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 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 referenﬁgs%%ﬂixglue. The quantization matrix is defined as a
size substantially the same as an orthogonal transtoiin unit. 20[0003] Fig. 19 illustrates preset
values (default values) for four types of quantization matrices predefined in H.264/AVC. For example,
matrix SLO_l is a def_ault for the quantizationﬂ%]atg% ﬁ; \t{t%gmt(r)ansform unit size i; 4x4 in iqtra pre_diption
mode. Matrix SLOZ2 is a default for the quantlzaeflon matrix If the transform unit 25 size is 4x4 in inter
prediction mode. MafISPRBGESTIGUREYCHe ANENIVAIGR FRAOGESBIN GaviSfOHD NIt 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 differenTéubimi dhieFiigfault values shown in Fig. 19. If 30the

guantization %mzis not used, an equal value is used for all components of the quantization step
used for the man fzation.
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 unit
25 size is 4x4 in inter prediction mode. Matrix SLO3 is a default for the quantization
matrix if the transform unit size is 88 in intra prediction mode. Matrix SLO4 is a
default for the quantization matrix if the transform unit size is 8x8 in inter prediction
mode. A user can use a sequence parameter set or a picture parameter set to specify
a specific quantization matrix different from the default values shown in Fig. 19. If
30  the quantization matrix is not used, an equal value is used for all components of the

quantization step used for the quantization.



2 [0004] 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 Smacro block (see Non-Patent Literature 1
below). The sequence parameter set specifies a range of coding unit sizes using a set of power-of-two
values which are a largest coding unit (LCU) and a smallest coding unit (SCU) . The use of split_flag
specifies a specific coding unit size within the range specified by LCU and SCU. [0005] 10According to
HEVC, one cgﬁjgg} unit can be divided into one or more orthogonal transformation units, namely one or
more transform units (TUs). The transform unit size can be set to any of 4x4, 8x8, 16x16, and 32x32.
Accordingly, a quantizagioi fetehcrafidse SpdoiedlEdCOrdirmrextgchenitine seagansfordingnit size

candicates. 15§400B}. , HL2GHANG o dRFIINNG 8016 UAESIION iy for one

transform unit size within one picture as specified in the released reference sottware
(http://iphomenshitdeitere Hrineptmin ddcopdimg refétr €d ib ki ehjciotrespael {3V Byeantitast, Non-Patent
Literaturg 2 shown beloy sré)&%)ens_lggtg%silgingt%rpulfip%%IOZWg quantization Iggé';ltrigi(rcaré iicjate s for one
transform unit size within one picture an adtap |ve€iy select 'quanﬁzaefﬂ)n mathX for each block from
the viewpointspécdtes distogiont (RDpgptimizationsiCgation tigiRodad-RatenhldieraidheafoQ07]

e s e R L Sanssion o ol Team o
CH, 21-28 Julped€i20 RGN aifidatémislitet atreev GG ARDG cAflaptyd QUaniizedion Matrix
Selection on tgg@s?oftware", ITU - Telecommunications Standardization Sector
10 According to HEVC, one coding unit can be divided into one or more
orthogonal transformation units, namely one or more transform units (TUs). The
transform unit size can be set to any of 4x4, 8x8, 16x16, and 32x32. Accordingly,
a quantization matrix can be specified according to each of these transform unit size
candidates.
15 [0006]

H.264/AVC allows for designating only one quantization matrix for one
transform unit size within one picture as specified in the released reference software
(http.//iphome.hhi.de/suchring/tml/index.htm) 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
ISO/IEC JTC1/SC29/WG11 2nd Meeting: Geneva, CH, 21-28 July, 2010
30 Non-Patent Literature 2: VCEG-AD06, "Adaptive Quantization Matrix

Selection on KTA Software", ITU - Telecommunications Standardization Sector



3 STUDY GROUP 16 Question 6 Video Coding Experts Group (VCEG) 30th Meeting: Hangzhou,
China, 23 - 24 October, 2006 Summary of Invention 5 Technical Problem [0008] However,
increasing selectable transform unit size types alsojncreases the number of available quantization
matrices. Increasing amount of codes of quantization matrices may degrade coding efficiency. The
coding efficiency may 10degrade more remarkably if the number of quantization matrices which can
be designated for each transfonn unit size changes from one to more. [0009] The technology

according to HIFUIESERGISEINS Wre-31Hs /UMY NG EXRRAS BrOGEISINE deYee Rid.aimage
processing method capable of suppressing an 15increase in amount of codes due to an increase in
the number oﬁaﬁ&ﬁ%@ﬁ%a&?ice‘% QerrBNAYProblem [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 transfoim unit used for
inverse orthogonal transfoiniation of imag&Watty peldesstud, a generation section configured to
generate; from.a,firstiigptization matrix corresponding to a transform unit for a first size, a second

guantization matrix corresponding to a transform unit
[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 guantization 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 1increase in amount of codes due to an increase in the number of quantization
matrices.
Solution to Problem
[6010]
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 transform unit used for inverse
orthogonal transformation of mmage data fo 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.



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] 30The image
processing device can be realized typically as an image decoding device for decoding an image. 4
[0012] Further, the generation section may generate the second quantization matrix using matrix
information specifying the first quantization matrix and difference information representing a difference
between a prgﬂjq:qu matrix having the second 5size predicted from the first quantization matrix and
the second quantization matrix. [0013] Further, the generation section may acquire the matrix

information and the difERSECERMESASTALION SRsHPR BuyEHeEaizmferondauntijsitenraparameter set.
[0014] 10Furiher, the,generalion.a8aliopmAN et iRerRiedjaiad Malix 108 he senpAfAyantization

matrix when one of a sequence parameter Set and a picture parameter set provides a first flag
indicating absdélfeedion dipseaeiaB aniEEnmee hreitiesa d: pradictash dxie s deving duastizatibn matrix.

[0015] 15Further g st 76 MEXERIESRY AN HIRHIL 085 A5 R Qe HAGS IR ynits.
[0013]

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

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.

100157

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.
[0019]
30 Further, the second size may be smaller than the first size. The generation

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



[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 20second element as an
element between the first element and the second glement adjacent to each other in the first
guantization 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 25between a
first element and a second element adjacent to each other in the first quantization matrix. [0018]
Further, the sqcoRgd lg8 Maybe double of the first size on one side. [0019] 30Further, the second size
may be smaller than the first size. The generation section may calculate the predicted matrix by
thinning an el&$&Ht of the first 5 quantization matrix. [0020]

Further, the second size may be smaller than the first size. The generation

section may calculate the predicted matrix by averaging a plurality of elements
5  adjacent 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 second flag to specify use of a user-defined matrix as the

10 second quantization matrix.
[0022]

Further, according to another embodiment of the present disclosure, there is
provided an image processing method including selecting, from a plurality of
transform units with different sizes, a transform unit used for inverse orthogonal

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

20 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 transform coefficient data generated by orthogonally
transforming the image data based on a transform unit selected by the selection
section, by using a quantization matrix corresponding to the selected transform unit,
and an encoding section configured to encode information for generating a second

30  quantization matrix corresponding to a transform unit for a second size from a first

quantization matrix corresponding to a transform unit for a first size.



Further, the second size may be smaller than the first size. The generation section may calculate the
predicted matrix by averaging a plurality of elements 5adjacent to each other in the first quantization
matrix. [0021] Further, the generation section rgay generate the second quantization matrix from
the first quantization matrix when one of a sequence parameter set and a picture parameter set
provides a second flag to specify 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 procespy'@;gdr ethod including selecting, from a plurality of transform units with different sizes, a
transform unit used for inverse orthogonal 15 transformation of image data to be decoded, generating,
from a first quantizatidhdegse corrsspoading o eerhastotinedritforBifiestesi zmagseaswnidhguantization
matrix correspaRding,t.a.5ap f&}{ﬁ%@@. for a second size, and inversely quantizing transform
coefficient data for the image data using the second quantization matrix generated from the first
quantization M¥8%& when a transform unit for the second size 20is selected. [0023] Further,
accprdi.ng to {;mother F%%gig&%gﬂﬂ%)%'%%ﬁ? t e%ilsbdgﬁﬁjrgt g}e[ e isr rg&i%es%lgg irga%ggrgrigcgssing
device including a selection section configured to select, from a pﬁ&)ra Ity o FEREHoFm Uit with
different sizegrevirkdsforminmiteigede@Sifer orttiogbnatirdnefoschationg,ofionage gatalioybefencoded, a
guantization sectign configured.to quantize transfoim coefficient data generated by orthogonally
transforming %ﬂaé]sl?ﬁ%e %‘g%g b‘gégd %%F?Patnss%ﬁsﬁ uaflit%@(se%{g% b@nfﬁe%gicg%ﬁ1 g@ﬁ?&? i/ using a
quantization matsfocostespofidingtodite selbetedcrdabiqrantiaih andabencosifigesettimaconfigured

to encode information for generati second.30quantizatign matrix corresponding to a transform unit
for a second SZ&from R fiTs “31%05% a%ﬁ%%&r%%?ﬁ%%‘?é%"‘ﬁéﬁﬁﬁtgi’&sﬁr%’h&féﬁﬁcmﬁﬂ‘??ﬂ Yt size. 6

[0024] 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 is a block diagram illustrating a hardware configuration of an image
encoding device according to an embodiment.
25 [Fig. 2] Fig. 2 1s a block diagram illustrating a detailed configuration of an
orthogonal transformation and quantization section according to an embodiment.
[Fig. 3] Fig. 3 is a block diagram illustrating a more detailed configuration of a
matrix processing section according to an embodiment.
[Fig. 4] Fig. 4 is an explanatory diagram illustrating information inserted into a
30  sequence parameter set according to an embodiment.

[Fig. 5] Fig. 5 1s an explanatory diagram illustrating information inserted into a



The image processing device can be realized typically as an image encoding device for encoding an
image. [0025] 5Further, according to another embodiment of the present disclosure, there is provided
an image processing method including selecting, frgm a plurality of transform units with different sizes,
a transform unit used for orthogonal transformation of image data to be encoded, quantizing transform
coefficient data generated by orthogonally transforming the image data based on a selected transform
10 unit, by using a quantization matrix corresponding to the selected transfoiiii unit, and encoding

information foj; ggnefatingef-seq0Rd AuRRlizaliPRMalx Garresponding to a transform unit for a second

size from a first quantization matrix corresponding to a transform unit for a first size. 15Advantageous

Effects of InvBfiio®{doPel 6A iadlgedasblalbwve, ihe thratélimssesosing tevicxamplehefimage
processing n@{g&g@c&g@m%&ﬁﬁgﬁodgc&%&ﬁ%géuppress in an increase in the code

amount due to an inCcrease in the number of quantization matrices. 20 Brief Description of Drawings
[0027] [Fig. 1]H¥y. 68 KisloeR diathadatituswbiing a Ravdhareibostiginatibe Gfsrcimagieerfcoding
device agcor%ﬁ&&&g&&rp&g?ﬂwg&@%ﬁ?&iﬁ @oi&% é?llgck diagram illustrating a detailed
configuration of an orthogonal transformation and quantization section according to an embodiment.
[Fig. 3] Fig. 3 5@ Gt tiagrans ithestiatingaf mdre ftletaiied cinfigutiagionsot anhatrixnpieaessing
section accorgniggdto an embOﬁiiment. ILFi% EA{A glllgb gf {% %Qtexplanatory diagram illustrating

information inserted Mo a 30 s%‘aﬁgﬁ%rgipgrameter set according to an embodiment [Fig. 5] Fig. 5 is an
explanatory digigrafB jilKigtrating thtoimatidnlinefrdtbinthat illustrating 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.
[Fig. 9] Fig. 9 is a block diagram illustrating a detailed configuration of an inverse
quantization and inverse orthogonal transformation section according to an
embodiment.

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

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



7 picture parameter set according to an embodiment. [Fig. 6A] Fig. 6A is the first half of a flowchart
illustrating a first example of encoding process flow according to an embodiment.  [Fig. 6B] Fig. 6B is
the latter half of a flowchart illustrating the first exargple 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 encoding
process flow according to an embodiment. [Fig. 7B] Fig. 7B is the latter half of a flowchart illustrating
the second example of encoding process flow according to an embodiment. 10[Fig. 8] Fig. 8 is a block

diagram iIIustg@g&g@%Qgg@grmgg&@iggﬂggngqﬁgggﬁga%ﬁi_ce according to an embodiment. [Fig. 9]

Fig. 9 is a block diagram illustrating a detailed configuration of an inverse quantization and inverse
orthogonal tréhsfoiltatios- séétitnaabieridingoaan Bivbiudinge at seBffigid OpRfiguratiera dfiock diagram
illustrating a g&gﬁﬁ&@lﬁg&mjguraﬂon 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 BAgrhbbigadAtis a Hbigk diaprmigllustBtiegresidtterdtialtof Bgloacmart Hlusibating the first
example5of 2? %%gpding 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] FidFigBlig theclaft@ribadf bloakflclinghart ilustiating thedegoatitexanigleafaeoctding process
flow accordinl%ctg)(rjﬁllq1 en blgoddlrﬂz r(l)% gg‘[!:clg 13A] Fig. 13A is the first half of a flowchart illustrating an
example of encoding’process flow according to one modification.

[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
[00281
15 Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, elements that have substantially the same function
and structure are denoted with the same reference signs, and repeated explanation is
omitted.
20 [0029]
Also, the detailed description of the embodiment(s) is described in a
following order.
1. Configuration examples of the image encoding device according to an
embodiment
25 1-1. Overall configuration example
1-2. Configuration example of the orthogonal transformation and
quantization section
1-3. Detailed configuration example of the matrix processing section
1-4. Examples of information to be encoded
30 2. Encoding process flow according to an embodiment

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



[Fig. 13B] Fig. 13B is the latter half of a flowchart illustrating the example of encoding process flow
according to one modification. - [Fig. ]4A] Fig. 14A is the first half of a flowchart illustrating an
example of 30 decoding process flow according to gne modification. [Fig. 14B1 Fig. 14B 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 of a television apparatus. [Fig.
16] Fig. 16 is a block diagram illustrating a schematic configuration of a mobile 5phone. [Fig. 17] Fig.
17 is a block diggraym dllustrating 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 explanateseHidgramaitsieatiiggbntization matrix default values predefined in

H.264/AVC. Descriptiga_ofc%m%lijimggt 19 IQ,SQ;QLerngafﬁqyenr%gf ﬁ%%‘?i?a@?ﬁ’dﬁfmﬁv%‘; St(gle present

invention will be described in detail with reference to the appe drawings. Note that, in this
specification arifogmarawinsmalémestsionat have substantially the same function and structure are

denoted yith the same Jefglgfes sigRg. ARG IREATSH SRIBNANAN '88MNET section

4. Decoding process flow according to an embodiment

5. Modifications

6. Example Applications

7. Summing-up

10 [0030}

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

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

15 [0031]

[1-1. Image Encoding Device]

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

20 11, areordering buffer 12, a subtraction section 13, an orthogonal transformation and
quantization section 14, a lossless encoding section 16, an accumulation buffer 17, a
rate controi section 18, an inverse quantization section 21, an inverse orthogonal
transform section 22, an addition section 23, a deblocking filter 24, a frame memory
25, a selector 26, an intra prediction section 30, a motion estimation section 40, and a

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



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 251-1. Overall
configuration example 1-2. Configuration examyple 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 302. Encoding process flow according to an embodiment 3.
Configuration examples of the image decoding device according to an 9 embodiment 3-1. Overall

configuration eXampIg froms -t A0 WRHQR RATIRIGAT e INKerse QUANIZALION ARM dguerse

orthogonal transformation section 53-3. Detailed configuration example of the matrix generation

section 4. Det@@ndiprévdbe oW Sy &f dh difteis. Mediftiond's Bxadie

Applications 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  section 40, |
[0034]

The image data input from the reordering buffer 12 and predicted image
data selected by the mode selection section 50 described later are supplied to the
subtraction section 3. The subtraction section 13 calculates predicted error data

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

[0035]

15 The orthogonal transformation and quantization section 14 performs
orthogonal transformation and 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,



7. Summing-up 10[0030] <1. Configuration examples of the image encoding device according to
an embodiment> The following describes configuration examples of the image encoding device
according to an embodiment. 15[0031] [1-1. Imagegncoding 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 AID (Analogue to Digital) conversion
section 20 11, a reordering buffer 12, a subtraction section 13, an orthogonal transformation and
quantization ggetion 14, a lossless encoding section 16, an accumulation buffer 17, a rate control
section 18, an inverse quantization section 21, an inverse orthogonal transform section 22, an addition
section 23, a d¥Bldcking filter 24, a frame memory 25, a selector 26, an intra prediction section 30, a

moti_on estimation SeGﬁfé”iéé%z&9%&8&%@@8&%&?%%%&% iosn1 gé)siggsqg%lo din 'gpl_e ﬁ\lDti%ogversion
section 11 converts an image signal input in an analogue format into image data it aarc’hgl?al format,
and outputs alslerteszeeiyitanisragd dbstreanhe Tderiesiessbuffedihz. B0[RG3R} meydatavidput from the

2D ComersI OB ARIA, i QUSRI IMRARS ACPOIINALI0 dhe O P AR B gt ctures)
structure according to thH& enco m& process,e’[3 & reordermg butter 12 Outputs the image data which
has been sorteddditigestivtmaciionBgdtoes 13{dheaininafpredictietingesiond aded dherrgtion
estimation SSE%: Hggcégé({qgtéﬁ]in a header (e.g., a sequence parameter set and a picture parameter
set) of an encoded stream. Furthermore, the lossless encoding section 16
multiplexes information about the intra prediction or the inter prediction in the
10 encoded stream header. The lossless encoding section 16 outputs a generated
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 18 generates a rate control signal for lowering the bit rate of the
25  quantized data. Also, for example, when the free space on the accumulation buffer
17 is sufficiently large, the rate control section 18 generates a rate control signal for
increasing the bit rate of the quantized data.
[0040]
The inverse quantization section 21 performs an inverse quantization

30  process on the quantized data input from the orthogonal transformation and

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



The image data input from the reordering buffer 12 and predicted image data selected by the mode
selection section 50 described later are supplied to the subtraction section 13. The subtraction section
13 calculates predicted error data 10 which is a difference between the image data input from the
reordering buffer 12 and the predicted image data input from the mode selection section 50, and
outputs the calculated predicted error data to the orthogonal transformation and quantization section
14. 0035] 15The orthogonal transformation and quantization section 14 performs orthogonal
transformatioR.aeeayapbaRIan aRPregIsHNRITRE ﬂ%&@?@iﬁ%@z&&%ﬂ B?@c%k;'é’%@@!é‘%'ﬂx?@géion 13 and
outputs quantized transform coefficient data (hereinafter referred to as quantized data) to a lossless
encoding sectidhrgerahHasverseti9idfization section 21. A bit rate of quantized data output from
the 20 orthog@pal fransformation and quantization section 14 is controlled based on a rate control
signal from arate control section 18. A detailed configuration of the orthogonal transformation and
quantization section Thevimvseselesbasetidtensiooseiindddedorraning geevohagiakupplied
with quagtized dafa Japut fan 25 theorinpgenal ransionationgnd,gianiization seqlinnd4

information for generating a quantization matrix at the decoding side, and information about intra
prediction or ivsrtizesdictioriicsldttedinrebysserscictimdistutionBelathe iNfsnmdganyabsut the intra

prediction m [ gt information indicat pRropriate intra prediction mode for
each block. %Eﬁ%%%%ﬁ%%%%%%?ﬁe?grgﬁ 'E?({)gn Hr%af/% g({)b%tegng E)%gl i%’f?or%ﬁg egtl%%n?éetion for
prediction of addiGtiosesiciEor each block, a difference motion vector, and reference image
information, ﬁtexample. [0037] The lossless encoding section 16 performs lossless encoding
on quantized'datato generate an encoded stream. The lossless encoding section 16 may provide 5
variabledlength encodihg atditithreetioe2éadidg ths tessies penticdihgrdhéddessiessiemeaing section
16 multiplexes information for generating a quantization matrix (tq be described later) in a header (e.g.,
T e Bt o P S BtEE B R e, e

a sequence parameter et and a picture paraméatet et
lossless encadinig sebiiniod GeoudiplBkes iierabatiganabottdbeiidaipregiction.or Texntéteprediction in
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, afier the filtering, outputs the decoded image data to the frame memory
20 25
[0044]
The frame memory 25 stores, using a storage medium, the decoded image
data input from the addition section 23 and the decoded image data after filtering
input from the deblocking filter 24.
25  [0045]
The selector 26 reads, from the frame memory 25, the decoded image data
before filtering that is to be used for the 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.



- 10encoded stream header. The lossless encoding section 16 outputs a generated 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 g 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 sgm' 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 14ieHsirepaedsieon st onete periotnsuthifice Bisdidion phecagcimmatdtion buffer

17, the rate copfrol saetion, 1%,.9eNBIales A fils fonlrahsignal fon lowering dhe i%ggéﬁo% the 25

quantized data. Also, for example, when the free space on the accumulation buffer 17/ is sufficiently
large, the ratécestrbigsbetion 1Bagdibradesod ¢dtoroantdotsigalfed ierdwsinlpehe Bit.ratéoof the

quantized dafq. [9%@0]&1 . The.inver antizati i nerforms an jnverse guantization
30process or?%ﬁe uént%é%rgﬁﬁ%?%?fr%% t%%ﬁ%&%}%ﬁ%}g@r%%?%gﬁgﬁ eas'Hg augﬁﬁgaiﬂ%% section
14.Then, the psdictonuaede atior sectioteRinouiglitsst Xiransfornilteeffitienhtataradouioad by the

inverse quang‘%cagi(?nnﬂ%gﬁa%%stgntqgtrig\f)% f zgrtl WG ?%“E{c r%g%%tsi rf]u%%ti %Oézgllle ig the
smallest, that is, an intra prediction mode by which the compression ratio is the
highest, as the optimal intra prediction mode. Furthermore, the intra prediction
10 section 30 outputs, to the mode selection section 50, prediction mode information
indicating the optimal intra prediction mode, the predicted image data, and the
information about intra prediction such as the cost function value.
[06047]
A motion estimation section 40 performs an inter prediction process
15 (prediction process between frames) based on image data for encoding supplied from
a 1'eordering 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 predicted image data according to the optimal
prediction mode. The motion estimation section 40 outputs information about the
mter prediction such as information related to the inter prediction including
prediction mode information indicating the optimal intra prediction mode, the
25  predicted image data, and the cost function value to a mode selection section 50.
[0048]

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

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

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



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

section 23 ouguls pesenraisadesadaddnage daidsinedehiodingienshanditediame

memory 25. 15[004 A deblocking filter 24 performs a filtering process to decrease block

distortion tha@Wui@tm@ﬁ@iim@et@ﬁb@diﬁﬁleﬁﬁ_eeaébi@@_ﬂ(iﬁgcfinér b endhintstesamieusiodkedistortion by
filtering decodfd imagg datanpys ftf%@u%‘c‘?a@ﬁ%ﬁ“%t?&?%’h@@ tﬂ;gdﬂ?ﬁgn QE%?{OE'F? litefng, outputs the

decoded image data to the frame memory 2025. [0044] The frame memory 25 stores, using a
storage mediumth¢itesdedodbattimatie datta inpdicfrom fhemoditisteseationcd8raft dhgrdedbded image

data after filtering, input. fr aB ing fi ..25[0045 The selector,26 reads, from the
frame meémo%l%%?&t Bg)l %ea%g]é{eqc? ‘ltrgrﬁe g%%ﬁﬁgnbg%?%%ﬁtgééﬁ%vt z]g% %1 %01 seSel tsed cg)rdtlﬁg Fﬁt?%ogrediction,
and supplies theadcdeedommge datarehittihaspeehatretdtbe thbtirracprectittan! Sextibth30 as
reference imaﬁg.gata. Iso ige selector 26 reads, from the frame memory 25, the decoded image

30data after fi e]“rllr%1 6 be ugad for the inter prediction, and supplies the decoded image data which

has been regdtddhe motion estimation section 40 as reference image data. 13 [0046]
[1-2. Configuration example of the orthogonal transformation and
10 quantization section]
Fig. 2 is a block diagram illustrating a detailed configuration of the
orthogonal transformation and quantization section 14 of the image encoding device
10 illustrated in Fig. 1. With reference to Fig. 2, the orthogonal 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 quantization section 21,
30 [0051]

{2) Orthogonal transformation section



The intra prediction section 30 performs an intra prediction process in each intra prediction mode,
based on the image data to be encoded that is input from the reordering buffer 12 and the decoded
image data supplied via the selector 26. For 5 exaygple, the intra prediction section 30 evaluates the
prediction result of each intra prediction mode using a predetermined cost function. Then, the intra
prediction section 30 selects an intra prediction mode by which the cost function value is the smallest,
that is, an intra prediction mode by which the compression ratio is the highest, as the optimal intra

prediction mode. Fufmﬁrw%%mﬁlmﬁﬁmﬁm sdQiSRCIDN SOHRLHMISy IRhigompdensglection

section 50, prediction mode information indicating the optimal intra prediction mode, the predicted
image data, 44t & npseristion aBeuLHMaSpreliRdiSoBLtr S8 HE LI fREABN YAIsBLdr= 7] A motion

estimation segfion49 REFOLLISAUINErREediclionPracess 1Presicligniosesshelwesh frames)
based on image data for encoding supplied from a reordering buffer 12 and decoded image data
supplied via BesElERgst 25. thsr extangoraltiepsbusiéatinietietnsédtioma0 wpansans tirergeediction

result of achpeggicigR, A SN2 A eREIRAIASHE0S! iarliBhn R e mqion epfgration
section 40 selects an optimal prediction mode, namely, a prediction mode that 20 minimizes the cost
function valuerthogmahiizasioheaimpesssion 1 nuimtie taosiome stmbtisnisbtionudregbhErates

predicted im %%5%&%?%%@%{&5'?1%1’9%%@&'&;QB%%@HB%%Q&?{F%% 3@@. estimation section 40

outputs info' illation about the inter prediction such as'informatio ated to the inter prediction
including predliefidah mode information indicating the optimal intra prediction mode, the 25predicted

image data, and the ¢gs %Ja@!%iog}a/nalslégtto a mode selection section 50. [0048] The mode

selection section 50 compares the ¢ost function value related to the intra prediction input from the intra
predictidh section 30TErdatire Gest dursetionn dideqelstiedstorthefone cpeéilistionlatpgefratethe motion

estimation sijctio 40. 30Then,,the made selection aecti 30 selects a(;ﬂ)re i.ctiEn methgpﬂ with a
i i

smaller cost flinction Va u%g,cfrrig% Fﬁ%“?n?%’i&%r‘é’&icﬁ%% 2hd the inter” Ere%iic 0. the case st 14

selecting thedairespsedigtion, the megdwealectinnssketiah b dutpelsdiernialinatidnBbolihéntra

diction to the lgssls di tion 16, and al tputs th icted | data to th
Subtraction SSEHBH A ANEFHRS B S 53 st UK S BFEBeln B E  Brediction,

the mode selggiiansestiertRlhawpuls hetcTinipsnation abauthatarqresieticactescriped above to the
lossless encngg% section 16, and also, outputs the predicted image data to the subtraction section 13
and the'&dditibfPséction 23. 10049]

The quantization section 130 allows the quantization matnx buffer 140 fo
store sets of quantization matrices corresponding to transform units selected by the
selection section 110. For example, HEVC provides transform unit candidates of
four size types such as 4x4, 8x8, 16x16, and 32x32. 1In such a case, the

20  quantization matrix buffer 140 can store four types of quantization matrix sets
corresponding to the four size types. There may be a case where a specific size uses
a default quantization matrix as shown in Fig, 19. In such a case, the quantization
matrix buffer 140 may store only 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. 1f a set of quantization
matrices is configured for each sequence, the quantization section 130 may update

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

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



[1-2. Configuration example of the orthogonal transformation and 10 quantization section] Fig. 2
is a block diagram illustrating a detailed configuration of the orthogonal transformation and
quantization section 14 of the image encoding devige 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 ugit (H) Hseddorarthaagnal k0 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 sectéPdl0 include 4x4 and 8x8 for H.264/AVC and 4x4, 8x8, 16x16, and 32x32 for HEVC.

The selection section(‘;ﬂ@myﬁg@p&%ﬁyxog&ppe@sform units according to the size of an image to be
encoded, image quality, or apparatus perfoiniance, for 25 example. A user who develops apparatuses

may manually tune sdlectigrofizaiiesfornatonitdbifahd 4elastion segtored 10 ethemsaledtion section 110
outputs igformation specitying ize of d transf unjt to the.orthogonal transformation
b S AL e e TR R

section 120, quantization secti
quantization segtepr2ding0[@asnF{eNOuhitysredttdbsfohmadientsectiertidt5110. Theorthsgonal

transformatlone%%%ﬁ %Z_Qh%rthg oxnall trasnsforgggollran gaﬁg § %g. ree&j cton erro rredgégt) supplied

from the subtraction section 13 usmgﬁ & transform unit Setlecte y the séfection section 110.
Orthogonal tremsiognsationt pearformecksisiotkhé oythegpnatiransionmationisectidn. 120 may represent
discrete_ 5 goi&géi_ansform (DCT) or Karhunen-Lo_e\_/e transform, f_or example. The orthogonal o
transfolination séction 120 outputs transform coefficient data acquired by an orthogonal transfoiluation
processlo the quantiggtidatsediionctsitg[@058h(3) Quantization section 10The quantization section
130 quantizes tranSfoIrgé %?aetg;? igrrc])tcgéasgfaaggg&%ﬁ;el%o references a set of quantization matrices
stored in the quantization matrix buffer 140 for each sequence of encoded streams
and each picture and generates information that generates a quantization matrix
corresponding to a transform unit of one or more sizes from another quantization
15  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 into the encoded stream header.
[0057]
25 The specification mainly describes an example of generating a quantization
matrix of a larger size from a quantization matrix of the minimum size. While not
limited thereto, a quantization matrix having a smaller size and/or a larger size may
be generated from a quantization matrix having a size other than the minimum.
[0058]

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

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



by the orthogonal transfointation section 120 using 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 transfoim units selected by the selection
section 110. For example, HEVC provides transform unit candidates of four size types such as 4x4,

8x8, 16x16, ag3R AR A MHER R S35 306 L AUANIZRHAN Matths Bufes140canssilarr types of

guantization matrix sets corresponding to the four size types. There may be a case where a specific
size uses a defeittglhitizamosdnariiaslshoNihir® igene r dlieh B cheanrawXqneraessiien matrix
buffer 140 makcsige spikaia indicatingeise pfihndeastaiaoizaian malis et ueing a
user-defined quantization matrix) in association with the specific 25size. [0054] A set of
quantization h¥&fftles the quantization section 130 may use can be typlcally conflgured for each
sequencg of encodei tecams:dfhaset.Qf quantization matrices is configured for each sequence, the
guantization section 130 may update 30the set for each picture. Information to control the
configuration and theﬂ}@da@iwlgatse@ﬁqudﬁﬁzmmmatmc@sﬁ:amb@mﬂsmte@mnwsasqulance
parameter Se&%nﬁ% % ? re para rﬁg}elr@egh for reélcrggpa{esep%%%mﬂtguantlzatjton thnatnx buffer The
guantization mat uses a storage medium such as |con ictor memoryl%é temporarily
store sets of guargization frmnrlaeﬁrsblqesmmadimg matrans:tnmmﬁdtsnséiecmeqdmedhmseIMOn section

110. A process er{or ed bX t{]za{natrlxa LOGES ec (f) to be described below references a
set of quantiZator Matnces Storad e quan izt %n atrix bUter 140.
10 [0060]
[Math. 1]
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[0061]
15 For example, 8x8 predicted matrix PSL2 can be predicted by the prediction

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

[Math. 2]



[0056] 10(5) Matrix processing section The matrix processing section 150 references a set of
guantization matrices stored in the quantization matrix buffer 140 for each sequence of encoded
streams and each picture and generates informatiojgthat generates a quantization matrix
corresponding to a transform unit of one or more sizes from another quantization 15 matrix
corresponding to a transfoim 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 sectionA5 may include basic matrix information and diffefence matrix
information to be described I4t&sTh&oirfltion Ganerfed bthe nfawix ffoedssing section 150 is
output to the lossless encodingssection 16 apd may be igserteg into the encpded stream header.
[0057] 25The specification m a%%?? de%%?ibe?gﬁ e%%plgl%’? ge%gf’atir%% qui%ﬁi ation matrix of a larger
size from a quantization matrixdgf; theagjnim@ym size, Whitg, notdigpiteditherein, & quantization matrix
having a smaller size and/or @ larger size may be generated from a quantizatiory matrix having a size
other than the minimuay: 40058f80[1-8nDetéfiled Bnfigufation &xampfeiof tHeimatrix prc,ltcg< ing
section] Fig. 3 is a block ‘d‘iﬁ“gr%n illugfrating.a moge detajled configurgtion of the 17 mal ?rocessing
section 150 of the orthogona trdisforrffation and qtﬁ%ntiz&'ﬁon séttion ¥4 illudt ted in Fig. 2. With
reference to Fig. 3, the matrix grgcesgig sextion 450 irwgédes@aorewﬁion%c ion 152 and a
difference calculation section; 154. [0059] 5(1) Prediction section The prediction section 152
acquires a set of quantizatior] fatricé&storéiehin thesquftizatiBasmatfss buffer 140 and predicts a
second quantization matrix hayjng a larger size from a first quantization matyix ¢ontained in the
acquired set. For example, 4>¥£\1ﬁ @F&an%gtio? Fﬁatrl%%u%ﬁefi%%@ asgf?ﬂlov?/%%ai [0060]

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



[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 [0063] With ygference to prediction expression (2), duplicating
one of two elements adjacent to each other in quantization matrix SL1 generates predicted matrix
PSL2 as
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[0066]

With reference to prediction expression (3), linearly interpolating two
elements adjacent to each other in quantization matrix SL1 generates predicted
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 as3 for element PSL2;s5 at the eighth row and the
eight column in predicted matrix PSL.2. The same e¢lement may be also calculated
as follows according to the linear extrapolation.
[0067]
i5 [Math. 4]

Gy —Gptl

PSL2,, = ay  (4)

[0068]

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



5an 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] 19
PS12 [0066] With reference to prediction expsgssion (3), linearly interpolating two elements
adjacent to each other in quantization matrix SL1 generates predicted matrix PSL2 as an element
between the two elements. Prediction expression (3) duplicates the right-end element in predicted
matrix PSL2 from the adjacent element to the left. Instead of the duplication, the linear extrapolation

may be used igiGalauatedie tahipadslsmenizecilesly. thedineaLexranolafiopmayhs used to

calculate the bottom element in predicted matrix PSL2 according to prediction 10 expression (3)
instead of dupfit8HgaFEEEar e IEMBIREjGdaBEEX IBPE ARPISIMEdiction exprEgsion (3) yields

a33 for elemeptRRL28,8 ﬁgéﬁ%ﬁgﬁmﬁowﬂ%geiﬂ?e?@@t&%'LHPBJEE%&Q{CE%?%B%;!?Lc%nThe same

element may be also calculated as follows according to the linear extrapolation. [0067] 15[Math. 4]
reduce the amount of encoded information by approximately zeroing elements of a

5  difference 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]

10 After generating predicted matrix PSL2 from quantization matrix SL1, the
prediction section 152 outputs the generated predicted matrix PSL2 to the difference
calculation section 154. For example, the prediction section 152 predicts 16x16
predicted matrix PSL3 from 8x8 quantization matrix SL2 contained in the set of
quantization matrices and outputs predicted matrix PSL3 to the difference calculation

15  section 154. Further, the prediction section 152 predicts 32x32 predicted matrix
PSL4 from 16x16 quantization matrix SL3 contained in the set of guantization
matrices and outputs predicted matrix PSL4 to the difference calculation section 154.
A prediction expression which is equal to the above-described prediction expression
(2) or (3) may be used to predict predicted matrices PSL3 and PSL4. The

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 PSL4.
[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 PSLA4 supplied from the prediction section 152 and cach
of corresponding guantization matrices SL2, SL.3, and SL4.

30 [0072]

{Math. 5]



[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 usgd originally. Therefore, the use of prediction
expression (3) can reduce the amount of encoded information by approximately zeroing elements of a
5difference matrix to be described later. [0069] Prediction expressions and (2) and (3) are mere
examples of available prediction expressions. Any other prediction expressions may be used. [0070]
10After generating predicted matrix PSL2 from quantization matrix SL1, the prediction 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 quantization matrices anci*sg)g @d; ?ﬁ?glx PSL?‘ é%fpe difference
calculation 15 section 154. Further, the predictid |on 32x32 ted matrix PSL4
from 16x16 quantization matrix SL3 contained inthelss m@af%ﬁ matrlcéfs%r}d outputs predicted
matrix PSL4 to the difference calculation sectlonﬁgigﬁzgrgﬁ@m%@ssmn whieh is equal to the
above-described prediction expression (2) or (3) may be used to predict predicted matrices PSL3 and
PSL4. The 20 prediction section 152 outputs the basic matrix information to the lossless encoding
section 16. e@ﬁﬁ)ﬁlc matrix information specifies 4x4 quantization matrix SL1 as a base of generating

the above-d d predicted matrices PSL2, PSL3, and PSL4. [0071] (2) Difference calculation
section 25The differefibe Me,tdmtmmkmtﬁlmbﬁdtmldljlamﬂlﬁenxhadesmm‘SflmﬂlﬁgBedﬁShB and

DSL4 ac ord(?%gc% (r)essmnsréeé) thgoug ékf} Each of dlf‘f es D%é,té)SLB, z_and DSL4
represents a i ggﬁvgg L5 ﬁr &4 gf?%i supplied from the
prediction sepi@ntl52 and each of corresponding quantization matrlces SL2, SL3, and SL4. 30[0072]
If the default quantization matrix is used for a given size, the matrix
processing section 150 does not perform prediction and difference calculation on a
quantization matrix of that size. Instead, the matrix processing section 150 supplies
10 the lossless encoding section 16 with only a flag indicating the use of the default
quantization matrix in association with the corresponding size. If there is no
difference between the predicted matrix and the quantization matrix, the difference
calculation section 154 does not output difference matrix information but outputs
only a flag indicating no difference to the lossless encoding section 16. If the
15  quantization matrix is not updated at the timing to change a picture, the matrix
processing section 150 can supply the lossless encoding section 16 with only a flag
indicating that the quantization matrix is not updated.
[0675]
[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



[Math. 5] 21 DSL2PSL2 DSL3 S MLA = SL4- [0073] The difference calculation section 154
supplies the lossless encoding section 516 with information representing difference matrices DSL2,
DSL3, and DSL4. [0074] If the default quantizagion matrix is used for a given size, the matrix
processing section 150 does not perform prediction and difference calculation on a quantization matrix
of that size. Instead, the matrix processing section 150 supplies 10 the lossless encoding section 16
with only a flag indicating the use of the default quantization matrix in association with the

corresponding 7€ olf Jheig s fediiieirnce hevesrdhe redicipd makibnanddhg guanization matrix,

the difference calculation section 154 does not output difference matrix information but outputs only a
flag indicating Aer ifRiFERCEA® thaliesdRIELeE it SeRtBATLS. IF #ied MorgihsntizatioH igtrix is not

updated at the Hming 0 #ANI&ABIBUE « (DR ARUDE RrAEERTINASHENAN A 20,630 SURRLY e lossless

encoding section 16 with only a flag indicating that the quantization matrix is not updated. [0075] [1-4.
Examples of ihfosizratiol thbaentodees flag is set to 0, none of the matrix informatio_n, the

5  difference 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 0 for a given size, the difference matrix information for
the size is not encoded. The difference flag is not encoded for the size (e.g., 4x4) as
a prediction base regardless of the matrix type flag.

15 [0078]

(2) Picture parameter set

Fig. 5 is an explanatory diagram illustrating information inserted into a
picture parameter set according to the embodiment. Fig. 5 shows four types of

"

mformation such as "update flag," "matrix type flag," "difference flag,” and "matrix

20  information (to be encoded)" as information to be encoded for each gquantization
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
fiming of changing a picture for each size. If the update flag is set to 1 for a given
size, a quantization matrix of the size is updated. If the update flag is set to 0, a
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.



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 infoimation
such as "matrix type flag," "difference flag,” and "ma{rix infoimation (to be encoded)" as infoimation to
be encoded for each quantization matrix size or 25 transform unit (TU) size. [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 quant'ﬁﬂtgg matrix is used for the size. If the matrix type flag is set to 0, none of the matrix
information, the difference matrix infonnation, and the difference flag described below is encoded.
[0077] The differehd@fladingantfiess Whethesatseng 18 andiffdrediceshétween the predicted matrix

and the quantization Al el in VAR 1A0.R.SHHIG AL SPULIZS 9, OGRS My er-defined

guantization matrix. If the matrix type flag is 10 set to 1 for a given size, there is a difference between
the predictednsgiz Snd tnsepdangizationematiivionthe Bizesit theditisreg sechatrbsihfiordnation is

encoded, If t ix.type flag.is.s 0 far.a given size, the difference matrix informatjpn for the size
is not engodgg .e?ﬁg% er%rl1é(:%eg ﬁlgg %érggtne%go ed %errtﬁgﬂsi}}%e(e%g?%ﬂ)wfg e?as%lr%é)ic[fr'] n{%}ase
regardless offihwehatiiutyipdyflagedd@078] (@)t Ristu requarameter set Fig. 5 is an explanatory
diagram iIIust];ﬁS' 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 20informationWithheferaaded)Fas ffotnatanito e esdadeddnoeach quantizatioa matrix size

or transfo, iii u ité;’nltll)z:sgze. The.matrix gyge IZaeg and Ihet.difference {E{gh ve the same meanings as
the flags withth& A& 1AM eE TS S SaTre At A AT S S WASD b O itH s SRINSHEE fEPBYg. 4. [0079]
25The updateh#iaguindicate whettier taffpdateithgtepadtzation matix akihgple, the set of

quantization matrices is assumed to contain quantization matrices corresponding to
the sizes of 4x4, 8x8, 16x106, and 32x32.
[0082]
The matrix processing section 150 determines whether a 4x4 quantization
15  matrix is a user-defined one (step S102). If the 4x4 guantization matrix is a user-
defined one, the lossless encoding section 16 encodes the basic matrix information
that represents a 4x4 quantization matrix with the matrix type flag set to 1 (step
S106). If the 4x4 quantization matrix is a default one, the lossless encoding section
16 encodes only the matrix type flag set to 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

25  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 m;atrix 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



timing of changing a picture for each size. If the update flag is set to 1 for a given size, a quantization
matrix of the size is updated. If the update flag is set to 0, a quantization matrix of the size is not
updated and a quantization matrix specified for the,grevious picture or the current sequence is used as
is. If the update flag is set to 300, 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. 23 [0080] <2. Encoding
process flow according to an embodiment> Figs. 6A and 6B are flowcharts illustrating a first

example of engpéig process tawacersdingaieithg empdimentdTigdmatix REEsssifgfgction 150

and 5the lossless encoding section 16 can perform the process represented by the flowcharts mainly

on each encoded &tiEar wsigieneioes pser-dofiigd @f@réh@é‘%@ig?@&?&ﬁ@grﬁa@ﬁfﬁlprﬁ&ss?ng
section 150 aGies. 57501 AUAIIEAOR AL feS USEAY e SuARaHaR seRian dpon this

sequence from 10 the quantization matrix buffer 140 (step 5100). As an example, the set of

quantization rtrieeddssuodiag tsdismdin a‘ﬂ@ﬁiﬁfzéh@mﬁiﬁm%ﬁﬁ@iﬁéhdﬁh@ difigrensives of 4x4,
88, 1646, g 328 JUAElEbe malik prosRsaing cecion deR el mims uethalades

guantization 15 matrix is a user-defined one (step S102). If'the 4x4 quantization matrix IS a
user-defined el GHédopsiaisetneoditgsectdchel G nbicd pthd dedinatdrisinpoBition that

represents a gt quantigglign AT WINe Maliy e 12,554 (0 L (s1ep S106) It e
quantization matrix IS a default one, the ossless enco Ing section encoaes only the matrix type flag
set to 0 (stepeBd@BE QU083 hatrix type flag set to 0 (step S128).

[0085]

10 The 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 predicted matrix
from the 16x16 quantization matrix (step S134). 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 encoding section 16 encodes only the matrix type flag set
to 0 (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.
[0087]

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



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 expressios (2) or (3) to calculate an 8x8 predicted matrix
from the 4x4 quantization 25matrix (step S114). The lossless encoding section 16 encodes the matrix
type flag  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 matix i§ a.geladt AnedNSIRFEIgsRENCeANg Seclien 18:enardesabyhe matrx type flag
set to O (step S118). 30[0084] 24 whether a 16x16 quantization matrix is a user-defined one (step

S122). If the ¥Balsdytminssation sreRdion eiker-HefnerfenenthdwmundeigrBesssing Selstiom 150
calculates a k6xk6 pradicter mattixfram e @%g%@}@@tm&@%@&ﬁ ?&&‘% Jfglosgless

encoding section 16 encodes the matrix type flag (=1), the difference 5 flag, and the difference matrix
information (iffengyantiredivngrastiffele b dedy den BB XIS epssintzatisivmafik et thieasalculated

predicted matrix (step g\gg)xljrfg@ A0x3¢ %ﬁ%&zgt'o s X .is,a default he Jpssless encoding
section 16 encodes on%y the m tral'qx1 type %ag set to é ste?%xﬁgg%}fgggtgf)ﬁgs ﬁi m]flﬁﬁlf %F(?cessing
section 150 detentinesnwintirersaa3@xd 2 efirmtizatioth enatsicis ausdingefintdnnié (stepl$132). If the
32x32 quantigation matrix is a user-defined one, the matrix, processing section, 150 calculates a 32x32
predicted maflrl& %r%srlﬁ t#(—fﬁl X %nt}%lt??a%%a}? r%ee?trr?ﬁe(gfgeﬁ é&ﬁﬂu?ﬁlé%)%%?e%agﬁ%o‘g%g%gction 16
encodes the msitrix tiipe fegté=1)atidettifferemce flag, fing the differenge HaGix TP ihformation (if any)
indicating a difference between the 32 quantization matrix and the calculated predicted matrix (step
S136). If the g&%(%%%a%%nnﬁ}% |§nisfn%%%>zf(&}g%taqbd§at £ oll?w)csasfw & 3%%%%% 3?1%%%%%%%@%& SZLé%%ncodes only
the mattix typedag Set tetQddtepdSE38)af008GI20k gt WA Blar).flowcharts illustrating a second
example of egt?&(g g 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 correspangding:tf-apreasetigdssteam sequansani0B7dREWiBsfgieneRdg0nig. 7A, the
matrix processing section, 15 acggires a set fquagtiiﬁ tios?tferglatrices used for the quantization section

130 in the pichi¥EFrdin YR&TatiZAt oM TSt & 1B ERHRL e e iples in
Figs. 6A and gRatbe, get Risgleantizatinngnatticnsis assdnecshlo sntpi.auantizatienomakjces

corresploﬁn dinglté) She ISt! ;sges c?gaﬁ?f(i‘zlét?(;(g ’mla%r)%}]i b;é %gga:t)’ezd),(%}%é process proceeds to step S162. I
the quantization matrix is updated, the mafrix 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 quantization matrix is updated (step S164).

The lossless encoding section 16 encodes the update flag (=1), the matrix type flag

(=1), the difference flag, and the difference matrix information (if any) indicating a

difference between the 8x8 quantization matrix and the calculated predicted matrix

(step S166). If the 8x8 quantization matrix is a default one, the lossless encoding

25 section 16 encodes the update flag set to 1 and the matrix type flag set to 0 (step
S168).
[0090]

With reference to Fig. 7B, the matrix processing section 150 determines

whether a 16x16 guantization matrix is updated in the picture (step S170). If the

30  quantization matrix is not updated, the lossless encoding section 16 encodes only the

update flag set to 0 (step S178). If the quantization matrix is updated, the process



30[0088] 25 matrix is updated in the picture (step S152). If the quantization matrix is not updated, the
lossless encoding section 16 encodes only the update flag set to O (step S158). If the quantization
matrix is updated, the process proceeds to step S1§4. If the quantization matrix is updated, the matrix
processing section 150 determines 5 whether a new 4x4 quantization matrix is a user-defined one
(step S154). If the 4x4 quantization matrix is a user-defined one, the lossless encoding section 16
encodes the basic matrix information that represents a 4x4 quantization matrix with the update flag set

to 1 and the rpajERetine lag sahto 11@8&?@@%@&@0@ﬁﬁeﬁ&qy%@ﬂ@eﬁ?%@ﬁm%iéﬁg%%%g&'é0ne1 the

lossless encoding section 16 encodes the 10update flag set to 1 and the matrix t et to O (step
SI58). [0089] sectiophbSth derismisee sehetheeetibhx1§0identmtionsehisr an8xeefimmtization matrix is

updated in thepictyie 5terSHa0)¢ 1 the Auanization.Mavixis nat updated. the lossless encoding
section 16 en%o es .onli the update flag set to %%step 15 8116%83{?%#%@3%5?&%%%% n%%rll% Is updated,
the process [rsssesisgo stefrs 1620 If tlewjutantiaaticik heatrireit axpdl ateatrithe froatrixtero8essing section

150 detejmings whethe antjization matrix is auser-defined one (step S162). If.the 8x8
guantization aﬁ%x IS aﬁﬁg%aﬁ?&?g%é‘ 0%2&, Eﬁé"%&?ﬁ?ﬁ%‘%@éﬁﬁ" sg%c %r? Fi%?%galghlf’é@zsaéﬂ%m
predicted mathigtfton tpdasd (gieariization Fatlbssbrsa mendi2@ pictione Tégardi&sstind wikteer the 4x4

guantization rix.is updated (step S164). The loss|ess encoding seetion ncodes the update flag
(=1), the mat'rﬁllﬁygeﬁlatg%é%?}?(ge%gfﬁe%}gﬁc ﬁégtlggnﬁﬁgﬁﬁeﬂgﬁc@r@ﬁﬁx&l SrStidR Any)
indicating a differengebdifesy) thdi8xBnguadiifatiacatetivcanththewmdls Wated presictesmatrix (step
S166). If the 8x8 guantization matrix is a default o el ess encoding 25section 16 encodes the
update flag s%?%ot%ie e?%fc‘f‘fiaée%g’fn)(} %)éer?er?éﬁnég%t?@rgf b g?g%f ?86 BAUATIERHODRHENGS to Fig. 7B,
the mattix pracésiirly sectibn 6 detaimitieg wheihen 8 dtodRairniizationimatbxds updated in the

picture (step %12(133{ If the 3 quanti(z)g)t;%? mg{ IS not updateo!, thg Iossless _encoding section 16
encodes only Ré ﬁd&f@pﬁa &SPt &P ). If the quantization matrix is updated, the process

[0091]

The matrix processing section 150 determines whether a 32x32 quantization

matrix is updated in the picture (step SI180). If the quantization matrix is not

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

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

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

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

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

20 calculates a 32x32 predicted matrix from the 16x16 quantization matrix for a new

pictare 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 guantization 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 to predict quantization matrices based on one quantization

30 matrix can eliminate the need to transmit multiple quantization matrices

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



26 proceeds to step S172. If the quantization matrix is updated, the matrix processing section 150
determines whether a 16x16 quantization matrix is a user-defined one (step S172). If the 16x16
quantization matrix is a user-defined one, the matrixzprocessing section 150 calculates a 16x16
predicted matrix from the 8x8 5 quantization matrix for a new picture regardless of whether the 8x8
guantization matrix is updated (step S174). The lossless encoding section 16 encodes the update flag
(=1), the matrix type flag (=1), the difference flag, and the difference matrix information (if any)

indicating a diffesengedariwesn the-dQxLE ananiizaliaRmati aed eralprlaindaedicied matrix (step

S176). If the 16x16 quantization matrix is 10a default one, the lossless encoding section 16 encodes
the update flagtsettsnberd theitiattignypetmiers SeyrIGYstep S178). [0091] The matrix
processing S oty 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 (st2pEng@uritivre eramizatidrimatixes dpudied, dbrdgsrecessimpteads to step
S182. If ghe cgﬁ?,&gi(ﬁ%ié}g>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, thelitmatfidlproogsdingriestiomizoraduatcalatdssa @25 82 ipregictdodatgx from the
16x16 quanti(ziation ngat% forta glnegi/n%igéyr% Igagardless of whether the 16x16 quantization matrix is
updated (step %’i@ﬁciohe 16551E8s encod}lng Section 16 encodes the update flag (=1), the matrix type
flag (-1), the gifi@dénce flag, and the difference matrix information (if any) indicating a difference
between the 32x32 g%a-?tiéaﬂo matrix antd the calcgll ted predicted matrix 25 (step S186). If the
32x32 quantization matrix IS8 éfé}u 'one. the To88kes encoding section 16 encodes the update flag
set to 11@nd the matrikigy® fag beido Qidgien SBRY iR Examplel B dechifigueatvprodish
guantization matrices based on one gquantization 30matrix can elimipate the need to transmit multiple
quantization S8 SR BHAME G TR BRI S es TR S @ REHg&ide to the 27

decoding sidensAfhiageedsediie hnde:aptoussigans beneHeakivalyisupreseed even ibifiesumber of
quantization mz%géfgg lsr;g{ggsgzs; an inverse quantization and inverse orthogonal transformation
section 63, an addition section 65, a deblocking filter 66, a reordering buffer 67, a
15  D/A (Digital to Analogue) conversion section 68, a frame memory 69, selectors 70
and 71, an intra prediction section 80, and a motion compensation section 90.
[0095]

The accumulation buffer 61 temporarily stores an encoded stream input via

a transmission line using a storage medium.
20 [0096]

The lossless decoding section 62 decodes an encoded stream supplied from
the storage buffer 61 according to the encoding system used for the encoding. The
lossless decoding section 62 decodes information multiplexed in the header area of
encoded streams. The information multiplexed in the header area of encoded

25  streams may include the basic matrix information and the difference matrix
information to generate the above-described quantization matrix and information
about intra prediction and inter prediction in the block header. The lossless
decoding section 62 supplies the inverse quantization and inverse orthogonal
transformation section 63 with information to generate 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



[0093] _ <3. Configuration examples of the image decoding device according to an 5
embodiment> ‘The following describes configuration examples of the image decoding device
according to an embodiment. [0094] [3-1. Overall egpfiguration 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 lossless
decoding section 62, an inverse quantization and inverse orthogonal transformation section 63, an

addition sectign. 8y 9&%‘&@@@%@%%@@%%9{9@%9%&2@%&7 s&taP % (REitaldxAnalpgue)

conversion section 68, a frame memory 69, selectors 70 and 71, an intra prediction section 80, and a
motion comp@pitibp séatiedetifn09s] The accumulation buffer 61 temporarily stores an
encoded stre?@i@put via a transmission line using a storage medium. 20 10096] The lossless
decoding section 62 decodes an encoded stream supplied from the storage buffer 61 according to the
encoding system usebifoitherenguditigatihiedod stesssdeutitihggrsd dios BRtetedesinforfiation

encoded 25 Bl s e e B2 rmation o
generate the ddtoverdbsdihed tedntidasiodenoding sendiomfoiriatipnabeuirinticipredictiatutand inter
Mol KCE e e
30quantizatichemdditxoaftertiec6dingththe dosalesd dexbicliog sectiaait2 supplies the intra prediction
section 80 Wif 0iggj')rmation about the intra prediction. The lossless
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 image data to the deblocking filter
66 and the frame memory 69.
15 [0099]
The deblocking filter 66 eliminates the block distortion by filtering decoded
image data input from the addition section 65, and then, afier 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 to a display (not shown) connected to the image decoding
device 60, for example.
[0102]
30 The frame memory 69 uses a storage medium to store the decoded image

data input from the addition section 65 before filtering and the decoded image data



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
perfonns inverse quantization and inverse orthogoRrgl transformation on quantized data supplied from
the lossless decoding section 62 to generate prediction error data. The inverse quantization and
inverse orthogonal transfoimation 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

inverse qmnﬂﬁﬂﬂ%ﬁﬁ”ﬂé’?&%‘iﬁ@k‘?ﬁ%‘ﬁﬁ@f‘% féﬁ@ﬁﬂ{%@@n section 63 and predicted image data input

from the selector 71 to thereby genéerate decoded imag€ data. Then, the addition section 65 outputs
the generateddd88bded image data to the deblocking filter 66 and the frame memory 69. 15[0099]

The deblocking fier 68 sliminglesqhs hlack dietonian hudlisrind desoded mage data nput from the

addition section 65, and then, after the filtering, outputs the decoded image fo Rglreordering
buffer 67 andfttredransaomgndty BEWE0Gh20 it reocdativg befitio6 7 fenardtaba seriasiof image

data in a time reordering.ima input from the deblocking, filter 66. Then, the reordering
Duffer 67 ougo e Sohe A s died e b S SRS, S ot
conversion sectionc6 3 gotrechissiiass idmgdidatacmiandigital Formatplénputthroroatieeliedrdering buffer

om0 g8 SAUEL 2N o el Thenlhe O/ cheragh el e caoes an maoe
image decodiiigedeyiteiGe stgrpéxdhiple. 0102130 Thadrace tn dradny 5 9ruérsiensierage $oedium to
store the decgsdreege;g}}%%elmage data. Also, in the case the inter prediction mode is specified, the
10 selector 70 outputs the decoded image data after filtering that is supplied from the
frame memory 69 to the motion compensation section 90 as the reference image data.
[0104]

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

supplied to the addition section 65 between the intra prediction section 80 and the
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.
101067

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



data input from the addition section 65 before filtering and the decoded image data 29 input from the
deblocking filter 66 after filtering. [0103] The selector 70 switches the output destination of the
image data from the frame memory 69 between thggntra 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 p@@ig&g}é&gﬁ@gﬁ&@ea%ﬁ% gRGadmaoedals Also, in the case the inter prediction mode is
specified, the 10 selector 70 outputs the decoded image data after filtering that is supplied from the

frame memoi@éﬂﬂo the motion compensation section 90 as the reference image data. [0104]

The selector 71 switghes the,QHIRHL GO phpedictaddmags data. ionbe.siapplind tofheaddition

section 65 between the intra prediction section 80 and the 15 motion compensation section 90 for
each block irctifeoknagdraesiorgingae imdde information acquired by the lossless decoding section

62. For gxample, in the case (g I ARLALIANMAGE 1§ SoaAIIed.1RESSIRGS i SHRRIES to the
addition section 65 the predicted image data output from the intra prediction section 80. In the case the
inter predicticnianbagiimspdoifies seh thekutal Tansiopphésnc thecadtiitionlve ttege2B066dhg predicted
image data oglpyt.from 1 moian s9mRENsatan seetian9p. 0198l Ts Intra pedighion, section 80
perfos in-screen prediction of a pixel Value based on the information about intra prediction input from
the lossless decodingrbecion] 62aasthimetiefe reriteni rhigediadesiomahefirzme atiemest®e, and

25generates py Sﬁg’tsee‘ﬂek'{‘ggesg%faﬁ 8-S I0N 8 PIgdIGan e <ion 309y tPatg e gengiated
predicted image’data to e sefector 71. q
10 orthogonal transformation section 250.
[0108]
(1) Matrix generation section
The matrix generation section 210 generates a quantization matrix
corresponding to transform units representing one or more sizes from a guantization
15  matrix corresponding to a transform unit representing one size for each encoded
stream sequence and picture, A guantization matrix may be generated typically
based on the minimum of transform unit sizes. According to the embodiment, the
matrix generation section 210 generates 8x8, 16x16, and 32x32 quantization
matrices from a 4x4 quantization matrix as the minimum size using the difference
20  matrix information about larger sizes.
10109]
(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 transform units to be selected by the
selection section 230 include 4x4 and 8x8 for H.264/AVC and 4x4, 8x8, 16x16, and
32x32 for HEVC. The selection section 230 may select a transform unit based on
LCU, SCU, and split flag contained in the encoded stream header, for example.
The selection section 230 outputs information specifying the size of the selected
30  tramsform unit to the inverse quantization section 240 and the inverse orthogonal

transformation section 250.



[0106] The motion compensation section 90 perfoor s a motion compensation process based on
the information about inter prediction input from the lossless 30decoding section 62 and the reference
image data from the frame memory 69, and generafgs predicted image data. Then, the motion
compensation section 90 outputs 30 the generated predicted image data to the selector 71. 10107]
[3-2. Configuration example of the inverse quantization and inverse orthogonal transformation section]
5Fig. 9 is a block diagram illustrating a detailed configuration of the inverse quantization and inverse
orthogonal tr?m;fggmation section 63 of the image decoding device 60 illustrated in Fig. 8. As shown in
Fig. 9, the inverse quantization and inverse orthogonal transformation section 63 includes a matrix
generation section 218) lsersctsmnsastion 308N inverse quantization section 240, and an inverse

10orthogonal transfomgtiqﬂv%gggioa‘%ggz_[l%%] Q&M@tr%geqﬁr&ti% sgﬁmkaﬁ on Tﬁ%@{i‘trix

generation section 210 generates a'quantization matrix corresponding to transform units representing
one or more SiFEeSheingadhazesfous matrikl cordbpdhe iveletsientsengforad 0t iepmesbnting one

size for gach gngeded:ssam SeaHRRGe A0d RIHIS.A aualizaler Al may e gensialed typicaly

based on the minimum of transform unit sizes." According tothe |me§f, th U‘mattzr%ggeneration
section 210 generstes8x8{or 6id bnearse3RxBRicpianmticeniom matkites frorraetkdygtentizgiion matrix as
the minimum gseilegra %(i)rlllgsct:@go%@%Efnclgo%%rrpa%r}i))l(e;nttl% %an?og%%g’&(l)%rggbSniazaeys'select an 8x8§,
16x16, or 32x32 transform unit. In such a case, the selected transform unit may
correspond to the quantization matrix the matrix generation section 210 genecrates
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
quantization matrix buffer 220.

30 [0113)

(1) Base matrix acquisition section



[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 transform units tgzbe 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 30transform

unit to the inverse quagizglianseaion.A%and thelaysree auhadonal ransiglmatien segfion 250. 31
[0110] (3) Inverse quantization section The inverse quantization section 240 uses a quantization
matrix corresperiding tsometharesolsss udirediogtedehpithelseléatidrssabtidnaR8ocotivéxsaly 5
quantize transfor Soeffiiant Jata QyAntizes during Image enooding, Quantzation matices used for
the inverse quantization contain a matr§< generated byn%he AL generation Section M’fzor
example, the Seleetiosantiom@80smay sBlecbase 8x8irik6atyvitidaxsa-tiamsformelinitsithsuch a case,

the selected transform unit may,cogre d to the guantization matrix.the matrix eratjon section
210 gengrate%uﬁlf%}%na%(%%ag?rf |221 |§)E0rr§g1 ?&%%‘1 ‘ff%%%saem(fu%ﬁ E}ét%:‘? g%’@ﬁgﬁe%ﬁ pplies the
inverse orthoganal tramsforfiaticitisectibh (R60nwithixhiypavRegehequaritizedétpnsidifoceeafficient data.

[0111] (4) Invsc’aerslcl'-:eo{gtehic))lgolréal1 1‘téapsf%imatior% section. 115:3The inver?glr?rt ogonal transformation section
250 generates pPrediction eror tata A6Cording to the OHHogSHS rarfsformAtoN SYRRIFRISRd for
encoding. Tordautixiduffer idvenseswith dgodetiransiormatiomseationm2Owsesthepetagierkiransform
unit to perfoer inverse.or.thto

onal tra rmation on transform coefficient data jnversely quantized by

the inverse qUARGZANOR é%&?%ﬁtﬂfb. ﬁ&ﬁl@@%&eﬁﬂg&&)% is acquired for each picture, the

10 base matrix acquisition section 212 does not update quantization matrix SL1 stored
in the quantization matrix buffer 220 during the previous process. The base matrix
acquisition section 212 supplies the prediction section 216 with 4x4 quantization
matrix SL1.
[0114]

15 (2) Difference acquisition section

The difference acquisition section 214 acquires the difference matrix

information supplied from the lossless decoding section 62. As described above,
the difference matrix information according to the embodiment specifies difference
matrices DSL2, DSL3, and DSL4 each of which represents a difference between

20 each of predicted matrices PSL2, PSL3, and PSL4 predicted from 4x4 quantization
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

25  or difference flag set to 0 is acquired, the difference acquisition section 214 assumes
a difference matrix having the corresponding size to be null without acquiring the
difference matrix information. If the update flag set to 0 is acquired for each
picture, the difference acquisition section 214 outputs no difference matrix for the
corresponding size.

30 [0115]

(3) Prediction section



20transformation 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 @ more detailed configuration of the 25 gaatrix generation section 210 of the inverse
guantization and inverse orthogonal transformation section 63 illustrated in Fig. 9. With reference to
Fig. 10, the matrix generation section 210 includes a base matrix acquisition section 212, a difference
acquisition section 214, a prediction section 216, a reconstruction section 218, and a quantization

mairix buffer 220. 301 (-85S LANPAEHIAD BN o IS HRRLE FEAUISITION

section 212 acquires basic matrix information supplied from the lossless decoding section 62. As

described absvegeraesbnerpeghrirfadirdiorcapteimg 1o ond B mesdipednbspe difiesldidtgquantization
matrix SL1 ag the migimuym size., - . matri isition segtion 212 allows the 5 quantization
matrix buﬁer%%% ]?gé s&%ore 4&%%{%%%%1?0% | tén)ll:él %‘_ég %%éc%fﬁ)e% :ﬁr}q[r?ea %a%}%trrﬁ(atsﬁ%n?%irgnxgion. If the
matrix type flagassizesionisnatimitéd focenithesiodhe nuebordpicreyphbddaSenmakikacequisition section

212 allows the quantization matrix buffer, 220 to, store the defaulf 4x4 quantizatio rix without
acquiringotheaﬁg}slllcsﬁr]ﬁ)a ri§<e|cr11: o?m%it%n. ﬁrl%ﬁepﬁéa gtileo?laae(s:té??o %f% éléa%uiagg% f%ari%{gégea%t)ic%v%{e, the 10
base matrix goedisitidmsaettidiBR2 2« odsuatt: ugddte predintizdtion mrabSx B ibsteresiizdierquantization

matrix buffer 220.duting the previous, pracess. The base matrix uisition section 212 supplies the
prediction se]érfﬁ)gﬁ L%giv;v]iﬁ%o fﬂcﬁgﬁﬁpa}gﬁ%ﬁ?fx i ﬁ?ﬂlﬁ? %g ) [%ti%q?gﬁééea}%@éfﬂﬁ psection
The differenceatguisitonssectiencaldtlacguires b epelifferedoa amairdsibformatinaigupphed from the
lossless decaodi ection 62. scribed above, the difference matrix information accqrding to the
embodiment g{o%%?ﬁeecg dﬁ?g?é(n?gsrgﬁ%t%%@ DEPBYEELE, %ﬁ%%ﬁéaéﬁ%f‘%ﬁ?&e@és s g
differente betweanr2ieackalpredited neasriastRH s2cR5lL 31 @B PRs4 R ediged-framrxs
guantization matrix %Hg an@ngﬁa%{ of quantization matrices SL2, SL3, and SL4, respectively. The
et]

difference actftigib PR retmetrtihidection 2% RrTiGHR SRekiomatrices
DSL2, DSL3,2a8¢:B%tAcsprcifiedisethe siferoneesmalivinfonpalianxl e matdx e flag setto O is

acquiired for %%g? %%qggfgﬁﬁ %rug;%tge{’gon 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 S14 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]

25

SE2 = PSL2+ DSL2 (8)
S&3=PSL3+ DSL3 (9}
SL4 = PSLA+ DSIA P10}

[0118]



25 or difference flag set to 0 is acquired, the difference acquisition section 214 assumes a difference
matrix having the corresponding size to be null without acquiring the difference matrix information. If
the update flag set to O is acquired for each picturggthe difference acquisition section 214 outputs no
difference matrix for the corresponding size. 30[0115] (3) Prediction section 33 The prediction
section 216 follows the prediction expression used for the image encoding such as prediction
expression (2) or (3) described above to calculate 8x8 predicted matrix PSL2 having a larger size from

the base matrix suchiag 434 auantizationspatixsSii asepedingde hp e mhedinentsupplisd from the

base matrix 5 acquisition section 212. The prediction section 216 uses the calculated 8x8 predicted
matrix PSL2 Ht9teatbalsreonswt eyt sartigaininatmies fbk qldnapdtimbatiRestizcredthstructed by

the reconstruciion, seelian. &H8. Ruihe, e Rﬁgiﬁﬁ%%a%t@@s dnesihesalcatenloxL6 predicted
atrix

matrix PSL3 to calculate 32x32 predicted m PSL4 from quantization matrix SL3 reconstructed by
the 10 recorsgiuctionsaesnsiPagiophiegieniglidmievtcheqvstipyies muinis HEFRHbiPsection 218

with pregicted matriges bald: Rabiand e Shixlhe.predicliphSeglion 2168eneiples ngpredicted

matrix for a size having the matrix type flag set to 0 and uses the default quantization" matrix to
calculate predictespondirigeszhaviighargulatizbes Ridbide sraticdiuisidopcestiohobmsgenerates no

predicted matrix for a 15siz ] I - ntjzati rix
generated fré%r?%geap%?%kbgnp%%ég%s%g%%%g%eagéggcﬁ% r%g%%gzﬁﬁ?\%n%%%?g%?ﬁté%qeg%lm] (4)
Reconstructidmsbetiche Tdnerospomdimp ctioh ssstionat@td iedbestuscidzgiiontization tmiiics¥)SL2, SL3,
20 and SL4 t@{]ggdlt?l[g rree‘gicted glatrices PSL2, PSL3, and PSL4 supplied from the prediction section
216 to difference matrices Bgﬁ_%r, IS‘?E’B, and DSL4 supplied from the difference acquisition section
214, regpectipEly©]0117] [Math. 6] 25

(5) Quantization matrix buffer
The quantization matrix buffer 220 temporarily stores quantization matrix
SL1 specified by the base matrix acquisition section 212 and guantization matrices
SL2, SL3, and SL4 reconstructed by the reconstruction section 218. Quantization
15  matrices SL1, SL2, SL3, and SL4 stored in the quantization matrix buffer 220 are
used for the inverse quantization section 240 to inversely quantize the quantized
transtform coefficient data.
[0120]
The configuration of the inverse 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 matrix generation section 210 can
perform the process represented by the flowcharts mainly on each encoded stream
sequence.
[0122]
30 With reference to Fig. 11A, the matrix generation section 210 checks the

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



SL2= P31;2+ DSL2 .13= PSL3 DSL3 SL4 = P5L4 DSL4 [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 32x323 if the matrix type flag set to O is acquired for each
sequence or picture, the reconstruction section 218 allows the quantization matrix buffer 220 to store
the default quantization matrix as a quantization matrix having the corresponding size. If the update
flag set to O is acquired for each picture, the base matrix acquisition section 212 does not update

quaniization qalet;SL 2 Shas k4 GalaS e SATESRONGIRG.Fizs A1 elgied jpjhe guantizaton

matrix buffer 220 during the previous process. 10[0119] (5) Quantization matri The
quantization fhatfibuitatizador mporanyestered duedtiozt chamaatixSichgptioified-hyrt?d base matrix
acquisition segtion, 212 and quantization.malri L SL4 reconstructed, by the
reconstruction section 518. Quant'ization115 Srrggéﬁ??ekﬁ%%f?g%%%gg?%gl %ﬁﬂ%ﬁlgﬁéﬁ Frﬁot]f?e
quantization thatsixisufidh 202atizused fottinebirfierdd(seemiaidh sdftibn L40duinietsaly quantize

the quantized transfor icient data. [0120] The configuratio g{th inverse ization and
inverse grth%éﬁg?é%tgr]a%s g‘?ﬁéﬁ%& ﬁsgeéltllzil)trﬁ1 BFor aelol%a%%ugrelc%l m%f%eu |cte[il%(5ﬂi ggj‘sﬂéri‘k%edg above is
also applicabimantibaiimvevateq(rietiZafioh section 21 and the inverse orthogonal transformation
section 22 of@ﬁ%mage decoding device 10 shown in Fig. 1. [0121] <4. Decoding process flow
according to an embodiment>

The matrix generation section 210 determines whether an 8x8 quantization
matrix is a user-defined one (step S212). If the 8x8 quantization matrix is a user-
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 S$214). If the 8§x8
difference flag is set to 0, the difference matrix is nuil. 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 $216).
[0124]
With reference to Fig. 11B, the matrix generation section 210 determines
20  whether a 16x16 quantization matrix is a user-defined one (step $222). If the
-16x16 quantization matrix is a user-defined one, the matrix generation section 210
calculates a 16x16 predicted matrix from the 8x8 quantization matrix and adds the
calculated predicted matrix to a 16x16 difference matrix. As a result, the 16x16
quantization matrix is reconstructed (step S224). If the 16x16 difference flag is set
25 to Q, 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 quantization matrix (step $226).
[0125]
The matrix generation section 210 determines whether a 32x32 quantization
30  matrix is a user-defined one (step 8232). If the 32x32 quantization matrix is a user-

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



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 sequenge. [0122] 30With reference to Fig. 11A, the matrix
generation section 210 checks the matrix type flag contained in the sequence parameter set of the
sequence to 35 determine whether the 4x4 quantization matrix is a user-defined one (step S202). If
the 4x4 quantization matrix is a user-defined one, the matrix generation section 210 uses the basic

matrix informgfiondp sebyp he dxAauantization malic RRMEuSINE Hessamedndhe guantization

matrix buffer 220 (step S204). If the 4x4 quantization 5matrix is a default one, the matrix generation
section 210 s&¥s33p thatetgelt @rariguantixation TAatix (Sep33208). uantazation THEMEXatHX generation

section 210 Jelgmines Vg x8yayanysaionmatxJs auser-definesl ane dsieR212). If the

8x8 quantization matrix Is a %Pszgrg%(fdefined one, the matrix generation section 210 uses the
above-descritvettipredictbn ekpre¥®idn (2edic(sd tmealsuintdisBxSPragicied mamkdrdntthe 4x4
gquantization matrix a dd C redicted. maty 8.diff e ix. As a result,
the 8x8 ct])uan’irllzaata{ﬁ)(()'n ?nga%%( %%Z%oﬁé%%%%% step%%f%?l?%(ﬁgeﬁgxéﬁ iffﬁ%r%aga% IS gé)é?? 0, the
difference matrikda Al sTieSKB: picfdidted nidtanat B atineative CtigsELaH)as a quantization matrix. If
the 8x8 quanmﬁa%%in matrix is a default one, the matrix generation section 210 sets up the default 8x8
guantization matrix (step S216). [0124] With reference to Fig. 11B, the matrix generation section 210
determines 20 whethBiga. 18A16duaRizatifowehsrix ifeusengefinethdra{stple SD&Xndinhe 16x16

guantization matrix ig, a user-defined gne, the matrix geperation.section 210 calcul a 16x16
oredicted malECRRS o B8 e AR e A ol

jon matrix and a aes%agjga%eﬁ)lgt%g)rﬁrsee iCted mathix to a 16x16
differenpe maieiforhs heqaulicibadbadbgdantizhtidivmelinddsmendnsiructedi (siepr&Zad anlf the 16x16

diff flag i
rerence agnlgoagé 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
15  quantization matrix is updated in the picture (step S250). If a 4x4 quantization
matrix is not updated, the process skips steps S252 through S256. If a 4x4
quantization matrix is updated, the matrix generation section 210 checks the matrix
type flag to determine whether the new 4x4 quantization matrix is a user-defined one
(step $252). If the 4x4 quantization matrix is a user-defined one, the matrix
20  generation section 210 sets up the 4x4 quantization matrix using the basic matrix
information (step $254). If the 4x4 quantization matrix is a default one, the matrix
generation section 210 sets up the default 4x4 quantization matrix (step 5236).
[0128]
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 S262 through 8266. If
an 8x8 guantization matrix is updated, the matrix generation section 210 checks the
matrix type flag to determine whether the new 8x8 quantization matrix is a user-
defined one (step S$262). If the 8x8 quantization matrix is a user-defined one, the
30  matrix generation section 210 calculates an 8x8 predicted matrix from the 4x4

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



25to 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 I6x16 quantization matrix (step S226). [0125} The matrix generation section 210
determines whether a 32x32 quantization 30matrix is a user-defined one (step S232). If the 32x32
guantization matrix is a user- defined one, the matrix generation section 210 calculates a 32x32
predicted matrix 36 from the 16x 16 quantization matrix and adds the calculated predicted matrix to a

32x32 differepee marix, Asda resll hed2x 32 Hantizalianmalrix indecpnatructed (sien.$234). If the

32x32 difference flag is set to 0, the difference matrix is null. The 32x32 predicted matrix is directly set
up as a quantivatigdriagtizs tehen3Px8 diiratzativeaimiatrii fs a el thon 8 xthaumatidtijeneration

section 210 gl IS AGfAUILAZ 92 QURSHERTON TRUKSIERSER0) I oy (fFlgsq2A and 128

are flowcharts illustrating a second example of decoding process flow according to the embodiment.
The matrix gehieation segtioni? 10ltan Tigp8rdrmatietpdovessyepaysentdudst theeflopeharts mainly on

each picture (or,ap eceded syeai Q1271 0., W Jeicrence (o Flge A2, e malx generation

section 210 chec s%lgnuﬁn&late flag containedm a picture parameter se &lErmine Whether a 4x4 15

guantization geagriztisrugatated2indtba pigttire sfeplSRBNuiha Axidguerttixdtitep 8266 is not updated,
the process jéitﬁ?jteps S252 through S256. If a 4x4 quantization matrix is updated, the matrix
generation section 210 checks the matrix type flag to determine whether the new 4x4 quantization
matrix is a user-defineédtbreftstapeSR5PR)g Ifithie, 4ké quaantizadienmatrbeisienudEl-detiaedione, the
matrix 20generation section,210 sets %?tﬁe 4x4 %ggﬁtlzatlon matrix using.the %%?éﬁ r&a’gﬂé information

(step S254). N4 % B ABETOR AR FubfalR SHantHetRayRATTY 55 up

10 picture (step S270). If a 16x16 quantization matrix is not updated, the process skips
steps S272 through S276. If a 16x16 quantization matrix is updated, the matrix
generation section 210 checks the matrix type flag to determine whether the new
16x16 quantization matrix is a user-defined one (step $272). If the 16x16
quantization matrix is a user-defined one, the matrix generation section 210

15  calculates a 16x16 predicted matrix from the §x8 quantization matrix for a new
picture regardless of whether the 8x8 quantization matrix is updated. The matrix
generation section 210 then adds the calculated predicted matrix to a 16x16
difference matrix. As a result, the 16x16 quantization matrix is reconstructed (step
S274). If the 16x16 difference flag is set to 0, the difference matrix is null. The

20 16x16 predicted matrix is directly set up as a quantization matrix. If the 16x16
quantization matrix is a default one, the matrix generation section 210 sets up the
default 16x16 quantization matrix (step S276).

[0130]
The matrix generation section 210 checks the update flag to determine

25  whether a 32x32 quantization matrix is updated in the picture (step S280). If a
32x32 quantization matrix 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 quantization matrix is a
user-defined one (step S282). If the 32x32 quantization matrix is a user-defined

30  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



generation section 210 sets up the default 4x4 quantization matrix (step S256). [0128] The matrix
generation section 210 checks the update flag to determine 25 whether an 8x8 quantization matrix is
updated in the picture (step S260). If an 8x8 quantizgtion 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 deteimine whether the new 8x8 quantization matrix is a user-defined one
(step S262). If the 8x8 quantization matrix is a user-defined one, the 30 matrix generation section 210

calculates ang@x8tpradiatachmatixfpamdie 4k ayantizating-malixdala MW pichipisegatdless of

whether the 4x4 quantization 37 matrix is updated. The matrix generation section 210 then adds the

calculated prégieféish reditscdnmtg gitferepes i atilerase reiti; thA Brerewintibatish atrix is
reconstructed(siap, aRRdh b e SxB.difaransedag és et t%?ﬁ@%ﬂi’i@f&ﬁ?&éﬁ@érﬁagiw@t The 8x8

predicted matrix may be directly set up as a Squantization matrix. If the 8x8 quantization matrix is a
default one, thetrfagitiferseestiorissdtionR101desd U ha bl rexsiy indtizedipnetetrig {step S266).

[0129] Wi ig. t tri rati ti eck update flag to
determin5e Wh%%\%%%%%g%%%éntgﬁgr? %{3{%)@ %%%E(‘]gtgeﬁdq}?ﬁﬁg g% ﬁ%%ﬁrg &I%g’ptth}é%ﬁ%?nﬁ a 16x16
quantization grEgIRtOMetod kY sereuprhcadsf sy sfcheug i trugtr S AFEpIS A866x 16 quantization
matrix is updaged; $he matrix generation section 210 checks the matrix type flag to determine whether
the new 16x16 quantization matrix is a user-defined one (step S272). If the 16x16 quantization matrix
is a user-defined oneTteedasathngysde caticrppatitnicdy CechBtalcuiptesiaation b qredictett gnatrix from
the 8x8 quanjzaji ix for a.new picture regardless of whether the 8x8 quantization matrix is
updated. The b st e e R e S R Bl R B T
different@ mafrike As@dergukidh 6 A6xii6 quathtizdtian matideisord gahstdiffte et epfaavdodf the 16x16

difference fla%bigu%%t to 0, .the differ nc%orgatrirx&s ntﬂl Tﬂe .20 16x16 %ediated matrix is girectly set up

as a quantization AT T ERS™ B B amtiP AR Matrix 1< aTSUR BiSItie dmatRe §8h8&Fation

section 210 ssffsatjy¢hestpfaeitdbeddn Gf thetimatiber m@itixn{aianon 20 8yidesli30}kbesmatrix generation
section 210 cgbqgézthe update flag to detennine 25 whether a 32x32 quantization matrix is updated in
the picture (step S280). If a 32x32 quantization matrix is not updated, the process skips steps S282

through S286. If a 32%B2 speaifiizationhnaliésds byddaie ek dhe 1D al veaRRetaN S86HAPR 18 checks the
matrix tﬁge flag to.detejutine whether the nelgw 32x32 quantjzation matrix is a user-defined one (step
t

S282). ifthe S F YA IAAHS ATh SRETANS 0S8 HeREE 305ALS B Hintted dheretesin &8tion 210
calculates a 3gx382opradictodvRiExHom M be set up for one transform unit size. In such a

case, the sequence parameter set and the picture parameter set may contain an
additional flag indicating which of multiple types of quantization matrices needs to
be used as a base to predict a quantization matrix of a larger size. It may be
20  preferable to set up multiple types of quantization matrices for one transform unit
size and selectively one quantization matrix to another for each slice or block within
a picture.
[0133]
<5. Modifications>
25 As described above, the technology disclosed in this specification may be
embodied by predicting a guantization matrix of a smaller size from a quantization

matrix of a larger size. For example, 8x8 quantization matrix SL2 is defined as

follows.
[0134]
30 [Math. 7]



16x16 quantization matrix for a new picture regardless of whether the 16x16 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 quantizatigg 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 bquantization 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 10if the encoding side transmits, to the decoding side, only the
difference information about a quay @ztiogﬁngpat[ﬁ%(ﬂto @%&p_regﬁi%gted@ﬁn i_@ggea%emi the code amount can
be effectively suppressed even if the humber of quantizatior matrgc%s inCreases.{[0132] The
specification has described the ex 'rﬁale d%‘g_;settiﬁg uptanly g&e tyé@a_of i?b?; guéntization matrix for one
transform unit size. While not limitg@dsthereto, multiplegypesyof quantizagon matrices may be set up for
one transform unit size. In such a g&st{@ tr?éz‘%eq%"f’@nce5 %}'ﬁrasgn%tergs%t aar%lthgg%?’c ure parameter set
may contain an additional flag indi¢alipg viich &multiple tiges di.quadtizatibyn matrices needs to be
used as a base to predict a%%grﬁ? jon ry}étrix f a lagger size. Ité_n'ay e 20 ;prefferable fo'sdt ¢ P
multiple types of quantization matricesfor‘afie trahsform urittsize ahd sétectiVEly one quantization
matrix to another for each slice or 1@@ WEhin %@ctuﬁgﬁ [OE%§] <55 J o@%@catlgzg > 25As described
above, the technology disclosed injthis spg cific;tlon ay bg emk;g ied by pre |c§ing a quantization
matrix of a smaller size from a qu tioresmatyie of diarg&rsizeskor €xampte, 8x8 quantization

matrix SL2 is defined as follows. By By by By b by by b, |

[0135] _
For example, the prediction section 152 of the orthogonal transformation
and quantization section 14 of the image encoding device 10 calculate 4x4 predicted

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

as follows.
[0136]
[Math. 8]
f by by by by )
o b, b, b. b
Bos B Big b )
10
[0137]

With reference to prediction expression (12), predicted matrix PSLI is
generated by thinning clements 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 clements to be thinned can

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



[0134] 30[Math. 7] 39 [0135] For example, the prediction section 152 of the orthogonal
transformation and quantization section 14 of the image encoding device 10 calculate 4x4 predicted 5
matrix PSL1 from quantization matrix SL2 accordingto prediction expression (12) as follows. [0136]
[Math. 8] 10 [0137] With reference to prediction expression (12), predicted matrix PSL1 is
generated by thinning elements of quantization matrix SL2 every other row and column. Elements to
be thinned may be positioned otherwise than the example of 15prediction expression (12). Increasing

the number of;elements.iQ,pe.hipped can
[0138]
Instead, predicted matrix PSL.1 may be calculated from quantization matrix
SL2 according to prediction expression (13) below.

[0139]

13

[Math, 9]

PSLL=

(Bog dbyy +hig 48, by wbyy vhig 48, by thy vl + by by By 2By by

4 4 : 4
b tby by +by By by bbby by 4By, 4B, 4By

. 4 ‘ . {13}
4 4 4 4
By + by + by +hy by by b +hy _ i +by +by + bg by + by +by +hy
| 4 4 4 4 /
10140]
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 elements (e.g., 16 elements) vertically and horizontally
adjacent to each other can cause a quantization matrix to generate a predicted matrix
15 having sides each of which is one quarter or smaller. Instead of the average used in
prediction expression (13), the other representative values such as the center value,
the minimum value, and the maximum value may be calculated from elements.
[0141]
A predicted matrix of a smaller size may be calculated from a quantization
20  mafrix 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



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)4yelow. [0139] [Math. 9] PRA [0140] 10With
reference to prediction expression (13), predicted matrix PSL1 is generated by calculating an average
of four elements vertically and horizontally adjacent to each other in quantization matrix SL2 as one
element of predicted matrix PSL1. Averaging more elements (e.g., 16 elements) vertically and

horizontally agiaceitie eaahRIRMCANICaNASsR AHABHZALR-atPHIRBRNAIe Ay esticied matrix

15having sides each of which is one quarter or smaller. Instead of the average used in prediction
expression (IBpandcsangelsiace AthEMe At sIsgBRzat QR EERtch AR srabisinsinefiovalue, and the

maximum valye makbacaichiaied fRmmlsments 1044 thA RIeHRIH MRl Ahasalensize may be
calculated from a quantization
above-described prediction expressions and the difference matrix information.
5 [0142]

Figs. 13A and 13B are flowcharts illustrating an example of encoding
process flow according to one modification. The matrix processing section 150 and
the lossless encoding section 16 can perform the process represented by the
flowcharts mainly on each encoded stream sequence.

10 [0143]

With reference to Fig. 13A, the matrix processing section 150 acquires a set
of quantization matrices used for the quantization section 130 in this sequence from
the quantization matrix buffer 140 (step S300). As an example, the set of
quantization matrices is assumed to contain quantization mairices corresponding to

15  the sizes of 4x4, 8x&, 16x16, and 32x32.
[0144]

The matrix processing section 150 determines whether a 32x32 quantization
matrix is a user-defined one (step 5302). If the 32x32 quantization matrix is a user-
defined one, the lossless encoding section 16 encodes the basic matrix information

20  that represents a 32x32 quantization matrix with the matrix type flag set to 1 (step
S306). I the 32x32 quantization matrix is a default one, the lossless encoding
section 16 encodes only the matrix type flag set to O (step S308).

[0145]

The mafrix 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



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 mg&ix and supplies the lossless encoding section 16
with difference matrix information representing the calculated difference matrix. The matrix generation
section 210 of 41 the inverse quantization and inverse orthogonal transformation section 63 of the
image decoding device 60 generates a quantization matrix having a smaller size from the quantization

matrix specifigd iph, basicmalixnietnalen yRPeany ﬁ%m AnoNe-derd ystion
expressions ané tﬁe differergmce matrix informationl.g;'5[014% %’th%g i%iéangﬁ%ggggre flowcharts
illustrating anleék¥mple of encoding process flow according to one modification. The matrix processing

section 150 and the Ig@ ess.en ing,sectj can perform the process r ented by the
flowcharts mainly on eac enf%glg%%k%t?ggmqgegq]l}%%cnéf.ipll%[@ﬁ%ﬁssnpg W%W?eigggag{é%lﬁé. 13A, the
matrix procesghethseatidhd s atipsites anset ofi guantirdidnadatnedsieis&3 10y, théfqargtization section

130 in thjs seguence from the.guantization Ci‘nI,:;\trié buffer 1.140 sterp S300). As an example, the set of
. ? ﬁ1 3{1 Zation matrx ds a usFr—. enne .onf:, the matrix processing,. secilo (L
guantization matrices IS assumed to contain quantization matrices cBrrespon%Ilng(io 5the sizes of

4x4, 8x8, 16xhb;udates32x828 [Brbddted malihie fradrithpriodcdssipgseciidsh kbtrdetarapiasewhether a
32x32 quantiﬁtiqn rTatrix IS .user-dtefine one te%lSBOZ .If the 2%(3%%%% tion matrix is a
user-defined one, e 1058 ecgslgﬁcsoe&ﬁ(ﬁjs%ct%ﬁo 55 NEJHEE thEBE it nbirik ONAEEHCS0 that
represents a B 3hd|lan drétiendaatixwiih e anetii fyps flagiketio l (ifer&3eHetk tha 32x32
guantization r%ztgg%is a default one, the Ios%ess encodjng section 16 encodes only the matrix type flag

acates GRABHERYRR Ml BHO (RS SH Pt SRettt ottt BN R IRaHSr 2 HeReo

set to O (step
quantization 25 maiisisenseidefised e cteR S8 2)sHibe MHxlhguantisation dmatiixis a

user-defined one, the matrix processin% section 150 calculates a 16xI6 predicted matrix from the

32x32 quantiPANoH A ARG Ass th Braditioréthression (12) or (13) described above (step

S314). The Igsslegs 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 prERfcTRffriabrR EsapesseBynIf b debe s fsanheths mafriguans et one, the

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
mformation (if any) indicating a difference between the 4x4 quantization matrix and
the calculated predicted matrix (step 8336). 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



42 lossless encoding section 16 encodes only the matrix type flag set to O (step S318). [0146]

With reference to Fig. 13B, the matrix processing section 150 determines whether an 8x8 quantization
matrix is a user-defined one (step S322). If the 8x8;guantization matrix is a user-defined one, the
matrix processing section 150 calculates an 8x8 predicted matrix from the 16x16 quantization matrix
(step S324). 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 thgeaggﬁg@ted predicted matrix (step S326). If the 108x8 quantization matrix is a default
one, the lossless encoding section 16 encodes only the matrix type flag set to 0 (step S328). [0147]
The matrix prddeé8ding section 150 determines whether a 4x4 quantization matrix is a user-defined one

(step $332). If the 4xaaniizafion malix na uagl viadelard ans: DS " PiREersig section 150

calculates a 4x4 predicted matrix from the 8x8 quantization matrix (step S334). ssless encoding
section 16 erfgéties thipenasxagpieinag () hnesdiffensncpdtan etandstte efiffdre mequerateixtinformation

(if any) indicati di 4 Jantization matrix and the calculate dicted matrix
(s S330) T s e SRR S 16
encodes onlyiflikerdduix typefizgisetite@iisiep 8888k jddUshe, thdhheiSRenisaizedstatiafine

guantization rices, the modification m caLi:uI te and encode predicted matrices in descending
order of quan%%t?gﬁsmﬁé rig;:gtﬁg3 slll%ae%g.}ﬁf%%xylg °fé%°se58qté‘%g%}%t%%%nﬁ%&ﬁéﬁaﬁqoa rirgélg?)fhe
modification mrayehysoctcalchiaterardientodgpreditted mudtncbsfiftd236epadipdsdtder offghantization

matrix sizes. [Q149] . Figs. 14A and 14B are flowcharts illustrating an example of decoding
Soprocess ot S SHT R B A ST o A T GH OISR ST B b i the
processl teprelsedtelhyi ie Jqueharton aiatyi osepctuoacoded stream

[0151]

The matrix generation section 210 determines whether a 16x16 quantization
matrix is a user—deﬁned one {step S412). Ifthe 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
matrix. As aresult, the 16x16 quantization matrix is reconstructed (step S414). If
the 16x16 difference flag is set to 0, the difference matrix is null. The 16x16
predicted matrix is directly set up as a quantization matrix. If the 16x16

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

[0152]

With reference to Fig. 14B, the matrix generation section 210 determines
whether an 8x8 quantization matrix is a user-defined one (step $422). If the 8x8

256 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 8x§ 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 §x8 guantization matrix (step S426).



- 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 whether the
32x32 quantization matrix is a user-defined one (stgp S402). If the 32x32 quantization matrix is a
user-defined one, the matrix generation section 210 uses the basic matrix information to set up the
32x32 quantization matrix, namely, store the same in the quantization matrix buffer 220 (step S404). If
the 32x32 quantization matrix is a default one, the matrix generation section 210 sets up 10the default
32x32 quanti%@;ig)ﬂ matrix (step S406). [0151] The matrix generation section 210 deteimines whether a
16* 16 quantization matrix is a user-defined one (step S412). If the 16x16 quantization matrix is a
user- defined one, thghqaﬂwgéE@?Qﬁﬁ@%é@ﬂtﬁﬁ@i@u@@gﬂh@%m}w@s@rm prectictibnn 15

expression (12)01(13) GAARHALR A RIPSIed FEITK oM e 32E2 yAntzatipn matix and

adds the calculated predicted matrix to a 16x erence matr sa result, i e 1616 quantization
matrix is recoteiinsctevi¢stbp 8. ﬁem?eamenl@%m@i@ecwglhstseatd@é tpedirﬁtedemaﬁimatrix is null.

The 16x 6 pr. ﬁtton erg@éra%glpg% téz(% on a[p trix. ée?au tn_]L é%l6 %Og%qtlzatlon

matrix is a de e matrix generatlon sec |on 0'sets up qdantization matrix
(step S416). [ifsRince mMith referancsul, Fig. 448 gtiretratiion geaerationcseatitn@dD @ejermines

whether an 8 antizatio thX IS a yser- defl one S422 If the 8x8 25 quantjzation
matrix is a us%%%flngé&éngxgtﬂ%ﬂnﬁa rrll‘f(cgea Fation sgtrzuorg£§ THikd é‘{g.%‘ ah psrre%ﬁgé matrix from
the 16x16 qupardiietid nnmatrixramny hddkﬁbr&iga@mlaﬁe@predmteﬁmﬁtﬂ% toaaikSxgdiffierende matrix. As

a result, the 8x8 yz%ng%atlo matrix is Jec onstru g S424). If the 8x8 eggpscg fl%g is setto O,
the differencéMatrix 15 hull- Eﬁ%esSfol pre |c?é15 matrix ir?ép %@ﬁ%@%ﬂf%‘éﬁ?ﬂb%ﬁs P
10 default 4x4 quantization matrix (step S436).
[0154]
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, distribution on the Internet, distribution to terminals via cellular
communication, and the like, a recording device that records images in a medium
such as an optical disc, 2 magnetic disk or a flash memory, a reproduction device that
reproduces images from such storage medium, and the like. Four example
25  applications will be described below.
[0156]
[6-1. First Example Application]
Fig. 15 is a block diagram showing an example of a schematic configuration
of a television adopting the embodiment described above. A television 900 includes
30  an antenna 901, a tuner 902, a demultiplexer 903, a decoder 904, an video signal

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



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
section 210 determines whether a 4x4 quantizatiorygatrix is a user-defined one (step S432). If the 4x4
guantization matrix is a user-defined one, the matrix generation section 210 calculates a 4x4 predicted
matrix 5 from the 8x8 quantization matrix and adds the calculated predicted matrix to a 4x4 difference
matrix. As a result, the 4x4 quantization matrix is reconstructed (step S434). If the 4x4 difference flag

is set to 0, thg differenegamalixisauliThedxéguediciansnatinnay e, diler et WPas

guantization matrix. If the 4x4 quantization matrix is a default one, the matrix generation section 210
sets up the 1@efefleis 24.quantization matrix (step S436). [0154] If the SPS is used to decode
quantization faakiges, the modification may reconstruct quantization matrices in descending order of
guantization matrix sizes. If the PPS is used to update quantization matrices, the modification may
also 15reconstruct quiditigattoPP3aricedir desvdndingloraed ohgumhtiratidrrondtrst sizmsl{0155] <6.
Example, APRlicalensz, e HEMans snePlngdevice 42 and.heimans derpding deyice 60
according to the em odiment described above may be applied to varicus electronic appliances 20such
as a transmitié2andmiteeeivecdded e ktecoro abitastd dyycdbieddrdatitvastinfesdemalsipkiste TV,

recorcing doviat thaL FesorS THAEL T & ToBche AL A A Soa] s AU CU UK or & fash
memory, a repredistian dexdedkatsephodicels images:froemsuleld. storage medium, and the like. Four
example ZSaRHI%tions will be described below.

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



[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 30an antenna 901, a tuner 902, a demultigiexer 903, a decoder 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 demqdilaigsthtugdrasigd.signal. Then, the tuner 902 outputs an encoded bit stream
obtained by demodulation to the demultiplexer 903. That is, the tuner 902 serves as transmission
means of thel telisions 900 for receiving an encoded stream in which an image is encoded. [0158]

10The demultiplexe_r P03 SRPARILR Y igge alrganeang %rhﬁ%@@i gamppliadrrgiamigdbe viewed
from the encoded bit stream, and outputs each stream which has been separated to the decoder 904.

Also, the derfitilBxereso8esertion AlixifedylalaysucHdo s EP@ B seBshitderoyrsss eliide) from
the encogled ?Ei%%%e%@@@@&?&;&ﬁpﬁ@?a m&ta@&ﬁtaig%;%}g £RMRLSaCian A Aegitignally, the

15demultiplexer 903 may perfoini descrambling in‘the case the éncoded bit stream is scrambled.
[0159] The ldedoder 904 decodes the video stream and the audio stream input from the
demultiplexet(ﬂ%%.] Then, the decoder 904 outputs video data generated by the

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 transmission means of the
televisions 900 for receiving an encoded stream in which an image is encoded.

[0164]

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

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

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

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

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



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 thg-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 dafRRCSHd EIe.25MRG FX LR (RS vidaesigpal aresessing

30section 905 may generate an image of a GUI (Graphical User Interface) such as a menu, a button, a
cursor or the diksatisnaiainblenadBUp diintisbsaieopersienaicurd imhgettahsetipatitiage. [0161]
The display s[%qgg? 906 is driven by a drive signal supplied by the video signal processing section 905,
and displays a video or an image on an video screen of 5a display device (for example, a liquid crystal
display, a plasma displeybendOl BDerormmestikéy (0162102, thT kemnmuldipl sign&0prdeedsiegsection 907

from he Hecaui 10 o e s e L B e roceesing
section 907 Mimyeperioimaniaddithahpribeesssoteasondidé.removal on the audio data [0163]
[0167]

In the television 900 configured in this manner, the decoder 904 has a
function of the image decoding device 60 according to the embodiment described

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

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

15 Fig. 16 is a block diagram showing an example of a schematic configuration
of a mobile phone adopting the embodiment described above. A mobile phone 920
includes an antenna 921, a communication section 922, an audio codec 923, a
speaker 924, a microphone 925, a camera section 926, an image processing section
927, a demultiplexing section 928, a recording/reproduction section 929, a display

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

[0169]

The antenna 921 is conmected to the communication section 922. The
speaker 924 and the microphone 925 are connected to the audio codec 923. The
operation section 932 is connected to the control section 931. The bus 933

25  interconnects the communication section 922, the audio codec 923, the camera
section 926, the image processing section 927, the demultiplexing section 928, the
recording/reproduction section 929, the display section 930, and the control section
931.

[0170]
30 The mobile phone 920 performs operation such as transmission/reception of

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



The external interface 909 is an interface for connecting the television 900 15and an external
appliance or a network. For example, a video stream or an audio stream received via the external
interface 909 may be decoded by the decoder 9044d hat 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] 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 mesRARE IPrasa RIRTAHY IAbeifxestlad YR GP hoBRoRmdaR PG Hata, data

acquired via a network, and the like. The program stored in the memory is read and executed by the
CPU at the 250HHHBIRFACH/B0GS. Gf et IEVISISH IO Top dsaim piea eneItPing smesisetiieioperation of
the television, 990, dingcto 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 30int8rfate 911 includes a button and a switch used by a user to operate the television 900,

and a regeving sectig f0r auaalG GANNOLIANALIe" SxamRley TS Ser ALY

E%rg%(fgdabll detects an
operation of a user via these structural elements, generates arr operation Signai, and outputs the

generated opérativarsigraktdheisompplisédiothe 1:@dio168jec 923Thdbus:9di2 intdssofR@cts the tuner
202 heSemyRgES S0y S 0 DR A0 RSN SEfen 08w
the converted audio data. Then, the audio codec 923 outputs the compressed audio
data to the communication section 922. The communication section 922 encodes
10 and modulates the audio data, an(i generates a transmission signal. Then, the
communication section 922 transmits the generated transmission signal to a base
station (not shown) via the antenna 921. Also, the communication section 922
amplifies a wireless signal received via the antenna 921 and converts the frequency
of the wireless signal, and acquires a received signal. Theﬂ, the communication
15 section 922 demodulates and decodes the received signal and generates audio data,
and outputs the generated audio data to the audio codec 923. The audio codec 923
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 email, 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



In the television 900 configured in this manner, the decoder 904 has a function of the image decoding
device 60 according to-the embodiment described 10 above. Accordingly, also in the case of the
image decoding in the television 900, it is possible4g suppress in an increase in the code amount due
to an increase in the number of quantization matrices.. [0168] [6-2. Second Example Application]
15Fig. 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

communicatigh,aaelian 22y ANsAHAI0 Cates K3 cantReRleNi384 e BICOPNRRR 3201 &A Gamera sect_ion
926, an image processing section 927, a demultiplexing section 928, a recording/reproduction section

929, a displajEodetiihrosoyedctand sedani 951 cmaibgarativi satngis 952 resred K33, [0169]
The antenna 821 {5 gRNDSEEOR0G gammMyRicAlRRIeelAB 971 ThGSPRAkELIGS aadithe

microphone 925 are connected to the audio codec 923. The operation section 932'is connected to the

control sectict? 83 dné tkeodtaEs picted pratiiseasomeaustie o ansaidtiatrgo detoreddio codec

923, the camgrg, seRiaN.920:itE JFARS REEIHIGSaGIRR2 L hiesdgmultiplexing section 928, the
recording/reproduction section 929, the display section 930, and the control section 931. [0170] 30The

mobile phoné®28lperforms operation such as transmission/reception of audio signal,
various operation Mo D o R o, an
image capturmgtahbzd etoaagt anvédeophohernodmpiol 71§ storage medium may be a built-in
storage medium such as an RAM, a flash memory or the like, or an externally
10 mounted storage medium such as a hard disk, a magnetic disk, a magneto-optical
disk, an optical disc, an USB memory, a memory card, or the like.
[0174]
Furthermore, in the image capturing mode, the camera section 926 captures
an image of a subject, generates image data, and outputé the generated image data to
15  the image 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 audio stream from the input stream, and



5In the audio communication mode, an analogue audio signal generated by the microphone 925 is
supplied to the audio codec 923. The audio codec 923 converts the analogue audio signal into audio
data, and A/D converts and compresses the convegt@d audio data. Then, the audio codec 923 outputs
the compressed audio data to the communication section 922. The communication section 922
encodes 10 and modulates the audio data, and generates a transmission signal. Then, the
communication section 922 transmits the generated transmission signal to a base station (not shown)

via the antengg, 924 AlsgqBs commyRicalion sertionSa2 ampif sgggig&rﬁl%%%éig JRelfelved via the

ifi
antenna 921 and converts the frequency of the wireless signal, an uires a received signal. Then,
the communiéatiendivsredetifA302THe mod arssenih gdecoiies 998 recedredisigridbanttgenerates

audio data, apdoutputs the. &%nggﬁted%d&% t j i0 codec 923. The audio,codec 923
extends and D/A %%?we?ts tlhe audio data, ang %gﬁlegrgt]e&ss gjﬁ Géan%(%%g?sé)ja?’osglcgﬁ)gl. E’e%n, he audio
codec 923 supptidsstioé gergaaiediapbivedidryatito thpbpyesiotiod 28 and Tauseditheaiadi®2® be output.

2000172],  Alsadiispaaconmypicaion Mode, e canfal section 397 gengiales i data that
makes up an email, according to an operation o?a LsdrVigthe operation Séttion 932° example.
Moreover, thdkemttht sedtiorr881 Causeplies texitadetelispldices gnlthe Hisplaykee Stan930.
Furthermore, CteigeS e%otrﬂ%rgl a%c&i)og %%Jf 5 generates email data according to a transmission instruction
of the user via the operé‘]tlon Settion 2, and outputs the generated email data to the communication
section 922. Thigis|the communication section 922 encodes and modulates the email data, and

generates a transmission signal, Then, t ommunicagtion section 922 transmits the generated
transmission signal tésnat%%é%"gﬂé?ié’ ?ﬂ%@?ﬁo &W?ﬁé@%ﬁ@?ﬁﬁ@z ARG SR B Enication

section 922 ampliiesH Wireleasmsignobfeceiveshviadhiniantastrd2d andieemvels thediaguency of the
wireless signal, and 49 acquires a received signal. Then, the communication section 922 demodulates

and decodesthE T L8i&EFs Eoré}%?oq’é’é’?ﬁgrﬁ?faﬂeaﬂ?g:eﬁﬁ@‘b‘{ftput%cﬁ%q”@&dré’élsér%ﬂanSata to the

control sectiogn@33¢ tHeegapératsationid brayies thedisniayseatian 930 te displayibgsontents of
the email, and also, causes the emajl data to be stored in the storage medium of the

recording/repTRRIEHD HsBR (BT ePS. o178 code #metRtANGirg biBmsats it dbeghmberivdiudes an
arbitrary readaplgapgowiitaklesstorage medium. For example, the storage medium may be a built-in
storage medium such as an RAM, a flash memory or the like, or an externally 10mounted storage
medium 3uchH &’ alhard disk, a magnetic disk, a magneto-optical disk, an optical disc, an USB

memory, a MemOLeRI éx Qe Nikeiilddéd]
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 945, a
30  selector 946, a decoder 947, an OSD (On-Screen Display) 948, a control section 949,

and a user interface 950.



Furthermore, in the image capturing mode, the camera section 926 captures an image of a subject,
generates image data, and outputs the generated image data to 15 the image processing section 927,
for example. The image processing section 927 engpdes 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 audigygeglec 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. Thhentugs ﬁﬁﬁﬁﬁﬁﬁ%ﬂdi%éb@éﬁ @Zﬂ'lﬁér@ﬁm@kﬁ@_gehmﬁi@@t_résﬁiﬂssion signal
to a base 25 slaliondnet shoufihiiedlie aiemnaAdlusg, Mo BURIEAtoN ARsloT REE amplifes a

wireless signal received via the antenna 921 and converts the frequency o ireless signal, and
acquires a revenesighbhuids etremmeidSiotsiepmalokinnet bivdchsignbitivmycitoiusieatorencoded bit
stream. The e co nicatiop, sectjon. 9 e ates and decodes the received signal, restores
the streagm, %%@BOOU% t&% re%irgggs{;t}re%?to tgelq, %gem% tip eaﬁ%%lgségﬁon]@%%h%gde%uItiplexing
section 928 separdies @nidbeistredemiantdén audio stream from the input stream, and 50 outputs the
video stream t(?lg?ﬁs‘ image processing section 927 and the audio stream to the audio codec 923. The
image proceésing ection 927 decodes the video stream, and generates video data. The video data is
supplied to the displaylsectare@3D, andréasericsidf insages isdisilayedihy themlispliay sektion 930.

The audio cod%%]r 12}{3 /?eerggi?c S an ‘Q/A ggﬁverg the a%ldio Ptrea}m, and enerzt;ltes an gnalogue audio
0 RIS SESHed The B il ST ARG RIGHSF 1S te RESAESr 0597and causes

signal. Then,r eau
the audio to ke aupbeit.(f@l@8Emalhimmohile pidnr820CcanfliiEEd inthisveafaoer, dheimage

processing 10 section 9 s a fynction of the image encoding devijce 10 and the image decoding

Cevice 60 nctBIAIHG t0ithy SIABOATHRGH A P R A8 1 18 EASE GG image

decoding and&iseoding indhedneileaplrosie QL Byitis nossible toteHRRYEsRIRRNHRCRSEL the code
amount due to an increase in the number of quantization matrices.. 15[0177] [6-3. Third Example

Application] C98F 17is d Bbek thagrirahBURHG ST éxaMpfe Bt HLeRumc el itfon of a
recording/repraduetion-gaviea-asoptngdigaembodiment described above. A recording/reproduction

device %10 e?&()éile]s, and records in a recording medium,
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



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, 25for 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 tupgedd. ansxierval NERacs M. @nBNoesenod3 antBR §Hard DigkDriyg) 944, a disc
drive 945, a 30selector 946, a decoder 947, an OSD (On-Screen Display) 948, a control section 949,

and a user intel¢gics §46.ostppts Ay the tinphofugprodusingtrarides stynslish 2 asicedashhiinel from
broadcast signalsfegaivefhiaranrona nel-3howinyeed semedylaies g pxiracted signal. Then,

the tuner 941 outputs an encoded bit stream obtained by demodulation to the selector 5946.That is,
the tuner 941[8E¥Ves as transmission means of the recording/reproduction device 940.[0180] = The

t | interf 942 ' f fi sordl ' d
extemal jtertace 94%ja 3y, ifiefase (LoANNACING R stPUBHeRIBUIRnASXiEe 94 and an

external appliance or a network. For 10 examp may be a BEE 1394
interface, a natdendindatface TaenUB8 detedeict} Adlushtnibengryeinted atdscot dtactdikee Poilexample,

ine extermal et B A L e B R T e oa0,
g/reproduction device 940.
15[0181] [0186]
The OSD 948 reproduces the video data input from the decoder 947, and
10 displays 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 eclements, 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,



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] 20T&e 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] 25The disc drive 945 records or reads data in a recording

medium that i?gmﬁpﬂ{g%é‘\e recardings QE&HMH\?%&%@ ag {Re Fﬂé&é{\}k\‘ﬁ%%ﬁ%dﬁ_@tyoﬁe 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 traefaasaPRY disds aofTd Ik MIPBIRN Ble 01810 ThébsetedformaBrcfaetto afithe time of

recording a vidleQ.QL aUEI0 nARh FACRERE ML SHSAM AR from the tuner 941 or the encoder 943, and
outputs the 52 selected encoded bit stream to the HDD 944 or the disc drive 945. Also, the selector

946 outputs, #tHE time of reproducing a video or audio, an encoded bit stream input from the HDD

944 or the digg gdrive 94 a@ﬁﬁlr—gﬁ der47. [0185] The decoder 947 decodes the encoded bit
stream, and Een'eratesa'a eo data g%d au(():iig data Then, the decoder 947 outputs the generated video

data to the OSD 948F#istS the Gbvddéngerh shtputethe gemepktod asdiontdia cordigaxtérnal speaker.
[0186] The OSD 948 repro vid ai from:. the oder 947, and 10 displays a video.
% 62 él]%igep C%Pqﬁﬁﬁgp&%we g(%)_lg%}legﬁ%%éﬁf)%ﬁl%lgggsc%%eg above. 1’\1’1 11151%%6\/

Also, the OSD may superinipose an | , Such as'a menu, a button, a cursor or the
like, for exampienongddisptayee cxpimocy @4 8Fage of a subject, generates an image, encodes the

image data, and records the image data in a recording medium.
10 [0191]
The image capturing device 960 includes an optical block 961, an image
capturing section 962, a signal processing section 963, an image processing section
964, a display section 965, an external interface 966, a memory 967, a media drive
968, an OSD 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 section 970. The bus 972 interconnects the
20  image processing section 964, the external interface 966, the memory 967, the media
drive 968, the GSD 969, and the control section 970.
[0193]
The optical block 961 includes a focus lens, an aperture stop mechanism,
and the like.  The optical bleck 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 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 executegyhby 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 sectiog, 349 THRAISEHIRHACE.SRNNGHIS A BUOP ANsasHitshiusRa Y adisardo operate

the recording/reproduction device 940, and a receiving section for a remote control signal, for
example. Théides rgapabyobirdatdeesimaspemtismafadiser HtheEec2gsnalcpupatstioments,

generates anRRIAoN SAal A QyIRUS e GRBEICC.ARGIAON HALIA. e ARNER) section 949

[0189] In the recording/reproduction device 940 configured in"this manner, the encoder 943 has a
function of therireigweredting@evice 10 according to the 30embodiment described above. Also, the
decoder 947 Qﬁ@ function of the image decoding device 60 according to the embodiment described
above. Accordingly, 53 also in the case of the image decoding and encoding in the
recording/reproductichhdeviegOnMmdedsipp ssittient 9@ ppredssrtlaniinegeadsdrnthet doste dmount due to

an increase It e PBbRL ALavantizaion matices, JOt90Loloxd, FoNIh Examblg Anpication]
g. 18 is a blotk diagram sHowing an example ¢t a schematic configuration of ‘an Image-capturing
device adoptingdémsiegnixmtione?i4 esgrilie thalpveratad imnagdcdagitiring tdeécedaDiaapfaces an image
D o SEB R R NIRRT 87 MRS TSR o998 423402 recording
10 encoded data input from the external interface 966 or the media drive 968, and
generates image data. Then, the image processing section 964 outputs the
generated image data to the display section 965.  Also, the image processing section
964 may output the image data input from the signal processing section 963 to the
display section 965, and cause the image to be displayed. Furthermore, the image
15  processing section 964 may superimpose data for display acquired from the OSD 969
on an image to be output to the display section 963.
[0196]
The OSD 969 generates an image of a GUI, such as a menu, a button, a
cursor or the like, for example, and outputs the generated image to the image
20 processing section 964.
[0197]
The external interface 966 is configured as an USB input/output terminal,
for exampie. 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 external interface 966 as necessary. A removable mediuni, 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 Intemet or the

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

capturing device 960.



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, agsOSD 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 sqgfj@g;970. The bus 972 interconnects the 20image 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 9614nEeridng foeddiaris, bn aseiiad stbphnseedinishiyartdiheiikeeThre optical

plock 961 foims AR APHicALIMAYRLLASHAPTLAR ARINAAR: &n CARR0 SuffAsRAl iRimgoe
capturing section 962. The image capturing section 962 includes an image sensor such’as a CCD, a

CMOS or themiRErAnd it ediskoyaphopvisid cthes canversimmductopticeiomage férendlionithe image

capturing surface into apimage. gr(lﬁl ich.is an electrical i : @fe the image capturing section
962 outputs the mge §g%8élgo ?Sﬁe S|g¥:/a %@g%és%%’g%eﬁ?gr@ ggg!)% (5{1]82]%4%%21 2@ hee
correction, gé&nscodigestion, moldraspredtiol st thsdiitmomthaindge!sigialringisk fdorethe image
capturing section -signal processing sectipn 963 outputs the image data after the camera
signal proces%rt%nt el %%?égpgr%?ee@émge) éZ%%)Xnmgg%' 5[0195] The image processing section 964

encodes the [hHYE data input from the signal processing section 963, and generates encoded data
966 o1 the modie drvE Be AL RO A e D ORER S AL Bt G AaoHLG 1) SALBHEH data mput
from tha @xtesnel interf&eMNGS an RONMediEhdrivendGs, endepasgies imagedatacdhenathe image
Processing scdton SGA Fby Bauti e caLE TEE R Te s DRar IBCEEh SRRl 063 to e
display sectiax &abding tha S the fheagado be-displayed (kuihemmarau e ineage 46pregsessing
section 964 may syperimpose data for dispjay acquired from the OSD 969 on an image to be output to
the display s& &9%65? e CPU 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 is connected to the control section 970. The user
interface 971 includes a button, a switch and the like used by a user to operate the
image capturing device 960, for example. The user interface 971 detects an
20 operation of a user via these structural clements, generates an operation signal, and
outputs the generated operation signal to the control section 970.
102017
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.
[0202]
30 <7. Summing-up>

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



[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 20processing section 964. [0197]
The external interface 966 is configured as an USI?Sénput/output terminal, for example. The external
interface 966 connects the image capturing device 960 and a printer at the time of printing an image,
for example. Also, a drive is 25 connected to the external interface 966 as necessary. A removable
medium, such as a magnetic disk, an optical disc or the like, for example, is mounted on the drive, and

a program reagcﬁ&%tﬁsvfsmvgc@&anggw%@%Q&M& RIASIRAATEADTING,gVRe 960

Furthermore, the external interface 966 may be configured as a network |nt ace to be connected to a
network suchids @phodinkeintesnéhomtiedigilineeTinigis, thegententakinkadadeq@etizetives as

transmission S apt i 198 A ecording medium to be
RARSBHISINANE FARMHINGARNIGHRA0nrRM® scchd SERIURGEAH

mounted on the me may be an ar |trary r writa e removablé medlum such
as a magnetigquiskzatinmagreto- @pnrrapdmkngrtcoptlcahdfeunammW@dmﬂnog mefiarsiae tite like, for

example Also r cordln medium may be fixedly mount edia drive 968, canfiguring a
non- transportaBTI sto usxé%szggﬁgﬁnsaum ggscg%esﬁ%é?%r éﬁg rltt\l%né? an é@ﬁs(gghé %%a?@g Drive), for
example. [0108feflre control SddtionO élrinoludeba matessaicedehtias arlﬁJIEUoﬂmlde&smemdory 10 such

as an RAM or an Z%)MnTheh_} g Iy stores a I{)(ggg to be execuli? ?e ro%|ﬁ> m data, and
the like. A prégram-stored i thie rhEMory fs réa ALY BYE E?%ﬁ 3t Pfe“i EdfActivation of

the image capterinftblewicet@60f tanaxamplembnecesRhbeasols the operation of the image capturing
device 960 a géél ng to an operation signal input from the user interface 971, for example, by
15execut|ng gram. [0200]

The embodiment generates the second quanuzatmn 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
guantization 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 mintmum size. Therefore, an increase
m the code amount can be more effectively suppressed even if the number of
guantization matrices increases,

30  [0206]

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



The user interface 971 is connected to the control section 970. The user interface 971 includes a
button, a switch and the like used by a user to operate the image capturing device 960, for example.
The user interface 971 detects an 20operation of aggser 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 desoribed abausiAceordingheBdhg caseRhihedmage deseding.anghengrgding in the

image capturing device 960, it is possible to suppress in an increase in the code amount due to an

increase in tH&apsmiBed &%éhﬁif&_ﬁ@ﬁ?ﬁéﬁﬁé@. fo2degatrg sBamnhlag s THerbrhiave dfeen
described the.ipagraRCAANmARYIGED ARdNSITARE sohdreadinddensr Sharceiiag Lo an

embodiment with reference to Figs. 1 through 18. The embodiment uses the prediction technique to
generate a séedwdagaatiizdtion shavex cBerespondingths anfransfioem majt nepresemtitiglaxsdcond size
from a fiist agiZRNGN Cel 8ie ARG G0 BURNRIHDHNG IRRIESERTND A fiseisg ] S muliple
quantization matrices correspond to multiple transform units representing differeht sizes. This can
eliminate the aseedais@matdéithenedilsié ot thtecsmconthguantizatsercimamix. significreasaninghe code

amount can he ef{jeﬂivel}( fulc()pressed even.if the number .of quantization matrices increases. [0203]
10The embodiment bgnoeralt%sr%ﬁemsle%%ﬁfqﬁ%rﬁf‘zrét??nar%é r ﬁs‘?ﬁ(g’tﬁg Mal ?&eir?fo?m%alﬁg specifying

the first quantizatiorednatrikeand theadifferdncddnfativationrédiffexingecmatrixiagermationgl yepresenting

a difference hetween a predicted matrix and the second guantization matrix. Therefore, it is possible to
e i2atio dbrﬁn;tﬁansmlr&e& ; %ﬁ%ﬁ%%ﬁggéﬁ%eﬁﬁ PR By Encoding

acquire the second guian )4 approﬁ)r‘lfaefeator% &
only 15addiffefientedetveentihessecand quastizatanaairimancha peediated snaliixecording

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



[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 sgf. 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] 25The first quantization matrix may have the minimum of transform
unit sizes. Thesgbovesdrsetibedsepfiguration 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 effectivéfi supphtassel BipaHaptiea prefdier of quantization matrices increases. 30[0206] 57
quantization Rgjrix islﬁ@‘él@'&)ﬁﬁ%ghé‘i headerahan.ercaded stream and is transmitted from the
encoding side to the decoding side. However, a technique of transmitting infolination used for
transmitting such information is not limited to the technique 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 teim "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 information corresponding to the image. Namely, the infoimation may be transmitted over
a transmission path different from that used 10 for images (or bit streams). The infoimation 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 20it should be understood that they will naturally come under
the technical scope of the present invention. Reference Signs List



[0208] 2510Image processing device (image encoding device) 16Encoding section 110Selection
section 1200rthogonal transformation section 130Quantization section 3060Image processing device
(image decoding device) 210Matrix generation section 58 230Selection section 240Inverse
guantization section 250Inverse orthogonal transformation section 59 CLAIMS: 1. An image
processing apparatus comprising: circuitry configé#ed to:

CLAIMS:
1. Amnimage processing apparatus comprising:
circuitry configured to:

select, from a plurality of transform units with different sizes, a 32x32 transform

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

quantize transform coefficient data generated by orthogonally transforming the
1mage data based on the 32x32 transform unit by using a 32x32 quantization matrix based on an

8x8 quantization matrix.

2. The image processing apparatus according to claim 1, wherein the 32x32 quantization

matrix is generated from the 8x§ quantization matrix.

3. The image processing appatatus according to claim 2, wherein the 32x32 guantization

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

4. The image processing apparatus according to claim 3, wherein the 32x32 quantization
matrix is generated by duplicating one of a first element and a second element as an element
between the first element and the second element adjacent to each other in the 8x8 quantization

matrix.

5. The image processing apparatus according to claim 4, wherein the circuitry is
configured to transform the image data to generate the transform coefficient data on the basis of

the 32x32 transform unit.

6. The image processing apparatus according to claim 5, wherein the circuitry is

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

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

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

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

configured to store the encoded stream.



select, from a plurality of transform units with different sizes, a 32x32 transform unit used for
orthogonal transformation of image data to be encoded; and quantize transform coefficient
data generated by orthogonally transforming the image data based on the 32x32 transform unit by
using a 32x32 quantization matrix based on an 8x8 quantization matrix. 2. The image processing
apparatus according to claim 1, wherein the 32x3%quantization matrix is generated from the 8x8
guantization matrix. 3. The image processing apparatus according to claim 2, wherein the 32x32
guantization matrix is generated by duplicating elements of the 8x8 quantization matrix. 4. The

image processjng @H@%@ﬁ%ﬁf&%ﬂi@Qgﬁaﬁﬁighgbo‘?éiﬁgﬁﬁ‘c‘l*aﬁ@%&?ﬁe%iﬂ'&’i@é’iﬂi&ﬂ&?%”X Is generated

by duplicating one of a first element and a second elenient as an element between the first element
and the Se&sHEr ¢ BHidpica s arpfsEHIBITER AR BX TSR TeaNsFRIR Atk tplexSppa image
processing apparatus according to claim 4, wherein the circuitry is configured to transform the image

data to generate. then ansierprocesificiapp satas ancheibasisefithe I2x3 i aRIREM kL 6. The

image processing apparatus according to claim 5, wherein the circuitry is configured to encode the
quantiz@ﬁ’ﬁ%ﬁ ffh coefficient data to generate an encoded stream. 7. The image processing
apparatus according to claim 6, wherein the circuitry is configured to capture an image and generate
the image datgdrersithagriamsgssion signdy imeabngrovkssidglappatiatusidgierdimepto; ekaim 7, wherein
the circuitry is configured to store the encoded stream. 60 9. The image processing apparatus
according to AR sdratspisieR &iRlis configured multiplex the encoded stream with an audio
stream to generate a multiplex stream. 10. The image processing apparatus according to claim 9,
wherein the circuitry is configured to: generate a transmission signal by encoding and modulating the
multiplex streahh:; a‘%‘d*@%ﬁﬁﬂcﬁ?él%ﬁ’ﬁ%%wgwf 11. An image processing method

comprising:  seRelaglimaniropha -y ality-af tsansioraniitewite:Aifiesent $iz83.iAdd¥aR fansform unit
used for orcgggrgonal transfolill?tion of image data to bﬁ)encoded; and guantizing transform

coefficidPUER EREPRE 4 B SHRBRRh PSR SAIRIARS eIty data based on the 32x32 transform
unit by using ayGaxiznguantzatiotosiftivnbasedorardks auasiralion@atiming the image

data based on the 32x32 transform unit by using a 32x32 quantization matrix based on an 8x8

quantization matrix.

12. The method according to claim 11, wherein the 32x32 quantization matrix is

generated from the 8x8 quantization matrix.

13. The method according to claim 12, wherein the 32x32 quantization matrix is

generated by duplicating elements of the 8x8 quantization matrix.

14. The method according to claim 13, wherein the 32x32 quantization matrix is
generated by duplicating one of a first element and a second element as an element between the

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

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

to generate the transform coefficient data on the basis of the 32x32 transform unit,

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

transform coefficient data to generate an encoded stream.



12. The method according to claim 11, wherein the 32x32 quantization matrix is generated from the
8x8 quantization matrix. 13. The method according to claim 12, wherein the 32x32 quantization
matrix is generated by duplicating elements of the 8x8 quantization matrix. 14. The method
according to claim 13, wherein the 32x32 quantization matrix is generated by duplicating one of a first
element and a second element as an element betkieen the first element and the second element
adjacent to each other in the 8x8 quantization matrix. 15. The method according to claim 14,
further comprising transforming the,image data.to generate the transform coefficient data on the basis
of the 32x32 tﬁal?isfgrﬁr%r{ljﬁ%édq&c%@%e me o%ga%(%(giﬁﬁl?glﬁg}ﬁ}ci%?lfﬂ?ﬁwaé} ESHping encoding
the quaptireditrinsforge deefficienthdateate.generate an encoded stream. 61 17. The method
according to claim 16, further comprising capturing an image and generate the image data from the
image.  18.;hermethachaceosdling e claim 17 dyibersppriising staring theapgeded stream.

19. The method according to claim 17, further comprising multiplexing the encoded stream with an
audio stream to generate a multiplex stream. 20. The method according to claim 19, further
comprising: geiferatiagnatirahseoissiap sighahbl/eneading andmgdulatipethe: muléplsi.atream; and

transmittin the.{ ansmission g}gnal. .
stredm wWith an audio streartt {0 generate a multiplex stream.

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

transmitting the transmission signal.



