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[DESCRIPTION]

[Title of Invention]

IMAGE DECODING METHOD, IMAGE CODING METHOD, IMAGE DECODING
APPARATUS, IMAGE CODING APPARATUS, PROGRAM, AND INTEGRATED
CIRCUIT

[Technical Fieid]

10001]

The present invention is applicable to every multimedia data coding and,
in particular, image and video decoding anc coding.
[Background Art)

[0002]

in every image or video coding scheme, guantization is a significant
step of compressing data by removing a certain amount of information in an
image or a video. The quantization Is usually performed by transforming data
from space domain into freguency domain so that the data can be more
efficiently compressed by removing information in a quantization process.
[0003]

In most image or video coding schemes, the guantization process is
controliable by & guantization parameter. Herg, an amount of compression
increases as the vaiue of the guantization parameter rises, and a greater
amount of information is lost. The opposite is true.

100047

Moreover, in most image or video coding schemes, the guantization
process and an inverse guantization process are controllable by a set of
guantization scaling matrix values in addition to the guantization parameter
(see PTL 1, for instance). MHere, each of frequency coefficients in a8 two-
dimensional transform biock can be guantized by using both the quantization
narameter and & value corresponding to a quantization scaling matrix, Itis to
be noted that a “matrix value” refers to a value of sach of coefficients
constituting a matrix (hereafter the same).

(00051
- An exprmple of the inverse guantization process can be expressed by the
foilowing eguation.

AbsCoeffiil[il = abs(QuantizedCoeff{I1[j])*LevelScaie*ScalingMatrix|il[i] >>
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(QShift)
[0006]

Here, LevelScale and QShift are controlled by the quantization
parameter. Moreover, ScalingMatrix[i][j] represents quantization scaling matrix
values.

[00071]

In a video coding scheme such as ISO/IES14496-10 (MPEG-4AVC), a
quantization scaling matrix can be included and coded in a sequence header or
a picture header. Conventionally, gquantization scaling matrix values are
rearranged in a predetermined order, differences between previous and next
quantization scaling matrix values are calculated, and the difference values are
included and coded in the sequence header or the picture header.

[Citation List]

[Patent Literature]

[0008]

[PTL 1]

Japanese Unexamined Patent Application Publication No. 2008»193.410
~ [Summary of Invention] |

[Technical Problem]

[0009]

One of problems of the conventional technigues is associated with the
number of bits required to transmit quantization scaling matrix values in a
picture header. In particular, transmitting a large number of quantization
scaling matrices in a picture header to a decoder requires a lot of bits, which
reduces coding efficiency.

[0010]

Embodiments of the present invention provide an image coding method
and an image decoding method which make it possible to code a guantization
scaling matrix using a smaller number of bits and decode the coded
guantization scaling matrix, respectively.

[Solution to Problem]
[00113



10

15

20

According to a first aspect of the present invention, there is provided an
image decoding method for decoding a coded image included in a coded stream,
said image decoding method comprising: obtaining an old quantization scaling
matrix which is a decoded quantization scaling matrix and is used for decoding
a new quantization scaling matrix; obtaining, from the coded stream, an update
parameter indicating an amount of change in the new quantization scaling
matrix with respect to the old quantization scaling matrix; wherein said update
parameter includes a first update parameter and a second update parameter
obtained from the coded stream, the first update parameter indicating a scale
factor of the new quantization scaling matrix with respect to the old
quantization scaling matrix, and the second update parameter indicating a
degree of variation in values constituting the new quantization scaling matrix;
computing a prediction matrix by adding a result of scaling the old quantization
matrix using a first coefficient based on the first update parameter and a result
of scaling a difference between the old quantization matrix and a fixed value
using a second coefficient based on the second update parameter, the
prediction matrix resuiting from predicting the new guantization scaling matrix;
decoding the new quantization scaling matrix using the computed prediction
matrix; and decoding the coded image using the new quantization scalihg
matrix.

[0012]

As in the above configuration, the new quantization scaling matrix is
computed based on the old quantization scaling matrix, and thus it is possible
to reduce a greater amount of information to be included in the coded stream



than the conventional methods. As a result, the coding efficiency is increasead.
(0013}

Moreover, in the obtaining of an update parameter, a first update
parameter and a second update parameter may be obtained from the coded
stream, the first update parameter indicating a scale factor of the new
quantization scaling matrix with respect to the old gquantization scaling matrix,
and the second update parameter indicating a degree of variation in values
constituting the new guantization scaling matrix. In the decoding of the new
guantization scaling matrix, a prediction matrix may be computed using the old
quantization scaling matrix, the first update parameter, and the second update
parameter, and the new guantization scaling matrix may be decoded using the
computed prediction matrix, the prediction matrix resulting from predicting the
new quantization scaling matrix.

[0014]

Moreover, in the obtaining of an update parameter, a delta matrix may
be further obtained from the coded stream, the deita matrix being a difference
between the new guantization scaling matrix and the prediction matrix. In the
decoding of the new quantization scaling matrix, the new quantization scaling
matrix may be decoded by adding the prediction matrix and the delta matrix.
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[0015]

‘As an example, each of the new quantization scaling matrix, the old
quantization scaling matrix, the prediction matrix, and the delta matrix may be
a matrix containing n values, where n Is & natural number equal to or greater
than 2. Iin the decoding of the new guantization scaling matrix, the new
quantization scaling matrix may be decoded according to Equation 1, where
Men(l) represents the n values constituting the new quantization scaling matrix,
Mag(l) represents the n values constituting the old quantization scaling matrix,
AM(1) represents the n values constituting the delta matrix, Py represents a first
coefficient obtained from the first update parameter, P, represents a second
coeffiicient obtained from the second update parameter, F represents a
coefficient determined for each new guantization scaling matrix, and | = any
number from 1 fon.
ra016]

t is o be noted that the coeffident F may corespond to a direct-
current component value of the olg guantization scaling matrix. Furthermore,
the coefficient F may correspond o an average value of the n values
constituting the old quantization scaling matrix.

[0017]

Moreover, the coded stream may further include an update flag
indicating whether or not the coded stream includes the update parameter. In
the image decoding method, when a value indicating that the coded stream
includes the update parameter is set to the update flag, the new quantization
scaling matrix may be decoded,

[0018]

Moreover, the coded stream may further include an update type flag
indicating & coding method for the new quantization scaling matrix. In the
image decoding method, when a value Indicating that the new guantization
scaling matrix is coded using the old guantization scaling matrix is set to the
update type flag, the new quantization scaling matrix may be decoded using
the old quantization scaling matrix and the update parameter.

g [9019} — Lo - - .

Moreover, the coded stream may further inciude identification
information for identifying the old guantization scaling matrix. In the obtaining

4.



of an old quantization scaling matrix, among decocded quantization scaling
matrices, a quantization scaling matrix identified using the identification
information may be obtained as the old quantization scaling matrix.

[0020]

According to a second aspect of the present invention, there is provided
an image coding method for coding an image, said image coding method
comprising: obtaining an old quantization scaling matrix which is a coded
quantization scaling matrix and is used for coding a new guantization scaling
matrix; computing an update parameter indicating an amount of change in the
new quantization scaling matrix with respect to the old gquantization scaiing
matrix; further computing a first update parameter and a second update
parameter of the update parameter, the first update parameter indicating a
scale factor of the new quantization scaling matrix with respect to the old
quantization scaling matrix, and the second update parameter indicating a
degree of variation in values constituting the new quantization scaling matrix;
generating a coded stream including an image coded using the new
quantization scaling matrix and the update parameter computed in said
computing; and in said generating, the first update parameter and the second
update parameter are included in the coded stream, wherein in said computing,
a prediction matrix is computed by adding a result of scaling the old
guantization matrix using a first coefficient based on the first update parameter
and a result of scaling a difference between the old quantization matrix and a
fixed value using a second coefficient based on the second update parameter,
the prediction matrix resulting from predicting the new guantization scaling
matrix.

[0021]



As in the above configuration, the new quantization scaling matrix is
computed based on the old quantization scaling matrix, and thus it is possible
to reduce a greater amount of information to be included in the coded stream
than the conventional methods. As a result, the coding efficiency is increased.
(0022}

Moreover, in the computing, a first update parameter and a second
update parameter may be computed, the first update parameter indicating a
scale factor of the new quantization scaling matrix with respect to the old
quantization scaling matrix, and the second update parameter indicating a
degree of variation in values constituting the new quantization scaling matrix.
In the generating, the first update parameter and the second update parameter
may be included in the coded stream.

[G023]

Moreover, in the computing, a prediction matrix may be computed using
the old quantization scaling matrix, the first update parameter, and the second
update parameter, and the first update parameter and the second update
parameter may be computed so that values of a delta matrix become smallest,
the prediction matrix resulting from predicting the new quantization scaling
matrix, and the vaiues being a difference between the new quantization scaling
matrix and the prediction matrix. In the generating, the delta matrix may be

5a



further included in the coded stream. With the above configuration, each value of the
delta matrix is allowed to approach 0 as much as possible, and thus the coding
efficiency is increased.

[00241]

Moreover, in the generating, identification information for identifying the old
guantization scaling matrix obtained in the obtaining may be included in the coded
strearmn. With this configuration, for instance, it is possibie to select an old quantization
scaling matrix having the highest correlation with the new quantization scaling matrix.
[0025]

According to a third aspect of the present invention, there is provided an image
decoding apparatus which decodes a coded image included in 2 coded stream, said
image decoding apparatus comprising: a processor; and a non-transitory computer-
readable recording medium having stored thereon a computer program that, when
executed by said processor, causes said image decoding apparatus to function as: a
matrix obtaining unit configured to cbtain an old quantization scaling matrix which is a
decoded quantization scaling matrix and is used for decoding a new quantization scaling
matrix; an update parameter obtaining unit configured to obfain, from the coded
stream, an update parameter indicating an amount of change in the new guantization
scaling matrix with respect to the old quantization scaling matrix; wherein said update
parameter obtaining unit is further configured to obtain a first update parameter-and a
second update parameter of the update parameter from the coded stream, the first
update parameter indicating a scale factor of the new quantization scaling matrix with
respect to the old guantization scaling matrix, and the second update parameter
indicating a degree of variation in values constituting the new gquantization scaling
matrix; a matrix decoding unit configured to compute a prediction matrix by adding a
result of scaiing the old quantization matrix using a first coefficient based on the first
update parameter and a result of scaling a difference between the old quantization
matrix and a fixed value using a second coefficient based on the second update
parameter, the prediction matrix resulting from predicting the new guantization scaling
matrix; the matrix decoding unit further configured to decode the new quantization
scaling matrix using the computed prediction matrix; and an image decoding unit
configured to decode the coded image using the new quantization scaling matrix
- decoded by said matrix decoding unt. '
[0026]



According to a fourth aspect of the present invention, there is provided
an image coding apparatus which codes an image, said image coding apparatus
comprising: a processor; and a non-transitory computer-readable recording
medium having stored thereon a computer program that, when executed by
said processor, causes said image coding apparatus to function as: a matrix
obtaining unit configured to obtain an old quantization scaling matrix which is a
coded quantization scaling matrix and is used for coding a new guantization
scaling matrix; an update parameter computation unit configured to compute
an update parameter indicating an amount of change in the new quantization
scaling matrix with respect to the old quantization scaling matrix; wherein said
update parameter computation unit is further configured to compute a first
update parameter and a second update parameter of the update parameter,
the first update parameter indicating a scale factor of the new quantization
scaling matrix with respect to the old quantization scaling matrix, and the
second dpdate parameter indicating a degree of variation in values constituting
the new guantization scaling matrix; a coding unit configured to generate a
coded stream including an image coded using the new quantization scaling
matrix and the update parameter computed by said update parameter
computation unit; and said coding unit is further configured to include the first
update parameter and the second update parameter in the coded stream,
wherein said update parameter computation unit is configured to compute a
prediction matrix by adding a result of scaling the old guantization matrix using
a first coefficient based on the first update parameter and a result of scaling a
difference between the old quantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction matrix
resulting from predicting the new guantization scaling matrix,

[0027]



According to a fifth aspect of the present invention, there is provided a
non-transitory computer-readable recording medium for use in a computer, the
recording medium having a computer program for causing the computer to
decode a coded image included in a coded stream recorded thereon, the
computer program causing the computer to execute: obtaining an old
quantization scaling matrix which is a decoded quantization scaling matrix and
is used for decoding a new quantization scaling matrix; obtaining, from the
coded stream, an update parameter indicating an amount of change in the new
quantization scaling matrix with respect to the old quantization scaling matrix;
wherein in said obtaining of an update parameter, a first update parameter and
a second update parameter of the update parameter are obtained from the
coded stream, the first update parameter indicating a scale factor of the new
guantization scaling matrix with respect to the old guantization scaling matrix,
and the second update parameter indicating a degree of variation in values
constituting the new quantization scaling matrix; computing a prediction matrix
by adding a result of scaling the old guantization matrix using a first coefficient
based on the first update parameter and a result of scaling a difference
between the old guantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction matrix
resulting from predicting the new quantization scaling matrix; decoding the new
guantization scaling matrix using the computed prediction matrix; and decoding
the coded image using the new gquantization scaling matrix decoded in said
decoding of the new quantization scaling matrix.

[0028]
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According to a sixth aspect of the present invention, there is provided a
non-transitory computer-readable recording medium for use in a computer, the
recording medium having a computer program for causing the computer to
code an image recorded thereon, the computer program causing the computer
to execute: obtaining an old quantization scaling matrix which is a coded
guantization scaling matrix and is used for coding a new quantization scaling
matrix; computing an update parameter indicating an amount of change in the
new quantization scaling matrix with resf::ect to the old quantization scaling
matrix; wherein in said computing, a first update parameter and a second
update parameter of the update parameter are computed, the first update
parameter indicating a scale factor of the new quantization scaling matrix with
respect to the oid guantization scaling matrix, and the second update
parameter indicating a degree of variation in values constituting the new
quantization scaling matrix; generating a coded stream including an image
coded using the new quantization scaling matrix and the update parameter
computed in said computing; and in said generating, the first update parameter
and the second update parameter are included in the coded stream, wherein in
said computing, a prediction matrix is computed by adding a result of scaling
the old quantization matrix using a first coefficient based on the first update
parameter and a result of scaling a difference between the old gquantization
matrix and a fixed value using a second coefficient based on the second update
parameter, the prediction matrix resulting from predicting the new guantization
scaling matrix.

[0029]
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According to a seventh aspect of the preseht invention, there is provided
an integrated circuit which decodes a coded image included in a coded stream,
said integrated circuit comprising: a processor; and a non-transitory computer-
readable recording medium having stored thereon a computer program that,
when executed by said processor, causes said integrated circuit to function as:
a matrix obtaining unit configured to obtain an old quantization scaling matrix
which is a decoded guantization scaling matrix and is used for decoding a new
quantization scaling matrix; an update parameter obtaining unit configured to
obtain, from the coded stream, an update parameter indicating an amount of
change in the new quantization scaling matrix with respect to the old
guantization scaling matrix; wherein said update parameter obtaining unit is
further configured to obtain a first update parameter and a second update
parameter of the update parameter from the coded stream, the first update
parameter indicating a scale factor of the new quantization scaling matrix with
respect to the old quantization scaling matrix, and the second update
parameter indicating a degree of variation in values constituting the new
guantization scaling matrix; a matrix decoding unit configured to compute a
prediction matrix by adding a result of scaling the old quantization matrix using
a first coefficient based on the first update parameter and a result of scaling a
difference between the old quantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction matrix
resulting from predicting the new quantization scaling matrix; the matrix
decoding unit further configured to decode the new quantization scaling matrix
using the computed prediction matrix; and an image decoding unit configured
to decode the coded image using the new guantization scaling matrix decoded
by said matrix decoding unit.

[0030]



According to a eight aspect of the present invention, there is provided
an integrated circuit which codes an image, said integrated circuit comprising: a
processor; and a non-transitory computer-readable recording medium having
stored thereon a computer program that, when executed by said processor,
causes said integrated circuit to function as: a matrix obtaining unit configured
to obtain an old quantization scaling matrix which is a coded guantization
scaling matrix and is used for coding a new guantization scaling matrix; an
update parameter computation unit configured to compute an update
parameter indicating an amount of change in the new quantization scaling
matrix with respect to the old guantization scaling matrix; wherein said update
parameter computation unit i1s further configured to compute a first update
parameter and a second update parameter of the update parameter, the first
update parameter indicating a scale factor of the new guantization scaling
matrix with respect to the old quantization scaling matrix, and the second
update parameter indicating a degree of variation in values constituting the new
guantization scaling matrix; a coding unit configured to generate a coded
stream including an image coded using the new quantization scaling matrix and
the update parameter computed by said update parameter computation unit;
and said coding unit is further configured to include the first update parameter
and the second update parameter in the coded stream, wherein said update
parameter computation unit is configured to compute a prediction matrix by
adding a result of scaling the old guantization matrix using a first coefficient
based on the first update parameter and a result of scaling a difference
between the old qguantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction matrix
resulting from predicting the new quantization scaling matrix.
[Advantageous Effects of Invention]
[0031]

Ba



Embodiments of the present invention make it possible to reduce the
amount of coded data of guantization scaling matrix values, and thus the
coding efficiency is increased.

[Brief Description of Drawings]
10032]
[FIG. 1]

FIG. 1 is a functional block diagram showing an image decoding
apparatus according to an embodiment of the present invention.
[FIG. 2]

FIG. 2 is a functional block diagram showing an image coding apparatus
according to the embodiment of the present invention.
[FIG. 3]

FIG. 3 is a graph showing a relationship between a quantization scaling
matrix value and an inverse quantized absolute value.
[FIG. 4A]
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FIG. 4A is a diagrar showing an example of an update parameter set in
a sequence header,

[FIG. 4B]

FIG. 4B is a diagram showing an example of an update parametér set in
& picture header.
[FIG. 5]

FIG. 5 is a diagram showing two types of update parameters coded in a
picture header or a seguence header.
[FIG. &]

FIG. 6 is a flow chart showing an exampie of a process of decoding
guantization scaling matrix values.
[FIG. 73

FIG. 7 is & flow chart showing an example of a process of coding
guantization scaling matrix vatues.
[FIG. 8]

FIG. 8 is a flow chart showing an example of a decoding process in
which guantization scaling matrix values for a one-block transform size are
updated.

[FIG. 9]
FIG. 9 is a flow chart showing an exampie of a coding process in which

guantization scaling matrix values for a one-blocik transform size are updated,
[FIG. 107

FIG. 10 is a flow chart showing an example of a process of decoding an
update parameter.
[FIG. 11]

Fita, 11 is & flow chart showing an exampie of a process of coding an
update paramater.
[FIG. 12]

FIG. 12 is a flow chart showing an exampie of a decoding process in
which new guantization scaling matrix values are computed.
[FIG. 131

FIG.134sa flow chart-showing anexample of a coding process inwhich
new guantization scaling matrix values are computed,
[FIG. 14]
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FIG. 14 s a functional block diagram showing an image decoding
apparatus according to the embodiment of the present invention.
[FIG. 15]

FIG. 15 is @ functional biock diagram showing an image coding
apparatus according o the embodiment of the present invention.
[FIG. 16]

FIG, 16 is a diagram showing an overall configuration of a content
providing system for implementing content distribution services.
[FIG. 17]

FIG. 17 Is an appearance of a cellular phone.
[FIG. 18]

FIG. 18 is a block diagram showing an exampie of a structure of the
cellular phone.
[FIG. 19]

FIG. 19 iz a diagram showing an overall configuration of a digital
broadcasting system.

[FIG. 20]

FIG. 20 is a block diagram showing an example of a structure of a
telavision.
IFiG, 21}

FIG. 21 is a biock diagram showing an example of a configuration of an
information reproducing/recording unit that reads and writes information from
or on a recording medium that is an optical disk,

[FiG. 221

FIG, 22 1s a diagram showing an example of a structure of a recording
mmediurm that is an optical disk.
[FIG. 23]

FIG. 23 is a block diagram showing an exampie of a configuration of an
integrated circuit for implementing the image coding method and the image
decoding method according to each of embodiments,

- [Description of Embadiments} - - oo o e

[0033]
(Embodiment 1}
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The following describes an image decoding apparatus and an image
coding apparatus according to Embodiment 1 with reference to the drawings.
ro034]

As shown in FIG. 1, an image decoding apparatus 10 includes a matrix
obtaining unit 11, an update parameter obtaining unit 12, & matrix decoding
urilt 13, and an image decoding unit 14, The image decoding apparatus 10 is
an apparatus which decodes a coded image included in a coded stream.

[0035]

The matrix obtaining unit 11 obtains an old quantization scaling matrix
which is & decoded quantization scaling matrix and is used for decoding a new
quantization scaling matrix. Then, the matrix obtaining unit 11 outputs the
obtainad old guantization scaling matrix to the matrix decoding unit 13, Itisto
be noted that the decoded gquantization scaling matrix is stored in a memory
(not shown) of the image decoding apparatus 10.

(60361

A method of selecting an old guantization scaling matrix is not
particularly limited, and, for instance, a most recently decoded quantization
scaling matrix may be selectad. Alternatively, when identification information
for identifying an old guantization scaling matrix is included in a coded stream,
the old quantization scaling matrix may be selected based on the identification
information. A default guantization scaling matrix defined by standards may be
selected instead. |
[0037]

The update parameter obtaining unit 12 obtains from the coded stream
an update parameter indicating an amount of change in the new quantization
scaling matrix with respect to the old quantization scaling matrix. Then, the
upgdate parameter obtaining unit 12 outpurs the obtained update parameter to
the matrix decoding unit 13,

(00387

Here, the obtained update parameter includes: a first update parameter

indicating a scale Tactor of the new quantization 'sc:aiing matrix with respect to

theold quantization scaling matrde; 2 second update parameter indicating a

degree of variation in values constituting the new guantization scaling matrix;
and a delta matrix which is a difference between the new guantization scaling
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matrix and a prediction matrix (to be described later),
10039]

The matrix decoding unit 13 decodes the new guantization scaling
matrix using the old quantization scaling matrix obtained by the matrix
obtaining unit 11 and the update parameter obtained by the update parameter
obtaining unit 12. Then, the matrix decoding unit 13 outputs the decoded new
guantization scaling matrix to the image decoding unit 14.

[0040]

More specifically, the matrix decoding unit 13 computes, using the old
guantization scaling matrix and the first and second update parameters, the
prediction matrix resulting from prediction the new guantization scaling matrix.
Then, the matrix decoding unit 13 decodes the new quantization scaling matrix
by summing the prediction matrix and the delta matrix.

[0041]

The Image decoding unit 14 decodes the coded image included in the
coded stream, using the new guantization scaling matrix decoded by the matrix
dacoding unit 13, and cutputs the decoded image.

[0042]

As shown in FIG. 2, an image coding apparatus 20 includes & matrix
obtaining unit 21, an update parameter computation unit 22, and 8 coding unit
23. The image coding apparatus 20 s an apparatus which codes an image.
[0043]

The matrix obtaining unit 21 obtains an old guantization scaling matrix
which is a coded guantization scaling matrix and is used for coding 8 new
guantization scaling matix. Then, the matrix obtaining unit 21 outputs the
obtained old guantization scaling matrix 10 the update parameter computation
unit 22, It is to be noted that the coded guantization scaling matrix is stored in
a memory {(not shown) of the image coding apparatus 20.

[o044]

The method of selecting an old guantization scaling matrix s not

particularly limited, and, f’or instance, a most recently coded quantization

scaling -matrbomay be selected. “Altematively, &~ quantization scaling matrix ™

having a high correlation with the new guantization scaling matrix may be
selected, In this case, it is necessary o include in the coded stream

.12 -
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identification information for identifying the selected quantization scaling matrix.
[0045]

The update parameter computation unit 22 computes an update
parameter {a first parameter, a second parameter, a delta matrix, and so on)
indicating an amount of change in the new guantization scaling matrix with
respect to the old guantization scaiing matrix, Then, the update parameter
cormputation unit 22 cutputs the computed update parameter to the coding unit
23,

[0048]

As an example, the delta matrix is a difference between the new
gquantization scaling matrix and a prediction matrix resulting from predicting the
new guantization scaling matrix using the old gquantization scaling matrix and
the first and second paramsters. Then, the update parameter computation unit
22 computes the first and second update parameters so that the values of the
delta matrix become smaliest.
rod47]

The coding unit 23 generates and outputs a coded stream including the
image coded using the new quantization scaling matrix and the update
parameter computed by the update parameter computation unit 22. Moreover,
the coding unit 23 may incdude in the coded stream the identification
information for identifying the old guantization scaling matrix.

10048]

FIG, 3 is & graph showing a relationship between a quantization scaling
matrix value and an inverse guantized absolute value. As shown in FIG. 3, &
guantization scale step incresses as a guantization scaling matrix value rises.
The opposite is frue.

[0049]

Each of FIGS. 4A and 4B is a diagrarm showing an axampie of
parameters which are included in a picture header or & sequence header and
are used for updating a gquantzation scaling matrix.

[DU50] "

“Asshown in FIG, 44, for exampie, it is possibie to include an update flag
(0202), an upaate denorninator (D204), and an update pararmeter (D206) in &
sequence header (DZ200). Likewise, as shown in FIG. 4B, for example, it is
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possible to include an update flag (D202), an update denominator (D204), and
an update parameter (D206) in a picture header (D214).
fO051]

Each of the update flags (D202 and D208) is a flag indicating whether or
not information for decoding the new guantization scaling matrix, that is, the
update parameter is included in 2 corresponding one of the headers. For
instance, when the update flags (D202 and D20B) indicate 1, the update
denominators (D204 and D210) and the update parameters (D206 and D212)
may be set subseguently. Each of the update denominators (D204 and D210)
is used for determining a rate of change at the time of updating the
guantization scaling matrix.

[0052]

FIG. 5 is a diagram showing two types of update parameters coded in
the picture header or the sequence header (hereafter the headers are referred
to as “header”). The update parameter (D302) is prepared for each of M
transform sizes as shown in FIG. 5, and each of the update parameters includes
an update flag (D300) and an update type flag (D304).
f0053]

The update flag {D300) indicates whether or not guantization scaling
matrix values for a corresponding transform size are updated. The update type
flag (D304) is & flag indicating @ method of coding a new guantization scaling
matrix.

[0054] .

“For instance, when the update type flag (D304) indicates 0, it s
indicated that the new guantization scaling matrix is coded using the old
guantization scaling matrix (hereafter referred to as a “first method™). In this
case, as shown by the iower right of FIG. 5, a first update parameter (D310), a
second update parameter (D312), the number of delta mairix values (D314),
and subsequent delts matrix vaiues {(D316) are coded in the header.

[0055]

On the other hand, when the update type flag (D304) indicates 1, it'is

- indicated-that thenew guantization scaling matrix is coded without using the

old gquantization scaling matrix (hereafter referred to as & “second method”). In
this case, as shown by the lower left of FIG. 5, delta matrix values (D306) are
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coded in the header. Similar to the conventional method in which the
guantization scaling matrix is coded, the values constituting the guantization
scaling matrix may be arranged in a predetermined order and difference values
between previous and next values are used as the delta matrix values (D306).
[0056]

FIG. 6 is a flow chart showing & process of decoding an update
parameter in a header.
(00571

First, the image decoding apparatus 10 decodes an update flag (D202
or D208) in the header (5400}, and checks the value of the update flag (5402).
[0058]

Next, when the value of the update fiag is 1 (Yes in 5402), the image
decoding apparatus 10 decodes an update denomihator (D204 or D210) (5404).
The update denominator is, for example, used for determining the rate of
change at the time of updating the quantization scaling matrix vaiues. Then,
the image decoding apparatus 10 decodes an update parameter (D206 or
[D212) (S5408). Subseguently, the image decoding apparatus 10 computes new
guantization scaling matrix values (5408).

T0059]

FIG. 7 is a fiow chart showing a process of coding an update parameter
in a header.
[0060]

First, the image coding apparatus 20 codes an update flag (S500).
Information indicating whether or not an update parameter for generating a
new guantization scaling matrix is incuded in the header is set to the update
fiag.

[o061]

Next, when the value of the update flag is 1 (Yes in 5502), the image
coding apparatus 20 codes an update denominator (8504). Then, the image
coding apparatus 20 computes the update parameter for generating the new
guantization scaling matrix (S506). Subsequently, the image coding apparatus

20 codesthe computed update parameterand includes the coded update

parameter in a coded stream (S508).
[0062]

e,
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FIG. 8 is & flow chart illustrating a decoding process in which
guantization scaling matrix values for a one-block transform size are updated.
[0063]

First, the image decoding apparatus 10 decodes an update flag (D300)
in a header {S600). Next, when the value of the update fiag is 1 (Yes in 5601},

the image decoding apparatus 10 decodes an update type flag {(D304) in the
header (5602).

[0064]

Suhbsequently, when the update type flag indicates 0 {Yes in 5604), the
image decoding apparatus 10 decodes an update parameter (D302) in the
header (5606), and computes new guantization scaling matrix values using oid
guantization scaling matrix values according to the first method (S608).

[00€5]

On the other hand, when the update type flag indicates 1 (No in 5604},

the image decoding apparatus 10 decodes the new guantization scaling matrix

values without using the old quantization scaling matrix values according to the
second method (5610).

[0066]

FIG. 9 is & flow chart illustrating a coding process in which guantization
scaling matrix values for a one-block transform size are updated. First, the

image coding apparatus 20 codes an update flag set by the image coding
apparatus 20 (5700).

{00671

Next, when the value of the update flag is 1 (Yes in 5702), the imags
coding apparatus 20 codes an update type flag set by the image coding
apparatus 20 (5704). Subseguently, when the value of the update type flag is
0 {Yes in $706), the image coding apparatus 20 computes an update
parameter using old guantization scaling matrix vaiues {5708}, and codes the
computed update parameter (5710).
[0068]

7 0On the other hand, when the value of the update type flag is 1 (No in

—S706), the image coding apparatus 20 codes new guantization scaling matrix

values without using the old quantization scaling matrix values (5714,
{00691
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FiG. 10 is a flow chart iliustrating & process of decoding an update
parameter.

(00707

First, the image decoding apparatus 10 decodes a first update
parameter and a second update parameter using information in & header {S800
to 5802},

[0071]

Next, the image decoding apparatus 10 initializes all delta matrix values
to zero {58043, Then, the image decoding apparatus 10 decodes the number
of coded delta matrix values in the header (5806). Finally, the image decoding
apparatus 10 decodes the delta matrix values (S808 to 5814).

[0072]

Here, the number of delts matrix vaiues that can be decoded is based
on the number of decoded delta matrix values among the coded delta matrix
values., The deita matrix values are amanged in each transform block in &
predetermined scanning order, e.g. a zigzag scanning order, and represent
delta matrix values corresponding to a range from a low freguency component
to a high freguency component of a two-dimensional transform block. The
scanning order differs depending on a transform biock size. For example, a
scanning order in the case of 8 x 2 blocks is different from a scanning order in
the case of 2 x 8 biocks.

[0073]

FIG. 11 is a flow chart iustrating a process of coding an update
parameter.
[0074]

First, the image coding apparatus 20 codes a first update parameter and
a second update parameter (5200 to 59202).

[o0757

Next, the image coding apparatus 20 computes the number of delfa
matrix values to be coded (5904}, An example of computing the number of the

telta matrix values is computing the position of the last non-zero delta matrix

value at a scanning position. Subseguently, the image coding apparatus 20
codes the number of the delta matrix values (5906). Finally, the image coding
apparatus 20 codes delta_ matrix vaiues for g transform block size until the final
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position in a biock scanning order becomes equal to the number of the coded
delta matrix values (5908 to S814).
[00786]

FIG. 12 is a2 flow chart lllustrating & decoding process in which new
quantization scaling matrix values are computed using the first mathod.
(0677

First, the image decoding apparatus 10 obtains old guantization scaling
matrix values (51000). Next, the image decoding apparatus 10 computes first
values by scaling the old guantization scaling matrix values with a first
coefficient determined by the first update parameter {D310) shown in FIG, B
(51002). Here, the computed first values constitute & matrix having the same
number of coefficients as a guantization scaling matrix.
10078}

It s to be noted that the first coefficient can be expressed by, for
exarnple, the foliowing eguation.
ro079]

First coefficient = (First update parameter + Update denominator) /
Update denominator

[0080]

As shown in each of FIGS., 4A and 4B, the update denominator is
represented in the header or set 10 a predetermined vaiuve. The predeterminead
value is, for instance, 16 or 128. However, the first coefficient computed
according o the eqguation may be set as the first update parameter in the
header. This eliminates a need for an area in the header in which the update
denominator is set as well as & need for the image decoding apparatus 10
perform the above computation.

o081l

Then, the image decoding apparatus 10 calculstes difference values
between the old guantization scaling matrix vaiues and a fixed value (S1004).
Here, the calculated difference values constitute a matrix having the same
number of ceefficients as the guantization scaling matrix.

It is to be noted that the fixed value may be a value determined at least
for each gquantization scaling matrix, e.g. & direct current component vaiue (186,
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for instance) among the old guantization scaling matrix values and an average
value (an average scaling matrix vaiue) of all the old guantization scaiing
matrix values.

{0083}

Subsequently, the image decoding apparatus 10 computes second
vaiues by scaling the difference values calculated in 51004 with a second
coefficient determined by the second update parameter (D312) shown in FiG. 5
(51006). Here, the computed second values constitute a matrix having the
same number of coefficients as the guantization scaling matrix.

10084}

It is to be noted that the second coefficient can be expressed by, for
axample, the following eguation.
(00851

Second coefficient = Second update parameter / Update denominator
(00861

As shown in each of FIGS. 4A and 48, the update denominator is
represented in the header or set to a predetermined value, The predetermined
value is, for instance, 16 or 128. However, the second coefficlent computed
according to the eguation may be set as the second update parameter in the
header. This eliminates the need for the area in the header in which the update
denominator is set as well as the need for the imagé de&oding apparatus 10 to
perform the above computation.

[0087]

Next, the image decoding apparatus 10 computes prediction matrix
values by summing the first values and the second values (S1008). Here, the
computed prediction matrix values constitute a matrix having the same number
of coefficients as the guantization scaling matrix.

1008871

Then, the image decoding apparatus 10 computes new guantization
scaling matrix values by adding delta matrix values to the computed prediction

matrix vaites Tadding coefficients to corresponding coefficients) (81910) The

= processing-showndmFIG. 12 can be expressedtas Equation 1 below.” ™ -~ 7 777

[00g9]
[Math. 1]
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Mnew (5) = (Maid (3) X P} }"*" {(Mﬁgd (f)““' F)X PE}+ AM(Z) {Equation l}

10090¢]

Here, Mpew(l) represents n vatues constituting a new guantization scaling
matrix. Mogli) represents n values constituting an old guantization scaling
matrix. AM(i) represents n values constituting a delta matrix. Moreover, #;
represents a first coeffident, P represenits a second coefficient, and F
represents @ fixed value. Furthermore, each of the new guantization scaling
matrix, the old guantization scaling matrix, the prediction matrix, and the delta
matrix Is a matrix composed of n (where n is 2 natural number equal to or
greatar than 2) values (i.e., / = any number from 1 to n).
r0091] |

Here, the first term of Eguation 1 corresponds to the process in 51002
in FIG. 12, and the second term of Equation 1 corresponds to the processes in
S1004 to 51006 in FIG. 12. Moreover, the prediction matrix can be computed
by summing the first and second terms of Equation 1 (that is, this corresponds
to 51008 in FIG. 12). Furthermore, the new guantization scaling matrix can be
computad by adding the third term of Equation 1 to the prediction matrix (that
is, this corresponds to 51010 in FIG, 12).

[0092]

FIG. 13 is a flow chart illustrating a coding process in which an update
parameter is caiculated from quantization scaling matrix values.
[0083]

First, the image coding apparatus 20 determines an old quantization
scaling matrix (51100), Here, the old guantization scaling matrix may be,
among quantization scaling matrices, a guantization scaling matrix having the
highest correlation with & new guantization scaling matrix.

[0094] ,

Next, the image coding apparatus 20 computes first values by scaling
the old guantization scaling matrix values with a first coefficient determined by
the first update parameter (D310) shown in FIG. 5 (S1102). Here, the

- computed first values constitute a =matriXx having the samg nuimiber=of =

coefficients as the guantization scaling matrix.
[00es]
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It is to be noted that the first coefficient can be expressed by, for
exampie, the following equation,
[0096]

First coefficient = (First update parameter + Update denominator) /
Update denominator
{00871

As shown in each of FIGS. 4A and 4B, the update denominator is
represented in the header or set (o a predetermined value. The predetermined
value is, for instance, 16 or 128, However, the first coefficient computed
according to the eguation may be set as the first update parameter in the
header, This eliminates a need for an area in the header in which the update
gdenominator is set as well as & need for the image coding apparatus 20 to
perform the above computation.

(0098

Then, the image coding apparatus 20 calculates difference values
between the old quantization scaling matrix values and a fixed value {S1104).
Here, the calculated difference values constitute a matrix having the same
number of coefficients as the guantization scaling matrbl.  Moreover, the
specific examples of the fixed value have been a?r@ad'y described, and thus the
description thereof is not repeated.

{00997

Subseguently, the image coding apparatus 20 computes second values
by scaling the difference values caiculated in 51104 with a second coefficient
determined by the second update parameter (D312) shown in FIG. 5 (81106).
Here, the computed second values constitute a matrix having the same number
of coefficents as the guantization staling matrix.

[0100]

It is to be noted that the second coefficient can be expressed by, for
exampie, the foliowing equation.
10101}

Second coefficient = Second update parameter / Update denominator
[0102] e T St - ——

As shown in each of FIGS, 44 and 4B, the update denominator is
represented in the header or set 10 a predetermined value. The predetermined
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value i, for instance, 16 or 128. However, the second coefficient computed
according to the equation may be set as the second update parameter in the
header. This eliminates the need for the area in the header in which the update
denominator Is set as well as the need for the image coding apparatus 20 t©
perform the above computation.

[0103]

Next, the image coding apparatus 20 computes prediction matrix values
by summing the first values and the second vaiues (51108). Subsequently, the
image coding apparatus 20 computes della matrix values by subtracting the
prediction matrix vaiues computed in S1108 from the new guantization scaiing

matrix values (S51110). The processing shown in FIG. 13 can be expressed as
Equation 2 below.

10104]
[Math. 2]

AM (1) = M g (D~ (M 4y (D% PY+{M 1y (1)~ F)x P} (Equation 2)

[0105]

The description of each of variables is the same as Equation 1, and thus
the 'descripticn thereof is not repeated.
f0106]

It is to be noted that each of the values constituting the oid guantization
scaling matrix is multiplied by the first coefficent P in the second term of
Equation 2. In other words, the first coefficient P; is a coefficient for changing
an overall scale factor without changing & variation in the values constituting
the old guantization scaling matrix,

[0107]

On the other hand, the fixed value F is subtracted from each value
constituting the old guantization scaling matrix and the value resulting from the
subtraction s multiplied by the second cosefficient P> in the third term of
Equation 2. Here, a value approximate to (typically corresponding to) the
direct current component value of the oo guantization scaling matrix is set as

the fixed value £ 7In this way, among “the vallies conshtiting the old

guantization scaling matrix, low frequency component values close to the direct
current component value approach 0.
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[0108]

As a result, the second coefficient P, affects, among the values
constituting the oitl quantization scaling matrix, the low freguency component
values relatively jess and high frequency component vaiues refatively more, In
other words, in the computation of the third term of Equation 2, it is possible to
increase a variation between low freguency component values and high
frequency component values of a new guantization scaling matrix as the value
of the second coefficient P rises,

[0109]

Moreover, the delta matrix values approach O as each of the values
constituting the prediction matrix obtained by summing the second and third
terms of Equation 2 IS closer to a corresponding vaiue in the new guantization
scaling matrix. Thus, the image coding apparatus 10 makes it possible to
increase the coding efficiency by selecting an old quantization scaling parameter
having the highest correlation with 2 new quantization scaling parameter and
determining the first and second update parameters so that the delta matrix
values become smallest {e.g., an error of mean square becomes smallest).
[0110]

FIG. 14 is a detalled funcitional biock diagram showing an image
decoding apparatus 10A according to this embodiment of the present invention.
As shown in FIG, 14, the exempiary image decoding apparatus 104 includes &
gquantization scaling matrix parameter parsing unit 1200, a quantization scaling
matrix value computation unit 1202, a guantization scaling matrix value storing
unit 1204, z first memory unit 1206, an inverse guantization unit 1208, an
inverse transform unit 1210, & sample reconstruction unit 1212, a sample
prediction unit 1214, and a second mermory unit 1216,

(01117

The guantization scaling matrix paramefer parsing unit 1200 reads a
header {D1201) from g coded stream, and outputs an update parameter
(D1203) to the guantization scaling matrd computation unit 1202, The
guantization scaling matrix parameter parsing unit 1200 corresponds to, for '

101121

The guantization scaling matrix computation unit 1202 subsequently
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outputs new quantization scaiing matrix vaiues (D1205) to the guantization
scaling matrix value storing unit 1204, The quantization scaling matrix
computation unit 1202 corresponds to, for example, the matrix obtaining unit
11 and the matrix decoding unit 13 shown in FIG. 1.

fo1133

Then, the guantization scaling matrix value storing unit 1204 stores the
new guantization scaling matrix values (D1207) into the first memory unit 1206.
0114}

The inverse guantization unit 1208, the inverse transform unit 1210, the
sample reconstruction unit 1212, the memory unit 1216, and the sampie
prediction unit 1214 form part of the image deceding apparatus 10A, and
correspond to, for instance, the image decoding unit 14 shown in FiG. 1.

10115}

The inverse quantization unit 1208 obtains coded blocks of a picture
(D1213) and the new guantization scaling matrb values (D1211), and performs
an inverse guantization process. An inverse quantized coefficient (D1215) s
transmitied to the inverse transform unit 1210, and & decode residue (D1217)
is sent to the sample reconstruction unit 1212,

[0116]

The sample reconstruction unit 1212 obtains the decode residue
{(D1217) and a prediction sample (D1221}, and outputs a reconstructed sampie
(D1219). The reconstructed sample {D1219) is subseguently stored into the
second memory unit 1216, and is to be used by the sample prediction unit
1214 to generate the prediction sample (D1221).

(0117

FIG. 15 is a diagram showing an image coding apparatus 20A according
o this embodiment of the present invention. As shown in FIG. 15, the
exemplary image coding apparatus 204 includes & guantization scaling matrix
update parameter computation unit 1300, a quantization scaling matrix
parameter writing unit 1302, a first memory 1304, a subtraction unit 1306, a
transform unit 1308, a quantization unit 1310, an inverse guantization unit
1312 an inversetransform unit 1314, a second memory unit 1318, ancaddition

unit 1320, and a sampie prediction unit 1316.
(01181
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The subtraction unit 1306, the transform unit 1308, the quantization
unit 1310, the inverse quantization unit 1312, the inverse fransform unit 1314,
the memory unit 1318, the addition unit 1320, and the sample prediction unit
1316 form part of the image coding apparatus 204, and correspond o, for
exampie, the coding unit 22 shown in FIG. 2.
[0119]

The quantization scaling matrix update parameter computation unit
1300 obtains, from the first memory unit 1304, new guantization scaling matrix
values {(D1301) and guantization scaling matrix values, and oulputs an update
parameter (D1303) to the guantization scaling matrix parameter writing unit
130Z. The guantization scaling matrix update parameter computation unit
1300 corresponds to, for instance, the matrix obtaining unit 21 and the update
parameter computation unit 22 shown in FIG. 2. The guantization scaling
miatrix parameter wiiting unit 1302 writes a guantization scaling matrix update
parameter (D1305) into a header. The guantization scaling matrix parameter

writing unit 1302 corresponds to, for instance, part of the function of the coding
unit 23 shown in FIG, 2.

[0120]

The subbraction unit 1306 obtains an uncompressed samp%é of a picture
(D1309) and & prediction sample (D1315), and outpuls a residual block
(D1311) to the transform unit 1308, The transform unit 1308 transforms the
residual block (D1311), and cutputs 2 transform coefficient (D1313) to the
guantization unit 1310, "The quantization unit 1310 reads the transform
coefficient (D1313) and the new quantization scaling matrix values (D1307),
and outputs & coded sample of the picture (D1317),

[0121]

The inverse quantization unit 1312 reads the coded sample (D1317),
performs an inverse guantization process using the new guantization scaling
miatrix values (D1307), and outputs an inverse guantization coefficient (D1319)
o the inverse fransform unit 1314. The inverse transform unit 1314 outputs a
reconstruction residue {D1327) to the addition unit 1320, The addition unit

.=—4.320 “reads “the -reconstruction -residue. £D1327}.and the prediction: sample

{D1315), and outputs reconstructed samples of the picture (D1321 ang D1325).
The reconstructed sample (D1325) is stored into the second memory unit 1318,
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The sample prediction unit 1316 reads 2 reconstructed sample (D1323) from

the second memory unit 1318, and outputs the prediction sample (D1315).
[0122]

(Embodiment 2)

The procassing described in Embodiment 1 can be simply implemented
in an independent computer system, by recording, in a recording medium, a
program for implementing the configurations of the image coding method and
the image decoding method described in Embodiment 1. The recording media
may be any recording media as fong as the program can be recorded, such as a
magnetic disk, an optical disk, a8 magnetic optical disk, an IC card, and a
sarniconductor memaory.,

[0123]

Hereinafter, the appiications to the image coding method and the image
decoding method described in Embodiment 1 and systems using thereof will be
described,

[0124)

FIG. 16 Hllustrates an overall configuration of & 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 celis.

[0125]

The content providing system ex100 is connected to devices, such as a
computer ex111l, a personal digital assistant (PDA) ex112, 3 camera ex11i3, &
celluiar phone ex214 and a game machine ex1l5, via the Intemet ex101, an
Internet service provider ex102, a telephone network ex104, as well as the
base stations ex106 o ex110, respectively.

[0126]

However, the configuration of the content providing system ex100 is not
limited to 'the configuration shown in FIG. 16, and & combination in which any
of the elements are connected is acceptabie. In addition, each device:may be
directly connected to 'ifhfzt"*télephone‘*ﬁEMUﬁkf:exl{)ék; “rather than.via the.base .
stations ex106 to ex110 which are the fixed wireless stations. Furthermore, the
devices may be interconnected to each other via a sho;'t distance wiraless
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communication and others.
(0127}

The camera ex 1 13, such as a digital video camera, is capabie of

capturing video. A camera ex 1 16, such as a digital video camerg, is capable

5 of capturing both still images and video. Furthermore, the celluiar phone exii4
may be the one that meets any of the standards such as Global System for
Mobile Communications (GSM) {registered trademark), Code Division Multiple
Access {CDMAJ, Wideband-Code Division Multiple Access (W-CDMA), Long
Term Evolution (LTE), and High Speed Packet Access (HSPA). Alternatively, the

10 celular phone ex114 may be a Personal Handyphone System (PHS).
{0128]
in the content providing system ex100, a sireaming server exi03 is
connected to the camera ex113 and others via the telepnone network exi104
and the base station ex109, which enables distribution of images of & live show
15 and others. In such a distribution, a content (for exampie, video of a music live
show) captured by the user using the camera ex113 is coded as described
above in Embodiment 1, 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 dlients upon their
20  reguests. The clients include the computer ex111, the PDA ex112, the camera
ex113, the celiular phone ex114, and the game machine exl15 that are
capable of decoding the above-mentioned coded data, Each of the devices that
nave received the distributed date decodes and reproduces the coded data.
(01291
25 The captured data may be coded by the camera ex113 or the streaming
server ex103 that transmits the data, or the coding processes may be shared
between the camera ex113 and the streaming server exli03, Similarly, the
distributed date may be decoded by the dients or the streaming server ex103,
e 30 --SEremmming sewver eXE03=Furthermore, thetgterof the still images and/or video
' captured by not only the camera ex113 but also the camera ex116 may be
transmitted © the streammg server ex103 through the computer exiil. The

A
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coding processes may be performed by the camera ex11€, the computer ex111,
or the streaming server ex103, or shared among them.
[0130]

Furthermore, the coding and decoding processes may be performed by
an LSI (Large Scale Integration) ex500 generally included in each of the
computer ex111 and the devices. The LSI ex500 may be configured of a single
chip or a plurality of chips. Software for coding and decoding video may be
integrated into some type of a recording medium (such as a CD-ROM, & flexible
disk, and a hard disk) that Is readable by the computer ex111 and others, and
the coding and decoding processes may be performed using the software.
Furthermore, when the celiular pnone exll4 is eqguipped with a camera, the
image data obtained by the camera may be transmitted. The video data is
data coded by the LST ex500 included in the celiular phone ex1i4.

(0131

rurthermore, the streaming server ex103 may be compesed of servers
and computers, and may decentralize date and process the decentralized datzs,
recos‘d; or distribute data.

[0132]

As describad above, the clients may receive and reproduce the coded
data in the content providing system ex100. 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 providing system ex100, so that the

user who does not have any particular right and eguipment can implement
nersonal broadcasting.

[0133]

The image coding method or the image decoding method described in
Embodirment 1 may be used for coding or decoding performed by each of
devices constituting the content providing system.

(01347

The celluiar phone ex114 will be described as the above example.
(01357 -

- TeFIG. 17 ilustratestthe «celiular phoneex114 that uses the image-coding
method and the image decoding method described in Embodiment 1. The
celluiar phone ex114 inciudes: an antenna ex601 for transmitting and receiving
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radic waves through the base stafion ex110; a camera unit ex603 such as a
CCD camerea capable of capturing videe and still images; a dispiay unit ex602

‘such as a liquid crystal dispiay for displaving the data such as decoded video

captured by the camera unit ex603 or received by the antenna ex601; a main
body unit including an operation key unit ex604; an audio output unit ex608
such as a speaker for output of audic; an audio input unit ex605 such as a
microphone for input of audio; a recording medium ex607 for storing coded or
decoded data such as data of captured video or still images, date of received e-
malls, and dats of vides or still images; and a slot unit ex606 for aliowing the
recording medium €x607 to be detachable from the cellular phone exi14, The
recording medium ex607 is in a plastic case such as an SD card including 2
flash memory, a type of an EEPROM, which is an electrically rewritable and
deletable nonvolatile memory.

10136]

Next, an example of & configuration of the cellular phone ex11i4 will be
described with reference to FIG, 18. In the celiular phone exii4, a main
control unit ex711 designed to control overall each unit of the main body
including the display unit ex602 as well as the operation key unit exs04 is
connected mutually, via & synchronous bus ex713, to a power supply crcult
unit ex710, an operation input control unit ex704, an image coding unit ex712,
a camera interface unit ex703, a liguid crystal dispiay (LCD) controi unit ex702z,
an image decoding unit ex709, a multiplexing/aemultiplexing unit ex708, a
recording and reproducing unit ex707, a modulation/demodulation circult unit
ex706, and an audic signal processing unit ex705,

L0137]

When a call-end key or a power key is turned ON by a user's operation,
the power supply circult unit ex710 supplies the respective units with power
from a hattery pack so as to activate the cell phone ex114.

1461383

In the celiviar phone ex1i4, the audio signal processing unif ex705

converts the audio sighals collected by the audio input unit ex605 in voice

~conversation -made into digital audio signals under the control of the main

control  unit ex711 incduding 2 CPU, ROM, and RAM. Then, the
modulation/dermcdulation  drcult  unit ex706 performs spread  spectrum

- 20 .



10

E=-N

on

20

25

30

processing on the digital audio signals, and a transmitting and receiving circuit
unit ex701 performs digital-to-analog conversion and freguency conversion on
the data, so as to transmit the resulting data via the antenna ex601. Also, in
the cellular phone exll4, the transmitting and receiving circuit unit ex701
amplifies the data received by the antenna ex601 in voice conversation mode
and performs frequency conversion and the analog-to-digital conversion on the
data. Then, the moduiation/demodulation drcuit unit ex706 performs inverse
spread spectrum processing on the data, and the audio signal processing unit
ax705 converts it into analog audie signals, so as to cutput them via the audio
output unit ext08.

[0139]

Furthermore, when an e-mail in data communication mode is
transritted, text data of the e-mail inputted by operating the operation key
unit exs04 and others of the main bodv is sent out to the main control unit
ex711 via the operation input control unit ex704. The maln control unit ex711
causes the modulation/demoduiation circuit unit ex706 o perform spread
spectrum processing on the text data, and the transmitting and receiving circuit

unit ex701 performs the digital-to-analog conversion and the frequency

conversion on the resulting data o transmit the data to the base station ex110
via the antenna ex601.

[0140]

When image data is transmitted in data communication mode, the
image date captured by the camera unit ex603 is transmitted to the image
coding unit ex712 via the camers interface unit ex703. Moreover, when the
image data is not transmittad, it is possible to directly display the image data
captured by the camera unit ex803 on the dispiay unit ex602 via the camera
interface unit ex703 and the LCD control unit ex762.,

[0141]

The image coding unit ex712 includes the image coding apparatus
described in the Description. The image coding unit ex712 converts the image
date transmitfed From the camera unit ex603 into coded image data by

—performing tompression-coding thromgh the coding method used for the'image

coding apparatus described in Embodiment 1, and transmits the coded image
data to the multiplexing/demultiplexing unit ex708. Here, the cellular phone
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ex114 simultaneously transmits, as digital audio data, audio signals collected by
the audio input unit ex805 during capturing by the camera unit ex603, o the

multiplexing/demultipiexing unit ex/708 via the audio signal processing unit
ex705.

[0142]

The multiplexing/demuitiplexing unit ex708 multiplexes the coded
image data transmitted from the image coding unit ex712 and the audio dafe
transmitted from the audio signal processing unit ex705, using & predetermined
method. Then, the modulation/demodulation circuit unit ex706 performs
spread spectrum processing on the multinlexed deta, and the transmitting and
receiving circuit unit ex701 performs digital-to-analog conversion and frequency
conversion on the data so as to transmit the resulting data via the antenna
ex601.

10143}

When receiving date of a video file which is iinked to a Web page and
others in data communication mode, the modulation/demodulation circuit unit
ex706 performs inverse spread spectrum processing on the data received from
the base station ex11( via the antenna ex601, and transmits the resultant
multiplexed data fo the multiplexing/demultipiexing unit ex708.

[0144]

Moreover, when multinlexed data received via the antenna ex601 is
decoded, the mulliplexing/demultiplexing unit ex708 damultiplexes the
multiplexed data into an image cata bit stream and an audio date bit sbream,
and transmits the coded image dats to the image decpding unit ex708 and the
coded audio data to the audio signal processing unit ex705, through the
synchronous bus ex713.

[0145]

The image decoding unit ex709 includes the image decoding apparatus
described in the Description. The image decoding unit ex70% generates
reproduction video date by decoding a bitstream including image data through
a decoding method corresponding to the coding method described in

~ Embodiment 1, and transmits=the reproduction-video data to the display unit

ex602 via the LCD control unit ex702. As a result, for example, video data
including a video file linked o a Web page is displayed. Here, after converting
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audio data inte analog audio data, the audio signal processing unit ex705
simultaneously transmits the analog audio data to the audio output unit ex608.
Conseguently, for example, audio data included in a video file linked to a Web
page is reproduced.

10146]

It is to be noted that the present invention is not limited to the example
of the sbove system, and, as satellite or terrestrial digital broadcasting has
recaived attention recently, a digital broadcasting system may include at least
one of the image coding apparatus and the image decoding apparatus
described in Embodiment 1, as shown in FIG. 18, More specifically, & broadcast
station ex201 communicates or fransmits, via radico waves o a broadcast
satellite @x202, a bitstream obtained by muitiplexing audio data, video data, or
the poth. Upon receipt of the bitstream, the broadcast satellite ex202 transmits
radio waves for broadcasting. Then, a home-use anfenna ex204 with a satellite
broadcast reception funcion recelves the radio waves. Next, a device such as a
television (receiver) ex300 and a set top box (S8TB) ex217 decodes the received
bitstream, and reproduces the decoded data. Moreover, the image decoding
apparatus described in Embodiment 1 may be alse implemented in a
reader/recorder ex218 which reads a bitstream in which image data and audio
data recorded on a recording medium ex215 such as a CD and a DVvD and a
racording medium ex216 are muitiplexed, and decodes the bitstream. In this
case, the reproduced video signals are displayed on the monitor ex219. It is
also possible to implement the image decoding apparatus in the set top box
ex217 connected to the cable ex203 for a cable television or o the antenna
ex204 for satellite and/or terrestrial broadcasting, so as o reproduce decoded
data on the monitor ex219 of the television ex300. The image decoding
apparatus may be implemented not in the set top box but in the television
ex300. Morsover, in the car ex210 nhaving the antenna ex205, signals can be
received from the satellite ex202, a base station, or the like and a video can be

reproduced on a display device such as the car navigation system ex211 of the
car ex210.

Furthermore, it is possible to implement the image decoding apparatus
or the image coding apparatus described in Embodiment 1 also in the
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reader/recorder ex218 which reads and decodes g coded bitstream in which
audio date, video data, or the both recorded on the recording medium ex215
such as a DVD and & BD are multipiexed or codes and records audio data, video
data, or the both and as multiplexed data onto the recording medium ex215,
In this case, the reproduced video signhals are displayed on the monitor ex218.
Moreover, the recording medium ex215 on which the coded bitstream i
recorded allows other devices, systems, and so on to reproduce video signals.
For instance, another reproduction device ex212 reproduces video signals on
the monitor ex213, using the recording medium ex214 into which the coded
bitstream is copied,

f0148]

It is also possible to implement the image decoding apparatus in the set
top box ex217 connected 10 the cable ex203 for the cabie television or to the
antenna ex204 for satellite and/or terrestrial broadcasting, so as to reproduce
decoded data on the monitor ex219 of the television ex300. Here, the image
decoding apparatus may be implemented not in the set top box but in the
television ex300.

10149]

FIG. 20 Hiustrates the television (receiver) ex300 that uses the image
coding method and the image decoding method described in Embodiment 1.
The television ex300 includes: a tuner ex301 that obtains or provides a
hitstream of video information through the antenna ex204 or the cable ex203,
etc. that receives a broadcast; a moduiation/demoduiation unit ex302 that
demodulates the received coded data or modulates the received coded data so
as to transmit generated coded data outside; and s multipiexing/demultipiexing
unit ex303 that demultiplexes video date and audio data resulting from the
modulation or multiplexes coded video data and coded audio data. The
television ex300 further includes: & signal processing unit ex306 including an
audio signal processing unit ex304 and a video signal processing unit ex305
that decode audio datz and video data and code audio data and video dats,
respectively; and an ocutpul unit ex309 including a speaker ex307 that provides
the decoded audio signal, and a display unit ex308 that displays the decoded
video signal, such as e display. Furthermore, the television ex300 includes an
interface unit ex317 including an operation input unit ex312 that receives an
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input of a user operation. Furthermore, the telavision ex300 includes a control
unit ex310 that controis overall each constituent element of the television
ex300, and a power supply circult unit ex311 that supplies power to each of the
elements, Other than the operation input unit ex312, the interface unit ex317
may inciude: 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 3D card; a driver ex315 to be connected
o an external recording medium, such as a hard disk; and a modem 316 t©
he connectad to a telephone network, Here, the recording medium ex216 can
electrically record information using @ non-volatile/volatile semiconductor
memory element for storage. The constituent elements of the television ex300
are connected to each other through a synchronous bus.

[0150]

First, the configuration in which the television ex300 decodes data
ohtained from cutside through the antenna @04 and others and reproduces
the decoded date wiil be described. 1In the teievision e300, upon a user
operation through a remote controlier ex220 and others, the
multiplexing/derultipiexing . unit ex303 demultiplexes video data and sudio
data demodulated by the modulation/demodulation unit ex302, under control
of the control unit ex310 including a CPU and the like. Furthermore, the audio
signal processing unit ex304 decodes the demultiplexed audio dats, and the
video signal processing unit ex305 decodes the demultiplexed video datas, using
the decoding method described in Embodiment 1, in the television ex300. The
output unit ex309 provides the decoded video signal and audio signal outside,
respectively. When the oufput unit ex3098 provides the video signal and the
audio signal, the signals may be temporarily stored in, for instance, buffers
ex318 and ex319 so that the signais are reproduced in synchronization with
sach other, Furthermore, the television ex300 may read coded bitstream not
through a broadcast and others but from the recording media ex215 and ex216
such as a magnetic disk, an optical disk, and a 5D carg. Next, a configuration
in which the television ex308-codes an” audic signa! and a video signal, and
transmits the data outside -or writes the-data-on -a recording medium will be
descriped. In the television ex300, upon a user operation through the remote
controfier ex220 and others, the audio signal processing unit ex304 codes an
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audio signal, and the video signal processing unit ex305 codes & video signal,

‘under control of the control unit ex310 using the coding method described in

Embodiment 1. The multiplexing/demultiplexing unit ex303 muttiplexes the
coded video signal and audio signal, and provides the resulting signal outside.
When the muttipisxing/demuitéplexing unit ex303 multiplexes the video signal
and the audio signal, the signais may be temporarily stored in, for example, the
buffers ex320 and ex321 so0 that the signals are reproduced in synchronization
with each other. Here, the buffers ex318, ex319, ex320, and ex321 may be
olural as iliustrated, or at east one buffer may be shared in the television ex300.
Furthermore, although not fllustrated, data may be stored in a buffer so that
the system overflow and underfiow may be avoided between the
modulation/demodulation unit ex302 and the multiplexing/demultiplexing unit
ex303, for exampie.

[0151]

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

10152}

Furthermore, when the reader/recorder exZ18 reads or writes the coded
bitstream from or on a recording medium, one of the television ex300 and the
reader/recorder exZ18 may decode or code the coded bitstream, and the
tefevision ex300 and the reader/recorder ex218 may share the decoding or
coding.

[0153]

As an exampie, Fik. 21 iustrates & configuration of an information

reproducing/recording unit ex400 when data is read or written from or on an

- pptical disk. The information reproducing/recording unit ex400 includes |
- constituentelemants exd0l, ex402, exdl37 exd04, exdls, exdd6, and ex4d7

to be described hereinafter,” The optical head ex401 irradiates & laser spot on a
recording surface of the recording medium ex215 that is an optical disk to write
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information, and detects reflected light from the recording surface of the
recording medium ex215 to read the information. The moduiation reconding
unit exal2 electrically drives a semiconductor laser inciuded in the optical head
ex401, and modulates the laser light according o recorded data. The
reproduction demodulating unit ex403 amplifies a reproduction signal obtained
by electrically detecting the reflected light from the recording surface using a
photo detector included in the optical head ex401, and demodulates the
reproduction signal by separating a signal component recorded on the recording
medium ex215 o reproduce the necessary information. The buffer exd(04
temporarily hoids 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 & predetermined information track
while controlling the rotation drive of the disk motor ex405 so as to follow the
laser spot. The systemn control unit ex4d7 controls overall the information
reproducing/recording unit ex400. The reading and writing processes can be
implementad 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 ex402, the reproduction demoduiating
unit ex403, and the servo control unit ex406 that record and reproduce
information through the optical head ex401 while béing operated iIn 2
coordinated manner. The system control unit ex407 includes, for example, a
rhicroprocessor, and executes processing by causing & computer o execuie a
orogram for read and write,
[0154]

Although the optical head ex401 irradiates a iaser spot in the description,
it may perform high-tdensity recording using near field light.
[0155]

FI1G. 22 llustrates the recording medium ex215 that is the optical disk.
On the recording surface of the recording medium ex215, gulde grooves are
spirally formed; and an information track ex230 records, in advance, address

-~ information indicating an absolute position on‘the disk according to change in'a
" shape of the guide grooves, The address information includes information for

determining positions of recording blocks ex231 that are a unit for recording
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data. Reproducing the information track ex230 and reading the address
information in an apparatus that records and reproduces datz can lead ©
determination of the positions of the recording blocks., Furthermore, the
recording medium ex215 includes a data recording area exZ33, an inner
crcumferance area ex232, and an outer crcumference area ex234. The data
recording area ex233 is an area for use in recording the user data. The inner
circumferance arsa exZ232 and the outer circumference area ex234 that are
inside and outside of the data recording area ex233 respectively are for specific
use except for recording the user data. The information reproducing/recording
unit 400 reads and writes coded audio data, coded video data, or multiplexed
coded data obtained by multiplexing the coded audio data and the coded video

data, from and on the data recording area ex233 of the recording medium
ex215.

[0156]

Although an optical disk having a single {ayer, such as a DVD and a BD,
is described as an exampie in the description, the optical disk is not limited to
such, and may be an optical disk having a multilaver structure and capable of
being recorded on a part other than the surface. Furthermore, the optical disk
may have a structure for multidimensiona! 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
tayers from various angles.

[6157]

Furthermore, a car ex210 having an antenna ex205 can receive data
from the satellite ex202 and others, and reproduce video on g display device
such as a car navigalion systern ex211 set in the car ex210, in the digital
hroadcasting system ex200. Here, a configuration of the car navigation system
ex2ll will be a configuration, for example, including & GPS receiving unit from
the configuration illustrated in FIG. 20. The same will be true for the
configuration of the computer exiil, the celiular phone exli4, and others.
Moreover, as with the television ex300, a terminal such as the Cellular phone

_ex11i4 is conceived to havesthe following three patterns of implementation: a

transmission and receiving terminal including both & coding unit and a decoding
unit; & transmission terminal incuding only the coding unit; and a receiving
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terminal including only the decoding unit,
[0158]

As described above, it is possible to apply the image coding method or
the image decoding method described in Embodiment 1 to any of the described

devices and systems, and such application produces the advantageous effects
explained in Embodiment 1.

[0159]

Furthermore, the present invention is not limited to Embodiment 1, and
various maodifications and revisions are possible without departing from the
scope of the present invention.

(6160}

{Embodiment 3)

Each of the image coding method, the image coding apparatus, the
image decoding method, and the irmage decoding apparatus in each of the
embodiments is typically achieved in the form of an integrated circult or & Large
Scale Integrated (LSI) dircuit. As an example of the LSI, FIG. 23 Hlustrates a
corfiguration of the LSI ex500 that is made into one chip. The LSI ex500
inciudes elements ex501, ex502, ex503, ex504, ex505, ex506, ex507, ex508,
and ex509 to be described below, and the elements are connected to each
other through a bus ex510. The power supply circuit unit ex505 i activated by

supplying each of the elemeants with power when the power supply circuit unit
ex505 is turned on.

[0161]

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
1/0 ex509 under control of a control unit ex501 including & CPU ex502, a
mermory controtier ex503, a stream controller exb04, and & driving freguency
control unit ex512. The received AV signal is temporarily stored in an extarmnal
meamory ex511, such as an SDRAM. Under control of the control unit ex501,
the stored data is segmented into data portions according to the processing
amount and speed to be transmitied to s signal processing unit ex507. Then,
the -signal prac:ess;ng---unit--eﬁw codes an audio -signal and/or & videa'%sigﬂal. :

Hé}e, the ccﬁing of the video signal is the—“cod'ing described in each of the
embodiments, Furthermore, the signal processing unit ex507 sometimes
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multiplexes the coded audio date and the coded video data, and a stream /0
ex506 provides the multiplexed data outside. The provided bitstream Is
transmitted to the base station ex107, or written on the recording media ex215.
When data sets are multiplexed, the data should be temporarily stored in the
buffer ex508 so that the data sets are synchronized with each other,

[0162]

Moraover, for instance, when performing the decoding, the LSI ex500
termporarily stores, into the memory ex511 or the like, coded data received by
the stream 1/0 ex506 through the base station ex107 or coded data read from
the recording medium ex215, under control of the control unit ex501. Under
control of the control unit ex501, the stored data is segmented into data
nortions according to the processing amount and speed to be fransmitted o the
signal processing unit ex507. The signal processing unit ex507decodes audio
gata and/or video data. Here, the decoding of the video signal is the decoding
described in each of the embodiments. Furthermore, the signal processing unit
ex507 temporarily stores each of the decoded audic signal and the decoded
video signal into the buffer ex508 or the like so that the audio signal and the
video signal can be reproduced in synchronization with each other. Each output
unit such as the celluiar phone ex114, the game machine ex115, and the
television ex300 provides a decoded output signal appropriately through the
memory ex511 or the like.

[0163]

Although the memory ex511 is an element outside the LSI ex500 in the
above description, it may be included in the LS ex500. The buffer ex508 is not
lirnited to one buffer, but may be composed of buffers. Furthermore, the L5
ex500 may be made inte one ¢hip or & plurality of chips.

[0164]

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.
[01€65]

Moreover, ways 10 achieve integration are not fimited to the LS, and a
special circuit-or & general purpose-processor-and so forth caraiso achieve the
integration. Fieid Programmable Gate Array (FPGA) that can be programmed

after manufacturing 1SIs or a reconfigurable processor that allows re-
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configuration of the connection or configuration of a circuit cell in an LSI can be
used for the same purpose.
[0166]

In the future, with advancement in semiconductor technoiogy, a brand-
new technology may replace LSIL. The functional biocks can be integrated using

such 2 technology. The possibility Is that the present invention is applied to
biotechnology.

[0167]

Although the coding method, the coding apparatus, the decoding
method, and the decoding apparatus according to an implementation of the
present ihvention have been described above based on the embodiments, the
present invention is not limited to the embodiments. Those skilled in the art
will readily appreciate that various maodifications in the above embodiments and
combination of constituent elements, steps, and the lke in different
embodiments are possible without materially departing from the novel
teachings and advantages of the present invention. Accordingly, ali such

modifications are intended to be included within the scope of the present
invention..

[Industrial Applicability]
[0i168]
The present invention is effectively applied to an image coding

apparatus which codes an image and an image decoding apparatus which
gecodes a coded image.

[Reference Signs List]
[016¢]
10, 10A Image decoding apparatus
11, 21 Matrix obtaining unit
12 Update parameter oblaining unit
13 Matrix decoding unit
14 Image decoding unit
20, 20A Image coding apparatus
23 Codling unit CoE

1200 Quantization scaling matrix parameter parsing unit
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~ex211 Car navigation system (Car navigation) ‘ o
" ex212 Reproduction apparatus o '

1202 Guantization scaling matrix computation unit
1204 Quantization scaling matrix vatue storing unit
1206, 1216, 1304, 1318 Memory unif

1208, 1312 Inverse guantization unit

1210, 1314 inverse transform unit

1212 Sampie reconstruction unit

1214, 1316 Sampile prediction unit

1300 Quantization scaling matrix update parameter computation unit
1302 Quantization scaling matrix parameter writing unit
1306 Subtraction unit

1308 Transform unit

1310 Quantization unit

1320 Aadition unit

ex100 Content providing system

ex101 Intermnet

ex102 Intemet service provider

ex103 Streaming server

ex104 Teiephone network

ex106, ex107, ex108, ex109, ex110 Base station
ex1lll Computer

ex112 PDA

ex113, ex116 Camers

ex114 Digital celiuiar phone with camera (Celiuiar phone)
ex115 Game machine

ex117 Microphone

ex200 Digital broadcasting system

ex201 Broadcast station

ex202 Broadcast satellite (Sateliite]

ex203 Cable

ex204, exZ205, ex801 Antenna

ex210 Car

exz213, ex218 Monitor
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ex214, ex215, ex216, exbl7 Recording medium
ax217 Settop box (5TB)

ex218 Reader/recorger

ex220 Remote controller

ex230 Information track

ex231 Recording block

ex232 Inner crcumference ares

ax233 Data recording area

ex234 Outer circumference area

ex300 Television

ex301 Tuner

ex302 Meduiation/demodulation unit

ex303 Multiplexing/demuitipiexing unit

&304 Audio signal procassing unit

ex305 Video signal processing unit

ex306, ex507 Signal processing unit

ex307 Speaker

ex308, ex60zZ Display unit

ex309 Output unit

ex310, ex501 Control unit

ey311, exB05, ex710 Power supply circuit unit
ex312 Operation input unit

ex313 Bridge

ex314, ex606 Siot unit

ex315 Driver

ex316 Modem

ex317 Interface unit

ex318, ex319, ex320, ex321, exd04, ex508 Buffer
exa00 Information reproducing/recording unit
ex4(l Optical heac

ex402 Modulation recarding unit

ex403  Reproduction demodulating unit
exd05 Disk motor
ex406 Servo control unit
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ex4(7
ex500
ax502
ex503
ex504
ex506
ex509
ex510
ex603
ex604
ext05
ex608
ex701
ax702
ex703
ex704
ax705
ex706
ex707
ex708
ex70%
ex711
ex712
ax713

System control unit
LSI

Cru

Memory congroller
Stream controlier
Stream /O

AV /O

Bus

Camera unit
Operation key

Audio signal input unit

Audio signal output unit

Transmission and receiving circuit unit

LD control unit

Camera interface unit (Camera I/F unit)
Operaticn input control unit

Audio signal processing unit

Modulation/demodulation circuit unit
Recording and reproducing unit

Muitiplexing/demuitiplexing unit
Image decoding unit

Main control unit
Image coding unit
Synchronous bus
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CLAIMS:

I An image decoding method for décoding a coded image included in a coded
stream, said image decoding method comprising:

obtaining an old quantization scaling matrix which is a decoded quantization
scaling matrix and is used for decoding a new quantization scaling matrix;

obtaining, from the coded stream, an update parameter indicating an amount of
change in the new quantization scaling matrix with respect to the old quantization scaling
matrix; _

wherein said update parameter includes a first update parameter and a second
update parameter obtained from the coded stream, the first update parameter indicating a
scale factor of the new quantization scaling matrix with respect to the old quantization
sealing matrix, and the second update parameter indicating a degree of variation in values
constifuting the new quantization scaling matrix;

computing a prediction matrix by adding a result of scaling the old quantization
matrix using a first coefficient based on the first update parameter and a result of scaling
a difference between the old quantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction magrix resulting from
predicting the new quantization scaling matrix;

decoding the new quantization scaling matrix using the computed prediction
matrix; and

decoding the coded image using the new gquantizafion scaling matrix.

2. The image decoding method according to Claim 1,

wherein sald update parameter further inciudes a delta matrix further obtained
from the coded stream, the delta matrix being a difference between the new quantization
scaling matrix and the prediction matrix, and

in said decoding of the new quantization scaling matrix, the new quantization

scaling matrix is decoded by adding the prediction matrix and the delta matrix.
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3. The image decoding method according to Claim 2,

wherein each of the new guantization scaling matrix, the old quantization scaling
rnatrix, the prediction matrix, and the delta matrix is a matrix containing n values, where
n is a natural number equal to or greater than 2, and

in said decoding of the new quantizafion scaling mairix, the new quantization
scaling matrix is decoded according to Equation 1,

M o (1) = (M g (D )+ {(M g ()= F ) Py} AM (i) (Equation 1)

where M, (1) represents the n values constituting the new quantization scaling
mairix, Mqu(1) represents the n values constituting the old quantization scaling matrix,
AM(i} represents the n values constituling the delia matrix, P, represents a first
coefficient obtained from the first update parameter, P, represents a second coefficient

obtained from the second update parameter, F represents the fixed value determined for

each new quantization scaling matrix, and i = any number from 1 to n.

4. The image decoding method according to Claim 3,
wherein the fixed value ¥ corresponds to a direct-current component value of the

oid quantization scaling matrix.

3 The image decoding method according to Claim 3,
wherein the fixed value F corresponds io an average value of the n values

constituting the old quantization scaling matrix.
b, . The 1mage decoding method according to Claim 1,

whterein the coded stream further includes an update flag mdicating whether or not

the coded stream inciudes the update parameter, and
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in said image decoding method, when a value indicating that the coded stream
includes the update parameter is set to the update flag, the new guantization scaling

matrix is decoded.

7. The image decoding method according to Claum 1,

wherein the coded streamn further includes an update type flag indicating a coding
method for the new quantization scaling matrix, and

in said image decoding method, when a value indicating that the new quantization
scaling matrix is coded using the oid quantization scaling matrix is set to the update type
flag, the new quantization scaling matrix is decoded using the old quantization scaling

matrix and the update parameter.

8. The image decoding method according to Claim |,

wherein the coded stream further includes identification information for
identifying the old quantization scaling matrix, and

in said obtaining of an old quantization scaling matrix, émong decoded
quantization scaling matrices, a quantization scaling matrix identified using the

identification information is obtained as the old quantization scaling matrix.

9. An image coding method for coding an image, said image coding method
comprising: |

obtaining an old quantization scaling matrix which is a coded quantization scaling
maitrix and is used for coding a new guantization scaling matrix;

computing an update parameter indicating an amount of change in the new
quaniization scaling matrix with respect to the old guantization scaling matrix;

further computing a first update parameter and a second update parameter of the
update parameter, the first update parameter indicating a scale factor of the new

quantization scaling matrix with respect to the old quantization scaling matrix, and the
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second update parameter indicating a degree of variation in values constituting the new
quantization scaling matrix;,

generating a coded stream including (i) an image coded using the new guantization
scaling matrix and (i) the update parameter computed in said computing; and

in said generating, the first update parameter and the second update parameter are
included in the coded stream,

wherein in said computing, a prediction matrix is computed by adding a result of
scaling the old quantization matrix using a first coefficient based on the first update
parameter and a result of scaling a difference between the old quantizafion matrix and a
fixed value using a second coefficient based on the second update parameter, the

prediction matrix resulting from predicting the new quantization scaling matrix.

10.  The image coding method according to Claim 9,

wherein i sald computing, the first update parameter and the second update
parameter are computed so that values of a delta matrix become smallest, the prediction
matrix resulting from predicting the new quantization scaling matrix, and the values
being a difference between the new quantization scaling matrix and the prediction matrix,
and

in said generating, the delta matrix is further included in the coded stream.

11.  The image coding method according to Claim 9,
wherein in said generating, identification information for identifying the old

quantization scaling matrix obtained in said obtaming is included in the coded stream,
12.  An image decoding apparatus which decodes a coded image included in a coded

stream, said image decoding apparatus comprising:

a processor; and
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a non-transitory computer-readable recording medium having stored thereon a
computer program that, when executed by said processor, causes sald image decoding
apparatus to function as:

a matrix obtaining unit configured {0 obtain an old quantizafion scaling matrix
which is a decoded quantization scaling mairix and i1s used for decoding a new
guantization scaling matrix;

an update parameter obtaining unit configured to obtain, from the coded stream, an
update parameter indicating an amount of change in the new quantization scaling matrix
with respect to the old quantization scaling matrix;

wherein said update parameter obtaining unit is further configured to obtain a first
update parameter and a second update parameter of the update parameter from the coded
stream, the first update parameter indicating a scale factor of the new quantization scaling
matrix with respect to the old quaniization scaling matrix, and the second update
parameter indicating a degree of variation in values constituting the new quantization
scaling matrix;

a matrix decoding unit configured to compute a prediction matrix by adding a
result of scaling the old quantization matrix using a first coefficient based on the [irst
update parameter and a result of scaling a difference between the old quantization matrix
and a fixed value using a second coefficient based on the second update parameter, the
prediction matrix resulting from predicting the new quantization scaling matfix;

the matrix decoding unit further configured to decode the new quantization scaling
matrix using the computed prediction matrix; and

an image decoding unit configured to decode the coded image using the new

quantization scaling matrix decoded by said matrix decoeding unit.
13, An image coding apparatus which codes an image, said image coding apparatus

comprising:

a processor; and
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a non-transitory computer-readable recording medium having stored thereon a
computer program that, when executed by said processor, causes said image coding
apparatus to function as: _

a matrix obtaining unit configured to obtain an old quantization scaling matrix
which is a coded quantization scaling matrix and is used for coding 2 new quantization
scaling matrix; |

an update parameter computation unit configured to compute an update parameter
mdicating an amount of change in the new quantization scaling matrix with respect to the
old quantizaiion scaling matrix,

wherein said update parameter computation unit is further configured to compute a
first update parameter and a second update parameter of the update parameter, the first
update parameter indicating a scale factor -of the new quantization scaling matrix with
respect to the old quantization scaling matrix, and the second update parameter indicating
a degree of variation in values c.onsti{'uting tﬁe new gquantization scaling mairix;

a coding unit configured to generate a coded stream including (i) an image coded
using the new quantization scaling matrix and (ii) the update parameter computed by said
update parameter computation unit; and

said coding unit is further configured to include the first update parameter and the
second update parameter in the coded stream,

wherein said update parameter computation unit is configured to compute a
prediction matrix by adding a result of scaling the old quantization matrix using a first
coefficient based on the first update parameter and a result of scaling a difference
between the old quantization matrix and 2 fixed value using a second coefficient based on
the second update parameter, the prediction matrix resulting from predicting the new

quantization scaling matrix.

14, A non-transitory computer-readable recording medium for use in a compuier, the

recording medium having a computer program for causing the computer to decode a
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coded image inciuded in a coded stream recorded thereon, the computer program causing
the computer {o execute:

obtaining an old quantization scaling matrix which is a decoded quantization
scaling matrix and 1s used for decoding 2 new quantization scaling matrix;

obtaining, from the coded stream, an update parameter indicating an amount of
change in the new quantization scaling matrix with respect to the old quantization scaling
matrix;

wherein in said obtaining of an update parameter, a first update parameter and a
second update parameter of the update parameter are obtained from the coded siream, the
first update parameter indicating a scale factor of the new guantization scaling matrix
with respect to the old gquantization scaling matrix, and the second update parameter
indicating a degree of variation in values constituting the new quantization scaling
matrix;

computing a prediction matrix by adding a result of scaling the old quantization
matrix using a first coeflicient based on the first update parameter and a result of scaling
a difference between the old quantization matrix and a fixed value using a second
coefficient based on the second update parameter, the prediction matrix resulting from
predicting the new quantization scaling matrix,

decoding the new quantization scaling matrix using the computed prediction
matrix; and

decoding the coded image using the new quantization scaling matrix decoded in

said decoding of the new guantization scaiing matrix.

15, A non-transitory computer-readable recording medivm for use in a computer, the
recording medium having a computer program for causing the computer 16 code an image
recorded thereon, the computer program causing the computer to execute:

obtaining an old quantization scaling matrix which is a coded quantization scaling

matrix and is used for coding a new guantization scaling matrix;
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computing an update parameter indicating an amount of change in the new
quantization scaling matrix with respect to the old quantization scaling matrix;

wherein in said computing, a first update parameter and a second update parameter
of the update parameter are computed, the firs{ update parameter indicating a scale factor
of the new quantization scaling matrix with respect to the old guantization scaling matrix,
and the second update parameter indicating a degree of variation in values constituting
the new quantization scaling matrix;

generating a coded stream including (1) an iinage coded using the new quantization
scaling matrix and (ii} the update parameter computed in said computing; and

in said generating, the first update parameter and the second update parameter are
included in the coded stream,

wherein in said computing, a prediction matrix is computed by adding a resull of
scaling the old quantization matrix using a first coefficient based on the first update
parameter and a result of scaling a difference between the old quantization matrix and a
fixed value using a second coefficient based on the second update parameter, the

prediction matrix resuliing from predicting the new quantization scaling matrix.

16,  An integrated circuit which decodes a coded image inchuded in a coded stream,
said ntegrated circulf comprising:

a processor; and

4 nop-transitory computer-readable recording medium having stored thereon a
computer program that, when executed by said processor, causes said integrated circuit to
function as:

a matrix obtaining unit configured to obtain an old quantization scaling matrix
which is a decoded quanfization scaling matrix and is used for decoding a2 new
quantization scaling matrix;

an update parameter obtaining unit configured {o obtain, from the coded stream, an
update parameter indicating an amount of change in the new quantization scaling matrix

with respect to the old quantization scaling matrix;
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wherein said update parameter obtaining unit i1s further configured to obtain a first
update parameter and a second update parameter of the update parameter from the coded
stream, the first update parameter indicating a scale factor of the new quantization scaling
matrix with respect to the old quantization scaling matrix, and the second update
parameter indicating a degree of variation in values constifuting the new quantization
scaling matrix;

a matrix decoding unit configured to compute a prediétﬁon matrix by adding a
result of scaling the old quantization matrix using a first coefficient based on the first
update parameter and & result of scaling a difference between the old quantization matrix
and 2 fixed vatue using a second coefficient based on the second update parameter, the
prediction mafrix resulting from predicting the new quantization scaling matrix;

the matrix decoding unit further configured to decode the new quaﬁtiza.tior; scaling
matrix using the compuied prediction matrix; and

an image decoding unit configured to decode the coded image using the new

quantization scaling matrix decoded by said mairix decoding unit.

17. . An integrated circuit which codes an image, said integrated circuit comprising:

a processor; and

a non-transitory computer-readable recording medium having stored thereon a
computer program that, when executed by said processor, causes said integrated cifouit to
function as:

a matrix obtaining unit configured to obtain an old quantization scaling matrix
which is a coded quantization scaling matrix and is used for coding & new quantization
scaling matrix;

an update parameter computation unit configured to compute an update parameter
indicating an amount of change 1n the new guantization scaling mairix with respect to the
old quantization scaling mairix;

wherein said update parameter computation unit is further configured to compute a

first update parameter and a second update parameter of the update parameter, the first
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update parameter indicating a scale facior of the new guantization scaling matrix with
respect to the old quantization scaling matrix, and the second update parameter indicating
a degree of variation in values constituting the new quantization scaﬁing matrix; |

a coding unit configured to generate a coded stream including (i) an image coded
using the new quantization scaling matrix and (ii) the update parameter computed by said
update parameter computation unit; and

said coding unit is further configured te include the first update parameter and the
second update parameter in the coded stream,

whereln said update parameter computation unit is configured to compute a
prediction matrix by adding a result of scaling the old quantization matrix using a first
coefficient based on the first update parameter and a result of scaling a difference
between the old quantization matrix and a fixed value using a second coefficient based on
the second update parameter, the prediction matrix resulting from predicting the new

guantization scaling matrix,

18.  The image decoding method according to Claim §,

wherein in said obtaining of an old guantization scaling matrix, among decoded
guantization scaling matrices, 8 quantization scaling matrix having a highest correlation
with the new quanfization scaling matrix is obtained as the old quaatization scaling

matrix based on the identification information.

19.  The image coding method according to Claim 9,

wherein in said obtaining of an old guantization scaling matrix, among ceded
guanfization scaling matrices, a quantization scaling matrix having a highest correlation
with the new guantization scaling matrix is ()b{ained as the old quantization scaling

matrix.
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