoded data will be described. In
the television ex300, upon a user operation through a remote
controiler ex220 and others, the multiplexing/demultiplexing unit
ex303 demultiplexes the muiltiplexed data demodulated by the
modulation/demodulation unit ex302, under control of the control
unit ex310 including a CPU. Furthermore, tne audio signal
processing unit ex304 decodes the demuitiplexed audio data, and the
video signal processing unit ex305 decodes the demuitiplexed video
data, using the decoding method described in each of embodiments,
in the television ex300. The output unit ex309 provides the
decoded video signal and audio signal outside, respectively. When
the output unit ex309 provides the video signal and the audio signal,
the signals may be temporarily stored in buffers ex318 and ex319,
and others so that the signals are reproduced in synchronization with
each other, Furthermore, the television ex300 may read
multiptexed data not through a broadcast and cthers but from the
recording media exZ215 and ex216, such as a3 magnetic disk, an
opticat disk, and & SD card. Next, a configuration in which the
television ex300 codes an audio signal and a2 video signat, and
transmits the data outside or writes the data on & recording medium
will be described. In the television ex300, upon a user operation
through the remote controlier ex220 and others, the audic signai
processing unit ex304 codes an audio signai, and the video signal
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processing unit ex305 codes a video signal, under control of the
control unit ex310 using the coding method described in each of
embodiments. The multiplexing/demultipiexing unit  ex303
multiplexes the coded video signal and audio signal, and provides the
resulting signal cutside. When the multiplexing/cemultiplexing unit
may be temporarily stored in the buffers ex320 and ex321, and
others so that the signals are reproduced in synchronization with
each other. Here, the buffers ex318, ex319, ex320, and ex321 may
be plural ag itustrated, or at least one buffer may be shared in the
television ex300. Furthermore, data may be stored in a buffer so
that the system overflow and underflow may be avoided between the
modulation/demodulation unit ex302 and the
multiplexing/demultiplexing unit ex303, for example.

(02287

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

[0229]

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

102307

As an example, FIG. 25 illustrates a configuration of an
information reproducing/recording unit ex400 when data is read or
written from or on an opticai  disk. The information
reproducing/recording unit ex400 includes constituent eiements

ex401, ex402, ex403, exd404, ex405, ex406, and ex407 o be
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described hereinafter. The optical head ex401 irradiates a laser
spot in g recording surface of the recording medium ex215 that is an
optical disk toc write information, and detects reflected light from the
recording surface of the recording medium ex215 to read the
information. The modulation recording unit ex402 elecirically
drives a semiconductor {aser included in the oplical head ex401, and
modulates the laser light according to recorded data. The
reproduction demodulating unit ex403 amplifies a reproduction
signal obtained by electrically detecting the refiected light from the
recording surface using a photo detector inciuded in the optical head
ex401, and demodulates the reproduction signal by separating 2
signal component recorded on the recording medium ex215 to
reproduce the necessary information. The buffer ex404 temporarily
hotds the information to be recorded on the recording medium ex215
and the information reproduced from the recording medium ex215.
The disk motor ex405 rotates the recording medium ex215. The
servo control unit ex406 moves the optical head ex401 to a
nredetermined information track white controliing the rotation drive
of the disk motor ex405 sg as to follow the laser spot. The system
control unit ex407 controis overall the information
reproducing/recording unit ex400. The reading and writing
processes c¢an be implemented by the system control unit ex407
using various information stored in the buffer ex404 and generating
and adding new information as necessary, and by the modulation
recording unit ex40Z, the reproduction demodulating unit ex403, and
the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
manner. The sysitem control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
execute a program for read and write.

f0231]

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

162327
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FIG. 26 illustrates the recording medium ex215 that is the
optical disk. On the recording surface of the recording medium
ex215, guide grooves are spirally formed, and an information track
ex230 records, in advance, address informaeation indicating an
absotute position on the disk according to change in a shape of the
guide grooves. The address information includes information for
determining positions of recording blocks ex231 that are a unit for
recording data. Reproducing the information track ex230 and
reading the address information in an apparatus that records and
reproduces data can lead t¢ determination of the positions of the
recording tlocks. Furthermore, the recording medium ex215
includes 2 data recording area ex233, an inner circumference area
ex232, and an outer circumference area ex234. The data recording
area exZ233 is an area for use in recording the user data. The inner
circumference area ex232 and the outer circumference area ex234
that are inside and outside of the date recording area ex233,
respectively are for specific use except for recording the user data.
The information reproducing/recording unit 400 reads and writes
coded audio, coded video data, or muiltiplexed data cobtained by
muitiplexing the coded audio and video data, from and on the data
recording area ex233 of the recording medium ex215,

02337

Although an optical disk having a layer, such as a DVD and a
BD is described as an example in the description, the optical disk is
not limited to such, and may be an optical disk having a multilayer
structure and capable of being recorded on a2 part other than the
surface. Furthermore, the optical disk may have @ structure for
multidimensional recording/reproduction, such as recording of
information using light of colors with different wavelengths in the
same portion of the optical disk and for recording information having
different fayers from various angies.

(02347

Furthermore, 2 car exZ210 having an antennaz ex205% can
receive data from the satellite ex202 and others, and reproduce
video on a dispiay device such as a car navigation system ex211 set
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inthe car ex210, in the digital broadcasting system ex200, Here, a
configuration of the car navigation system ex211 will be a
configuration, for exampie, inciuding a GPS receiving unit from the
configuration ilustrated in FIG. 24. The same will be true for the

configuration of the computer ex111, the cellular phone ex114, and

others.
[0235]

FIG. 27A iHustrates the cellular phone ex114 that uses the
moving picture coding method and the moving picture decoding
method described in embodiments. The cellular phone exli4
includes: an antenna ex350 for transmitting and receiving radio
waves through the base station exlio; a camera unit ex365 capable
of capturing moving and still images; and a display unit ex358 such
as a liguid crystal display for displaying the data such as decoded
video captured by the camera unit ex365 or received by the antenna
ex350. The cellular phone ex114 further includes: 2 main body unit
incluging an operation key unit ex366; an audio output unit ex357
as a microphone for input of audio; a memory unit ex367 for storing
captured video or still pictures, recorded audio, coded or decoded
data of the received video, the still pictures, e-mails, or others; and
a siot unit ex364 that is an interface unit for a recording medium that
stores data in the same manner as the memory unit ex367.

[0236]

Next, an example of a configuration of the cellular phone
ex114 will be described with reference to FIG. 27B. In the cellular
phone ex114, a main control unit ex360 designed to controt overall
each unit of the main body including the display unit ex358 as well as
the operation key unit ex366 is connected mutually, via a
synchronous bus ex370, to a power supply circuit unit ex361, an
operation input control unit ex362, a video signal processing unit
ex355, a camera interface unit ex363, a liguid crystal display (LCD)
controt unit ex359, a2 modulation/demodulation unit ex352, a
multiplexing/demultiplexing unif ex353, an audio signal processing
unit ex354, the slot unit ex364, and the memory unit ex367.
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(0237}

Wwhen a call-end key or a power key is turned ON by a user’s
cperation, the power supply circuit unit ex361 supplies the
respective units with power from a battery pack 50 as to activate the
cell phone exil4.

[0238]

in the cellular phone ex114, the audio signal processing unit
ex354 converts the audio signals collected by the audio input unit
ex356 in voice conversation mode into digital audio signals under the
control of the main control unit ex360 including a CPU, ROM, and RAM.
Then, the modulation/demodulation unit ex352 performs spread
spectrum processing on the digital audio signals, and the
transmitting and receiving unit ex351 performs digital-to-analog
conversion and frequency conversion on the data, so as to transmit
the resulting data via the antenna ex350. Also, in the cellular phone
ex114, the transmitting and receiving unit ex351 amplifies the data
received by the antenna ex350 in voice conversation mode and
performs frequency conversion and the analog-to-digital conversion
on the data. Then, the modulation/demcodulation unit ex352
performs inverse spread spectrum processing on the data, and the
audio signal processing unit ex354 converts it into anaiog audio
signals, so as to output them via the audio output unit ex357.
[0239]

Furthermore, when an e-mail in data communication mode is
fransmitted, text data of the e-mail inputted by operating the
operation key unit ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit
ex362. The main  control  unit  ex360 causes the
modulation/demodulation unit ex352 to perform spread specirum
processing on the text data, and the transmitting and receiving unit
ex351 performs the digital-to-analog conversion and the frequency
conversion on the resulting data te transmit the data to the base
station ex110 via the antenna ex358. When an e-mail is received,
processing that is approximately inverse to the processing for
transmitting an e-mail is performed on the received data, and the
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resulting data is provided to the display unit ex358,
10240]

When video, still images, or video and audioc in data
communication mode is or are transmitted, the videc signal
processing unit ex355 compresses and codes video signals supplied

shown in each of embodiments (i.e., functions as the image coding
apparatus according to the aspect of the present invention), and
transmits the coded video data to the mulitiplexing/demultiplexing
unit ex353. In contrast, during when the camera unit ex365
captures video, still images, and others, the audic signal processing
unit ex354 codes audio signals collected by the audic input unit
ex356, and tfransmits the coded audio data to the
multiplexing/demuitiplexing unit ex353.

(02417

The multiplexing/demultipiexing unit ex353 multipiexes the
coded videc data supplied from the video signal processing unit
ex355 and the coded audio data supplied from the audic signal
processing unit ex354, using a predetermined method. Then, the
modulation/demoduiation  unit (modulation/demodulation  circuit
unit) ex352 performs spread spectrum processing on the multiplexed
data, and the transmitting and receiving unit ex351 performs
digitat-to-analog conversion and freguency conversion on the data so
as to transmit the resulting data via the antenna ex350.

[0242)

When receiving data of a video file which is linked to a Web
page and others in data communication mode or when receiving an
e-mail with video and/or audio attached, in order to decode the
multiplexed data received via the antenna ex3534, the
muitiplexing/demultiplexing  unit  ex3533  demuliiplexes the
muitiplexed data into a video data bit stream and an audio data bit
stream, and supplies the video signal processing unit ex3355 with the
coded video data and the audic signal processing unit ex354 with the
coded audic data, through the synchronous bus ex370. The viden
signal processing unit ex355 decodes the video signal using @ moving
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picture decoding method corresponding to the moving picture coding
method shown in each of embodiments (i.e., functions as the image
decoding apparatus according to the aspect of the present invention),
and then the display unit ex358 displays, for instance, the video and
still images included in the video file linked to the Web page via the
LCD control unit ex359. Furthermore, the audio signal processing
unit ex354 decodes the audio signal, and the audio output unit ex357
provides the audio.

[C243]

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

(02447

As such, the moving picture coding method and the moving
picture decodging method in each of embodiments can be used in any
of the devices and systems described. Thus, the advantages
described in each of embodiments can be obtained.

[0245]

Furthermore, the present invention is not limited to the
above-described embodiments of the present invention, and various
modifications and revisions can be made without deviating from the
scope of the present invention,

[0246]
[Embodiment 4]

Video data can be generated by switching, as necessary,
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between (i) the moving picture coding method or the moving picture
coding apparatus shown in each of embodiments and (ii) a2 moving
picture coding method or a moving picture coding apparatus in
conformity with a different standard, such as MPEG-2, MPEG-4 AVC,
argd VC-1.

[0247]

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

102487

In order to solve the probiem, multiplexed data obtained by
muitiplexing audio data and others onto video dats has a structure
including identification information indicating to which standard the
video data conforms. The specific structure of the multiplexed data
including the video data generated in the moving picture coding
method and by the moving picture coding apparatus shown in each of
embodiments will be hereinafter described. The multiplexed data is
g digital stream in the MPEG-2 Transport Stream format.

(02497

FiG. 28 illustrates a structure of the multiplexed data. As
ilfustrated in FIG. 28, the multiplexed data can be obtained by
multiplexing at least one of a video stream, an audio stream, a
presentation graphics stream (PG), and an interactive graphics
stream. The video stream represents primary video and secondary
video of 2 movie, the audio stream (IG) represents a primary audio
part and a secondary audio part to be mixed with the primary audio
part, and the presentation graphics stream represents subtities of
the movie. Here, the primary video is normal video to be displayed
on a screen, and the secondary video is video to be displayed on a
smalier window in the primary video., Furthermore, the interactive
graphics stream represents an interactive screen to be generated by
arranging the GUI components on a screen. The video stream is
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coded in the moving picture coding method or by the moving picture
coding apparatus snown in each of embodiments, or in 2 moving
picture coding method or by a moving picture coding apparatus in
conformity with a conventional standard, such as MPEG-2, MPEG-4
AVC, and VC-1. The audio stream is coded in accordance with a
standard, such as Dolby-AC-3, Dolby Digital Plus, MLP, DTS, DTS-HD,
and linear PCM.
[06250]

Each stream inciuded in the multiplexed data is identified by
PID. For example, Ox1011 is aliocated to the video stream £o be
used for videc of a movie, Ox1100 to Ox111iF are ziiocated to the
audio streams, Ox1200 to Ox121F are allocated to the presentation
graphics streams, Ox1400 to Ox141F are allocated to the interactive
graphics streams, Ox1B00 to Ox1B1F are aliocated to the video
streams to be used for secondary video of the movie, and Ox1AQ00 to
Ox1A1F are allocated to the audio streams to be used for the
secondary audio to be mixed with the primary audio.
[0251]

FIG. 29 schematically illusirates how data is multipiexad.
First, a video stream ex235 composed of video frames and an audic
stream exZ38 composed of audio frames are transformed into a
stream of PES packets ex236 and a stream of PES packets exZ39, and
further into TS packets ex237 and TS packets ex240, respectively,
Similarly, data of a presentation graphics stream exZ41 and data of
an interactive graphics stream ex244 are transformed inteo a stream
of PES packets ex242 and a stream of PES packets ex245, and further
into TS packets ex243 and TS packets ex246, respectively., These
TS packets are multiplexed into 2 siream tc obtain multiplexed data
ex247.
10252]

FIG. 30 illustrates how a video stream is stored in a stream of
PES packets in more detall. The first bar in FIG. 30 shows a video
frame stream in a video stream. The second bar shows the stream
of PES packets. As indicated by arrows denoted as yvi, yvZ, yv3,

and yy4 in FIG. 30, the video stream is divided into pictures as !
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oictures, B pictures, and P pictures each of which is a video
presentation unit, and the pictures are stored in a payload of each of
the PES packets. Each of the PES packets has a PES header, and the
PES header stores a Presantation Time-Stamp (PTS) indicating a
display time of the picture, and a Decoding Time-Stamp (DTS)
indicating a decoding time of the picture.

[0253]

FIG. 31 itlustrates a format of TS packets to be finally written
on the multiplexed data. Each of the TS packets is a 188-byte fixed
length packet including a 4-byte TS header having information, such
as a PID for identifying a stream and a 184-byte TS payioad for
storing data. The PES packets are divided, and stored in the TS
payloads, respectively. When a BD ROM is used, each of the 75
packets is given a 4-byte TP_Extra_Header, thus resulting in
192-byte source packets. The source packets are written on the
multiplexed data. The TP_Extra_Header stores information such as
an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time
at which each of the TS packets is to be transferred to a PID filter.
The source packets are arranged in the multiplexed data as shown at
the pottom of FIG. 31. The numbers incrementing from the head of
the multiplexed data are called source packet numbers (5PNs).
[0254]

Fach of the TS packets included in the multiplexed data
includes not only streams of audio, video, subtitles and others, but
also a Program Association Table (PAT), a Program Map Table (PMT),
and a Program Clock Reference (PCR). The PAT shows what a PID in
a PMT used in the multiplexed data indicates, and a PID of the PAT
itself is registered as zero. The PMT stores PIDs of the streams of
video, audio, subtities and others inciuded in the multiplexed data,
and attribute information of the streams corresponding to the PIDs,
The PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information
showing whether copying of the multiplexed data is permitted or not,
The PCR stores STC time information corresponding to an ATS
showing when the PCR packet is transferred to a decoder, in order to
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achieve synchronization between an Arrival Time Clock (ATC) that is
a time axis of ATSs, and an System Time Clock (57C) that is a time
axis of PT5s and DTSs.
[0255]

FIG. 32 HHustrates the data structure of the PMT in detail. A
ton of the PMT. The PMT header

describes the length of data included in the PMT and others. A

[

PMT header is disposed at th

piurality of descriptors relating to the multiplexed data is disposed
after the PMT header. Information such as the copy control
information is described in the descriptors. After the descriptors, a
oturatity of pieces of stream information relating to the streams
included in the multiplexed data is disposed. Each piece of stream
information includes stream descriptors each describing information,
such as a stream type for identifying & compression codec of a
stream, a stream PID, and stream attribute information (such as a
frame rate or an aspect ratio). The stream descriptors are equal in
number to the number of streams in the muliiplexed data.

102567

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

0257

Each of the multiplexed data information files is management
information of the multiplexed data as shown in FIG. 33. The
muitiplexed data information files are in one to one correspondence
with the multiplexed data, and each of the files includes multiplexed
data information, stream attribute information, and an entry map.
[0258]

As iHustrated in FIG. 33, the multiplexed data information
includes a system rate, a reproduction start time, and a reproduction
end time. The system rate indicates the maximum transfer rate at
which a2 system target decoder to be described later transfers the
multiplexed data to a PID filter, The intervals of the ATSs included
in the multipiexed data are set to not higher than a system rate.

The reproduction start time indicates a PTS in a video frame at the
- 565 -



10

15

20

25

30

35

head of the multiplexed data. An interval of one frame is added to a
PTS in 2 video frame at the end of the muitiplexad data, and the PTS
is set to the reproduction end time.

[0259]

As shown in FIG. 34, a piece of attribute information is
registered in the stream attribute information, for each PID of each
stream included in the multipiexed data. Each piece of atiribute
information has different information depending on whether the
corresponding stream is a video stream, an audio stream, z
presentation graphics stream, or an interactive graphics stream.
Each piece of video stream attribute information carries information
inciuding what kind of compression codec is used for compressing the
video stream, and the resolution, aspect ratio and frame rate of the
pieces of picture data that is included in the video stream. Each
piece of audic stream attribute information carries information
inciuding what kind cf compression codec is used for compressing the
audio stream, how many channels are included in the audio stream,
which language the audio stream supports, and how high the
sampling frequency i8. The video stream attribute information and
the audio stream attribute information are usead for initialization of a2
decoder before the player plays back the information.

[0260] '

In the present embodiment, the muitiplexed data to be used is
of a stream type inciuded in the PMT. Furthermore, when the
multiplexed data is recorded on & recording medium, the video
stream attribute information included in the mulitiplexed data
information is used. More specifically, the moving picture coding
method or the moving picture coding apparatus described in each of
embodiments includes a step or a unit for allocating unigue
information indicating video data generated by the moving picture
coding method or the moving picture coding apparatus in each of
embodiments, to the stream type inciuded in the PMT or the video
stream attribute information. With the configuration, the video
data generated by the moving picture coding method or the moving
picture coding apparatus described in each of embodiments can be
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distinguished from video data that conforms to another standard.
(02617

Furthermore, FIG. 35 illustrates steps of the moving picture
decoding method according to the present embodiment. In Step
ex5100, the stream type included in the PMT or the video stream
attribute information included in the multipiexed data information is
obtained from the multiplexed data. Next, in Step ex5101, 1t is
determined whether or not the stream type or the video stream
attribute informaticn indicates that the multiplexed data is
generated by the moving picture coding method or the moving
picture coding apparatus in each of embodiments. When it is
determined that the stream type or the video stream atiribute
information indicates that the multiplexed data is generated by the
moving picture coding method or the moving picture coding
apparatus in each of embodiments, in Step ex5102, decoding is
performed by the moving picture decoding method in each of
embodiments. Furthermore, when the stream type or the video
stream attribute information indicates conformance to the
conventional standards, such as MPEG-2, MPEG-4 AVC, and VC-1, in
Step ex5103, decoding is performed by a moving picture decoding
method in conformity with the conventional standards.
(02627

As such, allocating a new unigue value to the stream type or
the video stream attribute information enables determination
whether or not the moving picture decoding method or the moving
picture decoding apparatus that is described in each of embodiments
can perform decoding., Even when multiplexed data that conforms
to a different standard is input, an appropriate decoding method or
apparatus can be selected. Thus, it becomes possible to decode
information without any error. Furthermore, the moving picture
coding method or apparatus, or the maving picture decading method
or apparatus in the present embodiment can be used in the devices

and systems described above.

[0263]
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[Embodiment 5]

Each of the moving picture coding method, the moving picture
coding apparatus, the moving picture decoding method, and the
moving picture decoding apparatus in each of embodiments is
typically achieved in the form of an integrated circuit or &2 Large Scale
Integrated (L5I1} circuit,  As an examnle of the LSI, FIG, 38
itlustrates a configuration of the LSI ex500 that is made into one chip.
The LS ex500 includes elements ex501, ex502, ex503, ex504,
ex505, ex506, ex507, ex508, and ex508 to be described below, and
the elements are connected to each other through a bus ex510. The
power supply circuit unit ex505 is activated by suppiving each of the
elements with power when the power supply circult unit ex505 is
turned on,

(0264}

For example, when coding is performed, the LSI ex500
receives an AV signal from a microphone ex117, a camera ex113,
and others through an AV 10 ex509 under control of a control unit
ex501 including a CPU ex502, a memory controlier ex503, a stream
controtier ex504, and a driving frequency controf unit ex512. The
received AV signal is temporarily stored in an external memory
ex511, such as an SDRAM. Under controf of the control unit ex501,
the stored data is segmented into data portions according to the
processing amount and speed to be transmitted to a signal
processing unit ex507. Then, the signal processing unit ex507
codes an audio signat and/or a videc signal. Here, the coding of the
video signal is the coding described in each of embodiments.
Furthermore, the signal processing unit ex507 sometimes
multipiexes the coded audic data and the coded video data, and a
stream 10 ex506 provides the multipiexed deata outside. The
provided multiplexed data is transmitted to the base station ex107,
or written on the recording medium ex215. When data sets are
multiplexed, the data should be temporarily stored in the buffer
ex508 50 that the data sets are synchronized with each other.
[0265]

Afthough the memory ex511 is an elemeni outside the LSI
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ex500, it may be included in the LSI ex500. The buffer ex508 is not
firmited to one buffer, but may be composed of buffers., Furthermore,
the LSI ex500 may be made into one chip or a plurality of chips.
[0266]

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

(0267]

The name used here is LSI, but it may also be called IC,
system LSI, super LSI, or ultra LSI depending on the degree of
integration,. |
[0268]

Moreover, ways to achieve integration are not limited {¢ the
LS1, and a2 special circuit or a general purpose processor and 5o forth
can also achieve the integration. Field Programmable Gate Array
{(FPGA) that can be programmed after manufacturing LSIs or a
reconfigurable processor that allows re-configuration of the
connection or configuration of an LSI can be used for the same
purpose.

[0269]

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

[0270]
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[Embodiment 6]

When video data generated in the moving picture coding
method or by the moving picture coding apparatus described in each
of embodiments is decoded, compared to when videg data that
conforms to a conventionel standard, such as MPEG-2, MPEG-4 AV(C,
and V(-1 is decoded, the processing amount probably increases.
Thus, the LSI ex500 needs to be set to a driving freguency higher
than that of the CPU ex502 to be used when videc data in conformity
with the conventional standard is decoded. However, when the
driving frequency is set higher, there is a probiem that the power
consumption increases,

(02717

In order to solve the problem, the moving picture decoding
apparatus, such as the television ex300 and the LSI ex500G is
configured tc determine to which standard the video data conforms,
and switch between the driving frequencies according to the
determined standard. FIG. 37 iHustrates a configuration ex800 in
the present embodiment., A driving frequency switching unit ex803
sets a driving frequency to a higher driving freguency when video
data is generated by the moving picture coding method or the
moving picture coding apparatus described in each of embodiments.
Then, the driving freguency switching unit ex803 instructs a
decoding processing unit ex801 that executes the moving picture
decoding rmethod described in each of emboediments to decode the
video data. When the video data conforms tec the conventional
standard, the driving frequency switching unit exB03 sets a driving
freguency to a lower driving freguency than that of the video data
generated by the moving picture coding method or the moving
picture coding apparatus described in each of embodiments. Then,
the driving freguency switching unit ex803 instructs the decoding
processing unit ex802 that conforms to the conventional standard to
decode the video data.

[0272]

More specifically, the driving freguency switching unit ex803

includes the CPU ex502 and the driving frequency control unit ex512
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in FIG. 36. Here, each of the decoding procassing unit ex801 that
executes the moving picture decoding method described in each of
embodiments and the decoding processing unit ex802 that conforms
to the conventional standard corresponds to the signal processing
unit ex547 in FIG. 36, The CPU ex502 determines to which standard
the video data conforms. Then, the driving freguency control unit
ex512 determines a driving frequency based on a signal from the CPU
ex502. Furthermore, the signal processing unit ex507 decodes the
video data based on the signal from the CPU ex502. For example,
the identification information described in Embodiment 4 is probably
used for identifying the video data. The identification information is
not limited to the one described in Embodiment 4 but may be any
information as long as the information indicates to which standard
the video data conforms. For example, when which standard videc
data conforms fto can be determined based on an external signal for
determining that the video data is used for a telavision or a disk, etc.,
the determination may be made based on such an external signal.
Furthermore, the CPY ex502 selects a driving frequency based on,
for example, a look-up table in which the standards of the video data
are associated with the driving frequencies as shown in FIG. 39.
The driving frequency can be selected by storing the look-up table in
the buffer ex508 and in an internal memory of an L5I, and with
reference to the iook-up table by the CPU ex502.

[0273]

FIG. 38 illustrates steps for executing a method in the present
embodiment, First, in Step ex5200, the signal processing unit
ex507 obtains identification information from the multiplexed data.
Next, in Step ex5201, the CPU ex502 determines whether or not the
video data is generated by the coding method and the coding
apparatus described in each of embodiments, based on the
identification information. When the video data is generated by the
moving picture coding method and the moving picture coding
apparatus described in each of embodiments, in Step ex5202, the
CPU ex502 transmits a signa!l for setting the driving frequency to a
higher driving freguency to the driving frequency control unit ex512.
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Then, the driving freguency control unit ex512 sets the driving
frequency to the higher driving frequency. On the other hand, when
the identification information indicates that the video data conforms
to the conventional standard, such as MPEG-2, MPEG-4 AVC, and
V-1, in Step exS203, the CPU ex502 transmils a signal for setting
the driving frequency to a lower driving frequency to the driving
frequency control unit ex512. Then, the driving frequency control
unit ex512 sets the driving frequency to the iower driving frequency
than that in the case where the video data is generated by the
moving picture coding method and the moving picture coding
apparatus described in each of embodiment,

[02741

Furthermore, along with the switching of the driving
frequencies, the power conservation effect can be improved by
changing the voltage to be applied to the LSI ex500 or an apparatus
including the LSI ex500. For exampie, when the driving frequency
is set lower, the voltage to be applied to the LSI ex500 or the
apparatus including the LSI ex500 is probably set to a voltage lower
than that in the case where the driving freguency is set higher.
[0275]

Furthermore, when the processing amount for decoding is
larger, the driving freguency may be set higher, and when the
nrocessing amount for decoding is smaller, the driving frequency
may be set lower as the method for setting the driving freguency.
Thus, the setting method is not limited to the ones described above.
For example, when the processing amount for decoding video data in
conformity with MPEG-4 AVC is larger than the processing amount for
decoding video data generated by the moving picture coding method
and the moving picture coding apparatus described in each of
embodiments, the driving frequency is probably set in reverse order
to the setting described above.

[6276]

Furthermore, the method for setting the driving freguency is
not limited to the method for setting the driving frequency iower.
For example, when the identification information indicates that the
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video data is generated by the moving picture coding method and the
moving picture coding apparatus described in each of embodiments,
the voltage to be applied to the L5 ex500 or the apparatus including
the LSI ex500 is probably set higher. When the identification
information indicates that the video data conforms fo the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, the
voltage to be applied to the LSI ex500 or the apparatus including the
LST ex500 is probably set lower. As another example, when the
identification information indicates that the video data is generatad
by the moving picture coding method and the moving picture coding
apparatus described in each of embodiments, the driving of the CPU
ex502 does not probably have to be suspended. When the
identification information indicates that the video data conforms to
the conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1,
the driving of the CPU ex502 is probably suspended at a given time
because the CPU ex502 has extra processing capacity. Even when
the identification information indicates that the video data is
generated by the moving picture coding method and the moving
picture coding apparatus described in each of embodiments, in the
case where the CPU ex502 has extra processing capacity, the driving
of the CPU ex502 is probably suspended at a given time. In such 3
case, the suspending time is probably set shorter than that in the
case where when the identification information indicates that the
video data conforms to the conventional standard, such as MPEG-2Z,
MPEG-4 AVC, and VC-1,
(02771

Accordingly, the power conservation effect can be improved by
switching between the driving freguencies in accordance with the
standard to which the video data conforms. Furthermore, when the
LSI €x500 or the apparatus including the LSI ex500 is driven using a
battery, the battery life can be extended with the power conservation
effect.

[0278]
[Embodiment 7]
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There are cases where a plurality of videc data that conforms
to different standards, is provided to the devices and systems, such

‘as a television and a celtular phone. In orderto enable decoding the

plurality of video data that conforms to the different standards, the
signal processing unit ex507 of the LS1 ex500 needs to conform to
the different standards. However, the problems of increase in the
scale of the circuit of the LSI 2x500 and increase in the cost arise
with the individual use of the signal processing units ex507 that
conform to the respective standards.

0279]

In order to sclve the problem, what is conceived is a3
configuration in which the decoding processing unit for implementing
the moving picture decoding method described in each of
embodiments and the decoding processing unit that conforms to the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1 are
partly shared. ExS00 in FIG. 40A shows an example of the
configuration. For example, the moving picture decoding method
described in each of embodiments and the moving picture decoding
method that conforms to MPEG-4 AVC have, partly in common, the
details of processing, such as entropy coding, inverse guantization,
deblocking fiitering, and motion compensated prediction. The
details of processing to be shared probably include use of a decoding
processing unit ex902 that conforms to MPEG-4 AVC, In contrast, a
dedicated decading processing unit ex801 is probably used for other
processing unigue to an aspect of the present invention. Since the
aspect of the present invention is characterized by entropy decoding
in particular, for example, the dedicated decoding processing unit
ex901 is used for entropy decoding. Otherwise, the decoding
processing unit is probably shared for one of the inverse gquantization,
debiocking filtering, and motion compensation, or ail of the
processing. The decoding processing unit for implementing the
moving picture decoding method described in each of embodiments
may be shared for the processing to be shared, and a dedicated
decoding processing unit may be used for processing unigue o that
of MPEG-4 AVC,
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(02807

Furthermore, ex1000 in FIG. 40B shows another example in
that processing is partly shared. This example uses a configuration
including a dedicated decoding processing unit ex1001 that supports
the processing unigue to an aspect of the present invention, a
dedicated decoding processing unit ex1002 that supports the
processing unique to another conventional standard, and a decoding
nrocessing unit ex1003 that supports processing to be shared
hetween the moving picture decoding method according to the
aspect of the present invention and the conventional moving picture
decoding method. Here, the dedicated decoding processing units
ex1001 and ex1002 are not necessarily specialized for the processing
according to the aspect of the present invention and the procassing
of the conventional standard, respectively, and may be the ones
capable of implementing general processing. Furthermore, the
configuration of the present embodiment can be implemented by the
LSI ex500.
(02811

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

FNindustrial Applicability]
(0282]

The image cocding apparatus and the image decoding
apparatus according to aspects of the present invention are
applicable, for exampte, television receivers, digitai video recorders,
car navigation systems, mobile phones, digital cameras, digital video
cameras and the like,

[Reference Signs List]
[0283]
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100, 300 image coding apparatus
101 coding biock generating unit
102, 203 predicting unit

103 subtractor

104 transforming unit

105 variable length encoder

106, 202 inverse transforming unit
107, 204 adder

108, 206 frame memory

111 coefficient block generating unit
112 significant_flag encoder

113 greaterl flag encocer

114 greater2_flag encoder

115  level_minus3 encoder

116 sign_flag encoder

121, 221 significant_flag group setting unit
122  significant_flag setting unit
123, 225 significant_flag memory

124, 222 significant_flag ontext selecting unit

125, 302 arithmetic encoder

126, 224 significant_flag context memory
200, 400 image decoding apparatus
201 wvarigble length decoder

205 decoded btock combining unit
211 significant_flag decoder

212 greaterl flag decoder

213 greater? _flag decoder

214 level_minus3 decoder

215 sign_flag decoder

216 coefficient reconstructing unit
217 coefficient biock combining unit
223, 402 arithmetic decoder

301, 401 context selecting unit

- 76 -



10

20

25

30

[CLAIMS]

[Claim 1]

An image coding method for coding an image on a
block-by-block basis, the image coding method comprising:

selecting, for each of a plurality of sub-blocks included in 2
coding-target biock and each inciuding a plurality of coefficients, a
context for performing arithmetic coding on a parameter indicating a
coding-target coefficient included in the sub-block from a context set
corresponding to the sub-biock, based on at least one reference
coefficient located around the coding-target coefficient, the
coding-target block being a transform unit; and

performing arithmetic coding on the parameter indicating the
coding-target coefficient using probability information about the
selected context,

wherein, in the selecting, the context is selected from the
context set, the context set corresponding to a sum of (i) a value
indicating a position in a horizontal direction of the sub-block in the
coding-target block and {ii) 2 value indicating a position in a vertical
direction of the sub-block in the coding-target block.

[Claim 2]

The image coding method according to Claim 1,

wherein, in the selecting, when a horizontal-direction distance
and a vertical-direction distance from & position of an upper left
coefficient in the coding-target block to a position of the
coding-target coefficient are denocted as H and V, respectively, and
when each of the sub-blocks has a size denoted as g in each of the
vertical direction and the horizontal direction, “an integer part of
(M/a) + an integer part of (V/a)™is caiculated as the sum.

[Claim 31
The image coding method according o one of Claim 1 and
Claim 2,
wherein, in the selecting,
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when the sum is smailer than or equal to a threshold value, the
context is selected from a first context set; and

when the sum is larger than the threshoid value, the contextis
selected from & second context set different from the first context
set.

[Ciaim 4]

The image coding method according to Claim 3,

wherein, in the selecting, the threshoid value increases with
an increase in the size of the coding-target block.

[Claim 5]

The image coding method according te any one of Claim 1 to
Claim 4,

wherein the at ieast one reference coefficient is a coefficient of
a frequency component higher than a freguency component having
the coding-target coefficient,

[Claim 6]

The image coding method according to any one of Claim 1 fo
Claim 5,

wherein the parameter indicating the coding-target coefficient
is a flag indicating whether the coding-target coefficient is 0 or not.

[Claim 7]

The image coding method according to any one of Claim 1 to
Claim 6,

wherein the at least one reference coefficient is a plurality of
reference coefficients, and

the context selected in the selecting corresponds to the
number of reference coefficients having a non-zers value among the
piurality of reference coefficients.

fClaim 8]
The image coding method according to Claim 1, further
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comprising:

making a switch between a first coding process conforming to
a first standard and a second coding process conforming to a second
standard;

adding, to a bit stream, identification information indicating
of the first coding process and the second coding process to which
the switch is made; and

when the switch is made to the first coding process, the
selecting and the arithmetic coding are performed as the first coding
process,

[Claim 9]

An image coding apparatus which codes an image on a
hiock-by-block basis, the image coding apparatus comprising:

a context selecting unit configured to select, for sach of a
plurality of sub-biocks included in a coding-target block and each
including a pluraiity of cecefficients, a context for performing
arithmetic coding on a parameter indicating a coding-target
coefficient included in the sub-block from 3 context set
corresponding to the sub-biock, based on at least one reference
coefficient located around the coding-target coefficient, the
coding-target block being a transform unit; and

an arithmetic encoder which performs arithmetic coding on the
parameter indicating the coding-target coefficient using probability
information about the selected context,

wherein, the context selecting unit is configured to select the
context from the context set, the context set corresponding £o a8 sum
of (i} a value indicating a position In a horizontal direction of the
sub-block in the coding-target biock and (i) a vaiue indicating a
position in a vertical direction of the sub-block in the coding-target
block.

ICiaim 107
An image decoding method for decoding an image coded on a
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block-by-bilock basis, the image decoding method comprising:

selecting, for each of a plurality of sub-blocks inciuded in a
decoding-target block and each including a plurality of coefficients, a
context for performing arithmetic decoding on a parameter indicating
a decoding-target coefficient included in the sub-block from a
context set corresponding to the sub-block, based on at least one
reference coefficient located around the decoding-target coefficient,
the decoding-target block being a transform unit; and

performing arithmetic decoding on the parameter indicating
the decoding-target coefficient using probability information about
the selected context,

wherein, in the selecting, the context is selected from the
context set, the context set corresponding to a sum of (i) a value
indicating a position in a horizontal direction of the sub-block in the
decoding-target biock and (i) a value indicating a position in a
vertical direction of the sub-block in the decoding-target block.

TCilaim 11]

The image decoding method according to Claim 10,

wherein, in the selecting, when a horizontal-direction distance
and a vertical-direction distance from a position of an upper left
coefficient in the decoding-target bicck to a position of the
decoding-target coefficient are denoted as H and V, respectively, and
when each of the sub-blocks has a size denoted as ¢ in each of the

had

vertical direction and the horizontal direction, "an integer part of

(H/a) + an integer part of (V/a)” is calcuiated as the sum.

[Claim 12}

The image decoding method according te one of Claim 10 and
Ciaim 11,

wherein, in the selecting,

when the sum is smaller than or equal to a threshold value, the
context is selected from a first context set; and

when the sum is larger than the threshoid value, the contextis

selected from a second context set differant from the first context
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set.

[Claim 13]

The image decoding method according to Claim 12,

wherein, in the selecting, the threshold value increases with
an increase in the size of the decoding-target block,

[Claim 14}

The image decoding method according to any one of Claim 10
to Claim 13,

wherein the at least one reference coefficient is a coefficient of
a frequency component higher than a freguency component having
the decoding-target coefficient.

[Claim 15]

The image decoding method according to any one of Claim 10
to Claim 14,

wherein the parameier Iindicating the decoding-target
coefficient ic a flag indicating whether the deccding-target
coefficient is O or not.

[Claim 16]

The image decoding method according to any one of Claim 10
to Claim 15,

wherein the at least one reference coefficient is a plurality of
reference coefficients, and

the context selected in the selecting corresponds to the
number of reference coefficients having a non-zero value among the
plurality of reference coefficients.

[Ciaim 177
The image decoding method according to Claim 10, further
comprising:
making a switch between a first decoding process conforming
to a first standard and a second decoding process conforming to a
- 81 -
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one of the first standard and the second standard and added to a
bitstream,;

when the switch is made to the first decoding process, the
selecting and the arithmetic decoding are performed as the first
decoding process.

[Ciaim 18]

An image decoding apparatus which decodes an image on a
biock-by-block basis, the image decoding apparatus comprising:

a context selecting unit configured to select, for each of a
olurality of sub-blocks included in a decoding-target biock and sach
including a plurality of coefficients, a context for performing
arithmetic decoding on a parameter indicating a decoding-target
coefficient included in the sub-biock from a context set
corresponding to the sub-biock, pased on at least one reference
coefficient located around the decoding-target coefficient, the
decoding-target btock being a transform unit; and

an arithmetic decoder which performs arithmetic decoding on
the parameter indicating the decoding-target coefficient using
probability information about the selected context,

wherein, the context selecting unit is configured to seiect the
context from the context set, the context set corresponding to a sum
of (i} a value indicating a position in 2 horizontal direction of the
sub-block in the decoding-target block and (i) a value indicating a
position in a vertical direction of the sub-block in the decoding-target
block.

[Ciaim 19]
An image coding and decoding apparatus comprising:
the image coding apparatus according to Claim 9; and
the image decoding apparatus according to Ciaim 18
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