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] 1 H.264/AVC, one of standard specifications for
image encoding schemes, can use different quantization steps for orthogonal transform coefficient
components to 15 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 a quantization matrix
(also referred to as a scaling list) and a referemegstghoralue. The quantization matrix is defined as a
size substantially the same as an orthogonal transfoim unit. 20[0003] Fig. 19 illustrates preset
values (default values) for four types of quantization matrices predefined in H.264/AVC. For example,
matrix SLO1 is a default for the quantizatiorrmatitdk thedensfoim unit size is 4x4 in intra prediction

mode. Matrix SLQ2 is a default for the quantization matrix if the transform unit 25 size is 4x4 in inter.
prediction mode. i&%ﬁ%l&qgs@.ﬁg@% B the QUARAGSh R QAL S IREGYHETSIRUNIt size is 8x8 in

intra pregiction mode. Matrix SLO4 is a default for the quantization matrix if the transfonn 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 differerfcfgtsahEidlfault values shown in Fig. 19. If 30the
guantization mg@m]( is not used, an equal value is used for all components of the quantization step

used for the quantization. 2 [0004]
The present disclosure relates to an image processing device and an image

processing method.
10
Background Art
[0602]
H.264/AVC, one of standard specifications for image encoding schemes, can
use different quantization steps for orthogonal transform coefficient components to
15 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 a
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,
20 [0003]
Fig. 19 illustrates preset values (default values) for four types of
quantization matrices predefined in H.264/AVC. For example, matrix SLO1 is a
default for the quantization matrix if the transform unit size is 4x4 in infra prediction
mode. Matrix SLO2 is a default for the quantization matrix if the transform unit
25  size is 4x4 in inter prediction mode. Matrix SLO3 is a default for the quantization
matrix if the transform unit size is 8x8 in intra prediction mode. Matrix SLO4 is a
default for the quantization matrix 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
30  the quantization matrix is not used, an equal value is used for all components of the

quantization step used for the quantization.



High Efficiency Video Coding (HEVC) is a next-generation image encoding scheme as a successor to
H.264/AVC and its standardization is promoted. HEVC incorporates the concept of coding unit (CU)
which corresponds to a conventional 5 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-two 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] 10According to HEVC,
one coding ufo&n be divided into one or more orthogonal transformation units, namely one or more
transform units (TUSEAER %gsform unit sjze can be set to any of 4x4, 8x8, 16x16, and 32)(32.
Accordingly, a quanti eﬁ WYCX?#B%éﬁ@@ﬁéﬁ%‘é@ﬁéiﬁd’?été@é}?wlﬂfé%aﬁﬁﬁgw&nit size
candidates. 1R{Q6}s a subbaB4FAY B aliams/Ordesignaling.enbaese QUABHZAEEN matsi for one

transform unit size within one picture as specified in the released reference software
(http://iphom& RIS A RATINAE LMY Ft el 10 Aeh jEnmTemmonds (VG 1Y &aieBdt, Non-Patent
Literaturg 2 shaws belew ReepRsaspiRdiesigRatamultipla 20 auanizatinnmatyy.candidatgs for one

transform unit size within one picture and adaptively select a quantization matrix for each block from
the viewpointBfGdies aistBeicH mbyepihtaoritaaishofisprsnehtPaEHrerefhicaton07]

Non-Patent L ; : { Mgég ?@@ ationy..Jqi tive Team on
Video Codinla( g&#&gdc%u%]ﬁ% %&T(%@%dv-%/%%%i %O/I C{:n?? 1/S 29?\%8\]]%@%%%@% 0: Geneva,

CH, 21-28 Juipcabenasorpficrading Prérsnsre thiy GrcarmopecKtdinw & Ciand &E0n Matrix
Selection on fgfsHoftware”, ITU - Telecommunications Standardization Sector 3 STUDY GROUP 16
Question 6 Video Coding Experts Group (VCEG) 30thMeeting: Hangzhou, China, 23 - 24 October,
2006 Séthmary of Invessgoting 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 any of 4x4, 8x8, 16x16, and 32x32. Accordingly,
a quantization matrix can be specified according to each of these transform unit size
candidates.

15 [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.hhi.de/suehring/tml/index.htm) referred to as a joint model (IM). By
contrast, Non-Patent Literature 2 shown below proposes to designate multiple

20  quantization 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
25  Non-Patent Literature
[0007]
Non-Patent Literature 1:  JCTVC-B205, "Test Model under Consideration”,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and
ISO/IEC JTC1/SC29/WG11 2nd Meeting: Geneva, CH, 21-28 July, 2010
30 Non-Patent Literature 2: VCEG-AD06, "Adaptive Quantization Matrix

Selection on KTA Software", ITU - Telecommunications Standardization Sector



5Technical 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 10degrade more remarkably if the
number of quantization matrices which can be designated for each transform unit size changes from
one to more. [0009] The technology according to the present disclosure aims at providing an
image processing device and an image processing method capable of suppressing an 15increase in
amount of cofies HvedR@UTNe €asetioritevideoierdh g BapsAs iR upAVICES: QUi daBroblem

[0010] According to an embodiment fthlz resent disclosure, there is provided an 20 image
processing dg{ﬂ%%z' ?f?&u@ﬁ@ﬁa%;é]&%ﬁf% tigﬁ

(%onfigured 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 transfoil unit for a first size, a second q4APATOAIHTRFREBresponding to a transform unit 25 for a
second gjze, padamkinvgrse;uantization section configured to inversely quantize transfoini coefficient
data for the image data using the second quantization matrix generated by the generation section
when the sel6&I8H section selects the transfo, in unit for the second size. [0011] 30The image

processing device canhevealizedivpicaly-anan imagkdecrming devies iLAsradiog aimage.
number of available quantization matrices. Increasing amount of codes of
quantization matrices may degrade coding efficiency. The coding efficiency may
10 degrade more remarkably if the number of quantization matrices which can be
designated for each transform unit size changes from one to more.
100097 |
The technology according to the present disclosure aims at providing an
image processing device and an image processing method capable of suppressing an
15  increase in amount of codes due to an increase in the number of quantization
matrices.
Solution to Problem
[0010]
According to an embodiment of the present disclosure, there is provided an
20  1image 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 fransformation 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
25  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]
30 The image processing device can be realized typically as an image decoding

device for decoding an image.



4[0012] Further, the generation section may generate the second quantization matrix using
matrix infoimation specifying the first quantization matrix and difference information representing a
difference between a predicted matrix having the s¢cond 5size predicted from the first quantization
matrix and the second quantization matrix. [0013] Further, the generation section may acquire the
matrix information and the difference information from a sequence parameter set or a picture
parameter set. [0014] 10Further, the generation section may set the predicted matrix to be the second
quantization ppatdx when one of a sequence parameter set and a picture parameter set provides a first

flag indicating absen[%e f a difference between the predicted matrix and the second quantization
matrix. [0015] 15Fur @Filfﬁ’et FECRZAIARy FEITRIBRY STRHRIALRT S7RoH SRS AN HEform units.

[0016] Ruithemhexsadond £ise Rpyibetarges than hefirshaine nhsgenrafige-sgeiion may
calculate the predicted matrix bz/_ duplicating one of a first element and a 20second element as an

element betEERRRREN PRI IEH il Qe ddversme predifted maBia dur ot Sramernfirst
quantizagion gmatixedR@itom hEarRRLNe, 5860 RhEREAAY De IRy thaR the dirgkgize. The

generation S?&t)i%l} may calculate the predicted matrix by linearly interpolating an element

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

10 Further, the generation section may set the predicted matrix to 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]

15 Further, the first size may represent a minimum one 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 one of a first element and a

20  second element as an element between the first element and the second element
adjacent to each other in the first quantization matrix.

[0017]

Further, the second size may be larger than the first size. The generation
section may calculate the predicted matrix by linearly interpolating an element

25  Dbetween a first element and a second element adjacent to each other in the first
quantization matrix.
r0018]

Further, the second size may be double of the first size on one side.

[0019]
30 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



25between a first element and a second element adjacent to each other in the first quantization matrix.
[0018] Further, the second size may be double of the first size on one side. [0019] 30Further, 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 5 quantization matrix. [0020] 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 5adjacent to each other in the first quantization matrix. [0021]
Further, the gengiaiieshseedn may generate the second quantization matrix from the first quantization
matrix when gne of a sequence parameter set and a picture parameter set provides a second flag to
specify use dP420%er-defined matrix as the 10second guantization matrix. [0022] Further,

according to anotheremhadimenicehdhgRrase-disclasHigathererspioddedan Janeagiprocessing
method including selecting, from a plurality of transform units with different sizes, a transform unit used
for inverse oFﬁ%‘@Bn@lﬁy calculate the predicted matrix by averaging a plurality of elements
5  adjacent to each other in the first quantization matrix.
[0021]

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

10  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 transform unit used for inverse orthogonal

15  transformation of image data to be decoded, generating, 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 inversely quantizing
transform coefficient data for the image data using the second quantization matrix
generated from the first quantization matrix when a transform unit for the second size

20 1s selected.

[0023]

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

25  for orthogonal transformation of image data to be encoded, a quantization 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 quantization matrix corresponding to the selected transform unit,
and an encoding section configured to encode information for generating a second

30  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.



15 transformation of image data to be decoded, generating, 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 inversely quatizing transform coefficient data for the image data
using the second quantization matrix generated from the first quantization matrix when a transform unit
for the second size 20is selected. [0023] Further, according to another embodiment of the present
disclosure, there is provided an image processing device including a selection section configured to
select, from &Qa4ality of transform units with different sizes, a transform unit used 25 for orthogonal
transformation of image data to be encoded, a quantizatign sectipn configured to quantize transform
coefficient data genetatetf 5% oSG o et"r%?ﬁs%%?r%ﬁwﬁ?ﬁéﬂ%%@ﬂ ADREYSH PEAHSrm unit
selected by thevsal€stion-seeiiom Ryapsing a quantization matrix corresponding to the selected
transform unit, and an encoding section configured to encode information for generating a second
3Oquantizaticm0r?@trix corresponding to a transform unit for a second size from a first quantization

matrix cerrespondingrt@adiansiam ¢ RitfesAdirshsE&meH00R Mk prestNeiNRAISRIIRESSING device
can be realized tyé)ically as an image encoding device for encoding an image. [Oo}gg 5Further,

according to Bi6tHET dbdthAsePortE s eshidisitishidiagirsle g Nrmdean e plocessing
method inclugingreglectings fremma gigtality afisransforp.ynitswith different %gles@@ltgggﬁg@rm unit used

i icient data

for orthogonal transformation of image data to be encoded, quantizing transform coe
generated by @peeEeRINR ﬂ%i%ﬂ&?ngﬁ@ fiebineRfedria BHaEEiBs Fusbemreeffisionndae unit, by

using a quang&?é}%&%l@&&g%!%%éﬁ? AdiNg SR8 %‘Fé%{ﬁgetfﬁ%f%&%ita 39d.enepding jpformation for

generating a second quantization matrix corresponding to a transform unit for a second size from a
first quaAtizakeih MasoscrrspbRYIAD R sasfeipPutirgdo i selsited tBnAdvantagesud Effects of

invention [00a8baing AR ARANCIRE UGG AEERHINALASNIGR,ANGIG, IAGE prgeessing

- ) , 0
method according t6 the present disclosure Can suppress In an increase In the'code Zmouint due to an
increase in tiesrripmernf derantigetivhsiratiiossa first quantization matrix corresponding to a

transform unit for a first size.

15  Advantageous Effects of Invention
[0026]

As described above, the image processing device and the image processing
method according to the present disclosure can suppress in an increase in the code
amount due to an increase in the number of quantization matrices.

20
Brief Description of Drawings
[0027]
[Fig. 1] Fig. 1 1s a block diagram illustrating a hardware configuration of an image
encoding device according to an embodiment.
25 = [Fig. 2] Fig. 2 1s 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
30  sequence parameter set according to an embodiment.

[Fig. 5] Fig. 5 is an explanatory diagram illustrating information inserted into a



20 Brief Description of Drawings [0027] [Fig. I] Fig. 1 is a block diagram illustrating a hardware
configuration of an image encoding device according to an embodiment. 25[Fig, 2] Fig. 2 is a block
diagram illustrating a detailed configuration of an drthogonal 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 30 sequence parameter set according to an
embodimentplétige phfag cisanexpiingtonyndiadgkatmillustrating information inserted into a 7 picture

parameter sef.according to an empodiment. [Fig. 6A] Fig, 6A is the first half of a flowchart illustrating a
first exampIeT]%)’fger%tjjd%?&p%cé%gﬁfoq\ﬂlfrgtcgg}gﬂ% ?oéi Wb SR A NER FERTB [ the latter
half of a flowshaeiilkisttrtinoftbe ficsbakapplenéhboenasng process flow according to an embodiment.
[Fig. 7A] Fig. 7A is the first half of a flowchar illgstrﬁting a second example of encoding process flow

according to &ieeHbbtheR. Tl PEFERpLY 8% @ (Hawhar il Sratme h SretestParisoOthe second
example;of eneading pireessdiowReeaiding ia anwakediment 10[Fig. 8] Fig. 8 is a block diagram

St & A H e, TAE The Trst hark ot a. Hovehart Slustating 4 second rample of

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

10  [Fig. &] Fig. 8 is a block diagram illustrating a configuration of an image decoding .
device according to an embodiment.
[Fig. 9] Fig. 9 is a block diagram illustrating a detailed configuration of an inverse
quantization and inverse orthogonal transformation section according to an
embodiment.

15  [Fig. 10} Fig. 10 is a block diagram illustrating a more detailed configuration of a
matrix generation section according fo 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 is the latter half of a flowchart illustrating the first example of

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

25  [Fig. 13A] Fig. 13A is the first half of a flowchart illustrating an example of
encoding process flow according to one modification.
[Fig. 13B] Fig. 13B is the latter half of a flowchart illustrating the example of
encoding process flow according to one modification.
[Fig. 14A1 Fig. 14A is the first half of a flowchart illustrating an example of

30  decoding process flow according to one modification.

[Fig. 14B] Fig. 14B is the first half of a flowchart illustrating the example of



[Fig. 9] Fig. 9 is a block diagram illustrating a detailed configuration of an inverse quantization and
inverse orthogonal transformation section according to an embodiment 15[Fig. 10] Fig. 10is a block
diagram illust-rating a more detailed configuration gf 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. 1113] Fig. 11B is the latter half of a flowchart
illustrating the first example of 20 decoding process flow according to an embodiment. [Fig. 12A] Fig.
12A is the firgtbaifngfradtewchent Hikstdtingovaeaantifusaaple of decoding process flow according to
an embodiment. [Fi ;/\%ZB] Fig. 12?) is the latter half of a flowchart illustrating the second example of
decoding proceSs ]f% Yoo v e fipstmdtsoaing. 4 splomigtie pondignertinn WAIRof a flowchart
illustrating anepxasilemfeaeding process flow according to one modification. [Fig. 13B] Fig. 133 is
the latter half of a flowchart illustrating the example of encoding process flow according to one
modification.[Fig{ify Fgalorzy2 block ﬁgmiihﬁﬁ%%%ﬁd%ﬁa%ﬁﬂ&@ﬁﬁﬁﬁ@w&mgikﬁ 30 decoding
process flowaggerding to one modification. [Fig. 1413] Fig. 148 is the first half of a flowchart
illustrating the examgle of 8 decodingcg)rocess flow according to one modification. [Fig. 15] Fig. 15is a

block diagrantifustratiig al dckemdecoingiratidisratingedisehempharsond gurqitg. 06)aFig. 16 is a
block diagram.iixgiatingaschematisconfiguration of a mobile Sphone. _

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

10 [Fig. 19] Fig. 19 is an explanatory diagram illustrating quantization matrix default
values predefined in H.264/AVC.

Description of Embodiment
[0028] "

15 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.

20 [0029]

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

25 1-1. Overall configuration example

1-2. Configuration example of the orthogonal transformation and
quantization section
1-3. Detailed configuration example of the matrix processing section
1-4. Examples of information to be encoded
30 2. Encoding process flow according to an embodiment

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



[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. 10[Fig. 19] Fig. 19 is an explanatory diagragm illustrating quantization matrix default values
predefined in H.264/AVC. Description of Embodiment [0028] 15Hereinafter, 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 witBbdhignsaime reference signs, and repeated explanation is omitted. 20[0029] Also,
the detailed description of the embadiment(s) is described in a following order. 1. Configuration
examples of the image e YSEHHRRELEHEBSHAME O an embodiment 251-1. Overall configuration

example 1-2. Configuratippuexasnplexaiiie wthesonaliiarsigimnation and.gyartization section
1-3. Detailed configuration example of the matrix processing section 1-4. Examples of information to
be encoded STRCEMD Ui KafsHiaRcording to an embodiment 3. Configuration examples of the

image dgcoding deviges aseRrtiag damrdion example of the matrix generation section

4. Decoding process flow according to an embodiment |

5. Modifications

6. Example Applications

7. Summing-up

10 [0030]

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

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

15 [0031]

[1-1. Image Encoding Device]

Fig. 1 is a block diagram showing an example of a configuration of an
image encoding device 10 according to an embodiment. Referring to Fig. 1, the
image encoding device 10 includes an A/D (Analogue to Digital) conversion section

20 11, a reordering buffer 12, a subtraction section 13, an orthogonal transformation 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

256 mode selection section 50.

[0032]

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

30  [0033]

The reordering buffer 12 sorts the images included in the series of image



embodiment 3-1. Overall configuration example 3-2. Configuration example of the inverse
guantization and inverse orthogonal transformation section 53-3. Detailed configuration example of the
matrix generation section 4. Decoding process flowgaccording to an embodiment 5. Modifications 6.
Example Applications 7. Summing-up 10[0030] <1. Configuration examples of the image
encoding device according to an embodiment> The following describes configuration examples of
the image encoding device according to an embodiment 15[0031] [1-1. Image Encoding Device]

Fig. 1 is a blagkdiagrankshowingen exanplaaf acanfiguration abandmagsmenending.deyice 10
according to an embodiment. Referr'néq to Fig. 1, the image encoding device 10 includes an AID

. I . - .
(Analogue to 35FGREINESAVERsIPSECABEC WD 4h Pictursi Prfecar dingustriiisisnceditbn 13, an
orthogonal trapséesmalionRagiayMiEatioN Sealie AN QSIS RREHINESGIRA & AR

accumulation buffer 17, a rate control section 18, an inverse quantization section 21, an inverse
orthogonal traRRfGHHSetsivD Jathsdatin PasttdorsceiierpiBorith hiremption Feimetisamory 25, a
selector 26, apptkafpyediction section 30, a motion estimation section 40, and a 25mode selection
section 50. [0032] The AID conversion section 11 converts an image signal input in an analogue
format into imM@8&*lata in a digital format, and outputs a series of digital image data to the reordering

buffer 12. 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

10 which is a difference between the image data input from the reordering buffer 12 and
the predicted image data input from the mode selection section 50, and outputs the
calculated predicted error data to the orthogonal transformation and quantization
section 14.

{0035]

15 The orthogonal transformation and quantization section 14 performs
orthogonal transformation and guantization on prediction error data supplied from
the subtraction section 13 and outputs quantized transform coefficient data
(heremafter referred to as quantized data) to a lossless encoding section 16 and an
inverse quantization section 21. A bit rate of quantized data output from the

20  orthogonal transformation and quantization section 14 is controlled based on a rate
control signal from a rate control section 18. A detailed configuration of the
orthogonal transformation and quantization section 14 will be described later.

00361
The lossless encoding section 16 is supplied with quantized data input from

25  the orthogonal transformation and quantization section 14, information for
generating a quantization matrix at the decoding side, and information about intra
prediction or inter prediction selected by a mode selection section 50. The
information about the intra prediction may contain prediction mode information
indicating appropriate intra prediction mode for each block. The information about

30  inter prediction may contain prediction mode information for prediction of a motion

vector for each block, a difference motion vector, and reference image information,



~30[0033] 10 data input from the AID conversion section 11. After reordering the images according to
the a 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 5section 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 10 whidbrig:audifterence between the image data input from the reordering buffer 12 and the
predicted imiﬁgﬂfta input from the mode selection section 50, and outputs the calculated predicted
error data to thogonal transfolmation and quantization section 14. 10035] 15The orthogonal

transformation and quastizatien seesidnd depasiwmispRibagonaldanTessmiion e M4artization on
prediction error data supplied from the subtraction section 13 and outputs quantized transform

coefficient dSEYHRRSAGRE %@?@%%@%an%&?ﬁﬂﬁﬁ@%ﬁ%%ééiﬁtj“éé’éﬂ&iﬁlem and an
inverse guaniizasice-reciveddh il afaref siaatizaddala Rumkam ihe. 20radheggnal

transformation and quantization section 14 is controlled based on a rate control signal from a rate

control sectighersing detdnad e srfgatarpminiomertinm doo s Tralinrgc S ation guyTitiZ4tion section
14 will be deggriedirien.{0936k Hesilassless:qageding ﬁ&gﬂ%@e}%ﬁawﬁwwyed data

input from 25 the orthogonal transformation and quantization section 14, information for generating a
quantization $A8tri aftheredsdingrsie, andsrmatonthpolitsiiess preendiem sedtitsr prediction

selected by gmede-selegtionseeiions3d: Hhe infel atianaout the e %Efi%%i%&ﬁ).{%gmm

prediction mode information indicating appropriate intra prediction mode f
informaktfbn atrsatedintmeprdeiedion midie chseeaspradivlion mrstienniérmutiowsfor geadietish of a motion

vector for ea@&%%&%%%&&%&%ﬁ%ﬁ% and reference image information,
[0038]
The accumulation buffer 17 temporarily stores the encoded stream input
from the lossless encoding section 16 wusing a storage medium, such as a
15 semiconductor memory. Then, the accumulation buffer 17 outputs the accumulated
encoded stream at a rate according to 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
20  buffer 17. Then, the rate control section 18 generates a rate control signal
according to the fiee space on the accumulation buffer 17, and outputs the generated
rate control signal to the orthogonal transformation and quantization section 14.
For example, when there is not much free space on the accumulation buffer 17, the
rate control section 18 generates a rate control signal for lowering the bit rate of the
25  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
increasing the bit rate of the quantized data.
[0040]
The inverse quantization section 21 performs an inverse quantization
30 process on the quantized data input from the orthogonal transformation and

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



11 for example. [0037] The lossless encoding section 16 performs lossless encoding on
guantized data to generaté an encoded stream. The lossless encoding section 16 may provide 5
variable-length encoding or arithmetic encoding asJossless encoding. The lossless encoding 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. Furthermore, the
lossless encoding section 16 multiplexes information about the intra prediction or the inter prediction in
the 10encodedmstieandutticdent The losgiess ey dadingesectjomiiGativtppiscasgenekatat aseoded stream

to the storag%&uffer 7.%)3331‘ " The accumulation buffer 17 temporarily stores the encoded
stream input SRS BELRELE L ARSRR g section 16 using a storage medium, such as a 15

semiconduct@ostgmory. Then, the accumulation buffer 17 outputs the accumulated encoded stream at

a rate according to the band of a transmission line (or an output line from the image encoding device
10). [0039] The rate_z%ﬁﬁb‘f%é%%thoﬁ@%iﬁ%}? RO BT E 2B L0 Mtfer 17.

Then, the raig.compial seetieR 1&eneratasrnateceniabsigualAceaidingds thadragwpace on the
accumulation buffer 17, and outp}uts theﬁgenerated rate control signal to the orthogonal transformation

and quantizZHH SRS A B0t R AR Y WARST TR T TS tem e at spA st it B4EEEmulation

buffer 17, thesatesentiehsgstianst&ganeratesaals coniolsignakiaciowetngibe fit fate of the 25
guantized data. Also, for example, when the free space on the accumulation buffer 17 is sufficiently

large, the ra®¥'€BHPoISEERGR 18 generates a rate control signal for increasing the bit rate of the
guantized da[@L{QfMO] The inverse quantization section 21 performs an inverse quantization
30process on the quantized data input from the orthogonal transformation and quantization section
14.Thet the inverseldgaiagprcsiencr 2ddsihsugstored predicted error data input from the

inverse 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.

15 [0043]

A deblocking filter 24 performs a filtering process to 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, outputs the decoded image data to the frame memory

20 25,
[0044]

The frame memory 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.

25  {0045]

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

30  data after filtering to be used for the inter prediction, and supplies the decoded image

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



- 12 transform coefficient data acquired by the inverse quantization process to the inverse orthogonal
transform section 22. [0041] The inverse orthogonal transfoini section 22 performs an inverse
orthogonal 5 transform process on the transform dggefficient data input from the inverse quantization
section 21 to thereby restore the predicted error data. Then, the inverse orthogonal transfoim section
22 outputs the restored predicted error data to the addition section 23. [0042] 10The addition section
23 adds the restored predicted error data input from the inverse orthogonal transfoim section 22 and
the predicted dfixge data input from the mode selection section 50 to thereby generate decoded image

data. Then, the additjﬁ% section 23 outputs the generated decoded image data to the deblocking filter
24 and the frame meMSrF88 PIEfsHAR]SeCtion d QSE%HBSfiﬂ%H%aﬁEﬁBF%ﬁ%‘lﬂlﬂ%ﬁﬁgnp%%ss to

decrease blogkrdlistediian ihabaschisdwinudmage:-anaedse thedeblocking fiiar fsheliminates the
block distortion by filtering decoded image data input from the addition section 23, and then, after the

filtering, outpiSRE SR Ry i imabtirdetadert ifpsgr dnarivrp bobsia usglector R6. frdiie memory 25

stores, usinge& siIaodmadinm-thaidesedash imagedaiadnputiomins additiop seglign,23 and the
decoded image data after filtering input from the deblocking filter 24. 25[0045] The selector 26

reads, from tAEFSIE MeAfoRyP8, I Hlstsaucinerd dmstinstord hireyiths thirdsprsdietiesed for the
intra predictiQa.fid:eupnlias heidesorladnacs daawligh-nagLesn readiie e latea prediction

section 30 as reference image data. Also, the selector 26 reads, from the frame memory 25, the
decoded imageaHodathaifisr ey frisictisadriofehbyntdrphelictiompmsssupplies thettecoded

image data whigh.hagbeengsad ioithe prienissINaten sealiend9.asdeiqrencs mage data.
10 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
15 (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 cach
prediction mode using a predetermined cost function. Then, the motion estimation
section 40 selects an optimal prediction mode, namely, a prediction mode that
20 minimizes 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 mformation related to the inter prediction including
prediction mode information indicating the optimal intra prediction mode, the
25  predicted image data, and the cost function value to a mode selection section 50.
[0048]

The mode selection section 50 compares the cost function value related to
the intra prediction input from the intra prediction section 30 and the cost function
value related to the inter prediction input from the motion estimation section 40.

30  Then, the mode selection section 50 selects a prediction method with a smaller cost

function value, from the intra prediction and the inter prediction. In the case of



13 [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 is input from the reordering buffer 12
and the decoded image data supplied via the selegtor 26. For 5 example, the intra 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 intra prediction mode by which the compression ratio is the highest, as the

optimal intra gylecliciioménege predibesmene i dnickpredisiononl 85863 OlRMLSte:the mode
selection sectjon 50, prediction mode_information indicating the optimal intra prediction mode, the

predicted im358U L L RtPtE ol o P sheRt MGAREdfeEATsUon aaditdseostinitidhevalue. [0047]

A motion estifpRGREREIRNAMN REHR NS AHILLRIGGICIONIEE st AREHiSHeR Pragess between
frames) based on image data for encoding supplied from a reordering buffer 12 and decoded image

data supplied\theasatsissing Sheinrm predtrdomabs imedfralgsioserssinu blevipitiabhe prediction
result of gachpiedigtion.madeHsingarieselriained sostiuncianthen e mpagrimation

section 40 selects an optimal prediction mode, namely, a prediction mode that 20 minimizes the cost
function valuéferRda3iei A38nme Bunisedidrdnimags. dae indhemdsmatitionestiotiold 20¢drerates
predicted imagg:glataaceareing 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 pretfi€fi®h mode information indicating the optimal intra prediction mode, the 25predicted

image data, and the gost f i t e selegtion saction 50..[00 . The mode
P e Tt masion oo the v

selection section 50 compares the cost function value related to the intra pre
predictidh segtiznizggiandetimebst function value related to the inter prediction input from the motion

estimation section 4%.§05hen,t 8 de selectian section 50 selects a prediction method with a
smaller cost function v ]ue,ﬁo% ‘é&?ﬂ%&ﬁ% |cﬂglﬁ%#81 &eainigetralp%gd%?%g. nagﬁ C%IIS 5f 14
selecting thedrifregpreticticiothetmodedglacticatsectienian dbigids:thedpdemoadiog dbdut intra

predton o el giter Rt sepoLts g o spesdmage dag o e
the mode selpetivinaastionboautjdts iidudes a selection section 110, an orthogonal
15  transformation section 120, a quantization section 130, a quantization matrix buffer
140, and a matrix processing section 15,
[0050]
(1) Selection section
The selection section 110 selects a transform unit (TU) used for orthogonal
20  transformation of image data to be encoded from multiple transform units having
different sizes. Size candidates of transform units to be selected by the selection
section 110 include 4x4 and 8x8 for H.264/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
25 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 inverse quantization section 21.
30 [0051]

{2) Orthogonal transformation section



5 information 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 tranisformation and 10 quantization section] Fig. 2
is a block diagram illustrating a detailed configuration of the orthogonal transfolination and quantization
section 14 of the image encoding device 10 illustrated in Fig. 1. With reference to Fig. 2, the
orthogonal transformation and quantization section 14 includes a selection section 110, an orthogonal
15 transformation settionriiRoaad tamtifatioatsectionid3(,28 quintizatidn tretrfrrbuifend0, and a

matrix processing.section.15. [0050 i%elect'o ction The selection section,110 selects a
transform un%ﬁ%)e(js%rggfgirngr ﬁ(r)rg(f(l)]n%)[ St‘%g%ié %rsir%% |oﬁl% Fmaﬁ%lagtgegl e {énggglgd!%om multiple
transform unitsnbfivingudifferdeitsiz&g. Bizescrndidatestaoitrab&foilininistaberaslectediby the selection

section 110 include 4x4 anﬂ 8x8 for H.264/AVC and 4x4, 8x8, ]A 6, and 32x32 for. HEVC. The

selection sedt %{r‘}i’gyt &IOS I 1 TR ATIOR SRty %or?ﬁlg SRS INE5E to be

encoded, imaganguatitysforrapppralts perfiananes, foed exartblen, A fiserendiopieveldig apparatuses

may manually tune selection of transform urli@tf)) the selectjon sectjon 110, The selectjon section 110
e t

outputs inforEHER SETRTIARCS SE51Hh RAT (FARERSH BERE Bt gEHE tPAnsformation

section 120, heguaniizbtionssastianadfo thes lassle saencadingsseston 46, and the inverse
guantization section 21. 30[0051] (2) Orthogonal transformation section 15 The orthogonal
transformatidf’Sédtion 120 orthogonally transfoinis image data (i e, prediction error data) supplied from

the subtraction sectipn) B usinsHhiedeansiorm unit selected by the selection section 110. Orthogonall
transformation performed by the orthogonal transformation section 120 may represent discrete 5

cosine ansform (DAY SpREFRSrsESiare A za rassripieorficknhdgdrasraadormation
section 120 gutps tipprigsmicasificienhdata acauied hy@narthoaenghiransiailvatip-process to the

guantization section 130. [0052] (3) Quantization section
corresponding to the transform unit 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.
15 [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, the

20  quantization matrix buffer 140 can store four types of quantization maftrix 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 a flag indicating the use of the default quantization
matrix (not using a user-defined quantization matrix) in association with the specific
25 size.
[0054]

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

30  the set for each picture. Information to control the configuration and the update of

sets of quantization matrices can be inserted into a sequence parameter set and a



10The quantization section 130 quantizes transform coefficient data generated by the orthogonal
transformation section 120 using a quantization matrix corresponding to the transform unit selected by
the selection section 110. The quantization sectiongl 30 varies a bit rate of output quantized data by
changing quantization steps based on a rate control signal from the rate control section 18. 15[0053]
The quantization section 130 allows the quantization matrix buffer 140 to store sets of quantization
matrices corresponding to transfoim units selected by the selection section 110. For example, HEVC
provides trangfeiir: yaihaandidatés ekionsisize types such as 4x4, 8x8, 16x16, and 32x32. In such a
case, the 20 n@ﬂ%% ization matrix buffer 140 can store four types of quantization matrix sets
_correspondi e four size types. There may be a case where a specific size uses a default
quantization matrix agtspeuiiakig A2 mUEh a case, the quantization matrix buffer 140 may store
only a flag indicating the use of the default quantization matrix (not using a user-defined quantization
matrix) in association Wit B EEGRC D88e HHB4] 40 YseseromiIaRtiZaSiMatichs the

quantizagion saatiend3mamdass:-Fandetypicaliy sonfigreddor sach sequence ofaneaded streams.

If a set of quantization matrices is configured for each sequence, the quantization section 130 may
update 30the"SEEBPERA SicdaRsTarTO M 6R eeteb Rirdhthectestingusesim a@ thebupaasssof sets of

quantization galsieesGAE inReslor dalos SAURRES RRIBTBERLSRL AN A0 36 HislyTe parameter set,

for example. J[0055] (4) Quantization matrix buffer The quantization matrix buffer 140 uses a storage
medium sucd9EeemiEaHau s ireTsimpddiehporanizaiorsssixdiuftaritifation matrices
correspondiq@éggfansform 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 dlantization niatfabisferorggsing section

The matrix processing section 150 references a set of quantization matrices
stored in the quantization matrix buffer 140 for each sequence of encoded streams
and each picture and generates information that generates a quantization matrix
corresponding to a transform unit of one or more sizes from another quantization

15  muatrix corresponding to a transform unit of one size. A quantization matrix may be
generated typically based on the minimum of transform unit sizes. If HEVC
provides transform unit candidates of four size types such as 4x4, 8x8, 16x16, and
32x32, a 4x4 quantization matrix can be used to geﬂerate the information that
generates quantization matrices of the other sizes. The information generated by

20  the matrix processing section 15 may include 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 into the encoded stream header.

[0057]

25 The specification mainly describes an example of generating a quantization
matrix of a larger size from a quantization matrix of the minimum size. While not
limited thereto, a quantization matrix having a smaller size and/or a larger size may
be generated from a quantization matrix having a size other than the minimum.
[0058]

30 [1-3. Detailed configuration example of the matrix processing section]

Fig. 3 is a block diagram illustrating a more detailed configuration of the



[0056] 10(5) Matrix processing section The matrix processing section 150 references a set of
guantization matrices stored in the quantization matrix buffer 140 for each sequence of encoded
streams and each picture and generates informatipp that generates a quantization matrix
corresponding to a transform unit of one or more sizes from another quantization 15 matrix
corresponding to a transform unit of one size. A quantization matrix may be generated typically based
on the minimum of transform unit sizes. If HEVC provides transform unit candidates of four size types
such as 4x4, BxBix1 Gxddescing S2xda, ax4fitantizakieo Matrn sl bseshtD gengraigdthe info anon
that generates quanti ar#(l%rf] matrices of the aother sizes. The information generated by 20 the matrix

processing SECHON 1 %Tﬁ{d’é’ Ha8icmattEinFS SRS BNk SifferBlic B AYEKRTIAFSHHHion to be
described latgseridiel sUQrIAI WgRBEEHGM:BM R IPatkhd ecessing SarlitnibaQdsitnyk to the
lossless encoding section 16 and may be inserted into the encoded stream header. [0057] 25The
specification % ily describes an example of generating a quantization matrix of a larger size.-from a_
quantizagion matrix ofthe:saigipsR&izg. While not limited thereto, a quantization matrix havinga -
smaller size and/or a larger size may be generated from a quantization matrix having a size other than
the minimum. [0058] By Prediskeni ks EShfied Rasmir exarniielofumetinstion prsdeesiereddtion] Fig. 3 is
a block diagra didstating mmereseial e carfiguaion.abin ¢ 14 mavhaiqnessing.sagtion 150 of
the orthogonal transformation and quantization section 14 illustrated in Fig. 2. With reference to Fig. 3,
the matrix précesssngigadion PO cHaaszatrednaios sestiinedsm dhe acdifferérrod cdioulation
section 154. LQ%%é@figglﬁgg%ﬁqﬁg% SL1 il’lagfﬂ{%g%%t@m g_tion 152 acquires a set of
guantization matrices stored in the quantization matrix buffer 140 and predicts a second quantization
matrix REving®@¥Hger size from a first quantization matrix contained in the acquired set. For example,
4x4 quantization mat{li&ia%k]ﬂs defined as follows. 10[0060] [Math. 1]

SL1 = (1)
Bg GOy Gy dy |
\Foz iy Gy Gy
[0061]
15 For example, 8x8 predicted matrix PSL2 can be predicted by the prediction

section 152 from quantization matrix SL1 and calculated as follows according to
prediction expression (2) below.
[0062]
[Math. 2]
20



[0061] 15For example, 8x8 predicted matrix PSL2 can be predicted by the prediction section 152 from
guantization matrix SL1 and calculated as follows according to prediction expression (2) below. [0062]
[Math. 2] 20 18 a20 am au, a21 a30 PEL2 a2l 18

PSL2 =

Py Gy Gy Qg @y Op Oz Gy

[0063]
With reference to prediction expression (2), duplicating one of two elements
adjacent to each other in quantization matrix SL1 generates predicted matrix PSL2 as
5 an element between the two elements.
[0064]
Instead, predicted matrix PSL2 may be calculated from quantization matrix
SL.1 according to prediction expression (3) below.
[0065]
10 [Math. 3]



au a22 [0063]

With reference to prediction expression (2), duplicating one of two elements

adjacent to each other in quantization matrix SL1 generates predicted matrix PSL2 as an element

between the two elements. [0064]

Instead, predicted matrix PSL2 may be calculated from

guantization matrix SLI according to prediction expression (3) below. [0065] 10[Math. 3] 19 [0066]

With reference to prediction expression (3), linearly interpolating two elements 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 th

“Ifistead of the dupllcatlon the linear extrapolation may be used to calculate the

“right-end elenjents, Slmllgﬂgﬁﬁh&llnea& gxtra;ﬁhléﬂﬂﬁifnay e used‘?@&d"&lﬂﬁlate the bottomsglement in

element just
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eighth row and the eight @Qllﬂmrﬂn preglcted matrix PSL2. The same-feiement may be also Ca|CL lated

as follows accpordin 9 to the lirkear extrapf)latlon 15 Predlctloﬁ e>%pressfi)n (2) can a%enerate predl

matrix PSL2
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[0066]

With reference to prediction expression (3), linearly interpolating two
elements 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. Instead of the duplication, the linear extrapolation may be used to
calculate the right-end elements. Similarly, the linear extrapolation may be used to
calculate the bottom element in predicted matrix PSL2 according to prediction
expression (3) instead of duplicating the adjacent element just above. For example,
prediction expression (3) yields az; for element PSL2g¢ at the eighth row and the
eight column in predicted matrix PSL2. The same element may be also calculated
as follows according to the linear extrapolation.

[0067]
[Math, 4]

PSL2,, =28 ?ﬁ ta, (4)

[0068]

Prediction expression (2} can generate predicted matrix PSL2 at less

cted




20 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 originally. Therefore,
the use of prediction expression (3) can reduce th#) amount of encoded information by approximately
zeroing elements of a 5difference matrix to be described later. [0069] Prediction expressions and
(2) and (3) are mere examples of available prediction expressions. Any other prediction expressions
may be used. [0070] 10After generating predicted matrix PSL2 from quantization matrix SL1, the
prediction seztioAatib2 oerutisath prgéneatedpredizie® maffixeR8t 2 fgpthéidiferexaessabaulation
section 154. Eor exam Iedtéhg %rediﬁt{or} sae%%?n néla 2 }Predicts 16x16 n[i)rteditcted matrt'ix PSL3 from 8x8
guantization afftx ST CoRtaINed I tHE Sat o guan 300N Maknces and SU?DS%%F%%%d matrix
PSL3 to the siiffeisencécaleid atitgidfl geclibardbde, Rishae, tfeppedilictionspetisnn $2) pradicts 32x32
predicted matrix PSL4 from 16x16 quantization matrjx SL3 contained in the set of quantization
matrices andSUESUIS SPRARHEA miAtRS ST FE-HERd e PBRER A SRREMFPEE & dhediction
expressmon vdhitiheis-e aliad torthe: abesshedigebed prediction expression (2) or (3) may be used to

predict predicted matrices PSL3 and PSL4. The 20 prediction section 152 outputs the basic matrix
information t&'ti&/lossless encoding section 16. The basic matrix information specifies 4x4

quantization matrix $kdirschbass olasreialing fhmabgyeLesadbedpadictedmaticasd SL2, PSL3,
and PSL4. [0071] (2) Difference calculation section 25The difference calculation section 154 calculates

difference mBIFEELOD SYDIERFNS: anPHIPIF RELYFHRI] RPEIHERS B BS)Midugh (7). Each of
difference maggipgs DSL2, DSL3, and DSL4 represents a difference between each of predicted

matrices PSL2, PSL3, and PSL4 supplied from the prediction section 152 and each of corresponding
quantizEtion matriced it 2eneratingprsdictab patry bt fspoquantization matrix SL1, the

prediction section 152 outputs the generated predicted matrix PSL2 to the difference
calculation section 154. For example, the prediction section 152 predicts 16x16
predicted matrix PSL3 from 8x8 guantization matrix SL2 contained in the set of
quantization matrices and outputs predicted matrix PSL3 to the difference calculation
15  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 fo the above-described prediction expression
(2) or (3) may be used to predict predicted matrices PSL3 and PSL4, The
20  prediction section 152 outputs the basic matrix information to the lossless encoding
section 16, The basic matrix information specifies 4x4 quantization matrix SL1 as
a base of generating the above-described predicted matrices PSL.2, PSL3, and PSLA4.
[0071]
(2) Difference calculation section
25 The difference calculation section 154 calculates difference matrices DSL2,
DSL3, and DSI4 according to expressions (5) through (7). Each of difference
matrices DSL2, DSL3, and DSILA represents a difference between each of predicted
matrices PSL2, PSL3, and PSL4 supplied from the prediction section 152 and each
of corresponding quantization matrices SL2, SL3, and SLA4.
30 [0072]
[Math. 5]



DSL 2 -L2 DSL3 DSL4 = 4L4( 7 [0073] The difference calculation section 154 supplies the
lossless encoding section 516 with information representing difference matrices DSL2, DSL3, and
DSL4. [0074] If the default quantization matri is 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 10 the lossless encoding section 16 with only
a flag indicating the use of the default quantization matrix in association with the corresponding size. If
there is no difference between the predicted matrix and the quantization matrix, the difference
calculation section 154 does not output difference matrix information but outputs only a flag indicating
no difference to the lossless encoding section 16. If the 15 quantization matrix is not updated at the
timing to change a picture, the matrix processingyggcticn $3Gcarpsipply the losgléss encoding section
16 with only a flag indicating that the quantizatio R r%(ﬁfgt myg%e . [0075%;[%- 1. Examples of
information to be encoded] 20(1) Sequence pardafrieter set- Eiy*#is an expldnatory diagram
illustrating information inserted into a sequence/FSBheteS Edt-adBddihy to thel émbodiment. Fig. 4
shows three types of information such as "matrix type flag," "difference flag,’ ' and "matrix information
(to be encoded)" as information to be encoded for each quantization matrix size or 25transform unit
(TLI) size. [Of(GE 22 matrix or a default quantization matrix for each size. If the matrix type flag is set to
1 for a given size, a user-defined quantization matrix is used for the size. If the matrix type flag is set to

0 for a given size, a JBfAigGaMtiIsaAEIRAMRCIOLdd pplEsle IistlensapdRpectints set to 0,
none of the matxnfesration. (s differenerraatininiamations andithediffeyenge flag described

below is encoded.
[0074)

If the default quantization matrix is 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
10 the lossless encoding section 16 with only a flag indicating the use of the default
quantization mafrix in association with the corresponding size. If there is no
difference between the predicted matrix and the quantization matrix, the difference
calculation section 154 does not output difference matrix information but outputs
only a flag indicating no difference to the lossiess encoding section 16, If the
15  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 quantization matrix is not updated.
[0075]
[1-4. Examples of information to be encoded]
20 (1) Sequence parameter set
Fig. 4 is an explanatory diagram illustrating information inserted 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 to be encoded for each guantization matrix size or
25  transform unit (TU) size.
[0076] -

The matrix type flag specifies whether to use a user-defined quantization



[0077] - - 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
guantization matrix. If the matrix type flag is 10 séf2to 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 O for a given size, the difference matrix infolmation for the size
is not encoded. The difference flag is not encoded for the size (e.g., 4x4) as a prediction base
regardless ofilueimateixd dfud HagntiL{06 8] (2)xHicturelparameletisatiatrix frig: Bdg arexplanatory
diagram illusgrating information insert d%int a picture, parameter set accordjng to the_embodiment. Fig.
5 shows fourltyBbd STRToMFtbA S TR JHAL TS TS BEHag™ PRRFENA S, and
"matrix 20infermatiopétaeiensadatfons ipiemaiign idehakneadechitmeashguantzation matrix size
or trartsfoi unit (TU) size. The matrix type flag and the difference flag have the same meanings as the
flags with thé'$aPfe nath & tB1A48H JeREe §r§hf§fe'i°s§ts“88‘§c? b TSRS R . [0079)]

25The updatg; flag-ivdicatas whethende, update thequaiinaligesnHex ailthe diBirgdaelichanging 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 tﬁ@q}&iate flag is set to 0, a quantization matrix of the size is not updated and a

quantization matrix specifigefon Joe1nsevieHS ISR e TaNL SEARSACR D4R AS. If the
update flag is set to 300, none of the matrix type flag, the difference flag, and the difference matrix

information (BetHeteAdHInfaRFh St AUBr Al MRS zb theanabte i Po S1ps0B03et 39 Bni¥ding process
flow according o ﬁ’z’bQH‘B‘&?@E&?H%user-cﬂﬂﬁe@%xﬁﬂ@iz%@cﬁ!%ﬂ%@hqfft?hié'&iﬁfﬁm?& fﬂr%ﬁxamp'e of
ction

encoding process flow according to the embodiment. The matrix processing se and
10 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.
15 [0078]

(2) Picture parameter 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

H "

information such as "update flag," "matrix type flag," "difference flag," and "matrix

20  information (to be encoded)" as information to be encoded for each quantization
mafrix size or transform unit (TU) size. The matrix type flag and the difference flag
have the same meanings as the flags with the same names for sequence parameter
sets described with reference to Fig. 4.
[0079]

25 The update flag indicates whether to update the guantization 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 1s updated. If the update flag is set to 0, a
quantization matrix of the size is not updated and a quantization matrix specified for
the previous picture or the current sequence is used as is.  If the update flag is set to

30 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.



5the lossless encoding section 16 can perform the process represented by the flowcharts mainly on
each encoded stream sequence. [0081] With reference to Fig. 6A, the matrix processing section-
150 acquires a set of quantization matrices used f@g the quantization section 130 in this sequence from
10 the quantization matrix buffer 140 (step 5100). As an example, the set of quantization matrices is
assumed to contain quantization matrices corresponding to the sizes of 4x4, 8x8, 16x16, and 32x32.
[0082] The matrix processing section 150 determines whether a 4x4 quantization 15 matrix is a
user-definedjone0(tep 5102). 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 flzfg SREQBIRSERIBTEERY Ho0atiea e da MRebmRATrix is a default one, the
lossless encoding segfian 4§ argasiesaanifidhennairinbmaiiag seii9 ALsieps108h2aiR983] The

matrix processing section 150 determines whether an 8x8 quantization matrix is a user-defined one

(step S112). REBLS YisresitsforlgsrRodinat-defhe arare: tacssaing sretasdifyadction 150
uses the;aboe-dgsarbe duRRIG QR BN eF6IQA{ 2) Q&R tq@'gwéégsapege@&ﬁgﬁi%ﬁdtﬁwix from the
encoaes

4x4 quantization 25 matrix (step S114). The lossless encoding section 1 the matrix type
flag (=1), the HRTEFBAHERMEY R AR GRS BemRGRation (if any) indicating a difference
between the uantization matrix and the calculated predicted matrix (step S116). If the 8x8
guantization matrix is a default one, the lossless encoding section 16 encodes only the matrix type flag
set to 0 (step S118). Bifpodatene hEikep A 1bs reatfiamioetism anriios B lseadefinedadne (step
5122). If the izati X 4 -detfi rix processing section 150
calculates a %gé%gh g?gi%eﬁé%ﬁﬁiﬁ ?r%drr? %ﬁ%%%%%g%ﬁ%%gﬁé (ﬁe%%i%f%ﬁgﬁ%%}sless
encodidg sedlionquenéireboiesniairn diilieypbdfladsten) St diffetenee Exfiaylandhhesdifiefence matrix

rometen (eI 1T e RS RLe B ool
section 16 etbodessorly:theSmitiisctiperfiddZei2o 0 (step S128). [0085] 10The matrix processing
section 150 (ilgé%%ines whether a 32x32 quantization
The matrix processing section 150 determines whether a 4x4 quantization
15  matrix is a user-defined one (step S102). 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 to 1 (step
S106). 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).
20  [0083]
The matrix processing section 150 determines whether an 8x8 quantization
matrix is a user-defined one (step S112). If the 8x8 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
25  mairix (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).
30  [0084]

With reference to Fig, 6B, the matrix processing section 150 determines



matrix is a user-defined one (step SI32). If the 32x32 quantization matrix is a user-defined one, the
matrix processing section 150 calculates a 32x32 predicted matrix from the 16x16 quantization matrix
(step S134). The lossless encoding section 16 engddes the matrix type flag (=1), the difference flag,
and the difference matrix 15 information (if any) indicating a difference between the 32x32
guantization matrix and the calculated predicted matrix (step S136). If the 32x32 quantization matrix is
a default one, the lossless encoding section 16 encodes only the matrix type flag set to O (step S138).

[0086] 20Figsthizfand TBxare foundbatitsiltustrating 2 seaohsiexarple @fpnseding progrss flow
according tol)tlge e¢nbodiment. The matrix#roc S ir%% sectign 150 and the lossless encoding section 16
&) E‘efﬁ%/@ﬁ

can perfonn {8 rRREETENPRIBALY 154 18Hral ARy B ERSHOSRIRE S6FEEhoRting to an

encoded streafaseguantex [80§éj2RW itnreierncatie BIg diuibamalitRiecessing sagtion 150
acquires a seﬁ of llgggntization matrices used for the quantization section 130 in the picture from the

quantization e RT PS5 E9B0P SRRy tateafielen Eigs. BA diFsRChe set of

quantizagion fRalricrstit abskrassk i SeRiATEMANEA AP BITRLHERSGH L SPERdNG Bthesizes of 4x4,
8x8, 16x16, and 32x32. 30[0088] 25 matrix is updated in the picture (step 5152). If the qiuantization
matrix is not BSdtstP t‘ﬁéﬂi‘([ﬁ’szé‘% BAESEMY dBetfdir iR duedsish i aeruptsteSag)setlfo 0 (step

5158). If the gluantieadiopuamaiinds upslateds haiprgessprosesssiastershag- dhsaygntization

matrix is updated, the matrix processing section 150 determines whether a new 4x4 quantization
matrix is a uSBERRSHIBIYGhE RBR s Aagridulastirahtz®tion matrix is a user-defined one, the

lossless encegliggisection 16 encodes the basic matrix information that represents a 4x4 quantization
matrix with the update flag set to | and the matrix type flag set to 1 (step S156). If the 4x4 quantization
matrix i¥a default onEl¢HeafgsshseeceriBs diel Yo thidslaermedebaher bt afianjizatioo 1 and the

matrix type flag 56110, Q. (tep SLadh 0089k 132). The {Hé‘a%ggogqfa%%ig%gsgt}%}i}g&%?soa‘%'&&&fmi“es

whether an 8x8 quantization matrix is updated in'the picture (Stép S160). If the quantization matrix is
not updated,dtlenksb sk senvadigpseetising Gestico dbY onalipthcs pd3te Fhgredided (stex 15 S168). If

the quantizatf'-looqn r%'@lgpg%}% [ tostep S162. If the.quantization matrix is
updated, the matr:i]géprocess g s%’gﬁ%% %gi?eﬁ%)ﬁlgﬁe%sga/he grqcésr?]%?( ealﬁ%?riﬁ%a %"ré %;%X isa
user-definedepredgsteheSmeajx Ityhe 8x8 qabntibatidiffonatrix Bag, use!-tefidaficonecthesmiatrix

processing section 150 calculates.an 8x8 pregdicted matrix from the 4x4 quantization matrix for a new
20 pict3£ relgna%%r)é?ééogf &iuaél%ﬁe}%%lgaﬁ%g (ﬁ%gn 24 Fgﬁrﬁﬁ?&ni@ S;J}(?a %% ‘@qsl?enrgl 1(‘5_’3).mlah‘f%xlossless
encoding sectidrtlteaicobdes thelicpdatefiag( ¢eh) St maltfixhiy pe-fiag(rh)itidifferande flag, and the

aterence matEet o dalen e b e B il e and
encoding 25 ts@diitap $63Ncodes the update flag set to 1 and the matrix type flag set to O (step S168).
[0086] | |
20 Figs. 7TA and 7B are flowcharts illustrating a second 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 picture corresponding to an encoded stream sequence,
10087]
25 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
quantization matrix buffer 140 (step S150). Similarly to the examples in Figs. 6A
and 6B, the set of quantization matrices is assumed to contain @antization matrices
corresponding to the sizes of 4x4, 8x8, 16x16, and 32x32.
30  [0088]

The mairix processing section 150 determines whether a 4x4 quantization



[0090] With reference to Fig. 73, the matrix processing section 150 determines whether a 16x16
guantization matrix is updated in the picture (step S170). If the 30quantization matrix is not updated,
the lossless encoding section 16 encodes only thedipdate flag set to 0 (step S178). If the quantization
matrix is updated, the process 26 proceeds to step S172. If the quantization matrix is updated, the
matrix processing section 150 determines whether a 16x16 quantization matrix is a user-defined one
(step S172). If the 16x16 quantization matrix is a user-defined one, the matrix processing section 150

calculates a kax16 pregicied matihe frasibe Sx8 Slgoantirdtipn matixiaba peMHRiGlTegardless of
whether the 8x quaﬁgz?tio matrix js updated gstep S174). The lossless encoding section 16
ﬁi%&‘i% 5 ¢

encodes the FIethéE SR HRLOEDCES SR intaly BAd tHeiféiERce matrix
information (§ essy) indigatingaidificrenagiketwoandae thexlecauamnbeationmatixand thercalculated

predicted matrix (step S176). If the 16x16 quantization matrix is 10 a default one, the |lossless

encoding seli®AYH! Dt aupddisy Bt B atERPIRESSIESETHeTIdg SSdsTmREep S178).
[0091] 5 ThematEixdresessingsasinntetdeterinasaethss §t§3>sii%«gvaﬁ§ﬁ?éi@ﬂ4matrix is

updated in the picture (step SI 80). If the quantization matrix is not 15 updated, the lossless encoding

section 16 eNEAHERBAN B Tl e iy dared ongtéiedasdysiraprodnanssinsnt hansrdssupdated, the
process proggeds,te-SieRBL S Hhecauantizalirnmatrix isundated, MemalibxPiesessing section

150 determines whether an 32x32 quantization matrix is a user-defined one (step S182). If the 32x32

quantization \‘ﬂé@ﬁ@( fra selefaddfiprd '@ﬁe‘nﬂﬁ@?’m%’ﬁﬁ( ﬁ?«ﬁcé@%ﬁﬁ’g}sé&ﬁ?@nsﬂé@)-zolédkwéfés a 32x32
predicted majfix,fromdhe,Lex1 6 auaptization maltit J AN SRRty e Jarardis s ofqubstier the 16x16

guantization matrix is updated (step 5184). The lossless encoding section 16 encodes the update flag
(=1), thtdmattpdajpéaiagi(ol ), ane it & Padlardtihe YiFereht&Smatrix information (if any)
indicating a dj gance between the 32x32 quantization matrix and the calculated predicted matrix 25
(step S186). 1f the'32x32 quantization matrix is a default one, the lossless encoding section 16
encodes the update Thg setria praaciing neatrix tipe detgrssnts Olistebpr 84888 [Peagkaiemtechnique to

predict quanigalionnallices basgd onge Ayapiierion 39l can linale the peed to transmi
multiple quantization matrices corresponding to multiplé transtoint tnit'sizes from thé encoding side to
the updated, the lossless encoding section 16 encodes only the update flag set to 0 (step
15 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 S162). If the 8x8
quantization matrix is a user-defined ome, the matrix processing section 150
calculates an 8x8 predicted matrix from the 4x4 quantization matrix for a new
20  picture regardless of whether the 4x4 quantization matrix is updated (step S164).
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 calculated predicted matrix
(step S166). If the 8x8 quantization matrix is a default one, the lossless encoding
25  section 16 encodes the update flag set to 1 and the matrix type flag set to O (step
S168).
[0090]
With reference to Fig. 7B, the matrix processing section 150 determines
whether a 16x16 quantization matrix is updated in the picture (step S170). If the
30  quantization matrix is not updated, the lossless encoding section 16 encodes only the

update flag set to O (step S178). If the quantization matrix is updated, the process



27 decoding side. An increase in the code amount can be effectively suppressed even if the number of
guantization matrices increases. [0093] <3. Configuration examples of the image decoding
device according to an 5 embodiment> The f@towing describes configuration examples of the
image decoding device according to an embodiment. [0094] [3-1. Overall configuration example]
10Fig. 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
accumulatiorphuetietsGd, selpSslEss dédodingaection 62steR Rve@EedUanizalion grddaiesse
orthogonal transformation section 63, an addijtjon section 65, a deblocking filter 66, a_reordering buffer
67,a 15 D/As(f'ﬁfi;‘ﬁ’all?c{) 15%51‘8&‘{5‘85 Xg}?\%‘?%i%&é’é%??&%’é{%%%rﬁ%@‘@?‘%@%r@% and 71, an

intra predictiggtegestion)80 ] ausk al B30 g eaMPERsaHMBE e N80 IRBIR] one The asgumulation buffer
61 temporarily stores an encoded stream jnput via a transmission line using a storage medium. 20

10096]  FRECRSSHEsSHEOBdinY scioH %S dacdded Anisreistret Satem Stpplideerrditdthe storage
buffer 6% accqralingaitheneRBodint system wsedrigtaeaneedingmthelessless Aeaoding section 62

decodes information multiplexed in the header area of encoded streams. The information multiplexed

in the headeXE% Brabeblsn Siféhmd htdpsHienscatndiBasreinanik mradratlisnuadatene difference
matrix informadior-t ogResale;the b ave- desprinediguantization matixang sfepuationabout intra

prediction and inter prediction in the block header. The lossless decoding section 62 supplies the

inverse quarifiFameian dihveysandirbns rafitfssarsenbstivrcacbsotos Bonvitmntieativatieigenerate
quantized dala AR &RAMaNHraoRMAIAlRLdacRIINg The 18RIPSEARCRHIA%RRAUGE 62 supplies

the 10 a default one, the lossless encoding section 16 encodes the update flag set to 1 and
the matrix type flag set to 0 (step S178).

[0091]

The matrix processing section 150 determines whether a 32x32 quantization

matrix is updated in the picture (step S180). If the quantization matrix is not

15  updated, the lossless encoding section 16 encodes only the update flag set to 0 (step

S188). If the quantization matrix is updated, the process proceeds to step S182. If

the quantization matrix is updated, the matrix processing section 150 determines

whether an 32x32 quantization matrix is a user-defined one (step S182). If the

32x32 quantization matrix is a user-defined one, the matrix processing section 150

20 calculates a 32x32 predicted matrix from the 16x16 guantization matrix for a ﬁew

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 quantiza.tioﬁ miatrix and the calculated predicted matrix

25 (step S186). If the 32x32 quantization matrix is a default one, the lossless encoding

section 16 encodes the update flag set to 1 and the matrix type flag set to 0 (step
S188).
[6092]

The technique to predict quantization matrices based on one quantization

30 matrix can eliminate the need to transmit multiple quantization matrices

corresponding to multiple transform unit sizes from the encoding side to the



intra prediction section 80 with information about the intra prediction. The lossless 28 decoding
section 62 supplies the motion compensation section 90 with information about the inter prediction.
[0097] The inverse quantization and inverse orthogpnal transformation section 63 5 performs inverse
guantization and inverse orthogonal transformation on quantized data supplied from the lossless
decoding section 62 to generate prediction error data. The inverse quantization and inverse orthogonal
transformation section 63 supplies the addition section 65 with the generated prediction error data.

[0098] 10Theladdiipridectiombharckis ihatpreditachetiardatadngiiroaytheiresse suantization and
inverse ortho_%é nal transfogmation section 63 and predicted image data input from the selector 71 to

thereby genéfats GEEBHY AT R0 FACH RS HRHFon section 65 outputs the generated decoded
image data teotisg deblocking filter 66 and the frame memory 69. 15[0099] The deblocking filter 66
eliminates the block distortion by filtering decoded image data input from the addition section 65, and
then, after the fiIterinﬁ‘&?ﬁﬁ@fﬁg%%@@%%@aéw tﬁ%@@%@&éﬁﬁ&ﬁ&ﬁ%ﬁ’%m&rﬁﬂ fHe frame
memorys69. [RRlROkke reordering buffer 67 generates a series of image data in a time sequence by

reordering images input from the deblocking filter 66. Then, the reordering buffer 67 outputs the
generated image datd'fo {HeHIRS SRYEFERIN SBdtmAson [GxemPIvhe I/ Ahe omessidacediimn 68

converts the image,dajainasigitahismak4> input 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 th@g%ﬂlogue image signal to a display (not shown) connected to the image decoding device

60, for example. [3-1. Overall configuration example]

10 'Fig. 8 15 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 65, a deblocking filter 66, a reordering buffer 67, a

15 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.

[0095]

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

20  [0096]

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
lossless decoding section 62 decodes information multiplexed in the header area of

~encoded streams. The information multiplexed in the header area of encoded

25  streams may include the basic matrix information and the difference matrix
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 quantization and inverse orthogonal
transformation section 63 with information to generate guantized data and a

30  quantization matrix after decoding. The lossless decoding section 62 supplies the

intra prediction section 80 with informatien about the intra prediction. The lossless



[0102] 30The 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 29 input from the deblocking filter
66 after filtering. [0103] The selector 70 switchges the output destination of the image data from
the frame memory 69 between the intra prediction section 80 and the motion 5 compensation section
90 for each block in 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-stita; hefaes: fiterngpthatise supplied dapathatarne foamorw 40 terthe ialsa prediction

section 80 as reference image data. Also, in the case the inter prediction mode is specified, the 10
selector 70 oftptitdhEieREEH fage data after filtering that is supplied from the frame memory 69 to
the motion cgpmensation section 90 as the reference image data. [0104] The selector 71

switches the output source of predicted image data to be supplied to the addition section 65 between
the inn-a prediction sE&idH ST AENEAE I MRDEETHHeHEagoRX ceansiogn FipR AERIBIER in the image

according to H&%Hﬁé@d%%@lﬁl%ﬁ&ﬂiﬂr%&’d%&@ﬁ@%l‘%ﬁf%ﬂ?ﬁm%%&%%ﬂ Op ERlgsaiple, in the

case the intra prediction mode is specified, the selector 71 supplies to the addition section 65 the
predicted im&ge depalisduFontBip ol st dgsesinaiss e idrivocnaraie padiction pirer greadiction mode

' specified, thg.salRelorrhsRRKES IR R ad0 o seelh 2GG-Ie Bledlciad g ile output from

the motion compensation section 90. [0105] The intra prediction section 80 perfols in-Screen prediction
of a pixel valtlec badidg@oseehenrfforwittite apuutiednrphstionsramsiatdrom the lossless decoding
section 62 arLg reference image data from the frame memory 69, and 25generates predicted image
data. Then, the infra prediction section 80 outputs the

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
66 and the frame memory 69.

15 [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]

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

(01013

The D/A conversion section 68 converts the image data in a digital format

25  input 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]
30 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



generated predicted image data to the selector 71. [0106] The motion compensation section 90
perfoinis a motion compensation process based on the information about inter prediction input from
the lossless 30 decoding section 62 and the refer@gce image data from the frame memory 69, and
generates predicted image data. Then, the motion compensation section 90 outputs 30 the generated
predicted image data to the selector 71. 10107] [3-2. Configuration example of the inverse
guantization and inverse orthogonal transformation section] 5Fig. 9 is a block diagram illustrating a
detailed configpwrafiom ah¢hiebihukisg filtantiz atien &instinyerse orthogonal transformation section 63 of
the image d gﬁ g device 60 illustrated in Fig. 8. As shown in Fig. 9, the inverse guantization and
inverse orthgé transformation section 63 includes a matrix generation section 210, a selection

section 230, an inversgequiRtzatioRGRaIGN RIGuaRA assinveise JOoEhegeraldransiarmation section
250. [0108] (1) Matrix generation section . The matrix generation section 210 generates a

quantization FREtfix REPEEH oMM T FAN GGt PrepiaiBhtissdie 8P nidid dhiesmrtiona

quantizagion dgrpaitihssRNasRANNe teABRSIOH NP kSAese HHNgLRE SIS farsachancoded
stream sequence and picture. A quantization matrix may be generated typically based on the minimum

of transform BFALERLEY ARE R o Breinsberfitent 2n e hinattadieritidhesetsol 2 iigenerates
8x8, 16x16, anciBR¥AfdaaNEZplianMatHees kam adadpiantizalion duatixgs fe higimum size

using the difference
filtering that is supplied from the frame memory 69 to the intra prediction section 80
as reference image data.  Also, in the case the inter prediction mode is specified, the
10 selector 70 outputs the decoded image data after filtering that is supplied from the
frame memory 69 to the motion compensation section 90 as the reference image data.
[0104]

The selector 71 switches the output source of predicted image data to be

supplied to the addition section 65 between the intra prediction section 80 and the
16 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 supplies to the addition section

65 the predicted image data output from the intra prediction section 80. In the case

the inter prediction mode is specified, the selector 71 supplies to the addition section
20 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 information about intra prediction input from the lossless
decoding section 62 and the reference image data from the frame memory 69, and

26 generates predicted image data. Then, the intra prediction section 80 outputs the
generated predicted image data fo the selector 71.
[0106]

The motion compensation section 90 performs a motion compensation

process based on the information about inter prediction input from the lossless
30  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



20matrix infolmation about larger sizes. [0109] (2) Selection section The selection section 230
selects a transform unit (TU) used for inverse orthogonal transformation of image data to be decoded
from multiple transform units 25 having different sizgs. Size candidates of transform units to be
selected by the selection section 230 include 4x4 and 8x8 for H.264/AVC and 4x4, 8x8, 16x16, and
32x32 for HEVC. The selection section 230 may select a transform unit based on LCU, SCU, and
split_fiag contained in the encoded stream header, for example. The selection section 230 outputs

infoimation sproitiegibersiecaldtheselactethIl asistesaunit to the inverse quantization section 240
and the inverse orthogonal transformation section 250. 31 [01 0] (3) Inverse quantization section
The inverse é@lh(mzation section 240 uses a quantization matrix corresponding to the transform unit

selected by the seleqtion seetigRu2aibio Ve apamizedtansfoginseaffisienidata.quantized during
image encoding. Quantization matrices used for the inverse quantization contain a matrix generated

by the matrix’§EREPRAbHESENBIFBADSTEEPBkample, the selection section 230 may select an 8x8,

16x16, of 32x32 trangfgiip Wits]pRUGR ALAIBuIRGREIOCRE AN IR A R aresRRRd to the
quantization matrix the matrix generation section 210 generates 10 from a 4x4 quantization matrix.

The inverse quaHizatshaad dvs40tioppestiresiavarion aersya s thihstonneridprediton 250 with
the inversely guantized irapsioimepgffigienhdatre IRl 11 4) Yivaese,ortboganal iansfajipation section

15The inverse orthogonal transformation section 250 generatés prediction error data according to the
orthogonal trésisensathnegiatéinnsisenabpeestiiy 67 dutdudas, aeaiive s orhoy saglioransformation

section 230 s Hesmelegiectliansion pioRerTaolliRyaiss oLlhdosal raeianatign.on ransform

coefficient data inversely quantized by the inverse quantization section 240. The inverse orthogona
20transformatidre gertidreS0sItiolesseheraddition section 65 with the generated '

[0108]
(1) Matrix generation section
The matrix generation section 210 generates a quantization matrix
corresponding to transform units representing one or more sizes from a quantization
15  matrix corresponding to a transform unit representing one size for each encoded
stream sequence and picture. A quantization matrix may be generated typically
based on the minimum of transform unit sizes. According to the embodiment, the
matrix generation section 210 generates 8x8, 16x16, and 32x32 quantization
matrices from a 4x4 quantization matrix as the minimum size using the difference
20  matrix information about larger sizes.
[0109]
(2) Selection section
The selection section 230 selects a transform unit (TU) used for inverse
orthogonal transformation of image data fo be decoded from multiple transform units
25  having different sizes. Size candidates of transform units to be selected by the
selection section 230 include 4x4 and 8x8 for H.264/AVC and 4x4, 8x8, 16x16, and
32x32 for HEVC. The selection section 230 may select a transform unit based on
LCU, SCU, and split_flag contained in the encoded stream header, for example.
The selection section 230 outputs information specifying the size of the selected
30  transform unit to the inverse quantization section 240 and the inverse orthogonal

fransformation section 250.



prediction error data. [0112] [3-3. Detailed configuration example of the matrix generation section] Fig.
10 is a block diagram illustrating a more detailed configuration of the 25 matrix generation section 210
of the inverse quantization and inverse orthogonaltransformation section 63 illustrated in Fig. 9. With
reference to Fig. 10, the matrix generation section 210 includes a base matrix acquisition section 212,
a difference acquisition section 214, a prediction section 216, a reconstruction section 218, and a
guantization matrix buffer 220. 30[0113] (1) Base matrix acquisition section 32 The base matrix
acquisition s¢gting} 212 acquires basic matrix information supplied from the lossless decoding section
62. As described aboye, the basic matrix information according to the embodiment specifies 4x4
quantization matrix <P 19¥SHE WANHTAHPRISPRe base matrix acquisition section 212 allows the 5

quantization matrix buffer 224 sigienbsdrpmantization mesrigglsl spegifisd nile hasigmatrix
infoiniation. If the matrix tyg’/%{lag set to O is_acquired for each sequence orépicture, the base matrix
acquisition sERHGRPIRSIRA S erEreTiarn Amibictrcttd ke sosetiengeieome Yerainvasseyuantization

matrix withoutagaulringhipsHRasicHnatix dnfpimation.dfdhewndate. lagsel do Odsaaauiied for each
picture, the 10 base matrix acquisition section 212 does not update quantization matrix SL1 stored in
the quantizatfertHastieasufes the cnyeiss GasBtREIAB O proR s B aie Srnseatadthx Brymaitisn section

212 suppliesdhe-pieghianaiesion 245 wihid ragieation Mali S, [RLEALAS(ghRfference

acquisition section The difference acquisition section 214 acquires the difference matrix
information sUpplfedfrégriletiensiens yatodiligwebtion®e. fhe delsctildettzable; tmstdiffgrence matrix

information a&ﬁ%&g@ﬂdt%r{‘ﬁee diment ﬁpﬁﬁg{iqﬁedm %%ﬂ%ggf%%%%g%%fgé% %n DSL4 each of

which represents a difference between 20 each of predicted matrices P SL4
predictddl frofoax4 duargizatieatioratristSt.1 dig eachof quatiiagtionartain e Sugplsk3hand SL4,

respectively.-;wc%s%i%%% o lﬁi&i(t)i n cti%nt21 R, k] the reconstruction sectiop 218 with
difference matrices SL%, %%C%L% an%é%%ssﬁégﬁ%%ﬁrﬁ l%%g? (Iel}[gﬁsccgy r’ﬂg%ﬂxizlﬁé)%r%nasﬁérﬁ? If the matrix
type flag set todfisiawiitad for each sequence or picture 25 or difference flag set to 0 is acquired, the

differe_nce aiﬂ)lf |Ekion sectiqn 214 assumes a differ(_ance matrix having the corresponding_ size to be
null without acquiring the difference matrix information. If the update flag set to O is acquired for each
picture, the differencé&atasitioniseniich 24 butpits e eitberence matrix for the corresponding size.
30[011?;1) The inverse orthogonal transformation section 250 generates prediction |
error data according to the orthogonal transformation system used for encoding. To
do this, the inverse orthogonal transformation section 250 uses the selected transform
unit to perform inverse orthogonal transformation on transform coefficient data
inversely quantized by the inverse quantization section 240. The inverse orthogonal
20  transformation section 250 supplies the addition section 65 with the generated
prediction error data.
[0112]
[3-3. Detailed configuration example of the matrix generation section]
Fig. 10 is a block diagram illustrating 2 more detailed configuration of the
25  matrix generation section 210 of the inverse quantization and inverse orthogonal
transformation section 63 illustrated in Fig. 9. With reference to Fig. 10, the matrix
generation section 210 includes a base matrix acquisition section 212, a difference
acquisition section 214, a prediction section 216, a reconstruction section 218, and a
quantization matrix buffer 220.

30 [0113]

(1) Base matrix acquisition section



(3) Prediction section 33 The prediction section 216 follows t_he prediction expression used for
the image encoding such as prediction expression (2) or (3) described above to calpulqte 8x8 .
predicted matrix PSL2 having a larger size from thgybase matrix such as 4x4 q‘uantlzatlon matrlx_ S_Ll
according to the embodiment supplied from the base matrix 5 acquisition section 2_12. The predlctlon
section 216 uses the calculated 8x8 predicted matrix PSL2 to calculate 16x16 predicted matrix I_DS_LB
from quantization matrix SL2 reconstructed by the reconstruction section 218. Further, the prediction

section 216 uses the Talaulsied xR qrmisied matis SIS ke caliulale,ag1e Rigigleg matrix

PSL4 from quantization matrix SL3 reconstructed by the 10 reconstruction section 21 e prediction

section 216 stipplisd dametisnesiareriserding Eifélﬁﬁttféred&ﬁe_@ﬁmﬁ'b@eeh@%%@%icand PSLA4.
The predietion aes!ielakadenetasrane B el clad MR b a e Bayg.ihe Masipe flag setto 0

and uses the default quantization matrix to calculate predicted matrices having larger sizes. The base
matrix acquisitidn et mimpen sises s &@Giﬁ%a@ﬁg@ﬁ@ﬂ&sﬁmha&lﬁgmwe flag set to
0 and uses thegARHERIRR M GoPA YIS IOMINGRIRYIANS RHagessiq calculate pradicted
matrices having larger sizes. [0116] (4) Reconstruction section The reqonstr ction’secti 218
reconstructs Bifhtizalion nfarnaios 2fShe mornd $e4llng auting PradisteuimbificessBSL2, PSL3,

4 o " _ : i .and DSL4
SUppled from e AT hes Seciion Sar o e ae o T G AR Be 49 - paro
+12512 5.3 m@EB1. Bufg1 228 EAstorSld d6B8LAA40q ik Bfion matrix without acquiring the
basic matrix information. If the update flag set to 0 is acquired for each picture, the
10 base matrix acquisition section 212 does not update quantization matrix SL1 stored
i the quantization matrix buffer 220 during the previous process. The base matrix
acquisition section 212 supplies the prediction section 216 with 4x4 quantization
matrix SL1.
[0114]
15 (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 DSL2, DSL3, and DSL4 each of which represents a difference between
20 each of predicted matrices PSL2, PSL3, and PSL4 predicted from 4x4 quantization
mairix SL1 and each of quantization matrices SL2, SL3, and SL4, respectively. The
difference acquisition section 214 supplies the reconstruction section 218 with
difference matrices DSL2, DSL3, and DSL4 specified in the difference matrix
infonnation. If the matrix type flag set to 0 is acquired for each sequence or picture
25 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. If the update flag set to 0 is acquired for each
picture, the difference acquisition section 214 outputs no difference matrix for the
corresponding size,

30 [0115]

(3) Prediction section



34 The reconstruction section 218 allows the quantization matrix buffer 220 to store the
reconstructed quantization matrices SL2, SL3, and SL4 having sizes 8x8, 16x16, and 32x32. If the
matrix type flag set to 0 is acquired for each sequegce or picture, the reconstruction section 218 allows
the quantization matrix buffer 220 to 5 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 quantization matrix SL2, SL3, or SL4 that has the

corresponding size arigkigsiditgidinstadauansization snatiyufierod 20 srainedha freyjogs process.
10[0119] (5) Quantization matrix buffer The quantization matrix buffer 220 temporarily stores

quantization THAEHERICHOSHAR AR SIS AL X RTSRRO R E QLIRSS dsserbrdZbR P Galimitstion matrices
SL2, SL3, anekBlhmaensiueiet by theveeoasimucion sestian /18, Quaniizatioe, 18 mairices SL1,

SL2, SL3, and SL4 stored in the cluantization matrix buffer 220 are used for the inverse quantization

section 240 AVEREY BTtz e idng dhrrERAfBsatRERIi a0 te OpThaesiiguration of
the inverse oquantizationaaghinverse O@H@gﬁgggilcgggagg%mag%_ﬁgggiqgg%aqgﬁlthggn%g%decoding

device 60 described above is also applicable to the inverse quantization section 21 and the inverse

orthogonal trfisefsieA duatisdetioh Prarihdmaytodessinieg devide EBlshéwm inueigizatifon 21] <4
Decoding pracass fow aceatding 4o s embodineniz, 258881 ang 1B age flowsharts illustrating a

first example of decoding process flow according to the embodiment. The matrix'generation section
210 can perféReHBe pPoesss eprabadated DPmé fowkbiedsmatinl\PShedchcavotded 3u3am

sequence. [qJ22L AWt ABleREES 1B5H0- A B AR PRNEREONS85IRNRAP Hhedks the
10 reconstruction section 218, The prediction section 216 supplies the reconstruction
section 218 with predicted matrices PSL2, PSL3, and PSL4, The prediction section
216 generates no predicted matrix for a size having the matrix type flag set to 0 and
uses the default quantization matrix to calculate predicted matrices having larger
sizes. The base matrix acquisition section 212 generates no predicted matrix for a
15  size having the update flag set to 0 and uses the quantization matrix generated from
the previous process to calculate predicted matrices having larger sizes.
[0116]
{4) Reconstruction section |
The reconstruction section 218 reconstructs quantization matrices SL2, SL3,
20 and SL4 by adding predicted matrices PS1.2, PSL3, and PSL4 supplied from the
prediction section 216 to difference matrices DSL2, DSL3, and DSL4 supplied from
the difference acquisition section 214, reépectively.
[0117]
[Math. 6]
25

SL2=PSL2+DSL2 (8}
SL3=PSL3+DSL3  (9)
SL4=pPSL4+DSLA (1 0)

[0118]



matrix type flag contained in the sequence parameter set of the sequence to 35 determine whether
the 4x4 quantization matrix is a user-defined one (step S202). If the 4x4 quantization matrix is a
user-defined one, the matrix generation section 238 uses the basic matrix information to set up the 4x4
guantization matrix, namely, store the same in the quantization matrix buffer 220 (step S204). If the
4x4 quantization 5matrix is a default one, the matrix generation section 210 sets up the default 4x4
guantization matrix (step S206). [0123] The matrix generation section 210 determines whether an

8x8 quantization matrheisedodseiieiinedane(enS2d B Eibei8xBauantizatarenatixiis a user- 10
defined one, the matrix generation section 210 uses the above-described prediction expression (2) or

(3) to calculatesnlBx BN e ISR RATICE Y BhAt St ridatli diyiaaciiscdESiculated

predicted majgix e apBxB.giffergnae matix :As asesultdhe: @B Aurntiratiapalixisseconstructed
(step S214). If the 8x8 difference flag is set to O, the difference matrix is null. The 8x8 predicted matrix

15 may be dREEEEsBEUSRE A Binsetin AR aPthe e epiERtieaertiab i 24 fault one, the
matrix ggnergtion SECtioRe2P SptsHPARshdsiauie X ayanfizationmatixstep 324)- [9124] With

reference to Fig. 11B, the matriéggeneration section 210 determines 20 whether a 16x16 quantization

matrix is a userdafmdiesEgstel) Se2piafeRag st 16 Qunatgatioh rarAdipigtuse taehitied one, the
matrix genergligoeaisnhlaalohiatesA e e piadisiedmatin komi e S@& gyagigagon matrix

and adds the calculated predicted matrix to a 16x16 difference matrix. As a result, the 16x16

quantization frethigsishe conssnoodiag siep SR siprhé TelsqiiEfirerta flagiiscdetBatd ) the

difference matr is éﬁl Ih-&;%;gf@ redicted matrix is directly set up as a quantization matrix. If the
BP0 B . ) . .
16x16 quantlz%ltlo% matrix is a de alﬁt one, the matrix generation section 210 sets up the default | 6x16

quantizedion fh&tHk (step S226). [0125] The matrix generation section 210 determines whether a
32;?’_2 guantization 38 g%t;%a%gg%{é%{i%ﬁ.&ne (step S232). If the 32>62 quantization matrix is a
The quantization 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. Quantization
16  matrices SL1, SL2, SL3, and SL4 stored in the quantization matrix buffer 220 are
used for the inverse quantization section 240 to inversely quantize the quantized
transform coefficient data.
[0120]
The configuration of the inverse guantization and inverse orthogonal
20  transformation section 63 of the image decoding device 60 described above is also
applicable to the inverse quantization section 21 and the inverse orthogonal
transformﬁtion section 22 of the image decoding device 10 shown in Fig. 1.
[0121]
<4, Decoding process flow according to an embodiment™>
25 Figs. 11A and 11B are flowcharts illustrating a first 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
sequence,
[0122]
30 With reference to Fig. 11A, the matrix generation section 210 checks the

matrix type flag contained in the sequence parameter set of the sequence to



defined one, the matrix generation section 210 calculates a 32x32 predicted matrix 36 from the | 6x16
quantization matrix and adds the calculated predicted matrix to a 32x32 difference matrix. As a result,
the 32x32 quantization matrix is reconstructed (stag S234). 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 5matrix. If the
32x32 quantization matrix is a default one, the matrix generation section 210 sets up the default 32x32
guantization matrix (step S236). [0126] Figs. 12A and 12B are flowcharts illustrating a second

example of dggedingcriaeess dlaw.aceardingdohr-ambediment Jhe malkixagnesglipn gection 210

can 10perform the process represented by the flowcharts mainly on each picture for an encoded
stream. [0121}¢ 4x4 QRSB FRdity Bg WA dgimedaaris denarativngseetiving soctiveckEthe update

flag containeg.in %Pﬁﬁmm{oﬁﬁ’ﬂ%ﬁ%iﬁ%)ﬁ?&%@;ﬁ%ﬂg&ﬁ@ﬁ%ﬁ%ﬁ@% matrix is updated

in the picture (step 3250). If a 4x4 quantization matrix is no the protess skips s?eps 3252
through 3256h¢f sgmednglianuzatiorinmmtisdpdise Heten8AR4genéf dhior sk glient2aGochecks the

matrix type f termi thar.t Jantization matrix.is a erip fi one (step
3252). Ifgt)he ?‘%ﬁ%‘&gn%%%%%f?ﬁﬁ% ?ﬁ@%%ﬁ?ﬁ%ﬁﬁé% e r%%?r&e&golé%ﬁe?a %%“2@%{.‘6{;] 210 sets
up the 4x4 qaamizeaion mettx 8IPG W )basic matrix information (step 3254). If the 4x4 quantization
matrix is a d?[{ﬂ% ne, the matrix generation section 210 sets up the default 4x4 quantization matrix
(step S256). [0128] The matrix generation section 210 checks the update flag to determine 25 whether

an 8x8 quantization izt nixaisixpdatestinthecnint ) (dteeBR60) wif @haB X Guanjizatipativatrix is not
spiied, he igees 1 RS 082 e e 3299 40 snizelon o pteed e
quantizétion deéitred isne, ubemtefinegtonatistep-3262 P I the Skl gvantzhitorvadipbedscadiser-defined
one, the expression (2) or (3) to calculate an 8x8 predicted matrix from the 4x4 guantization
matrix and adds the calculated predicted matrix to an 8x8 difference matrix. As a
result, the 8x8 quantization matrix is reconstructed (step S214). If the 8x8
difference flag is set to 0, the difference matrix is null. The 8x8 predicted matrix
15 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 §x8 quantization
matrix {step S216).
[0124]
With refefence to Fig. 11B, the matrix generation section 210 determines
20 whether a 16x16 quantization matrix is a user-defined one (step 8222). If the
16x16 quantization matrix is a user-defined one, the matrix generation section 210
calculates a 16x16 predicted matrix from the 8x8 quantization matrix and adds the
calculated predicted matrix to a 16x16 difference matrix. As a result, the 16x16
quantization matrix is reconstructed (step S224). If the 16x16 difference flag is set
25  to 0, the difference matrix is null. The 16x16 predicted matrix is directly set up as a
guantization matrix. [If the 16x16 quantization matrix is a defanlt one, the matrix
generation section 210 sets up the default 16x16 quantization matrix (step S226).
[0125]
The matrix generation section 210 determines whether a 32x32 guantization
30  matrix is a user-defined one (step S232). If the 32x32 quantization matrix is a user-

defined one, the matrix generation section 210 calculates a 32x32 predicted matrix



30matrix generation section 210 calculates an 8x8 predicted matrix from the 4x4 quantization matrix
for a new picture regardless of whether the 4x4 quantization 37 matrix is updated. The matrix
generation section 210 then adds the calculated gygdicted matrix to an 8x8 difference matrix. As a
result, the 84 quantization matrix is reconstructed (step S264). If the difference flag is set to 0, the
difference matrix is null. The 8x8 predicted matrix may be directly set up as a 5 quantization matrix. If
the 8x8 quantization matrix is a default one, the matrix generation section 210 sets up the default 8x8

quantization falriéSteR 132060329 matri¥Vikireferenre 461 ik dP Brdiietsaatnix.generation section
210 checks the ugdate flag to determine whether a 16x16 quantization matrix is updated in the 10

picture (step3278). &85 6 GaERtzation nMiatBiEndipdiett 1R S Sleps S272
through S276.d6a,He438 Guantizatipn maliéxis:tpdaledsdhe: Malix aenesatiomsesterrdd checks the

matrix type flag to determine whether the new 16x16 quantization matrix is a user-defined one (step

© S272). If the 18Y%P6 i§uaHtizalibh i REAIGEt-BeRE dOAE AR P naraHBrisaEasn 210 15
calculates a 16x16 predigtecbmptrix finin.the SxG Ak antizationmatiix @EWMP%%%%E&W'GSS of

whether the 8x8 quantization matrix is updated. The matrix generation section 2 en adds the

calculated pressiiead Haeis#n féz%s@giag?é%@@aﬁﬁ%ﬁ@%méﬁﬂmﬁ%3156-x16 quantization matrix is
reconstructeﬁo@gp S274). If the 16x16 difference flag is set to O, the difference matrix is null. The 20
16x16 predicted matrix is directly set up as a quantization matrix. If the 16x16 quantization matrix is a

default one, the matﬁi@eh%ﬁmlg&ﬂml‘@%@@ ﬂblﬁﬁétii@‘alﬂ@qw(i@@m?ﬁﬁwﬁétﬁx (step
8270 l0130, Faeradtixgeniaralion sreliapatiaheeknlip ocaie,lagin delahing gavhether a

32x32 quantization matrix is updated in the picture (step S280). If'a 32x32 quantization matrix is not
updated( thesrioms Slskipo step seB2sntdoby ie2B86 wikhade xaa@ Wuartizatbrombirex fier Lgsdated, the
matrix genergrtligr&ggcs:gggmﬂo checks the matrix type flag to determine whether the new 32x32
guantization matrix Is 2 dser-defined one (step 8282). If the 32x32 quantization matrix is a
user-defined[80&Hk, the matrix generation section 210 calculates a 32x32 predicted matrix from the

updited. The matrx DURCHTEH SR D10 hel SOl e LA lb SHbchorLy SR (8 2oz
difference mapiatdlagesulizitivd 38x32He@ntizatiam enatricistoe densitintedisidprS284)4 If the 32x32
diference flag S set 19,9, e dference 1At oyl 08 3233 e IPUR R gliegly set up s
matrix is not updated, the process skips steps S252 through 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 S252). If the 4x4 quantization matrix is a user-defined one, the matrix
20 generation section 210 sets up the 4x4 quantization matrix using the basic matrix
information (step S254). If the 4x4 quantization matrix is a default one, the matrix
generation section 210 sets up the default 4x4 quantization matrix (step 5256).
[0128]
The matrix generation section 210 checks the update flag to determine
25  whether an 8x8 quantization matrix is updated in the picture (step 5260). If an 8x8
quantization matrix is not updated, the process skips steps S262 through 5266. If
an 8x8 guantization matrix is updated, the matrix generation section 210 checks the
matrix type flag to determine whether the new 8x8 quantization matrix is a user-
defined one (step S262). If the 8x8 quantization matrix is a user-defined one, the

30  matrix generation section 210 calculates an 8x8 predicted matrix from the 4x4

quantization matrix for a new picture regardless of whether the 4x4 quantization



5quantization matrix. 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 reconstruct quantization matrices usgwg the technique to predict quantization matrices
based on one quantization matrix even 10if 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 laagidesciibegdne eprmplieral setlingivn aebLenerbrereh Lauaniization.matrix for one
transform unit size. \While not limited thereto, multiple types of quantization matrices may be set up for

one transform EHtish & 3HiZuih 3 ib differsaer dhtipardhicteresaltathe tfebhisrarsipaiiateter set
may contain afaddiionabilagindicating vwigh ofimultinks&yRes.ehAantizaiog.mayrigeg,peeds to be

used as a base to predict a quantization matrix of a larger size. It may be™ 20 preferable to set up

multiple typeSi5PtISAtEEHGN fhaticesTy 818 Prikrsem BAE Z8anbesdistilieRebnp gidntization

matrix to;anojhesdioneackhslice orxp@%kwﬁh@&aﬂeaﬁ- 102331 155, Modlificatipnss 2afgdescribed

above, the technology disclosed in this specification may be embodied by predicting a quantization
matrix of a sEEIfEREPPSEHION HYsaisi Zatibn dataulk Hf 3 wrgeralies. FarisxatapRlEX8 quantization
matrix SL2 is[@ig'g]ed as follows. [0134] 30[Math. 7] 39

With reference to Fig. 12B, the matrix generation section 210 checks the
update flag to determine whether a 16x16 quantization matrix is updated in the
10 picture (step S270). 1f a 16x16 quantization matrix is not updated, the process skips
steps S272 through S276. If a 16x16 quantization matrix is updated, the matrix
generation section 210 checks the matrix type flag to determine whether the new
16x16 quantization matrix is a user-defined one (step $272). If the 16x16
quantization matrix is a user-defined one, the matrix generation section 210
15  calculates a 16x16 predicted matrix from the 8x8 quantization 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 to a 16x16
difference matrix.  As a result, the 16x16 quantization matrix is reconstructed (step
S274). If the 16x16 difference flag is set to 0, the difference matrix is null. * The
20 16x16 predicted matrix is directly set up as a quantization matrix. If the 16x16
quantization matrix is a default one, the matrix generation section 210 sets up the
default 16x16 quantization matrix (step S276).
[0130]
The matrix generation section 210 checks the update flag to determine
25  whether a 32x32 quantization matrix is updated in the picture (step $280). If a
32x32 quantization matrix s not updated, the process skips steps S282 through $286.
If a 32x32 quantization matrix is updated, the matrix generation section 210 checks
the matrix type flag to determine whether the new 32x32 quantization matrix is a
user-defined one (step S282). If the 32x32 guantization matrix is a user-defined
30  one, the matnix generation section 210 calculates a 32x32 predicted matrix from the

16x16 quantization matrix for a new picture regardless of whether the 16x16



boo 1701 b3 1)22 b23 bo, 1)14 b2, 52, b1,6 b20 br b4o 1153 b41bo, b 1ib1)62 b b43 69 bo b44 b bto
b" be, bboo b47 bn b67 [0135] For example, the prediction section 152 of the orthogonal
transformation and quantization section 14 of the ipgage encoding device 10 calculate 4x4 predicted
5matrix PSL1 from quantization matrix SL2 according to prediction expression (12)

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 S284). If the 32x32 difference flag is set
to 0, the difference matrix is null.  The 32x32 predicted matrix is directly set up as a
5 quantization matrix. If the 32x32 quantization matrix is a default one, the matrix
generation section 210 sets up the default 32x32 quantization matrix (step $286).
10131]
The decoding side can appropriately reconstruct quantization matrices using
the technique to predict quantization matrices based on one quantization matrix even
10 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
16  quantization mﬁtrix for one transform unit size. While not limited thereto, multiple
types of quantization matrices may be set up for one transform unit size. In such a
case, the sequence parameter set and the picture parameter set may contain an
additional flag indicating which of multiple types of quantization matrices needs to
be used as a base to predict a quantization matrix of a larger size. It may be
20  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]
<5. Modifications>
25 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 SL2 is defined as
follows.
[0134]
30 Math. 7]



as follows. [0136] [Math 8] 10 [0137] With reference to prediction expression (12), predicted
matrix PSL1 is generated by thinning elements of quantization matrix SL2 every other row and column.
Elements to be thinned may be positioned otherwjge than the example of 15prediction 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 40 is one quarter or smaller. [0138] Instead, predicted
matrix PSL1 may be calculated from quantization matrix SL2 according to prediction expression (13)
below. 5[0139]
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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

5 matrix PSL1 from quantization matrix SL2 according to prediction expression (12)

as follows.
[0136]
[Math. 8]
(b By b be)
by B, B, by |
PSL1=| ® B @ 8 (12)
by By b by
G By by bes )
10
[0137]

With reference to prediction expression (12), predicted matrix PSLI1 is
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

15 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



[Math. 9] PSL1. [0140] 10With reference to prediction expression (13), predicted matrix PSL1 is
generated by calculating an average of four elements vertically and horizontally adjacent to each other
in quantization matrix SL2 as one element of preditted matrix PSL1. Averaging more elements (e.g.,
16 elements) vertically and horizontally adjacent to each other can cause a quantization matrix to
generate a predicted matrix 15having sides each of which is one quarter or smaller. Instead of the
average used in prediction expression (13), the other representative values such as the center value,
the minimumswalegpane tremmdbamum value may be calculated from elements. [0141] A predicted
matrix of a s I%' size may be calculated from a quantization 20 matrix of a larger size. Also in such
a case, the difference calculation section 154 calculates a difference matrix representing a difference
between the predictégkizualy i sdippiieshdtamibe Iprediditoctadtied Thhaqdiinetonespeiding
guantization matrix and supplies, the lossless en (321 section 16 with difference matrix information
representing@%%ﬁ?ga}ﬁgeﬁ%ﬁ ’r%th%%ﬁﬁ%oﬁﬁe lgf%’?)?"generation section 210 of 41 the inverse
quantization[amgbinverse orthogonal transfoimation 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 informa%ﬁﬂﬁrs?llg any of the above-described prediction expressions and the difference
matrix information. [0142] Figs. 13A and 13B 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 sequeﬁ§é’?f0[0143] With reference to Fig. | 3A, the matrix processing section 150

acquires a setrgf quantization magices,used for.the quanjizatipn section 130.in %@_is $equence from the
N i Ry £y 21 { e %3 b i ;§ ] 44 £3 154 Pl R i} 3. ] .
&% o= T Wit W4 W s (Ehfrtyun v pon ARy M *-!--: SR LS OFES a2 EL - 100 -:.w.-(,; IS

quantization matfx-stiffer-t4o-({stef~5360 i j :
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[0140]
16 With reference to prediction expression (13), predicted matrix PSL1 is

generated by calculating an average of four elements vertically and horizontally
adiacent to each other in quantization matrix SL2 as one element of predicted matrix
PSL1. Averaging more elements {e.g., 16 elements) vertically and horizontally
adjacent to each other can cause a quantization matrix to generate a predicted matrix
15 having sides each of which is one quarter or smaller. Instead of the average used in
prediction expression (13), the other representative values such as the center value,
the minimum value, and the maximum value may be calculated from elements.
[0141]
A predicted matrix of a smaller size may be calculated from a quantization
20  matrix of a larger size. Also in such a case, the difference calculation section 154
calculates a difference matrix representing a difference between the predicted matrix
supplied from the prediction section 152 and the corresponding quantization matrix
and supplies the lossless encoding section 16 with difference matrix information

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



[0144] The matrix processing section 150 determines whether a 32x32 quantization 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 infotation 20 that represents a 32x32 quantization
matrix with the matrix type flag set to 1 (step S306). If the 32x32 quantization 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 a 16x16 quantization 25 matrix is a user-defined
one (step S3th2).idfthe: 1Exh6griantinationveratisrih Geuser-gdefisteehomentiedmatrizpercassing section
150 calculates a 16x16 re%icted atrix from the 32x32 quantization matrix according to prediction
expression (i?)“%?%%‘j g{é% fb&d @o%%e@t%spaﬁﬁ?.zﬁ@l&@%Q%Vﬁ’&%&iﬁ’&@&t'ﬁéﬁe F&hcodes the

matrix type fldg (Eibntiheidiffereneesfegfiandithadiffeiensematiriaionmatiom ffany) Saindicating a
difference b?Pg}v?een thg{#% 16 c&iantization_matrix and the calculated predicted matrix (step S316). If
the 16x16 qURTISAlG AR OB S HE P59 SRR s BaRIRg™EeEHSH D6 encodes only the
matrix type flag 48t to 0 (step S318). [0146] With reference to Fig. 13B, the matrix processing
section 150 determines whether an 84 quantization matrix is a user-defined one (step S322). If the 84

5 quantization matrix &5 ddér-BdinePore YR plysketng 2o ompbo eflentatiagn 8x8
predicted maifpedamdnaddrdd aupaizalianreaity. (StR-S344) FRedQISESS £hr9ding gection 16

encodes the matri?éype flag (=1), the difference flag, and the difference matrix information (if any)
indicating a diifel8FEShetNOdH th ek UhaRi G Toamixtha dDisscsal carrsentvé divtethenatrix (step

S326). If them&%@%ﬁ%g@ﬁigﬂ&@é@é‘g&pgggmgssless encoding section 16 encodes only
the matrix type flag{q set to O (step S328). [0147] he matrix processing section 150 determines

whetheth 4 b ntization ma’Frix isa usgr-defin(_ad one (step 8332). If the 4x4_quantizati_on matrix is a
x5 quantization ma tois BaS0) The ocdioae o e e S BTSN pe g
(-1), the diffe?éaBanfigatiemmaricasittershie thatdseitiotienisac(ibarilindidatincracdiftefence between
the 4x quanfigafigfhmaliih 2Rdite saleHa1en PREFRYIBRTA(SIER B3ARIL MRe g agpnization
quantization matrices is assumed to contain quantization matrices corresponding to
15 the sizes of 4x4, 8x8, 16x16, and 32x32.
[0144]
The matrix processing section 150 determines whether a 32x32 quantization
~ matrix is a user-defined one (step S302). Ifthe 32x32 qﬁantization matrix is a user-
defined one, the lossless encoding section 16 encodes the basic matrix information
20 that represents a 32x32 quantization matrix with the matrix type flag set to 1 (step
S306). If the 32x32 quantization matrix is a default one, the lossless encoding
section 16 encodes only the matrix type flag set to 0 (step S308).
[0145]
The matrix processing section 150 determines whether a 16x16 quantization
25  matrix is a user-defined one (step $312). If 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)

30  indicating a difference between the 16x16 quantization matrix and the calculated

predicted matrix (step S316). If the 16x16 quantization matrix is a default one, the



20default one, the lossless encoding section 16 encodes only the matrix type flag set to O (step S338).
[0148] If the SPS |s used to define quantization matrices, the modification may calculate and
encode predicted matrices in descending order of gpuantization matrix 25 sizes. If the PPS is used to
update quantization matrices, the modification may also calculate and encode predicted matrices in
descending order of quantization matrix sizes. [0149] Figs. 14A and 14B are flowcharts
illustrating an example of decoding 30process flow according to the embodiment. The matrix

generation s¢eiiterLdQcdingordaim thepotassnepresenied Qydin flowehartsigpainhgpn each
encoded strea&éln 3 sequence. [0150] With reference to Fig. 14A, the matrix generation section
210 checks tHE Aatrix type flag contained in the sequence parameter set of the sequence to determine

whether the 32x32 qumiiizatisemBeaisixig. a1 userefingd:Opatsien 402K 1 3Rx3A aieantization
matrix is a user-defined one, the matrix generation section 210 uses the basic matrix information to set

up the 32x32"AFERRTZAI G SRR Z3HATE B 2818 & th & serAefinotheuiien 8683 malfishis Ui 220 (step

S404). Ithe gaade auantizatian Matrixds-adefadltane. fhe matix grpeLatipg sectioh 359 sets up
10the default 32x32 quantization matrix (step S406). [0151] The matrix generation section 210
determines vfRkIHakes a6R 18 Bisditisadprmrabipmdhe USerlbamaatizotienstapsAsp F1Pe16x16

quantization mﬁ:trﬂéfs@e@s%d&ﬁ%@k%@tﬁﬂﬁH‘%ﬁﬁfé?tﬂ@@ﬁéﬂﬁ@@g?@cﬁ% @313 Uggsiag,apqve-described

prediction 15 expression (12) or (13) to calculate a 16x16 predicted matrix from the 32x32 quantization
matrix and adl@g.taadciie didtegsedietad minmaboa (B aw Yitfdieating maiffcramse besudenthe 16x16

quantization aibea aaenitaadiotsn Fdhdhieoxit iferance iag &3e) to @ dhe difference

matrix is null. The 16x16 predicted matrix is directly set Up as a quantiz
10 8x8 quantization matrix is a default one, the lossless encoding section 16 encodes

only the matrix type flag set to 0 (step S328).
[0147]
The matrix processing section 150 determines whether a 4x4 quantization
matrix is a user-defined one (step S332). If the 4x4 quantization matrix is a user-
15  defined one, the matrix processing section 150 calculates a 4x4 predicted matrix
from the 8x8 quantization matrix (step 8334). 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 S336). If the 4x4 quantization matrix is a
20  default one, the lossless encoding section 16 encodes only the matrix type flag set to
0 (step S338).
[0148]
If the SPS is used to define quantization matrices, the modification may
calculate and encode predicted matrices in descending order of quantization matrix
25  sizes. If the PPS is used to update quantization matrices, the modification may also
calculate and encode predicted matrices in descending order of quantization matrix
sizes.
[0149]
Figs. 14A and 14B are flowcharts illustrating an example of decoding
30 process flow according to the embodiment. The matrix generation section 210 can

perform the process represented by the flowcharts mainly on each encoded stream



20quantization matrix is a default one, the matrix generation section 210 sets up the default 16x16
guantization matrix (step S416). [0152] With reference to Fig. 14B, the matrix generation section
210 determines whether an 8x8 quantization matriggis a user-defined one (step S422). If the 8x8 25
guantization matrix is 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 quantization matrix is reconstructed (step S424). If the 8x8
difference flageigiagielo O, the difference matrix is null. The 8x8 predicted matrix may be directly set up
as 30a quanéjéigiﬁ matrix. If the 8x8 quantization matrix is a default one, the matrix generation
section 210 gthe default 8x8 quantization matrix (step S426). 44 [0153] The matrix

generation section 210igletefsrines whathera ddeauantiz alan-matixdsa ysandefingd gre (step
S432). If the 4x4 quantization matrix is a user-defined one, the matrix generation section 210

calculates a B8iTPretilfedHBatiRta O N HEB ASBIEN G BHSRigkrischritf dbEs wreatsulated predicted

matrix tosa 4xdelifferencromatiie As-aseauitdheidxdauantization malixisdesensyucied (step S434).
If the 4x4 difference ggiis set to O, the difference matrix is null. The 4x4 predicted matriX may be
directly set upf &2 dkhavarisrrieatmaltitnis 2 sgulafinedtionentherinatia dersuitionsetiomatrix

generation segops2d etz yp he-HodafaHiAh dyantizafion M {SiER 24360024, Ifthe

SPS is used to decode quantization matrices, the modification may reconstruct quantization matrices
in descendinBareldy SPER A Sali6 N BRI LipEEalTomh sTRPS iBuflsPdd UpdatS dbntiZbtiba matrices,

the modification may,alsg AteroRsirct auARiZalionaliass . desesnding grdsn g aygntization
matrix sizes. [0155] <6. Example Applications>
10 the default 32x32 guantization matrix (step S406).
[0151]

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

15 expressionl (12) or (13) to calculate a 16x16 predicted matrix from the 32x32
quantization matrix and adds the calculated predicted matrix to a 16x16 difference
matrix. As aresult, the 16x16 quantization matrix is reconstructed (step S414). If
the 16x16 difference flag is set to 0, the difference matrix is null. The 16x16
predicted matrix is directly set up as a quantization matrix. If the 16x16

20  quantization matrix 15 a default one, the matrix generation section 210 sets up the
default 16x16 quantization matrix (step S416).

[0152]

With reference to Fig. 14B, the matrix generation section 210 determines
whether an 8x8 quantization matrix is a user-defined one (step S422). If the 8x8§

25  quantization matrix is 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§
quantization matrix is reconstructed (step S424). If the 8x8 difference flag is set to
0, the difference matrix is null. The 8x8 predicted matrix may be directly set up as

30  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 S426).



The image encoding device 10 and the image decoding device 60 according to the embodiment
described above may be applied to various electronic appliances 20such as a transmitter and a
receiver for satellite broadcasting, cable broadcastihg such as cable TV, distribution on the Internet,
distribution to terminals via cellular communication, 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 25applications will be
described bel6iw3[J0156] [6-1. First Example Application] Fig. 15 is a block diagram showing an

example of a schematjc configuration of a televisign agdopting the embodiment described above. A
television 900 includ ‘%ngjgn%gﬂ?fgtﬁﬁﬁe rfﬁﬂeﬁ@o%%jr&'é%ﬁﬁlt %@0@(%\ HEEBHeNeB4, an video
signal processingxsiciias:R0efiadisplysapciomn06 Iamhaudio gignakpresassing seeatigr907, 45 a

speaker 908, an external jnterface 909, a control section 910, a user interface 911, and a bus 912.
[0157] The ﬂ?@ﬂ@%@%w &t B SSPEE T SHUPBhARh SPAOA BT b dedsPEigicird SnelEived via the

antenna01randHemarylaies v exiracieshsigndd. FBeaidhrisngr-aRR-autnuts ap gnsaded bit

stream obtained by demodulation to the demultiplexer 903. That is, the tuner 902 serves as

transmissionFHEETEHIRAL T e vISiIGNE B0 F FEdbiMig i EoR Saa st asroms st dteage is
encoded. [0158110Therdemultipiexsi-093 sapaates anddeersieamnans ag audio pieam of a program

to be viewed from the encoded bit stream, and outputs each stream which has been separated to the

decoder 904PKfistethardsiruRigions: BBt BuRidnAuariztoR ssarEPd (thedrshic Program
Guide) from ﬁiﬁ@:ﬁﬁ@aaﬁ%ﬂmrﬁmémsamﬁé haexraciedsaiatedhe sontelksgstigp 910.
e

Additionally,
10 default 4x4 quantization matrix (step S436).
[0154]
If the SPS is used to decode gquantization matrices, the modification may
reconstruct quantization matrices in descending order of quantization matrix sizes.
If the PPS is used to update quantization matrices, the modification may also
15 reconstruct quantization matrices in descending order of quantization matrix sizes.
[0155]
<6. Example Applications>
The image encoding device 10 and the image decoding device 60 according
to the embodiment described above may be applied to various electronic appliances
20  such as a transmitter and a receiver for satellite broadcasting, cable broadcasting such
as cable TV, distribution on the Internet, distribution to terminals via cellular
communication, 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
25  applications 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
30  an antenna 901, a tuner 902, a demultiplexer 903, a decoder 904, an video signal

processing section 905, a display section 906, an audio signal processing section 907,



15demultiplexer 903 may perform descrambling in the case the encoded bit stream is scrambled.
[0159] The decoder 904 decodes the video stream and the audio stream input from the
demultiplexer 903. Then, the decoder 904 outputsqgideo data generated by the 20 decoding process
to the video signal processing section 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 25 from the decoder 904, and causes the display section

906 to display sheanidens T he sieenssignatprooossngar/IIaRARR WRY, alssrauseribe sisplay section
906 to display an application screen supplied via a network. Further, the video signal processing
section 905 iht-an additional process such as noise removal, for example, on the video data
according to fiygsgetting. Furthermore, the video signal processing 30section 905 may generate an
image of a GUI (Graphical User Interface) such as a menu, a button, a cursor or the like, for example,

and superimpose the §efeiated2 sty e s olitbdesiriyehqond fyom budarsigrasction 906 is
driven by a drivesignal skppiied:hydhe yiden sisnakrrogrssing segtion 405:8ud displays-a video or

an image on an video screen of 5a display device (for example, a liquid crystal display, a plasma
display, an OB pustusemke)cpded byt stream obtained by demodulation to the demultiplexer

903, That is, the tuner 902 serves as fransmission means of the televisions 900 for
receiving an encoded stream in which an image is encoded.
[0158]

10 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 904. Also, the demultiplexer 903 extracts
auxiliary data such as an EPG (Electronic Program Guide) from the encoded bit
stream, and supplies the extracted data to the control section 910. Additionally, the

15 demultiplexer 903 may perform descrambling in the case the encoded bit stream is
scrambled.

[0159]
The decoder 904 decodes the video stream and the audio stream input from
the demultiplexer 903. Then, the decoder 904 outputs video data generated by the

20 decoding process to the video signal processing section 905. Also, the decoder 904
outputs the audio data generated by the decoding process to the audio signal
processing section 907.

101601
The video signal processing section 905 reproduces the video data input

25  from the decoder 904, and causes the display section 906 to display the video. The
video signal processing section 905 may also cause the display section 906 to display
an application screen supplied via a network. Further, the video signal processing
section 905 may perform an additional process such as noise removal, for example,
on the video data according to the setting. Furthermore, the video signal processing

30  section 905 may generate an image of a GUI (Graphical User Interface) such as a

menu, a buftton, a cursor or the like, for example, and superimpose the generated



The audio signal processing section 907 performs reproduction processes such as D/A conversion
and amplification on the audio data input from the decoder 10 904, and outputs audio from the
speaker 908. Also, the audio signal processing seétion 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 15and an external appliance or a network. For example, a video stream or an audio
stream received via the external interface 909 may be decoded by the decoder 904. That is, the
external inteifaege30%alsaseriresgas transmission means of the televisions 900 for receiving an
encoded str (5: which an image is encoded. [0164] 20The control section 910 includes a processor
such as a Clezl@;{% ntral Processing Unit), and a memory such as an RAM (Random Access Memory),
an ROM (Read OnlyMemiepliydethiodikmoT Redmemdry starbs aiprdramplicde exteutriddy the CPU,

program data, EPG data,.data acquired via g network, and the like. The program stored inp the memory
is read and &R BIP BT TS &eﬁﬁpcgrbtﬁg af%ﬁ BFACHVatiH Bt e e&iglidhb %Gb?cng%ngple. The

CPU controls tieppedatien @bt delpldsiong@R0-aeeerdingld9, anbrperaiinpisigaaldnmmn feam the user
interface 911, for example, by executing the program. [0165] The user interface 911 is connected
to the controfl%%@ﬁﬁ)n 910. The user 30interface 911 includes a button and a switch used by a user to
operate the tgigyigion 900, and a receiving section for a remote control signal, for example. The user
47 interface 911 detects an operation of a user via these structural elements, generates an operation

signal, and outputs tHEGERAAHEGHSFRGEH 18 ISP o the0oREENSRE FER GAYSON §8ICESSES The bus 912
interconnectg,{he 4umeh 9% thei sle iRl xe-306h e HEGRARS data input from the decoder

10 904, and outputs audio from the speaker 908. Also, the audio signal processing
section 907 may perform an additional process such as noise removal on the andio
data.

[0163]
The external interface 909 is an interface for connecting the television 900

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

[0164]

20 The control section 910 includes a processor such as a CPU (Central
Processing Unit), and a memory such as an RAM (Random Access Memory), an
ROM (Read Only Memory), or the like. The memory stores a program to be
executed by the CPU, program data, EPG data, data acquired via a network, and the
like. The program stored in the memory is read and executed by the CPU at the

25  time of activation of the television 900, for example. The CPU controls the
operation of the television 900 according to an operation signal input from the user
interface 911, for example, by executing the program.

[0165]
The user interface 911 is connected to the control section 910. The user

30  interface 911 includes a button and a switch used by 2 user to operate the television

900, and a receiving section for a remote control signal, for example. The user



5904, the video signal processing section 905, the audio signal processing section 907, the external

~ interface 909, and the control section 910. [0167] In the television 900 configured in this manner,
the decoder 904 has a function of the image decogling device 60 according to the embodiment
described 10 above. Accordingly, also in the case of the image decoding in the television 900, it is
possible to suppress in an increase in the code amount due to an increase in the number of
guantization matrices.. [0168] [6-2. Second Example Application] 15Fig. 16 is a block diagram showing
an example aitarfchanatieeantiguimioncald mobkilephhne adopting armbosinentdascribed
above. A mobile phone 920 includes an antenna 921, a communicatign section 922, an audio codec

923, a speakBI TP IRRaHfoAERSS the SNBSS R U8 aR %gb%cﬁ%&lﬁﬂ@%gé@on 927, a

demultiplexirjgisggtion 928, a recording/reproduction section 929, a display 20section 930, a control
section 931, an operation section 932, and a bus 933, $0169] The antenna 921 is connected to

the communication sEXtiBREG3Z. I?Wécgﬁﬁﬁ%élt@%’i& Rethsidaphbinicsos s toriirsedsd to the audio
codec 933. Thie aperalienssertigRRR%isLannestosktanbe .ot %lr%?gyg&&%&g {8 Q633 25

interconnects the communication section 922, the audio codec the camera section 926, the
image procegﬁﬁé@%éﬁ@?ﬁetﬂ@dmmﬁﬁﬁ@ §41R5n9998, the recording/reproduction section 929,
the display sggtga;q 930, and the control section 931. [0170] 30The mobile phone 920 performs

operation such as transm|SS|on/recept|on of audio signal, transmission/reception of emails or image
data, image capturlnb‘ g television 900 configured in this manner, the decoder 904 has a

function of the image decoding device 60 according to the embodiment described

10 above. Accordingly, also in the case of the image decoding in the television 900, it
is possible to suppress in an increase in the code amount due to an increase in the
number of quantization matrices..

[0168]
[6-2. Second Example Application]

15 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
includes an antenna 921, a communication section 922, an audio codec 923, a
speaker 924, a microphone 925, a camera section 926, an image processing section
927, a demultiplexing section 928, a recording/reproduction section 929, a display

20  section 930, a control section 931, an operation section 932, and a bus 933.

[0169]

The antenna 921 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 connected to the control section 931. The bus 933

25  interconnects the communication 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]
30 The mobile phone 920 performs operation such as transmission/reception of

audio signal, transmission/reception of emails or image data, image capturing,



recording of data, and the like, in various operation modes including an audio communication mode, a
data communication mode, an image capturing mode, and a videophone mode. [0171] 5In the audio
communication 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
10 and moduledesihe atidingdatad ahe gRBETatesRlaNSIBIasaN Sisna. hbBrRIthecommmynication
section 922 transmits the generated transmission signal to a base station (not shown) via the antenna
921. Also, thECHHHRAIGAREBH Lo it oS EHBIRAEOR Tidfe <R ERiEs FaREnRE Wiadhetthtenna 921 and
converts the igemeiapy plone wireless signal, and acquires a received signal. Then, the
communication 15 section 922 demodulates and decodes the received signal and generates audio
data, and ouﬂ%@lhe generated audio data to the audio codec 923. The audio codec 923 extends and

D/A conyerts the audip dlata, @94 8aRR1AIESAN ABALIHE, AYIR.SIgRd, Them %&é}ﬁﬁé& fodec 923
supplies theo%enerated audio signal to the speaker 924 and causes the audio To be output. 20[0172]

Also, in the dagaBéRRMIE AN hourplipd Eoribo|aditicw s Yeherdtes asdiadstaitha?3pakes up an
email, according A ORRINAD RlA e LD ARS BHEN A8 IR BRS. (R ExampiaMareover, the

control section 931 causes the text to be displayed on the display section 930 etmore, the
control sectidheg®nveregendiataemandathaeedielienics A2Pansmitsiba instuetiod afdive user via the

operation seqon: 5. 3 AulpuladS aeRratd emall dal RI0%6eMHNICasIn sectian 922 Then.

the communication section 922 encodes and modulates the email data, an general%gs a transmission
signal. Then atise worwhatasidhtiomdectibie02drausmitsthe gensrasediransmissidhsigniat to a base

station (not s&?ﬂn& vic%tt.hg %Qqnte %_21. Also, the communication section 922 amplifies a wireless
signal received via {ﬁe antenna ¢ I?aa"in %:ngrlﬂ/}esrtghﬁwgﬁ‘?ga%%dr?&/a% Y& Wire le%lsa‘zilj@n%ll, &fd 49
acquires a reteivad(sgnaloWhevithbcontmuaiction déstiorthd 22 memoiatiiessanthdesziies the

received signal tores the email data, and, outputs the restored email data to the control section 931.
mc'ﬁ[gfeéf cauges hl md%‘{/%e‘é &llotrﬁ 9% Ef%%%iﬂé&%%ﬁ’gﬁt Bf tHE'&Hiail, and also,

The control se 1 causes tfe disp
causes the esfigidatadiessessare duind thesierage soadinsiohtie retending/represuaiancsection 929.

S e RS TG Tl o s e el el e
memory or thedikenartathextemalld t0doadinied sieragionediswmichas ahnsddisk gomagnetic disk,
R R G T S MM R S
Then, the audic codec 923 supplies the generated audio signal to the speaker 924 and
causes the audio to be output.
20 [0172]
Also, in the data communication mode, the control section 931 generates
text data that makes up an email, according to an oﬁeration of a user via the operation
section 932, for example. Moreover, the control section 931 causes the text to be
displayed on the display section 930. Furthermore, the control section 931
25  generates email data according to a {ransmission 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 fransmission signal. Then, the communication section
922 transmits the generated transmission signal to a base station (not shown) via the

30  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



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 15 the image processing section 927,
for example. The image processing section 927 engodes the image data input 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 20
multiplexes a video stream encoded by the image processing section 927 and an audio stream input

from the audipgadac.923ciapd QuipNts ThenmERiexessiEaa0 @ tascomnidpicatinhesagtion 922, for
example. The communication section 922 encodes and modulates the stream, and generates a

transmission 4GERESS Hiferreiieed sishibriesingss dhesomd datraArthratene Jhnarstesdrsmsihission signal
to a base 25 giafigntRAlRVEIKEh be1anteapa Sl AR JAS FOMMUDIGRIIgR 386 IQR A2 amplifies a

wireless signal received via the antenna 921 and converts the fregency of the wireless signal, and

acquires a rel¥VEFEBINY trrescrardssardigne d reeerrclesriml Ay indlea®md encoded bit
stream. Then, the cemmunication seclign 2da demadulales and:geeeges the received signal, restores

the stream, and 30outputs the restored stream to the demultiplexing section 928. The demultiplexing
section 928 $8patates a video stream and an audio stream from the input stream, and 50 outputs the

video stream 10 the impoe.iesspana Rnelian Sadiphcbieaudinstsam e autli cogge 923. The

image processing section 927 decodes the video stream, and generates Vi he video data is
supplied to th&gbdptastiergion 8Borand o seviespdd, ity soisadioptaljent byahebdisplayildestion 930.

The audio cq a / vert [0 Strea nd generates an apalogue audio
signal. Then,%ﬁ%%%g?gdgéﬁ%% ngu%pﬁl{e%%e% ggégfa%ﬁ g)ﬁ%ié%s%ﬁzllﬂfg’tﬁé éﬁe%%‘r"“é% and causes
the audié to beouiplist{ddgeinedive mehilesphdael 026k onfigugrediindislis mamnerttheptivape
processing 18iS§{e%[rilon 1'922?1 H%g %Jtﬂfg:gon glf(;[heeilma%%)?ngor in dﬂ%v'ﬁ(% 10 and the image decoding
device 60 accordingcfg the embodiment desenbed above. Recor ingly, also in the case of the image

decoding andi(éfiédding in the mobile phone 920, it is possible to suppress in an increase in the code
amount due to an inclgle e in the.number of ua&tization atrices.. 15[0177 [%-3 Third Example
Application]  Fig. 17 e e K A TS R S iniBte B Rches i 2o AfuFSRion of a
recording/repiodigion fievité:aglgptingtthénerabddinent desprikadabnventddresasdingi eproduction

device 940 encodes, and records inar ding mediym, 20 audio data and video data of a received
broadciét pr%r%ﬁ%?é%gﬁﬁﬂg.%g?§%%rdﬁqgﬁé ﬁcti%%‘%@@@ SIFRIP ARS8 8dE, and record

in the recordingsnediiminmaydid dataanchvaen datiaesvbad i orsanaihendeyviss, dscasample.
Furthermore, the recording/reproduction device 940 reproduces, using a monitor or agszpéeaker, data

recorded in tREATRSP ARG TFREInRe SLUaRR My thugh gh e rsror Brer erigduction section
[0175]

Furthermore, in the videophone mode, the demuitiplexing section 928

20  multiplexes a video stream- encoded by the image processing section 927 and an
audio stream input from the andio codec 923, and outputs the multiplexed stream to

the communication section 922, for example. The communication section 922
encodes and modulates the stream, and generates a transmission signal. Then, the
communication section 922 transmits the generated transmission signal to a base

25  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 stream, and

30 outputs the restored stream to the demultiplexing section 928. The demultiplexing

section 928 separates a video stream and an audio stream from the input stream, and



25 for example. At this time, the recording/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 Dislsforive) 944, a disc drive 945, a 30selector 946, a
decoder 947, an OSD (On-Screen Display) 948, a control section 949, and a user interface 950. 51
[0179] The tuner 941 extracts a signal of a desired channel from broadcast signals received via an
antenna (not shown), and demodulates the extracted signal. Then, the tuner 941 outputs an encoded

bit stream obiainac MededaedtHaion ithiem sRIEGERIRHME. JRAbIS s e HiNGE 34diSaIEs AR transmission

means of the recording/reproduction device 940. [0180] The external interface 942 is an interface

for connectingt AR Srdifghrehrodiie dBI HedTesassib srr honcdd iedodspihncedse stieamork. For 10
example, thegutegrsldnieriacs Q42 manharn R34 inierane Apelvakiniertacg,an USB

interface, a flash memory interface, or the like. For example, video data and audio data received by
the external itEFFsEe"0aBags ifplisnlricd Sncbgctionlsy shativg, §30 extdmalidiedadeciB serves as

ransmission speans g AecardinONRPIRdCiOnACYIEE 9l Otluoquln il £a5g e video data

and the audio data input from the external interface 942 afe not enco e encoderd43 encodes

the video datalsadthseredigieodas2Prianplise Ssceraervadandiovigthkte foosteaitit $idamito the
selector 946..JQ182420The, HBR gudtéur@cords in.an internal hard disk an encoded bit stream, which

[0176]
In the mobile phone 920 configured in this manner, the image processing
10 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 920, it is possible to
suppress in an increase in the code amount due to an increase in the number of
quantization matrices..
15 [0177]
[6-3. Third Example Application]
Fig. 17 1s 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,
20 audio data and video data of a received broadcast program, for example. The
recording/reproduction device 940 may also encode, and record in the recording
medium, audio 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,
25  for example. At this time, the recording/reproduction device 940 decodes the audio
data and the video data.
[0178]
The recording/reproduction device 940 includes a tuner 941, an exiemal
interface 942, an encoder 943, an HDD (Hard Disk Drive) 944, a disc drive 945, a
30  selector 946, a decoder 947, an OSD (On-Screen Display) 948, a control section 949,

and a user interface 950,



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] 25The disc drive 945 records or reads datasin a recording medium that is mounted. A recording
medium that is mounted on the disc drive 945 may be a DVD disc (a DVD-Video, a 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] 30The selector 946 selects, at the time of recording a video or audio, an
encoded bit stream input from the tuner 941 or the encoder 943, and outputs the 52 selected encoded

bit stream to the HDD 944 or the disc drive 945. Also, the selector 946 outgm;[s at the time of
reproducing a video SP&GHISE & eﬁ%%ﬁ%&ﬁﬁﬂﬁﬁﬁfbﬁh%ﬁédﬁ ¥iease dealirive 945 to

the decoder 84:4i[Q185] 2T Qgt@tﬁ@og@a %ﬂgﬂscma@aﬁ@ﬁm&eﬂ@%ﬁ%@é@,s?gmerﬁ{aﬁes video data
and audio data. Then, the decoder 947 o do%uts the generated video data to the OSD 948. Also, the

decoder 904 BE O Heé genuramaracRisdhiis s ekianed pdamebIgs]iT e O3 Ions
reproduges thgevideofdaa inputfrom the-degadergdZs and 10, displays,a viden, Alsg thg OSD 948

may superimpose an image of a GUI, such as a menu, a button, a cursor or the like, for example ona
displayed wd’@@m[@IIS/TfpdefF‘ﬁ@@&W@ﬁ%’&mn 949 includes a processor such as a CPU, and a
memory such@ag@n RAM or an ROM. The memory stores a program to be executed by the 15 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 theereesteing/reptodertiotlevice 90, fotekamplénThedRtiognttbls the

o el ARUERRIOA ORISR0 R cRUEND IBANRRERIEM SRk Moo the user
rex

interface 950, fo by executing the program
10 exampie 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 audio 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,

156 [0181]

In the case the video 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]

20 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]

25 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 (a DVD-Video, a 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]

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

encoded bit stream input from the tuner 941 or the encoder 943, and outputs the



The user interface 950 is connected to the control section 949. The user interface 950 includes a
button and a-switch used by a user to operate the recording/reproduction device 940, and a receiving
section for a remote control signal, for example. T4e user interface 950 detects an operation of a user
via these 25structural elements, generates an operation signal, and outputs the generated operation
signal to the control section 949. [0189] In the recording/reproduction device 940 configured in this
manner, the encoder 943 has a function of the image encoding device 10 according to the 30

embodimentdrseribesk-abayaiAlsasdhnetdagedBDdA Shasoa faciee ative imngedesodiag device 60
according to the embodiment described above. Accordingly, 53 also in the case of the image

decoding anéF&IBAIAG PHRETe 8bM GMsPEFERIRSIEIBG G 9880 iPTs3HaLSIBR F89F5ArBYs in an

increase in theLR0RAMNBUR MeeioRniaGeasalin-tharubes af Juaiieatian matrices.. [0190] 5[6-4.
Fourth Example Application] Fig. 18 is a block diagram showing an example of a schematic

configuratio OS2 Image capturing device adopting the embodiment described above. An image

capturing device 960rfaRINER-AD4MNALS ORI BIRSl EPR AR AN PGS LA IR NB:Image data,
and records the image data in a recording medium. 10[0191] The image capturing device 960

includes an &pticarisisiateos hen.itha gecedpriii g stritio thoaznaraighaigno datsinghsdfibh 963, an

image procegsing $§¢l90284 8 ISPIANBRAIR YR AR QN AR A0R, 2 (Pamary 967, a
media drive 968, an OSD 969, a control section 970, a user interface 971, and a bus 972. 15[0192]

The optical HE¥D61 is connected to the image capturing section 962. The image capturing section

962 is connected to Iﬁ)% i Iﬂﬁgg&%@&gg ig@iggg.d'g&ei ﬁﬁl@&p@ﬁwgﬁ&%ﬁg §49ﬂr_‘§1(§ed to the

image processing section 964. er interface 971 is connected to the control section 970. The bus
972 intéfcondeplgsthe video.  Also, the OSD 948 may superimpose an image of a GUI, such as

a menu, 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. The memory stores a program to be executed by the
15 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/reproduction
device 940 according to an operation signal input from the user interface 950, for
example, by executing the program.
20 [0188]

The user interface 950 is connected to the control section 949. The user
interface 950 includes a button and a switch used by a user to operate the
recording/reproduction device 940, and a receiving section for a remote control
signal, for example. The user interface 950 detects an operation of a user via these

25  structural elements, generates an operation signal, and outputs the generated
operation signal to the control section 949.
[0189]

In the recording/reproduction device 940 configured in this manner, the

encoder 943 has a function of the image encoding device 10 according to the
30 embodiment described above. Also, the decoder 947 has a function of the image

decoding device 60 according to the embodiment described above. Accordingly,



20 image processing section 964, the external interface 966, the memory 967, the media drive 968,
the OSD 969, and the control section 970. [0193] The optical block 961 includes a focus lens, an
aperture stop mechanism, and the like. The optical®block 961 foims an optical image of a subject on an
image 25 capturing surface of the image capturing section 962. The image capturing section 962
includes 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 into an image signal which is an
electrical signb Thénr, theinfage aapperihgctiaiomd G audipigtsithke mageiBighaptodineisignal
processing sectjon §3..30é0194. 4 such as knee cqrrection, ggmma correction, color correction and

5
the like, on tHE IHage silriaIRABIR I iih THRPRRSE CRORRY SRS §8%F ‘?’Wé)%rl'@ﬁlgf:p%@gssing section

963 outputs {herdmrage Hatauaiter Hie camesdsignakrecess to the image processing section 964.
5[0195] The image processing section 964 encodes the image data input from the signal
processing S 963, and generates encoded data. Then, the image processing section 964 outputs

the genqategge@%cjgﬁ Hatantndheextenaal interface 966 or the media drive 968. Also, the image
processing section 964 decodes 10 encoded data input from the external interface 966 or the media

drive 968, and generied fringdlaskLigEam thetined srotadsing serrts £ 0BG generated
image data tgthe idisplayseEHNRER A EHE IRAGEHIRERTTINL SOG4, May: Guipy the image

data input from the signal processing section 963 to the display section 965, and cause the image to

be displayedcapiHHE HOTES RO iFARIECE B0 FaREs ey SSRIStNLOBY i AR iipeHf see¥lentbctior display

acquired from, e @D 2690028 R3GRI8 BaLHRYLIR e Hisplay,section 965. [0196] The OSD
969 generates an image of a GUI, such as a menu, a button, a cursor or the like, for example, and

outputsithe dehttated image to the image 20processing section 964. [0197]  The external interface
966 is configured asﬁ?e%ﬁ%g@@éﬁ(&ﬂ%’h&%@%ﬂfﬂ{cm%n he.pgrmabitetacs 3[6 connects

the image capturing device 960 and a printer at the time of printing an image, for example. Also, a
drive is 25 conneciag toctim Sdraai imedrfaoecossmecntoe Hananinggo vablesareglitpsfiosuch as a

magnetic disk, an, opii % or the:like, anle.ql nte dlé? ve, .2 program read
fom the remes il T s A e L A e, e
external inteatea8685M phe configlirectias § etk interface6! bendonmecd&d@.to a network such as
a LAN,fEe Irtlaalrgf]t or the 30like. That is, the external interface 966 serves as transmission means of
the image

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
20  image processing section 964, the external interface 966, the memory 967, the media
drive 968, the OSD 969, and the control section 970.
[0193}
The optical block 961 includes a focus lens, an aperture stop mechanism,
and the like. The optical block 961 forms an optical image of a subject on an image _
25  capturing surface of the image capturing section 962. The image capturing section
962 includes 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
into an image signal which is an electrical signal. Then, the image capturing
section 962 outputs the image signal to the signal processing section 963,
30 [0154]

The signal processing section 963 performs various camera signal processes,



capturing device 960. 55 [0198] 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 5 example. Also, 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 SSD (Solid State Drive), for example. [0199] The control section 970
includes a processor such as a CPU, and a memory 10 such as an RAM or an ROM. The memory

stores a progeash t6s heexestitetdy haGRlprogianm data, antkiipikaAREgIRMSred in the

memory is read and executed by the CPU at the time of activation of the image capturing device 960,

for example. FHEE BEPEbMPls THE dHEr BBRoF PNTREGESERPIARg dEVfCE TBD ARLIIAg to an
operation siggginpUisTomHiesuser inlgriagsd thelonexampie, Dy lnexeculingthe.pragram. [0200]

The user interface 971 is connected to the control section 970. The user interface 971 includes a
button, a swillReEtAETKE2eY by a user to operate the image capturing device 960, for example.
The useginterfage1971 detects an 20operation of a user via these structural elements, generates an
operation signal, and outputs the generated operation signal to the control section 970. [0201] In
the image capturing dé§idBIBONERFf§ITR G AR Yodusnerdeseimayegsrdetssipytséetioth964 has a

functon of the imags osasipa deyiredd anddneumage Zndiacedingdose. 00 aecaidno to the

embodiment described above. Accordingly, in thé case of the image
image capturiMeceeiieesosrti84ostinie thosgppretslinmandatdusadintthecodeaimeuitdue to an

increase in the Ayphe %&&ié‘%‘%g‘atﬂﬁ?& %%ZQI%Lge processing section 964 decodes

10 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

15  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 GUI, such as a menu, a button, a
cursor or the like, for example, and outputs the generated image to the image

20 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 printing an image, for example. Also, a drive is

25 connected fo the external interface 966 as necessary. A removable medium, 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

30  like. That is, the external interface 966 serves as transmission means of the image

capturing device 960.



30<7. Summing-up> There have been described the image encoding device 10 and the image 56
decoding device 60 according to an embodiment with reference to Figs. 1 through 18. The
embodiment uses the prediction technique to genéfate a second quantization matrix corresponding to
a transform unit representing a second size from a first quantization matrix corresponding to a
transform unit representing a first size if 5 multiple quantization matrices correspond to multiple
transform units representing different sizes. This can eliminate the need to encode the whole of the
second quantiZagon matrix. An increase in the code amount can be effectively suppressed even if the
number of quantizatli%n matrjces increases. [0203] 10The embodimen{iﬁ%enerates the second

quantization matrix USiTEFERE ST SETHRB R APSHBLSE ity the MEFGuERKS atfsh AR the

difference infggnaipnéadiferenss mattiviofermation repesenting ifferencs hetwaen a predicted
matrix and the second quantization matrix. Therefore, it is possible to acquire the second quantization

matrix approPHEfE Ry tREGh 4HE R0ty i disSinfp RFBCEREBERTg BRYCIB agiffFe ke Hetween the
second guantizatignr. mairks andadpiadictedimatiba 0204k edly Asaprdinghtonbe.embadineent, a first

flag may indicate the absence of a difference between a predicted matrix and the second quantization

matrix and m¥PoePREgHIRE TR tHe BBl Bags PRt s eI aha Pictole uradsiriget. In such a

20 case, a prgdigtegrmauiriadicied dom- hesgrond quantization matrix is assumed to be the
second quantization matrix. In this case, the code amount can be further reduced because even

difference inféH#%tion is not encoded for the second guantization matrix. [0205] 25The first

cuanization matrix may, baye e ipmn heRYoRLPaRy Mheeppveressiegconfiguration

need not encode all the quantization matrices other than the quantization matrix having the minimum

size. TH@refcﬁ'ec,lmtﬁ irciRAYE on indedde amsuRtERrhEITRsre Bfatindy begpreusedeviba if the
number of q%?%‘x‘&’&%a%?&sa@& rﬁ%sﬁﬁe.?’olg%ggéram stored in the memory is read and

executed by the CPU at the time of activation of the image capturing device 960, for

example. The CPU controls the operation of the image capturing device 960

according to an operation signal input from the user interface 971, for example, by
16  executing the program.

[0200]

The user interface 971 is connected to the control section 970. The user
interface 971 includes a button, a switch and the like used by a user to operate the
image capturing device 960, for example. The user interface 971 detects an

20  operation of a user via these structural elements, generates an operation signal, and
outputs the generated operation signal to the control section 970.
[0201}]
In the image capturing device 960 configured in this manner, the image
processing section 964 has a function of the image encoding device IOJand the image
25  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
possible to suppress in an increase in the code amount due to an increase in the
number of quantization matrices.
[0202]
30 <7, Summing-up>

There have been described the image encoding device 10 and the image



57 quantization matrix is multiplexed 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
transmitting such information is not limited to the tgghnique described above. For example, the
information may not be multiplexed into an encoded bit stream but may be transmitted 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 in the bit

stream with inéesdiatidrEeErespeAdngethe smbagiramelys ibr1biee HHoR nay:bedkagsmitted over
a transmission path different from that used 10 for jmages (or bit streams). The information may be

recorded on A Te¢HBRKRABHIRE (BieaPHrisiion (SChrimNG 10 SCBFF iR 3ARTETE HIAHGEHHIum)

different frompthatusedpoimages (arhihsisaamss: Tesrinformationanddhg 81896, (r Bitstream) may
be associated with each other based on any units such as multiple frames, one frame, or part of a

frame. 15[020Rtizatiqn dnsisfe FRUEPIBEHIENE BRINE PR SBIt FevesesintaveBeeRieRatribed above
with refegence iaithe &Q@W%th@wii&%sm@ttg‘%zﬁfﬁﬁﬁinﬁfﬁ\ﬁm@ﬁt@?%ﬁm%@ﬁg the above
m

examples, of course. A person skilled in the art may find various alternations and modifications within
the scope of dHacapY et cibithSaindipoRadp dhfd Teditacratoda thatwhejewl tusedirdome under

the technical scape.ahing pEssenhinyeaton iReferense igns dsh @@Qﬁe%éégm% JRLgessing device

(image encoding device) 16Encoding section 110Selection section 1200rthogonal transformation

section 130QyghiizBorEhelof GoB0RMYEPrEt®@sSIng Wedice (image decoding device) 210Matrix
generation S?ﬁ’ﬁ'{?ﬂ 58

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

15  adifference between the second quantization matrix and a predicted matrix.

[0204]

According to the embodiment, a first flag may indicate the absence of a
difference between a predicted matrix and the second quantization matrix and may
be acquired from the sequence parameter set or the picture parameter set. In such a

20 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 information is not encoded for the second
quantization matrix.

[0205]

25 The first quantization matrix may have the minimum of transform unit sizes.
The above-described configuration need not encode all the quantization 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
quantization matrices increases.

30 [0206]

In this specification, it has been described how information for generating a



230Selection section 240Inverse quantization section 250Inverse orthogonal transformation section
59 CLAIMS: 1. An image processing device comprising: circuitry configured to: - generate, from
an 8x8 quantization matrix, a 32x32 quantization mratrix corresponding to a 32x32 transform unit; and
inversely quantize quantized transform coefficient data for image data using the 32x32 quantization
matrix generated by the generation section when the 32x32 transform unit is used for inverse
orthogonal transformation. 2. The image processing device according to claim 1, wherein the

circuitry is cofifiguteede generates theuRZndequantizatioasnabixhy shteliratingaiamants;ef the 8x8
guantization matrix. 3. The image processing device according to claim 2, wherein the circuitry is

configured td"gBHBIGE fims Besongtdingsidiefonbirfesy iprdtind e a giiscimignentand a

second elemepias@RElamanthaiwean theisislementanthibaseernd slRmahiadigesat to each
other in the 8x8 quantization matrix. 4. The image processing device according to claim 3, wherein

the circuitry (SEBRAYE I TEbed g8 en dodctr aaRl o fthie M iRt ey getidrata whertirsdtized
transforg cogfficigntdataed bitdsidimiIMAIR PIOFESSINgIeMELACEOsAIRG 1R Caim e hgrein the

circuitry is configured to: decode the encoded data per a coding unit, and  inversely quantize the
quantized tre#ispsitedotticibht@sedpbPbd tiaersfornmi baitTorm esspyireeusialifisplrumygitte coding unit

into smaller eadingitse 1inkif, THE; M A OLESIPAAGHIGEAGH A0 Q21N 3 ¥Bersin the
circuitry is configured to reproduce the video data.
contained in the bit stream with information corresponding to the image. Namely,
the information may be transmitted over a transmission path different from that used
10 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 images (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.
15 [0207]

The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention is
not limited to the above examples, of course. A person skilled in the art may find
vartous alternations and modifications within the scope of the appended claims, and

20 it should be understood that they will naturally come under the technical scope of the

present invention.

Reference Signs List
[0208] |
25 10 Image processing device {image encoding device)
16 Encoding section
110 Selection section
120 Orthogonal transformation section
130 Quantization section
30 60 Image processing device (image decoding device)

210 Matrix generation section .



60 7. The image processing device according to claim 6, wherein the circuitry is configured to
separate a video stream and audio stream of an input stream. 8. The image processing device
according to claim 7, wherein the circuitry is configéred to operate the image processing device. 9.
The image processing device according to claim 8, wherein the circuitry is configured to extract a
signal from broadcast signals and demodulate the signal. 10. An image processing method
comprising: generating, from an 8x8 quantization matrix, a 32x32 quantization matrix corresponding to
a 32x32 tran3fdrm uSiticaridn sectibmersely quantizing quantized transform coefficient data for image
data using thﬁ@ZxS uantization matrix generated from the 8x8 quantization matrix when the 32x32

1 (el S AR AU e

transform un use gonal transformation. 11. The image processing
method accarding tolslaime othohaisitrinefd2xaddbauasiation matrix is generated by duplicating
elements of the 8x8 quantization matrix. 12. The image processing method according to claim 11,

wherein the 32x32 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. ~ 13. The image processing method according to claim 12, further
comprising: decoding encoded data of the image data to generate the quantized transform coefficient
data. 14 . The image processing method according to claim 13, wherein the encoded data is decoded
per a coding unit, and the quantized transform coefficient data is inversely quantized per a
transform unit formed by recursively splitting the coding unit into smaller coding units.
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CLAIMS:

I. Animage processing device comprising:
circuitry configured to:

generate, from an 8x8 quantization matrix, a 32x32 quantization matrix
corresponding to a 32x32 transform unit; and

inversely quantize quantized transform coefficient data for image data using the
32x32 quantization matrix generated by the generation section when the 32x32 transform

unit is used for inverse orthogonal transformation.

2. The image processing device according to claim 1, wherein the circuitry is configured
to generate the 32x32 quantization matrix by duplicating elements of the 8x8 quantization

matrix.

3. The image processing device according to claim 2, wherein the circuitry is configured
to generate the 32x32 quantization matrix 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 guantization matrix.

4. The image processing device according to claim 3, wherein the circuitry is configured

to decode encoded data of the image data to generate the quantized transform coefficient data.

5. The image processing device according to claim 4, wherein the circuitry is configured
to:

decode the encoded data per a coding unit, and

mversely quantize the quantized transform coefficient data per a transform unit formed

by recursively splitting the coding unit into smaller coding units.

6. The mage processing device according to claim 5, wherein the circuitry is configured

to reproduce the video data.
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7. The image processing device according to claim 6, wherein the circuitry is

configured to separate a video stream and audio stream of an input stream.

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

to operate the image processing device.

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

to extract a signal from broadcast signals and demodulate the signal.

10. An image processing method comprising:

generating, from an 8x8 guantization matrix, a 32x32 quantization matrix
corresponding to a 32x32 transform unit; and

inversely quantizing quantized transform coefficient data for image data using the 32x32
quantization matrix generated from the 8x8 quantization matrix when the 32x32 transform unit is

used to perform inverse orthogonal transformation.

11. The image processing method according to claim 10, wherein the 32x32 quantization

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

12. The image processing method according to claim 11, wherein the 32x32 quantization
matrix is generated by duplicating one of a first clement and a second element as an element
between the first element and the second element adjacent to each other in the 8x8 quantization

malrix.

13. The image processing method according to claim 12, further comprising;
decoding encoded data of the image data to generate the quantized transform coefficient

data.

14 . The image processing method according to claim 13, wherein the encoded data is
decoded per a coding unit, and
the quantized transform coefficient data is inversely quantized per a transform unit

formed by 1'e¢u1‘siveiy splitting the coding unit into smaller coding units.



