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Description

Title of Invention

IMAGE PROCESSING DEVICE AND IMAGE PROCESSING METHOD

Technical Field
[0001]
The present disclosure relates to an image processing device and an image

processing method.

Background Art
[0002]

H.264/AVC, one of standard specifications for image encoding schemes, can
use different quantization steps for orthogonal transform coefficient components to
quantize image data in a profile equal to High Profile or higher. A quantization step
for each orthogonal transform coefficient component can be configured based on 2
quantization matrix (also referred to as a scaling list) and a reference step value.
The quantization matrix is defined as a size substantially the same as an orthogonal
transform unit.

[0003]

Fig, 19 illustrates preset values (defaclt values) for four types of
quantization matrices predefined in H.264/AVC. For example, matrix SLOI is a
default for the quantization matrix if the transform unit size is 4x4 in intra prediction
mode. Matrix SLO2 is a default for the quantization matrix if the transform unit
size 1s 4x4 in inter prediction mode. Matrix SLO3 is a default for the quantization
matrix 1f the wansform unit size is 8x§ in intra prediction mode. Matrix SLO4 is a
defanit for the quantization matcix if the transform unit size is 8x8 in inter prediction
mode. A user can use a sequence parameter set or a picture parameter set to specify
a specific quantization matrix different from the default values shown in Fig. 19, If
the quantization matrix is not used, an equal value is used for all components of the

guantization step used for the quantization,



&

4]

25

30

[0004]

High Efficiency Video Coding (HEVC) is a next-generation image encoding
scheme ag 2 successor to H.264/AVC and its standardization is promoted. HEVC
incorporates the concept of coding unit {(CU} which corresponds to a conventional
macro block (see Non-Patent Literature 1 below). The sequence parameter set
specifies a range of coding unit sizes using a set of power-of-twe values which are a
largest coding unit (LCU) and a smallest coding unit (SCU) . The use of split_flag
specifies a specific coding unit size within the range specified by LCU and SCU.
[0005]

According to HEVC, one coding unit can be divided into one or more
orthogonal transformation units, namely one or more transform units (TUs). The
transform unit size can be.set to anry of 434, 8x8, 16x16, and 32x32,  Accordingly,
a quantization matrix can be specified according t¢ each of these transform unit size
candidates.

[0006]

H.264/AVC allows for designating only one quantization matrix for one
transform unit size within one picture as specified in the released reference software
(http://iphome.hbi.de/suehring/tml/index.htm) referred to as a joint model (JM). By
contrast, Non-Pafent Litgrature 2 shown below proposes to designate multiple
quaniization matrix candidates for one transform unit size within one picture and
adaptively select a quantization matrix for each block from the viewpoint of rate-

distortion (RD) optimization.

Citation List
Non-Patent Literature
[0007]
Non-Patent Literature 1:  JCTVC-B2035, "Test Model under Consideration”,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T $G16 WP3 and
ISOARC JTCU/SC29/WGTT 2nd Meeting: Geneva, CH, 21-28 fuly, 2010
Non-Patent Literature 2: VCEG-ADG6, "Adaptive Quantization Matrix

Selection on KTA Software”, ITU - Telecomnuumications Standardization Sector



STUDY GROUP 16 Question 6 Video Coding Experts Group (VCEG) 30th Meeting:
Hangzhou, China, 23 - 24 October, 2006

Summary of Invention
Technical Problem
[0008]

However, increasing selectable transform unit size types also increases the number of
available quantization matrices, Increasing amount of codes of quantization matrices may
degrade coding efficiency. The coding efficiency may degrade more remarkably if the
number of quantization matrices which can be designated for each transform unit size
changes from one to more.

[0009]

Embodiments of the present invention provide an image processing device and an
image processing method capable of suppressing an increase in amount of codes due to an
increase in the number of quantization matrices.

Solution to Problem
[0009a]

According to one aspect, there is provided an image processing apparatus comprising:
circuitry configured to: select, from a plurality of transform units with different sizes, a 16x16
transform unit used for orthogonal transformation of image data to be encoded; and quantize
transform coefficient data generated by orthogonally transforming the image data based on
the 16x16 transform unit, by using a 16x16 quantization matrix based on an 8x8 quantization
matrix,

[0009Db]

According to another aspect, there is provided an image processing method
comprising: selecting, from a plurality of transform units with different sizes, a 16x16
transform unit used for orthogonal transformation of image data to be encoded; and
quantizing transform coefficient data generated by orthogonally transforming the image data
based on the 16x16 transform unit, by using a 16x16 quantization matrix based on an 8x8

quantization matrix.
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[0010] _

According to an embodiment of the present disclosure, there is provided an image
processing device including a selection section configured to select, from a plurality of
transform units with different sizes, a transform unit used for inverse orthogonal
transformation of image data to be decoded, a generation section configured to generate, from
a first quantization matrix corresponding to a transform unit for a first size, a second
quantization matrix corresponding to a transform unit for a second size, and an inverse
quantization section configured to inversely quantize transform coefficient data for the image
data using the second quantization matrix generated by the generation section when the
selection section selects the transform unit for the second size.

[0011]
The image processing device can be realized typically as an image decoding device

for decoding an image.
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fo012]

Further, the generation section may generate the second quantization matrix
using matrix information specifying the first quantization matzrix and difference
information re;ﬁresenting a difference between a predicted matrix having the second
size predicted from the first guantization matrix and the second quantization matrix.
[0013]

Further, the generation section may acquire the mairix information and the
difference information from a sequence parameter set or a picture parameter set.
[0014]

Further, the generation section may set the predicted matrix fo be the second
quantization matrix when one of a sequence parameter set and a picture parameter set
provides a first flag indicating absence of a difference between the predicted matrix
and the second quantization matrix.

[0015]

Further, the first size may represent a minimum ong of sizes for the
transform units,
[0016]

Further, the second size may be larger than the first size. The generation
section may calculate the predicted matrix by duplicating cne of a first element and a
second clement as an element between the first element and the second element
adjacent to each other in the first quantization matrix.

16017}

Further, the second size may be larger than the first size. The generation
section may calculate the predicted matrix by linearly inferpolating an element
between a first element and a second element adjacent to each other n the first
guantization maitrix.

[0G18]
Further, the second size may be double of the first size on one side.
{0019]
Further, the second size may be smaller than the first size. The generation

section may calculate the predicted matrix by thinning an element of the first
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quantization matrix.
100207

Further, the second size may be smaller than the first size.  The generation
section may calculate the predicted matrix by averaging a plurality of elements
adjacent to cach other in the first quantization matrix.

(60217

Further, the generation section may generate the second quantization matrix
from the first quantization matrix when one of a sequence parameter set and a picture
parameter set provides a second flag fo specify use of a user-defined matrix as the
second quantization matrix. '

[0022]

Further, according to another embodiment of the present disclosure, there is
provided an image processing method including selecting, from a plurality of
transform units with different sizes, a fransform unit used for inverse orthogonal
transformation of image data to be decoded, generating, from a first quantization
matrix corresponding to a transform unit for a first size, a second guantization matrix
corresponding to a transform unit for a second size, and inversely quantizing
transform coefficient data for the image data using the second quaniization matrix
generated from the first gquantization matrix when a transform unit for the second size
is selected.

[6623]

Further, according to another embodiment of the present disclosure, there is
provided an image processing device including a selection section configured to
select, from a plurality of transform units with different sizes, a transform unit used
for orthogonal wansformation of image data to be encoded, a guantization section
configured to quantize transform coefficient data generated by orthogonally
transforming the image data based on a transform unit selected by the selection
section, by using a guantization matrix corresponding to the selected fransform unit,
and an encoding section configured to encode information for generating a second
quantization matrix corresponding to a transform unit for a second size from a first

quanfization matrig corresponding to a transform unit for a first size.



[0024]

The image processing device can be realized typically as an image encoding device
for encoding an image,
[0025]

Iurther, according to another embodiment of the present disclosure, there is provided
an image processing method including selecting, from a plurality of transform units with
different sizes, a transform unit used for orthogonal transformation of image data to be
encoded, quantizing transform coefficient data generated by orthogonally transforming the
image data based on a selected transform unit, by using a quantization matrix corresponding
to the selected transform unit, and encoding information for generating a second quantization
matrix corresponding to a transform unit for a second size from a first quantization matrix

corresponding to a transform unit for a first size.

Advantageous Effects of Invention
[0026]

As described above, the image processing device and the image processing method
according to embodiments of the present invention can suppress in an increase in the code

amount due to an increase in the number of quantization matrices.

Brief Description of Drawings
[0027]
fFig. 1] Fig. 1 is a block diagram illustrating a hardware configuration of an image encoding
device according to an embodiment.
[Fig. 2] Fig. 2 is a block diagram illustrating a detailed configuration of an orthogonal
transformation and quantization section according to an embodiment.
[Fig. 3] Fig. 3 is a block diagram illustrating a more detailed configuration of a matrix
processing section according to an embodiment.
[Fig. 4] Fig. 4 is an explanatory diagram illustrating information inserted into a sequence
parameter set according to an embodiment,

[Fig. 51 Fig. 5 is an explanatory diagram illustrating information inserted into a
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picture parameter set according to an embodiment.

[Fig. 6A} Fig. 6A is the first half of a flowchart iljustrating a first example of
encoding process flow according to an embodiment,

[Fig. 6B] Fig. 6B is the latter half of a flowchart illustrating the first example of
encoding process flow according 1o an embodiment.

[Fig. 7A] Fig. 7A is the first half of a flowchart illustrating & second example of
encoding process flow according to an embodiment.

[Fag. 7B] Fig. 7B 1s the latter half of a flowchart illusirating the second example of
encoding process flow according to an embodiment.

[Fig. 8] Fig. 8 is a block diagram illustrating a configuration of an image decoding
device according fo an embodiment,

[Fig. 91 Fig. 9 is a block diagram illustrating a detailed configuration of an inverse
guantization and inverse orthogonal transformation seciion according to an
embodiment.

[Fig. 10] Fig. 10 is a block diagram illustrating a more detailed configuration of a
matrix generation section according to an embodiment.

[Fig. 11A] Fig. 11A is the first half of a flowchart illustrating a first example of
decoding process flow according to an embodiment.

[Fig. 11B] Fig. 11B 1s the latter half of a flowchart illustrating the first example of
decoding process flow according to an embodiment.

{Fig. 12A] Fig. 12A is the first half of a flowchart illustrating a second exampie of
decoding process flow according to an embodiment.

{Fig. 12B] Fig. 12B is the latter half of a flowchart illustrating the second example of
decoding process flow according to an emsbodiment.

[Fig. I3A] Fig. 13A is the first half of a flowchart {llustrating an exampie of
encoding process flow according to one modification.

[Fig. 13B] Fig. 13B 1s the latter half of a flowchart illustrating the example of
encoding process flow according to one modification.

[Fig. 14A] Fig. 14A is the first half of a flowchart iHustrating an example of
decoding process flow according to one modification.

{Fig. 14B] Fig. 14B is the first half of a flowchart illustrating the example of
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deccding process flow according to one modification.

[Fig. 15] Fig. 15 is a block diagram illustrating a schematic configuration of a
television apparatus.

[Fig. 16] Fig. 16 is a block diagram illustrating a schematic configuration of a mobile
phone.

[Fig. 17] Fig. 17 is a block diagram illustrating a schematic configuration of a
recording/reproduction device,

{Fig. 18] Fig. 18 is a block diagram illustrating a schematic configuration of an
image capturing device,

[Fig. 19] Fig. 19 is an explanatory diagram illustrating quantization matrix defaunit

values predefined in H.264/AVC.

Description of Embodiment
{0028]

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation is
omitted.

{00297

Also, the detailed description of the embodiment(s) is described in a
following order.

1. Configuration examples of the image encoding device according to an
embodiment

1-1. Overall configuration example

1.2, Configuration example of the orthogonal trangformation and
quantization section

1-3. Detailed configuration example of the matrix processing section

1-4. Examples of information to be encoded

2. Encoding process flow according 10 an embodiment

3. Configuration examples of the image decoding device according to an
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embodimert

3-1. Overail configuration example _

3-2. Configuration example of the inverse quantization and inverse
orthogonal transformation section ‘

3-3. Detailed configuration example of the matrix generation section

4. Decoding process flow according to an embodiment

5. Modifications

6. Example Applications

7. Summing-up
100301

<1. Configuration examples of the image encoding device according to an
embodiment>

The following describes configurafion examples of the image encoding
device according to an embodiment.

[0031]

[1-1. Image Encoding Device]

Fig. 1 is a block diagram showing an example of a configuration of an
tmage encoding device 10 according 1o an embodiment. Referring to Fig. 1, the
image encoding device 10 mncludes an A/D (Analogue to Digital) conversion section
11, a reordering buffer 12, a subtraction section 13, an orthogonal tfransformation and
quantization section 14, a lossless encoding section 16, an accumulation buffer 17, a
rate control section 18, an inverse quantization section 21, an inverse orthogonal
transform section 22, an addition section 23, a deblocking filter 24, a frame memory
25, a selector 26, an intra prediction section 30, a motion estimation section 40, and a
mode selection section 50.

(0032}

The A/D conversion section 11 converts an image signal input in an
enalogue format into image data in & digital format, and outputs a series of digital
tmage data to the reordering buffer 12.

[0033]

The reordering buffer 12 sorts the images included in the series of image
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data input from the A/D conversion section 11. After reordering the images
according to the s GOP {(Group of Pictures) structure according to the encoding
process, the reordering buffer 12 outputs the image data which has been sorted to the
subtraction section 13, the intra prediction section 30, and the motion estimation
section 40,

[0034]

The image data input from the reordering buffer 12 and predicted image
data selected by the mode selection section 50 described later are supplied to the
subtraction section 13. The subtraction section 13 calculates predicted error data
which is a difference between the image data input from the reordering buffer 12 and
the predicted image data inpat from the mode selection section 50, and outputs the
calculated predicted error data to the orthogonal transformation and quantization
section 14.

[0035]

The orthogonal tansformation and guantization section 14 performs
orthogonal transformation and guantization on prediction error data supplied from
the subtraction section 13 and outputs quantized transform coefficient data
(hereinafter referred to as quantized data) to a lossless enceding section 16 and an
inverse guantization section 21. A bit rate of quantized daia output from the
orthogonal transformation and queniization section 14 is controlled based on a rate
conirol signal from a rate control section 18. A detailed configuration of the
orthogonal transformation and quantization section 14 will be described later.

[0036]

The lossless encoding section 16 is supplied with guantized data input from
the orthogonal transformation and quantization section 14, information for
generating a quantization matrix at fhc decoding side, and information about infra .
prediction or inter prediction selected by a mode selection section 50. The
information about the intra prediction may coustain prediction mode information
indicating appropriate intra prediction mode for each block.,  The information about
inter prediction may contain prediction mode information for prediction of a motion

vector for each block, a difference motion vector, and reference image information,
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for example,
(0037}

The lossless encoding section 16 performs lossless encoding on quantized
data to generate an encoded stream.  The lossless encoding section 16 may provide
variable-length encoding or arithmetic encoding as lossless encoding.  The lossless
encaoding section 16 multiplexes information for generating a quantization matrix (to
be described later) in a header (e.g., a sequence parameter set and a picture parameter
set) of an encoded stream.  Furthenmore, the lossless encoding section 16
rultiplexes mformation about the intra prediction or the inter prediction in the
encoded stream header. The lossless encoding section 16 outputs a generated
encoded stream to the storage buffer 17. '

[0038]

The accumuiation buffer 17 temporarily stores the encoded stream input
from the lossless encoding section 16 using a storage medium, soch as a
semiconductor memory.  Then, the accumulation buffer 17 outputs the accumulated
encoded stream at a rate according te the band of a transmission line {or an output
line from the image encoding device 10).

[0039]

The rate control section 18 monitors the free space of the accumulation
buffer 17. Then, the rate confrol section 18 generates a rate control signal
according fo the free space on the accumulation buffer 17, and outpuis the generated
rate conirol signal to the orthogonal transformation and guantization section 14.
For example, when there i not much free space on the accumulation buffer 17, the
rate control section 18 generates a rate contro! signal for lowering the bit rate of the
quantized data. Also, for example, when the free space on the accumulation buffer
17 is sufficiently large, the rate control section 18 generates a rate control signal for
mereasing the bit rate of the quantized data.

[0040]

The inverse quantization section 21 performs an mverse quantization

process on the guantized data input from the orthogonal transformation and

quantization section 14.  Then, the inverse quantization section 21 outputs



10

bo
]

30

12

transform coefficient data acquired by the inverse quantization process to the inverse
orthogonal fransform section 22.
[0041]

The mverse orthogonal transform section 22 performs an inverse orthogonal
transform process on the transform coefficient data input from the inverse
guantization section 21 to thereby restore the predicted error data.  Then, the inverse
orthogonal transform section 22 outputs the restored predicted error data to the
addition section 23.

[0042]

The addition section 23 adds the restored predicted error data input from the
mverse orthogonal transform section 22 and the predicted image data input from the
mode selection section 50 to thereby generate decoded image data. Then, the
addition section 23 outputs the generated decoded image data to the deblocking filter
24 and the frame memory 25.
f0043]

A deblocking filter 24 performs a filtering process t decrease block
distortion that occurs during image encoding. The deblocking filter 24 eliminates
the block distortion by filtering decoded image data input from the addition section
23, and then, after the filtering, cutputs the decoded image data to the frame memory
25.

[0044]

The frame memary 25 stores, using a storage medium, the decoded image
data input from the addition section 23 and the decoded image data after filtering
input from the deblocking filter 24.

[0645]

The selector 26 reads, from the frame memory 25, the decoded mmage data
before filtering that is to be used for the intra prediction, and supplies the decoded
image data which has been read to the intra prediction section 30 as reference image
data.  Also, the selector 26 reads, from the frame memory 25, the decoded image
data after filtering to be used for the mter prediction, and supplies the decoded image

data which has been read to the motion estimation section 40 as reference image data.
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[0046]

The intra prediction section 30 performs an intra prediction process in each
intra prediction mode, based on the image data to be encoded that s input from the
reordering buffer 12 and the decoded image data supplied via the selector 26. For
example, the mtra prediction section 30 evaluates the prediction result of each intra
prediction mode using a predetermined cost function. Then, the intra prediction
section 30 selects an intra prediction mode by which the cost function value is the
smallest, that is, an mtra prediction mode by which the compression ratio is the
highest, as the optimal intra prediction mode. Furthermore, the intra prediction
section 30 outputs, to the mode selection section 50, prediction mode information
indicating the optimal intra prediction mode, the predicted image data, and the
information about intra prediction such as the cost function value.

[0047] '

A motion estimation section 40 performs an inter prediction process
(prediction process between frames) based on image data for encoding supplied from
a reordering buffer 12 and decoded image data supplied via a selector 26. For
example, the motion estimation section 40 evaluates the prediction result of each
prediction mode using 2 predetermined cost function. Then, the motion estimation
section 40 selects an optimal prediction mode, namely, a prediction mode that
mintmizes the cost function value or maximizes the compression ratio. The motion
estimation section 40 generates predicted image data according to the optimal
prediction mode. The motion estimation section 40 outputs information about the
inter prediction such as information related to the inter prediction including
prediction mode information indicating the optimal intra prediction mode, the
predicted image data, and the cost function value to a mode selection section 50.
[6048]

The mode selection section 50 compares the cost function value related to
the intra prediction input from the intra prediction section 3G and the cost function
value related to the inter prediction input from the motion estirnation section 40.
Then, the mode selection section 30 selects a prediction method with 2 smaller cost

function value, from the intra prediction and the inter prediction. In the case of
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selecting the inra prediction, the mode selection section 50 outputs the information
about intra prediction fo the lossless encoding section 16, and alse, outputs the
predicted image data to the subtraction section 13 and the addition section 23.  Also,
in the case of selecting the inter predicﬁon, the mode selection section 50 outputs the
nformation about inter prediction described above to the lossless encoding section
16, and also, outputs the predicted image data to the subtraction section 13 and the
addition section 23.

10049]

{1-2, Configuration example of the orthogonal tansformation and
quantization section]

Fig. 2 is a block diagram illustrating a detailed configuration of the
orthogonal transformation and quantization section 14 of the image encoding device
10 illustrated in Fig. 1. With reference to Fig. 2, the orthogonal fransformation and
gquantization section 14 includes a selection section 110, an orthogonal
transformation section 120, a quanﬁéation section 130, a quantization matrix buffer
140, and & matrix processing section 15.

[00507

(1) Selection section

The selection section 110 selects a transform unit (TU) used for orthogonal
transformation of image data to be encoded from multiple transform units having
different sizes. Size candidates of wansform units to be selected by the selection
section 110 include 4x4 and 8x8 for H.204/AVC and 4x4, 8x8, 16x16, and 32x32 for
HEVC. The selection section 110 may select any of transform units according to
the size of an image to be encoded, image quality, or apparatus performance, for
example. A user who develops apparatuses may manually tune selection of
transform units by the selection section 110. The selection section 110 outputs
information specifying the size of the selected transform unit to the orthogonal
transformation section 120, the quantization section 130, the lossless encoding
section 16, and the mverse quantization section 21.

[0051]

(2} Orthogonal transformation section
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The orthogonal transformation section 120 orthogonally transforms image
data (i.e., prediction error data) supplied from the subtraction section 13 using the
transform unit selected by the selection section 110, Orthogonal transformation
performed by the orthogonal transformation section 120 may represent discrete
cosine transform (DCT) or Kathunen-loeve transform, for example.  The
orthogonal transformation section 120 outputs transform coefficient data acquired by
an orthogonal transformation process to the quantization section 130.

[0052]

(3) Quantization section

The quantization section 130 quantizes transform coefficient data generated
by the orthogonal transformation section 120 using a quantization matrix
corresponding to the fransform unif selected by the selection section 110. The
quantization section 130 varies a bit rate of output quantized data by changing
quantization steps based on a rate control signal from the rate control section 18,
[0053]

The quantization section 130 allows the quantization matrix buffer 140 to
store sets of quantization matrices corresponding to transform units selected by the
selection section 110. For example, HEVC provides transform unit candidates of
four size types such as 4x4, 8x8, 16x16, and 32x32. In such a case, ths
quantization mafrix buffer 140 can store four types of quantization matrix sets
corresponding to the four size types. There may be a case where a specific size uses
a default quantization matrix as shown in Fig. 19. In such a case, the quantization
matrix buffer 140 may store only 2 flag indicating the use of the default quantization
matrix (not using a user-defined quantization matrix) in association with the specific
size.

[0G54]

A set of quantization matrices the quantization section 130 may use can be
typically configured for each sequence of encoded streams. If a set of quantization
matrices is configured for each sequence, the quantization section 130 may update
the set for each pictare, Information to control the configuration and the update of

sets of guantization mafrices can be inserted info a sequence parameter set and a
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picture parameter set, for example.
[0055]

{4) Quantization matrix buffer

The quantization matrix buffer 140 uses a storage medium such as
semiconductor memory to  lemporarily store sets of quantization matrices
corresponding to transform units selected by the selection section 110, A process
performed by the matrix processing section 150 to be described below references a
set of quantization matrices stored by the quantization matrix buffer 140,
[00563

(5) Matrix processing section

The matrix processing section 150 references a set of quantization muatrices
stored in the quantization matrix buffer 140 for each sequence of encoded streams
and each picture and penerates information that gencrates a quantization matrix
corresponding to a transform umt of one or miore sizes from another guantization

malrix corresponding to a wansform unit of one size. A guantization matrix may be

-generated typically based on the minimum of transform unit sizes. If HEVC

provides transform unif candidates of four size types such as 4x4, 8«8, 16x16, and
32x32, a 4x4 guaniization matrix can be used fo generate the information that
generates quantization matrices of the other sizes. The mformation gencrated by
the matrix processing section 15 may mclude basic matrix information and difference
matrix information to be described later. The information generated by the matrix
processing section 150 is output to the lossless encoding section 16 and may be
inserted info the encoded stream header.

(0057}

The specification mainiy describes an example of generating & guantization
matrix of a larger size from a quantization matrix of the mindmum size. While not
fimited thereio, a quantization matrix having a smaller size and/or a larger size may
be generated from a quantization matrix having a size ofher than the minimum,
[0058]

[1-3. Detailed configuration example of the miatrix processing section}

Fig. 3 is & block diagram illustrating a more detailed configuration of the
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matrix processing section 150 of the orthogonal transformation and guantization
section 14 illustrated in Fig. 2. With reference to Fig. 3, the matrix processing
section 150 includes a prediction section 152 and a difference calculation section 154.
[0059]

(1) Prediction section

The prediction section 152 acquires a set of quantization matrices stored
the guantization matrix buffer 140 and predicts a second quantization matrix having
a larger size from a first quantization matrix confained in the acquired set. For

example, 4x4 quantization matrix SL1 is defined as follows.

[0060]
[Math. 1]
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[0061]

For example, 8x8 predicted matrix PS1.2 can be predicted by the prediction
section 152 from quantization matrix SL1 and calculated as foilows according to
prediction expression {2) below.

10062}
[Math. 2]
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[0063]

With reference to prediction expression (2), duplicating one of two elements
adjacent to each other in quantization matrix SL.1 generates predicted matrix PSL2 as
an element between the two elements.

00641

Instead, predicted matrix PSL2 may be calculated from quantization matrix
SL1 according to prediction expression {3) below.

[0065]

{Math. 3]
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[0066]

With reference to prediction expression (3), linearly interpolating two
clements adjacent to each other in quantization matrix SL1 generates predicted
matrix PSL2 as an element between the two elements.  Prediction expression (3)
duplicates the right-end element in predicted matrix PSL2 from the adjacent element
to the left. Instcad of the duplication, the Iinear extrapolation may be used o
calculate the right-end elements,  Similarly, the linear exfrapolation may be used to
calculate the bottom element in predicted matrix PSL2 according 10 prediction
expression {3) instead of duplicating the adjaéent element just above. For example,
prediction expression (3) vields as; for element PSL2y; at the eighth row and the
eight column in predicted maltrix PSL2. The same element may be also calculated
as follows according to the linear extrapolation.

[0067]
[Math. 4]
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[0068]

Prediction expression (2) can generate predicted matrix PSL2 at less
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calculation costs than prediction expression {3). The use of prediction expression
{(3) can generate a smooth predicted matrix more approximate to a quantization
matrix to be used originaily. Therefore, the use of prediction expression (3) can
reduce the amount of encoded information by approximately zercing elements of a
difference matrix to be described later.
100697

Prediction expressions and (2) and (3) are mere examples of availabie
prediction expressions.  Any other prediction expressions may be used.
[00701

After generating predicted matrix PSL2 from quantization matrix SL1, the
prediction section 152 cuiputs the generated predicted mairix PSL2 to the difference
calculation section 154. For example, the prediction section 152 predicts 16x16
predicted matrix PSL3 from 8x8 quantization matrix SL2 contained in the set of
quantization matrices and outputs predicted matrix PSL3 to the difference calculation
section 154. Further, the prediction section 152 predicts 32x32 predicted matrix
PSL4 from 16x16 quantization matrix SL3 contained in the set of quantization
matrices and outputs predicted matrix PSL4 to the difference calculation section 154,
A prediction expression which is equal to the above-described prediction expression
(2} or (3) may be used to predict predicted matrices PSL3 and PSL4. The
prediction section 152 outputs the basic matrix information to the lossiess encoding
section 16. The basic matrix information specifies 4x4 guantization matrix SL1 as
a2 base of generating the above-described predicted matrices PSL2, PSL3, and PSL4,
[0071]

{2} Difference calculation section

The difference calculation section 154 calculates difference matrices DS1.2,
DSL3, and DSL4 according to expressions (5) through (7). Each of difference
matrices DSL2, DSL3, and DSL4 represents a difference between each of predicted
matrices PSL2, PS1.3, and PSL4 supplied from the prediction section 152 and each
of corresponding quantization matrices SL2, SL3, and SL4.
16072}

[Math. 5]
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DSL2 =SL2~PSL2  (B)
DSI3=SL3-PSI3  (6)
DSL4 =SL4~PSL4  {7)

[0073]

The difference calculation section 154 supplies the lossless encoding section
16 with mformation representing difference matrices DSL2, DSL3, and DSL4.

[0074]

If the default quantization matrixlis used for a given size, the matrix
processing section 150 does not perform prediction and difference calculation on a
quantization matrix of that size. Instead, the matrix processing section 150 supplies
the lossless encoding section 16 with only a flag indicating the use of the defauit
quantization matrix in association with the corresponding size. If there is no
difference between the predicted matrix and the quantization matix, the difference
calcnlation section 154 does not output difference matrix information but outputs
only a flag indicating no difference to the lossiess encoding section 16. If the
quantization matrix is not updated at the timing to change a picture, the matrix
processing section 150 can supply the lossless encoding section 16 with only a flag
indicating that the guantization matrix is not updated.

{0475]

[1-4. Examples of information to be encoded]

(1) Sequence parameter set

Fig. 4 is an explanatory diagram ilostrating information mserted into a
sequence parameter set according to the embodiment.  Fig. 4 shows three types of
information such as "matrix type flag," "difference flag," and "matrix information (to
be encoded)" as information fo be encoded for each guantization matrix size or
transform unit (TU) size,

[0076]

The matrix type flag specifies whether to use a user-defined quantization
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matrix or 2 default quantization matrix for each size. 1f the matrix type flag is set to
1 for a given size, a user-defined guantization matrix is used for the size, If the
matrix type flag s set to 0 for a given size, a default quantization matrix is used for
the size. If the matrix tvpe flag is set to 0, none of the matrix information, the
difference matrix information, and the difference flag described below is enceded.
[6077]

The difference flag identifies whether there is a difference between the
predicted matrix and the quantization matrix if the matrix type flag is set to 1 for
each size to indicate the user-defined quantization matrix. If the matrix type flag is
set to 1 for a given size, there is a difference between the predicted matrix and the
quantization matrix for the size and the difference matrix information is encoded.  If
the matrix type flag is set to 0 for a given size, the difference matrix information for
the size is not encoded. The difference flag is not encoded for the size (e.g., 4x4) as
a prediction base regardless of the matrix type flag.

[0078]

{2) Picture paramster set

Fig. 5 is an explanatory diagram illustrating information inserted into a
picture parameter set according to the embodiment. Fig. 5 shows four types of
information such as "update flag,” "matrix type flag," "difference flag,” and "matrix
mformation (fo be encoded)” as information to be encoded for each quantization
matrix size or transform vnit (TU) size. The matrix type flag and the ditference flag
have the same meanings as the flags with the same names for sequence parameter
sets deseribed with reference to Fig. 4.

[0079]

The update flag indicates whether to update the quantization matrix at the
timing of changing a picture for each size. If the update flag is set to 1 for a given
size, a quantization matrix of the size is updated. If the update flag is set to 0, a
gquantization matrix of the size is not updated and a quantization matrix specified for
the previous picture or the curent sequence is used as is.  If the update {lag is set to
0, none of the matrix type flag, the difference flag, and the difference matrix

information {or the matrix information for 4x4) for the size is encoded.
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[0080]

<2. Encoding process flow according to an embodiment>

Figs. 6A and 6B are flowcharts illustrating a first example of encoding
process flow according to the embodiment. The matrix processing section 150 and
the lossless encoding section 16 can perform the process represented by the
flowcharts mainly on each encoded stream sequence,

{6081]

With reference to Fig. 6A, the matrix processing section 150 acquires a set
of quantization matrices used for the quantization section 130 in this sequence from
the quantization matrix buffer 140 (step S100). As an example, the set of
guantization matrices is assumed to contain quantization matrices corresponding to
the sizes of 4x4, 8x8, 16x16, and 32x32.

{60821

The matrix processing section 150 determines whether a 4x4 quantization
matrix is a user-defined one (step $102). If the 4x4 quantization matrix is a user-
defined one, the lossless encoding section 16 encodes the basic matrix information
that represents a 4x4 quantization matrix with the matrix type flag set w0 1 (step
5106). If the 4x4 quantization matrix is a default one, the lossless encoding section
16 encodes only the matrix type flag set to O {step S108).

[0083]

The matrix processing section 150 determines whether an 8x§ quantization
matrix is a user-defined one (step S112). If the 8§ quantization matrix is a User-
defined one, the matrix processing section 150 uses the above-described prediction
expression (2) or (3} to calculate an 8x8 predicted matrix from the 4x4 quantization
matrix (step S114). The lossless encoding section 16 encodes the matrix type flag
(=1), the difference flag, and the difference matrix information (if any) indicating a
difference between the 8x8 quantization matrix and the calculated predicted matrix
(step S116). If the 8x8 quantization matrix is a default one, the lossless encoding
section 16 encodes only the matrix type flag set to 0 (step S118).

[0084]

With reference to Fig. 6B, the mairix processing section 150 determines
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whether 2 16x16 quantization matrix is a user-defined one (step S122). If the
16x16 quantization matrix is a user-defined one, the matrix processing section 150
caleulates a 16x16 predicted matrix from the 8x8 quantization matrix (step $124),
The lossless encoding section 16 encodes the matrix type flag (=1), the difference
flag, and the difference matrix information (if any) indicating a difference between
the 16x16 quantization matrix and the calculated predicted matrix (step S126). If
the 16xi6 guantization matrix is a default one, the lossless encoding section 16
encodes enly the matrix type flag set to 0 (step S128),

{00857

The matrix processing section 150 determines whether a 32x32 quantization
matrix is a user-defined one (step S132). If the 3232 quantization matrix is a user-
defined one, the matrix processing section 150 calculates a 32x32 predicted matrix
from the 16x16 quantization matrix (step $134). The lossiess encoding section 16
encodes the matrix type flag (=1), the difference flag, and the difference matrix
information (if any) indicating a difference between the 32x32 quantization matrix
and the calculated predicted matrix (step $136).  If the 32x32 guantization matrix is
a default one, the lossless encoding section 16 encodes only the matrix type flag set
to § (step S138).

[0086]

Figs. 7A and 7B are flowcharts illustrating & second example of encoding
process flow according to the embodiment. The matrix processing section 150 and
the lossless enceding section 16 can perform the process represented by the
floweharts mainly on each picture corresponding 1o an encoded stream sequence.
(00873

With reference to Fig. 7A, the matrix processing section 150 acquires a set
of quantization matrices used for the quantization section 130 in the picture from the
guantization matrix buffer 140 (step S150). Similarly to the examples in Figs. 6A
and 6B, the set of quantization matrices is assumed {0 contain quantization matrices
corresponding 1o the sizes of dx4, 8x8, 16x16, and 32x32.

[0088]

The matrix processing section 150 determines whether a 4x4 quantization
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matrix is uvpdated in the picture (step S152). If the quantization matrix is not
updated, the lossless encoding section 16 encodes only the update flag set to O (step
S158). If the quantization matrix is updated, the process proceeds to step $154,  If
the guantization matrix is updated, the matrix processing section 150 determines
whether a new 4x4 quantization matrix is a user-defined one (step S154).  If the 4x4
quantization matrix is a user-defined one, the lossless encoding section 16 encodes
the basic matrix nformation that represents a 4x4 gquantization matrix with the
update flag set to 1 and the matrix type flag set 10 1 (step S156). If the 4>4
guantization matrix is a default one, the lossiess encoding section 16 encodes the

update flag set to 1 and the matrix type flag set to 0 (step $158).

10089]

The matrix processing sectior 150 determines whether an 8x8 quantization
matrix s ypdated in the picture (step S160). If the guantization matrix is not
updated, the lossless encoding section 16 encodes only the update flag set to O (step
S168). If the quantization matrix is updated, the process proceeds to step S162.  If
the quantization matrix is updated, the matrix processing section 150 determines
whether an 8x8 quantization matrix is a user-defined one (step §162). If the 8x§
quantization matrix is a user-defined one, the matrix processmg section 150
calculates an 8x8 predicted matrix from the 4x4 quantization matrix for a new
picture regardiess of whether the 4x4 quantization matrix is updated (step $164).
The lossless encoding section 16 encodes the update flag (=1), the matrix type flag
(=1}, the difference flag, and the difference matrix information (if any) indicating a
difference between the 8x8 guantization matrix and the caleulated predicted matrix
(step 8166}, If the 8x8 quantization matrix is a default one, the lossless encoding
section 16 encodes the update flag set fo 1 and the matrix type flag set to O (step
85168).

[009G]

With reference to Fig. 7B, the matrix processing section 150 determines
whether a 10x16 quantization matrix is updated in the picture (step $170). If the
quantizetion matrix is not updated, the lossless encoding section 16 encodes only the

update flag set to 0 (step S178). I the quantization matrix is updated, the process
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proceeds to step 8172, If the quantization matrix is updated, the matrix processing
section 150 determines whether a 16x16 guantization matix is & user-defined one
(step S172}. If the 16x16 quantization matrix i3 a user-defined one, the matrix
processing section 150 calculates a 16x16 predicted matrix from the 8x8
quantization matrix for a new picture regardless of whether the 8x8 guantization
matrix is updated {step S174). The lossless encoding section 16 encodes the update
flag (=1}, the matrix type flag (=1), the difference flag, and the difference matrix
information (if any) indicating a difference between the 16x16 quantization matrix
and the calculated predicted matrix (step S176). If the 16x16 quantization matrix is
a default one, the lossiess encoding section 16 encodes the update flag set to 1 and
the matrix type flag set to 0 (step S178).

[6091]

The matrix processing section 150 determines whether a 32x32 quantization
matrix 18 updated in the picture (step S180). I the guantization matrix is not
updated, the lossless encoding section 16 encodes only the update flag set to 0 (step
S188). If the quantization matrix 1s updated, the process proceeds to step S182, If
the quantization matrix is updated, the mafrix processing section 150 determines
whether an 32»32 quantization matrix is a user-defined one (step S182). If the
32x32 quantization matrix is a user-defined one, the matrix processing section 150
calculates a 32x32 predicted matrix from the 16x16 guantization matrix for & new
picture regardless of whether the 16x16 quantization matrix is updated {step S184).
The lossless encoding section 16 encodes the update flag (=1), the matrix type flag
(=1), the difference flag, and the difference matrix information (if any) indicating a
difference between the 32x32 quantization matrix and the calculated predicted matrix
(step S186). If the 32x32 gquantization matrix is a default one, the lossless enceding
section 16 encedes the update flag set to 1 and the matrix type flag set to O (step
S188).

[0092]

The technique to predict quantization matrices based on ore quantization

matrix can eliminate the need to transmit multiple quantization matrices

corresponding to multiple transform unit sizes from the encoding side to the
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decoding side.  An increase in the code amount can be effectively suppressed even
if the number of quantization matrices increases.
[0093]

<3. Configuration examples of the image decoding device according to an
embodiment>

The following describes configuration examples of the image decoding
device according to an embodiment.

[00541

[3-1. Overall configuration example]

Fig. 8 is a block diagram showing an example of a configuration of an
image decoding device 60 according to an embodiment. With reference to Fig. 8,
the image decoding device 60 includes an accumulation buffer 61, a lossless
decoding section 62, an inverse quantization and inverse orthogonal transformation
section 63, an addition section 63, a deblocking filter 66, a reordering buffer 67, a
D/A (Digital to Analogue) conversion section 68, a frame memory 69, selectors 70
and 71, an intra prediction section 80, and a motion compensation section 90.

[6095]

The accumnulation buffer 61 temporarily stores an encoded stream input via
a transmission line using a storage medium.

[6096]

The lossless decoding section 62 decodes an encoded stream supplied from
the storage buffer 61 according to the encoding system used for the encoding.  The
lessless decoding section 62 decodes information multiplexed in the header area of
encoded streams. The information multipiexed in the header area of enceded
streams may include the basic matrix information and the difference mainx
information to generate the above-described quantization matrix and information
about intra prediction and inter prediction in the block header. The lossless
decoding section 62 supplies the inverse guantization and inverse orthogonal
transformation section 63 with information to generate cuantized data and a
quantization matrix after decoding. The lossless decoding section 62 supplies the

intra prediction section 80 with information about the intra prediction. The lossless
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decoding section 62 supplies the motion compensation section 90 with information
about the inter prediction.
[0097]

The mverse quantization and inverse orthogonal transformation section 63
performs inverse quantization and inverse orthogonal transformation on quantized
data supplied from the lossless decoding section 62 to generate prediction error data.
The mverse quantization and inverse orthogonal transformation section 63 supplies
the addition section 63 with the generated prediction error data.

[0098]

The addition section 65 adds the predicted error data input from the inverse
quantization and inverse orthogonal transformation section 63 and predicted image
data input from the selector 71 to thereby generate decoded image data. Then, the
addition section 65 outputs the generated decoded image data to the deblocking filter
&6 and the frame memory 69.

[0099]

The deblocking filter 66 eliminates the block distortion by filtering decoded
image data input from the addition section 65, and then, after the filtering, outputs
the decoded image data to the reordering buffer 67 and the frame memory 69.

[0100]

The reordering buffer 67 generates a series of image data in a time sequence
by reordering tmages input from the deblocking filter 66. Then, the reordering
buffer 67 cutputs the generated image data to the D/A conversion section 68.

[0101}

The D/A conversion section 68 converts the image data in a digital format
mput from the reordering buffer 67 into an image signal in an analogue format,
Then, the D/A conversion section 68 causes an image to be displayed by outputting
the analogue image signal to a display (not shown} connected to the image decoding
device 60, for example.

[0102]
The frame memory 69 uses a storage medium to store the decoded image

data input from the addition section 65 before filtering and the decoded image data
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input from the deblocking filter 66 after filtering.
[0103]

The selector 70 switches the output destination of the image data from the
frame memory 69 between the intra prediction section 80 and the motion
compensation section 90 for each block m the image according to mode information
acquired by the lossless decoding section 62.  For example, in the case the intra
prediction mode is specified, the selector 70 outputs the decoded image data before
filtering that is supplied from the frame memory 69 fo the intra prediction section 80
as reference image data.  Also, in the case the inter prediction mode is specified, the
selector 70 oufputs the decoded image data after filtering that is supplied from the
frare memory 69 to the motion compensation section 90 as the reference image data.
[0104]

The selector 71 swiiches the output source of predicted image data to be
supplied to the addition section 65 between the intra prediction section 80 and the
motion compensation section 90 for each block in the image according to the mode
information acquired by the lossless decoding section 62, For example, in the case
the intra prediction mode is specified, the selector 71 supphes to the addition section
65 the predicted image data output from the intra prediction section 8¢. In the case
the infer prediction mode is specified, the selector 71 supplies to the addition section
65 the predicted image data output from the motion compensation section 90.

[0105]

The intra prediction section 80 performs in-screen prediction of a pixel
value based on the imformation about imtra prediction input from the lossless
decoding section 62 and the reference image data from the frame memory 69, and
generates predicted image data. Then, the intra prediction section 80 outputs the
generated predicted image data to the selector 71.

[0106]

The motion compensation section 90 performs a motion compensation
process based on the informafion about inter prediction input from the lossless
decoding section 62 and the reference image data from the frame memory 69, and

generates predicted image data. Then, the motion compensation section 90 outputs
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the generated predicted mage data to the selector 71.
(0107

[3-2. Conmfiguration example of the inverse guantization and inverse
orthogonal transformation section]

Fig. 9 is a block diagram illustrating & detailed configuration of the inverse
guantization and inverse orthogonal transformation section 63 of the image decoding
device 00 illustrated in Fig. 8, As shown in Fig. 9, the inverse guantization and
mnverse orthogonal transformation section 63 inchudes a matrix generation section
210, a selection section 230, an inverse quantization section 240, and an inverse
orthogonal transformation section 250,

[0108]

(1) Matrix generation section

The matrix generation section 210 generates a quantization matrix
corresponding to transform wmits representing one or more sizes from a quantization
matrix corresponding to a transform unit representing one size for each encoded
stream sequence and picture, A quanfization matrix may be generated typically
based on the minimum of transform vnit sizes. According to the embodiment, the
matrix generation section 210 generates 8x&, 16x16, and 32x32 quantization
matrices from a 4x4 quantization matrix as the minimum size using the difference
matrix information about larger sizes.

10100}
(2) Selection section
The selection section 230 selects a transform unit (TU) used for mverse

orthogonal transformation of image data to be decoded from multiple transform units

- having different sizes. Size candidates of fransform units to be selected by the

selection section 230 melude 4x4 and 8x8 for H.264/AVC and 4x4, 8x8, 16«16, and
32x32 for HEVC. The selection section 230 may select a transform unit based on
LCU, 8CU, and split_flag contained in the encoded stream header, for example.
The selection section 230 outputs information specifying the size of the selected
transform unit to the inverse quantization section 240 and the inverse orthogonal

transformation section 250.
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[0110]

(3} Inverse quantization section

The inverse quantization section 240 uses a quantization | matrix
corresponding to the transform unit selected by the selection section 230 to inversely
quantize transform coefficient data quantized during image encoding, Quantization
matrices used for the inverse quanfization contain a matrix generated by the matrix
generation section 210.  For example, the selection section 230 may select ap 8x8,
16x16, or 32x32 transform wnit.  In such a case, the selecied transform unit may
correspond to the qua.n‘rization matrix the matrix generation section 210 generates
from a 4x4 quantization matrix. The inverse quantization section 240 supplies the
inverse orthogonal transformation section 250 with the inversely quantized transform
coefficient data.

[0111}

{4) Inverse orthogonal transformation section

The inverse orthogonal transformation section 250 generates prediction
error data according to the orthogonal ransformation system used for encoding. To
do this, the inverse orthogonal transformation section 250 uses the selected transform
unit to perform imverse orthogonal transformation on fransform coefficient data
inversely quantized by the inverse quantization section 240. The inverse orthogonal
iransformation section 250 supplies the addition section 65 with the generaied
prediction error data,
f01121

[3-3. Detailed configuration example of the mairix generation section]

Fig. 10 is a block diagram illustrating a more detailed configuration of the
matrix generation section 210 of the inverse guantization and inverse orthogonal
transformation section 63 illustrated in Fig. 9.  With reference to Fig. 10, the matrix
generation section 210 mcludes a base mafrix acquisition section 212, a difference
acquisition section 214, a prediction section 216, a reconstruction section 218, and a
guantizaiion matrix buffer 220,

[0113]

(1) Base matrix acquisition section
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The base matrix acquisition section 212 acquires basic matrix information
supphied from the lossless decoding section 62. As described above, the basic
matrix information according to the embodiment specifies 4x4 quantization matrix
SLI as the minimum size. The base matix acquisition section 212 allows the
quantization matrix uffer 220 to store 4x4 guantization matrix SL.1 specified in the

basic matrix information. If the matrix type flag set to 0 is acquired for each

-sequence or picture, the base matrix acquisition section 212 allows the quantization

matrix buffer 220 to store the default 4x4 quantization matrix without acquiring the
basic matrix information.  If the update flag set o § is acquired for each picture, the
base matrix acquisition section 212 does not update quantization matrix SL1 stored
in the quantization matrix buffer 220 during the previous process. The base matrix
acquisition section 212 supplies the prediction section 216 with 4x4 gquantization
matrix SL1,
(01147

{2) Difference acquisition section

The difference acquisition section 214 acquires the difference matrix
information supplied from the lossless decoding section 62.  As described above,
the difference matrix information according to the embodiment specifies difference
matrices DSL.2, DSL3, and DSLA each of which represenis a difference between
each of predicted matrices PSL2, PSL3, and PSL4 predicted from 4x4 guantization
matrix SL1 and each of quantization matrices SL.2, SL3, and SL4, respectively. The
difference acquisition section 214 supplies the reconstruction section 218 with
difference matrices DSL2Z, DSL3, and DSL4 specified in the difference matrix
information.  If the matrix type flag set to 0 is acquired for each sequence or picture
or difference flag set to 0 is acquired, the difference acquisition section 214 assumes
a difference matrix having the corresponding size to be null without acquiring the
difference matrix information. I the update flag set to 0 is acquired for each
picture, the difference acquisition section 214 outputs no difference matrix for the
corresponding size.
[0115]

{3} Prediction section
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The prediction section 216 follows the prediction expression used for the
image encoding such as prediction expression (2} or (3) described above to calculate
8x8 predicted matrix PSLZ having a larger size from the base matrix such as 4x4
quanlization matrix SL.1 according to the embodiment supplied from the base matrix
acquisition section 212, The prediction section 216 uses the calculated 8x§
predicted matrix PSL2 to calculate 16x16 predicted matrix PSL3 from quantization
matrix SL2 reconstructed by the reconstruction section 218.  Further, the prediction
section 216 uses the calculated 16x16 predicted matrix PSL3 to calculate 32x32
predicted matrix PSL4 from quantization wmatrix SL3 reconstructed by the
reconstruction section 218, The prediction section 216 supplies the reconstruction
section 218 with predicted matrices PSL2, PSL.3, and PSL4. The prediction section
216 generates no predicted matrix for a size having the matrix type flag set to O and
uses the defanlt quantization matrix to caleulate predicted matrices having larger
sizes. The base matrix acquisition section 212 generates no predicted matrix for a
size having the update flag set to 0 and uses the quantization matrix generated from
the previous process to calculate predicted malrices having larger sizes.

[0116]

{4} Reconsiruction sechion

The reconstruction section 218 reconstruets quantization matrices S1.2, SL.3,
and SLA by adding predicted matrices PSLZ, PSL3, and PSL4 supplied from the
prediction section 216 to difference matrices DSL2, DSL3, and I2SL4 supplied from
the difference acquisition section 214, respectively.

[0117]
[Math. 6]

SLY = PRL2 4 DSL2 {8
SL3=PSL3+ DELY {(8)
SL4 = PSLA+ DSLA (10)

[0118]
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The reconstriction section 218 allows the quantization matrix buffer 220 1o
store the reconstrucied quantizatior matrices SL2, SL3, and SL4 having sizes 8x8,
16x16, and 32x32. If the matrix type fiag set to 0 is acquired for each sequence or
picture, the reconstruction section 218 allows the quantization matrix buffer 220 to
store the default quantization matrix as a quantization matrix having the
corresponding size. If the update flag set to 0 is acquired for each picture, the base
matrix acquisition section 212 does not update quantizetion matrix SL.2, SL3, or SL4
that has the corresponding size and is stored in the quantization matrix buffer 220
during the previous progess.

[0119]

{5} Quantization matrix buffer

The guantization matrix buffer 220 temporarily stores quantization matrix
SL1 specified by the base matrix acquisition section 212 and quantization matrices
SL2, SL3, and SL4 reconstructed by the reconstruction section 218,  (uantization
matrices SL1, SL.2, SL3, and SL4 stored in the quantization matrix buffer 220 are
used for the inverse quantization section 240 to inversely quantize the guantized
transform coefficient data.

(0120}

© The configuration of the inverse quantization and inverse orthogonal
transformation section 63 of the image decoding device 60 described above is also
applicable to the inverse quanfization section 21 and the inverse orthogonal
wansformation section 22 of the image decoding device 10 shown in Fig. L.
[0121]

<4, Decoding process flow according to an embodiment>

Figs. 11A and 11B are flowcharts illustrating a first example of decoding
process flow according to the emboediment.  The matrix generation section 210 can
perform the process represented by the flowcharts mainly on each encoded stream
sequence.

[o1221
With reference to Fig. 11A, the matrix generation section 210 checks the

matrix type flag contained in the sequence parameter set of the seguence to
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determine whether the 4x4 quantization matrix is a user-defined one (step S202). If
the 4x4 guantization matrix is a user-defined one, the matrix generation section 210
uses the basic matrix information to get up the 4x4 quantization matrix, namely, store
the same in the quantization matrix buffer 220 (step S204). If the 4x4 quantization
matrix is a defanit one, the matrix generation section 210 sets up the default 4x4
guantization matrix (step S206}.

[0123]

The mairix generation section 210 determines whether an 8x8 quantization
malrix is a user-defined one (step S212).  If the 8x8 quantization matrix is a uset-
defined one, the matrix generation section 210 uses the above-described prediction
expression (2} or {3) to calculate an 8x§ predicted matrix from the 4x4 quantizaticn
matrix and adds the calculated predicted matrix 10 an 8x8 difference matrix. Asa
result, the 8x8 guantization matrix is reconstructed {step S214). If the 8x8
difference flag is set to 0, the difference mafrix is null. The 8x8 predicted matrix
may be directly set up as a (uantization matrix.  If the 8x8 quantization matrix is a
default one, the matrix generation section 210 sets up the default 8x8 quantization
matrix {step 5216).

[0124)

© With reference to Fig. 11B, the matrix generation section 210 determines
whether a 16x16 guantization matrix is a user-defined one (step S222). If the
16x16 quantization matrix 18 a user-defined one, the matrix generation section 210
calculates a 1616 predicted matrix from the 8«8 quantization matrix and adds the
calculated predicted matrix to & 16x16 difference matrix.  As a result, the 16x16
quantization matrix is reconstructed {step 5224). 1If the 16x16 difference flag is set
to 0, the difference matrix is null.  The 16x16 predicted matrix is directly setup as a
gquantization matrix. If the 16x16 quantization matrix is a default one, the matrix
generation section 210 sets up the defanit 16x16 quantization matrix {step S226).
[0125]

The matrix generation section 210 determines whether a 32x32 quantization
matrix 15 a user-defined one {step 8232). If the 32x32 quantization mairix is a user-

defined one, the matrix generation section 210 calcolates a 32x32 predicted matrix
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from the 16x16 quantization matrix and adds the calculated predicted matrix to a
32x32 difference matrix. As a result, the 32x32 guantization matrix 18
reconstructed {step 5234). If the 32x32 difference flag is set o 0, the difference
matrix is null. The 32x32 predicted matrix is directly set up as a quantization
matrix. If the 32x32 guantization matrix is a default one, the matrix generation
section 210 sets up the default 32x32 gquantization matrix (step S236).

{0126]

Figs. 12A and 12B are flowcharts illustrating a second example of decoding
process flow according to the embodiment.  The matrix generation section 210 can
perform the process represented by the flowcharts mainly on each picture for an
encoded stream.

[0127]

With reference io Fig 12A, the matrix generation section 210 checks the
update flag contained in a picture parameter set to determine whether a 4x4
guantization matrix is u';pdated m the pictre (step S230). If a 4x4 guantization
matrix is not updated, the process skips steps 5252 through S$S256. If a 4x4
quantization matrix is updated, the matrix generation section 210 checks the matrix
type flag to determine whether the new 4x4 quantization matrix is a user-defined one
{step 8252). If the 4x4 quantization matrix is & user-defined ome, the matrix
generation section 210 sets up the 4x4 guantization mawrix using the basic mairix
information {step $254). If the 4x4 quantization matrix is a default one, the matrix
generation section 210 sets up the default 4x4 quantization matrix (step $256).
[0128]

The matrix gencration section 210 checks the update flag o determine
whether an 8x8 quantization matrix is updated in the ;ﬁcmrf: (step 8260). If an 8x§
quantization matrix is not updated, the process skips steps $262 through $266. If
an 8x8 quantization matrix is updated, the matrix generation section 210 checks the
matrix type flag to determine whether the new 8x8 quantization matrix is a user-
defied one (step §262). If the 8x8 quantization matrix is a user-defined one, the
malrix genmeration section 210 calculates an 8x8 predicted matrix from the 4x4

quantization matrix for a new picture regardless of whether the 4x4 quantization
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matrix 15 updated. The matrix generation section 210 then adds the calculated
predicted matrix to an 8x8 difference matrix.  As a result, the 8x8 quantization
matrix 1s reconstructed {step S264). If the &x8 difference flag is set to 0, the
difference matrix is null. The 8x8 predicied matrix may be directly set up as a
quantization matrix. If the 8x8 quantization matrix is a default one, the matrix
generation section 210 sets up the default 8x8 quantization matrix {step S5266),

[0129]

With reference to Fig. 12B, the matrix generation section 210 checks the
update flag to determine whether a 16x16 guantization matrix is updated in the
picture (step S270). 1f a 16x16 quantization matrix is not updated, the process skips
steps 5272 through S276. If a 16x16 guantization matrix is updated, the matrix
generation section 210 checks the matrix type flag to determine whether the new
16x16 gquantization matrix is 2 user-defined one (step $272). If the 16x16
quantization matrix is a user-defined one, the matrix generation section 210
calculates a 16x16 predicted matrix from the 8x& guantization matrix for a new
picture regardless of whether the 8x8 quantization matrix is updated. The matrix
generation section 210 then adds the calculated predicted matrix 1o a 16x16
difference matrix.  As a result, the 16x16 quantization matrix is reconstructed (step
S274). If the 16x16 difference flag is set fo O, the difference matrix is nuil, The
16x16 predicted matrix is directly set up as a quantization matrix. If the 16x16
quantization matrix 18 a default one, the matrix generation section 210 sets up the
default 16>16 quantization matrix {step S276).

[0130]

The matrix generation section 210 checks the update flag te¢ determine
whether a 32x32 quantization matrix is updated in the picture (step S280). If a
32x32 quantization matrix is not updated, the process skips steps 8282 through S286.
If a 3232 quantization matrix is updated, the matrix generation section 210 checks
the maftrix type flag to determine whether the new 32%32 quantization matrix is a
user-defined one (step $282). If the 32x32 quantization matrix is a user-defined
one, the matrix generation section 210 calculates a 32x32 predicted matrix from the

16x16 guantization matrix for a new picture regardless of whether the 16x16
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quantization matrix is updated. The matrix generation section 210 then adds the
calculated predicted matrix to a 32x32 difference matrix. As a result, the 32x32
quantization matrix is reconstructed {step 5284). If the 32x32 difference flag is set
to 0, the difference matrix is null.  The 32x32 predicted matrix is directly set up as a
quantization rmuatrix. If the 32x32 quantization matrix is a default one, the matrix
generation section 210 sets up the default 32x32 quantization matrix (step S286).
[0131]

The decoding side can appropriately recounstruct quantization matrices using
the technique to predict quantization matrices based on one quantization matrix even
if the encoding side transmits, to the decoding side, only the difference information
about a quantization matrix to be predicted. An increase in the code amount can be
effectively suppressed even if the number of quantization matrices increases.

{0132]

The specification has described the example of setting up only one type of
quantization matrix for one transform unit size. While not limited thereto, multiple
types of quantization matrices may be set up for one transform unit size. Insuch a
case, the sequence parameter set and the picture parameter set may contain an
additional flag indicating which of multiple types of gquantization matrices needs to
be used as a base to predict a quantization matrix of a larger size. I may be
preferable to set up multiple types of quantization matrices for one transform unit
size and selectively one quantization matrix to another for each slice or block within
a picture.

[0133]

<35, Medifications>

As described above, the technology disclosed in this specification may be
embodied by predicting a quantization matrix of a smaller size from a quantization
matrix of a larger size. For example, 8x8 quantization matrix SLZ is defined as
follows.

[0134]
Math. 7}
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[0135]

For example, the prediction section 152 of the orthogonal transformation
and quantization section 14 of the image encoding device 10 calculate 4x4 predicted
matrix PSL1 from quantization mairix SL2 according to prediction expression (12)
as follows.

[0136]
{Math. 8]

(12}

[0137]

With reference to prediction expression (12), predicted matrix PSL1 15
generated by thinning elements of quantization matrix SL2 every other row and
column,  Elements to be thinned may be positioned otherwise than the example of
prediction expression (12). Increasing the number of elements to be thinned can

cause a quantization matrix to generate a predicted matrix having sides each of which



10

40

is one quarter or smaller.
[0138]
Instead, predicted matrix PSL1 may be calculated from guantization matrix
SL2 according to prediction expression (13) below.
[0139]
[Math. 9]
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[0140]

With reference to prediction expression (13), predicted matrix PSL1 s
generated by calculating an average of four elements vertically and horizontally
adjacent to each other in quantization matrix SL2 as one element of predicted matrix
PSL1. Averaging more elements (e.g., 16 elements) vertically and horizontaily
adjacent o each other can canse a quantization matrix o generate a predicted mafrix
having sides each of which is one quarter or smaller.  Instead of the average nsed in
prediction expression (13), the other representative values such as the center value,
the minimun valye, and the maximum value may be calculated from elements.
[0141]

A predicted matrix of a smaller size may be calculated from a quantization
matrix of a larger size. Also in such a case, the difference caleulation section 154
calculates a difference matrix representing a difference between the predicted matrix
supphied from the prediction section 152 and the corresponding quantization matrix
and supplies the lossless encoding section 16 with difference matrix infommation

representing the calculated difference matrix, The matrix generation section 210 of

{r 3}
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the inverse quantization and inverse orthogonal transformation section 63 of the
image decoding device 60 generates a quantization matrix having a smaller size from
the quantization matrix specified in the basic matrix information using any of the
above-described prediction expressions and the difference matrix information.

[0142]

Figs. I3A and I3B are flowcharts illustrating an example of encoding
process flow according to one modification. The matrix processing section 150 and
the lossless encoding section 16 can perform the process represented by the
flowcharts mainly on each encoded stream sequence.

0143]

With reference to Fig. 13A, the matrix processing section 150 acquires a set
of quantization matrices used for the quantization section 130 in this sequence from
the quantization matrix buffer 140 (step S300). As an example, the set of
gquantization matrices is assumed to contam guantization mairices corresponding 1o
the sizes of dxd, 8x8, 16x16, and 32532,

[0144] |

The matrix processing section 150 determines whether a 32x32 gquantization
matrix is a user-defined one (step S302).  If the 32x32 quantization matrix is a user-
defined one, the lossless encoding section 16 encodes the basic matrix information
that represents a 32x32 quantization matrix with the matrix type flag set to 1 (step
8306). If the 32»32 guantization matrix is a default one, the lossless encoding
section 16 encodes only the matrix type flag set to O (step S308).

[0145]

The matrix processing section 150 determines whether 2 16x16 quantization
matrix is a user-defined one (step S312).  1f the 16x16 quantization matrix is a user-
defined one, the matrix processing section 150 calculates a 16x16 predicted matrix
from the 32x32 quantization matrix according to prediction expression (12) or (13)
described above (step S314). The lossless encoding section 16 encodes the matrix
type flag (=1), the difference flag, and the difference matrix information (if any)
indicating a difference between the 16x16 quantization matrix and the caleulated

predicted matrix (step S316). If the 16»16 quantization matrix is a defaulf one, the
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lossiess encoding section 16 encodes only the matrix type flag set to 0 (step S318).
[0146]

With reference to Fig. 13B, the matrix processing section 150 determines
whether an 8x8 quantization matrix is a user-defined one (step 8322). If the 8x8
guantization matrix is a user-defined one, the matrix processing section 130
calculates an 8x8 predicted matrix from the 16x16 quantization matrix (step 5324).
The lossless encoding section 16 encodes the matrix type flag (=1), the difference
flag, and the difference matrix information (if any) indicating a difference between
the 8x8 quantization matrix and the calculated predicted matrix (step 8326). 1f the
8x8 guantization matrix is a default one, the lossless encoding section 16 encodes
only the matrix type flag set to O (step S328}.

[01473

The matrix processing section 150 determines whether a 4x4 guantization
matrix 18 & user-defined one (step S322). If the 4x4 quantization matrix is a user-
defined one, the matrix processing section 150 caleuniates a 4x4 predicted matrix
from the 8x8 quantization matrix (step $334). The lossless encoding section 16
encodes the matrix type flag (=1), the difference flag, and the difference matrix
information (if any) indicating a difference between the 4x4 quantization matrix and
the calculated predicted matrix (step $336). If the 4x4 guanfization matrix is a
default one, the lossless encoding section 16 encodes only the matrix type flag set ©
0 (step S338).

[0148)

If the SPS is used to define guantization matrices, the modification may
calculate and encode predicted matrices in descending order of guantization matrix
sizes. If the PPS is used to update quantization matrices, the modification may also
calculate and encode predicted matrices in descending order of guantization matrix
sizes.

[G149]

Figs. 14A and 14B are flowcharts illustrating an example of decoding

process flow according to the embodiment.  The matrix generation section 210 can

perform the process represented by the flowcharts mainly on each encoded stream
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sequence.
[0150]

With reference to Fig. 14A, the matrix generation section 210 checks the
matrix type flag contained in the sequence parameter set of the sequence o
determine whether the 32x32 quantization matrix is a user-defined one (step S402).
If the 32x32 quantization matrix is a user-defined one, the matrix generation section
210 uses the basic matrix information to set up the 32x32 quantization matrix,
namely, store the same in the quantization matrix buffer 220 (step 5404). If the
32%32 quantization matrix is a default one, the matrix generation section 210 sets up
the default 32x32 quantization matrix (step S406).
f0151]

The matrix generation section 210 determines whether a 16x16 quantization
matrix is a user-defined one (step S412).  if the 16x16 quantization matrix is a user-
defined one, the matrix generation section 210 uses the above-described prediction
expression (12) or (13) to caleulate & 16x16 predicted matrix from the 32x32
quantization matrix and adds the calculated predicted matrix to a 16x16 difference
matrix. As a result, the 16x16 quantization matrix 1s reconstructed (step S414), If
the 16x16 difference flag is set to O, the difference matrix is null. The 16x16
predicted mafrix 18 directly set up as a gquantization matrix. If the 16x16
guantization matrix is a default one, the matrix generation section 21C sets up the
default 16x16 quantization matrix (step 5416).

[0152]

With reference to Fig. 14B, the matrix generation section 210 determines
whether an 8x8 quantization matrix is a user-defined one (step S422). I the 8x8§
guantization matrix 1s a user-defined one, the matrix generation section 210
calculates an 8x8 predicted matrix from the 16x16 quantization matrix and adds the
calculated predicted matrix to an 8x8 difference matrix. As a result, the 8x8
guantization matrix is reconstracted {step 5424). If the 8x8 difference flag is set to
(0, the difference matrix is null.  The 8x8 predicted matrix may be directly set up as
a quantizafion matrix. If the §x8 quantization matrix is a default one, the matrix

generation section 210 sets up the default 8«8 quantization matrix (step S426).
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[0133]

The matrix generation section 210 determines whether a 4x4 quantization
matrix is a user-defined one (step S432). If the 4x4 guantization matrix is a user-
defined one, the matrix generation section 210 calculates a 4x4 predicted matrix
from the 8x8 quantization matrix and adds the calculated predicted matrix to a 4x4
difference matrix, As a result, the 4x4 quantization matrix is reconstructed (step
§434). If the 4x4 difference flag is set to O, the difference matrix is null,  The 4%4
predicted matrix may be directly set up as a gquantization matrix. If the 4x4
quantization matrix is a default one, the matrix generation section 210 sets up the
default 4x4 quantization matrix (step S£36).

[0154)

If the SPS is used to decode guantization matrices, the modification may
reconstruct quantization matrices in descending order of guantization matrix sizes.
If the PPS is used to update quantization matrices, the modification may also
reconstruct quaniization matrices in descending order of quantization matrix sizes.
[0155]
<§. Example Applications>

The image encoding device 10 and the image decoding device 60 according
1o the embodiment described above may be applied to various electronic appliances
such as a transnuitter and a receiver for satellite broadeasting, cable broadcasting such
as cablé TV, distribution on the Internet, distribution to terminals via cellular
commumnication, and the like, a recording device that records images in a medium
such as an optical disc, a magnetic disk or a flash memory, a reproduction device that
reproduces images from such storage medium, and the like.  Four example
apphcations will be described below.

[0156]
[6-1. First Example Application]

Fig. 15 is a block diagram showing an example of a schematic configuration
of a television adopting the embodiment described above. A television 900 includes
an antenma 901, a taner 902, & demultiplexer 903, a decoder 904, an video signal

processing section 903, a display section 906, an audic signal processing section 907,
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a speaker 908, an external interface 909, a control section 910, a user interface 911,
and a bug 912.
[0157]

The tuner 902 extracts s signal of a desired channel from broadcast signals
received via the antenna 901, and demodulates the extracted signal.  Then, the tuner
902 outputs an encoded bit stream obtained by demodulation to the demultiplexer
503. That 1s, the tuner 902 serves as transmission means of the televisions 900 for
receiving an encoded stream in which an image is encoded.

{0158]

The demultiplexer 903 separates a video stream and an audio stream of a
program to be viewed from the encoded bit stream, and outputs each stream which
has been separated to the decoder 504. Also, the demuitiplexer 903 extracts
auxiliary data such as an EPG (Electronic Program Guide) from the encoded bit
stream, and supplies the exiracied data to the conirol section 910,  Additionally, the
demultiplexer 903 may perfonm descrambling in the case the encoded bit stream is
scrambied.

[01597

The decoder 204 decodes the video stream and the audio stream mput from
the demultiplexer 903. Then, the decoder 904 outputs video data generated by the
decoding process o the video signal processing ssction 905, Also, the decoder 904
outputs the audio data generated by the decoding process to the audio signal
processing section 907.

[0160]

The video signal processing section 905 reproduces the video data input
from the decoder 904, and causes the display section 506 to display the video. The
video signal processing section 905 may also cause the display section 906 to display
an apphication screen supplied via a network.  Further, the video signal processing
section 905 may perform an additional process such as noise removal, for exampie,
on the video data according {0 the setting, Furthermore, the video signal processing
section 905 may generate an image of a GUI (Graphical User Interface) such as a

meny, a button, a cursor or the like, for example, and superimpose the generated
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umnage on an output image.
o161}

The display section 906 is driven by a drive signal supplied by the video
signal processing section 9035, and displays a video or an image on an video screen of
a display device (for example, a liquid crystal display, a plasma display, an OLED, or
the like).

[0162]

The audio signal processing section 907 performs reproduction processes
such as D/A conversion and amplification on the andio data input from the decoder
904, and outputs audio from the speaker 908. Also, the audic signal processing
section 907 may perform an additional process such as noise removal on the audio
data.

[0163]

The external interface 909 is an interface for connecting the television 900
and an external appliance or a network. For example, a video stream or an audio
streamn received via the external interface 909 may be decoded by the decoder 904,
That is, the external interface 909 also serves as transmnission means of the
televisions 900 for receiving an encoded stream in which an image is encoded.

[0164]

The control section 910 includes a processor such as a CPU {Central
Processing Unit), and a2 memory such as an RAM (Random Access Memory), an
ROM (Read Only Memory), or the kke. The memory stores a program to be
executed by the CPU, program data, EPG data, data acquired vie a network, and the
like. The program stored in the memory is read and executed by the CPU af the
time of activation of the television 900, for example. The CPU controis the
operation of the television 900 according to an operation signal input from the user
interface 911, for example, by executing the program.

01653

The user interface 911 is connected to the control secticn 910. The user

interface 911 inciudes a button and a switch used by a user to operate the television

800, and a recerving section for a remote control signal, for example. The user
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interface 911 detects an operation of a user via these structural elements, generates an
operation signel, and outputs the generated operation signal to the control section 910,
[0166]

The buas 912 interconnects the tuner 902, the demultiplexer 903, the decoder
904, the video signal processing section 9035, the andio signal processing section 907,
the external interface 909, and the control section 916,
[0167

In the television 900 configured in this manner, the decoder 904 has a
function of the image decoding device 60 according to the embodiment described
above. Accordingly, also in the case of the image decoding in the television 900, it
1s possible to suppress in an increase in the code amourt duye to an increase m the
number of quantization matrices..
[0168]
[6-2. Second Example Application]

Fig. 16 is a block diagram showing an example of a schematic configuration
of a mobile phone adopting the embodiment described above. A mobile phone 920
inciudes an antenna 921, a communication section 922, an audio codec 923, &
speaker 924, a microphone 925, a camera section 926, an image processing section
927, & demultiplexing section 928, a recording/reproduction section 929, a display
section 930, a control section 931, an operation section 932, and a bus 933,
[01697

The antenna %21 is connected to the communication section 922, The
speaker 924 and the microphone 925 are connected to the audio codec 923, The
operation section 932 is conmpected to the control section 931, The bus 933
interconnects the commumcation section 922, the audio codec 923, the camera
section 926, the image processing section 927, the demultiplexing section 928, the
recording/reproduction section 929, the display section 930, and the control section
931.
[0170]

The mobile phone 920 performs operation such as transmission/reception of

audio signal, transmission/reception of emails or image data, image capturing,
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recarding of data, and the like, in various operation modes including an aundio
communication mode, a data communication mode, an image capturing mode, and a
videophone mode.

(0171}

In the andic comumunication mode, an analogue audio signal generated by
the microphone 925 is supplied to the audio codec 923. The audio codec 923
converts the analogue audio signal into audio data, and A/D converts and compresses
the converted audio data.  Then, the audio codec 923 outputs the compressed audio
data to the communication section 922, The communication section 922 encodes
and modulates the audic data, and generates a transmission signal. Then, the
communication section 922 transmits the generated {rapsmission signal {o a base
station {not shown) via the antenna 921. Also, the commmunication section 922
amplifies a wireless signal received via the antenna 921 and converts the frequency
of the wireless signal, and acquires a received signal. Then, the communication
section 922 demodulates and decodes the received signal and generates audio data,
and outputs the generated andio data to the andio codec 923.  The audio codec 923
extends and D/A converts the andio data, and generates an analogue audio signal
Then, the audio codec 923 supplies the generated audio signal o the speaker 924 and
causes the audio t© be output.

[6172]

Also, in the data communication mode, the confrol section 931 generates
text data that makes up an email, according to an operation of a user via the operation
section 932, for example. Moreover, the control section 931 causes the fext to be
displayed on the display section 930, Furthermore, the control section 931
generates email data according to a fransmission instruction of the user via the
operation section 932, and outputs the generated email data to the communication
section 922. Then, the communication section 922 encodes and modulates the
email data, and generates a transmission signal. Then, the communication section
922 transmits the generated fransmission signal to a base station {(not shown) via the
antenna 921. Also, the communication section 922 amplifies a wireless signal

received via the antenna 921 and converts the frequency of the wireless signal, and
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acquires a received signal.  Then, the commumnication section 922 demodulates and
decodes the received signal, restores the email data, and outputs the restored email
data to the control section 931.  The control section 937 causes the dispiay section
930 to display the contents of the email, and also, causes the email data to be stored
in the storage medium of the recording/reproduction section 929,

[0173]

The recording/reproduction section 929 includes an arbitrary readable and
writable storage medium. For exempie, the storage medium may be a built-in
storage medium such as an RAM, a flash memory or the like, or an externally
mounted storage medium such as a hard disk, a magnetic disk, a magneto-optical
disk, an optical disc, an USB memory, a memory card, or the lke.

[6174]

Furthermore, in the image capturing mode, the camera section 926 captures
an image of a subject, generates image data, and outputs the generated image data to
ithe Image processing section 927, for example. The image processing section 927
encodes the image data mput from the camera section 926, and causes the encoded
stream to be stored in the storage medium of the recording/reproduction section 929,
[0175]

Furthermore, in the videophone mode, the demultiplexing section 928
multiplexes a video stream encoded by the Bmage processing section 927 and an
audio stream input from the audio codec 923, and outputs the multiplexed stream to
the communication section 922, for example, The commmmication section 922
encodes and modulates the stream, and generates a transmission signal. Then, the
communication section 922 transmifs the generated transmission signal to a base
station {not shown) via the antenna 921. Also, the communication section 922
amplifies a wireless signal received via the antenna 921 and converts the frequency
of the wireless signal, and acquires a received signal.  These transmission signal and
received signal may include an encoded bit stream. Then, the communication
section 922 demodulates and decodes the received signal, restores the sweam, and
outputs the restored stream to the demultiplexing section 928, The demnultiplexing

section 928 separates a video stream and an audio stream from the input stream, and
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outputs the video stream to the image processing section 927 and the audio stream fo
the audio codec 923, The image processing section 927 decodes the video stream,
and generates video data.  The video data is supplied to the display section 930, and
a series of images is displayed by the display section 930, The audio codec 923
extends and IVA converis the andio stream, and generates an analogue audic signal.
Then, the audio codec 923 supplies the generated andio signal to the speaker 924 and
causes the audio o be output.

[0176]

In the mobile phone 920 configured in this manner, the image processing
section 927 has a function of the image encoding device 10 and the image decoding
device 60 according to the embodiment described above.  Accordingly, also in the
case of the image decoding and encoding in the mobile phone 820, it is possible to
suppress in an increase in the code amount due to an increase n the number of
quantization matrices..

[0177]
{6-3. Third Example Apphcation]

Fig. 17 is a block diagram showing an example of a schematic configuration
of a recording/reproduction device adopting the embodiment described above, A
recording/reproduction device 940 encodes, and records in a recording medium,
audio data and wvideo data of a received broadcast program, for example. The
recording/reproduction device 940 may also encode, and record in the recording
medium, andio data and video data acquired from another device, for example.
Furthermore, the recording/reproduction device 940 reproduces, using a monitor or a
speaker, data recorded in the recording medium, according to an instruction of a user,
for example. At this time, the recordmg/reproduction device 940 decodes the audio
data and the video data.

[0178]

The recording/reproduction device 940 includes a tuner 941, an external
interface 942, an encoder 943, an HDD (Hard Disk Drive) 944, a disc drive 945, a
selector 946, a decoder 947, an OSD {On-Screen Display) 948, & control section 949,

and a user interface 930,
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[6179]

The tuner 941 extracts a signal of a desired channel from broadeast signals
received via an antenna {not shown), and demodulates the extracted signal. Then,
the tuner 941 cutputs an encoded bit stream obtained by demodulation to the selector
946, That is, the taner 941 serves as transmission means of the
recording/reproduction device 940.

[0180]
The external interface 942 is an interface for commecting fthe

recording/reproduction device 940 and an external appliance or a network. For

'example, the external interface 942 may be an IEEE 1394 interface, a network

interface, an USB interface, a flash memory interface, or the like. For example,
video data and audic data received by the external interface 942 are input to the
encoder 943, That is, the external interface 942 serves as transmission means of the
recording/reproduction device 940.

[0181]

In the case the videc data and the audio data input from the external
interface 942 are not encoded, the encoder 943 encodes the video data and the audio
data. Then, the encoder 943 outputs the encoded bit stream to the selector 946,
[0182]

The HDD 944 records in an internal hard disk an encoded bit stream, which
is compressed content data of a video or audio, various programs, and other pieces of
data. Also, the HDD 944 reads these pieces of data from the hard disk at the time
of reproducing a video or audio.

[0183]

The disc drive 945 records or reads data in a recording medium that is
mounted. A recording medium that is mounted on the disc drive 945 may be a
DVD disc (a2 DVD-Video, @ DVD-RAM, a DVD-R, a DVD-RW, a DVD+, a
DVD-+RW, or the like}, a Blu-ray {registered trademark} disc, or the like, for example.
[0184]

The selector 946 selects, at the time of recording a video or audio, an

encoded bit stream input from the tner 941 or the encoder 943, and outputs the
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selected encoded bit stream to the HDD 944 or the disc drive 945. Also, the
selector 946 outpuis, at the tme of reproducing a video or audio, an encoded bit
stream mput from the HDD 944 or the disc drive 943 to the decoder 947.

[0185]

The decoder 947 decodes the encoded bit stream, and generates video data
and audic data.  Then, the decoder 947 outputs the generated video data to the OSD
948. Also, the decoder 904 outputs the generated audio data to an external speaker.
[0186]

The OSD 948 reproduces the video data input from the decoder 947, and
displays a video. Also, the OSD 948 may superimpose an image of a GUI, such as
a menw, a button, a cursor or the like, for example, on a displayed video.

[0187}

The control section 949 includes a processor such as a CPU, and a memory
such as an RAM or an ROM. Th¢ memory stores a program to be executed by the
CPU, program data, and the like. A program stored in the memory is read and
executed by the CPU at the time of activation of the recording/reproduction device
940, for example. The CPU controls the operation of the recording/repreduction
device 940 according to an operation signal input from the user interface 950, for
example, by executing the program.

[0188]

The user interface 950 is connected to the conwol section 949, The user
interface 950 inchides a button and a switch used by a user io operate the
recording/reproduction device 940, and a receiving section for a remote control
signal, for example. The user interface 930 detects an operation of a user via these
structural elements, generates an operation signal, and outputs the generated
operation signal to the confrol section 949,

[0189]

In the recording/reproduction device 940 configured in this manner, the
encoder 943 has a function of the mmage encoding device 10 according to the
embodiment described above. Also, the decoder 947 hag a function of the image

decoding device 60 according to the embodiment described above.  Accordingly,
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also m the case of the image decoding and encoding in the recording/reproduction
device 940, it is possible to suppress in an increase in the code amount due to an
increase in the number of quantization matrices..

[0190]

[6-4. Fourth Example Application]

Fig, 18 is a block diagram showing an exampie of a schematic configuration
of an image capturing device adopting the embodiment described above.  An image
capturing device 960 captures an image of a subject, generates an image, encodes the
image data, and records the image data in a recording medium.

[0191]

The image capturing device 960 includes an optical block 961, an image
capturing section 962, a signal processing section 963, an image processing section
964, a display section 965, an external interface 966, a memory 967, a media drive
968, an OSD 964, a control section 970, a user interface 971, and a bug 972.

[0192]

The optical block 961 is connected to the image capturing section 962,
The image capturing section 962 is connected to the signal processing section 963.
The display section 965 is connected to the image processing section 964,  The user
interface 971 is connected to the control section 970.  The bus 972 interconnects the
image processing section 964, the external interface 966, the memory 967, the media
drive 968, the OSID 969, and the control section $70.

[0193]

The optical block 961 includes a focus lens, an aperiure stop mechanism,
and the like. The optical block 961 forms an optical image of a subject on an image
capturing surface of the image capturing section 962, The image capturing section
962 mcludes an image sensor such as a CCD, a CMOS or the like, and converts by
photoelectric conversion the optical image formed on the image capturing surface
inte an image signal which is an electrical signal. Then, the image capturing
section 962 outputs the image signal to the signal processing section 963.

[G194]

The signal processing section 963 performs various camera signal processes,
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such as knee correction, gamma correction, color correction and the like, on the
tmage signal input from the image capturing section 962. The signal processing
section 963 outputs the image data after the camera signal process to the image
processing section 964,

[0195]

The image processing section 964 encodes the image data input from the
signal processing section 963, and generates encoded data. Then, the image
processing section 964 outputs the generated encoded data to the external interface
966 or the media drive 968, Also, the image processing section 964 decodes
encoded data input from the external interface 966 or the media drive 968, and
generates image data. Then, the image processing section 964 outputs the
generated image data to the display section 965.  Also, the image processing section
964 may output the image data input from the signal processing section 963 to the
display section 965, and cause the image to be displayed. Furthermore, the image
processing section 964 may superimpose data for display acquired from the OSD 969
on an image to be output to the display section 965,

[0196]

The OSD 969 generates an image of a GUIL, such #s a menw, 2 bution, a
cursor or the like, for example, and outputs the generated image to the image
processing section 964.

[0197]

The external interface 966 is configured as an USB input/output terminal,
for example. The external interface 966 connects the image capturing device 960
and a printer at the time of punting an image, for example. Also, a drive is
connected to the external interface 966 as necessary. A removable mediam, such as
a magnetic disk, an optical disc or the like, for example, is mounted on the drive, and
a program read from the removable medium may be installed in the image capturing
device 960. Furthermore, the external interface 966 may be configured as a
network interface to be connected to a network such as a LAN, the Internet or the
like.  That 1s, the external interface 966 serves as transmissicn means of the image

capturing device 960.
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[3198]

A recording medium to be mounted on the media drive 968 may be an
arbitrary readable and writable removable medium, such as a magnetic disk, a
magneto-optical disk, an optical disc, a semiconductor memory or the like, for
example.  Alse, a recording medium may be fixedly mounted on the media drive
968, configuring a non-transportable storage section such as a built-in hard disk drive
or an 88D (Sold State Drive), for example.

[0199]

The control section 970 includes a processor such as a CPU, and a memory
such as an RAM or an ROM. The memory stores a program to be executed by the
CPU, program dafa, and the Like. A program stored in the memory is read and
executed by the CPU at the {ime of activation of the image capturing device 960, for
example. The CPU controls the operation of the image capturing device 960
according 1o an operation signal input from the user interface 971, for example, by
executing the program.

[6200]

The user interface 971 is connected 1o the coatrol section 970, The user
interface 971 includes a button, a switch and the Jike used by a user to operate the
image capturing device 960, for example. The user interface 971 detects an
operation of a user via these structural elements, generates an operation signal, and
outputs the generated operation signal to the control section 970.

{62017

In the image capiuring device 960 configured in this manner, the image
processing section 964 has a function of the image encoding device 10 and the image
decoding device 60 according to the embodiment described above.  Accordingly, in
the case of the image decoding and encoding in the image capturing device 960, it is
possibie to suppress in an increase in the code amount due to an increase in the
number of quantization matrices.

10202}
<7. Summing-up>

There have been described the image encoding device 10 and the image
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decoding device 66 according to an embodiment with reference fo Figs. 1 through 18
The embodiment uses the prediction technigque to generate a second guantization
matrix corresponding to a transform unit representing a second size from a first
quantization matrix corresponding to a fransform unit representing a first size if
multiple guantization matnices correspond to multiple transform onits representing
different sizes. This can eliminate the need to encode the whole of the second
gquantization matrix. An increase in the code amount can be effectively suppressed
even if the number of quantization matrices increases.

[0203]

The cmbodiment generates the second quantization matrix using the matrix
information specifying the first quantization matrix and the difference information
(difference mafrix information) representing a difference between a predicted matrix
and the second quantization matrix.  Therefore, it is possible to acquire the second
guantization matrix appropriate to the image decoding side simply by encoding only
a difference between the second guantization matrix and a predicted matrix.

[0204]

According to the embodiment, a first flag may indicate the absence of a
difference between a predicted mairix and the second quantization matrix and may
be acquired from the sequence parameter set or the picture parameter set.  In such a
case, a predicted matrix predicted from the second quantization matrix is assumed to
be the second quantization matrix. In this case, the code amount can be further
reduced because even difference mformation is ot encoded for the second
quantization matrix.

[0205]

The first quantization matrix may have the minimum of transform unit sizes.
The above-described configuration need not encode all the guantization matrices
other than the quantization matrix having the minimum size. Therefore, an increase
in the code amount can be more effectively suppressed even if the number of
gquantization mairices increases.

[0266]

In this specification, it has been described how mformation for generating a
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quantization mafrix 1s muitiplexed in a header of an encoded stream and is
transmitted from the encoding side to the decoding side. However, a technique of
transmitting information used for transmifting such information is not limited to the
technique described above. For example, the information may not be multiplexed
into an encoded bit stream but may be tansmitted or recorded as separate data
associated with the encoded bit stream. The term "association” signifies ensuring
possibility of linking an image (or part of an image such as a slice or a block)
contained m the bit stream with information corresponding 10 the image. Namely,
the mformation may be transmitted over a transmission path different from that used
for images (or bit streams). The information may be recorded on a recording
medium (or a different recording area on the same recording medium) different from
that used for irmages (or bit streams). The information and the image {or bit stream)
may be associated with each other based on any units such as multiple frames, one
frame, or part of a frame.
[02071

The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention 18
not limited to the above examples, of course. A person skilled in the art may find
various alternations and modifications within the scope of the appended claims, and
it should be understood that they will naturally come under the technical scope of the

present invention,

Reference Signs List

[0208}

10 Image ?rocessing device (image encoding device)
16 Encoding section

110 Selection section

120 Orthogonal transformation section
130 Quantization section
60 Image processing device (image decoding device)

210 Matrix generation section
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230 Selection section
249 Inverse quantization section

250 Inverse orthogonal transformation section
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CLAIMS:
1. An image processing apparatus comprising:
circuitry configured to:

select, from a plurality of transform units with different sizes, a 16x16 transform

unit used for orthogonal transformation of image data to be encoded; and

quantize transform coefficient data generated by orthogonally transforming the
image data based on the 16x16 transform unit, by using a 16x16 quantization matrix based on an

8x8 quantization matrix.

2. An image processing method comprising:

selecting, from a plurality of transform units with different sizes, a 16x16 transform unit

used for orthogonal transformation of image data to be encoded; and

quantizing transform coefficient data generated by orthogonally transforming the image
data based on the 16x16 transform unit, by using a 16x16 quantization matrix based on an 8x8

quantization matrix.

3. The image processing apparatus according to claim 1, wherein the 16x 16

quantization matrix is generated from the 8x8 quantization matrix.

4. The 1mage processing apparatus according to claim 3, wherein the 16x 16

quantization matrix is generated by duplicating elements of the 8x8 quantization matrix.

5. The image processing apparatus according to claim 4, wherein the 16x 16
quantization matrix is generated by duplicating one of a first element and a second element as an
element between the first element and the second element adjacent to each other in the 8x8

quantization matrix.
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6. The image processing apparatus according to claim 5, wherein the circuitry is
configured to transform the image data to generate the transform coefficient data on the basis of

the 16x 16 transform unit,

7. The mmage processing apparatus according to claim 6, wherein the circuitry is

configured to encode the quantized transform coefficient data to generate an encoded stream.

8. The image processing apparatus according to claim 7, wherein the circuitry is

configured to capture an image and generate the image data from the image.

9. The image processing apparatus according to claim 8, wherein the circuitry is

configured to store the encoded stream.

10.  The image processing apparatus according to claim 8, wherein the circuitry is

configured to multiplex the encoded stream with an audio stream to generate a multiplex stream.

11.  The image processing apparatus according to claim 10, wherein the circuitry is

configured to:
generate a transmission signal by encoding and modulating the multiplex stream; and

transmit the transmission signal.

12. The method according to claim 2, wherein the 16x16 quantization matrix is generated

from the 8x8 quantization matrix corresponding to the 8x8 transform unit.
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13. The method according to claim 12, wherein the 16x 16 quantization matrix is

generated by duplicating elements of the 8x8 quantization matrix.

14. The method according to claim 13, wherein the 16x16 quantization matrix is
generated by duplicating one of a first element and a second element as an element between the

first element and the second element adjacent to each other in the 8x8 quantization matrix.

15. The method according to claim 14, further comprising transforming the image data to

generate the transform coefficient data on the basis of the 16x16 transform unit.

16. The method according to claim 15, further comprising encoding the quantized

transform coefficient data to generate an encoded stream.

17. The method according to claim 16, further comprising capturing an image and

generate the image data from the image,

18. The method according to claim 17, further comprising storing the encoded stream.

19. The method according to claim 17, further comprising multiplexing the encoded

stream with an audio stream to generate a multiplex stream.

20. The method according to claim 19, further comprising:
generating a transmission signal by encoding and modulating the multiplex stream;

and

transmitting the transmission signal.



