1 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 transfoim coefficient
components to 15 quantize image data in a profile equal to High Profile or higher. A quantization step
for each orthogonal transfoini coefficient component can be configured based on a quantization matrix
(also referred to as a scaling list) and a referemegsignoralue. 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 quantizatiomspapppit tagdransform unit size is 4x4 in intra prediction
mode. Matrix SLOZ2 is a default for the %Jantization matrix if the transform unit 25 size is 4x4 in inter

prediction mode. IEBESIRSS-ESS BEENIGRGU2 AN G R A HREGYHETSIRRINit size is 8x8 in

intra pregliction mode. Matrix 5L04 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 differedtfiorsahEidigfault values shown in Fig. 19. If 30the
guantization w@éqi? 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
[0002]
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 intra prediction
mode. Matrix SLO2 is a default for the quantization matrix if the transform wunit
25 size is 4x4 in inter prediction mode. Matrix SL03 is a default for the guantization
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

guantization 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 5macro blocky(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
unit can be djged into one or more orthogonal transformation units, namely one or more transfoint

units (TUs). The transform unit size can be set to any of 4x4, 8x8, 16x16, and 32x32. Accordingly, a
quantization matrix careh& Siagifed’ &i%bfﬂ?ﬂﬁlgo@%ﬁcéfl?ﬁe%@‘ﬁ%ﬁ%ﬁﬁ%’%Hl%@%@‘&“é’ﬁﬂl&ates.

15[0006]  schbRRUAY Gualiaus: fey HesianatinganlyoreauaatzaianMabixder ongtrepsform unit

size within one picture as specified in the released reference software

(http://iphomERHPAETSS dhfiSgRATIINRle kRS rerb el 1ovach jenmrenonds (V. By eaHa®Rlt, Non-Patent
Literaturg 2 shown BRIgw REePQsaspindesignaie.pultina 20, quantizetipn atix candidatgs for one

transform unit size within one picture and adaptively select a quantization matrix for each block from
the viewpoinSRFGARS-disrestioh cRBYSptithiatiorsiGitatishaligppsNehtPateriv estafitr 60007

NonPatent igratus b JGTNEC208 oot Mot onideratont i, Eglgoprgtive Team on

Video Coding (JCT-VC) of 1TU-T S016 WP3 and IS 7I CJT 29/WG11 2nd’Meetirig: Geneva,
CH, 21-28 Julye20a0a30rcRcRatbng Lhirsinge 2hiv CRGmgdepetkitdptive QiandiZ4Eon Matrix
Selection ow&fsgoftware", ITU - Telecommunications Standardization Sector 3 STUDY GROUP 16
Question 6 Video Coding Experts Group (VCEG) 30th Meeting: Hangzhou, China, 23 - 24 October,
2006 Siénmary of Invextivhng to HEVC, one coding unit can be divided mto 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 fransform 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/suchring/tml/index htin) referred to as a joint model (JM). 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
ISOAEC JTCI/SC29/WG11 2nd Meeting: Geneva, CH, 21-28 July, 2010
30 Non-Patent Literature 2: VCEG-ADOQ6, "Adaptive Quantization Matrix

Selection on KTA Software", ITU - Telecommunications Standardization Sector



S5Technical 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 10 degrade 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 coges YR GNPNG AR REVIHED Q@Jﬂgm{ag&é@ﬂedp%ﬁ@%)%%%mé&%zgem

[0010] According to an embodiment of the present disclosure, there is provided an 20 |
processing dBeEheelfdiirealdelddtidnteanisfAonfigured to select, from a plurality of transform units
with different sizes, a transform unit used for inverse orthogonal transformation of image data to be
decoded, a generation section configured to generate, from a first quantization matrix corresponding to
a transform unit for a first size, a second Juamizatignmmentivrcorresponding to a transform unit 25 for a
socond e A0 P araton sectn conlaed i sty uanze vl coefien
when the sel8#li$hj section selects the transform unit for the second size. [0011] 30The image
o9 device CHREIER EELAVRIEI-BRAR IAYEAP SR N0, RS AL Gredng A mage. ¢
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.
[0009]
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 gquantization
matrices.
Solution to Problem
[0010]
According to an embodiment of the present disclosure, there is provided an
20  image processing device including a selection section configured to select, from a
plurality of transform units with different sizes, a fransform unit used for inverse
orthogonal transformation of image data to be decoded, a generation section
configured to generate, from a first quantization matrix corresponding to a transform
unit for a first size, a second quantization matrix corresponding to a transform unit
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.



Further, the generation section may generate the second quantization matrix using matrix information
specifying the first quantization matrix and difference information representing a difference between a
predicted matrix having the second 5size predictedyfrom the first quantization matrix and the second
guantization matrix. [0013] Further, the generation section may acquire the matrix information and the
difference infoiniation 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 matrix when one of a
sequence pafggeter 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] 15Further, the first
size may represent A HithFALRE BaRCHSIRSSTOPITBAY BRsfteUhitsefood gjuantizgimhwatthe second

size may be [iger ARNa st alee. e asnedflomRecienmanseiciiate e PERGGd matix by
duplicating one of a first element and a 20 Second element as an element between't & first element
and the secomdoaikstientepijrcatingoedicisrotivertinttrredi s prpdictidatiotimhavkgode Becond Further, the

second e By ReleaE e g e SIS eR B e e predeed

to each othef® 1Bk first quantization matrix. [0018] Further, the second size may be double of the first

size on one side. 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  between 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.
100197
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



[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 figst 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 generation section may generate the second quantization matrix from
the first quantization matrix when one of a sequence parameter set and a picture parameter set
provides a segend flagdqspecify use of a user-defined matrix as the 10second quantization matrix.
[0022] Further, according to another embodiment of the present disclosure, there is provided an
image proces$8f¥§method including selecting, from a plurality of transform units with different sizes, a

ansform unit used fqg aygreg.utinonal o repsiomatianatimage.data iphe deggred. generating,

from a first quantization matrix corresponding to a transform unit for a first size, a second quantization
matrix corresgshdingoity actlanifortheapitefortgd avamk shae aaem dme s gliucpldmticing ¢naggform

coefficiegt dq}g- igér}p% iégaggtggt?%érﬂgpgu %%ng%l{%gri;)(ation matrix generated from the first

guantization matrix when a transform unit for the second sizé 20is selected. [0023] Further,
according to g@thier embodiment of the present disclosure, there is provided an image processing

device including a seigc '%rr\ cti%?eca nfi yg&gj }10 Hslglecé ferr%pw a glsur%ljiatx og; E{Irl 1Z§angm unit§ with
different sizes, a transform unit GS8d  25F6r or ogoﬁﬁ %}ans?orma Ion ofimage da?ar?(%tge encoded, a

quantization Seetidredosfigured:daumatize Whastareoaatinientdaisgens rateshhy aithagonally
transf_orm_ing the irg? e atiz_ag ed on aI;[r ng{m unit electe? b){ﬁth%%%le%on sectio_n by usi_ng a
quantization RISt (%rrgsﬁé)ngﬁlsﬁ% tothe gzﬁeé’tea ﬁ%‘?%%r?ﬁeuﬁ 2 ahg AT en H?ﬁ%e%qtlgﬁ: configured
to encoue infesgoadenden-geneanatintka second

[0022]

Further, according to another embodiment of the present disclosure, there is
provided an image processing method including selecting, from a phurality 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 wunit 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  is 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 fransform coefficient data generated by orthogonally
transforming the image data based on a transform umit 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.



30quantization matrix corresponding to a transform unit for a second size from a first quantization
matrix corresponding to a transform unit for a first size. 6 [0024] The image processing device
can be realized typically as an image encoding deyjce for encoding an image. [0025] SFurther,
according to another embodiment of the present disclosure, there is provided an image processing
method including selecting, from a plurality of transform units with different sizes, a transform unit used
for orthogonal transformation of image data to be encoded, quantizing transform coefficient data
generated byl‘t@@q?gonally transforming the image data based on a selected transform 10 unit, by
using a quantization matrix corresponding to the selected transform unit, and encoding infolmation for
generating a second HfaiRipefipiotng devieeyondintredized arstoly amnfonagsarendinize from a
first quantizagggéy%pén%ggﬁmgget_o a transfolui unit for a first size. 15Advantageous Effects of
Invention [0026] As described above, the image processing device and the image processing
method accoréfigglto the present disclosure can suppress in an increase in the code amount due to an

increaseyn the numbaygkauanizalionalices. AABHeLRespon of Drawings 9g27] [Fio. ] Fig. |
is a block diagram illustrating a hardware configuration ot an image encoding device according to an
embodimentpBfidiegd 2hFigm2ds apblowiksidingnathdtiustrititigs siétailed, chnfiguratiomisfyaniorthogonal
_transfor_mathpagg}g uan{t}gsatl‘%?thse%ﬁgr a cosrigler%g to @aggggxglrggqt. ,L';é% %Fl%q% Isa bjock c_ilagram
illustrating a more detailed configuration of a matrix processing section accordin H\Umbodiment
transformation of mmage data to be encoded, quantizing transform coefficient data
generated by orthogonally transforming the image data based on a selected transform
10 unit, by using a quantization matrix corresponding to the selected transform unit, and
encoding information for generating a second quantization matrix corresponding to a
transform unit for a second size from a first quantization matrix corresponding to a

transform unit for a first size.

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 is a block diagram illustrating a detailed configuration of an
orthogonal fransformation 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



[Fig. 4] Fig. 4 is an explanatory diagram illustrating information inserted into a 30sequence parameter .
set according to an embodiment. [Fig. 5] Fig. 5 is an explanatory diagram illustrating infoitnation
inserted into a 7 picture parameter set according tp an embodiment [Fig. 6A] Fig. GA is the first half of
a flowchart illustrating a first example of encoding process flow according to an embodiment.  [Fig.
6B] Fig. 68 is the latter half of a flowchart illustrating the first example of 5 encoding process flow
according to an embodiment [Fig. 7A] Fig. 7A is the first half of a flowchart illustrating a second

example of eg)]gaﬁl Racess flow.acagrding ta an embodiment. [Fig. 78] Fig. 7B is the latter half of a

flowchart illustrating the second examplé of encoding process flow according to an embodiment.

10[Fig. 8] FidF&eiste\blbtk didgrauthdldsatatinld aifcenfigmehtion bfamanmgge degodmpplevice according
to an embod%rg%gﬁr{%i?%gésgigmg gscﬁopd%c&ktgiggé%mgl ﬂﬁgﬁing a detailed configuration of an inverse
[

guantization an se orthogonal transtormation section according to an embodiment 15[Fig. 10]
Fig. 10 is a hlbgk dRgiag #Ha styatindadten dudfdefizil 8deomdig uthtiontofeatheafiixt gemerpltonfsection
according to an (%{glboqiorggsrgtﬂ E}E/ga.c%(ljrﬁa]hfi% 1%@1&5% H]iiés% half of a flowchart illustrating a first
example of d2co mé%rocess ow accorcﬁng ¥ &R embodiment. [Fig. 11B] Fig. 11B is the latter half
of a flowcharihilgstralifgetheAiist thxaingld0f 20 debosihgrpridiessatiloywacaording imale erhbodiment

[Fig. 12A] Fi% 12A is the first,half of a%l.ow hart illtastgatin a second example of decoding process flow
according to & dimett E}ﬁ.a‘l'% lﬁ%.olm RETAHEr half of a flowchart illustrating the second

example of deggdim) pigceBsiflave dacardingddafienbadimestating the second example of

encoding process flow according to an embodiment.

10 [Fig. 8] Fig. 8 is a block diagram illustrating a configuration of an image decoding
device according to an embodiment.
iFig. 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 to an embodiment.
[Fig. 11A] Fig. 11A is the first half of a flowchart illustrating a first example of
decoding process flow according to an embodiment.
[Fig. 11B] Fig. 11B 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.

26  [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 1s the latter half of a flowchart illustrating the example of
encoding process flow according to one modification.
[Fig. 14A] Fig. 14A is the first half of a flowchart 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



25[Fig. 13A] Fig. 13A is the first half of a flowchart illustrating an example of encoding process flow
according to one modification. [Fig. 138] Fig. 13B is the latter half of a flowchart illustrating the
example of encoding process flow according to ong modification.  [Fig. 14A] Fig. 14A is the first half
of a flowchart illustrating an example of 30 decoding process flow according to one modification. [Fig.
148] Fig. 148 is the first half of a flowchart illustrating the example of 8 decoding process flow
according to one modification. [Fig. 15] Fig. 15 is a block diagram illustrating a schematic configuration

ofa televisioae%ggglr Qf;@gmjp@li@(grd}&i%%ﬁ)é%g{g'{?&%'illustrating a schematic configuration of a

g
mobile phone. [Fig. 17] Fig. 17 is a block diagram illustrating a schematic configuration of a
recording/redttduddritevide 1§ Righlbgk Flpet8risitusiontrd g reoreitiatitratimd susatiemafia configuration
of an image ?gl@w&'&g (rj@éir%%s;O[Fig. 19] Fig. 19 is an explanatory diagram illustrating quantization
e

matrix default values p? Ined in H.264/AVC. Description of Embodiment [0028] 15Hereinafter,

preferred emioginfgriisgot the présdndimyremtidlnstititing destrbeddradigilratidnrefarentd o the
appendeBd drai/\{/DiQ s. Note that, in this specification and the drawings, elements that have substantially
the samé funletion and structure are denoted with the same reference signs, and repeated explanation
is omitted. 2QF0929F] 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 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
guantization 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



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 251-1. Overall
configuration example 1-2. Configuration exagple of the orthogonal transfoimation and
guantization section 1-3. Detailed configuration example of the matrix processing section 1-4.
Examples of information to be encoded 302. Encoding process flow according to an embodiment 3.
Configuration examples of the image decoding device according to an 9 embodiment 3-1. Overall
configurationgxample ;.  3-2. Configuration example of the inverse quantization and inverse
orthogonal transformation section 53-3. Detailed configuration example of the matrix generation
section 4. Decoding érbc@ﬁgrﬂﬁwoaﬁ@mthglwamémbodiment 5. Modifications 6. Example

Applications 7. Summ égr%%% exa.m%ﬂe %@flgﬁgatlgne%éara éggz%lzlt@ne 'Qﬁﬁg?n%&%‘)d'”g device
according to an embo ment>

orthogonal transformation section
5 3-3. Detailed configuration example of the matrix generation section

4. Decoding process flow according to an embodiment

5. Modifications

6. Example Applications

7. Summing-up

10 [0030]

<I. 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 secﬁon 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

25  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



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 gligvice 10 according to an embodiment. Referring to
Fig. 1, the image encoding device 10 includes an AID (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 sgetion.41 3 inKersenrthagerabiansiqim sectiotne?. apadditionRedtionls. a
deblocking filter 24, a frame memory 25, a selector 26, an intra prediction section 30, a' motion

estimation saefieidiag, tanda 25306 SeER tRInfiekish 50 upoB2pecordingeta Ibe snvedisien section 11

converts an }gp@cg@s,s{g@@&i%m GeRRaPgHe fpinkati g%érﬁa'&%%ﬂ naligital flrmat,and outputs a
series of digital image data to the reordering buffer 12. 30[0033] 10 data input from the AID

conversion settitastion. AREprebidébindnine irrdidipactsttingtd trel AlGaRGroepivlRitures)

structurg accQrgling tg 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 5$e@3ibin 40. [0034] The image data input from the reordering buffer 12 and predicted

image data selected {% t.pngarpeog%geIec&{ogosectﬂ%ni_50 %scritgg% lat are, \A?#gg]lg%d to the subtraction
ic

section 13. The subtraction Section 13 calculates pree0 ictedterror data 0 |s€<%11 ditféence between

the image datainpitdanbihtcenderisgdotifferst@iandsthdprethiefctiienage datpliepus fiioen the mode
selection section 50, and out the.calculated predicted error.d to the ,orthpgonal fransformation
et S Lo AR AT T i o PSR P AU R ST

and quantizastlon section'14. [0035] e or ogona(f ol &ition 14
performs orthdgcinal drdifikiennatieryandboantigatdaty drppreciaiici: ectpdeaig sufiptied 4k@m the

subtraction section 13 and outputs quantized transform cqefficient data (hereinafter referred to as
quantized datE’f) %@#gggllé%asgg @671%?8%&8%%%% eaﬁeﬂﬁ?}é%é?ﬁﬁ’é’ﬂté@iﬁgs%‘@&ﬁ 3¢ A bit rate of

quantized dajal@uipsd fredidied error data to the orthogonal transformation and quantization
section 14,
[0035]

15 The orthogonal transformation and quantization section 14 performs
orthogonal transformation and quantization on prediction error data supplied from
the subtraction section 13 and outputs quantized transform coefficient data
(hereinafter referred to as quantized data) to a lossless 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.

[0036]
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,



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. [0036] The lossless encoding section 16 is supplied
with quantized data input from 25 the orthogonal transfounation and quantization section 14,
infoimation 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,caniain.prediction mode infoimation indicating appropriate intra prediction mode for
each block. The infoimation about 30inter prediction may contain prediction mode information for
prediction of @#adtion vector for each block, a difference motion vector, and reference image

information, L1 for example: 008 l.ain, ThEFSFISS ss0ding sEcton. 46 perfomms lossless encoding

on quantized data to generate an encoded stream. The lossless encoding séc%rﬁaé]rlnay provide 5
variable-lengihte tzgdisgrtsr avithnedtid sincodinglas losslesscencdidingecthe [bSsiagspenadding section

16 multi Iexgg iE rmation for generatin antization matrix (to be de cribedldjat r in a header (e.q.,
aseq ue%ce parzatf[rﬁgrp]é%1 é%egt arhc(?gmﬁc% r%gtgp;a\nt%%rﬁe%{r;oségﬁgo?sar? Se%%% B Os(flr%%m. (5 rTﬁ%slg]?%re, the
lossless encedingisectiotioh6l Multitisbesssinddomation dopk:thetinia gresiciaivamiaeintes prediction in

the 10encod%d étregif e}p é}l};r. E%%Aa%setess encoding section 16 outpufs a. enerat_ed encoded stream
I e = headgrlS B REUENC BTG A g 2 7Pt BE RSBt coded

to the storageebuef?%
stream inputsegmothedossiesdeéneteting sefivhdmhusingie stomiesmesdivam suskasa 16
semiconductor ﬂ]e{norygT en, the accumulation buffer 17 outputﬁ%th,e accumulated encoded stream at

a rate accordiy 1 The’ BRHABRACRaHEHIsEIS NS FEPLRTERpR e o MEHTAYE Bnting device
10). [0039] The:sase canrtel seatian 18KeonisksdhentiadmpaceRhing aseymlatiQRnerated

encoded stream to the storage buffer 17.
[0038]
The accumulation buffer 17 temporarily stores the encoded stream input
from the lossless encoding section 16 using 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 free 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 1§ generates a rate control signal for lowering the bit rate of the
25  quantized data. Also, for example, when the frec 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 mput from the orthogonal transformation and

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



20 buffer 17. Then, the rate control section 18 generates a rate control signal according to the free
space on the accumulation buffer 17, and outputs the generated rate control signal to the orthogonal
transfotmation 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 4R {0040 i cient datal NEIANAES AARNZAUCNSREIAMLE DR MBS AN EIse

guantization 30process on the quantized data’input from the orthogonal transfoimation and
quantization eektgenadtrrngarthecaigarsd. quantization section 21 outputs 12 transform coefficient
data acquiregpythe inverse quantization process to the inverse orthogonal transfotin section 22.
[0041] The inversé orthogonal transform section 22 performs an inverse orthogonal 5 transform
process on the transfdrericcesficishe getal inprafommstied an\ad serforartizatiovesectiom2dntd thereby

restore the predicted error data, Then, the inverse rt@p onal {ransfor ction,22 outputs the

restoredgpregflglt}esz lé?rop%ac'[ggasto%e&é%dtﬁ%rg% g{ggtiocng % .C%B%Zfa%ﬂ%%dﬁq% g}é%tighvgrﬁeadds the

restored predictetzetion stataoimpUtdriverdhe ienters éherpnedjotzdl dramsiatan sEotonizZmanrasthe predicted

image data ig% t fro trgre rglpde sel F()tiiloa %%[é%‘ll 5Q.to thereb% gg?elzcr:?ﬁtg decod imaqﬁ data. Then,
atothe

the addition Sectign oﬁ?pu(fg‘%h%e%enera ed éE(S) é‘g i?ﬁsétalée §eBfol |ﬁgt?|ltere 24 and the

frame memosd@bod 5§0043P3. A deblocicing filter 24 perfoiins a filtering process to decrease block
distortion thgﬁ@gg:ﬁ]rs during image encoding. The deblocking filter 24 eliminates the block distortion by
filtering dec Image data input from the addition section 23, and then, after the filtering, outputs the

decoderhimage dataThdhadnasnesntmay 2d25hi0R4kled prédieiéthme Mamanydisiaras using a
storage medium, the decoded image data input from the addijtion section 23 and the decoded image

data after filtgﬂlﬁésﬁﬁﬁ%?% BT&bRﬁ?B%&? spd the predicted umage 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 mput 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 intra prediction, and supplies the decoded
image data which has been read to the intra prediction section 30 as reference image
data. Also, the selector 26 reads, from the frame memory 25, the decoded image

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.



25[0045] The selector 26 reads, from the frame memory 25, the decoded image data before
filtering that is to be used for the intra prediction, and supplies the decoded image data which has
been read to the intra prediction section 30 as refgrgnce image data. Also, the selector 26 reads, from
the frame memory 25, the decoded image 30data 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. 13 [0046] The intra prediction section 30 performs an intra prediction
process in 3%5‘4' tra 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 selector 26. For 5 example, the intra
prediction section 30Tvaikzragadictiredistion rEspiroiewscnimiz prediction procksugiregd

predetermin ost f ion, The int Icti o t i ‘?—ﬁi ion mode by
hich the so T S e LT B Hhe
compressiorreatizimtheutighéstaak thvedoptided | imtraepteictipnlivd da Barthieenorad¢thdimtra prediction
10 sectign 30 outputs, to the mode selection section 50, prediction.mode information indicating the
optimal i DAoL ioH T St ra e e L o A ection
such as the gosdiftictiamdalugnf)e4rtderanticrd stiviafimatéectiofid, phefdrirs arcthiteoprediction
process 15 (predicti rocess between frames) based on image dat é&)ﬁf ncoding supplied from a
reordering bgﬁ%t}ofzggn%gg%o Y %fég ﬁ{gnséﬁgfeegyv%%é%egé%t%ors TSP %x‘?x\%lés; & motion
estimation seaiifle40 tualisates e prediction residé dyeadtidhresicionpraden sing apraedetermined

cost function, Then, the motion estimation sectjon 40 selec optimal prediction mode, namely, a
erodiction B S0 RIZEL At SRR e ST Mo O BTELGE M ato. The
motion gstimadigiasgotiondgeneratampreditiabinaga dak) ageaidine tentiie optimadpsediction
mode. The motjon estimation section 40 outputs information about the inter prediction such as

information rEIAtERIRS tH I MEFPRE R RIREIERARG P RsGictivh PRsBEsArdmAss dtraragingtthe optimal

intra predictigiysRadgethdAankedisies inaoa.drta deddbereeatddratian value to a mode selection
section 50. [0048 The mode selection section 50 compares the cost function value related to the

intra predictib%oﬁ‘l ut from the intra prediction section 30 and the cost function value related to the inter
prediction input from themadion-asimriPnaeRiPd0,39Then deimade salestianmeetion SO selects
a prediction method with a smaller cost function value, from the intra prediction and the inter
predictibh. I #redigdias grocess between frames) based on image data for encoding supplied from
a reordering buffer 12 and decoded image data supplied via a selector 26. For
example, the motion estimation section 40 evaluates the prediction result of each
prediction mode using 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 predicied image data according to the optimal
prediction mode. The motion estimation section 40 outputs information about the
inter prediction such as information related to the inter prediction including
prediction mode information indicating the optimal infra 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



14 selecting the intra prediction, the mode selection section 50 outputs the infoliaation about intra
prediction to the lossless encoding section 16, and also, outputs the predicted image data to the
subtraction section 13 and the addition section 23y Also, in the case of selecting the inter prediction,
the mode selection section 50 outputs the 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. [0049] [1-2. Configuration example of the orthogonal

transfoimatiopane, 1 QRUARKZBHONSREINE modE Y&l A Mok dnroramJiiuaiating A dejgiled

configuration of the orthogonal transformation and quantization section 14 of the image encoding
device 10 illhwateatn Pgdictyrhiretbretrsslessrigeodine srthogoHal tathsformatnianthguantization

section 14 ingludes 2 selection s8¢i0a.b10- A EhegPnal L aADSiREmalon. S65tan 120:2

quantization section 130,"a quantization matrix buffer 140, and a matrix processing section 15. [0050]
(1) SelectionisdetionsT hesshleimnipthsdotivprid-tetedhs mpdnstbsrnamiectioy) d8edtivitotisogonal 20

wansformationofmage 4817 inbe suseded fom-multisle agsi Myl Ravipa A terapy sizes. Size
candidat[gés (()?fH trfgan;%gﬁlnagﬁ% to epse%%cte y thie selection secégk%(%% inguH(}gn X4 arlﬂt‘ 8x8 for
H.264/AVC drfd ahdtaBu8pdipxitthane SUxE2 forapiE¥dts ThéseldutionisectionoblBmayd delect any of
transform unit ccordin.% t%he size of an image to be encoded, image quality, or apparatus

adds secton, 23, _
performance, tor gexample. A user who develops apparatuses may manually tune selection of
transfol in urig@4s} the selection section 110. The selection section 110 outputs information specifying

the size of the selec d2tra§sfo§m ur%it to the ortpogor‘gal transf rmati%}n %ectipn 120, the qglantization
<% eNCOURY SEBio B TARd the huerdlqEaMtzatiah SEASIT 21 *H00051] (2)

section 130, the losstéss e
Orthogonal teanstortaticacteation 15

Fig. 2 is a block diagram illustrating a detailed configuration of the
orthogonal transformation and quantization section 14 of the image encoding device
10 illustrated in Fig. 1. With reference to Fig. 2, the orthogonal transformation and
quantization section 14 includes 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 guantization section 21.
30  [0051]
(2) Orthogonal transformation section



The orthogonal transformation section 120 orthogonally transforms image data (i.e., prediction error
data) supplied from the subtraction section 13 using the transform unit selected by the selection -
section 110. Orthogonal transformation performed dy the orthogonal transformation section 120 may
represent discrete 5 cosine transform (DCT) or Karhunen-Loeve transfoim, for example. The
orthogonal transformation section 120 outputs transfoi in coefficient data acquired by an orthogonal
transformation process to the quantization section 130. [0052] (3) Quantization section 10The

quantization section 30 guaniizes trangieincaeticient daia gensssiadby-Ahsrarhogenal

transformation section 120 using a quantization matrix corresponding to the transform unit selected by

the selectiondééefioh. Predivhengerantisatio reaticshiian eisebirpripestiotpdt timibed data by
changing quantizalignsirshasedn Adala capitol&igna! fiom tedaigrontiohsertigns. 15(0053]

The quantization section 130 allows the quantization matrix buffer 140 to store sets of quantization
matrices corpesfiomdhd o hansfheaanitrsarseradtinntsedispctidh septicarIavnteiskemple, HEVC

providesyransigny Unibgand Ipieeial IgurieizRReR SHEh AR RXBAOXiGnand 3243 In such a

case, the 20 quantization matrix buffer 140 can store four types of quantization matrix sets
correspondingtiv gheddmnsirernaties. SEhides b aitisesiiereeSpavific g ecgsbsdivefault

guantization m%tlrt%oag shown | g rﬁggﬁ ‘il?é’u? sueh %g%@%g%&gfgégﬁglo%@atrix buffer 140 may store

only a flag in%llljcatlnggt e use of the d t quantization matrix (not using a user-defined quantization
matrix) in as$0eidfion with the specific 25size. [0054] A set of quantization matrices the

guantization section dﬁ%ﬁ use can Qg&ypically configured for each sequence of encoded streams.

If a set of quantizatio FICéZSaIISOIéOSﬁﬂéUI‘ed for each sequence, the quantization section 130 may

update BDthe set for Eaehpictieioln faittiatidr’ Goyeamtimisthe redindig uratitn and the gepaatedf sets of

guantization matrjces can be inserted.into sequence p?ﬁzameter setand a .16.;())icture &arameter set,
for example.%o ( oﬁﬁ%aﬁrgﬁsﬁ?a rx Blrer o usmg a - quantization matrix

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 umits 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 guantization matrix sefs
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 1s 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



The quantization matrix buffer 140 uses a storage medium such as 5semiconductor memory to
temporarily store sets-of quantization matrices corresponding to transform units selected by the
selection section 110. A process performed by thg gnatrix processing section 150 to be described
below references a set of quantization matrices stored by the quantization matrix buffer 140. [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 andgasheRistiaRPeeganeratesiRformation that generates a quantization matrix
correspondi% to a transform unit of one or more sizes from another quantization 15 matrix

correspondi 84 transform unit of one size. A guantization matrix may be generated typically based
on the minimum of transiRemvisizes:i HEME provides transform unit candidates of four size types
such as 4x4, 8x8, 16x16, and 32x32, a 4x4 quantization matrix can be used to generate the
information that gendréte § tjasiaes aio R patridudier théothussizesloTass infsHwatiofrgeneyated by 20

the matrx procgasingusestianchmaydncluedasi mad infamasion.and difsrense mayix

information to be described later. The information generated by the matrix processing section 150 is
output to thedeossipsadngdelingnséuin maits aatetnsy hetinsseteeipieiBoantbled’specsFheader.

(00571 25The speicetion B alabr ISRAINGRALEAEPIR of SRRIANOR EHAY RAURNANAYX of a larger

size from a quantization”matrix of the minimum size. While not limited thereto, a quantization matrix
having a smakepSiperivdlomaraigesssizachby the genvraatidrimoatrix fuslatizdflon matrix having a size
other than th@@gi@imum. [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 17 matrix processing
sectioni50 of the orthplybatak tparsfsinatishiend quantization section 14 illustrated in Fig. 2. With
reference to Fig. 3, the matrix processing sectio 0 ipcludes a prediction section 152 and a
difference calculatior?%eeéjﬁ%tﬁl’fgfffﬁé %ﬁjﬁg FLGT(IJI%cétiléerfé secton: & O?H%aﬁpez&ﬁc?%nmggejcct%n 152
acquires a setatduantiz agant ratoicesastoréad fietHe @ dantizetii o ngmaicix dludfeod 4 ardmpredicts a
second quantiz tiongmatrix having a larger sriée from a %g% uantization matrix contained in the

d

acquired set 0 BSAMBIBT GG BRIL AR TSR 178 B RRRAISS foflgiidizetion matrix

corresponding to a iransform 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, 8x8§, 16x16, and
32x32, a 4x4 quantization matrix can be used to generate 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 info 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



10[0060] [Math. 1] [0061] 15For 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 18 a20 @2u a20 az an 22 a22 an an an a23 [0063]

matrix processing section 150 of the orthogonal transformation and quantization

section 14 illustrated in Fig. 2. With reference to Fig. 3, the matrix processing

section 150 includes a prediction section 152 and a difference calculation section 154.

[0059]
5 (1) Prediction section
The prediction section 152 acquires a set of quantization matrices stored in
the quantization matrix buffer 140 and predicts a second quantization matrix having
a larger size from a first quantization matrix contained in the acquired set. For
example, 4x4 quantization matrix SL1 is defined as follows.
10 [0060]
[Math. 1]
(@ ay Gy )
Sr1=| dgy Gy dy Oy (1)
 doz Gy O Oy
Gy Gy oy Gy )
[00611
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



With reference to prediction expression (2), duplicating one of two elements adjacent to each other in
guantization matrix SL1 generates predicted matrix PSL2 as 5an element between the two elements.
[0064] Instead, predicted matrix PSL2 may begcalculated from quantization matrix SL1 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 5 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 elemery in predicted matrix
PSL2 according to predictior Hovex %sioﬁ'i@s) iﬁﬁﬁeao%ﬁduﬁmatin‘aiﬂwe %ﬁ"ac ent element just above.
For example, prediction expiegsion (3) yields a33,for elementPSL28,8 at the eighth row and the eight
column in predicted matrix PS‘%@ Thég@am%%lemééﬁt m%?be%%o cg%qjlatg| ap follows according to
the linear extrapolation. [OOG?&%[M@Q}. Ay, Gy Gy 4y Oy gy |

Qg Gy Gy Gy Gy Gy Gy Gy |

PSL2 = (2)

\ Gz Fgg Gy Gy Gy Oy Oy 4y

[0063]
With reference to prediction expression (2), duplicating one of two elements
adjacent to each other in quantizatién 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
SL1 according to prediction expression (3) below.
[0065]
10 [Math. 3]



[0068] Prediction expression (2) can generate predicted matrix PSL2 at less 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 uggd originally. Therefore, the use of prediction
expression (3) can reduce the amount of encoded information by approximately zeroing elements of a
Sdifference 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 section 152
outputs the geR&idted predicted matrix PSL2 to the difference calculation section 154. For example,
the prediction §ectlon 152prediets 16 élG pretlicteg-matrix gSL:% fmw§quangzatlon mgtrlx gL2
contained in the set““of quantlzatl n matrlcerq and %utputs predlcsed maﬁrlx {DSLS to tqe dlfferen e
calculation 15 |SeetifntsFardnfior, Thé Pre - freisade LSL4
from 16x16 quantization X S1.3 co talned,lim 1e-set of quantlz@;@aﬂmatnces “and outputs predicted
matrix PSL4 to the“@hffere"ﬁf?&ﬁéﬁulaﬂgﬁ sect”é”ﬁ”WA préﬂctlon exmessmn W“Ffich is equal to the
above-describ) Sy atrfeesi#S5113 and
PSL4. The 20 pred?ctlon segt%n 152 ouﬁputs gh %aig matrik mformagﬁ)n tp the Ibssless eﬁcodl g
section 16. Thie basic matfx-ist ﬁﬂatlmzspecrﬁfes-ﬁ‘xﬁ‘quarmzatlon%ﬁrsu asa base ofigenerating
the above-de @;peq}pmd&gte@l matrices:PSL 2, RSL 3, 1and PSLAL [@Q 41, (2) Differgnce eglewlation
section 25Thé diffetence caicilation settion 154 galculates gifference matrices @SL2, DSLB, and
DSL4 according ta:gxpre§siofis %) thraygh (PE&eh of difiegencednafticks DSLR, DSL3, apd DSL4
represents a difference bg@vgénggach of predicte a matrices PSL2 P$f,3*@nd PSL4 supplied fram the
prediction section 52 and eactrof corflespon ntizafflen matricassr2, SI%, and SL%: 30[0072]
[Math. 5] 193

[0066]
With reference to prediction expression (3), linearly interpolating two
elements adjacent to each other in quantization matrix SL1 generates predicted
5  matrix PSL2 as an clement 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
10 expression (3) instead of duplicating the adjacent element just above. For example,
prediction expression (3) yields asz; for element PSL2gg 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.
10067
15 [Math. 4]

PSL2, =SBTERT 40 (4)

[0068]

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



21 DSL2 = SL2-P8L2 DSL3 = S DNA = SEA PSL4 (6) (7) [0073] The difference calculation
section 154 supplies the lossless encoding section 516 with information representing difference
matrices DSL2, DSL3, and DSL4. [0074] If thepdefault quantization matrix is used for a given size,
the matrix processing section 150 does not perform prediction and difference calculation on a
guantization 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 corrgsRanging she. thihgredscnendiigrenssbetyveersthaspredisgtedmnatrbprddag quantization
matrix, the difference calculation section 154 does not output difference matrix infoiniation but outputs
only a flag indit &8HgEF8 MR re MO HE b Eds B 8HED AN SEPREHCIRALT (e 2 SWIAAEEERON matrix is

not updated af{Re 45019 ENANIEA PICtHRe, g NALEX REOSE SRR SSE IR AR FAmSURRlY the
lossless encoding section 16 with only a ﬂag indicating that the quantization matrix Is not updated.

[0075] [1-4. Esdiehlbs sripsfrAbtoretsd &) by (@) setjiaiely pereirserdesents of Fig. 4 is an
explanatory diagramdiystating informatign jnserted 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 infori{&&h (to be encoded)" as information to be encoded for each quantization matrix size or

25transform unit (TUP)I%i&x%tion expressions and (2) and (3) are mere examples of available
prediction expressions.  Any other prediction expressions may be used.
[0070]

10 After generating predicted matrix PSL2 from quantization matrix SLI, 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 quantization matrix SL2 contained in the set of
guantization 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 to the above-described prediction expression
(2} or (3) may be used to predict predicted matrices PSL.3 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 PSL2, PSL3, and PSLA4.
[0071]

(2) Difference calculation section

25 The difference calculation section 154 calculates difference matrices DSL2,
DSL3, and DSL4 according to expressions (5) through (7). Each of difference
matrices DSL2, DSL3, and DSL4 represents a difference between each of predicted
matrices PSLZ; PSL3, and PSL4 supplied from the prediction section 152 and each
of corresponding quantization matrices SL2, SL3, and SL4.

30 [0072]

[Math. 5]



[0076] 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 O for a
given size, a default quantization matrix is used fog the size. If the matrix type flag is set to 0, none of
the matrix infoi illation, the 5difference matrix information, and the difference flag described below is
encoded. [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 quantization matrix. If the matrix type flag is 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 O for a given size, the difference matrix
information for the size is not encoded. The a}_ flagis Aot RG0S ed for t?eeﬁ {ze (e.g., 4x4) as a
prediction base regardless of the matrix type flafy."1 _'%07 'g”l'f’ C :' & parame et Fig. 5is an
explanatory diagram illustrating information ins i iﬁ&mé’ﬁ@meter sétf’aa:cording to the

ek até’-’

embodiment. Fig. 5 shows four types of informaggeizsych gy Andeerflag,” "mafrix type flag,"”
"difference flag," and "matrix 20 information (to be encoded)" as information to be encoded for each

quantization matrix size or transfoini unit (TU) size. The matrix type flag and the difference flag have
the same me@B' s as the flags with the same names for sequence parameter sets described with
reference to Fig. 4. [0079] 25The update flag indicates whether to update the quantization matrix at the
timing of changing a Phetdi&deneach sizeidf tretipdafe fagpiseseidddsihisa givedisizaca@uantization

matrix o[sthe Péz‘?qgﬁ urﬁdate f th%clégd?te gl%ge;_s seet toaO, a aﬁgﬂ%z%ﬁr& maggb eﬁr he size is not
updatedand a quan 2 SHOR THatrx spgéllﬁ% R p?é\%ﬁ Icture e equence is used as
is. If the upd&peTieg is set to 300, none of the matrix type flag, the difference flag, and the difference
T I O (O I Ao el s el ot 8 arveh 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 associafion 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  guantization 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 quantization matrix size or
25  transform unit (TU) size.
[0076]

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



[0080] <2. Encoding process flow according to an embodiment> Figs. 6A and 6B are flowcharts
illustrating a first example of encoding process flow according to the embodiment. The matrix
processing section 150 and 5 the 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 for the quantization section
130 in this sequence from 10 the quantization matrix buffer 140 (step 5100). As an example, the set of
quantization matices,is assHmerh 0 sentanayapiization smatriges.couespondingta e gizes of 4x4,
8x8, 16x16, and 32x32. [0082] The matrix processing section 150 determines whether a 4x4
quantization 13anatgi s slases-defindefoad (WRIBIETE) e Ax4spdalizagosianatrik ikea

user-defined ppe, t é‘?ﬁ?%,eiéss eoging EG%QUQE S:ene tﬂﬁﬁﬁ%h%'%%%%%%?&ﬂ%@ ipg that
represents a 4x4 quantization matrix with the matrix type flag setto 1 %step o106). If the 4x4
quantization fimatixeis diddfaninbne fthe lbaslsssceteddingsectidhel :emuoddemnitidhe theatrix type flag
set to 0 (step,S108). 20[0083 he matri essing.section 15 ermines whether an 8x8
guantization cr%%?&g% gi%%gé{rf ié%nea %?iea?ét{e%o é%%fﬁ?nffgﬁ%%x %%bée%t%%fgnlsrr?gﬁ%/é?sg ‘a user-defined

one, the matfBOpFdcessing section 150 uses the above-described prediction expression (2) or (3) to
calculate an 8x8 predicted. matrix fram the 4 uantization 25 matrix.(step S114). The lossless
encoding section 16%%%§é§érﬁggem%%ﬁxlf%6§$%g%ﬂf ,?ﬁé:h oﬁ]f?e%%naceé écéjér)}afr?d fie ﬁ?ﬂe‘?kéence matrix
information (fradiy)dfdicatinguaddifie proe heiwesiatitre BxB quantixatpe thatrix snddhe alculated
predicted matrix (step S1 G’g If{#e 8x8 ntization. matrix is a.default one, the lossless encoding
Cection 16 o/ EONSE Ll T HFE - PG Sei HEP0 AP S5} a0l CHBIT S BB 16016
quantizagion gsaibix iod gevedefingdiane (stepifdddielbtheckaxie gantizatianmbating iha
user-defined one, the matrix_processing section 150 calculates a 16x16 predicted matrix from the 8x8

quantization FHARNFLAEIET IS fas AR RnCUERFE SR BT B oRRgHER thensndstk tyfe flag (=1),

the differenceng rilagixapsetheditfesence matixiniosmalion dipawdadicatinddsifarengebetween the
16x16 quantization matrix and the calculated predicted matrix (step S126). If the 16x16 quantization

matrix is a dépsUTEAEnhERkdss Ehedifisiractiiss oeheress by Presiat®hey peiag setto 0
(step S128). JQR88ktion base regardiess 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
information such as "update flag," "matrix type flag,” "difference flag,” and "matrix
20 information (to be encoded)" as mnformation {0 be encoded for each quantization
matrix size or transform unit (TU) size. The matrik 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 quantization matrix at the
timing of changing a picture for each size. If the update flag 1s set to 1 for a given
size, a quantization matrix of the size is updated. If the update flag is set t0 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.



10The matrix processing section 150 determines whether a 32x32 quantization matrix is a
user-defined one (step S132): If the 32x32 quantization matrix is a user-defined one, the matrix
processing section 150 calculates a 32x32 predictgd matrix from the 16x16 quantization matrix (step
5134). The lossless encoding section 16 encodes the matrix type flag (=1), the difference flag, and the
difference matrix 15 information (if any) indicating a difference between the 32x32 quantization matrix
and the calculated predicted matrix (step S136). If the 32x32 quantization matrix is a default one, the
lossless enc%g@rg%}section 16 encodes only the matrix type flag set to O (step S138). [0086] 20Figs. 7A
and 7B are flowcharts illustrating a second example of encoding process flow according to the
embodiment. The maiiEprodassingwestiorn BsCoahd ghe dosstesslenadding section 16 can perform the
process represente the,flow ts majnly on ea icture corgesponding to an encoded stream
sequence. [0087] Zgé%tshhrge eErltralcn?cE—:'hgaétoaggaf.i 9%?%{%‘:12 r%"%ﬁ%%e%sﬁﬁg seé{(?flnopr?elgg g%%oljclllrlé% a set of
quantization praterseouseck-todithe iqube tzateinsadtio T i3 Gnistheppictusenfromtibe fithatdation matrix
buffer 140 (s 150). Similatly to the examples in Figs. 6A and 6B, the set of tization matrices
is assurgd tgcﬁgo%tgg}ﬁgau%lrﬁ?zé ns“r:ﬁgf}rjiicgslg1 c(C)arlrleé’pe%’)%ngcrﬁ]%glE 5 trIi)éoscl"“}éeSs%’F3 %fﬁmg)}gg {6x16, and 32x32.
30[0088] 75 finaichars npdatedrrdbie qicided {stemSthRgntethe quantization matrix is not updated, the
lossless enc%&é ]section 16 encodes only the update flag set to O (step 5158). If the quantization
matrix is upd ,'the process proceeds to step S154. If the quantization matrix is updated, the matrix
processing section 18GtHetferairesoSghethetha nawidtansstizaiononatix isqivaes-defined one

(step S154). If the 4x4 quantization mafrjx is a user-defined ong, the Igss|ess encoding section 16
encodes the ‘B%%‘F@”r%ﬁﬂ&’qﬁf‘é‘?ﬁfﬁo‘f‘?‘%a{%’(@b‘?éﬁ@ﬁf@ﬁtﬁ’iﬂsaﬁmi%ﬂdﬂ t?ﬁﬂ&ﬂﬂ?"tt‘?g&oﬁbdate flag set

to 1 andghe matrixdypeaflag sehtoxl Ksieg SO ) stbghes fod) quantization malrix isa default one, the
lossless encoding section 16 encodes the 10update flag set to 1 and the matrix type flag set to O (step

S158). [0089fuANtiZatRn atHees bt AL A FORM B0 AT I ERTE CaR BRETIRS 2 ation matrix

is updated inghe:Ristyrafaten £ 16 df the uantization matrix is not updated, the lossless encoding
section 16 encodes only the update flag set to O (step 15 S168). If the quantization matrix is updated,

the process ;59(9§%19ds to step S162. If the quantization matrix is updated, the matrix processing section

150 determines whether A48 AbaazaiOR AU INISREsRTs ARR DS (BIRB1GR)IfIne X8

quantization matrix is a user-defined one, the matrix processing section 150 calculates an 84 predicted
matrix ftém tHeER4LE adaraa6Ra%h Ak (rraTiér) - 20 bibrufe fegzarifast of mhisthes thesdxd

quantization matrix is updated (siep e%%%}lg%tkeﬁsg%sgn%a@ ing ﬁs&mﬂ&ﬁxemeﬂﬁai%tf update flag

(=1), the matrix type flag (=1), the difference flag, and the difference matrix information (it any)
indicating a différemcestraswiedridhensdtigeiaemtizeaion rwatinixtenthshexchipel e yteidictedtapatrix (step

SI66). If the %%%ﬂa”tf%?&%%x@%%&é&ﬁg& %H{EQQ? &tggfelxgﬁs(lnel%,stﬁg c())scsllre]scg encoding section
16 encodes only the matrix type flag set to 0 (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

256  matrix (step S114). The lossless encoding section 16 encodes the matrix type flag
{(=1), the difference flag, and the difference matrix information (if any) indicating a
difference between the 8x8 quantization matrix and the calculated predicted matrix
(step S116). If the 8x8 quantization matrix is a default one, the lossless encoding
section 16 encodes only the matrix type flag set to 0 (step S118).

30 [0084]

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



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;30quantization matrix is not updated, the lossless
encoding section 16 encodes only the update flag set to 0 (step S178). If the quantization matrix is
updated, the process 26 proceeds to step SI72. If the quantization matrix is updated, the matrix
processing section 150 determines whether a 16x16 quantization matrix is a user-defined one (step

5172). If the { GxLE Opantiaztionmalixis suesl-delingerpenthe @@ér%tﬁﬁogﬁﬁiﬁg $eetion 150
calculates a 16x16 predicted matrix from the 8x8 5 quantization matrix for a new picture regardless of

whether the 8%8l§uairasabprmaikidsibHedEnss Az AleThalFsSOSESHDBRESeEiBn 16
encodes the update flag 1) hesratiniyps fagdld 808 dillerents dag.@rd e diference matrix

information (if any) indicating a difference between the 16x16 quantization matrix and the calculated
predicted malthik {etelgss ere)dimghecatsyn b aartiatits matrix wreolasératondifisecnsssiess

encoding segfign 13 encadesheyndate fag-sekin land ihemattx pa;tad.ael inQlep S178).

[0091] Theé matrix processing section 150 determine$ whether a 32x32 quantization matrix is

updated in thbeplérule (oretisition) mtte yubittz atonl aedrixédintgtd 18, $I11é63_)s§léss encoding
section 16 efgodgs QPG MIAGIASR 10 RIAIRPISH e vantzgion gl yupdated. the

process proceeds to St e quantization matriX is updated, the matrix processing section
150 determiresofittethbyr thn B2ax32 gpafitigativte thittiy $128)ser-defined one (step S182). If the 32x32

guantization ﬁx is a user-defined one, the matrix processing section 150 20 calculates a 32x32
predicted matrix from the 16x16 quantization matrix for a new picture regardless of whether the 16x16
guantization matrix iThupdated (stepsSh84kcliibe 168slessreneodihgtbacticl 1R enendesithe update flag

(=1), the matrix type flag (=1),.the difference flag, and the difference.matrix information (if any)
indicating a Wgygﬁ%g ?gé%ﬁg&? ?ﬁé} %&ﬁ?gdéﬁzaggﬂi?ﬁgﬁ MG IHEER AR Br%(lfi% ed matrix 25
(step S186). dtfireB2x32AlquantiEatipnoesalii saice il ne;lihe l0s9es3 prdbetinseetion 16

(echnicue 1o BHIEE AT P E A<B N b o e ST BB et the need

to transmit nugkéiplesqliantizationypatricgcoyrespandingnie: nuliple dransfoiretinitSigrsfrom the
encodiq Sidi%’}grrglgion (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]

20 Figs. 7A 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.
f0087]

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 quantization matrices
corresponding to the sizes of 4x4, 8x8, 16x16, and 32x32.

30 [0088]

The matrix processing section 150 determines whether a 4x4 quantization



27 decoding side. An increase in the code amount can be effectively suppressed even if the number of
quantization matrices increases. [0093] <3. Configuration examples of the image decoding
device according to an 5 embodiment> The foljgwing 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 accumulation

buffer 61, a Igssles g seaqti nenver. antizafi .
transformation s.ec:tt;\lg?]g g%ﬁidﬁ%ﬁ%@éﬁog&gg 5%52 'Ioc%r%%il %é@é%go?%%gqﬁ&%r 67, a

15D/A (Digitaindeikadatbe lesplesnveesibnasesstion 68, e érdereaniatioryBbisdlegtersty 0 4sicb71, an intra

prediction segtigr, 80 o) [ tion 90. [0095 The.ac lation buffer 61

temporarily s%or% 'anigtrillgo é%%%gg%ﬁ%%%%%%ﬁﬁzgﬁéﬁ% %ﬁLﬁsngrégFr?gsat%t%?gg%ei?n%diL?m. 2010096]
The losslesstteopdiniysectionaé2xdecopdsah dncodvedstpearrssngpliadidrorhsthel storagesbuffer 61

according to t ncodin tem used for the. encodin d ing tion 62 decodes
rmatio e

e Y, ..The Iossle
information Wmﬁﬁlgx%%eﬁﬁg Hefaer %Cr)élamo enco élaeg"t(rlggnmeég QInr'?e(ssln n multipléXed in the

header area gieneaten 25tsieamssmaydfichddent)elizakicshaatindodonm atiaivarnd thedifference matrix

information t%}%etpegate the at%a,ve-dgiscrmﬁ%i uantization matrix and information about intra prediction
I

and inter predictidh in e Biotk HEKESH USSR gt otin g SaRHEHED SHFReLtHE hYerse

quantization apdhiavigeserrthhogomal tiansfamatiopesgatioset owithipra1a6en torgeperate quantized
data and a 30ﬁuantization matrix aft?fr decoding Tle I(tgsless d _codingg,section 62 supglies the intra
prediction se3t8H &Y MPHESImMA AR ENOLE BT TherAOSPESABr A T6EHMs{ O encodes the

10 update flag set to 1 and the matrix type flag set to 0 (step S158).
[0089]

The matrix processing section 150 determines whether an 8x8 guantization
matrix is updated in the picture (step S160). If the quantization matrix is not
updated, the lossless encoding section 16 encodes only the update flag set to 0 (step

15 $168). 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 one, 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 guantization 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 quantization matrix and the calculated predicted matrix
(step S166). If the 8x8 guantization 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 0 (step
5168).

[0090]

With reference to Fig. 7B, the matrix processing section 150 determines
whether a 16x16 quantization matrix is updated in the picture (step $170). 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



28 decoding section 62 supplies the motion compensation section 90 with information about the inter
prediction. [0097] The inverse quantization and inverse .orthogonal transformation section 63 5
performs inverse quantization and inverse orthogopgl transfoonation 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] 10The addition section 65 adds the predicted error data input from the
E(rag(icg%geima e data input

inverse quanizgiignapchinysise orpagoRaliiEAYAmAAD ReGen a3 Andipre

from the selector 71 to thereby generate decoded image data. Then, the addition section"65 outputs
the generatededéended intsyaidesantbether debfodkingufittér 88anubthne framesaretafingb9nd 5[0099]

The deblocki %Itgg elijpipate; y?" tﬁl distortion by filtering decaded image, data input from the
addition sectl%ghe 5, and then, afte%rt%e ﬁgﬁ%ﬁlgatﬁ%g%ﬁemd%clg reé%c%rﬁnaeéaeoélé?’fa S e TS rdering
buffer 67 andrthecfainge sogmoryl 60. (8100326 The résidermedbutier fidtgandrates thselies of image

data in a.time sequence by reorgering images input frgm the deblocking filter 66. Then, the reordering
buffer Gfoutsﬂ%q%ﬁ%%gnne}%%d mage. attgqtgni%er%%%{c%ﬁv%ffs‘?rgﬁ?ggbﬁ%ﬁ 8 [Slﬁ"ﬂ[]z'?ﬁgnD/A
conversion seciior B8ipdrwe(isdahs iBge Tatddmidigitad drmaicAoninpuhtiabesttie igardering buffer

(o be ciapiayBAb] SNALR A e G100 g SUNEIS SbIE) (1Bt ShOA) Corfitted t the
image decodinfpriextion 60, doy)exaropiag@102ka0 o fame MRMER 6 tsasamoragrimedium to
store the decé)rgde t?lénc]ﬁgﬁated predicted matrix (step S176). If the 16x16 quantization matrix is
10 a default one, the lossless encoding section 16 encodes the update flag set to | 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 $182. 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 quantization matrix for a new
picture regardless of whether the 16x16 quantization matrix is updated (step S184).
The lossless encoding section 16 encodes the update flag (=1), the matrix type flag
(=1), the difference flag, and the difference matrix information (if any) indicating a
difference between the 32x32 quantization matrix and the calculated predicted matrix
25  (step S186). Ifthe 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).
[0092]
The technique fo predict quantization matrices based on one guantization
30 matrix can eliminate the need to transmit multiple quantization matrices

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



data input from the addition section 65 before filtering and the decoded image data 29 input from the
dcblocking filter 66 after filtering. [0103] The selector 70 switches the output destination of the
image data from the frame memory 69 between the intra prediction section 80 and the motion 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 data before filtering that is supplied from the frame memory 69

to the intra paeelighion $&&tioR Sthasselareneeinaamdaia. Aish: Bhe faseipsiuRrediction mode is
specified, the 10 selector 70 outputs the decoded image data after filtering that is supplied from the

frame memotyBongthe Aiotisi Berhpr Raltiers $8868FE00 as the reference image data. [0104] The
selector 71 Tyﬁgkfs the output source of predicted image data to be supplied to the addition section
65 between the intra prediction section 80 and the 15 motion compensation section 90 for each block
in the image accordifd- tothE gwsdenrTormples v bt iaagsyderedoes|idad deeswirdingettion 62. For
exampley in thecase 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 spégiffetiowiasalesitb] supidizstionthexandiio nodeibomp@Bsdery dimglicted image
data output from ctehgcgggﬂgi%%ogp%%ﬂ%q#g%ﬁection 90. [0105] The intra prediction section 80
i iction el value

performs in-screen pre of a pixel value based on the information about intra prediction input
from the losglé¥#dlecoding section 62 and the reference image data from the frame memory 69, and

25 generates predici%diin@‘% aﬂatalﬁil' h@rt3 (i%egii(%%%iediction section 80 outputs the generated

predicted image data’to the se ec or%.a[ otion compensation section 90 performs a

motion tompensatiofiprdtéss:basekl daghen nfbomatiparakoarmhisite bp re dictibguiapoh frefimathe lossless

30 decoding section 62.and the reference image data from.the frame.memory 69, and generates
predicted irg é’ﬁ%gﬁa%“‘f’ﬁ%f{ vice .accorclﬁ?a gto embc%]tlme r%lt[@ Sgr%ere}éxce to E}lg.gg,

€ motion compensation se |onI§O outp
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.

[06095]

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 quantized data and a

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

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



30 the generated predicted image data to the selector 71. L0107] [3-2. Configuration example of
the inverse quantization and inverse orthogonal transformation section] 5Fig. 9 is a block diagram
illustrating a detailed configuration of the inverse ggantization and inverse orthogonal transformation
section 63 of the image decoding device 60 illustrated in Fig. 8. As shown in Fig. 9, the inverse
guantization and inverse orthogonal transformation section 63 includes a matrix generation section
210, a selection section 230, an inverse quantization section 240, and an inverse 10orthogonal

Hansformationesacion:26th (1 OB AL MALK ANPTRHARARAION scrio I8 WAL ARARKHoN section

210 generates a quantization matrix corresponding to transform units representing one or more sizes
from a quang@ibatbthersteratadieberesponding to a transform unit representing one size for each
encoded stregpa-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, 16x16haieyezr3IRtimatization riateikse ontbagenakrmsdmtiaiiion sertex 6% the

minimum si ing the differ atrix, it ti I izes. [0109 Selection section
The selggctiozﬁe?é%é?%n 3%1‘%2@%ﬁé@gﬁs%@u%?%%)%gg%élir?{/%?séf%%ﬁg%&%&%%ts %Lr?mation of
image data tdabresdppbelbtt drortheriattisies depstorgserticn 83 agmgrdifforeticSizesnSizéatandidates of

transform unJItE {0 _be selecte bﬁv_ the sdele%teinosré so%ion 2?1 igﬁ:l de éltXA' angt18x86f?rSH.2f3§S/AVC and

4x4, 8x8, 16X ,%ﬁ{gsfﬁléaél G B € SeleCHOoN Section 230 1 malglnsg?ecto 8 transfdrms unit based on

LCU, SCU, dhd=sidiiticlegaontdifi ediintiheencedd pstdédimmeadtetator example. The selection section
230 outputs L%ggilation specifying the size of the selected 30transform unit to the inverse quantization
section 240 and the inverse orthogonal

10 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 mmage 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 D/A conversion section 68.

{0101]

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 fo 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



transfaiillation section 250. 31 [0110] (3) Inverse quantization section The inverse quantization
section 240 uses a quantization matrix corresponding to the transform unit selected by the selection
section 230 to inversely quantize transform coefficﬂgnt data quantized during image encoding.
Quantization matrices used for the inverse quantization contain a matrix generated by the matrix
generation section 210. For example, the selection section 230 may select an 8x8, 16x16, or 32x32
transform unit. In such a case, the selected transform unit may correspond to the quantization matrix

the matrix gqﬁg{l@t{il%%s[ﬁgt&g13&@@@@3&J%@&§x4 guantization matrix. The inverse
. el X

guantization section 240 supplies inverse orthogonal transformation section 250 with the inversely
quantized traifisftiin coefficient data. [0111] (4) Inverse orthogonal transformation section 15The

inverse orthogonal irgnstomalion seciien.eRasnerates prefistion soLdalaaecpidnglothe
orthogonal transformation system used for encoding. To do this, the inverse orthogonal transformation
section 250 usescethmgelestetPtrénsiomm uhi thperfpradictiarsecotigdhaktrhndformation on transfoini

coefficiept data inversely quantiz the inverse guantization section 240. The jnverse orthogonal
onansiirmat PR 0 SR HE o At EL St I SeREeh BB Ao error date
[0112] [3-3. Rejailed byniigukatnsedarndiesofdbiblom&Rix denesadtapiseaiicnyd kige ¥@ds@dalock diagram

illustrating a more detailed configuration of the 25 matrix generation section 210 of the jnverse
quantization BE& RS ERALIORY ?aﬁg?o’?f‘f%‘:ﬁ%ﬁsegﬁgaﬁllééﬁﬁﬁ??gi%&& TPRRS. ‘&te\%ﬁforlg‘ference to
Fig. 10, the miakngenerationsedionr b deidas alas atthe aeguisitdintsactaniad 2pa difference

acquisition sectié)jp 214, a predjction %ﬁCtiQnﬁéla a rgﬁonstruction section 218, and a quantization
marix buffer 8361016 P39S f Base MERrI 4G STSTION dBSTdRec ction mode 1s épecifed, the

10 selector 70 outputs the decoded image data after filtering that is supplied from the
frame memory 69 fo 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

15  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

25  generates predicted image data. Then, the intra prediction section 80 outputs the
generated predicted image data to the selector 71.

[0106]

The motion compensation section 90 performs a motion compensation
process based on the 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



32 The base matrix acquisition section 212 acquires basic matrix information supplied from the
lossless decoding section 62. As described above, the basic matrix information according to the
embodiment specifies 4x4 quantization matrix SL3ss the minimum size. The base matrix acquisition
section 212 allows the 5 quantization matrix buffer 220 to store 4x4 quantization matrix SLI specified in
the basic matrix information. If the matrix type flag set to 0 is acquired for each sequence or picture,
the base matrix acquisition section 212 allows the quantization matrix buffer 220 to store the default
4x4 quantiza&gg @%{é&%@g&g{c%q%ggggatgaetm%ige@é%wp_formation. If the update flag setto O is
acquired for each picture, the 10 base matrix acquisition section 212 does not update quantization
matrix SL1 siBi€dlin the quantization matrix buffer 220 during the previous process. The base matrix
acquisition section 212suppli :,%H? predicli ection 216 with 4 izati ix.SLI.[0114]
15(2) Difference acq iszl'iio%{%sl;lgIS |oﬁﬁ18¥l dé%%%?ffe%%n%e% a%c%%gﬁio %&@;ﬁo{%%l%gé{:%%r%he difference
matrix informatlorzsugd pliedimomntihe jessteds decoding section 62. As described above, the difference
matrix information according to the embodiment specifies difference.matrices DSL2, DSL3, and DSL4
each of hich repreda & dLr ke S0 Sk, O B e AR B P RE 3PS, and PSLa
predicted froguatkaitantizhtiormeatrikGoh Andedchrefiquastidat @3 pfatricesagt deSdx@and SL4,
respectively. The di%er. nce acguisition sectjon 214 su %Jies he reconstruction section 218 with
ciference AT WAL 3 T3 PahPTSL 43 RATETh b Lt e B TETIRABIC 1 the matrix
type flag setio/eris acthivireshionaath-sadquencetanpidureRd«r difargncesHagsel tedisacquired, the
difference acguisition section 214 ai% mes a difference matrix havin%ag;e corresponding size to be

null without atqaifint TR I8 Tt R iHTSTRG MR AT RS Rag Lo RS 6 B¥Gfed for each

picture 1the ditigegoael acguisitioniseetionod p@utputs no difference matrix for the corresponding size.
30[0115] (3) Prediction section 33 The prediction section 216 follows the prediction expression
used for the encoding such as prediction expression (2) or (3) described above to calculate 8x8
predicted matrix PSLZ\hauing adasaeiosizectionm the base matrix such as 4x4 quantization matrix SL1
according to the embodiment supplied from the base matrix 5 acquisition section 212. The prediction
section 216 uses thelCIcTItEY SYENpiEinBietPrialix P S L SGeFEAfsuIAte P ERIBAHREdi&8H Thatrix PSL3

from quantizatinBBaatixShaRRANSH uated By die recansinucionSestionah8, Rt e prediction

section 216 uses the calculated 16x16 predicted matrix PSL3 to calculate 32x32 predicted matrix
PSL4 fidm otz ARTEReRAIng 18 redenstrimairbyrareeseotive sistrtigg o s &atbrfRergiethe prediction

section 216 sygpliesdlie-feconR o sealignaLe i RIediE's BV GeR RRL2 (RRkAyand PSLA

The prediction section 216 generates no predicted matrix for a size€ having the matrix type flag set to 0
and uses thebdegaude dhaminitsm mbtrbosérsal cafamfsredidieeritngde shvavmbpitirestisiies. The base

par oo A SR o e ble e B oo
matrices havingtitaxgergiza@s4d =4 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 to be decoded from multiple transform units
25  having different sizes. Size candidates of tfransform 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  tramsform enit to the inverse quantization section 240 and the inverse orthogonal

transformation section 250.



[0116] (4) Reconstruction section The reconstruction section 218 reconstructs quantization matrices
SL2, SL3, 20 and SL4 by adding predicted matrices PSL2, PSL3, and PSL4 supplied from the
prediction section 216 to difference matrices DSLZ; DSL3, and DSL4 supplied from the difference
acquisition section 214, respectively. [0117] [Math. 6] 25 8L2 = P512+ 0512 823 = P813+ D513 8L4 =
PSL4+ DSL4(0) [0118] 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 @Hx type flag set to O is acquired for each sequence or picture, the reconstruction
section 218 allows the quantization matrix buffer 220 to 5 store the default quantization matrix as a
quantization matrix Havilyatse evtrésptipaisegtsize. If the update flag set to 0 is acquired for each

picture, the base ma,Er' agg%;ég’on%ﬁg&tiigﬁi 2 Q83 yobggdautsee guantizati%% I atrix mSal,ﬁ%(SLB, or SL4
that has the corresponding size and Is stored in the quantization ma rixbutfer 220 during the previous
process. 10[0¢d&inG)gdntizativmsfratmixt felected bFHbapehmtizatiswntoatfixtoufier@2€temporarily

stores quantization matr%g SLlc(s)gi%clfleg c%{ the b?se (m%trg( achwsmon éectlor8212 an %uantlzatlon

matricesOSLél,ugﬁ ,ez;ﬁa réconstructe %% & feconstruchontSection 24s. 1l:ﬁ%lnr%|Zzaa]t°|:’on 15

matrices SLIn8ti2¢sSis8d dnd 8¢ nstose diinithieatjumniizadion mairix hitHera22Dareéhusadfiar the inverse
quantization selon 240 SR Juanlize e, guafiized vanslom Foeicgar data, Jp120]
16x16, or 32x32 transform unit. In such a case, the selected transform unit may
correspond to the quantization matrix the matrix generation section 210 generates
10 from a 4x4 quantization matrix. The inverse quantization section 240 supplies the
inverse orthogonal transformation section 250 with the inversely quantized transform
coefficient data.
[0111]
(4) Inverse orthogonal transformation section
15 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 a 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
guantization matrix buffer 220.

30 [0113]

(1) Base matrix acquisition section



The configuration of the inverse quantization and inverse orthogonal 20transformation section 63 of
the image decoding device 60 described above is also applicable to the inverse quantization section
21 and the inverse orthogonal transfonnation sectipn 22 of the image decoding device 10 shown in
Fig. 1. [0121] <4. Decoding process flow according to an embodiment> 25Figs. 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 seqyebaes ke QNIRHRIFIRAAS 12 F0adi i, At AR REBlIARRRCTION 210

checks the matrix type flag contained in the sequence parameter set of the sequence to 35 determine

whether the awaptiadriigrtidie nheatissks deosdingefisbidrold.(stdp §a0Rhdd thbated theabtiation matrix is
a user-defineg, g ine IAITK ENSTAION SRE‘anHHses he basie matix nigumation o set up the
[ ﬂxaguﬁ%rl%gl?s é{p S204). If

4x4 quantization matrix, namely, storethe same in the quantization mat
the 4x4 quarftizationtheatriieisiandefaalt ohe; thesenmtrixi gergraticnsectiom22 Psetbup the default 4x4

guantization matrix (step S206). The matrix generation section 210 determines whether an
8x8 qu;gntiza?i%%nﬁn%éﬁ?ﬁ?%%%)é)g ﬁe’zii‘zizrqlﬂe((}j t8n3é°(§té{g%%‘i t.l ﬁ% Se x@“&‘u%% iz%?ﬁ%%%nga ri>1£ill % a user- 10
defined one, theamattiogéneratitiosectioth2 I agesttipe dheveetesciiehpgediatidorexpiession (2) or

(3) to calculatg an 8x8 rec icteqhm%trix fro%n.ithe 4x4.guantiztatioa |§a#[ix and adds the t(:alculated
predicted matricts An BB thHards cE AR A S HeLinD 455 B daat At a1  onstructed

(step S214). Mbex Sxeliffaencedlaglis defda O thadiffieranion matx isithaht BoguiiSptedicted matrix
ot gemerbTh RGT o ST0 e upl AEHAER S48 SR B P (S ETE{O2a] With
reference to bige tikdithequaitisgensiationsdetiondldateqmingsation matrix SL1 stored
in the quantization matrix buffer 220 during the previous process. The base matrix
acquisition section 212 supplies the prediction section 216 with 4x4 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 guantization
matrix 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
information. If the matrix type flag set to 0 is acquired for each sequence or picture
256  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



20 whether a 16x16 quantization matrix is a user-defined one (step S222). If the 16x16 quantization
matrix is a user-defined one, the matrix generation section 210 calculates a 16x16 predicted matrix
from the 84 quantization matrix and adds the calcujated 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 quantization
matrix. If the 16x16 quantization matrix is a default one, the matrix generation section 210 sets up the
default 16x16 quantizafi X ( . 5 The matrix generation,section 210
determines whether ﬁg@ﬁ%fgﬁt%%% égf%nzg?rﬂlfé‘é]sa%es F é"f?r?éld%ﬁgefg]t%% %ng C.)rlft fe 32x32
quantization msigix ds@disgsudkfingdedive dhexnpatiiogd Bk atiGh dectibadbealtutates! a8 2x32
predicted mag,r)igé 3r6e %Egtrg tkdlea &&xﬂ,ﬁLﬁﬁntizaﬁoq matrix an addﬁ the calculated }@ edicted matrix to a
32x32 difference matrix. AS a résult, the 32582 ql&RtiZ4ton athy IF e BREIFUEISE fSidp5234). If the
32x32 differegeenfiagtisnsattox(s theadiffeirnce thatex s diutlen Rep32ied Zioradieiad atsiis directly set
up as a quantization. 5matrix. If% 32%32 quantization matrix is a default one, the matrix generation
Ok 2333 h 3 ;

section 210 & AR 52 2 dUENREEHSHOM i @lep 823855 [F2aPIculaE s 81D A and 12B

are flowchartgridistedtingueses00dexarpiecof e giag pracessHlorsascaing damihagsmbodiment
resented by the flowcharts mainly on

The matrix generatign section 210 can J]é)perform the process re \
each picture BPEA gﬂ%&&%‘?ﬁ%‘%‘ﬁ[@f FieconsFHti rarSreReR %E &ig FERetHAGREEAICH R eration
section 210 cheeks thesupdatefaglconiaingd in @ pisicrparametesset g detsrminewhether a 4x4 15

guantization m%%lx is updated jn the picture (step 8250). If a 4x4 quantization matrix is not updated,

the process J¥if8

dedpdnelBo tpliigHIess el PR BuaRAT 0N Ml PeI TipatE d bihethsatrix
generatjon segtigns2d@ishasksdhe ratrixiypediadite detaunineshiphins the newdxhdiantization

matrix is a user-defined one (step S252). If the 4x4 quantization matrix is a user-defined one, the

matrix 20geneRh’ I8t predissd mgttireukalqudmizhatied Rdifix uShrgrasdipteicsassivn information
(step 8254). i the dwd ALantizatinndmalisis afefaull pnentheMAlRRISPErationsestiPRg 10 sets up
the default 4x4 quantization matrix (step 8256). [0128]
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 PSL2, PSL3, and PSL4 supplied from the
prediction section 216 to difference matrices DSL2, DSL3, and DSL4 supplied from
the difference acquisition section 214, respectively.

[0117]
[Math. 6]

SL2 = PSL2+ DSL2 (8)
SL3=PSL3+ DSL3 (9)
SL4 = PSL4 + DSL4 (10l

[0118]



The matrix generation section 210 checks the update flag to determine 25 whether an 8x8 quantization
matrix is updated in the picture (step S260). If an 8x8 quantization matrix is not-updated, the process
skips steps 8262 through S266. If an 8x8 quantiz gion matrix is updated, the matrix generation section
210 checks the matrix type flag to deteimine whether the new 8x8 quantization matrix is a user-defined
one (step 8262). If the 8x8 quantization matrix is a user-defined one, the 30matrix generation section
210 calculates an 8x8 predicted matrix from the 4x4 quantization matrix for a new picture regardless of

whether the 4x4 quaniizalion eI adipdpiemoTha Al AZAKAIEN sedlionafhigen adds the

calculated predicted matrix to an ef?grence matrix. the 8x8 quantization matrix is
reconstructest¢stefheS264nstiiithel SxBudiffetencadlagds SEL1S0thandliffefehee mgatriesSrBll. The 8x8

predicted matrix a%i@ éji ctly. set up as a bquantization matrix. If% 8x8 guantization matrix is a
default one_,agt’igé< }'rﬁa g ﬁ%%atigﬁ%gcﬁ%%ﬁi%)sgﬁspe%h% @é%fﬁﬂ%& %fﬂ%% |zaﬁ%%u%lg?r&r(step S266).
[0129] Wilttrefeflencedostrig:tiba B ethienizittixiewe thtionusedtaing I0athe dhdlire20f date flag to

deteilnine whether %16€(£B%uantizatiog matrix is updated in the 10 picturg gstefl) S270),1f a 16x16
ale) 6

quantization THA&fixt Ha B BB cARaH i pst8p SIS PBudh LR quantization

matrix is updesadsbedinatiixegenetatiopdaestbin 240 chaska therad ftiesyheftagto tetedsine whether
the new 16x16 quantization matrix is'?ei%ﬁer-definera one (ste% S272). If.thg& GMaggiation matrix
is a user-deffR8TSAEITHEHILEARGE 8F° LB BTGB LAt S 1 Bk te ¢tad matrix from
the 8 x8 quaptizatianmealsicdgioadiew pistufd regaseldss ehwheihariheSxieisabligationomatrix is
updated. The matrix generation section 210 then adds the calculated predicted matrix to a 16x16
difference m&tHRABSPFEENYSINOT6%16 quantization matrix is reconstructed (step S274). If the 16x16
differenge flal_g)is!c)?let 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 @éﬁ&ﬁﬁ@@k‘%%ﬁﬂf@ﬁon matrix (step S276). [0130] The matrix generation

section 210 checks thedipdate flagdodeiamre 25 whetien a3 @2 auanizationmatiis updated in
the picture (step S280). If a 32x32 quantization matrix is not updated, the process skips steps S282

through S286:11 #1828 quatheearsrimbin g vipdare deeHaaHi Ry ABFAHBAISBCHGHSED checks the
matrix type flagJo deferming WhetRer e 0pw 3232 Anantzationai e usrtelingg one (step

S282). If the 32x32 quantization matrix is a user-defined 30one, the matrix generation section 210

calculatts a 32B2eprBbict88 ik frotnthé soxabigubstiranirahaninmia welplilrategardless of

whether the %gé& q})r the inverse quantization section 240 to mnversely quantize the quantized
transform coefficient data.
[0120]
The configuration of the imverse quantization 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
transformation 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 mafrix 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



38 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 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 using the

technique to predict quantizatign rices based on.one quantization matrix eve tzjo if the.encoding
side transmit‘g‘? 0t 1%%@%%%%98 %ﬁlgé‘, 0 ul%/%ﬁé%ﬁﬁélrlgﬁré}é %#Po?ﬁ%t%%?na E;% ez;ésq%%rg |ng|'on?rfnatrix to be
predicted. Arilindrehgeanttiricodeamountsandediaffeotive isuprassadeven fdttn@tber of

guantization matrices increases..[Q132] The specificatign has described the example of setting up only
R R TR P R R T e et Rultiole ypes

C §) 1011 XA L 1
one type of ¥s quantization matrix for one transtorm anit Size:
of quantizatichersatricestieay: heiset arpfarbnbufien S0 s1pitSeieE). IniSueh Adagenthasesguence
parameter set and the picture parameter set may contain an. addifional flag indicating which of multiple
types of uahtizatiolt r‘?\ét#ég% H&%&g‘?o%%%ga FHBLSEH Br éﬁ:f‘gsqﬂgﬁgﬁaa A aki% of a larger
size. It may hmafizprieierabiéxtdsagt SqOmultiple types of quantization matrices for one transform unit
size and selectjyely one quantization matrix to another for each slice or block within a picture. [0133]
<5. Modificat@ 25As described above, the technology disclosed in this specification may be

embodied by predictingeartisantizatiamsalebtof 2 sinadiersizeSrondduantizatioamaltyof a larger
e O X G erdckimed one (step $710) TP he Rk quaniiation amiy 18 3 wacr-
10 defined one, the matrix generation section 210 uses the above-described prediction
expression (2) or (3) to calculate an 8x8 predicted matrix from the 4x4 quantization
matrix and adds the calculated predicted matrix to an 8x8 difference matrix. Asa
result, the 8x8 quantization matrix is reconstructed (step S214). If the 8§x8
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 8x8 quantization
matrix (step S216).
10124]
With reference to Fig. 11B, the matrix generation section 210 determines
20 whether a 16x16 quantization matrix is a user-defined one (step 5222). 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 8224). If the 16x16 difference flag is set
25  to 0, the difference matrix is null. The 16x16 predicted matrix is directly setup as a
quantization matrix. If the 16x16 quantization maftrix is a default 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 quantization
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



39

170

10

15

20

30

lit b21 ba,, h4, b51

from the 16x16 quantization matrix and adds the calculated predicted matrix to a
32x32 difference matrix. As a result, the 32x32 quantization matrix is
reconstructed (step 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
matrix. If the 32x32 quantization matrix is a default one, the matrix generation
section 210 sets up the default 32x32 quantization matrix (step S236).

0126]

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

[0127]

With reference to Fig. 12A, the matrix generation section 210 checks the
update flag contained in a picture parameter set to determine whether a 4x4
guantization matrix is updated in the picture (step S250). If a 4x4 quantization
matrix is not updated, the process skips steps S252 through $256. 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). 1If the 4x4 quantization matrix is a user-defined one, the matrix
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 S256).

[0128]

The matrix generation section 210 checks the update flag to determine
whether an 8x8 quantization matrix is updated in the picture (step S260). If an 8x8
quantization matrix is not updated, the process skips steps S262 through S266. If
an 8x8 quantization matrix is updated, the matrix generation section 210 checks the
matrix type flag to determine whether the new 8x8 quantization matrix is a user-
defined one (step S262). If the 8x8 quantization matrix is a user-defined one, the
matrix generation section 210 calculates an 8x8 predicted matrix from the 4x4

quantization matrix for a new picture regardless of whether the 4x4 quantization
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matrix is updated. The matrix generation section 210 then adds the calculated
predicted matrix to an 8x8 difference matrix. As a result, the 8x8 quantization
matrix is reconstructed (step S264). If the 8x8 difference flag is set to 0, the
difference matrix is null. The 8x8 predicted matrix may be directly set up as a
quantization matrix. If the 8x8 quantization matrix is a default one, the mairix
generation section 210 sets up the default 8x8 quantization matrix (step S266).

[0129]

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
picture (step $270). If a 16x16 quantization matrix is not updated, the process skips
steps S272 through S276. If a 16x16 quantization mafrix 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 S272). 1If the 16x16
quantization matrix is a user-defined one, the matrix generation section 210
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
3274). 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 mafrix. 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
whether a 32x32 quantization matrix is updated in the picture (step S280). If a
32x32 quantization mafrix is not updated, the process skips steps S282 through S286.
If a 32x32 quantization matrix is updated, the matrix generation section 210 checks
the matrix type flag to determine whether the new 32x32 guantization matrix is a
user-defined one (step S282). If the 32x32 quantization matrix is a user-defined
one, the matrix generation section 210 calculates a 32x32 predicted matrix from the

16x16 quantization matrix for a new picture regardless of whether the 16x16
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quantization matrix is updated. The matrix generation section 210 then adds the
calculated predicted matrix to a 32x32 difference matrix. As a result, the 32x32
quantization matrix is reconstructed (step 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
quantization 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 using
the technique to predict quantization matrices based on one quantization matrix even
if the encoding side transmits, to the decoding side, only the difference information
about a quantization matrix to be predicted. An increase in the code amount can be
effectively suppressed even if the number of quantization matrices increases.

[0132]

The specification has described the example of setting up only one type of
quantization matrix for one transform unit size. While not limited thereto, multiple
types of quantization matrices may be set up for one transform unit size. 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
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>

As described above, the technology disclosed in this specification may be
embodied by predicting a quantization matrix of & smaller size from a quantization
matrix of a larger size. For example, 8x8 quantization matrix SL2 is defined as
follows.

[0134]
[Math. 7]
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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}
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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 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



[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 otherwise than the ggample 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]

[Math. 9] PSiLiye quarter or smaller.

[0138]
Instead, predicted matrix PSLI may be calculated from guantization matrix
SL.2 according to prediction expression (13) below.
5 [0139] |
[Math. 9]

PSIl=
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[0140]

10 With 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 predicted matrix
PSL1. Averaging more clements {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



[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 o
guantization matrix SL2 as one element o'f'predictgpl matrix PSLi. 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 minimumyalie-AAddhie MeRIRUMLValueBayhe salaladdiamelenents, 9144} 4, predicted
matrix of a smaller size may be calculated from a quantization matrix o a(farger Size. Also in such
a case, the diffegerisesashieudativn 68 ginardSd Tqloulhres e difitisiceimatrsardpreseatiragna difference
between the predict atrix supplied from the prediction section 152 and the corresponding
guantization tr%%t%‘% %ﬁ%%p%%%ﬁ?f&%g?gﬁgo%cﬁ% géagﬁgniﬁ%%ﬁ?%g?lenr%gn %&?&Hfanfolination
representingatihe ealesdabed pli¢fe rénoematsitoha indteidi fferexatinntsedidmBatonf 41 the inverse
quantizaStion @gjﬁ]verse orthogonal transformation section 63 of the image decoding device 60
generates a guantization matrix having a smaller size from the quantization matrix specified in the
basic matrix informatitgs usty any aBthexabdiavdeacsiiddspredigtion expigssiaTs«addig difference
matrix information. 5[0142 FEiﬁg;s. 13A3 13B are flowcharts illustrating an example of encoding

process flowPAEoTainG' tSC]SR%l% O A R Rrix o RS Breeesigie £8818Rd tletithsless

encoding seckioriddlean peiony the-psacess cepresented My-thadlawchapissnainlywp aach encoded
stream sequence 10£014_3 With reference to Fig. 13A, the matrix processing section 150
acquires a Si"éj@&ﬁ& A %3%?%&8&“858@ TBPHESqUE M ation section 130 in this sequence from the
quantization fmp4sx buffer 140 (step S300). As an example, the set of quantization matrices is
assumed to contain guantization matrices corresponding to 15the sizes of 4x4, 8x8, 16x16, and 32)62.

[0144] The matnX{rEtiesditiyieddtoh fshtetinBe fnEners AN qsantEatiotmatrix is a
user-defined gng {aieRRA0RAmtHRdR2 aaniizationMalbis a s er-dalines.ene Hgjossless

encoding section 16 encodes the basic matrix information 20 that represents a 32x32 quantization

matrix with tHRenfERIEASEST g XK 1P e Rt 830%5P 11 1REND 2x 38sqaanEEamde mEwixse aofefault one,
the lossless gpeadingoaestiondbiencadesiondaematn e ilrg.5at 4o Q631eR RR08) 10

15  the sizes of 4x4, 8«8, 16x16, and 32x32.
[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 information

20  that represents a 32><32_quantization matnix with the matrix type flag set to 1 (step
§306). 1If 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 S312). 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



[0145] The matrix processing section 150 determines whether a 16x16 quantization 25 matrix is a
user-defined one (step S312). If the 16x16 quantization matrix is a user-defined one, the matrix
processing section 150 calculates a 16x16 predicg-ﬁd 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) 30indicating a difference between the 16x16 quantization matrix and the calculated predicted

matix (step 346 RGBT ZAIOMAITIe A deleuloae, 5,98 fosglesy gnooding secton

16 encodes only the matrixtype flag set to O (step S318). rence to Fig. 13B, the
matrix proce§8ldglsection 150 determines whether an 8x8 quantization matrix is a user-defined one

(step S322). If the 8x3. ntizati atrixjs @ user-defined one, the matrix processing section 150
calculates an 8x8 pr)é%ﬁ%gte rﬁ%l%%%( k‘%{?ﬁ%hfeg%xt% 15111%%%88%8%1 HxX téf’élp %@2‘% .e?ﬂlen%ssless
encoding sectimthtt @néeblepithaxadnxtypex flag (Ed)difmdiffeteneefl@g2and tiedghifference matrix

informat'gon (ifu%lq 1}l&ilplgl}icatin .a disfferen%e_ge W?den the 84 quaquation matrix and.the ?g culated
predicte matrix {s ep %ﬁg%ﬁ the 1 08X8 quanrﬁ3 iZ&toN Matrix 19 & dRTATONe, the P stess encoding
section 16 enahdésconly $ha matixdipeadidy Seidal (56 St teldd Imatrixl P854 processing
section 150 determines whether a 4x4 quantization matrix is a user-gdefined one (step S332). If the 4x4
quantization gtﬁlgﬁlse%s GEEPIRE a%%}?é‘d%gn%}%ée%% i?ﬁ%ﬁe@?ﬁ‘né&%éﬁﬁ 1%"0%5%%5 a 4x4

predicted matteiy, fsadntHeeiddecrinptination infatthafiste PiSa34) ifkhealoss ke SstRnendingsaciion 16
encodes the E%aérix type tla%(=1), the difference flag, and the difference matrix infoimation (if any)
e

indicating a dffetdhdEBERAEER T M AUbA AR AR R tie e doisRet pPedictbthfnatrix (step

S336). {bthe ghet gisantizatiommaiinis AAdelaw! ane)dhadasslipsainpcdind sastiaaskésencodes only
the matrix type flag set to O (ste 8338).(50148] If the SPS is used to define quantization matrices,

the modificatfdy igyEliEtishs Jag shoddSFRER18% matrices in descending order of quantization
matrix [0147]

The matrix processing section 1530 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 S334). 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 guantization 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



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 decodings30 process flow according to the embodiment The
matrix generation section 210 can perform the process represented by the flowcharts mainly on each
encoded stream 43 sequence. [0150] With reference to Fig. 14A, the matrix generation section
210 checks the matrix type flag contained in the sequence parameter set of the sequence to 5
determine w wthe 32x32 quantization matrix is a user-defined one (step S402). If the 32x32
guantization matrix is a user-defined one, the matrix generation section 210 uses the basic matrix
information t&&¢lup the 32x32 quantization matrix, namely, store the same in the quantization matrix

pufter 220 (step SA0kl! 1Be-3gx3% g tizationmayicls g elaih e Mptixgangiation section
210 sets up 10the default 32x32 quantization matrix (step S406). [0151] The matrix generation

section 210 disnities iaetventiines18 gligntigatioemanirisguser-géfied ssavefstep®412). If the

16x16 quantizati X, defi -the j tioR secti lg%%% the
above-d%scr%z%%gﬁj%ﬁéﬁ%%ﬂe%%?egigﬁ%ﬁg}%r& tzllg‘)gﬁ)mc%%%ﬁlgt%g% ]Eél@%ag?e@%%e matrix from the
32x32 quantiZdiioA2mlrixamic:aiels thérvalsul ated ¢prBdictechentiteixntoras | gl adiffe seatematrix. As a
result, the 16x16 quantization matrix is recanstructed (ste 14) It the 16x 16.difference flag is set to
0, the differee%ic%e lrl%gsfr%%l ?sa%aﬂsfl? The Tx1 %Ir%% ic e%é’ rﬁ%?tr%% i?%wecﬁ;g/Ege%uﬁgtggqéoau%lﬁﬁ%ﬂon matrix. If
the 16x16 20gusiyizstion theatdixis @ defapizonssithe matix Jeffer2Adn(septiBAlZ)10 détshap the default

1ol e M R SO o M SIS 0 g 0B, 05 e gercratn
8x8 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  expression (12) or (13) to calculate a 16x16 predicted matrix from the 32x32
quantization matrix and adds the calculated predicted matrix to a 16x16 difference
mairix. 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 is a default one, the mairix 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 5422). 1If the 8x8

25  quantization matrix is a user-defined one, the matrix generation section 210
calculates an 8x8 predicted matrix from the 16x16 guantization 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 $426).



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 84 quantization gatrix is reconstructed (step S424). If the 84
difference flag is set to 0, the difference matrix is null. The 8x8 predicted matrix may be directly set up
as 30a 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). 44 [0153] The matrix
generation s?@}i 210 deteunines whether a 4x4 quantization matrix is a user-defined one (step
S432). If the 4x4 quantization matrix is a user-defined one, the matrix generation section 210
calculates a 4x4 predibtethafiatrgerGifrion s flidhtizionnerawbetind addgttheacslculated predicted

matrix to a 4x4 'Qeregﬁ M .§e§ result AX angization matrix is reconstructed (step S434).
e xa di o e e S B T A ey be
directly set ugefisal queamtizatioatixagmxethtie 4ediguadtidatidoubaatrix i$af defalitt @hen e matrix
generation sectio 2? ets up the 10default 4x4 quantization matrix (st 843%%{]15154 If the
SPSis ugsed o 13&:18 exét%lﬁﬂgzig |6%n%atﬁge%?%%d%’§§| iggﬁfg%a%%ﬁ’rr%éé%%ét%?ﬁ n?iz4a f'_on matrices
in descendingifedercof mutzintization matiy sizeé:4f thePRSiimuseditp updatesuaniization matrices,

the modificat] ay.,also ]15recanstruct guantization matrjces in descending qrder of quantization
matrix sizes.t%q ] i&‘fx%r%ﬁ%%ﬁ%ﬁ%g%gﬁgﬁeﬂo 8‘%‘5 JEER DY Géte 16%ndthe image
decoding deyiegicaanatdingntothe efitbatimentugeseribeshahone;saymbeiappliedie varous
electronic appliances 20such as a tgfﬁgg‘f itter af?}d a receiver for satellite broadcasting, cable

broadcasting SARRZARELBIAH Y Stk 65h HHE TR SR ORAN NS HS et g VR B&iular

communijcatiggfaand thelikei areaending demcesh@t 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 med[@rlrﬁ,ﬂnd the like. Four example 25applications will be described below. [0156]

If the SPS is used to decode quantization 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, disiribution on the Intemnet, distribution fo 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 903, a display section 906, an audio signal processing section 907,



[6-1. First Example Application] Fig. 15 is a block diagram showing an example of a schematic
configuration of a télevision adopting the embodiment described above. A television 900 includes 30an
antenna 901, a tuner 902, a demultiplexer 903, a gecoder 904, an video signal processing section 905,
a display section 906, an audio signal processing section 907, 45 a speaker 908, an external interface
909, a control section 910, a user interface 911, and a bus 912. [0157] The tuner 902 extracts a signal
of a desired channel from broadcast signals 5 received via the antenna 901, and demodulates the

extracted signgh-ZingRodeUAGEQ;R1RLE sbercered ibitatsanl Qblaingd hydemagylation to the

demultiplexer 903. That is, the tuner 902 serves as transmission means of the televisions 900 for
receiving an AscvBRYd#Feam in which an image is encoded. [0158] 10The demultiplexer 903
separates a [@ng]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 exTMc?@&UQQ%@XHa@éS ueiges %@@reélehmbfmdrmﬁd%toﬁégﬁﬂéﬁn the
encoded, bit stieamy ARk RRlER. 08 xliadiad driaa the seniteleaglion 918.Addlighally. the

15demultiplexer 903 may perform descrambling in the case it stream I1s scrambled.
[0159] THE datoder@0ndebatbl teewid edisirednt addihd datio strehedaputtipbencdhe

demtile 5905, Fht, i srom SO RSB PR s o depne oees
the decodinggmeessatoctive dddivsignial whodessimgage ¢tionc®dzd.[0160]
[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.

[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 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 button, a cursor or the like, for example, and superimpose the generated



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 agplication 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
30section 905 may generate an image of a GUI (Graphical User Interface) such as a menu, a button, a
cursor or theiﬁ'ﬁ%ef&{ sxamplepangksuperimpose the generated 46 image on an output image. [0161]
The display section 906 is driven by a drive signal supplied by the video signal processing section 905,
and displays[ﬁl\%bo or an image on an video screen of 5a display device (for example, a liquid crystal

cisplay, a plasma disple; g OERAdbe 1ke (01622 albeaudiasigmelisgasssing,section 907

performs reproduction processes such as D/A conversion and amplification on the audio data input
from the dectigeil TOCTBENEREHAELS AndidifRlYfevifroaRerDEBagRI 98, AhEiderifstsrinal processing

section 307 may perfarmANAAdLaNAL PIoRESS SHSMLASRNISE 1omayal an,ihe audipesta, [0163] The

external interface 909 Is an interface for connecting the television 900 15and an external appliance or

a network. Féredigmnple, a video stream or an audio stream received via the external interface 909

may be dec ef? y 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]
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
section 907 may perform an additional process such as noise removal on the audio
data.

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

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 fransmission means of the
televisions 900 for receiving an encoded stream in which an image is encoded.
[0164]

20 The confrol 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 a user to operate the television

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



20The 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 QBU 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. [016 T ser interface 911.is connected to the control section 910, The user
omertace 9P e oL SRR S SR o R B B AT R i Koo anc
receiving sectamforesiemoterdontpalsingbrfantdarppletidiheigisd todcd pnterfatec@fibrdeiécts an
operation of ;U&lggé via these structural elements, generates an operation signal, and outputs the
generated operation signal to the control section 910. [0166] The bus 912 interconnects the tuner
902, the demultiplexdmh8®as e deeocenba04h shenddtRsigeal sprokgssieg Sextian b ddre audio

signal processing.section 907, the external interf 909, and the control section 910. [0167] In
the tele\i?sior? SHAGE e FRRS ?ﬁ%ﬂ%é??ﬁ?&%%%&g&a@gwﬁ%ﬁfﬁﬂ&?ﬁ%ﬁﬁ%‘% decoding

device 60 acgnrdingial he-chatbotinan deseribed séfiahove. Accordingly, also in the case of the
image decodin? in the television 900, it is possible to suppress in an increase in the code amount due
to an increasd I the number of quantization matrices.. [0168] [6-2. Second Example Application]

15Fig. 16 is a block dingkani-RRNIA0B0 example-ofia sehemaliteeonfigdration: of@ mabile phone
adopting the embodiment described above. A mobhile phone 920 includes an antenna 921, a

communicatiBiEiRRioh gingee daredogeleyiss, o spreakding e, R fmbplisiatodes i einera section
926, anmagsereceasinGeaelionIde Tn eemuIiplaxing Seclion 38 ia fecandinglepigsiyction section

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

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



[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 interconngcts 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]
30The mobile phone 920 performs operation such as transmission/reception of audio signal,
traqsm|SS|on{5_ggﬁﬂﬂgno@fcgi@a’a%&)rd{@qg&d%avggggg ] [H?)gmégegeﬁ?crﬂﬂ@ﬁé)fa%aﬁd%d the like, in
various operation modes including an audio communication mode, a data communication mode, an
image captutipgmsdeatincizedicdeciatopemmodecd0e? 1) Gla treimadioceptanmgicadierapdotle, an
analogue augige%ir%g%egﬁgg%gted by the microphone 925 is supplied to the audio codec 923. The audio
codec 923 converts the analogue audio signal into audio data, and AID converts and compresses the
converted adélidZtlhta. Then, the audio codec 923 outputs the compressed audio data to the
communjcation seclipn 923, 1he.communication, seetio 928.encodes, 10.andmadulaies the audio
data, and generates a transmission signal. Then, the &ommurication section 922 transmits the
generated transmissigrhsign?d foia bagdistationh ebghown]oddPftie aiitenaadd? kolizo Sitie
communication selgti%g 92 am]glifigs a.wir?le S s!iﬁnal rggeivgm the antenna 921 and converts the
frequency of e Wireres&™ fié)ﬁg : A atqires's feceve Slagnnal. hc("aorrli,V & BomAUMEatoh 15 section
922 demodutatesoanetdé cadesdite. rethive disigndl @nddge vefatespatidiiccdatapasdedutpdits the
generated audio data to the audio codec 923. The audio codec 923 extends a g D/A cqnverts the
utio data, ARG oSS RIS A S tmat T O AT LD IS GBS the
generated augid signalstesthespediked92s antl gansesthe angionadamosiipial. 20[0kd2khe  Also, in
the data communication mode, the caontrol section 931 generates text data that makes up an email,
according to STEPERSBALF LR Ogh BTSN SSEEIRFl S B SIS o V8t the control
section 931 gauRres the teadvapeigispiayeden theidisplay sertiensinfuibersesente xontrol
section 931 25 generates email data according to a transmission instruction of the user via the

operation sedtiHi 8802 aheclstpties thergriietarsuBamai ik 16 et spavii CBe dFFee&ifoh 922. Then,
the communigaon $eefiQg %gaa@,n&;zﬂ%&gmmgw@m&t@@ﬁmaﬂﬁm ARA.gRNehAIeS @, ransmission

signal. Then, the communication section 922 transmits the generated transmission signal to a base

station Aot s¥EieN Y2 tResBktes fa O decoded thrawsitmurBrlichesnentiop 2uhpiifis a wireless
signal receiveghviadhganepnadek angi saaupsdhe.dieausacy 9fihe wireless sigagl and

extends and D/A converts the audio data, and generates an analogue audio signal.
Then, the audio 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 emaﬂ, according to an operation 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 transmission instruction of the user via the
operation section 932, and outputs the generated email data to the communication
section 922. Then, the communication section 922 encodes and modulates the
email data, and generates a transmission signal. Then, the communication section
922 transmits the generated 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



49 acquires a received signal. Then, the communication section 922 demodulates and decodes the
received signal, restéres the email data, and outputs the restored email data to the control section 931.
The control section 931 causes the display sectioQ993O to display the contents of the email, and also,
causes the email data to be stored 5in the storage medium of the recording/reproduction section 929.
[0173] The recording/reproduction section 929 includes an arbitrary readable and writable storage
medium. For example, the storage medium may be a built-in storage medium such as an RAM, a flash

memory or thediiee.of pRxtaraalln 1O an Rd srads el b 2o s ik anadnetic

disk, a magneto-optical disk, an optical disc, an USB memory, a memory car e. [0174]
Furthermore dis¢Aesithagecetyptl siggah ackiotbe tharral sedtiomg 28 gays tesrastined genefla subject,
generates image data, and ouipyis e, ﬂe”%%t%gnk%ﬁ%%c?%tn_6811§ath8 '%%Qﬂ%ﬁ%c%sé{{‘o% section 927,
for example. The iImage processing section 927 encodes the image data mpult rom the camera section
926, and caus¥stithdigncy dedestrieatn ¢f the storddaimdthbstorages mhedimatlofthacsdeosting/reproduction
section 929. [o1/SL Fudhermore. 4p dhe. videpphone.mode, the dempliplexing section 926 20
multiplexes a'video stréam encoded by the image processing €8Mi6ri"927 and an audio stream input
from the audj@¥dec 923, and outputs the multiplexed stream to the communication section 922, for
example. The commypication section 922 encodes arb% odulates the stream, a dt{ enerates a
transmission signal. #ﬂ%ﬁ?‘iﬁlgl SR |%(§f|(3}15§%ﬁ8n %W{ﬁﬁ%ﬁi@tﬂ 1&8}’?@?&?@& ?%ﬁgﬂ'nission signal
to a base 25 wiitible (sofglowajivia.the antenpngR2 thAlstrthe easdmmnicatopesactantdaz2 amplifies a
wireless signal received.via the antenna 921 and_converts the fre uerll&}/ of the wireless signal, and

acquires a revgiteH BEHET 1HS A s ol YAl BREPELeTh A s AR aslircitide® M encoded bit

stream 1@ hem#hare@rasipicalianseetion £22 demaduatessaptdecadesthglareiepignal, restores
the stream, and 30outputs the restored stream to the demultiplexing section 928. The demultiplexing

section 928 $BHatQBLLH AL -HARP ARG APBL Aok thelikput stream, and 50 outputs the

video streany{Qthye image processing section 927 and the audio stream to the audio codec 923. The
image processing section 927 decodes the video stream, and generates video data. The video data is
supplied to the displdySBeFBIFOI0, Hpdrpge farwrmB aslsidhnsprRyEres vk e maptesetion 930.

The audio codefn923 op £¥iends geﬁe%aées RV e AHdIRRIEHD and Aenarales Al apalogue audio
signal. Then, the audio codec 923 supplies the generated audio signal to the speaker 924 and causes
the audid to e duriR processing section 927, for example. The image processing section 927

encodes 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 audio 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 andio stream from the input stream, and



[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 i%he 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 isa
block diagram showing an example of a schematic configuration of a recording/reproduction device

adopling the ghpdiaRdescibed AR ABRUCINGl cpipglelion device, 040 ehcadas, and records
in a recording medium, 20 audio data and video data of"a received broa cadt program, for example.
The recordingfeepdd gotion ¢3iceT84Gmagy misceericpdectand 92¢aketid ¢hehrecaaingeargium, audio

data and vid uired from anether.device, for example. Eurthermore, the
recording/ rep%r%d;géc%gé]i _ evice Q%rga're p%%%l M lcgéeg : (?J%lanlﬁ' 5“%{%%0?001%13 (gﬁggﬁesre C&gfé%%o%d in the
recording medignysactording o disprisyrdctiprihef diydey, seSifar exampiteAluttits tvdec thes
recording/re%&qdu&tiglpd /\ﬂcg 93;0 d%}%ode .the audio dg\ta and the video data. [0178] The
recording/reproduction device 843 theladas's fiiiano ¢ #5IAER APiARS RRYE 849 10aH@Eoder 943, an

HDD (Hard DisknDifieen8itdcalcise2driuerdus fee 3eseterio nido, agierader (alan DI RON-Screen
Display) 948, a control section 949, and a user interface 950. 51 [0179] The tuner 941 extracts a
signal of a dedirEd aaﬁlrgé(i ff)g?ﬁ BfFticast signals received via an antenna (not shown), and
demodulategtheextracted signal. Then, the tuner 941 outputs an encoded bit stream obtained by

demodulation to the selector %946. hat is, the tuner 941 serves as transmission means of the
recording/reproducti% G QY E P %8?0 configured m 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 1n 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 is a block diagram showing an example of a schematic configuration
of a recording/reproduction device adopting the embodiment described above. A
recording/reproduction device 940 encodes, and records in a recording medium,

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,

256 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 Disk Drive) 944, a disc drive 9453, a
30 selector 946, a decoder 947, an OSD (On-Screen Display) 948, a control section 949,

and a user interface 950.



The external interface 942 is an interface for connecting the recording/reproduction device 940 and an
external appliance or a network. For 10 example, the external interface 942 may be an IEEE 1394
interface, a network interface, an USB interface, a%f ash 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.
15[0181] In the case the video data and the audio data input from the external interface 942 are
not encodedféq%ﬁncoder 943 encodes the video data and the audio data. Then, the encoder 943
outputs the encoded bit stream to the selector 946. [0182] 20The HDD 944 records in an internal hard
disk an encoded bit sthsammewhithdsteetspresset doatbnictdtahahacliffem draaddiot waricilss programs,

and other pie%ggof ala, Als ethe @D _@44 reads these pieces of data from the hard. disk at the time
of reproducinrg al\‘;f: e‘élo?%lu 0%09?81 gij rtls)’d%g Ve 6% Fgctofdgxgra ?éeéigss}%le‘ﬁa in B%cording

medium thattissrmented. Avtps rhirg amddi bin thedris shodntddboddhe disaeidhive 9d5drayobe a DVD
disc (a VD-y eo, VD-!:\S’A , 2 D&/D-R,QPVD-RW, a DVD+, a DVD+RW, or the_like), a Blu-ray
(registered tra e'maralzl;g discor tHE ik Fr exampig. {0183] 30RRENSRRor 848 Se18éts I the time of
recording a wicteodot @itghodantenchdéed: Bit(stream input from the tuner 941 or the encoder 943, and
outputs the Fg} ected encoded bit stream to the HDD 944 or the disc drive 945. Also, the selector
946 outputs, time of reproducing a video or audio, an encoded bit stream input from the HDD

944 or the disc drive Bt texfeendbcasterfady . [UB5]s anlhendennder 47 degodesthegncoded bit
stream, and eneé%tg/s vid%o data and audio data. Then, the decoder 947 outputs the gi:enerated video
data to the GST9GHE KRG b A5G o0 GRRPAL thiek gl ARIIPRERIYY FaBEty Ak -extidfnal speaker.

[0186] The QRS nepredisced theevitde datannpubirm e decosien 94k, and,1Qdisplays a video.
Also, the Osigtegégcg?aa){l Slljjggriirgt%(r)f?geag ifTa% em(?efrr?ogfuilﬁtggggeasor the like. For example
s s pie,
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.

15 [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 audio, an

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



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 k3 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 sbygxgciingdne,nregeam. K0IR488bn 94iherugRr mtertaee: 9sis corRpeeked to the
control section 949. The user interface 950 includes a button and a switch used by a user to operate

the recordin§REprEditiSHtaBcat 3ho, thing of (EEBRANGRE QIS Ifor A raitfite BoRBGISEHM, for

example. Thg.user;igigriacs BROdsteols ap eRefatoR af sudseriathege 2Bstructural elements,
generates an operation signal, and outputs the generated operation signal to the control section 949.

[0189] 9 t8elrecording/reproduction device 940 configured in this manner, the encoder 943 has a

finiction of the imagergpepding,dexvice.10:acearding iR dhs QrmRodimerhdesgibrd.Abaye. Also, the

decoder 947 has a function of the image decoding device 60 according to the embodiment described

above. Accoaddwghﬂ,i_OBBTalspﬁheEhé%é@@dﬁ84%9@@%@8&3@@&@%@@iﬁ_gtﬁfﬁﬁbe OSD
recordng/repialu AR dhy Bk td 964%83&&g@éﬁég&%@ﬁ?m[ﬁoa&m feRss R Ing grde.amount due to

an increase in the number of quantization'matrices.. [0190] 5[6-4. Fourth Example Application]
Fig. 18 is a QlddoHiagram showing an example of a schematic configuration of an image capturing

g?‘a’li‘;i S‘.d"pting the embpdipent O'r%ﬁ%%%%%saﬁl%"%dé&‘ aiﬂl%@l% ?g%%ﬁ{‘ghged’é%d%?%ﬁpéﬁ'&es an image
ject, generates an image, encodes the image data, ahd records the image data in a recording
mediurm0 10[0kPMys a 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,



The image capturing device 960 includes an optical block 961, an image capturing section 962, a
signal processing section 963, an image processing section 964, a display section 965, an-external
interface 966, a memory 967, a media drive 968, ag OSD 969, a control section 970, a user interface
971, and a bus 972. 15[0192] The optical block 961 is connected to the image capturing section
962. The image capturing section 962 is connected to the signal processing section 963. The display
section 965 is connected to the image processing section 964. The user interface 971 is connected to

the control segion 0 The pus T2 ISIEAMRE 5 e, 20 Age RLOERSIIGECloN 464, the external

interface 966, the memory 967, the media drive 968, the OSD 969, an section 970. [0193]
The optical bistico§4indluspsssitdeds mpress apertursrstop mabkamidmamodithddiker The optical

block 961 foiiﬁge%]%%?ﬁ%"ﬁﬁﬁ%%o?‘é%&"ﬂ@&%@&% image 25 capturing surface of the image
T

capturing section e Image capturing section 962" includes an image sensor such as a CCD, a
CMOS or thddiK&lland converts by photoelectric conversion the optical image formed on the image
capturing surfage nto an.ima ignal which is an electrical signal. Then, the image capturing section
962 outpguts {k(?egrirﬁglgl]%ﬁlsll%{ﬁg t© %%)qslféar%la?lngrocessing section 963. 30[0194] 54 such as knee
correction, gamma cBigetfiona bidok doepeatioshawth then ldsengsidioé drscgenaignadifiput fram the image
capturing section 962. The signal. processing section %6? outputs the image data after the camera
signal procesog 8 theshsdsy F‘%%%gg‘é%ﬁ%%é’ %&r% 475 %@@f tées’?ﬁ@%é’é’ BroédsiifgSection 964
encodes the ¢apagendaliayiop a6 droapttivessigialageackssingeae atineraes .ansth generiskearoded data.
Then, the im%%‘?e ng)cessing sec io#} 964 outputs, the er}gézéed encoded data to the external interface
966 or the MBS e SBBIRRES 8%%%%%?6&5@55 {96 decodes 10 encoded data input

from thepextgmnaitinterface 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 96ASRGESLEARTIRS ASYE RS iMsihdre A e isghRiorb Kdsing 88888 963 to the
display sectiorpfeh@Reaiserhe inageohashsniayash botthermus. thedmade lapracessing

section 964 ma%/ )yerimpose data for display acquired from the OSD 969 on an image to be output to

su
the display s&8fioh Y8 aJ0RSEPR 965, #hSBRrbBY HERR HbstamAnage Ba CUrdsugRs a menu, a
button, a curggg ot ek EXAMPIR-ARE SHIPUIR IS, QeRREIeH IMAgs,IR Yie iImage 20processing

section 964. {0197]
15 0192]
The optical block 961 is connected to the image capturing section 962.
The image capturing section 962 is connected to the signal processing section 963.
The display section 965 is connected to the image processing section 964.  The user
interface 971 is connected to the control section 970. The bus 972 interconnects the
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 [0194]

The signal processing section 963 performs various camera signal processes,



The external interface 966 is configured as an USB input/output teiminal, 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 to the gxternal 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.
Furtheiiiiore, the external interface 966 may be configured as a network interface to be connected to a

network suchyag ad-Ahbethg Arternet orthe: 3QKeqbhalisidneLXISEnA! AIEHACE ROG,5efyes as

transmission means of the image capturing device 960. 55 [0198] A recording medium to be
mounted on tHE$RSHEAY B G Ma banasainEn me aeriisie 208 wiitabisigerhovedsiesimgdium, such

as a magnetie ity GMRANFI RISRLHISk.aD ARICA LISk & SSIEATgEiRs memen g e ke, for

example. Also, a recording medium may be fixedly mounted on the a drive 968, configuring a
non-transporgaptessieg aeeisadidn such as a built-in hard disk drive or an SSD (Solid State Drive), for
exampley [Ol@gbgge'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 program to be executed by the CPU, program data, and
the like. A program stdwetriaghenensory isveorl 20 exedatethbyrthgeCRt anpe fime dfeactivation of

the image c i v 60, for.e ple. .,The CPU cantrols th eration of the.image capturing
device 960 ch% o?gi%gl% %Sg%l p%”rcg%%in)%g:ﬁaﬁg pé’? from the %%oé?a (lintgf%?ce aéti}fl’fotrﬁgxé%a& e, by
15executing thecgroggaect{0206} outpithehesgminterddca@dtdsictnnettedtaihg dmatfatsection 970.

The user interface 971 includes a b , a,witch and the like used by a user to operate the image
capturing deeislrléége g%g,] ?OIPS";("%mp g?%@uséﬁ Fﬁte?ﬁgcén&ﬁf dEtEETs AR ﬁﬁ%tboé}‘a%% %‘T’C&? er via these
structurdl elements] geneiates dvaptratarcsighalatidowpatsitheegenrdiatad@perationsignal to the

control section 970. [0201 In the image capturing device 960 configured in this manner, the
image proceSSHE: cﬁg]ﬁl%éilﬁt&s a %&ioﬁ’%?ﬁ?&gﬁwfégcg??&%iﬁﬁcaléWicg% AR @ theage

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 9635, 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 564.
[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 imagé, for example. Also, a drive is
25  connected to the external interface 966 as necessary. A removable mediuzﬁ, 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.



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 irsthe number of quantization matrices. 10202] 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 generate a second quantization matrix corresponding to a transform unit
representing[gls}gqond 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 differenf\sigerdingsieehivaintnbeertiounied o Gecoddithérivadléomas becand

quantization matrx Anipssrasedndhe.crdeamomitcande.iectyely suppisssed gygn if the number

of quantization matfices increases. [0203] 10The embodiment generates the’second quiantization

matrix using Brenstarppiitdrdiakioarspetityindishe firsenicomdzatisnmentoiry aord the Hiterénce

information (diffgisiace gl RIgHBAoALIARICSRIIRG A AURaNcR RAMESNARIRAGIRdmalrx and

the second quantization maitrix. Therefore, it is possible to acquire the second quantiz:ﬁlon matrix

appropriate t36thenrzagoidgectingrsidecsinbbhystoyamecading enbh 15a tifferericebétkebivthe second

guantization @atrigﬁﬂs%lp (ji%%glnmgtr%f L0204 According to the embodiment, a first flag may
a diffe

-~ an a » . N .
indicate the absence o} fence between a predicted matrix and the second gquantization matrix

and may be #titiited from the sequence parameter set or the picture parameter set. In such a 20

case reditd may e o eSS Uz it ospet i e scon

guantization matrix. In this case, the code amourt &

information isuchteneoRéd/far the BOdONd Hitantzatignmalix 0200 25 Thefitst@uantigation matrix
may have th%ogwimum of transfor H%niﬁ, izes., The above-described configuration need not encode all
fion e (%F

the quantizafion mBtERL L tHY Anti2 kR SRR My B PTHRRUAT $628 #ifbrefore, an
increase in the«wadad anouwntEEbamae effectivelivsupnressedevamitiedenpbersof guantization

matrices incre?)%sn(la;?fe?o[%ﬁg 6éPU controls the operation of the image capturing device 960
according to an operation signal input from the user interface 971, for example, by
15  executing the program.
[0200]

The user interface 971 1s 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 10 and 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.
10202]
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 teghnique described above. For example, the
information may not be multiplexed 5 into an encoded bit stream but may be transmitted or recorded
as separate data associated with the encoded bit stream. The teint "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 infesmAIR SesesReRAng- . the imass-Namehn (benfermation MmayBediansmitted over

a transmission path different from that used 10 for images (or bit streams). The information may be

recorded on alYe CHIEMETHERUIAST (e apmisieon feelniing srescoraife s ansené cpreiiigatitium)
different from,that usga.iRnimages (9rdih SEEAMS: QQR‘ETH?“Q@&GQ&@Q@%@%(Qril%igtsneam) may

be associated with each other based on any units such as multiple frames, one frame, or part of a
frame. 15[02@Fntizatiqihengtefe gadcerabddignéhts bRtsEopresent ieyesstionngasefbeesitestribed above

with refeyen -the ' j j ion is,nat limited to the above
examplggs, oﬁ%%gg.%%%[r%%@g&%e %gl\{h&eg%ﬁ}y riyatf/tﬁﬁlggﬁﬁ)%ns&a t\ée?ron%éti?)léztgﬁ%aﬁ%&%%%ﬂons within
the scope of dffécapperinred clirmsaanedizOitashdhidizedindenstodd thatwhelewill Haturadbndome under

dovice (magh NLE s e TRt e SRl T
transfoimaticzvsedtibn 130Quarizatitrsestioat3080imagscprocessing device (image decoding
device) 210hf|@£ﬁ§<}gen§ration section
10 The embodiment generates the second quantization 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



58 230Selection section 240Inverse quantization section 250Inverse orthogonal transfolHatton section
59 CLAIMS: 1. An image processing device comprising: circuitry configured to: generate,
from an 8x8 quantization matrix, a 16x16 quantization matrix corresponding to a 16x16 transform unit;
and inversely quantize quantized transform coefficient data for image data using the 16x16
guantization matrix when the 16x16 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

16x16 quantizakgnJmairisn by durlicating rlementsofiha 8x8 auantizatiaeimaliXy and- Khe image
processing device according to claim 2, wherein the circuitry is configured to generate the 16x 16

quantization FaatRESY dinghcheirgesiosraderé defesnding sidecoiavesmenteshaiqetetfient between
the first elemepisandibe-serandoalenaniadacentio pactolieriniie 88 quapfizatgnypatix. — 4.

The image processing device according to claim 1, the circuitry is configured to decode encoded data
of the imagetedtaigBeyderiedtpnboygantize dxtarpiforhecdifioletivtatay nobbF mevitplgeedrocessing

device apcorgig.ip clRd, WP IRRNGRIRUIISEARANERN o' Besads tlegngareq ala per a
g unit, and inversely quantize the quantized transform coefficient data‘per a transform unit
formed by rexgpsiaedd sptlitihg thewtaditgt utieinto sShigllermotisgpoaiisn” sigifitiednsagegorocessing
device accorging: (AP YRCIS NG TSRS SoRIigd 1Q.ISPIQUNCR Ibe videg daf
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
various 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 an audio stream of an input stream. 8. The image processing device
according to claim 7, wherein the circuitry is configgired 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 16x16 quantization matrix

correspondingdo a Xaxd@:tapsfapm unit; and inversely quantizing quantized transform coefficient
data for image data using the 16x16 quantjzation matrix generated from the 8x8 quantization matrix
when the 16xX18 tran SIS UHRRIGRRAPEPRorm inverse orthogonal transformation. 11. The
image processing methackasanidinditeaidmiBonvhanein the 16x16 quantization matrix is generated
by duplicating elements of the 8x8 quantization matrix. 12. The image processing method
according to Claim 11, wherein the 16x16 quantization matrix is generated by duplicating one of a first
element and a second element as an element between the first element and the second element
adjacent to each other in the 8x8 quantization matrix. 13. The image processing method according to
Claim 10, further comprising: decoding encoded data of the image data to generate the quantized
transform coefficient data. 61 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 dividing recursively splitting the coding unit into
smaller coding units.
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CLAIMS:

I. An image processing device comprising:
circuitry configured to:
generate, from an 8x8 quantization matrix, a 16x16 quantization matrix
corresponding to a 16x16 transform unit; and
inversely quantize quantized transform coefficient data for image data using the
[6x16 quantization matrix when the 16x16 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 16x16 quantization matrix by duplicating elements of the 8x8 quantization

matix.

3. The image processing device according to claim 2, wherein the circuitry is configured
to generate the 16x 16 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 quantization matrix.

4. The 1mage processing device according to claim 1, 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

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

by recursively splitting the coding unit into smaller coding units.

6. The image processing device according to claim 1, wherein the circuitry is configured

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

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

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

1o 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 16x16 quantization matrix corresponding
to a 16x16 transform unit; and

inversely quantizing quantized transform coefficient data for image data using the 16x16
gquantization matrix generated from the 8x8 quantization matrix when the 16x16 transform unit is

used to perform inverse orthogonal transformation.

11. The image processing method according to Claim 10, wherein the 16x16 guantization

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

12. The image processing method according to Claim 11, wherein the 16x16 quantization
matrix 1s 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 10, further comprising:
decoding encoded data of the image data to generate the quantized transform coefficient

data.
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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 umit

formed by dividing recursively splitting the coding unit into smaller coding units.



