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[ Technical Field]

[0001]

The present invention relates to an image coding method using

10 arithmetic coding.

[Background Art]
[0002]
There are techniques'described in Non Patent Literature (NPL)
15 1 and NPL 2 which relate to the image coding method using
arithmetic coding.
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20]ose/wg11/3CTVCH1100-v1.zip
30
[Summary of Invention]
[Technical Problem]
[0004]
However, when coding is performed with poor processing

35 efficiency, it is difficuit to suppress processing delay that occurs
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[Technical Problem] [0004] However, when coding is performed with poor processing
35efficiency, it is difficult to suppress processing delay that occurs -1- during the coding. [0005] In

view of th Ve, 2Nt invention provides an image coding method which allows coding with
high codir?ggepﬁcgertltgé %%éiﬁ?ibn to Problem] [0006] An image coding method according to an

aspect of [REDEredent invention includes: performing context arithmetic coding to 10 consecutively
code (i) first information.indjcati §§gpﬁle dapti fset SAO# rocessing
for a first region (;? grlﬁ[r‘%\évgggga%i}%%gc%%d%ﬂgﬁgﬁ%%nﬁgbmlng \‘/\%%erﬁgg\{(ﬁén)%%g '(Lijsf(ren nézﬁe SAO
processingder e finstitegidrivinfomatiorven Sxdnsrosetkirtyl o & eedjiog athéictbarcthe first region,
the context 15 arithmetic coding being arithmetic coding using a variable probability, the SAO
processing being offset processing on a pixel value; and performing bypass arithmetic coding to code
other infolrbatlofimRidiFirgdriaation on the SAO processing for the first region and different from the
first inforrz%tmegl the second information, after the first 20 information and the second information are
coded, the bypass arithmetic coding being arithmetic coding using a fixed probability, wherein the
other information fhBliesaRirddafisieh a6t icaneg hetgeraharsaspprotedsimgeforeeditét region

's edge offseiniprsissingerigEEed aecerana iaan ek pand alfepl 8 Lrocessifg peflgrmed
g to the pixel value, In the performing of context arithmetic coding, a value of an initial bit in a
bit étﬂng @Wﬁﬁ@ﬁfé}‘s@'?ﬁ.m é@tfﬁb"ﬁ'ﬁsfmf@fmtéantﬁaﬁwa_ﬁié@r_mhaaﬁﬁg atypebithe SAO
ot AR AV ppda el P aUmetG A e e
an image and (i) secong information indicating whether or not to use,
in the SAO processing for the first region, information on SAQO
processing for a region other than the first region, the context
15 arithmetic coding being arithmetic coding using a variabie probability,
the SAO processing being offset processing on a pixel value; and
performing bypass arithmetic coding to code other information which
is information on the SAO processing for the first region and different
from the first information or the second information, after the first
20 information and the second information are coded, the bypass
arithmetic coding being arithmetic coding using a fixed probability,
wherein the other information includes third information indicating
whether the SAO processing for the first region is edge offset
processing performed according to an edge, or band offset
25 processing performed according to the pixel value, in the performing
of context arithmetic coding, a value of an initial bit in a bit string of
a parameter is coded as the first information, the parameter
indicating a type of the SAO processing for the first region, and in the
performing of bypass arithmetic coding, a value of a next bit
30 following the initial bit in the bit string of the parameter is coded as
the third information.
[0007]
It is to be noted that these general and specific aspects may be
implemented using a system, an apparatus, an integrated circuit, a

35 computer program, or a non-transitory computer-readable recording
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the third information. [0007] It is to be noted that these general and specific aspects may be
implemented using a system, an apparatus, an integrated circuit, a 35 computer program, or a

non-transjiogygampuisiadable secordingnmediyn sygl as.3 GRIROM, Ar gy cambiafion of
systems, apparatuses, methods integrated circuits, computer programs, or recording media.
5[Advanta&yepas Eftetts of inedhitalg [0008] ratexh inhegyel todiny metbdd maooeding o sheqpresent
invention p% WS 'ng,]\é(icﬁrlaapigh coding efficiency. 10[Brief Description of Drawings] [0009] [FIG. 1]
FIG. 1 is a block diagram which illustrates an example of a configuration of an image coding apparatus

according to Embodiment 151. [FIG. 2] FIG. 2 is a block diagram which illustrates an example of a

configuraﬁg%qm%ge@gg&g%aﬁ%ﬁ%@;ﬁing to Embodiment 1. 20[FIG. 3]
(0008}
An image coding method according to the present invention
allows coding with high coding efficiency.

10 [Brief Description of Drawings]
[0009] -
[FIG. 1]

FIG. 1 is a block diagram which illustrates an example of a

configuration of an image coding apparatus according to Embodiment
15 1.
[FIG. 2]

FIG. 2 is a block diagram which illustrates an example of a
configuration of an image decoding apparatus according fto
Embodiment 1.

20  [FIG. 3]
FIG. 3 is a schematic view which illustrates an example of an
edge offset according to Embodiment 1.
[FIG. 4]
FIG. 4 is a schematic view which illustrates categories cof the
25 edge offset according to Embodiment 1.
[FIG. 5]
FIG. 5 is a schematic view which illustrates examples of types
of the edge offset according to Embodiment 1.
[FIG. 6]
30 FIG. 6 is a schematic view which illustrates an example of band
offset according to Embodiment 1.
[FIG. 7]

FIG. 7 is a schematic view which illustrates categories of the

band offset according to Embodiment 1.
35 [FIG. 8] |



FIG. 3 is a schematic view which illustrates an example of an edge offset according to Embodiment 1.
[FIG. 4] FIG. 4 is a schematic view which illustrates categories of the 25 edge offset according

to Embodiment 1. ) . El [ ic, Vi ich X s of.types of the
edge offset accorﬁglﬁ'o%mlgoﬁ rﬁ%ﬁ‘ %rﬁé@é}?@%&aﬁ G%Y\g}é QAL@%FQ%E %I%V\? ?vﬁ!ﬁ%ll&%ﬁgt@e% an
example offfardToHEE adebiding e Echiedbgaerm acimdng to Enchddsrasolteinatic view which

illustrates Rﬁﬁqur? f the band offset according to Embodiment 1. 35[FIG. 8] FIG. 8is a
I

schematic view w illustrates coding target information of the band offset according to Embodiment

1. [FIG. 9A] HG. 8A i cBseRBRatR W RN Migstrlies aradesaniieast ata B profeysef
e e P s e BN

FIG. 9B is a schematic view which illustrates an example of the
result of dividing a region according to Embodiment 1.

[FIG. 10]

10 FIG. 10 is a block diagram illustrating an example of a
configuration of a loop filtering unit in the image coding apparatus
according to Embodiment 1.

[FIG. 11]

FIG. 11 is a block diagram illustrating an example of a

15 configuration of a {oop filtering unit in the image decoding apparatus
according to Embodiment 1.

[FIG. 12]

FIG. 12 is a flowchart illustrating an example of operations of
the loop filtering unit in the image coding apparatus according to

20 Embodiment 1.

[FIG. 13]

FIG. 13 is a flowchart illustrating an example of operations of
the loop filtering unit in the image decoding apparatus according to
Embodiment 1.

25 [FIG. 14]

FIG. 14 is a schematic view which illustrates an example of bit
allocation to index numbers each indicating a pixel classifying
method according to Embodiment 1.

[FIG. 15]

30 FIG. 15 is a schematic view which illustrates an example of a
coded stream according to Embodiment 1.

[FIG. 16A]

FIG. 16A is a schematic view which illustrates an example of
syntax (aps_sao_param) in APS according to Embodiment 1.

35 [FIG. 16B]
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10FIG. 10 is a block diagram illustrating an example of a configuration of a loop filtering unit in the
ding apparatus according to Embodiment 1. [FIG. 11] FIG. 11 is a block diagram

illustrating an ex e af a15configuration of a loop filtering, unjt in the image decodin paratus
according to Emﬁg%%me% ! [\§IC§I %flema IE?G\(JJ%\{SV&FWO%DCHQH%FE&FSEH %neé%még%f)agperations
of the loopitt&emg (@tsin trd imalye dodih§ Gpparaind angdrdingntd 2@ Erdoadiment 1. [FIG. 13]

image co

FIG. 13 is[j\lf}gwc%f@{f lllustrating an example of operations of the loop filtering unit in the image
u cording to Embodiment 1. 25[FIG. 14] FIG. 14 is a schematic view which

decoding

pparatus

illustrates an example. ol bi€all catirhterindedcnuiabers/@ach indicstiraf apizel dassifyirig néthod

ool pRIPYLREnGHE S 0 R IS b iieson rampeof o

illustrates!{ &l @xamphe] of syntax (aps_sao_param) in APS according to Embodiment 1. 35[FIG. 16B]

10

15

20

25

30

35

FIG. 17A is a schematic view which illustrates an example of
syntax (slice_data) in slice data according to Embodiment 1.

[FIG. 17B]

FIG. 17B is a schematic view which illustrates an example of
syntax (sao_unit_cabac) in slice data according to Embodiment 1.
[FIG. 17C]

FIG. 17C Is a schematic view which illustrates an example of
syntax (sao_offset_cabac) in slice data according to Embodiment 1.
[FIG. 18]

FIG. 18 is a schematic view which illustrates an example of
regions between which offset information is shared according to
Embodiment 1.

[FIG. 19]

FIG. 19 is a flowchart which illustrates an example of coding of
an index number which indicates a pixel classifying method according
to Embodiment 1.

[FIG. 20]

F1G. 20 is a flowchart which illustrates an example of decoding
an index number which indicates the pixel classifying method
according to Embodiment 1.

[FIG. 21]

FIG. 21 is a block diagram illustrating an example of a
configuration of a loop filtering unit in the image coding apparatus
according to Embodiment 2.

[FIG. 22]

FIG. 22 is a block diagram illustrating an example of a
configuration of a loop filtering unit in the image decoding apparatus
according to Embodiment 2.

[FIG. 23]



FIG. 16B is a schematic view which illustrates an example of syntax (aps_unit_vic) in APS according
to Embodiment 1. [FIG. 16C] FIG 16C is a schematic view which illustrates an example of 5

syntax (sao_offse ) i P to Em nt 1. FIG 17 EIG. 17A.is a schematic
view which illustra esd%nﬂei\arsr?p a rlis'llcegag ;g% %Ilcg (%{fg gg‘%?d?rfgqg %ﬁgb%lﬂﬁeﬂ 1. [FIG.
17B] 10FIcGha7Bism ftterriats \umtwhmchhmjstn'amgaeamexlamlea@f@'m ésacamitd agatpin slice
data accor, Hq%&o ﬁ[ﬂ c@ ent 1. [FIG 17C] FIG. 17C is a schematic view which illustrates an

example o syntax sao_offset_cabac) in slice data according to Embodiment 1. 15[FIG. 18] FIG.
18 is a scHéaticiAelw which illustrates an example of regions between which offset information is

share@ according ﬁéml%qg e‘%tf}ow& ajr%]r% #&a%%){#%aafp Xéaﬁt' a&gl&lcg l%ﬁg?‘éec In&jsexa)fmple of

coding of an index numbér w indicates a pixel classifying me cor ment 1
[FIG. 20] the ipmp ﬁdﬁgIafﬂgmhafftmhtd:teulim@tagescéaMmgleacﬁmmdu@ 26coriidex bamber
which md@q{.ﬁﬁ(‘glaﬁrwéﬁltclgssﬁymg method according to Embodiment 1. [FIG. 21] FIG. 21l is a
block diagram illustrating an example of a configuration of a loop filtering unit in the image coding
apparatus[30d @ccéling to Embodiment 2. [FIG. 22]

FIG. 25 is a schematic view which illustrates an example of bit
10 allocation to index numbers each indicating a pixel classifying
method according to Embodiment 2,
[FIG. 26]
FIG. 26 is a schematic view which illustrates an example of bit
allocation to index numbers each indicating a pixel classifying
15 method according to Embodiment 2.
[FIG. 27A]
FIG. 27A is a schematic view which illustrates an example of
syntax (sao_unit_vic) in APS according to Embodiment 2.

[FIG. 27B]

20 FIG. 278 is a schematic view which illustrates an example of
syntax (sao_offset_vlic) in APS according to Embodiment 2.
[FIG. 27C]

FIG. 27C is a schematic view which illustrates an example of
allocation of a context index to offset information in APS according to
25 Embodiment 2.
[FIG. 27D]
FIG. 27D is a flowchart which illustrates an example of coding
of offset information in APS according to Embodiment 2

[FIG. 27E]

30 FIG. 27E is a flowchart which shows an example of decoding of
offset information in APS according to Embodiment 2.
[FIG. 28A]

FIG. 28A is a schematic view which illustrates an example of
syntax (sao_unit_cabac) in slice data according to Embodiment 2.
35 [FIG. 28B]
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FIG. 22 is a block diagram illustrating an example of a configuration of a loop filtering unit in the image
decoding apparatus according to Embodiment 2. 35[FIG. 23] FIG. 23 is a flowchart illustrating

an example of o i0 the | jteri itjnthe,i i ratus j?l to
Embodirr?ent 2. [Fl)ﬁg?-EJI 24 FI(E? Z%Cgcil‘l owcC tgt\{l‘%&riﬁrﬁd?%ﬁ E@g%fg%’fé o%ﬁa?%ﬁgg Tt]ﬁquop
filtering usy it ifage OdtaaingCadpaeatin attrdihyte Entoditent. ErchbasjmentAG. 25is a
schematiq pigw Wihighillustrates an example of bit 10allocation to index numbers each indicating a
pixel classifying method according to Embodiment 2. [FIG. 26] FIG. 26 is a schematic view

which illustrates dntéxarfle dFbit Sidtatvatic iNdexnuhibelrs ﬁmﬁﬁmﬁ@il@aq}b@mﬁ?smﬁng 15
. . N LS S tes an
method agesding dhERPOdiment f tklGnadhl to %'ﬁ’s%E i ﬁ’ﬁg@c g’g"%@%%ﬁra esa

example of syntax (sao_unit_vic) in APS according to Embodiment 2. 2 sa
schemati@@eR/ @Hich udrae s diegirhple of syntax (sao_offset _vic) in APS according to

Embodimepi &, (B3 7C]

FIG. 28D is a flowchart which illustrates an example of coding
of offset information in slice data according to Embodiment 2

10 [FIG. 28Ej]

FIG. 28E is a flowchart which shows an example of decoding of
offset information in slice data according to Embodiment 2.

[FIG. 29]

FIG. 29 is a flowchart which illustrates an example of coding of

15 anindex number which indicates a pixel classifying method according
to Embodiment 2.

[FIG. 30]

FIG. 30 is a flowchart which illustrates an example of decoding
an index number which indicates the pixel classifying method

20 according to Embodiment 2.

[FIG. 31]

FIG. 31 is a block diagram which illustrates an example of a
configuration of an offset information coding unit according to
Embodiment 3.

25  [FIG. 32]

FIG. 32 is a block diagram which illustrates an example of a
configuration of an offset information decoding unit according to
Embodiment 3.

[FIG. 33]

30 FIG. 33 is a schematic view which illustrates allocation of a
context index to offset information according to the first example of
Embodiment 3.

[FIG. 34]
FIG. 34 is a flowchart which illustrates operations of the offset

35 information coding unit according to the first example of Embodiment
-7 -



FIG. 27C is a schematic view which illustrates an example of allocation of a context index to offset
information in APS according to 25 Embodiment 2. [FIG. 27D] FIG. 27D is a flowchart which
illustrates gn example of coding of offset information in APS according to Embodiment 2 [FIG. 27E]
30FIG. 27E is a flowchart which shows an example of decoding of offset information in APS according
to Embodibteris 2.360G. 28A] FIG. 28A is a schematic view which illustrates an example of

syntax (sao_unit_ chin slic ordin odiment 2. 35[FIG. 283] FIG.28B is a
schematic view whic ill)gsgrg%eg g?il) t@x%%pﬁﬁ%s&?nﬁa@%s%&f&ﬁssea %algg% G gligg EJQ% %Efc%o‘?%ing to
Embodiméniferpia.i28C] decoditg 280k a adwmdiicyiewovhidhellutitrates eraxgmele of

5allo tiork%ﬁganﬁ%tri d§x to offset information in slice data according to Embodiment 2. [FIG. 28D]

FIG. 28D is a owé art which illustrates an example of coding of offset information in slice data

according k& Emb3déifnknt 2 10[FIG. 28E] FIG. 28E is a flowchart which shows an example of
decoding of offset fitgrmalan;iy glice Aathasse O RMRRAMGEt A dE Lt cation of a
context index to offset information according to the second example
of Embodiment 3.

10 [FIG. 36B]

FIG. 36B is a schematic view which illustrates bit allocation to
index numbers each indicating a pixel classifying method according
to the second example of Embodiment 3.

[FIG. 36C]

15 FIG. 36C is a diagram which shows an objective performance
of an image coding apparatus and an image decoding apparatus
according to the second example of Embodiment 3.

[FIG. 37]

FIG. 37 is a flowchart which illustrates operations of the offset

20 information coding unit according to the second example of
Embodiment 3.

[FIG. 38]

FIG. 38 is a flowchart which illustrates operations of the offset
information decoding unit according to the second example of

25 Embodiment 3.

[FIG. 39A]

rIG. 39A is a schematic view which illustrates allocation of a
context index to offset information according to the third example of
Embodiment 3.

30 [FIG. 39B]

FIG. 39B is a diagram which shows an objective performance
of an image coding apparatus and an image decoding apparatus
according to the third example of Embodiment 3.

[FIG. 40]

35 FIG. 40 is a flowchart which illustrates operations of the offset
-8-



FIG. 29 is a flowchart which illustrates an example of coding of 15 an index number which indicates a
pixel classifying method according to Embodiment 2. [FIG 30] FIG. 30 is a flowchart which

|IIustrates g)@ I fd ex Eétked st el class met od 20
according @c? b%dllrgnrgnt 8%‘—?@ 31&' H]q F‘Fg S[H;. loc dﬁﬁ%mﬁhﬁﬁ |IIus>frate r1&1%n eXample of a
conflguraﬁim pbahrofisdt iiformation coding unit according to Embodiment 3. 25[FIG. 32] FIG. 32
is a block Q‘El\rthch illustrates an example of a configuration of an offset information decoding

ng to

unit acco bodiment 3. [FIG. 33] 30FIG. 33 is a schematic view which illustrates allocation of
a context index tofdffsetihfBraationvadrardingtctiné! fusteadaple pe Emtbodsneht BRI sa4)

the fhet oL E N bodben B8 3 e, s o BE 3B e s et 0
operationk of Bfeldffsen infbrmation decoding unit according to the first example of 5 Embodiment 3.
[FIG. 36AlE1G. 421
FIG. 42 is a flowchart which illustrates an example of a feature
of coding according to Embodiment 3.
10  [FIG. 43]
FIG. 43 is a flowchart which iilustrates an example of a feature
of decoding according to Embodiment 3.
[FIG. 44]
F1G. 44 shows an overall configuration of a content providing
15 system for implementing content distribution services.
[FIG. 45]
FIG. 45 shows an overall configuration of a digital
broadcasting system.

[FIG. 46]

20 F1G. 46 shows a block diagram illustrating an example of a
configuration of a television.
[FIG. 47]

FIG. 47 shows a block diagram illustrating an example of a
configuration of an information reproducing/recording unit that
25 reads and writes information from and on a recording medium that is
an optical disk.
[FIG. 48]
FIG. 48 shows an example of a configuration of a recording
medium that is an optical disk.
30 [FIG. 49A]
FIG. 49A shows an example of a cellular phone.
[FIG. 49B]
FIG. 49B is a block diagram showing an example of a
configuration of a cellular phone.
35 [FIG. 50}
-G



FIG. 36A is a schematic view which illustrates allocation of a context index to offset information
according to the second example of Embodiment 3. 10[FIG. 36B] FIG. 36B is a schematic view

which illustrates bjtallogation; to. i u ch indicatin ixel classifying method according to
the second exambs-llle@cl)’f mbE(i)[ mﬂ%ﬁ%gﬂfﬁn@%@gﬁgélg*cgéaq itj‘%qé(%fga‘rargs Which shows an objective
performaridd 6f.ah irhage coding apparatus and an image decoding apparatus according to the second

example of Embogi : : F isiafl tg\@;i E'lulﬁ r operations of the
offset 20 informat%wr;&(‘;r)%di§ng4 Elr%ﬁtgg]r%?géyt(ﬁhﬂgc@?ﬁg%ﬁp e oé m isfjﬁ%n%i lg?ﬁ‘—)i&d ég]

FIG. 38 isia fibelexewhithtilustrates operations of the offset information decoding unit according to
the secon xmp of 25 Embodiment 3. [FIG. 39A] FIG. 39A is a schematic view which
illustrates allocation of a context index to offset information according to the third example of
Embodiment 3. 30(HG. 33B]h o WEIG039R i¥ idl diagiaire sviicls sHows dri ptgestive grerfofmiirSe of an
image cocﬂjgglg%@rﬁgu aalé'tg}:ﬁg_e decoding apparatus according to the third example of
Embodiment 3. [FIG. 40] 35FIG. 40 is a flowchart which illustrates operations of the offset information
coding unitdézording to the third example of Embodiment 3.

FIG. 53 shows a structure of TS packets and source packets in
10 the multiplexed data.
[FIG. 54]
FIG. 54 shows a data structure of a PMT.
[FIG. 55]
FIG. 55 shows an internal structure of multiplexed data
15 information.
[FIG. 56]

FIG. 56 shows an internal structure of stream attribute

information.
[FIG. 57]

20 FIG. 57 shows steps for identifying video data.
[FIG. 58]

F1G. 58 shows an example of a configuration of an integrated
circuit for implementing the moving picture coding method and the
moving picture decoding method according to each of embodiments.

25 [FIG. 59]
FIG. 59 shows a configuration for switching between driving
frequencies.
[FIG. 60]
FIG. 60 shows steps for identifying video data and switching
30 between driving frequencies.
[FIG. 61]

FIG. 61 shows an example of a look-up table in which video
data standards are associated with driving frequencies.
[FIG. 62A]

35 FIG. 62A is a diagram showing an example of a configuration
-10 -



[FIG. 41] FIG. 41 is a flowchart which illustrates operations of the offset 5information dgcoding
unit according to the third example of Embodiment 3. [FIG. 42] FIG. 42 is a flowchart which

iIIustrates\ﬁiSﬁi ﬁﬁﬁﬁﬁfﬂa ]I‘qstdjme é)quogin_% gﬁ%qrgipg Ctg %{r‘@dﬁrﬂ?ﬁ“ 3. 10[FIG. 43] FIG. 43 is a

flowchart es an example of a teature of dec according to Embodiment 3. [FIG. 44]
FIG. 44 shéw&arbé\lall configuration of a content providing 15system for implementing content

System. [FIG. 46] 50F G0 2ds & bIGLR i Tt ot e G BoMHG raorkof &
television CFIGidt7Tatio mIG 4 B BROITDadlotk dlagamh thstratmganmsaogis iofq oorfiguration of an
informgation reproducing/recording unit that

[Description of Embodiments]

0010}

(Underlying Knowledge Forming Basis of the Present
Invention)

10 The inventors have found a problem in the image coding
method using arithmetic coding which is described in “Background”.
The following describes the details.
[0011]
An image coding apparatus according to an image coding
15 system represented by the ITU-T standard called H.26x and the
ISO/IEC standard cailed MPEG-x divides a picture into predetermined
units and performs coding by the unit. For example, an image
coding apparatus according to the H.264/MPEG-4 AVC standard (NPL
1) performs a process by a unit called a macroblock having 16
20 horizontal pixels and vertical 16 pixels.
[0012]

The image coding apparatus divides the macroblock into sub
blocks (each having at least 4 horizontai pixels and 4 vertical pixels),
when performing motion compensation. The image coding

25 apparatus performs motion compensation using a motion vector that
is different for each of the sub blocks, performs frequency
transformation on a difference signal between an original signal and
a prediction signal, collects information on the difference signal in a
low-frequency region, and performs quantization, thereby

30 compressing information.

[0013]

It is known that grid-like distortion called block distortion
appears at a boundary of blocks according to a method for coding a
picture on a block-by-block basis using orthogonal transformation

35 such as DCT which collects information on a difference signal in a
-11 -



25 reads and writes information from and on a recording medium that is an optical disk. [FIG. 48]
FIG. 48 shows an example of a configuration of a recording medium that is an optical disk. 30[FIG.

49A] FIG. a I ar, 49B is a bIo diagram
shoavmg ;?@fﬂ%ﬁaﬁﬁ a%i%ratlon%t%gcel ula ghc@e% Ti%FI%D%aféEIL(LJS 50 |Iﬁ?s?r% $ a%%ructure
of multlplé'@@ld%iﬁag[lzt@esi}mdﬁr@ seféelsdmativallp ghtwsthiovg eaetbdtrelim s niilktpréxegd in
multlplex Hatacelh FI? 52] FIG. 52 shows how a video stream is stored in a stream of PES _
packets i |n more detal [FIG. 53] FIG. 53 shows a structure of TS packets and source packets in

10the multiBléxéd data. [FIG. 54]

5 However, with the system which processes only the block
boundary as with the above-described deblocking filter, there is
difficulty in reducing coding deterioration other than the block
distortion.

[0015]

10 In view of the above, an image coding method according to an
aspect of the present invention includes: An image coding method
comprising: performing context arithmetic coding to consecutively
code (i) ﬁrét information indicating whether or not to perform sanﬁp%e
adaptive offset (SAO) processing for a first region of an image and

15 (ii) second information indicating whether or not to use, in the SAQ
processing for the first region, information on SAO processing for a
region other than the first region, the context arithmetic coding
being arithmetic coding using a variable probability, the SAO
processing being offset processing on a pixel value; and performing

20 bypass arithmetic coding to code other information which is
information on the SAO processing for the first region and different
from the first information or the second information, after the first
information and the second information are coded, the bypass
arithmetic coding being arithmetic coding using a fixed probability,

25 wherein the other information includes third information indicating
whether the SAQO processing for the first region is edge offset
processing performed according to an edge, or band offset
processing performed according to the pixel value, in the performing
of context arithmetic coding, a value of an initial bit in a bit string of

30 a parameter is coded as the first information, the parameter
indicating a type of the SAO processing for the first region, and in the
performing of bypass arithmetic coding, a value of a next bit
following the initial bit in the bit string of the parameter is coded as
the third information.

35 [0016]
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FIG. 54 shows a data structure of a PMT. [FIG. 55] FIG. 55 shows an internal structure of multiplexed
data 15information. [FIG. 56] FIG. 56 shows an internal structure of stream attribute information.
[FIG. 57] 20FIG. 57 _srﬁ)ws_steps for identifying video data, [FIG. 58] FIG. 58 shows an example of
a configuration ofi%”f it sted TR MRIGH IMHEMEAtHAR N MORNG PR 8d@id MEHOY BsY the

moving pigthrerdeeeding At oehaceerntirc torachpfambedimenis2piid G 8o a FHrtRthshows a
contiying OidED Getal b SUAERATE S0bNE BrbfiD (ot aidumERS, €901 " GHI@NS. SHBws an
example df apecks wrtahie it whichavidgd slate standarsls ane asrasiated Witthdrivis gsligeaiensies.
[F|G'562A]co use the bypass arithmetic coding. Furthermore, the context
arithmetic coding is consecutively performed. This means that
frequent switching between the context arithmetic coding and the
bypass arithmetic coding is suppressed and processes of the same
type are consecutively performed. Thus, the processing efficiency
10  improves.
[0017]

For example, in the performing of context arithmetic coding,
the first information may be coded after the second information is
coded.

15 [0018]

With this, it is possible to code, immediately after coding a
value of an initial bit included in a parameter by the context
arithmetic coding, a value of the next bit included in the parameter,
while maintaining the consecutiveness of the context arithmetic

20 coding. This reduces complicated processes to be performed on a
parameter, and thus the processing efficiency improves,
[0019]

In addition, for example, in the performing of bypass

arithmetic coding, the other information may be coded which
25 includes fourth information indicating an absolute value of an offset

value.

[0020]

With this, a variety of information items are coded by the

bypass arithmetic coding after the context arithmetic coding. In
30 sum, processes of the same type are collectively performed. Thus,

the processing efficiency improves.

[0021]

In addition, for example, in the performing of bypass
arithmetic coding, when the SAQ processing for the first region is the

35 band offset processing, the other information may be coded which

- 13-



35FIG. 62A is a diagram showing an example of a configuration -10- for sharing a module of a signal
processing unit. [FIG. 62B] FIG. 623 is a diagram showing another example of a configuration for

Ondory i EHoadS EOnG L ESEE SR B Ba N r i TU b M PLoE heVe WsEniFa
problem it iivage cotiuprtietbodusing prithabtiodedingavhich is desstieg i Rankeraid”. The

following desc Jbe the det [$ % n_image coding apparatus according to an image coding 15
system repPeDs ‘?%EPS %1% ﬁ ralg led H.26x and the ISO/IEC standard called MPEG-x
divides a [)B:&Ré]nto predetermlned units and performs coding by the unit. For example an image

codi apparatus\gﬁg r%W%tgagﬁ.]l rt%%MM p|xe’5§ A¥C andar% gBNPLgl)rge{%)j[ms s by a unit

called a macrobl aving'1 orizontal and VERical 16 piel é@e coding
apparatud Higibepthesnaadtolrtoeki intoosiin lackeso(ehichghtayibg @tstemist 4 dfdkzorita pmalseattd 4

vertical pixeish, WARRPEHRIMEY MARR COmPHISERD: TS MRS &AM i proves.
[0023]
In addition, for example, in the performing of context

10 arithmetic coding, the second information may be coded which
includes at least one of (i) information indicating whether or not
information on SAQ processing for a right region is used in the SAQ
processing for the first region and (ii) information indicating whether
or not information on SAQO processing for an upper region is used in

15 the SAO processing for the first region, the right region being
adjacent to the first region and being to the right of the first region,
the upper region being adjacent to the first region and being on top
of the first region.

[0024]

20 With this, in the context arithmetic coding that Iis
consecutively performed, information indicating the reuse from
above or left is properly coded.

[0025]
In addition, an image decoding method according to an aspect

25 of the present invention may be an image decoding method
including: performing context arithmetic decoding to consecutively
decode (i) first information indicating whether or not to perform
sample adaptive offset (SAO) processing for a first region of an
image and (il) second information indicating whether or not to use, in

30 the SAO processing for the first region, information on SAO
processing for a region other than the first region, the context
arithmetic decoding being arithmetic decoding using a variable
probability, the SAO processing being offset processing on a pixel
value; and performing bypass arithmetic decoding to decode other

35 information which is information on the SAO processing for the first
-14 -



25 apparatus performs motion compensation using a motion vector that is different for each of the sub
blocks, performs frequency transformation on a difference signal between an original signal and a

predictionr%ignal colle§és(i]n¥?rmati%]n on the g‘{ﬁ)ere ce gigna inalo -frequenc;r/ region, and performs

quantization: fﬁgregyn SO STesling ThPdTmation. [0635) 'NTF IS RAEHH thdt grfdBike BfRéHon called

block distomtfomraygitars, ad £ bouritaryios blocks moedrding 2 a mh@ogka‘gohﬁtad:{lﬁ@mﬂ?mfﬁ)@n a
block-by-hlock basi iNg orthoganal transformation 35such as DCT which collects ipnformation on a
differencé%l sﬁ%na%alen%a%la’ Io@ﬁ%et%%ﬁ yS ?eg?orr‘&f’maeﬁ;h%gg@&ﬂ r}:1%p Sids @a{bquia%?ll‘éducing
the blockifig effdtrggbypénfermaint>ded|ockripfiteing prdeessing. {6@14) Ghowenes rwithtiaasystem
which pro. t I S Wi e above-described locking filter, there is
diffic%lty ﬁ‘g@ﬁ‘iﬁ% %%E‘?%E @ﬁ%ﬁ%&?@ﬁy 0 h%grétté]%ﬁr%%é“gigcﬁg&&gﬁ% r?d 'ﬁ% 1%5‘13%? 5106 e above,
an irr?a(?efdfbeliﬁgmem@?cmd(&rcﬂ@m afifagfept o thespresene nfmmnnmlilmméllmﬁﬁ)i i}fx@ i@t?mo_ding
method ¢ rising: rmi t [ ic C to consecutively. code (i) first information
ndicating Ak Ther br Do KUTRr Soraole AN Cbl (oS B L 8 A AgiBh of an
image andabi i) sedoadoiafémmaniong reliczaingamiesnér ot todisepidithg , SAGaitoeessing for the
first region, in; ToleWely p ing. for_a regi r than the first region, the context
arithmetic’r}gfnIEI ﬁgﬁgn@r@rﬁﬁﬁﬁicﬁﬁ l?)sﬁ(rjlg a@%@%%bé%ili@,gﬁ%%ﬁo %%oct:trbs%in@r éing offset
prot@ssinid) bara kD Dal e cat perfoaiing i 20 ypisgasttimptic cbding t6 Adieothes fommpation
which is i ] ro ing, f e fir ' d different_from the first information
or the sefc%%ﬁﬁ%éﬁ?a%@% e f%rﬁqnfg}nﬁg%i%n%ﬁéfﬁngé@%@gnﬁn%{r@a i%?\ are' coded , the bypass
arithmeticlgsensl being Hathiaetit sodigtusing @l fixedrpgobagilityi 25! Wheisitihiee lithet mfogmation

ncludes e fplogapoRIRElcalng thetbes e SADRIAESSIRY fy o fs region is ecg offse

processing performed according to an edge, or band offset processing performed according to the
pixel valuEQ h4fd performing of context arithmetic coding, a value of an initial bit in a bit string of 30 a

the s region. o e N o B Be S LSt Gt hed B g the.
initial bit if thé D@ §ing 6B tHey parametam§sticar i thecticd tteodkingn. is applied to a
portion in which it is suitable to use the context arithmetic decoding,
and the bypass arithmetic decoding is applied to a portion in which it
is suitable to use the bypass arithmetic decoding. Furthermore, the

20 context arithmetic decoding is consecutively performed. More
specifically, frequent switching between the context arithmetic
decoding and the bypass arithmetic decoding is suppressed and
processes of the same type are consecutively performed. Thus, the
processing efficiency improves.

25  [0027]

For example, in the performing of context arithmetic decoding,
the first information may be decoded after the second information is
decoded.

10028]

30 With this, it is possible to decode, immediately after decoding
a value of an initial bit included in a parameter by the context
arithmetic decoding, a value of the next bit included in the parameter,
while maintaining the consecutiveness of the context arithmetic
decoding. This reduces complicated processes to be performed on a

35 parameter, and thus the processing efficiency improves.

-15-



35[0016] With this, in a parameter of the SAO processing for improving an image quality, the
context arithmetic coding is applied to a portion in which it is suitable to use the context arithmetic
coding, arrl:%gf pass arithmetic coding is applied to a portion in which it is suitable 5 to use the
bypass arithméfic coding. Furthermore, the context arithmetic coding is consecutively performed. This
means that frequént switchiitig hetwien thecaontebe arithméteecodiagfandrthedypess yithmsetic coding

IS suppre C S e e I nsecutively performed, Thus, the processing
efficiencyélﬁggrrﬁ&%\%%?gg%ﬁ%g’Fgﬁ eg:(é}r%/glgeﬁrﬁﬁérpeﬁ‘o‘r E?ngn%?%o t%xggﬁtﬂfi%ﬂc @EH , the first
information aeyibe doded fafier thensatoma infdicatinygiscoddns ARI0818h | U eWifrathis ifsepossible
to cagde, ir\p jately after coding a value of an initial bit included in a parameter by the context
arithmetic coding, a value of the next bit included in the parameter, while maintaining the
consecutilefeds bof the context arithmetic 20 coding.This reduces complicated processes to be
performed on a p%?me -and th rQeessi fliciency. ves. [0 n.addition, for
example, in the per ormtiﬁf;1 %’f %yp}é@é%‘?i héitﬁ%%gﬁéﬂﬁ&c O{Fgﬁi{n ogra%tlﬁg%%gyeée g&% Swhich
25includeBYoaaFirdsibitie iadidatog anabstiate Vaticofrde stfsaritine cfia20le codiith this, a

o H STt dRRe At eodn e Bt gt cedifoaloLIle saest amete

coding. In 30 sum, processes o re cdlfectively perform e processing
effiéléncy ipfvése processing efficiency improves.
[0031]

In addition, for example, in the performing of bypass
arithmetic decoding, when the SAO processing for the first region is
the band offset processing, the other information may be decoded

15 which includes (i) fifth information indicating whether the offset
value is positive or negative and (ii) sixth information indicating a
scope of application of the offset value.

[0032]

With this, a further variety of information items are decoded

20 by the bypass arithmetic decoding according to the state after the
context arithmetic decoding. Thus, the processing efficiency
improves,

[0033]

In addition, for example, in the performing of context

25 arithmetic decoding, the second information may be decoded which
includes at least one of (i) information indicating whether or not
information on SAO processing for a right region is used in the SAO
processing for the first region and (if) information indicating whether
or not information on SAO processing for an upper region is used in

30 the SAO processing for the first region, the right region being
adjacent to the first region and being to the right of the first region,
the upper region being adjacent to the first region and being on top
of the first region.

[0034]

35 With this, in the context arithmetic decoding that is
-16 -



[0021] In addition, for example, in the performing of bypass arithmetic coding, when the SAO
processing for the first region is the 35 band offset processing, the other information may be coded

which - 13- inc ) fifth infarmation,indicating whether the, offset value is positive or.negative and
(i) sixth in ({)Jrrjr]n%a %)qrji?ﬁ;d%égtir%%ﬁ%géeeo ’apiE)!I|(§)art?gr$l “He bﬂ‘%‘f%’lﬂg [ ] EWﬁethig,Cquhrther

variety of &lfarveationidthinaté eoded texthe bybase diitieetioddodjnig aoeopdingytal thecsiate, after the
context ar't@w %(j coding. Thus, the processing efficiency improves. [0023] In addition, for example, in

the performing of-context 10 arithmetic coding, the second information may be coded which includes at
least one of (i) infotmiatida ibdicatire whigiadr greme infoamatispet BAOarpeadsing foc i@ gght region is
usedsn th pr. sipg, for irst regi (i), information indicating_whether or not information
on SAO p?obgé:\\s%néﬁcoiéangl%ppier eé%éﬁwelrsﬁ gé)gdﬁggﬂ;éthé Sg%ggrgo@qéssign% tSHRE Eﬁétur%giﬁﬂ the right
region beiy-agjarkmeto eheditst region @mthipeitig to theaighe of theofirst aegionthierapgétaegion being
adjacent tod ir L i [ the fi gign..[0024] 20With this,.in the context
arithmetic copé?l%@haﬁ%ggo&ﬁ%gé%?i\?egbe%é{?@r%;e ,érﬁi@ﬁat%%ﬁﬁdiégﬂr%gﬁg rg%@('a\lff]ro%ragc% or left is
properly codewh [0@X5p h addaios, e inage R catirkesethoet Aacdsding: exjan tespectr2%i dfshe
present invgRy R Fagy me§i? I j ding: performing context arithmetic
decoding to coﬁsecuti\%%?écode’(i fiﬁ?ﬁr@%@n@?ﬁ%@dﬁng whether or not to perform sample
adaldlive &ffd% fHA0) processing for a first region of an image and (i) second information indicating

whether or not to #&: i lowing describes embodiments in detail with reference
to drawings. It is to be noted that each of the embodiments
described below shows a general or specific example. The
numerical values, shapes, materials, structural elements, the
15 arrangement and connection of the structural elements, steps, the
processing order of the steps etc. shown in the following
embodiments are mere examples, and therefore do not limit the
scope of the present invention. Therefore, among the structural
.elements in the following embodiments, structural elements not
20 recited in any one of the independent claims are described as
arbitrary structural elements.
[0037]
In addition, the term “coding” in the following description may
be used to mean “encoding”.
25 [0038]
(Embodiment 1)
FIG. 1 illustrates a configuration of an image coding apparatus
according to Embodiment 1. An image coding apparatus 100
illustrated in FIG. 1 includes a control unit 110 and a coding unit 120.
30 The coding unit 120 includes: a subtractor 121; a frequency
transforming unit 122; a quantization unit 123; an entropy coding
unit 124; an inverse quantization unit 125; an inverse frequency
transforming unit 126; an adder 127; a loop filtering unit 128; a
storage unit 129; an intra prédiction unit 130; a motion
35 compensation unit 131; a motion estimation unit 132; and a switch
-17 -



30 the SAO processing for the first region, information on SAO processing for a region other than the
first region, the context arithmetic decoding being arithmetic decoding using a variable probability, the
SAO proce ing being offset processing on a pixel value; and performing bypass arithmetic decoding
to decode other 35information which is information on the SAO processing for the first - 14- region
and differ¢ @@ the first information or the second information, after the first information and the

second information are oded, t ypass arithmetic decodin ing arithmetic decodi sing a
fixed probability, vvﬁlh@%eﬁgtﬁien&h%ﬁ%fgr%@t%%doﬁ?n@l[]dgg i %%im ﬂoﬂﬁhm&gf%ﬁyv@%g the SAO
processinfy i thédirgeregiats edgedffdes preeeasing perfokinediactiordingtocas @byes ordoand offset
procgssin rf ing tQ. i in the performing of context arithmetic.decoding, a
valugsscﬁ a% ?n?tig{ gﬁ % %c(gﬁ fsﬂ% % a?;%{?(a%m%$ﬁ%lfsd§§£%08e@( S'srﬁié?%gsthfo" 'iﬂ%rﬁlgﬁgﬁ, l?fll)ée[jaram eter
ijndic?jt_ing \aayﬂewaﬁeasmi pia(‘ié:se_ing”rl’ag the }T'rlrst:fmgioﬂlimh ﬁ]_iclkt&fﬁeaf@'rn‘tjpg)bj hg_'béﬁxaritrémetic
ecoding, o) t bi i ein [ t string_of the parameter i ed as
the third irﬁg‘mggoré]?o%g ] i&%@g\;kﬁgﬁ a plFaﬁaemtggalu‘rEg?#}échg %Posc?é}s[g%i r %ﬁ%ﬁ%ﬁ;n image
qu_ahlity, t_hér@a“rﬁé_m amimdn@ticb@bdliﬁg_dﬁ(ap‘@leuitcbrggaofﬂonir}_mhsiubtspitabmr? i;ﬁ_ﬂ)_the C_onélext
arithmetic , pass arithme ing | ied to tion in which i uitable to
use the bﬁ%ﬂ%ﬁnc@%%mﬁ%gbn errm[gesgtﬂe g%egban%&( ritﬁ%gﬁl le%%d?r'\g is ctxﬁsgecutively
perfobmed] Monéiggddtically) fedentsigittting b étnve arohE i atekttiithin et tdéoedingramd the

bypass aﬁ;ﬁ%lggi% %%Céqq{@g ﬁéHEE‘éﬁ ﬁ%@{oE%%es of the same type are consecutively

performed. Thus, the processing efficiency improves. 25[0027] For example, in the performing of
context aritBRéfid decoding, the first information may be decoded after the second information is

decoded. [0028] 3QWith this, it i ' e immedi d ing.a n initial
bit included in a pa@\gr%@%mg/gﬂ%ﬁ%srﬁg@ ;Er}iﬁwrﬁggﬁ’amg @%gﬁgeﬁoﬁ%%gn%%st l?llﬂl}lqc%t%je% in the
parametel Q¥R maiftaiginglee ¢Disdcutilenlsssodt the@oriea@thinelic decbdimg.rmhiti ceduces

ﬁﬁ%@aﬁ% RIpeSTSERigPe pRITorTed O & 3BPARRMSIAT AN fRLS Ihe BrossRSINgFGiRPSY

prediction) using a reference image in the storage unit 129 and the
motion vector detected by the motion estimation unit 132. Theintra
prediction wunit 130 performs intra picture prediction (intra
prediction) using the pixel block obtained from the adder 127,

20 according to an intra prediction mode. The switch 133 inputs the
pixel block of the prediction image resulting from the intra picture
prediction or the inter picture prediction, to the subtractor 121 and
the adder 127.
[0041]

25 The entropy coding unit 124 performs entropy coding on
partition information of a block, a type of prediction, a motion vector,
a prediction mode (intra picture prediction mode), a guantization
parameter, the quantized coefficient block, and so on, to generate
the coded stream 142.

30 [0042]

In addition, the inverse guantization unit 125 performs inverse
guantization on the quantized coefficient block. In addition, the
inverse freguency transforming unit 126 transforms the coefficient
block on which inverse quantization is performed, into a pixel block.

35 The adder 127 adds the pixel block of the prediction image to the
-18 -



[0029] In addition, for example, in the performing of bypass arithmetic decoding, the other
information may be decoded which includes fourth information indicating an absolute value of an offset

Svalue. [0030 With thi ' finf ion i decoded by the.b ithmeti
dicoting SIHR ke VAN eohe GOBMCHNE: ke rdbSCAAE B the G 8 46 cllokively

performed. 26 Thih ehéquacdsisiag efficienicy IR aves008sks distadtition,iferexampezin the

performin p rithmetic decoding, whe SAQ, processing for the first regign is the band
offset proge@s%g ,%ﬁsec%trﬁ%?in%r%n%ﬁoﬁ %f?/rb(-}{1 g?c?oc?éad 18 \WhicR i%%ﬁdagx(%ﬁ‘iﬁlf(? rfti6n
indicating rneffiethen thee ioffeel walue Isqpesiiveae nagdtide 8nd (i) sixth information indicating a scope of
appligatioga{%%goffset value. [0032] With this, a further variety of information items are decoded 20
by the bypass arithmetic decoding according to the state after the context arithmetic decoding. Thus,
the processing efffairityeinmprovest BO88radiditivh, fdilezamipte, intthe perdormgingrdf ddndext 25
arithmetic ing, the second information may be decoded which includes at least one of (i)
information indicating whether or not information on SAO processing for a right region is used in the
SAO processing foithd firsigegion amd iy pdoahatoh ibicatigsvihetien ageol ifothataybn SAO

R e SO Rt R R e
adjddént to pimefigtuegidl) Bnddeingssn topdsfthe &irstregibnofoddy 3svdtrithist i dime cort@xt
arithmeticecqding hatis oty of processes such as frequency transfaormation,
guantization, intra picture prediction, inter picture prediction,
entropy coding, toop fiitering, and so on.
[0045]

15 FIG. 2 illustrates a configuration of an image decoding
apparatus 200 corresponding to the image coding apparatus 100
iHustrated in FIG. 1. The image decoding apparatus 200 illustrated
in FIG. 2 includes a control unit 210 and a decoding unit 220. The
decoding unit 220 includes: an entropy decoding unit 224; an inverse

20 quantization unit 225; an inverse frequency transforming unit 226;
an adder 227; a loop filtering unit 228; a storage unit 229; an intra
picture prediction unit 230; a motion compensation unit 231; and a
switch 233.

10046]

25 The decoding unit 220 decodes, on a block-by-block bhasis, an
image 241 included in a coded stream 242. At this time, the entropy
decoding unit 224 in the decoding unit 220 performs entropy
decoding on the coded stream 242, thereby obtaining partition
information of a block, a type of prediction, a motion vector, an intra

30 picture prediction mode, a quantization parameter, a quantized
coefficient block, and so on. '
00471

Then, the control unit 210 controls operation performed by the
decoding unit 220.
35 [0048]
-19 -



-16- consecutively performed, information indicating the reuse from above or left in the context
arithmetic decoding is properly decoded. [0035] It is to be noted that general and specific aspects
disclosed 5 abov

ay.be implemented usipg a system apparatus, an integrated circuit, a
computer prograrj;,ﬁn(?r éqw\()%fggnQ%ﬂp%&ﬁg%&-léggﬁtﬁgﬁdﬁdﬁbﬁmgﬁﬁuﬂgé%@h HQQCSE)ZQOM, or
any combiratiomefsysiemss apparatuties thetheds itkegratad airtuitd, ceraptiteiaprogramekor
recording.media. 10[0036] The following describes embodiments in detail with reference
craningS R R tdBE R R BHENEY il M B R e LiMbor dtov oM o GBerd
example. ddeffigmaricd ivattes rshahésh mateticls stuehirat eteorents, pheftr arsangementand

follo

ing BIf

conrﬁction.of (5)25 structural elements, steps, the processing order of the steps etc. shown in t

to
specific

he

Ents are mere examples, and therefore do not limit the scope of the present

invention [TiRe¥8fpre, among the structural elements in the following embodiments, structural elements

not 20 recited in one of the independent claims descri as arbitrary structural elements.
[0037] In addﬁﬁt%ér],qlﬁé) Fe‘?rr? ﬁggaaloﬁ%dslr?q’h% £ %vﬁrgjj %%scﬂgﬁcihenpd‘féé(iégg AR '@ncoding".
25[0038] tEmipoeiphdrioDk ob G ddifrstratél @ conéigaeafivamt an apage cefingrappanatis

(it 110 8% collhG AR L2010 T8 bk T PR ERS: 2 RRAEB 121. 1 hodues

unit 110

ontrol
Y

tradidlorming clkib122;i a et dintiwatibna it 123; 22 éntropyendibgainiadR 4 e mrersengtidtigation unit
req ransforming, unijt 1.26;.an.a : p filtering unit 128:; a storage unit
%%E)%gd%:t?é%?%éﬁgg; Eaf?‘]ngo]%%n!égg:%or%@&s%?%%}lﬁltoﬁggé%gngn Ses%‘ﬁ?a%%n%?ﬁ 132; and

125; ani
129; ani
a switch

15

20

25

30

35

-429. Furthermore, the loop filtering unit 228 outputs an image 241
'including pixel blocks. |
00507

When the type of prediction is intra picture prediction, the
intra prediction unit 230 performs intra picture prediction using the
pixel block obtained from the adder 227, according to an intra
prediction mode. When the type of prediction is inter picture
prediction, the motion compensation unit 231 performs inter picture
prediction using the motion vector and the reference image in the
storage unit 229. The switch 233 inputs the pixel block of the
prediction image resulting from the intra picture prediction or the
inter picture prediction, to the adder 227.

[0051]

The image decoding unit 200 decodes, on a block-by-block
basis, the image 241 included in a coded stream 242 through the
operation corresponding to the operation performed by the image
coding apparatus 100.

[0052]

The following describes loop filtering in more detail. The loop
filtering is processing for reducing coding deterioration in a
reconstructed signal, and according to H.264/MPEG-4 AVC standard
(see Non Patent Literature (NPL) 1), a deblocking filtering for
reducing block distortion which occurs at a macrobiock boundary is
performed.

-20 -



133. [0039] The coding unit 120 codes an image 141 on a block-by-block basis to generate a
coded stream 142. At this time, the subtractor 5 121 in the coding unit 120 subtracts a pixel block
having pli@#ﬁl values of a prediction image, from a pixel block having plural pixel values of the
image 141. equency transforming unit 122 transforms a pixel block resulting from the subtraction
into a coefficient blockdmaging pbled livediency dokicients. TheckOquantization| vait 123 guantizes the

coefficient.hloc b med from the. frequenc transforming unit 122. 0040] ean the motion
estlmatlor%j %rﬁ) §£§ Rt T HOtHOR Fedtdr sﬁbatrhr Iﬁ!(%gFglbck%?tlg' g%§C ?he%gf%‘aﬁ 15
compensgtiacaniiii] pedfarmismtenidturerpediiioy (otimyediction)orsitmha retarencerigage in
the stora h on vecior detected the motlo stlmatl it 132. The intra
preciaf:tlor%%rl:c?{ i%é%ﬁgémg’]nre: gplc\tﬁ}é prg%gt%l {5) C\{ Er&%cﬁ u@ﬂ %]fxg%z%%ﬁgb@amed
from the gdued 127,20 adcondimgtoran iritrh joreldictiob enpde ddesswitéh h%emmﬂstlﬂacpmej block of
the predi lma ing fr re predi tlon or_the intey picture prediction, to the
subtracto%@lgghg %wée %ﬁéﬂ?%@p‘l ig?é r? %Lll ent rf)p%'%r:]ogL ing QUni! fﬂ{ o ﬁls entropy coding on
partition ibfddhétion of a block, a type of prediction, a motion vector, a predlctlon mode (intra picture
prediction mode), |ent bI so on, to erate the
coded stream 14%&%}]@?8?8%3 Fafflcri]i[)iﬁlon tﬁ% &lsée%%ljgagnﬂ z%cl un|t 1 pen%n%% inv rg
qudrtizatidlDek thea gt zét edeifitiera md)ukalmtaddﬁlaﬂtmgm\vesseifrdqaehoyﬂmﬁsﬁmrhmag unit 126
transforms,{ eff isp ed, int ixel block. 35 The
be ¢o EW%QW%WE%%%E |ct|o ge té@%@?ﬂ F’Iréocrﬁ'?)éjs 'GP &REEIRIRG

adder 127 adds the pixel block of t
pixels include (i) an edge offset pixel ciassn’ymg method which is

performed by comparing a target pixel for classification with an
adjacent pixel thereof and (ii) a band offset pixel classifying method

15 which is performed according to a pixel value of the target pixel for
classification. The edge offset is an offset performed according to
an edge, and the band offset is an offset performed according to a
pixel value.

[0055]

20 In the following description, using the pixel classifying method
of the edge offset is described as that the pixel classifying method is
the edge offset, or as using the edge offset for the pixel classifying
method, in some cases. Likewise, using the pixel classifying method
of the band offset is described as that the pixel classifying method is

25 the band offset, or as using the band offset for the pixel classifying
method, in some cases,

[0056]
FIG. 3 is a schematic view illustrating an example of the pixel
classifying method using the edge offset. In the edge offset,

30 classification is performed using a magnitude relationship between a
current pixel ¢ to be classified and adjacent pixels c1 and c2 located
at the left and the right, respectively, of the pixel c.

[0057]
FIG. 4 is a schematic view illustrating an example of

35 classifying a block to be processed into five categories by the edge
21 -



pixel. block obtained from the inverse frequency transforming unit 126. The loop filtering unit 128
suppresses distortion in the pixel block obtained in the adder 127, and stores the pixel block as a

f [ int t it 129, 5 [0043]. Furth , the control unit 110 trols th di
it 120, (I0FRL e SHAGDR DAl AL AEUO0 CBILE hb g AT BOGH (e GBrhdon

describedvabiome. i, agiditiond thegmapge coding i@ appaiatuss 100 2ediises audatarameisa pfithe coded
stream 142 throygh a variety of processes such as frequency transformatio uantization, intra
Nl EL e pl o A Y v e S
illustratestaneonfigamtion of & madedlecoding apparatus 200 corresponding to the image coding

appaéatus[;g)gl illystrated in FIG. 1. The image decoding apparatus 200 illustrated in FIG. 2 includes a
control unit d a decoding unit 220. The decoding unit 220 includes: an entropy decoding unit

224; an inverse 20mguathtizétion undt 226sardbwerse frA@eGy plarsforohing anie 226napeadder 227; a
o 231, SR SRS 35 (U DT R goloati G 930 B GOARS, B 2ty BILERL. an
image 2414fcladEd aea ’cqniiedeisﬁre(%@%ﬂ.)/); thip ftiene ethel eltropy dedpeirendnit 324 sn tRedecoding
I T I R GNP A A L W
paratetekeequafftized £pefficiedt Dbk, amtise@mfi0047] Then, the control unit 210 controls
operation ﬁfﬁ%@]ed by the decoding unit 220. 35 [0048]
FIG. 6 is a schematic view illustrating an example of the pixel
classifying method using the band offset. Here, gradations which
the current pixel value to be processed possibly takes are evenly
15 divided into M, M is 32, for example. The gradation segments
resulting from the division represent categories. The current pixel
to be processed is classified into a category in which the pixel value
is inciuded.
[0060]
20 FIG. 7 is a schematic view Iillustrating an example of
classifying blocks to be processed into 16 classes by the band offset.
For example, when a pixel value of ¢ is larger than or equal to R9 and
smaller than R10, the current pixel to be processed is classified into
a category S and an offset value Offset [9] allocated to the category
25 9 is added.
(0061}
In addition, it is not necessary to allocate an offset value to all
of the categories, and as illustrated in FIG. 8, the image coding
apparatus 100 is capable of coding only the offset value for a
30 category having a high offset effect. At this time, the image coding
apparatus 100 codes together a category index number that
indicates a category of the coded offset value.
[0062]
In addition, a sample adaptive offset (SAQ) determines an

35 optimal pixel classifying method and an optimal offset value to a unit
-7 .



The inverse quantization unit 225 in the decoding unit 220 performs inverse quantization on the
guantized coefficient block. The inverse frequency transforming unit 226 transforms the coefficient
block on which jnverse quantization is performed, int pix oc The 227 adds
the pixel Db SRS CHBIEH HnbE e (e Boer it a RE UM TRlSs

transformihiy inhinh226 Thie tdop fkkeding st 228 supFesseSdistoipd indime HM@iﬂr@b@l@l@btaiHEd
from the adder 227. Tif éhe oo filter(k unit 228 stores a reference image including pixel blocks in
the storag%wgi |‘—fh Nt'érj rthBEf 6% fﬁtenng unit 228 outputs an image 241 including pixel
blocks. [OQBQ]GI,SWhen the type of prediction is intra picture prediction, the intra prediction unit 230
perfq:fms intra pic %dé ction u3| I block obt me&fr%m the adder 227, ?ccor ing to an
intraprediction m n t'i%e t‘—iiocn F‘sfi?wté gl b'?@d &Bn GHé Fﬂ& &n 8mPensation
unit 231 p:emfnfng,&nrﬁettcmrctm‘é ZOereimot;ianU$mgiﬂt_r,e mnofion VeEtofranthtbe inefarpoce tragg in the

storage unit 229, h t@h 2033 |n§uts the %lﬁd bloc fthe rediction image resulting from the intra
picture preélgtion or ﬁte In EIapIEPJ &%drigtl %o%‘e .'[0051] 25The image decoding unit
200 decod&4) of h block by block basis, the i |mage 241 mcluded in a coded stream 242 through the

operation corresp h f tion erfo |mage cqdin tus.100. [0052] 30The
following describ oop énﬁg&%?n% tail 2 10 CtlhlfL ering |s§ rzssﬁ%f?)rlﬁe' n‘[' ding

detéforatibh in ammﬁs&ﬂcmmmtiandcmimrmmq\tg HI264INRE G4 At’f@@tamdac@ gseadon
E}Z‘Cerf(‘)tbﬁgc bounﬁ%f o‘iﬁ?@@&k‘@ﬁrﬂilﬁi'g%‘if "R Plggiisterion whigh geqrs Al
ary is 35 performed
outputting unit 155,
[0065]

The signal obtaining unit 151 obtains a reconstructed pixel

15 signal in a target region to be processed.

[0066]

The offset information calculating unit 152 calculates offset
information for use in offset processing, such as a division pattern, a
pixel classifying method, an offset value, and so on.

20  [0067]

The offset processing unit 153 classifies, into the categories,
pixels in a target region to be processed using the offset information,
and performs offset processing for each of the categories.

[0068]

25 The offset information coding unit 154 outputs the offset
information to the entropy coding unit 124 illustrated in FIG. 1. 1Itis
to be noted that the offset information coding unit 154 may code the
offset information. In addition, the offset information coding unit
154 may be included in the entropy coding unit 124.

30 "[0069]

The signal outputting unit 155 outputs a pixel signal in the
target region, on which the offset processing is performed.

[0070]
FIG. 11 is a block diagram illustrating an example of a

35 configuration of the loop filtering unit 228 in the image decoding
-23 -



[0053] However, deblocking filtering does not solve coding deterioration occurring in a
macroblock. In view of this, offset processing is carried out for reducing coding deterioration according

5 to this embodlment The offset & essmg @?dds a% &t value to a pixel included in a current block
to be proc@E&& fh FySee SRl 10Ral ShERByGEHRRMET S rtion from an original signal. [0054]

Furtherm@i@Qin the offset processing, pixels in the current 10 block are classified into a plurality of

categories and a ffset value that is comm ach ategory is used. Methods of cIaSS|fy|ng pixels
include (i) an edg fts PBlQeIJl iR &thgg h‘l@ﬁ %%ﬁor%eﬁ%?%’zl § D&yt bixel for

classificatjon Witk ancﬂ@@@enhﬁdﬂﬁhereaf atr@tttl&i mpnchoffses pixel glaggifirgpmethedsihgwhich is
performed ac %rr;fg to a ixel yalue of the |er grt%% ssification. The edge offset is an offset

perf medJQd g t@% @dﬁég Qﬁd Ehlé set performed according to a pixel value.
[0055] 20§rcthe foflowing descrlptlon using the plxel cIassﬁymg method of the edge offset is described

as that the pixel sifyin |s the edge off the edge offs rthe

classifying methoéaﬁr? sétgé‘éi E.%W%e%&lﬁgﬁf éﬁt%l f?/lrt‘& ﬂﬁf}d setis
describedsag et theamkatgla!ssr@m@ methdskis 2o thesbant offset, or as using the band offset for the
pixel classi Q ethod, in some cases. [0056] FIG. 3 is a schematic view illustrating an example of
the pixel safxﬂg method using the edge offset.In the edge offset, 30classification is performed

usirndga magnitudd’ I'mtm?fstmp b&f«vem;mre:tmoo(elmgo eitlasSiked el adjacieat pikalaicl and c2
located at. tq%left a%d the right, respect%\][] ﬁy the plxel C. %)057 chematic view

|IIustrat|ng an exam I%rt)ff clgss? Hg a EFgcees 2! éto?HgQa?e%oﬁeg b t’Hé@ e

pattern, the pixel classﬁymg method the offset value, and so on. It
is to be noted that the offset information decoding unit 252 may
decode the offset information. In addition, the offset information

15 decoding unit 252 may be included in the entropy decoding unit 224,
[0074]

The offset processing unit 253 classifies, into categories,
pixels in a target region to be processed using the offset information,
and performs the offset processing for each of the categories.

20 [0075]
The signal outputting unit 254 outputs a pixel signal in the
target region, on which the offset processing is performed.
[0076]
FIG. 12 is a flowchart illustrating operations performed mainly
25 by the loop filtering unit 128 illustrated in FIG. 10, of the image
coding apparatus 100 illustrated in FIG. 1.
[06077]
First, the signal obtaining unit 151 obtains, from the adder 127,
a reconstructed pixel signal in a target region to be processed. Next,
30 the offset information calculating unit 152 calculates the offset
information for use in the offset processing, such as the division
pattern, the pixel classifying method, the offset value, and so on
(5152). Next, the offset processing unit 153 divides the region
based on the offset information, classifies pixels in the divisional

35 region into categories, and adds an offset value for each of the
- 24 .



offset. For example, when a pixel value of c is larger than a pixel value of cl and equal to a pixel value
of c2, the current pixel is classified into a category 3 and an offset value Offset [3] allocated to the
category added. 5[2338#] In addition, as illustrated in FIG. 5, pixels that are compared with the
target plng—% SIS 31P1e edge offset are right and left adjacent pixels (EO (0)), upper and
lower adjaédii 8ikels (EO (1)), obliquely adjacent pixels (EO (2) or EO (3)), a combination of 10 them

(EO (4) or EO (5)), and s FIG. 6 is a schematic view tratl an example of the
pixel classifying ni\]e(?ﬁ@d Bﬁg%ﬁ% gnﬁ.'gﬂggt] é‘?é‘ 6\% Hﬁgnywlc#ng Ht ﬁrxqu/aﬁﬁgto be
processee possibly takena eeverh2 1y dividastfistetv n%lﬁﬁ%,tf@rr‘emmm% g hé graidetiormsegments
resu ng he diyi |on rep r sent ¢ ories. The curren el to be processed is classified |nto a
category i:rg'r%vr%lch 1’h p|x ue .é?r?aﬁ}’ (5’ f&% %éJFI% ngegggﬁel’ﬁé?%&l%qﬁ%t

example off téaegsifyarig Ial,oc&rscﬂo be mmes%ddn@rﬂt@@la\ﬁse@tiynm bartl Qffsét. d?mesamnte, when a
pixel valu s.large nore ual,to R9 a aIIer tha rent el to b rocessed is
classmed8| é%a{caﬁg}or@}% And ar% gf?sep vaefug tf@ﬁ)dolﬁigca?t%st%m %'t'g& ﬁ d@led.
[0061] cddadditiowdiis (Btlietessdry te aktoézeerant@‘tsé:ﬂwﬁu‘dwte alfiddivel n&tﬁgmﬁsoarnd as
illustrate g arat b of codln .onl fset value for a 30
categorydﬁlawngga?ﬁﬁghrfgﬁsgét%e%&dg @ﬁst@ méjtlaﬁc geglrﬁ]igg %odln% &S]acfatu%% fb & Sgthera
catéfory mider bunmmemthatindidates drvategay dftheccoted offset value. [0062] In addition, a
sample {fé@ﬂ}@ ffset (SAO) determines an 35optimal pixel classifying method and an optimal offset

value to & unit
Next, the signal outputting unit 155 outputs, to the storage

unit 129, a pixel signal in the target region, on which the offset
processing is performed (5155).
15 [0080]
FIG. 13 is a flowchart illustrating operations performed by the
loop filtering unit 228 illustrated in FIG. 11, of the image decoding
apparatus 200 illustrated in FIG. 2.

(00817

20 First, the signal obtaining unit 251 obtains, from the adder 227,
a reconstructed pixel signal in a target region to be processed.
[0082]

Next, the entropy decoding unit 224 decodes, from the coded
stream, the offset information such as the division pattern, the pixel
25 cilassifying method, the category index number, the offset value, and
so on, and the offset information decoding unit 252 obtains the
decoded offset information (5252). It is to be noted that the offset
information decoding unit 252 may decode the offset information
from the coded stream.
30 [0083]

Next, the offset processing unit 253 divides the region based
on the offset information, classifies pixels in the divisional region into
categories, and adds an offset value for each of the categories
(5253). Next, the signal outputting unit 254 outputs, to the storage

35 unit 229, a pixel signal in the target region, on which the offset
-25-



of a target region to be processed that is obtained by hierarchically dividing a block, as illustrated in
FIG. 9A. FIG. 9B illustrates an example of a division pattern. [0063] 5FIG. 10 is a block diagram

|IIustrat|n%anCexSam le of a co uratBPZl %ﬁﬁ oop filtering unit 128 in the image coding apparatus
100 accolding 1 th ger’r?bgﬁ 56 ? e I op filtering unit 128 includes: a signal obtaining unit
10 151; am&ét]information calculating unit 152; an offset processing unit 153; an offset information

coding unit 154; SI al ou ttn t15 006] aI obt n|n unit,151 obtains
a reconstructed &?(% Ss%grg}fnéinréo ér&ge eg|on be %)rg@eess 681? sépln? fation
calculatingftittl Sthéalcoiatds offseomfognationtforl isé mof&etthmceséﬁsgtsudf@sra alivision

pattesn, ing.m d ofst 0.0n. 06 The-pffset processing
unite}]%;{53aqlfaésf)ssﬁ’fOc %i%ﬁ‘?é cg goﬁgﬁ pé(%els}‘f%g%%gtofeb%on ESc)aeprao]‘(e: aé{;[ed u;ﬁﬁg% thé)o zet
informatiana aaéf performedifsat proveshiagdéf wzcpobibessitegoies! [GEES A5 Tha affsptdnformation

be noted A e A0 S HTN A G P iy e SHaek Plohitb 5 Sakon, e,
offset infarffiagidn soding Ui 1 54 maly debmpladets #ethe entropy coding unit 124,
[0085]
10 FIG. 14 illustrates an example of allocating index numbers
which illustrates the respective pixel classifying methods. In FIG.
14, the index numbers are each binarized such that a small value has
a small bit length and a large value has a large bit tength, and the
maximum bit length is specified as five bits. However, the method
15 of allocation is not limited to this. For example, the maximum bit
fength may not be specified, and instead, all of the index numbers
may be allocated with bits such that the last bit is 0.
[0086]
In addition, information indicating that the offset processing is
20 notto be performed on a current block to be processed is allocated to
the index number 0.
[0087]
The image coding apparatus 100 according to Embodiment 1
generates a coded stream by coding video. As illustrated in FIG. 15,
25 the coded stream includes a header portion such as SPS (Sequence
Parameter Set), PPS (Picture Parameter Set), and so on, and picture
data that is coded image data.
[0088]
The picture data further includes a slice header (SH) and slice
30 data. The slice data includes coded image data included in a slice.
The slice data further includes a block header (BH) and block data.
The block data includes coded image data included in a block.
[0089] _
Furthermore, the coded stream includes APS (Adaptation

35 Parameter Set) in which a parameter to be used in another one or
w96 -



30 ' [0069] The signal outputting unit 155 outputs a pixel signal in the target region, on which the
offset processing is performed. [0070] FIG. 11 is a block diagram illustrating an example of a

35configuration of the loap filtering unit 228 in.the image decoding - 4n - apparatus 200 according to
this emgola]lré]'é%t.sﬂdﬁ%] g Sgorrﬁgealljo% ﬁlae#ﬁéodhﬁgzgnﬁclﬁ e%%/g ‘sigﬁ‘ﬂ cf&ga%djm §1: an
offset inforpatiod desalifmranit @52; AP fsehpratessime Gunit @83, greke sigaalioutting minit 254.
0072] . igpal Inin it 251 obtains.a reconstructed pixel signalin a target regjon to be
Lroce]sseéq%%%gﬂ%%%%%%fggé{%lr%gj}?nz%#gﬁ’&%c% i eu)ﬁi?%a%%faﬁ%%hé%naﬁt%f iﬁ%ﬂ%igfgﬁ rusein
the offsetjsrdeessivgiisuch as the division pattern, the pixel classifying method, the offset value, and
so on. It (5(2%% oted that the offset information decoding unit 252 may decode the offset information.
In a ditioi, the omset information 15 decoding unit 252 may be included in the entropy decoding unit
224. [0074] Theoffeéf pedcésdimpruaiti2s8 dmssifidg dntb gatdyeriedt paxels mf@rtargétoegion to be

processed {siiNF-oHspEIRfoRRation. RgRF P IR MRCIRRLPICEESIAg fon sach QL e aegories.
any one of SPS, PPS, SH, slice data, BH, block data, and APS. In
addition, the offset information is obtained from any one of SPS, PPS,

10 SH, slice data, BH, block data, and APS, and decoded by the offset
information decoding unit 252 (or the entropy decoding unit 224).
[0091]

Examples of inserting the offset information into APS are
shown in FIG. 16A, FIG. 16B, and FIG. 16C. The image coding

15 apparatus 100 is capable of collectively inserting the offset
information of all of the blocks in a slice, and the image decoding
apparatus 200 is capable of collectively obtaining the offset
information from APS.

[0092]

20 Examples of inserting the offset information into slice data are
shown in FIG. 17A, FIG. 17B, and FIG. 17C. The image coding
apparatus 100 is capable of inserting the offset information on a
block-by-block basis in slice data, and the image decoding apparatus
200 is capable of obtaining the offset information on a block-by-hlock

25 basis in slice data.

[0093]

According to this embodiment, the offset information can be
shared among a plurality of target regions to be processed in the
image coding apparatus 100 (the image decoding apparatus 200) as

30 shown in FIG. 18. The solid lines in FIG. 18 show segment
boundaries of target regions for the offset processing, and the dotted
lines show segment boundaries of regions between which the offset
information is shared. Here, the image coding apparatus 100
inserts, into a coded stream, not offset information indicating an

35 offset value and the like but information indicating sharing of an
=27 -



20 [0075] The signal outputting unit 254 outputs a pixel signal in the target region, on which the
offset processing is performed. [0076] FIG. 12 is a flowchart illustrating operations performed

mainly 25by the Ioop filtering unlt 128 illustrated in FIG. 10, of the image coding apparatus 100
ilustrated A EIEL 1Y [087] 810 FHRE tGignbl 6B@nG URPISSMEin) fiche e Abdér DF, a

reconstructaeh pixgksignas aggrastresiop todespiaeessed. Next, 30 the offset information
calculating ﬁﬁblﬁ?ﬁ calculates the offset information for use in the offset processing, such as the

division pa pixel classifying method, the offset value, and so on (S152). Next, the offset

processing unit 158 shvidesrihe eegiorebasedendbe ieftseirpfaratient Q@Sﬁhftegs pixgls mftr@gdwls'onal
35regjon into cate 1%orle and %?ds an ffset value fore ch of the - 24 - cate 0078]

s (5 s)
Next, the JfREGRRNALAL ﬁ&Er‘.ﬁ Rk &'Fo% gEf 9%&%@@}4 mﬁ
informationrsughgisdbe divisiom s @@tterrmﬁlae nm cl@ﬁ$tfylﬂgg1et§@d @ﬁ@teg@wmi@}fr&@ber, the

coded oftsBT HHoRAENGH e oGt sl Bdin (81641 1 1 &b nofbciFis W8 Bifolk FidFiEHen coding
unit 154 may doslg thepestses tnformialion an@wsedcﬂr@e Qﬁ)dﬁ‘tﬂa@ offsgtdafgrmaationamnto dhgseaded
stream. [O%?J)rmation for a singe line is to be copied from a line immediately
10 above, such as sao_repeat_row_flag in FIG. 16A,
[0095]

Furthermore, the image coding apparatus 100 may code a
parameter indicating the number of target regions to be processed |
between which the offset information is shared, such as saoRun and

15  sao_run_diff in FIG. 16B. In addition, the image coding apparatus
100 may code sao_merge_ieft_flag or sao_merge_up_flag which
indicate that offset information is to be copied from the region
iocated on the left or the region located above, as in FIG. 16B and FIG.
17B.

20 [0096]

FIG. 19 is a flowchart indicating an operation of coding, among
items of the offset information, an index number that indicates a
pixel classifying method, performed by the offset information coding
unit 154.

25 [0097]

First, the offset information coding unit 154 determines
whether or not the offset processing is performed (Si541). The
offset information calculating unit 152 calculates offset information,
such as division pattern, a pixel classifying method, a category index

30 number, an offset value, and so on. The offset information
calculating unit 152 determines that offset processing is not to be
performed when the bit amount required for the offset information is
larger than an amount of correction of coding deterioration. 1In this
case, the offset processing unit 153 does not perform the offset

35 processing.
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Next, the signal outputting unit 155 outputs, to the storage unit 129, a pixel signal in the target region,
on which the offset processing is performed (5155). 15[0080] FIG. 13 is a flowchatrt illustrating
operatio jé)&)é(ﬁjned by the loop filtering unit 228 illustrated in FIG. 11, of the image decoding
apparatu strated in FIG. 2. [0081] 20First, the signal obtaining unit 251 obtains, from the adder

227, a reconstructed mixel stgoal mféstetgetmégimammprapeamq [0082F 13Mextobeznkopy
decoding u t224 ecodes fro coded streargz ﬁﬁ% t information such asgthe db;smn pattern,
be(? ﬁ

the pixel ig radh; h%%cgtﬂod/v %g&r{/l S%ﬁ?é?&eﬁéé‘%ﬁd §'5n, Hndthe offset
mformanopmec@mmmmtm dtituneﬂfmdenmﬁtﬂdmﬁsﬁmnf@mm (9852t is ®benoted:that the

ffset.inf it oﬁs infQrmation fram the coded stream.

30000831 T N pr LSt uniy D28 Qe U QTR SBSS h g SHebeifeHmation,
classifies pixefe mnlaaeidmnal regjamm)g d:érteg@rtféseanméddmmtmﬁsetmiueg‘oueabhmthe
categorle%&?gg) fl‘\leex}’%g)f-.s E?Ht%'(% nlt tgl%tﬁ to Ihe stirag yESHUE)%ZI]%ZQ a éxel signal

in the target region, on w proces ng IS per

coding anﬁSded(ﬂﬁg of the offset mformatlon in the offset informatlon codlng unit 154 and the offset
informati ﬁoding unit 252 will be described in more detail. The pixel classifying methods in the
offset pro ssmg include, for example, five types of methods of EO(0), EOM, EO(2), and EO(3) for the
edgeloffset, and BU(0} fortthe béfskdffpetn (@E388hg is performed (Yes in S1541), the

offset information coding unit 154 determines whether or not the
pixel classifying method is the edge offset EO(0) ($1543). When
the pixel classifying method is the edge offset EO(0) (Yes in 51543),
the offset information coding unit 154 codes the index number 1 that

15 indicates the pixe!l classifying method (S1544).

[0100] |

- When the pixel classifying method is not the edge offset EQ(0)
(No in 51543), the offset information coding unit 154 determines
whether or not the pixel classifying method is the edge offset EO(1)

20 (51545). When the pixel classifying method is the edge offset
EO(1) (Yes in S1545), the offset information coding unit 154 codes
the index number 2 that indicates the pixel classifying method
(51546).

[0101]

25 When the pixel classifying method is not the edge offset EO(1)
(No in S1545), the offset information coding unit 154 determines
whether or not the pixel classifying method is the edge offset EO(2)
(51547). When the pixel classifying method is the edge offset
EO(2) (Yes in 51547), the offset information coding unit 154 codes

30 the index number 3 that indicates the pixel classifying method
(51548).

[0102]
When the pixel classifying method is not the edge offset EQO(2)
(No in 51547}, the offset information coding unit 154 determines

35 whether or not the pixel classifying method is the edge offset EQ(3)
.29 .



10FIG. 14 illustrates an example of allocating index numbers which illustrates the respective pixel
classifying methods. In FIG. 14, the index numbers are each binarized such that a small value has a

small bit leagt al I ' n [ it | is ified as five
bits. How \%&%g tﬁgc):ﬁetﬁ\gg(ﬁ %@ g&ﬁ)ﬁ%ﬁ%ﬁ%ﬁm{&ﬁoﬁg@%?(elgjrrr?pllleeg, teﬁ%g axi%%%n%git length
may not He(@pagifietk anid ibsiédd bl Yitheffisek nombersrignbeclibegteoniliti bits sactethat the
last bit is 0 I [tion, i ion indicati a ff ingd t to be
performe %%) aﬁ(?l%jr‘?gnt% ocC t%llbeﬂpr@i%rsfzgﬁc@ gﬁcgégter%ﬁ?ﬂ%%r%ﬁ; %%gfe{ﬁﬁ%c@ﬁ% %BaThe
image codihd apfhratus 100 according to Embodiment 1 generates a coded stream by coding video.
As illgstraged ig-4G. 15, 25 the coded stream includes a header portion such as SPS (Sequence

Parameter Set), PPS (Picture Parameter Set), and so on, and picture data that is coded image data.
[0088] The picturd'dasnfifkep inciLGES Hiice B BHeENSH) indallice 8ceRee THESEEAHE Includes

coded mageuiplaau] i sigsci i e i ingludes 8 lack heagsr B1) gy ock

data. The block data includes coded image data included in ablock. [0089 Furthermore, the
coded str@éfﬁ'iﬁ@ﬁo@sthﬁ@@@ﬁ[ﬁbﬁéntgg Fipafl etdd SEf)inehietealpachitiede? bolbe used in another
one or - 2fy1 mare slices is stored in addition to the above. An index number aps_idx is allocated to
APS, and the image coding apparatus 100 can insert, into the slice header, the index number aps jdx
for £8lling APS to séfl. Is pdooyvchart indicating an operation performed by the

offset information decoding unit 252 to decode, among items of the
offset information, an index number that indicates the pixel
classifying method, and an operation performed by the offset
processing unit 253 to perform offset processing.

15 [0105]

First, the offset processing unit 253 determines whether or not
the index number decoded by the offset information decoding unit
252 is 0 {52521). When the index number is 0 (Yes in S2521), the
offset processing unit 253 does not perform the offset processing

20 (52522).
[0106]

When the index number is not 0 (No in $2521), the offset
processing unit 253 determines whether or not the index number
decoded by the offset information decoding unit 252 is 1 (52523).

25  When the index number is 1 (Yes in $2523), the offset processing
unit 253 performs the edge offset EOQ(0) (82524).
[0107]
When the index number is not 1 (No in §2523), the offset
processing unit 253 determines whether or not the index number
30 decoded by the offset information decoding unit 252 iIs 2 (52525).
When the index number is 2 (Yes in 52525), the offset processing
unit 253 performs the edge offset EO(1) (52526).
[0108]
When the index number is not 2 (No in §2525), the offset

35 processing unit 253 determines whether or not the index number
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The offset information is coded by the offset information coding unit 154 (or the entropy coding unit
124), and inserted into any one of SPS, PPS, SH, slice data, BH, block data, and APS. In addition, the

ffset inf o i f S, P , Sl BH, bl d APS,
gnzedelgggegde %%% of sﬁr%oé?ﬁ%t%y (rj?eﬂc%ﬁﬁngg%gm E%Cé%ﬁgeﬂﬁﬁp?%déing Eﬁ%ﬁj{ [8091]
Examples¥higserting tiedefisat iffobraaticn htQYaRSiardshb @ Jn Ehe. beAs &G ibBe ssichBIG. 16C.
The imag%-ﬁgpi%g 35 IAWS 10aisg %alajpfg&og%: ?ﬁ%@% the offset information of all of

ively
the blocks in a slice, and the image deco%ilng apparatusE;(?O gs capabte of collectively obtaining the
offset infoffhafidhifrom APS. [0092] 20Examples of inserting the offset information into slice data are

shows in FIG. 17 . i i r is able.of inserting
the \(lgf]set informaﬁgﬁ% ;tﬁ%)iﬂ%yg-h?o@g@agg}?n!giﬁsgg%g, rﬁn@?ﬁg iﬁ%@dogﬁ% aﬁfg% us 200 is
capable of 6REEFRY Be WSt AfdrHafien o asiovkIst brekashusis th elida daa. f0osdier

Accordinggodhis inarieseatofie ofseIAHARION CATBREHEISR Amonsa duraliy otiseget edions

to be processed in the Image coding apparatus 100 ( magedecoding apparatu as’30 shown

in FIG. 18MHRsSiftRinas It T §Hols séginees iousidned of thrgetatifels foothe sifsa
processingnandthe %%pﬁﬁ §H%we'%§@@1%tﬁ§@yr@@rdg%o(g%%?petween which the offset
[ 100'inserts,

information is shared. Here, the image coding apparatus nto a coded stream, not offset
info}&aticﬁpi?aéi@élting an 35offset value and the like but information indicating sharing of an -27- offset

value and the keyJiRiaby SUPRRRSINIFRASE L2 amoyRganses iy affset jacessing, (0094

For example, the image co_dir&a paratus 100 may code a flag 5 indicating that offset information is
shared bétWeeR Sl Banedloda inResies Bechhe ba) érefrrs B Glad Sa63dnb cr_unit flag,
and sao_ppg_cbyunit_flag in FIG. 16A. In addition, the image coding apparatus 100 may code a flag

indicating that offset information for a singe line is to be copied from a line immediately
Through the processes described above, the image coding

15 apparatus 100 and the image decoding apparatus 200 add, to a
reconstructed image signal, an offset value for making up the
difference between an original signal and the reconstructed image
signal. This makes it possible to generate a reconstructed signal
similar to an original signal.

20 [0112]

{(Embodiment 2)

According to Embodiment 1, it is possible to share offset
information among a plurality of regions. However, in view of
reducing the processing delay or lowering the memory amount,

25 regions to be shared are limited to adjacent ones. For example, the
processing delay is reduced by limiting the regions to be shared to
the adjacent regions on the left and above. Furthermore, the
memory amount for storing offset information in a processed region
is reduced by limiting the regions to be shared to the adjacent region

30 on the left.

[0113]

On the other hand, the limitation of the regions to be shared
makes it difficult to share offset information in a large region. Itis
for this reason that frequency of coding the offset information grows

35 and the bit amount increases. Here, as shown in FIG. 16C or FIG.
- 31 -



10 above, such as sao_repeat_row_flag in FIG. 16A. [0095] Furthermore, the image coding
apparatus 100 may code a parameter indicating the number of target regions to be processed

between whieh the, of in tione ared, S 15 _sa diff in.Fl 6B. In
addition, %2%2% cc@%g %@@aﬁégﬁgg ’mgas ggﬁi&?ﬁ%&%ﬁg o%%%ﬂ%_m%rg%%%_ﬂag which
indicate tis&wffeétrinfomiioinis i6 be depicisrarm dra regibdriocdted o the Ibitor the wedioa located

above, as i : I : FIG.19.i I rt.indicati ration of
coding, a%még’ gﬁeﬁ?ﬁiggéﬁgféﬁggﬁ%ﬁ J%r'ldecé(‘ ﬁ%%n%@rﬂﬁ%iﬂ%iggﬂ? % gﬁ%@%gn%ng
method, pérfoi@eal byatheosisht iifésnanee cotvgiruEsaLss{00o3E thariesigheadiisetinformation
codirg u b]iS{l termines whether or not the offset processing is performed (51541). The offset
information calculating unit 152 calculates offset information, such as division pattern, a pixel
classifying metholi avégigoht 3D/ curiber | Bheas&taaing amdpss dk TR ofisetimgbimation

caleulating a5 GeIEHEAeS iR eSO eesingdn AR 18 e Rerioryled Waen fae bl amount

required for the offset information is larger than an amount of correction of coding deterioration. In this

case, the B#8ét POEREIngrurit 053 dee sGtissHoiaAd vHsEEEBRFocds$ing. T0YE) offsakre, the
offset inforpiation cading wpibled obtains kformation g9 whether of nelhe RESELRIACEFAlNG has been

performed, from the offset information calculating unit 152 or the 5 offset processing unit 153. When
theldfset§REEBSkInG FRAKtnot5d&Y pEMorhia® (RN 1898 tiRd offést iFGrmaioaresting Wit 154

codes the fds B (18l dieaiesdhs pisl lassiing Tesied (S12). (39981 LoWhen the

offset processing is performed (Yes in 51541), the offset information coding unit 154 determines
whether drthbt pixel classifying method is the edge offset EO(0) (51543). When the pixel classifying

method is the edgeraifsell RAUOh QY eRECPP43) alhS; ﬁffa%gtei AP SpHRg it ded GPAR$She index
number 1 that 15indicates the piXel classifying method (51544).
to the present embodiment and an image decoding apparatus
15 corresponding to the image coding apparatus.
[0116]

FIG. 21 is a block diagram illustrating a configuration of a loop
filtering unit in the image coding apparatus according to this
embodiment. Other configuration of the image coding apparatus

20 according to this embodiment is substantially equivalent to the
configuration of the image coding apparatus 100 iHustrated in FIG. 1.
FIG. 22 is a block diagram illustrating a configuration of a loop
filtering unit in the image decoding apparatus according to this
embodiment. Other configuration of the image decoding apparatus
25 according to this embodiment is substantiaily equivalent to the
configuration of the image decoding apparatus 200 illustrated in FIG.
2.
[0117]
FIG. 23 is a flowchart illustrating operations performed by a
30 loop filtering unit 300 (a loop filtering unit of the image coding
apparatus) illustrated in FIG. 21. FIG. 24 is a flowchart illustrating
operations performed by a loop filtering unit 400 (a loop filtering unit
of the image decoding apparatus) illustrated in FIG. 22.
[0118]
35 First, the configuration and the operation of the loop filtering
-3 .



[0100] When the pixel classifying method is not the edge offset EO(0) (No in 51543), the offset
information coding unit 154 determines whether or not the pixel classifying method is the edge offset

EOM 20 (5154 h lc t d ol ffset E Y 51545), the offset
informatio ‘E‘i‘d%& f% gjlc)f(ee%t %geﬁnmoré eﬁ?d'i ef?e%%ig% al Iggsgll%ﬁr{@ ngo >

(51546). [0105} 2 Heimtid Gixel tlassifyieg deethoibigaot the ledde offs€l E€iM N i1i1S3B4D), the
offset information_coding unit 154 determines whether, or not.the pixel classi ethod s the edge
offset EO(E“@S @ V\f%en ﬁé‘&ka e?ggélﬂ}ﬂa mgfﬁlgd |§ §1 edag oﬂ%@%@g %Erﬁaﬂgﬁ) the
offset mfon"abcmrad:udglg wnitt152@dcleB0 théfprlex prouzes 3 tigat lﬁldlrd:ateﬁthe pEKelsnl@a%iylng
methpd (S plxel cl in etho IS not th e oﬁ (No in
51547), the]]'?otff ;?grr#atlonr%?(?ﬁg Uhi %% rﬁln@sqz- 6‘[% eég 'CIQ

method |sc1belhdge afisét EBEH- 29 -[(BE64Q) L Whenfthe p{xeéclmﬁylr@ n‘;e(thmdalss me\edg‘e offset
EO(3) (Ye ff ma aoding_uni odes the index nu 4 th indicates
the pixel ¢ assn%/lng me (i ?gﬂ'ﬁ% g[%hgs%ad % e?] elt[%]lxeijsit %g?ﬁﬁ&ﬁie ?Yot ﬁ'n% edge
offset EO(BP{Nw i Blﬁn% Dtﬁel offsSEGinfdimétien atidiag imiolbdadodes ¢knej|mngax1 nwtnBGnE"oltinat

indicates A@gﬂ@%ﬁ@ﬁ%ﬁg eg@g 45%]5%]1)6[0 19’:[55@ éo |§ 8 fB)wd:hart indicating an operation

performe ormatién decoding unit 0 decode,among items of the offset
infolfatiopQ & thHex number that indicates the pixel classifying method, and an operation performed

by the offset procegFing 4Nt 273, 1QiP ER OHEFL NGRS B et information coding unit
305 to reduce the bit amount of the offset information of the band
offset, when the pixel classifying method is the'band offset.
[0120]

15 The offset information coding unit 305 performs coding to
reduce the numerical value of the index number indicating that the
pixel classifying method is the band offset.

[0121]
In Step S304 of FIG. 23, the offset information coding unit 305

20 allocates an index number to the pixel classifying method and codes
the offset information. At this time, the offset information coding
unit 305 aliocates the index number such that the index number that
indicates the band offset BO(0) is smalier than four edge offsets
EQ(0), EO(1), EO(2), and EQO(3). Then, the offset information

25 coding unit 305 inserts the coded offset information into the coded
stream.

[0122]
Next, the configuration and the operation of the loop filtering
unit 400 (the loop filtering unit of the image decoding apparatus)

30 illustrated in FIG. 22 will be described. The loop filtering unit 400
includes: a signal obtaining unit 401; an offset information decoding
unit 402; an offset processing unit 403; a signal outputting unit 404;
and a control unit 405. Description for overlapping portions with
Embodiment 1 will be omitted, and for the differences; that is, the

35  controi unit 405 in FIG. 22, the offset information decoding unit 402
33 .



15[0105] First, the offset processing unit 253 determines whether or not the index number decoded
by the offset information decoding unit 252 is 0 (52521). When the index number is O (Yes in 52521),

the offset ;Q{op%§i|}g2unétr?§35q%g§)§%]t%%?@r%@g ijrs%\t,mog%s?a@g &9@@&22) [0106] When the

index number is not 0'(No in 52 et processing unit etermines whether or not the
index nunti$et &8¢oded by the offset information decoding unit 252 is 1 (52523). 25 When the index

beris 1 (Yes i,S2 t ing unit of - (52524).
0107] - When T B R s R B e bR e

whether o bkt tHdihdex Rimbea tadaecsuéady tind offsea ntotmafiofiftr cbding ueit B2t isig (52525).
Wh he i ' i ' offset
en the drdex PRS2 ¥ eS| IR Rb m%QH%%ﬁ'ﬁ?éﬂ&%HEk@%ﬁg@%g@gd%

EOM (S2526). [0108] When the index number Is not 2 (No In 52 processing
unit 253 de&rhimBE HESREr or not the index number -30- decoded by the offset information decoding
unit 252 iqhgigzﬁ}ﬂ). When the index number is 3 (Yes in 52527), the offset processing unit 253
performs the edge offset E0(2) (52528). [0109] SWhen the index number is not 3 (No in 52527), the
offset processing LR 285 terimiiee: SHerdr FRHIRGIndBIindMBeAgssudie b thd vefeat

information dlefasling, it 2% (AZERYr WHIeRANedndex AUMBRILS 4 (XeHoRRT DR g Pifset
DT Do e B0 ot PO s oLl
[0125]
In Step 5402 of FIG. 24, the offset information decoding unit
402 allocates an index number to the pixel classifying method and
decodes the offset information. At this time, the offset information

15 decoding unit 402 allocates the index number such that the index
number that indicates the band offset BO(0) is smaller than the four
edge offsets EO(0), EO(1), EO(2), and EQ(3).

[0126]
Here, coding and decoding of the offset information performed

20 by the offset information coding unit 305 and the offset information
decoding unit 402 will be described in more detail. For the pixel
classifying methods in the offset processing, the edge offsets EQ(0),
EO(1), EO(2), and EQ(3), and the band offset BO(0) are employed as
with Embodiment 1. In this case, the difference between the

25 smallest bit amount and the largest bit amount which correspond to
the index number indicating the pixel classifying method is three bits
excepting the index number O for the case when the offset processing
is not performed.

[0127]

30 In Embodiment 1, the largest bit amount is allocated to the
band offset as shown in FIG. 14. When the number of categories of
the band offset is 32, a difference of at most eight bits and at least
five bits including sao_band_position is generated between the band
offset and the edge offset.

35 [0128]



When the index number is not 4 (No in 52529), the offset processing unit 253 performs the band offset
BO(0) (52531). [0111] Through the processes described above, the image coding 15 apparatus 100

and the image deggding, apnataus, 200, @gg rmﬁﬁ?ﬁg@?ﬁg?ﬁg%ﬁﬁ@ﬁ?h ganfe‘s&g]v | rfor

making up the difference between an original sig ructéd image sign S makes it

possible tﬂmeta@?a%cﬂﬁgtr_ga@@ SgnEN SR ® afferging sigietade[d110] thebbutesnt 2)
pccordingigrapbedinaRbtids ipesiin b shrse CReLRioURAAN Ritong 8 Plufgiy of fegons.
However, in view of reducing the processing delay or lowering the memory amount, 25 regiohs to be

shared arEN@nigé & 8aiaeent obes. bir amapet theprveessitl aekyndrafised mrimithe the
regions top;ehaspds i the adiaceptiegions o the deflang ahoyer Rurbersare, the memaory amount

for storing offset information in a processed region is reduced by limiting the regions to be shared to
the adjacEiBrGiGTIaGeHhe et AN d ofEseinevmbaras thdhmirdear opfeabgions to be
shared mgfgqszigqiifﬁcult to share offset information in a large region. It is for this reason that frequency
of coding the offset information gtrows 35 and the bit amount increases. Here, as shown in FIG. 16C or

FIG. -31- 17C, infhiSen emetes bARE ofised BENHY il Eatetfory2sh o Thonll IeiRA5iS Boded as a
parametep o therbihamesnbifrasgep ianathat o ”P%%ﬂg%ﬁgﬁtbéc‘%ﬂ@&g%/m HREMSQf increase

in the bit amount, it is more advantageous to use the edge offset. 50114 n view of the above, the
image codiRg-apPartiRie atcdrinh %ol e b bMAeRtT8Audesfe it tnedaaséasorivhen using
the band gfget, m@ggﬁrytg%priﬁ@gmgggvamages of the band offset compargd to the edge offset. It is
to be nof[i%lt\{:gb _ti1e_ band offset 10 codlng start category sao_band_position is an example _of

informati imdicates a scope of application of the offset value. [0115] The following
describes an imaga gadinanPeRUSAFE0HHTIE: 101 8a IPFREAR E PHAdRERIANG A iMBee decoding
apparatusl_%%ci%rr esgo:?gir?z té)rgleaxLrgaggcc%?dti)rilgaaﬁ%rgtgﬁch that a small value has a

15 small bit length and a large value has a large bit length, and the
maximum bit fength is specified as four bits. However, the method
of allocation is not limited to the above. For example, the maximum
bit length may not be specified, and instead, all of the index numbers
may be allocated with bits such that the last bit is 0. Subsequently,

20 the description will be given based on the bit allocation shown in FIG.

26.
[0131]

Examples of inserting the offset information into APS are
shown in FIG. 27A and FIG. 27B. The offset processing ON/OFF flag

25 sao_on_flag which is independent from the index that indicates the
pixel classifying method is newly provided in the sao_unit_vlc shown
in FIG. 27A. In addition, the smallest bit is allocated to the band
offset in sao_type_idx of sao_offset_vic in FIG. 27B.

[0132]

30 FIG. 27C is a diagram which shows an example of contexts of
offset information in APS. FIG. 27D is a flowchart which shows an
example of coding the offset information in APS. FIG. 27F is a
flowchart which shows an example of decoding the offset information
in APS.

35 [0133]
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[0116] FIG. 21 is a block diagram illustrating a configuration of a loop filtering unit in the image
coding apparatus according to this embodiment. Other configuration of the image coding apparatus

20 according to thi imentd i j to.the fiquration of the image coding
apparatus 100 illl?sar%{tg%qlgfm. %%é@ﬁ%g@bf&%%ﬁﬁi@hiﬁu&ra i% L%(t:@rg iggra{ﬁ)&n icﬁ%{jloop
filtering uditi #ethél Fhagedecosivyapparatusléccorfify tathis driGodi@8i. Oth€heonfifigation of the

image decqd] at Aeeording fo thi diment is. sub ially equij t fo th
configura\EJ(c)}E]iJ ?)%t%g [ agueéé\écoding gflpp rat%gfoglﬂﬁusﬂéid i#lgFlG?.]t %%[ 11759%%?1'8@%6@3 Is a
flowchart SR@tratiNg_opeBatioriserormed bl a 28Acopliilterihgibittrgotha loopaledhdimitof the

image codj tus) Histr i EIG i wchart jHustratin ti rformed
by &To0p Mo ot 0 o Mo S o e e GEc g AP A ) Hesrate I HIG. 2.
[0118] 35&H6ttAel Bofifiuratfii .and the operation of the loop filtering unit 300 (the loop filtering unit of
the image[qu_{g apparatus) illustrated in FIG. 21 will be described. The loop filtering unit 300
includes: a signal obtaining unit 301; an offset information calculating unit 302; an offset processing
unit 303; a signal %tp@[‘g@ uifit 2045 6h ®ffsetifforifition Kosiig tig308 nardxacontel wit 306.

Description ot yesianpitaRartions kit EBRofMAd wlkbe opited 286 I hedligpgses: that s
the control unit 306 in FIG. 21, the offset information coding unit 305 in FIG. 21, and Step 4 in FIG.
23 Wil be'dBichbRCYIAN G Xamme edrtefing 306 @ﬁ%ﬁr@& nECsTreativforimagbis eotiri@ unit 305

to reducerthe bitaswost of s wURgiiTeimAtonsH dhpsoaid elfsshphendhepixelglarsitag method

is the band offset, [0120] 15The offset information coding unit 305 performs coding to réduce the
numericaPPARRE Jf tHer It b e? lis@caii@ that the pixel classifying method is the band offset.

[0135]
FIG. 29 is a flowchart indicating an operation of coding, among
15 items of offset information, an index number that indicates a pixel

classifying method, performed by the offset information coding unit
305.
[0136]

First, the offset information coding unit 305 determines

20  whether or not offset processing is performed {(S3051). The offset
information calculating unit 302 calculates offset information, such
as the division pattern, the pixel classifying method, the category
index number, the offset value, and so on. The offset information
calculating unit 302 determines that offset processing is not to be

25 performed when the bit amount required for the offset information is
larger than an amount of correction of coding deterioration. In this
case, the offset processing unit 303 does not perform the offset
processing.

[0137]

30 Mere, the offset information coding unit 305 obtains
information on whether or not the offset processing has been
performed, from the offset information calculating unit 302 or the
offset processing unit 303. When the offset processing has not been
performed (No in 53051}, the offset information coding unit 305

35 codes the offset processing ON/OFF flag as 0 (53052).
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[0121] In Step S304 of FIG. 23, the offset information coding unit 305 20 allocates an index number to
the pixel classifying method and codes the offset information. At this time, the offset information coding
unit 305 aﬁggfast the index number such that the index number that indicates the band offset BO(0) is
smaller than four-edge offsets E0(0), EOM, EO0(2), and EO(3). Then, the offset information 25 coding
unit 305 inserts thiélvotdd effsdigafopnatiens fritogHeastied streanfol0t22d (YebléntIBE 5arfiguration

and the o ti Itk it (t op dilteri it,of the jmage decoding. apparatus)
30 iIIustra?Qd@} nlglﬂlcgéglz? d\ﬁﬁ%ﬁ é%é%%ttgg Cﬂm% I([)](?}p, ?ilt%(rslr‘llfg %%% %%Ot?ﬁélu%*e%egt ngrnOa$ %E?ém%wg unit
401; an offsNt RfomTagienadedodmg Uinit %02; Tanastiséheradféssind nifor40at Bsignatontputtiiy unit

404; and a gentd it 405, %ﬁ% jon f ing ' ith. dj ill be,omitted,
and for the differences; that%, the corﬁrﬁﬁ?ﬁ% iré) ﬁ{é?rg%%%meg ir@grrgnﬁa%ionggk;%%ging unit
402 - 33 D@ F2ean8 @éh S92 RIG. 24 will be described. [0123]  The control unit 405
controls t @Q@sﬂ information decoding unit 402 such that the offset information of the band offset is 5

decoded with a small bit amount when the pixel classifying method is the band offset. [0124]
The offset informadfdiededbtiing LFt 402 88t0dEhBRERR Auis bt withensmalfingheBEH Value, as

an index erdndicaii Othat.t i lassityingrmethed | fsel. n Step
S402 of F g@ §41Trtﬁhg3 ﬁggi%?om%tﬁ%ﬁo%ﬁ?unit 40‘%%”%%&@1%}@;%%? r%%mtt)[:é%r]l?oé %’ug [E)éel

claddtying AN JIEMPEEcBIE:ahd bHied e rifutian X&l thlg 6Riy ing ot oG a5 5) .
When the pixel classifying method is not the band offset BO(0) (NO in

53054), the offset information coding unit 305 determines whether
or not the pixel classifying method is the edge offset EQ(0) ($3056).
f0140]

15 When the pixel classifying method is the edge offset EQ(0)
(Yes in 53056), the offset information coding unit 305 codes the
index number 1 that indicates the pixel classifying method (S3057).
When the pixel classifying method is not the edge offset EQ(0) (NO in
53056), the offset information coding unit 305 determines whether

20 or not the pixel classifying method is the edge offset EQ(1) ($3058).
[0141]

When the pixel classifying method is the edge offset EO(1)
(Yes in 53058), the offset information coding unit 305 codes the
index number 2 that indicates the pixel classifying method (S3059).

25  When the pixel classifying method is not the edge offset EO(1) (NO in
$3058), the offset information coding unit 305 determines whether
or not the pixel classifying method is the edge offset EO(z) (53060).
[0142]

When the pixel classifying method is the edge offset EO(2)

30  (Yes in S3060), the offset information coding unit 305 codes the
index number 3 that indicates the pixel classifying method ($3061).
When the pixel classifying method is not the edge offset EO(2) (No in
S3060), the offset information coding unit 305 codes the index
number 4 that indicates the pixel classifying method (S3062).

35 [0143]
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15 decoding unit 402 allocates the index number such that the index number that indicates the band
offset BO(0) is smaller than the four edge offsets EO(0), EOM, EO0(2), and EO(3). [0126] Here, coding

and decoding of t ffset information performed 20.by the offset information.coding unit 305 and the
offset information%?e@b mglana?tr?féi'v v%%ﬁao}} é%séﬁégm %rg%f?&.legrffﬁé%?{@(%sgﬁyi Fmethods
in the offseffistdsdingidiedye effoatsrg0 (0, E@M2 B 2) cantdtiEQ (3)nanuig hiddoamsd offdétel 30(0)
are emplg Wi E[pt? iment 1, In thj e, ifferen et 5 llest bit,amount
and the Ia(?léﬁgs(?ﬁit ia{llnq’tlount %vﬁg:ﬁ’co%r%é]pgﬁéf %ﬁtheﬁ?rfggg%im@iﬁnﬁg}rﬁgfﬁé p%(rgg?cl s‘s)l(ff?lfng
method iscliaresi biteexceptirid t@, indexdnummbe o @ forattie taseavhenrthedffbet ptbeessiifsistnot

perfgrme - odl 1 ' i ted to the band offset as shown
in FIG. 1% @%ér%]afg?ﬁn er%@?@ggﬁ%@ﬁfﬁb@n@%ﬁﬁ@%é@?@difference of at most eight bits
and at leddt fidetiits including sao_band_position is generated between the band offset and the edge
offset. 35[0128] t , ing to thi ' i in the
case of the edge g%settFﬁge’g c?égfg?c@ t%%e%%%%%%wg ﬁ%ﬁgﬁ%@tﬂh @%%m% Fz’;@i mbiﬁr: FIG. 25.
With this, the diffesefice rsitrs Bingnia bitbetwd ey tiike bank dffest Bind e Saddyel offseaid @nmost four
bits and : its; ccorrecti i tage t . ffset.
aa!f@aaw%mtm%em% Ly F?IGS%@%EH Alad pifset iﬁ%‘&gﬁ?ﬁ@'ﬁa@?@%@

[0129] It Is to be noted that, as shown In an offset proces (an offset
pro&@ssingdigg)néy b¥ardepehdEh?, bl 1076200 6is Effadl feota Sh&nadedhuniiss sdo agpaatix that

indicates ' I gjf ' H‘d:% 26, the band offset is allocated to the index
H@r? e }%@@g&e P&%ﬂ]ﬂzég suc §r?1

number 0. The index humbers aré eac at a small value has a 15 small bit length and
a large vdild Haxla large bit length, and the maximum bit length is specified as four bits. However, the

method of allocatigyyjs RAEEEL 10 BE AROYE; FOTSHATIRE. AR MEXBYE B fengie sy ot be

specified, and instead, all of the index numbers may be allocated with bits such that the lastBit is 0.
Subsequdmtfy, Offset information decoding unit 402 deccdes the index number

15  (54023). Then, the offset processing unit 403 determines whether
or not the index number decoded by the offsef information decoding
unit 402 is 0 (S4024).

[0146]

When the index number is 0 (Yes in $4024), the offset

20 processing unit 403 performs the band offset BO(0) (S4025). When
the index number is not 0 (No in 54024), the offset processing unit
403 determines whether or not the index number decoded by the
offset information decoding unit 402 is 1 (54026).

[0147]

25 When the index number is 1 (Yes in 54026), the offset
processing unit 403 performs the edge offset EQ(0)) (S4027).
When the index number is not 1 (No in $4026), the offset processing
unit 403 determines whether or not the index number decoded by the
offset information decoding unit 402 is 2 (54028).

30 [0148]

When the index number is 2 (Yes in S4028), the offset
processing unit 403 performs the edge offset EO(1) (54029). When
the index number is not 2 (No in $S4028), the offset processing unit
403 determines whether or not the index number decoded by the

35 offset information decoding unit 402 is 3 (54030).
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20the description will be given based on the bit allocation shown in FIG. 26 [0131] Examples of
inserting the offset information into APS are shown in FIG. 27A and FIG. 273. The offset processing
ON/OFF ft%gl%i% ao_on_flag which is independent from the index that indicates the pixel classifying
method is'newly provided in the sao_unit_vic shown in FIG. 27A. In addition, the smallest bit is
allocated to the bt ®ffsdifie sandigre idxobsao isffset {(Yein RIG. 232B 30132 B@FIGIZAT is a

di ' f inf oR I ARS. %D is,a hart
which shat O e T e T DR EHeERatin o1 AR T 25 A T et Wi shows
an exampié efidetadimgthebaffsés infotnTadhoin AP B3D),38he offaaidditioncEsanglas df inserting

the offset jm%,r?%tﬁg }?,g%s_{jﬁ% %@r%wnéﬁfgj@é@ﬁiﬁe' 28B. The offset processing
wly nit_caba

ON/OFF flag'sao_on_flag is ne rovided’in sao | abac'shown in FIG. 28A. In addition, the
smallest Hii& Bdlocated to the band offset in sao_type_idx of sao_offset_cabac shown in FIG. 28B.

[0134] FIG. 28C i h tic view. | ati . ontexts fset mation in
slice data. FIG. 2555158 al§l %ﬁcﬁwgﬁ?ﬂ ?g@%g&%és%o%v%aer? Igﬁﬁg gbgddi?ﬁhgﬁggin%ﬁlﬁon in slice
data. FIG 228 a4 Ws\achitivehich sgevwiea® gxacgle bedatusing thecsiideeinfdfimation islice data.
[0135] FI 9ii I it ingdj ||q_.1gja i f [ n ' f of information,
an index ?Er%b@fh%%ﬁ?aﬁe@ggg&e c|§éﬁ?§§§w§:h§g%§§§r%* gﬁﬁﬁ%ﬂégt i% orm?t%gfﬂ coding
unitldds. the band offset and the edge offset. This allows the image coding
apparatus and the image decoding apparatus to perform appropriate

offset processing for each of the target regions to be processed.

Therefore, the coding efficiency and a subjective image quality are
improved.
15 [0151]

It is to be noted that the image coding apparatus and the
image decoding apparatus may allocate a small bit amount to an
index number of the edge offset when the offset processing is
performed to a luma signal. Also, the image coding apparatus and

20 the image decoding apparatus may allocate a small bit amount to an
index number of the band offset when the offset processing is
performed to a chroma signal. This facilitates use of the pixel
classifying method that is more suitable to the feature of the signal to
be processed. Therefore, the coding efficiency and the subjective

25 image quality are further improved.

[0152]

- In addition, the image coding apparatus and the image
decoding apparatus may refer to a frequency transformation
coefficient and allocate a small bit amount to an index number of the

30 edge offset in a region to be processed which has a small
low-frequency component. Also, the image coding apparatus and
the image decoding apparatus may allocate a small bit amount to an
index number of the band offset in a region to be processed which
has a large low-frequency component. This facilitates use of the

35 pixel classifying method that is more suitable to the feature of the
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[0136] First, the offset information coding unit 305 determines 20 whether or not offset processing is
performed (S3051). The offset information calculating unit 302 calculates offset information, such as

the divisiop. pattern, the pi ing a ry_index number, the offset valye, and so
on. The otgslgtﬂ ié?o?%aﬁ%@éﬁ%ng%’niﬁw ('?%@r?méfhi‘g t%af: §r$§gt%r§(t%§g%%%|¥ n%P t%( b% 55
performedswhda thiy Biti andouat gedired éoette: offset ihfopwaticads larger than an amount of
correction C[ca fg%iTg deterioration. In this case, the offset processing unit 303 does not perform the

e

offset processing: [0137] 30Here, the offset information coding unit 305 obtains information on whether
or not the offset pldtessingthas beéarpetiotmen, fromy the biddtdamfolnationroalculhtingfuriih802 or the

offsetgro ing ! : en.the ssi e r@g ' 051), the
oltset oo S SR 308 I Lo s brcel DIECELe g ONIORF g 26 oSz, 236.
[0138] thwiesBElofRayphoedssig, has beentpedsimdd (WesyintB3631] etle offset information
coding un'!{@@g@ des the offset processing ON/OFF flag as 1 (53053). Then, the offset information
coding unit 5 305 determines whether or not the pixel classifying method is the band offset 30(0)

(53054). [0139] HeVRerRHélpReltemssiting m@mb@ i€ &% b tdl @Ffser3e(l)q¥do N G30BUY, the
offset infogﬂﬁi%e%mgr&kﬁwwﬁ%msgerﬁng@ff&fﬂ?@aot}gam%d'aﬁfs%m%@%%% ftying
e I d offs in

method (53055). When the pixel classifying method is not the band offset BO(0) (N 53054), the
offsébinfofiR&DE dodibe Okt 308 dbemiisad WhEdien akindt te pa@dindssifiddMethdd isthe edge

ofset EO(@}{53056Y d01AGhAUINeR e s 1assiing et 5 ir-edoe eiseh EQIR) yes

53056), the offset information coding unit codes the ihdex humber 1 that indicates the pixe

classifyind Ri&tbE 5308 7§ WS IIba | Emabsining RtATAINT AofiheibdgtsiiatiBo®@) (R0 in
53056), the gifspiipfosreation ee¢iNg HNERmJelsINgs WEBeld performs arithmetic
coding on the binary signal to generate a bitstream. One example of
15 the arithmetic coding is context arithmetic coding (context adaptive
arithmetic coding) in which arithmetic coding is performed using an
adaptive symbol occurrence probability.
[0155] |
In the context arithmetic coding, the image coding apparatus
20 selects a context for each of the signals to be coded, and determines
a symbol occurrence probability according to the context. More
specifically, in the context arithmetic coding, the image coding
apparatus first loads a context and perform the arithmetic coding on
a current signal to be coded based on a symbol occurrence
25 probability for the context. Then, the image coding apparatus
updates the symbol occurrence probability corresponding to the
context according to a vaiue of the current signal that is coded.
(0156]
In coding of the offset processing ON/OFF flag sao_on_flag in
30 aluma signal, a chroma signal Cb, and a chroma signal Cr, a common
context may be used, or contexts may be changed for each of the
signals as shown in FIG. 27C or FIG. 28C.
[0157]
FIG. 28D is a flowchart which shows an example of using three

35 contexts when the offset information coding unit 305 codes, and
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20 or not the pixel classifying method is the edge offset EO(1) (53058). [0141] When the pixel
classifying method is the edge offset EO(1) (Yes in 53058), the offset information coding unit 305

codes the index number 2 that indicates the pixel classifying method (53059) n the pixel
classifyinér}%gfﬁgd e thé%ﬁ‘ae e ?Eo&”(‘ﬁo%ﬁs 58)?ﬂ?ec8ﬁégé[‘f%for%§{ﬁp odintfhit 305
determinesawhetherftagot the pixel classifying method is the edge offset EO(2) (53060). [0142] When
the pixel lﬁi% g method is the edge offset EO(2) 30 (Yes in 53060), the offset information coding

unit 305 codes index number 3 that indicates the pixel classifying method (53061). When the pixel
classifying metho8irshpt tiecedyf sifseti EO$2){ibi or5366a),the affsit iFOmnatiehcodihgamit 305
codes the |rm§)? mber 4 that indicates the.pixel classifying method (53062). 35[0143]. IG. 30 is
a floev’%char mdmg%tl}}nggasn no%ﬁ?étié%ﬁ%ﬁm%@ ﬁ)% {hg%ofgs%et %Egr%eftlsoél%dégo%in%d‘lmﬁ 4%§%a£code,
among itefbs3 6fihe .offset informéfimnt, thieninder atimher doat indicabes the3ke! cassifyingdnethod,
and an operati o] t fs r ing.unjt 4Q3,to perform offset processing. [0144]
First, theHoﬁggf%gggssfmgg&%‘4%&@&9(3@?%%%%%?% r%?t t%%%f%erpgro%ie%gafg o] flag
decoded Wyfthe affsbt infddméatien decodiny signdd2i&s 8 (54021 kiwheh the offset processing ON/OFF
10 flag is [g(ﬁ(gé]n 54021), the offset processing unit 403 does not perform the offset processing

]

(54022). When the offset processing ON/OFF flag is not O (No in S4021), the offset
infdrbhation decodiigamit 2@2 Qetodss thig mabxhumbenis $52023) (Yesnjnh& 3fiskt prodessing unit

5.0 (54030 LA WHE e oL € 0 QL S50947 IRb Rr 20 rocELieg k403

performs {fe3bkthd)offs¥( BO(D ) (B2 028) &MiteH Gsdihtfer abimbersanst On@io(iN 340233 keldffset

32%%%?%?&@?%% ggg'@%wt&@am@%ﬁ*ﬂ@%@%@Pﬁ:ﬂ%@%@&%@?8?%?6@{%“&“0”
current signal is a chroma signal Cb (53043). The offset information

15 coding unit 305 uses cldx for determining of the chroma signal Cb in
the same manner as the determining of the luma signal (S3041).
Here, when cldx = 1, the current signal is a chroma signal Cb.

[0160]
When the current signal is the chroma signal Cb (Yes in $3043),

20 the offset information coding unit 305 selects and loads the context
2 (53044). When the current signal is not the chroma signal Cb (No
in 53043), the offset information coding unit 305 selects and loads
the context 3 (53045).

[0161]

25 Then, the offset information coding unit 305 codes the offset
processing ON/OFF flag sao_on_flag using the context which is
selected and loaded (53046).

[0162]
It is to be noted that the flowchart illustrated in FIG. 27D

30 which shows an example of the case where the offset processing
ON/OFF flag sao_on_flag is coded and inserted into APS is the same
as that ilustrate in FIG. 28 described above, and thus the description
will be omitted.

[0163]
35 FIG. 28E is a flowchart which shows an example of using three
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[0147] 25When the index number is 1 (Yes in 54026), the offset processing unit 403 performs the edge
offset EO(0) ) (54027). When the index number is not 1 (No in 54026), the offset processing unit 403

determines whether or nott |nd mb rdecoged by the ffset |nfo (feco% it 402 is 2

(54028). §6)[8£2 l}s Wf\ﬁﬁen he E%(e{)a( gex nlmber s 2 eégln QE%,'IWe ﬁ% ces %%ﬁﬁ 403

performs tiféserg@otfsesEON (RM029)F W Hénghe dndexmurhbgr ishiadt 29 Na ﬂ@ﬁﬁl@%)ﬂthﬁ'\@‘fset

processmsglxi{g é%%adetermmes whether or not the index number decoded by the 35o0ffset information
nit4

decodingu 153 (54030). -38- [0149] When the index number is 3 (Yes in 54030), the offset
processingrfit4D3 performs the edge offset E0(2) (54031). When the index number is not 3 (No in

54030). the offsetupracessing YikoAO3nerfays the SR SRR EO(54037),(010G] ) o Through

the processes describéd above, the'image coding appara us and'the image g apparatus
reduce the bi¢feh@rcein thetbia am@tmméqal@da‘brt@dnﬂg theosfeses @donmatiohivetvedgnalhe band

offset anggglg(egg Offsi?ggh'ﬁﬁlgéf%s e@@ggﬁmgg@ ﬁ{g zmg[{he |61zz\gejgggod#]g§pparatus

to perform appropri ate €t processing or of the'target regions to be processed. Thérefore, the

coding effidi¢ntradad alﬁukﬁé&w&i&f&g@éjuélﬁ?ﬁi‘r@imm@véﬁ Iﬂelmm‘la dighl be higed that the
image cog@% APPRFAIUS. a@d {lﬁ@el ageﬁjre{,%q?gaa}pga@ c3llocate a small bit amount to an

index num e edge offset w en t t processing is per rmed to a luma signal. Also, the
imaldé cocﬂﬁhé@ﬁﬂ)aratus and 20 the image decoding apparatus may allocate a small bit amount to an

index number of t W%ggig@?’@ﬂﬁ@ ﬁ%ﬁt OraTHRg '%a@liﬁ%rg?géoeﬁ %@9%\' g his

facilitates use of the pixel ing method that is more suita e feature fgnalto be

processe@fTsrREd0fe the Estihg efRimy amdtHOslisetaw s mhleadialih arecoiEatirmproved.
($4022). When the current signal is not a luma signal (No in 54021),

the offset information decoding unit 402 determines whether or not
15 the current signal is a chroma signal Cb ($4023). The offset
information decoding unit 402 uses cldx for determining of the
chroma signal Cb in the same manner as the determining of the luma
signal (54021). Here, when cldx = 1, the current signal is a chroma
signal Cb.
20 [0166] ‘

When the current signal is the chroma signal Cb (Yes in S4023),
the offset information decoding unit 402 selects and loads the
context 2 (54024). When the current signal is not the chroma signal
Cb (No in 54023), the offset information decoding unit 402 selects

25 and loads the context 3 (54025).
[0167]

Then, the offset information decoding unit 402 decodes the
offset processing ON/OFF flag sao_on_flag using the context which is
selected and loaded (54026).

30 [0168]

It is to be noted that the flowchart illustrated in FIG. 27E which
shows an example of the case where the offset processing ON/OFF
flag sao_on_flag that is inserted into APS is decoded is the same as
that illustrate in FIG. 28E described above, and thus the description

35 will be omitted.
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[0152] In addition, the image coding apparatus and the image decoding apparatus may refer to a
frequency transformation coefficient and allocate a small bit amount to an index number of the 30 edge
offset in a[rggégglo be processed which has a small low-frequency component. Also, the image coding
apparatus-and the image decoding apparatus may allocate a small bit amount to an index number of
the band offset in altegiog o begprocessesstisich hasribage idwairequehey toragenentdihig

facilitates 5pixel ifyi [ itabl he feat f igpal to be
orocessed TRATEITS B ey e S I e e R e cBR e e
[0153] fonresddition, foraldtemmiiniig nabtHdrahetarnonat sfgmab algveadstlisedowequency

componely iﬁ.@lreg_ror %Pi‘?l‘e%t i tdarﬂ?ﬂr‘ﬁbecggeds\?H'B%Fh“&g%%'gg%‘ﬁ%é’e PSB%tr{rﬂat‘é]n

Here, arithnietic co ing will'be descried as a method for coding an Ing offSet in
performediby €Heél bifget inféhBafion 1OréodifigaritBAY dittthel gifsdsinfolmiation Heeoding @it 402. In

the arithmetj i j e [ pRA. ir nsfor inay|zes) a.cur. ignakto be
coded frrorkrg&!a8 rﬁﬁ#tir\%égﬁ gi%engal at%?g E&grﬁggﬁg ( %%gasiigtgalgﬁ%goﬁ%{)gagné F:)%rltfloér%n%tﬂrglthafﬁetic
coding on3He BIrkF§ §1gnaNe garéesatera dustieain tOBeCdkamplp 6F s Hmie grittM i dodingis
context arifhmetic,cqeging (context adaptive arithmetic coding) in which arithmetic coding is performed
using an adaptive symbol occurrence probability. [0155] In the context arithmetic coding, the image
codlty apbalgﬁﬁ)s]ZO selects a context for each of the signals to be coded, and determines a symbol

occurrence probabplity-a¢eorging g the, C%%ttw@r%ﬁ%@(@i%&i Hgthg ﬁB@tteé(f @gitrgﬂ%tictﬁ%ding, the

image coding apparatus first loads a context and perform the arithmetic coding on a current signal to

be coded BESEHFOA RCEAIBE BERREEe2BE BN ok e REMEXE TREANBE MFdgxEBdiAg
apparatuw@@@%t'ﬁsrsm@c&@&wgee@ﬁ% RIRBaRBIELERHESPONAINY 13 therreNe R P HInG o @

value of the current signal that is coded. [0156] In coding of the offset processing ON/OFF flag
sao_on_flaffiema signal) by sharing a context between the chroma signals Cb
15 and Cr.
[0171]
(Embodiment 3)
The image coding apparatus and the image decoding
apparatus according to Embodiment 1 adds, to a reconstructed signal,
20 an offset value calculated from a difference value between an original
signal and the reconstructed signal, thereby enabling reducing of
distortion of the reconstructed signal from the original signal. 1In
addition, the image coding apparatus and the image decoding
apparatus share the offset information among a plurality of target
25 regions to be processed, thereby suppressing increase of a bit
amount of the offset information in a coded stream.
[0172]
In addition, according to Embodiment 2, the image coding
apparatus codes information indicating whether or not to perform
30 offset processing for each of the regions to be processed, as the
offset processing ON/OFF flag sao_on_flag, at a top of the offset
information independently of the pixel classifying method
sao_type_idx. When the offset processing is not to be performed,
the image coding apparatus does not perform coding on the

35 sao_merge_left_flag or the sao_merge_up_flag which indicates
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30 a luma signal, a chroma signal Cb, and a chroma signal Cr, a common context may be used, or
contexts may be changed for each of the signals as shown in FIG. 27C or FIG. 28C. [0157]

FIG. 28D jsadigyshat WB‘Ffeos*a%vgs;nag*ﬁgmm?cﬂw%%}ﬁ;@e%ﬁascgﬁ@;gg%ﬁ%% PIEEL -

information coding unit 305 codes, - inserts into s set processing ON/OFF flag
sao_on_flagguesgiespectiretythe offset information coding unit 305 determines 5whether or not a
current si%@% e processed is a luma signal (53041). The offset information coding unit 305 uses
cldx illustrated in'FIG. 28A for determining of the luma signal. Here, when cldx = 0, the current signal
is a luma signal. [§1BY] 101Fhéh ihd ossERtsERS IR TGRS ShpdlitresinRO41) Al BTt

nforeatcg 9ol 305 slesis AR oA B OB ASHRAD), W e Culres sgais not

luma signal (No in 41), the offset information coding unit 305 deerml_nes whether or not the current
signal is dehrbMR R ChEBaIR UThd skt ig@FmEfich 15 iy BUB usssBImedc

determinipg, gf H-% ghroma sigpahe B inthe SANeMaRRsF s the fetermining of the luma signal
(53041). Here, when cldx = 1, the current signal is a chroma signal Cb. [0160] When the current signal

is the chroa Ziﬁihal Cb (Yes in 53043), 20 the offset information coding unit 305 selects and loads the
context 2 (53044) EWhRIHRECUI QM SIghat At TRe HPMR HENRILeD %%3%4?’%%9“63“

information coding unit 305 selects and loads the context 353045). [016

10 coding in addition to the context arithmetic coding described in
Embodiment 2. The context arithmetic coding uses the adaptive
symbol occurrence probability. On the other hand, in the bypass
arithmetic coding, the arithmetic coding is performed using the
symbol occurrence probability which is 50%. With this, the image

15 coding apparatus does not have to load and update a context in the
bypass arithmetic coding, and thus it is paossible to speed up the
processes.
[0175]

In this embodiment, operations performed by an offset

20 information coding unit and an offset information decoding unit
according to this embodiment are different from operations
performed by the offset information coding unit 154 and the offset
information decoding unit 252 according to Embodiment 1. In
addition, operations performed by the offset information coding unit

25 and the offset information decoding unit according to this
embodiment are different from the operations performed by the
offset information coding unit 305 and the offset information
decoding unit 402 according to Embodiment 2. The following
describes the differences.

30 [0176]

FIG. 31 illustrates a configuration of an offset information
coding unit 507 which codes offset information in the image coding
apparatus according to this embodiment. The offset information
coding unit 507 includes: an arithmetic coding control unit 5071; a

35 context arithmetic coding unit 5072; and a bypass arithmetic coding
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25Then, the offset information coding unit 305 codes the offset processing ON/OFF flag sao_on_flag
using the context which is selected and loaded (53046). [0162] It is to be noted that the flowchart
illustrated in FI(E_?QZ? 30 which shows an example of the case where the offset processing ON/OFF
flag sao_: Iag ded and inserted into APS is the same as that illustrate in FIG. 28 described
above, arﬁi]thﬁé?ﬂwe description will be omitted. [0163] 35FIG. 28E is a flowchart which shows an

example of using ree -41- contexts when the o se infarm deco un 2 deco sthe offset
processing ON/O J%n?)% lﬁa‘é%&?% %%Qﬁie% i EHJ-.? 5@ %f #ﬁg\t"ﬁ% o
informatioroderEding umm m@etemﬁn@ vmfmﬂhdzher Im;masﬂrmsmﬁmbemmn@sm ls@ luma
sign% (5483%%j TA’F Bf;[EﬁE frt> r% funlt 402 uses c¢ldx ill strated |r‘_aF é g r
detefmining of the I%ma S|g$1 © ere, w ﬁor@%éocr&”e s‘a .QS i ng tl (Fbei65]
When theaotibiem sigoat tsch mgmacsigmnal (Mash nmmmm dftseétniofardesdidm déeedimgrinit 402
selects and | the 4 rr tSI t a luma signa in,54021),
the offset In cf){flrrc#a Qn(éﬁcodé ngjgml(}?%gé % g’ v%ﬁs er or@g g’ t%rg?ﬁgsn?gi&%‘s%throma
signal CbYBcﬂ)Z@)nmtoﬁsémmmwddegodlng: W ZD2ozds cﬂdtxdnrtdﬁteanmwm the@hroma
signal Cb h |gn Here dx =1, the
current séﬁa ISac ?o%?agggﬁlgﬁé%}g éjg[%gl%%rp@r% urrih%é;g |$Sﬂg1ea \%l a S|gnal Cb
(Yeslin 54uz3d)nthe Wiffiet W&aﬂmf@’m@ngudmmeﬂegs tinel |cads thel cantextr? ¢54624).

When the&ggggﬁi&%%@%t@ gre)r%na signal Cb (No in 54023), the offset information decoding unit
402 selects ' '
[0178]

FIG. 32 illustrates a configuration of an offset information
decoding unit 606 which decodes the offset information in the image

15 decoding apparatus according to this embodiment. The offset
information decoding unit 606 includes: an arithmetic decoding
control unit 6061; a context arithmetic decoding unit 6062; and a
bypass arithmetic decoding unit 6063.

[0179]

20 The arithmetic decoding control unit 6061 switches between
the context arithmetic decoding (context adaptive arithmetic
decoding) and the bypass arithmetic decoding to be used according
to the offset information. It is to be noted that the arithmetic
decoding control unit 6061 may be included in the control unit 210 of

25 theimage decoding apparatus 200 illustrated in FIG. 2. The context
arithmetic decoding unit 6062 loads a context according to the offset
information and performs decoding. The bypass arithmetic
decoding unit 6063 performs decoding using the symbol occurrence
probability which is 50%.

30 [0180]

F1G. 33 illustrates allocation of contexts (context indices) to
the offset information according to the first example of this
embodiment, and a type of the arithmetic coding used in each syntax
element of the offset information.

35 [0181]
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25 and loads the context 3 (54025). [0167] Then, the offset information decoding unit 402 decodes
the offset processing ON/OFF flag sao_on_flag using the context which is selected and loaded
(54026). 30[0168]g It is to be noted that the flowchart illustrated in FIG. 27E which shows an
example of the cas8 RIR¥E 1R BRsER bro L BifgBNICHEERL R90t bR RAE @Rt RTMERIEE Ao APS is

decoded ig teetpamenas ¢hatiltusiratetaes 28 E aeperibet apeve; andihysdhe desprption 85will be
omitted. Throgg@i&g processes described above, the image coding apparatus and the

[0169]
image decg g]a%ﬁaraﬁ’l c}iﬁeg’ent context for each of the luma signal, the chroma signal Cb,
and the chior@2 % signal Cr, thereby allocating the symbol occurrence probability according to the

feature of each of the signals. Thys, the image coding apparatus and the image decoding apparatus
are cdpable of suppréSsing %cd&@gmouﬁ?Ef i of@é%jprd%@%%?ng é‘g)’%ﬁ% s&B0 S8R Yfag.

10[0170] saolt ty frebd deteskthat theaisnagl LOGHIFY Bppaates afith thewnage decoding @ppasatus may
and  chIGHE SHAD B sHNE & ERESeP Lot L i rAb SR b 154nd CHBEALTS
(Embodimsintod)g terftie imaggie ddding\apibasaius @nc thedeage dedading appartus iedanding to
Embodiment 1 adds, to a reconstructed signal, .2Q an offset valye calculated from a difference value
between é:nogFEBﬁ]lg?gigE%li 3 tRéHJ}SEoRSﬁFﬁ%eH‘%@RBH '&Qb#gﬁa&ing r%ﬁu@]‘%gof ﬂ%%@rﬁo_n of the
recdristrudted sigmedefsamethies longiriadt stgrdinky delditiond theringagercediagi apgartateit apfl tesimage
e 0 ST A T e o
coding is used for the other offset information items including the
second and subsequent bits of the pixel classifying method
sao_type_idx.
15 [0183]

FIG. 34 is a flowchart illustrating an example of coding offset
information based on a combination of the types of the arithmetic
coding illustrated in FIG. 33, which is performed by the offset
information coding unit 507.

20 [0184]

First, upon starting of the processing performed by the offset
information coding unit 507, the arithmetic ccding control unit 5071
sets the bypass arithmetic coding as the coding method (S5070).

[0185]
25 Next, the arithmetic coding control unit 5071 determines
whether or not the target region is positioned at the left end of a slice
or a tile (§5071). The offset information is copied only from a
region in the same slice and the tile. For that reason, the
above-described determination is performed prior to the coding of
30 the left offset information copy flag sao_merge_left_flag.
[0186]

In the case where the target region is not positioned at the left
end (No in §5071}), the bypass arithmetic coding unit 5073 codes the
left offset information copy flag sao_merge_left_flag (S5072).

35 {0187]
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amount of the offset information in a coded stream. [0172] In addition, according to Embodiment
2, the image coding apparatus codes information indicating whether or not to perform 30 offset
processing for each of the regions to brﬂ%rocessed as the offset processing ON/OFF flag

sao_on_flag, at a 10PEIF the DR HSrTREEInHe fRPRENE) SCthe ke ckddinfiRg! net ﬁédm
sao_type §&0 Wihewn the @ﬁset@eqeﬁyngdsm te beiprjfasmethdhe dvags €aging apparpigs does

not perf on the 35 o mer eft flag or the sao e _up flag which indicates - 43 -
whether oﬁg%%d? pyj&‘@éﬁ ﬁ\%ﬁo Crfgalgr?br"ﬂ tHE I%ﬁ%qll:&)%) Rl TaLpRENERE BT 3] with
this, it is ppssille o wre%tﬁerﬂltwg@ummrﬂa@ge@ codingseparatus accerding, to this

emb dlment it is further p siple to |m rov thr integra r sim arlthmetlc coding
on eg h ieA? ﬁse’tq(ﬁ Béiﬁﬁg% f}ffh% ?ff‘r‘ﬁn&f 5dﬁﬁég @%ﬁi‘é%ﬂ}p’éss
arithmetion @6 cgtﬂir@drﬂaﬁmﬂ@iﬂeﬁdé‘f@ ce@t@ﬁ aammemecgé@gﬁm@ed@ﬂtEmQQdﬁe@ﬁQZ1The
context arl etl s th tiv le occgurrence ablllt On t other hand, in the
bypass arjl g attﬁg ﬁﬁgﬁg &f&’ ﬁ@% b%ﬂ‘o'ﬁnga B?%b Eﬁ@@&/ uF%‘ﬂE%rbrobability
which is 5[0%.8@]h this, the image 15 codlng apparatus does not have to Ioad and update a context in
the bypass arith tl.c oding, and thus, it | |bIe to pee rocesses 0175

embodiment, ope th Q%o % C#)E Offg €Do5R H]n%t S%Eja‘?ﬁggwb%é%fiﬁgrmatlon
decodling (BB @Ze0rdmgtotthps: efolyod mtgng ave M@mﬁmmmraﬂm perfefmedduy theadfset

|nformat|on oding_unit nd the offset nformaton deco unit 252 accordl (0] mbodlmentl
In addltlon gperﬁlé ]g é% l:‘):f%% #fhgt |H1% atid ﬁg(h]% Hﬁw P&g‘% E

processed as 0. In addition, the offset mformation codmg unit 507
may secure a memory for the sao_merge_left_flag at the time of
starting a process, and set an initial value 0.

15 [0189]

Next, when the sao_merge_left_flag indicates 0 (Yes is S5073),
the arithmetic coding control unit 5071 determines whether or not
the target region is positioned at the upper end of a slice or a tile
($5074). Since the offsetinformation is copied only from a region in

20  the same slice and in the same tile as with the determination of the
left end (S5071), the above-described determination is performed
prior to the coding of the upper offset information copy flag
sao_merge_up_flag.

[0190]

25 In the case where the target region is not at the upper end (No
in S5074), the bypass arithmetic coding unit 5073 codes the upper
offset information copy flag sao_merge_up_flag (S5075).

[0191]

When the target region is positioned at the upper end (Yes in

30 55074) or subsequently to the coding of the sao_merge_up_flag
(S5075), the arithmetic coding control unit 5071 determines whether
or not the sao_merge_up_flag is 0 (55076). Here, the
sao_merge_up_flag being 0 indicates that the offset information is
not copied from the upper region, and the sao_merge_up_flag being

35 1 indicates that the offset information is copied from the upper
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25 and the offset information decoding unit according to this embodiment are different from the
operations performed by the offset information coding unit 305 and the offset information decoding unit
402 according to Embodiment 2. The following describes the differences. 30[0176] FIG. 31
illustrates a5c9ttiguration of an offset information coding unit 507 which codes offset information in the
image codjgiapparatus according to this embodiment. The offset information coding unit 507
includes: an arithmetic codiﬁ% control unit 5071; a 35 context arithmetic coding unit 5072; and a

bypass arithmetic tbdi§? ££-NHiES0733fa1971EN CPRANGItRIMERE BRMgBEHES uHIR 5P Tswitches

between tHeeayexs agtinetip seetingrand the bypass arittmetisodintigee Pused gegeyding to the
offsegnform tion. |t g to be noted that the arithmetic codin 0(t:thtroI unit 5071 may be Included in the
im

contral unit' P1o o¥thk-i O g a1 0 IRt Ste d MER182 2. THE @ itdkP aditAfel coding

unit 5072 lpads@semdexssaccording:d tei ofisetrfasifationand merfaias casting gThe RyBas?
arithmetic 10 coding unit 5073 performsé_codin% usig%gthe symbol occugence robability which is 50%.
0178] PRY EHUEFafesE COMRGYrdfn B Gn el iHIOHRatdR ¢ ir?g lﬁs:“‘t%gé%ﬁicﬂfdecodes

the offset infenrbatigreinpifedawge dh dlezoiding appardtussdgeodling to this embodiment. The offset
informatio[mi gggizng unit 606 includes: an arithmetic decoding control unit 6061; a context arithmetic
decoding ; and a bypass arithmetic decoding unit 6063. [0179] 20The arithmetic decoding
conttd unit 6061 shEsitesieameendEacontert-grithmeti¢derodithia fenteXt(atapty S Sl gfic
decoding) and the ass arithmetic decoding to h according to the offset information. |t is to be
ot that t1E AN HEOE HECORMO SbrroT T GURE il BoHICHER e el S50 825 the
image decbolinh @ppanatist2@0iitlustratéd rolEla. (BiEGonjext arithmetic decoding unit 6062 loads a
context acgarf&ggo the offset information and performs decoding. The bypass arithmetic decoding

€

unit 6063 performs decoding using the symbol occurrence probability which is 50%.
Next, the arithmetic coding control unit 5072 loads a context

15 for binldx0 of the pixel classifying method sao_type_idx. Then, the
context arithmetic coding control unit 5072 codes the binldx0 of the
pixel classifying method sao_type_idx (S5078).

[0195]

Next, the arithmetic coding control unit 5071 determines

20 whether or not the binIdx0 of sao_type_idx indicates 1 (55079).
Here, it indicates that the offset processing is not to be performed on
the target region to be processed when the binIdx0 indicates 0, and
it indicates that the offset processing is to be performed when the
binIdx0 indicates 1.

25 [0196]

When binldx0 indicates 1 (Yes is S5079), the arithmetic coding
control unit 5071 switches the coding method to the bypass
arithmetic coding (55080).

[0197]

30 Next, the bypass arithmetic coding unit 5073 codes the
remaining pixel classifying method sao_type idx other than the
binldx0 and the offset absolute value sao_offset (55081). Here,
according to this embodiment, the number of offset absolute values
sao_offset is four in any of the pixel classifying methods. However,

35 the bypass arithmetic coding unit 5073 may code the offset absolute
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30[0180] FIG. 33 illustrates allocation of contexts (context indices) to the offset information
according to the first example of this embodiment, and a type of the arithmetic coding used in each

syntax element of the .offset infgrmation. 35é0181|?]? The syntaxes for coding and decoding the

ottset nfolINER AVE G Sinelag T BymEhBe Il B bR Hlihed HAL G EPORRS 175,

and FIG. t7€tfieidR] 5Here, the initial bit of the pixel classifying method sao_type_idx serves as

ON/OFF I:E[fifé(}g?;\ine whether or not to perform the offset processing as illustrate in FIG. 14. There is
ency’i

strong te the symbol occurrence probability in the initial bit compared to the other offset
information items.Nrex that reasanit horthei comtexti atthoeticrending it used7dnlyiterdheniniiéal bit of the

pixelclassifyi ethQd sag, type idx. and the bypass arithmetic coding is used for the gther offset
inforﬁatio%gr%@ﬁcﬁ&inﬁ ?ﬁe Qégon%f )éreﬁ S %&égﬁ@ﬂ%it&%h@ é)ix ﬁl@%?i etf:igésel£
sao_type (it A8DL83Her el |Gha4 i i flonetiart dhsiraging@antesdmpietofs@dingaftset thfermation
based on a. inati the of, the arithmetic ¢oding illustrated in FIG. 33, which is performed
by the offétla]?( %'E)%r%a %Eﬁbﬁn%ﬁ géﬁ?& féﬁ’éﬁ?_'é)ﬁ:ﬁé% Eﬁgn%i a%?iﬁ@b’? ﬁ%éd&messing
performed Byt tHeJoffset information coding unit 507, the arithmetic coding control unit 5071 sets the
bypass arithmetic [ ing. me 0), [0185] 25Next, the, arithmetic caoding control
unit 5071 determirlﬁézqm%e?ﬁ)éﬂg g‘? 0 ‘trgice%rtggt% r&esg%?r?fc’létpgssiﬁ%ln%%aaﬁetﬂevYéﬁ egZia& éasYlélLb% atile
(55091). THesaffset fifernidtion if codiba brysam ategiar ibthectdime stica @robthiertie LRt that

t = ' ipation.| [ h i f 30 th fiset
ormation o, e s B TR P R A SR BT e
positionedl @e fefDeny 9o 10 85875), eechypadstirehpizgd cidipg ninsOM3adbdeg tiserieft offset

informationcop a8 SaR PRl 489 {9pY 3RO HA 5.
[0200]

i5 When the pixel classifying method is the band offset (Yes in
55082), the bypass arithmetic coding unit 5073 codes the offset
value = sign sao_offset_sign and the band offset coding start
category sao_band_position (55083).

[0201]

20 It is to be noted that, in this embodiment, the bypass
arithmetic coding unit 5073 codes the offset value =+ sign
sao_offset_sign only in the case of the band offset. However, the
bypass arithmetic coding unit 5073 may code the offset value + sign

sao_offset_sign in the case of the edge offset as well,  In this case,
25 the offset value * sign sao_offset_sign is coded in Step S5081.
[0202]

Further in this case, in Step S5081, the offset absolute value
sao_offset and the offset value * sign sao_offset_sign may be
integrated and coded as an offset value,

30 [0203]

FIG. 35 is a flowchart which shows an example of decoding the
offset information based on a combination of the types of the
arithmetic decoding illustrated in FIG. 33, which is performed by the
offset information decoding unit 606,

35 [0204]
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When the target region is positioned at the left end (Yes in 55071) or subsequently to the coding of the
sao_merge_left_flag (S5072), the arithmetic coding control unit 5071 determines whether or not the

sao_merge_left_flag is 0 (55073). Here, the 5 sao_merge_left_flag being O indicates that the offset
information is not EB5ibd $RRT I RkIRGIGT, HRE BECGRS HRGOIEFOFIRESkRY fRiehtes that the

offset infofATien &% kopierk oM e (eiteaios, [QRISHItIE-Imbe ROREHa e GoeHI0A) e

sao_merge Ieft_fla%%LO g5072) is not performed, a value of the sao_merge_left flag does not exist. In
this case, BENVaIGE bF thSaBYRagR wrtMRyGE prétessed 2 (@ $n Addif6R HED St thdFnation

coding unitX9@ Gmay. secure a memory for the sao_merge_left_flag at the time of starting a process,
and set an initial Ii{lalue 0. 15[0189] Next, when the sao_merge_left_flag indicates 0 (Yes is
55073), t Rrhetic coding control unit 5071 determines whether or not the target region is

positioned at the ypaet et of arstiperasadilel ePdH gSinsa the| offset irfomation is eofied ©nly from
a region in 20 the same slice and in the same tile as with the deC{)erminati n %éthe Ief)% end, (55071), the
above-de¥tEéd QERIMARAHIFIS PEIRIHEY o foRRe LHaiy F%Eﬂﬁ)g%f RO Pifctmaton copy

flag sao_merge_tipe flag60890].25MHke odseavhenedhentatgehragiondd e abheyugperend (No in

coo. mergE Sl ol (ST (GH GG 1 5o aetion R Bosilaned HAhe BFseNbnd (es in 20

55013) orzsvbsequbntiyrih the dedingrof thakao_imergefampniial (5567 3 thieeadbmetionepdifig control

unit 5071 determines, whether.or not the sao_merge up_flag is 0 (55Q76). Here, the

sao_merg%'_%éféggotg&r% d%ﬂ%@ﬁ%ﬁt?ﬁ@gﬁ é:il-?ngcgﬂ?ag% f %e(i%% ietfffom the upper region,
and the ;@@_Z@(ﬁge_up_ﬂag being 351 indicates that the offset information is copied from the upper

“47- region. When the target region is not positioned at the left end (No in
S6061), the bypass arithmetic decoding unit 6063 decodes the left

15 offset information copy flag sao_merge_left_flag (56062).

[0207]

When the target region is positioned at the left end (Yes in
S6061) or subsequently to the decoding of the sao_merge_left_flag
(56062), the arithmetic decoding control unit 6061 determines

20 whether or not the sao_merge_left_flag is 0 (56063). Here, the
sao_merge_left_flag being 0 indicates that the offset information is
not copied from the left region, and the sao_merge_left_flag being 1
indicates that the offset information is copied from the left region.
[0208]

25 It is to be noted that, when the decoding of the
sao_merge_left_flag (56062) is not performed, a value of the
sao_merge_left flag does not exist. In this case, the value of the
sao_merge_left _flag is processed as 0. In addition, the offset
information decoding unit 606 may secure a memory for

30 sao_merge_left_flag at the time of starting a process, and set an
initial value 0.

[0209]
Next, when sao_merge_left_flag indicates 0 (Yes is S6063),
the arithmetic decoding control unit 6061 determines whether or not

35 the target region is positioned at the upper end of a slice or a tile
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[0192] It is to be noted that, when coding of the sao_merge_up_flag (55075) is not performed, a
value of the sao_merge_up_flag does 5 not exist. In this case, the value of the sao_merge_up_flag is

processe In.addition, the offset information coding.unit 507 may secure a memory for the
sao_mergeé_l%g_ at%'e"ﬁﬁg’b?& fing '8 FPEC8 ,lgﬁgdéé}%[ﬁ%i{ligl NGEDTG68PIBNER, when
the sao_rhesaimp dlagirelieatdsif (res ta9he76)dhesatithhetis cating conithel 116ih 567 Liswitches |
the coding method, t context arithmetic coding (55077).,[0194] Next, the arithmetic coding contro
unit 5075 RAISR o h @D ek tor BHaRO G 6 FRE HBEUNHG ISP L vy e PR SHEIF dhe
context agittimetictcodihg mmatrad unitf50ft2ecodesthe binfix8 of ingpixeldpssifyingpyetifvdg

sao_type gi% (5%‘,'1%7%%&.a [O&QS]d\Iext, the arithmetic coding control unit 5071 determines 20 whether or
not the binldx6 or's _typg i

= fdicates 1 (55079). Here, it indicates that the offset processing is not
to be perfobraéd ¢n the target region to be processed when the binldx0 indicates 0, and it indicates

inicates 1 (vos AR SRR hCOCLIES Lo Ui SO Csahdhis HabiRg it o the
bypass aﬁﬁth_rﬁét&&réﬁ_ijngKES@&Q)a[&GHQ«?ﬂi%Nmtjthel kymassayith mieti6 Ogdingl ewib B&A3 tiodes the
e RSB b e o UE RN g slsstapmolie vaue
sad. dffsdtiLfbiid in any of the pixel classifying methods. However, 35 the bypass arithmetic coding
unit 5073 may cogghe, afisetaMEe gion is positioned at the upper end (Yes in
S6064) or subsequently to decoding of the sao_merge_up_flag
(56065), the arithmetic decoding control unit '6061 determines
whether or not the sao_merge_up_flag is 0 (S6066). Here, the

15 sao_merge_up_flag being 0 indicates that the offset information is
not copied from the upper region, and the sao_merge_up_flag being
1 indicates that the offset information is copied from the upper
region.

[0212]

20 It is to be noted that, when decoding of the
sao_merge_up_flag (56065) is not performed, a value of the
sao_merge_up_flag does not exist. In this case, the value of the
sao_merge_up_flag is processed as 0. In addition, the offset
information decoding unit 606 may secure a memeory for

25 sao_merge_ up_ flag at the time of starting a process, and set an
initial value 0.

[0213]
Next, when sao_merge_up_flag indicates 0 (Yes is $S6066), the
arithmetic decoding control unit 6061 switches the decoding method

30 to the context arithmetic decoding (S6067).

[0214]

Next, the context arithmetic decoding unit 6062 loads a
context for binldx of the pixel classifying method sao_type_idx.
Then, the context arithmetic decoding control unit 6062 decodes

35 binldx0 of the pixel classifying method sao_type_idx (S6068).
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-48- values which are different in number for each of the pixel classifying methods. [0198] Next, the
arithmetic coding control unit 5071 determines 5whether or not the pixel classifying method is the band
offset (55?@2) oEh;?re, the arithmetic coding control unit 5071 uses the pixel classifying method
sao_type 1‘ he determination. [0199] In this example, the band offset is allocated with 5 as a

value 10 of sao_typstldxHeordhatvieasaa, tﬁl@@i@hmgti@@%@m C@ﬁﬁﬁgl%@ﬁ anégt?e,teﬁml @f&; that the
pixel classifying method is the band offset when sao _type jdx,is 5, and that the pixel classifying
method iva%?%Eeﬁa%'a 59§&W3§H‘§a8§§&@_' ¥ E%‘IB?(MGQW%?%O&E%} cladé®fhg method
is the banid offsét§¥es infbE08R)k thefbypass aeitunatig cedingtutd Y P eedesineditsetvaiue sign
sao_offset_sign.and the band offset coding start category sao._ hand_position (S5083). [0201] 20lt is to
be n tedefﬁgtfg %ttmggmﬁbd%ﬁegt‘?tﬁérﬁ eéiitt’(ﬁﬁe%@ cgéiﬂ%gu téa’fi%%%% tﬁe oﬁ‘éé% Viiue sign
sao_offsdin digra bely th Hteitaseréfdhe band offset dHwveydpahedypassdithrhesic eoding,mit 5073
may code trﬁe offgset vilue sign sao_offset_sign in the case of the edge offset as well. In this case, 25

the offset Vallie® ?gc‘h ao_offset_sign is coded in Step 55081. [0202] Further in this case, in Step
55081, thp(otfsétlabsolute value sao_offset and the offset value sign sao_offset_sign may be

integrated and Co\ﬂﬁwdear? aﬁ'iﬂq%%(td/a%%i%% ézgs]i {Yes is S$6069), the arithmetic
10 decoding control unit 6061 switches the decoding method to the
bypass arithmetic deceding (56070).
[0217]
Next, the bypass arithmetic decoding unit 6063 decodes the

remaining pixel classifying method sao_type_idx other than binldx0
15 and the offset absolute value sao_offset (S6071). Here, in this

embodiment, the number of offset absolute values sao_offset is four

in any of the pixel classifying methods. However, the bypass

arithmetic decoding unit 6063 may decode offset absolute values

which are different in number for each of the pixel classifying
20 methods.

[0218]

Then, the arithmetic decoding control unit 6061 determines
whether or not the pixel classifying method is the band offset
(56072). Here, the arithmetic decoding control unit 6061 uses the

25 pixel classifying method sao_type_idx for the determination.
[0219]

In this example, the band offset is allocated with 5 as a value
of sao_type_idx. For that reason, the arithmetic decoding control
unit 6061 determines that the pixel classifying method is the band

30 offset when sao_type_idx is 5, and that the pixel classifying method
is not the band offset when sao_type_idx is not 5.
' [0220]

When the pixel classifying method is the band offset (Yes in

S6072), the bypass arithmetic decoding unit 6063 decodes the offset

35 value % sign sao_offset_sign and the band offset coding start
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FIG. 35 is a flowchart which shows an example of decoding the offset information based on a
combination of the types of the arithmetic decoding illustrated in FIG. 33, which is performed by the
offset information decoding unit 606. 35 [0204] First, upon starting of the processing performed by
the offset fitORARSN IRLedAG HriPEGETRR 4RAEHY decoding control unit 6061 sets the bypass
arithmetic[d@ezadihg as a decoding method (S6060). 5[0205] Next, the arithmetic decoding control
unit 6061 determiges whether or not t%%jﬁa%et region is positioned at the left end of a slice or a tile

o

(56061). The offsef infBrniRtioRGs ¢op Fom B retfidh iPAPOHRORE atdl the R¥RRSFe. For
that reasaarittterd@aliove deseibed delarmimEion saesvasedpEonierdae degodiag of thegaft offset

information cop ao. merge  left_flag. [0206 When the target region is not positioned at the
left erﬁd (NG %#@%ﬁ%ﬁ@%pgg%rﬁ%%lé flirkd EniP 8685 S’égﬁ%s thellVV&eet ffformation
copy flag baqamergeitelitnitagd 26068} ii9807hit 6VEBMmibe targed trgiondsqrasitionasd gkthe left end

Yes in 56061 b tly.to th ding of t left_flag (56062), the arithmeti
dococing ESWIGTE BOGE et linka 30 WRERRr i MBS, TErGe: At ASL & 0L (5G0S) Here,

the sao_nuarge, ¢t dlagfbedrtg Odndieates thghthezaifseffatotmatipn issneicopieddram thedeit region,
and the s%o@qf ge_left_flag being 1 indicates that the offset information is copied from the left region.
[0208] 25IT'] & noted that, when the decoding of the sao_merge_left_flag (56062) is not
perfodBmed,(a2zhje of the sao_merge_left_flag does not exist. In this case, the value of the

cecire amamory ol BEB0 mElD CRRCNAS aF P e o Sk B Sk oAb R Al velue
0. [0209] Next, vfieetaandergecletiffiagtindichtes &:(Ysigia 56863)offset_sign may be
integrated and decoded as an offset value.
[0223]

15 As described above, the bypass arithmetic coding and the
bypass arithmetic decoding are uSed in coding and decoding of all the
offset information other than binIdx0 of the pixel classifying method
sao_type_idx. This eliminates the need for the image coding
apparatus and the image decoding apparatus to load and update

20  contexts everywhere. Therefore, the throughput is improved.
[0224]

FIG. 36A illustrates allocation of contexts (context indices) to
the offset information according to the second example of this
embodiment, and a type of the arithmetic coding used in each syntax

25 element of the offset information.

[0225]

In this example, the initial bit of the pixel classifying method

sao_type_idx is coded (decoded) as the offset processing ON/OFF
- flag sao_on_flag, at a top of the offset information independently of

30 the pixel classifying method sao_type_idx. The syntaxes for coding
and decoding the offset information are the same as the syntaxes in
Embodiment 2 illustrated in FIG. 28A and FIG. 28B.

[0226]

Here, there is strong tendency in the symbol occurrence

35 probability in the offset processing ON/OFF flag sao_on_flag
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the arithmetic decoding control unit 6061 determines whether or not 35the target region is positioned
at the upper end of a slice or a tile -50- (56064). Since the offset information is copied only from a
region in the same s&ce and in the same tile as with the determination of the left end (56061), the

above-deSHPRPEER HIMRAHER IsPERBIBIYHBRL U codiy oFIRE bisest UksdNiRfGRHtRRtcopy flag

5 sao_mesgeriumdiag. (0R1lg is \Whed baliargst iggion isdat pegitenedr toawmpereang ¢No in
56064), the bypas;ﬁrithmetic decoding unit 6063 decodes the upper offset information copy flag

sao_merge® fefChad @8065) OPEPHASS 2R RRE AR IEGIBHESORbNEE AEHeAlppeE end (Yes
in 56064) iprfaubsequentiyde depeding 96 the sag emesge_fip dlat 606X cthe @rith@etie degoding

Co0, TorgEl . A bENG SRk dn DAL SIS AR o8RG NPt BF egion

and the saq meergecu_Hafskeing tbindieatesthat the offset information is copied from the upper
region. [Oj@\ﬁjteis to be noted that, when decoding of the sao_merge_up_flag (56065) is not
performed, of the sao_merge_up_flag does not exist. In this case, the value of the

sao_merge_up_flagés miocesspidasto. in ddditbartheffsetiatormationglecpditgurtiyGdssnay

e T g B e o ooy

coriti@! uritzn6iewitehdefite decpdingl niethod 8@ tchtheportekt Gifthmeticfdecoding (1B6067). [0214]
[0228]

Here, allocation of bits to the offset processing ON/OFF flag
sao_on_flag and the pixel ciassify'ing method sao_type idx is
equivalent to the allocation according to Embodiment 2 illustrated in

15 FIG. 26. However, the method of bit allocation is not limited to the
above. As to the allocation of a bit to the pixel classifying method
sao_type_idx, the edge offset (0) may be allocated with the smallest
bit amount and the band offset may e allocated with the largest bit
amount as illustrated in FIG. 36B.

20 [0229]

In the example shown in FIG. 28B, the offset value £ sign
sao_offset_sign and the band offset coding start category
sao_band_paosition are consecutively coded (decoded) in order to
suppress the number of conditional branches corresponding to if

25 statements. However, the order of coding (decoding) is not limited
to the example shown in FIG. 28B.

[0230]

FIG. 36C is a table which shows an objective performance of
the image coding apparatus and the image decoding apparatus

30 according to the exampie shown in FIG. 36C. FIG. 36C shows that
there is little deterioration in the objective performance, based on
the index in NPL 2. The details of the objective performance
corresponding to the example of FIG. 36A will be described later.
[0231]

35 FIG. 37 is a flowchart illustrating an example of coding of
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Next, the context arithmetic decoding unit 6062 loads a context for binldx of the pixel classifying
method sao_type_idx. Then, the context arithmetic decoding control unit 6062 decodes 35binldx0 of

the pixel classifying method sao_type_idx (S6068). [0215]  Next, the arithmetic decoding control
unit 6061 BEEEMRINEY RHBREIST nBESRRIXO Bf ShoCH/Peith Ftiiateal theoetypasrest indicates that

the offset proeRgsE és 19k 1A e eHOFmecoMiTe & tangek regiande be prosessedwhey binkdxo

indicates 0, ?nd it indicates that the offset processing is to be performed when binldx0 indicates 1.
[0216] O GRtelbRMiTd M-SR 16 &4 580€9), the arithmetic 10 decoding control unit 6061
switches the 2iggqding method to the bypass arithmetic decoding (56070). [0217] Next, the bypass
arithrgetic decoding unit 6063 decodes the remaining pixel classifying method sao_type_idx other than

binld0 15 and thé Bfitet HBQULEHIHE 82 ofIQ4EE671S. Hisre e EsRb bR BdSimber of

offset abselyitt vgluea isag (Dffsettie fouritm ans ot the pineh classifipo tethodsHoweaver, the bypass
arithmetic decoding unit 6063 may decode offset absolute values which are different in number for
each of thg%fﬁ%%%&%@?ngﬂfg%g [65181€ COf&e imeihmimdiRdeé8ding control unit 6061

determineg0@®:#rer or not the pixel classifying method is the band offset (56072). Here, the arithmetic
decoding control ugizt 606% uses the 25 pixel classifying method sao té e _idx for the determination.

[0219]  In this ER&HpIE & BANE SR IO MGl 8 ANALVARE B 925 3yRLRIXE6F that
readdh, thioaritfreetic fbesoging contin gnid SQEIRIetEmNes m_%mg@%l chargifyog drethod is the
e

band 30 ofisethen e Line 4§55 Gpe AL e BB cassiying metlod s potthe band offer
(S5171).
[0234]
Next, the arithmetic coding control unit 5071 determines
15 whether or not the offset processing ON/OFF flag saa_on_flag
indicates 1 (§5172). Here, it indicates that the offset processing is
not to be performed on the target region to be processed when the
sao_on_flag indicates 0, and it indicates that the offset processing is
to be performed on the target region when the sao_on_flag indicates
20 1.
[0235]
When the offset processing ON/OFF flag sao_on_flag indicates
1 (Yes is S5172), the arithmetic coding control unit 5071 switches
the coding method to the bypass arithmetic coding (S5173). With
25 this, the bypass arithmetic coding is used throughout the subsequent
coding steps.
[0236]
Next, the arithmetic coding control unit 5071 determines
whether or not the target region is positioned at the left end of a slice
30  or a tile (55174). The offset information is copied only from a
region in the same slice and the same tile. For that reason, the
above-described determination is performed prior to the coding of
the left offset information copy flag sac_merge_left_flag.
[0237]
35 In the case where the target region is not at the left end (No in
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When the pixel classifying method is the band offset (Yes in 56072), the bypass arithmetic decoding
unit 6063 decodes the offset 35 value sign sao_offset_sign and the band offset coding start - 52 -

t d_position (56073). [0221]. It is to be noted_that, in this embodiment, the bypass
gﬂtﬁ?ferﬁﬁi&'mg‘@aﬁ if«afe%sﬂ&écé fmeegff's&%m& SigH 5 dhb3oRREE SiGh Bk ik BlESGise the
band offsetfdewemet thedypais arslroeti geQ@jmfggm @@6@95@/7@};0% the offset value sign

sao_offset ?[ ii: the case of the edge offset as well. In this case, the offset value sign
sao_offse? g%i decoded in Step 56071. 10[0222] Further in this case, in Step 56071, the offset

absolute value say/ jofsetrard the péfsatevglon signpepsitniiseld sin tmay berinteaiatgdagd gecoded
e R T B e IR o o
the pixel 8$5HYiIBY Metber krnmiype: txd This ediminetasrihe Deed factherimpgesoding ppparatus
throughpUl i HBrovel G02 34D 1 BT adA Hutkidos lodution st CoMexts (ccHER mCES) to he
offset infasenation ecgerdiagitorthe seetmd exampleafdbislembotimerfsandiafyperefthenarghmetic
T T s SR Rt R e L e
flag.€ao_ontlagadea topedf the ofiffetdbfonfatiorairidepéndentliedf from the left region.
[0239]

It is to be noted that, when the coding of the
sao_merge_left_flag (S5175) is not performed, a value of the
sao_merge_left_flag does not exist. In this case, the value of the

15 sac_merge_left_flag is processed as 0. In addition, the offset
information coding unit 507 may secure a memory for the
sao_merge_left _flag at the time of starting a process, and set an
initial value 0.

(02407 |

20 Next, when the sao_merge_left_flag indicates 0 (Yes is S5176),
the arithmetic coding control unit 5071 determines whether or not
the target region is positioned at the upper end of a slice or a tile
(55177). Since the offset information is copied only from a region in
the same slice and in the same tile as with the determination of the

25 left end (55174}, the above-described determination is performed
prior to the coding of the upper offset information copy flag
sao_merge_up_flag.

[0241]

In the case where the target region is not at the upper end (No

30 in 55177), the bypass arithmetic coding unit 5073 codes the upper
offset information copy flag sao_merge_up_flag (S5178).

[0242]

When the target region is positioned at the upper end (Yes in

55177) or subsequently to the coding of the sao_merge_up_flag

35 (55178}, the arithmetic coding control unit 5071 determines whether
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30 the pixel classifying method sao_type_idx. The syntaxes for coding and decoding the offset
information are the same as the syntaxes in Embodiment 2 illustrated in FIG. 28A and FIG. 28B.

[0226] Here, there is strong tendency in.the symbol occurrence 35probability in the offset
processin%rONVtS’IEFf sa(‘?j@aﬂr:f& r-geeo‘rlrﬁ)affe%glo dﬁer%ffsggiﬁfbﬁ% tion. F6I%h& redS6h, the

context agioetitaraping.ip uled)oblyifeg the ieftseigtesessing O QFfFstagisge e afitagn The bypass
arithmetic_coding is u(??d for tr%(i left offset information ggeg flaﬁqasao meége_leg;élgg that is coded
(decoded] 5 bHEHHE bHRT bigLE LI NSHE gt Db LD REG Tl b ESuDRY Bifset

informatioh. [624Zhtes THeathrohghmffiscfuriimedioinmioviec bysusiag teeibypess atiiemetigrading for
the left offse {'lafgrmation copy flag 10 sao_merge_left_flag and for the subsequent offset information.
[022 ere, allocation of bits to the offset processing ON/OFF flag sao_on_flag and the pixel

classifying439d sao_type_idx is equivalent to the allocation according to Embodiment 2 illustrated

in 15 FIG. 26. Howeyer, th thod it allocation is not limited to the above. As to the allocation of a
bit to the pixel cla\jgfsi}/)%;tg6 rf81e h%o %éﬁ@%@_i‘é’ﬁ% %aaincg‘fsﬁ%&%@aoe@ﬁc%?em&ﬁtﬂg smallest
bit amourtSnd &) bendh offspemfayr e ated avitrethef |Jatge st bt amamfa@siillyshiatgd doEKS. 36B.
20[0229] xample.shawn in FIG, 28B, the offset value sign sao_offset sign and the band
offset cooﬁr?gts;%r %geteg?r% sgggbaen#;%’osﬁ%% e}jrtg @c%qsgegu |v§y %g%eﬂgg&%le}]?m%ﬂ%r ®
supdiess e nafted agfedhditibnab Bidiithes ¢hreesitmeingtoif 125 stateaent sn laweiel diYe order of

coding (d in ?‘Jb t limi e h in FIG. 28B, [0 3% G. 36C is a table
which shc’)e\'/?vgingo tJ'Sg?ttléveg:;er %r&%é%%e m@t?r%sagév@oﬁ?negr r%'gpattigtué 25 ﬁﬁte gg ‘Eré&cﬁﬁﬁg
apparatus BBrivegrdingtoths xamnplesstiown imAlia! 360UEIG..36C shows that there is little
deteriora '%i@,_;lpe objective performance, based on the index in NPL 2. The details of the objective
performance corresponding to the example of FIG. 36A will be described later.

Next, when sao_merge_up_flag indicates 0 (Yes in $5179),
15 the bypass arithmetic coding unit 5073 codes the pixel classifying
method sao_type idx and the offset absolute value sao_ offset
(55180). Here, in this embodiment, the number of offset absolute
values sac_offset is four in any of the pixel classifying methods.
However, the bypass arithmetic coding unit 5073 may code offset
20 absolute values which are different in number for each of the pixel
classifying methods.
[0245]
Next, the arithmetic coding control unit 5071 determines
whether or not the pixel classifying method is the band offset
25 (S5181). Here, the arithmetic coding control unit 5071 uses the
pixel classifying method sao_type_idx for the determination.
[0246]
In this example, the band offset is allocated with 0 as a value
of sao_type_idx. For thatreason, the arithmetic coding control unit
30 5071 determines that the pixel classifying method is the band offset
when sao_type_idx is 0, and that the pixel classifying method is not
the band offset when sao_type_idx is not 0.
[0247]
When the pixel classifying method is the band offset (Yes in

35 55181), the bypass arithmetic coding unit 5073 codes the offset
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[0231] 35FIG. 37 is a flowchart illustrating an example of coding of -54- offset information based on a
combination of the types of the arithmetic coding iIIustrated in FIG. 36A, which is performed by the

offset information codln unit 50 2] 5First, u tlng of by the offset mformatlon
coding unft8YE tie afit fﬁeff@@ és m?égt%lt %t#@g@n éft ﬁ%r’r@i’l iy 45 the

coding methasy8p¥ 763.d0233) d hem dhemented gsﬂ_nynetlc coding unit 5072 loads a context 10 for the
offset pro 3‘1 ON/OFF flag sao_on_flag, and codes the offset processing ON/OFF flag
sao_on the context (S5171). 4] Next, the arithmetic coding control unit 5071

__fLSg h (S ). [0234] he arithmeti ding | unit 50

determines 15 wimthet ot@otﬁ@e @ftsng)rmsjng ©N/OF ftag sacliandag incti;qate@i]q(@%lsn) Here,

it indj atest t the offset cesswllra?ﬁ: oé@ozg perf rme n the t e% re |on to biprocessed when
the sao_ ér]ﬁ&'é:ateg S it at t tHe @es? %to b'eerformeosﬂ)gurfhe target

. region w@dh@m_torsjf@ag indigaties 202. [238] of tM@thrh& Qiﬁemroc%smWOﬁlF@‘Iag
sao_on_fla |nd|cates Ye |s 55172), the . r| ic_codin Iun| |tch s the coding
method t @ﬁ%@&?%ﬂ ﬁccc,%%l'iﬂg (%@i mhra%\fhélofﬁ% yﬁa%ér%ﬁ H:eCOdlﬁbglg used
throughowabg_srﬁf@eq_srgmw@&tme of the edge offset as well. In this case,

the offset value % sign sao_offset_sign is coded in Step $5180.

10  [0249]

Further in this case, in Step $5180, the offset absolute value
sao_offset and the offset value %= sign sao_coffset_sign may be
integrated and coded as an offset value. |
[0250]

15 FIG. 38 is a flowchart which shows an example of the decoding
of the offset information based on a combination of the types of the
arithmetic decoding illustrated in FIG. 36A, which is performed by
the offset information decoding unit 606.

[0251]

20 First, upon starting of the processing performed by the offset
information decoding unit 606, the arithmetic decoding control unit
6061 sets the context arithmetic decoding as a decoding method
(56160).

[0252]

25 Then, the context arithmetic decoding unit 6062 loads a
context for the offset processing ON/OFF flag sao_on_flag, and
decodes the offset processing ON/OFF flag sac_on_flag using the
context (56161).

[0253]

30 Next, the arithmetic decoding control unit 6061 determines
whether or not the offset processing ON/OFF flag sao_on_flag
indicates 1 (56162). Here, when the sac_on_flag is 0, it indicates
that the offset processing is not to be performed on the target region
to be processed, and when the sao_on_flag is 1, it indicates that the

35 offset processing is to be performed on the target region.
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[0236] Next, the arithmetic coding control unit 5071 determines whether or not the target region is
positioned at the left end of a slice 30or a tile (55174). The offset information is copied only from a
region in ﬁasg%ge slice and the same tile. For that reason, the above-described determination is
performed pfi the coding of the left offset information copy flag sao merge_left_flag. [0237] 35In

the case where thigdargetwegion ishwot @fﬁt@ﬂeﬁ@@b@mﬂ iy - %/@Wﬂ,at%e @ygglsg?gsﬁ_r_igtgggg]cvvh
coding unjt 5073 codes left offset information ¢ ag sap_merge_left flag 75). en
the target FEIOR 16 DaoHiG R S B bt S B F D RSTRE B Pt
sao_mergewlitthtag (354 78k toel aithmeticroodingocateol oipiy 561 @ﬁt&mﬂ@@ﬁ:waﬁ@@ﬁﬂﬁ@fot the
sao_mer t_flag is 0,(55176), Here, the sao_merge_left . flag being O indicates that the offset
inforrg]atigﬁ%lé’e i’[lgit%sdpied\ﬁ?éﬁ7 thﬁlé?t’ regib%, tﬂ@%a@f?&@@ﬁéﬂ_ﬁgegcﬁ’&ch@gl 1Gindicités that the
offset informatiog soeapigudfremiibe dafenegide 0238 stdpis.to be noted that, when the coding of
the sao l r%%__{jft_ﬂag (S5175) is not performed, a value of the sao_merge_left_flag does not exist.

, e

In this ca alue of the 15 sao_merge_left flag is processed as 0. In addition, the offset
information codingienit 5Ghmayrseune b mereaydon the sadrolengaitet ey at dhe timenefstarting a

process. o6& K1'RYUHE GlPB40 NS Y B M0 BPIgRe ik e dra g ves

10  or a tile (56164). The offset information is copied only from a
region in the same slice and the same tile. For that reason, the
above-described determination is performed prior to the decoding of
the left offset information copy flag sao_merge_left_flag.

[0256] .

15 When the target region is not positioned at the left end (No in
56164), the bypass arithmetic decoding unit 6063 decodes the left
offset information copy flag sao_merge_left_flag (S6165).

[0257]

When the target region is positioned at the left end (Yes in

20 56164) or subsequently to the decoding of the sao_merge_left_flag
(56165), the arithmetic decoding control unit 6061 determines
whether or not the sao_merge_left_flag is 0 (56166). Here, the
sao_merge_left_flag being 0 indicates that the offset information is
not copied from the left region, and the sao_merge left_flag being 1

25 indicates that the offset information is copied from the left region.
[0258]

It is to be noted that, when the decoding of the
sao_merge_left_flag (56165) is not performed, a value of the
sao_merge_left_flag does not exist. In this case, the value of the

30 sao_merge_left_flag is processed as 0. In addition, the offset
information decoding uhit 606 may secure a memory for
sac_merge_left_flag at the time of starting a process, and set an
initial value 0.

[0259]
35 Next, when sao_merge_left_flag indicates 0 (Yes is $6166),
-50 .



the arithmetic coding control unit 5071 determines whether or not the target region is positioned at the
upper end of a slice ora tiIe (55177). Since the offset information is copied only from a region in the
same slicg and. i |n é"e as,with the g tﬁrmln fth 5 leftend (5 17? the

above-de Qr?bg(g %CHEWOHHQ o‘r“EB ‘f:"ﬁ@ Et'ﬂﬁ)se E P &tdn copy
flag sao rtieegéalug eftage@Zﬁi];m et bism et tié mngpﬁ:reglcm‘nig it at thecepper antli@o 30in

55177), t arit metlc [ nit 5073 cod sthe upper .offset information copy fla
sao merg@%ypfa?z 5 19§)e ﬁ%ﬁ?n IEn ﬂfgfﬂbae ’Perb' ?Bb@ ié’ { & @pﬁ@gi%??es in
55177) orthubseguentyitetencbding oétsa sae_tilergs u\ptﬂagi%(&éta’é&nﬂnmardihnm’tltmedlﬂg
contrgl unj h r ot th is 0 (55179).Here, the
sao %ergleé ?gpelﬂ §%§1§%%‘ dl%g‘;%s %tﬁe% ég{ 90%%}5 ﬁ%b§ lelsro%etr éjﬁgb%%region,
and the smlmerg@ deefIac@;Ebmntg rigndi€atésethattbe offséf seformatmmis Capie dcogny tiéaugpper
Sregion. E%%%?’]mer(ﬁ% 1}9 é—:-d that, when coding of the sao_merge_up_flag (55178) is not

he

performed, a'valué fge_up_flag does not exist. In this case, the value of the
sao_mergd) 2pOffag is 10 processed as 0. In addition, the offset information coding unit 507 may

Se‘fggi j} memory\iph e FARIRHE: YR 1a% AL NMHIMR LIS BHING & PSP BT S8l g lgial value

10 in 56167), the bypass arithmetic decoding unit 6063 decodes the
upper offset information copy flag sao_merge_left_flag (56168).
[0261]

When the target region is position'ed at the upper end (Yes in
56167 or subsequently to the decoding of the sao_merge_up_ flag

15 (56168), the arithmetic decoding control unit 6061 determines
whether or not the sao_merge_up_flag is 0 (56169). Here, the
sao_merdge_up_flag being 0 indicates that the offset information is
not copied from the upper region, and the sao_merge_up_flag being
1 indicates that the offset information is copied from the upper

20  region.

[0262]

It is to be noted that, when the decoding of the
sao_merge_up_flag (56168) is not performed, a value of the
sao_merge_up_flag does not exist. In this case, the value of the

25 sao_merdge_up_flag is processed as 0. In addition, the offset
information decoding unit 606 may secure a memory for
sao_merge_up_flag at the time of starting a process, and set an
initial value 0.

[0263]

30 Next, when sao_merge_up_flag indicates 0 (Yes in $6169),
the bypass arithmetic decoding unit 6063 decodes the pixel
classifying method sao_type_idx and the offset absolute value
sao_offset (S56170). Here, in this embodiment, the number of
offset absolute values sao_offset is four in any of the pixel classifying

35 methods. However, the bypass arithmetic decoding unit 6063 may
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Next, when sao_merge_up_flag indicates O (Yes in 55179), 15 the bypass arithmetic coding unit 5073
codes the pixel classifying method sao_type_idx and the offset absolute value sao_offset (55180).
Here, in this embodiment,.the number, of offset absolute values sao. offset is_four in of the pixel
classifyingd %%%%%%o%ﬁ&&ttﬁrgﬁ%g Eé’rﬁm?éii (,f})'&ﬁgawﬁt %b@% Fﬁwc‘&@Hf@agt Ofé)orsolute
values whichcireoditfeeentimaiundbes foy eagmoé tiepizel classifying methods. [0245] Next, the
arithmetic control unit 5071 determines whether or not the pixel classifying method is the band
offset 25(& %Here, the arithmetic coding control unit 5071 uses the pixel classifying method

saotype_idx for thEromterriiratmnitf0edstic dérdisrexaomptdribie bant 6ffset isdallasatethwith 0 as a
valug.of s e jdx, Fo t reason, the arithmetic.coding contro] unit 30 5071 determipes, that the
pixe%:lasﬁ?ﬁ%%n%gh%g ié @% éﬁ%d gf}éﬁwé{eansgﬁ _it%e_'?&%g@, and tstg}(?hebﬁ&é cnyféﬁﬁng
method is(ixth thelhandibéfset when seidhtypetidxdisaot {0242 trol un VB 6theupirel tlagsifying
method is fset (Yes | 55181), the bypass arithmetic, codi nit 5073, codes the offset -
57 - valu E%%@go%oﬁlﬁgm%ﬁ fgitggéné%o%sﬁ egdfh%xsrtg?trc%%éeg r%/%;%gfﬁgﬁai_%gsition (55182).
[0248] It i$ @26& hoted that, in this embodiment, the bypass 5 arithmetic coding unit 5073 codes the

i oo FLVAEL AR s e g e PR e
In thig cas¥, ths ffseovalye siga sao_dffset tigh iseadedin Shep SH180mMetic decoding
control unit 6061 determines that the pixel classifying method is the
band offset when the sao_type_idx is 0, and that the pixel classifying
method is not the band offset when the sao_type_idx is not 0.
[0266]

15 When the pixel classifying method is the band offset (Yes in
56171), the bypass arithmetic decoding unit 6063 decodes the offset
value =+ sign sao_offset_sign and the band offset coding start
category sao_band_position (56172).

[0267]

20 It is to be noted that, according to this embodiment, the
bypass arithmetic decoding unit 6063 decodes the offset value % sign
sao_offset_sign only in the case of the band offset. However, the
bypass arithmetic decoding unit 6063 may decode the offset value =+
sign sao_offset_sign in the case of the edge offset as well. In this

25 case, the offset value =+ sign sac offset_sign is decoded in Step
56170.

[0268]
Further in this case, in Step 56170, the offset absolute value
sao_offset and the offset value + sign sao_offset_sign may be

30 integrated and decoded as an offset value.
[0269]
As described above, the bypass arithmetic coding and the
bypass arithmetic decoding are used in the coding and the decoding
of all of the offset information items other than the offset processing

35 ON/OFF fiag sao_on_flag that is positioned at the top. This
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10[0249] Further in this case, in Step 55180, the offset absolute value sao_offset and the offset
value sign sao_offset_sign may be integrated and coded as an offset value. [0250] 15FIG. 38 is a

flowchart which shows an example of the decoding of the. offset information based on a combination of
the types of the %?lfﬁi e%ﬁedgc%%)#éggﬂf‘uﬁp e'ﬂt???ﬁ}?gé&? HndhRE 5%%6?@’&%}'&1% Hffstd ©
informatiotietenddirg uajt 5862 {0251 80Risidupen dtanipg ot éhequadessing rartormge dydhe offset
informati Ing unit 6086, the arithmetic decoding cpntrol unit 6061 sets the context arithmetic
decodingags"({i §ﬁ§a%)or%hé[ }r]nee?ﬁgﬁo(é% g&t [5:2%5] %%Qﬁg% ; the context arithmetic decoding unit 6062
loads a cdritext @dr the offset processing ON/OFF flag sao_onflag, and decodes the offset processing

oot b e A B e A RZE e L e Sea ol
(56162). Herg'whdhBhésadaord dag i€ feit indRiates)thatghe nffsds jirotessinges fittriedrecperformed
gpotche(-:‘s ;?r:%%tscrip%qeﬂ égr Oer rﬁ{e%c%%sﬁe]% @rrég é\{};fgi%glrﬂi-e?g T-o[r(1) _2fl5<';14% is 1, it indicates that the 35 offset
[0271]
In FIG. 36C, Configuration indicates coding parameter setting
10 conditions. BD-rate indicates an objective index calculated from a
peak signal-to-noise ratio (PSNR) of a reconstructed image and a
code amount of a coded stream. A negative BD-rate indicates
improvement in the objective performance, and a positi\)e BD-rate
indicates deterioration in the objective performance. It is to be
15 noted that BD-rate in FIG. 36C indicates improvement or
deterioration in the objective performance according to the example
of FIG. 36A based on comparison with Embodiment 1.
[0272]
As illustrated in FIG. 36C, the BD-rate fails within a range of
20 £0.1. This indicates that the objective performance according to
the example of FIG. 36A is substantially equivalent to the objective
performance of Embodiment 1. This means that there is little
deterioration in the objective performance and that the throughput
has been improved in the example of FIG. 36A.
25 [0273]

F1G. 39A illustrates allocation of contexts (context indices) to
the offset information items according to the third example of this
embodiment, and a type of the arithmetic coding used in each syntax
element of the offset information items.

30 {0274]

In this example, in comparison with FIG. 36A, the context
arithmetic coding is used for the left offset information copy flag
sao_merge_left_flag and the upper offset information copy flag
sao_merge_up_flag. The syntaxes for the coding and the decoding

35 of the offset information are the same as the syntaxes in
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Next, when the offset processing ON/OFF flag sao_on_flag indicates 1 (Yes is 56162), the arithmetic
decoding control unit 6061 switches the decoding method to the bypass arithmetic decoding

5(56163).With thi them arithmetic decoding is.ysed thr :}Jr%j;o the subsequent decoding steps.
[0255] g(ln% t?ﬁs‘uig}ﬁ‘i tfﬁﬁgtgn%ﬁéfc%t I hi?%gxé}fja e% T eg ether or not the target region
is positiongd Y Fe left end of a slice 10or a tile (56164). The offset information is copied only from a

ion in th li d ile, For th . th -d ibed d
petiormed prior o (S BLdBe U1 he A SR ol B Bop T el wIge iR AR {0556

15When the tasget regiorflisgot pesitionmesi-atthédeft era(No imbb 168 othmleyrass @pithitetic
decoding unit 6 od e offset information ¢ flag sao_merge_left flag (56165). [0257]
Whergl) theggr%ne@?egge?gr% i% gg‘s%:igrﬁ% %ﬁﬁ‘?‘%ﬁ g}%{)(@gﬁ% @5’0rs%e egﬁg tlf/%{"i’%ﬁé'?decoding
of the saotineergenietix tiag (66 168} the adithmelic deeaatiiogtpnfcol whit 686D detetminasivdvgther or

' . . . [ ingli hat th
ofset ol ARO[ dol caGH TG NG Rt G 21 he g oo Jek g baiil T35 bicates

that the offsesisifiormagion isaddied frsmﬁbyigfemginn. [D268] thdt isso theaupteththat offsext the
Gocons BRI AL o R L R Ak e BRI
offskbinfobmativitsretddimy unittbos mdy iseoued rat misvitogy o e samd imey g fiefte flay &t tik tinee of
starting a pogeRsnrt Sef anwyiiahvalue i dB7Rsl

[0276]

The offset processing ON/OFF flag sao_on_flag and the pixel
classifying method sao_type_idx may be allocated with bits as shown

15 in FIG. 26 or in FIG. 36B.
[0277]

In the example shown in FIG. 28B, the offset value + sign
sao_offset_sign and the band offset coding start category
sao_band_ position are consecutively coded (decoded) in order to

20 suppress the number of conditional branches corresponding to if
statements. However, the order of coding {(decoding) is not limited
to the example shown in FIG. 28B.

[0278]

In addition, in the example of FIG. 39A, the context is used for

25 the offset processing ON/OFF flag sao_on_flag, the left offset
information copy flag sao_merge_left_flag, and the upper offset
information copy flag sao_merge_up_flag. The context used for
these flags may be shared between the luma signal, the chroma
signal Cb and the chroma signal Cr. With this, it is possible to

30 reduce the number of contexts and the memory size.

[0279]

In addition, the image coding apparatus may use a different
context for each of the luma signal, the chroma signal Cb and the
chroma signal Cr, or may share the same context between the

35 chroma signals Cb and Cr. With this, the image coding apparatus
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35Next, when sao_merge_left_flag indicates O (Yes is 56166), - 59 - the arithmetic decoding control
unit 6061 determines whether or not the target region is positioned at the upper end of a slice or a tile

S6167). Since the gffset information js copied only f ion in th lice and in th til
2 with G BB oF AabE8) & SHbJE AL AbLE ARiEHir ok S pEABRmed prir

to the decadiag®fthe wperofifsat infotmationsdmofag bask erasoeigpafiag. [0260] When the target
region is (Q% iéioned at the upper end (No 10in 56167), the bypass arithmetic decoding unit 6063
decodes ;L %Q r offset information copy flag sao_merge_left_flag (56168). [0261] When the

target region is paSh{®nétas the appes lendv(Yiehirshol6Z errsulishaciantdy petife derading %ffthe
sao_mer p.flag 15 (56168), the arithmetic decoding control unit 6061 determines whether or not
the s o_r%%%efﬁ%gﬁgg ?ic%%{é‘éle@? Q—?Jr%r?ﬁe & é)mtg?&e_'lﬂﬂf@aeg 6%?&? 'iﬂ@icﬁ@?%‘éﬁﬁf{é offset

informatiomds cod frogied fidre the appela egionwandthElsho 3Bdrge FIG flRH@ish b indicates that the
e T e D e e L R e e g coes
not exist. tf this tases the valld ofzhe 25lsao deéejés upfilatiis prodestedasie additorghe offset
e S T SR TIPSO sl s Jope onno
56169), tHdB\yphss arithmetic decoding unit 6063 decodes the pixel classifying method sao_type_idx
hecne s s R O R o L DS o
arithmeticadésedininiiniteae3donaypased on a combination of the types of the
arithmetic coding iilustrated in FIG. 39A, which is performed by the
offset information coding unit 507.

15 [0282]

First, upon starting of processing by the offset information
coding unit 507, the arithmetic coding control unit 5071 sets the
context arithmetic coding as the coding method (55270).

[0283] |

20 Then, the context arithmetic coding unit 5072 loads a context
for the offset processing ON/OFF flag sao_on_flag, and codes the
offset processing ON/OFF flag sao_on_flag using the context
(55271).

[0284]

25 Next, the arithmetic coding control unit 5071 determines
whether or not the offset processing ON/OFF flag sao_on_flag
indicates 1 (55272). Here, it indicates that the offset processing is
not to be performed on the target region to be processed when the
sao_on_flag indicates 0, and it indicates that the offset processing is

30 to be performed on the target region when the sao_on_flag indicates
1.

[0285]

When the offset processing ON/OFF flag sao_on_flag indicates

1 (Yes is $5272), the arithmetic coding control unit 5071 determines

35 whether or not the target region is positioned at the left end of a slice
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- 60 - decode the offset absolute values which are different in number for each of the pixel classifying
methods. [0264] Then, the arithmetic decoding control unit 6061 determines Swhether or not the pixel

classifyin had i ffset.(561 ere, the arithmetic decoding.control unit 6061 uses the
pixel clasg)lgier%g %e hg‘;} igzgag'_tyer’)i&?dngﬁest e égfg%rpn% ion. [(EGEPIW S Qﬁ%p@(}t% fand offset
is allocatetb@ithi0 & & halusaldef thE caoca typet ix. Barrthat tdasonfthe anthmetia sieegdirfgecontrol

unit 6061 rmit £ pj ity ethod | ffset when the sao idx is O,
and that trc?eB tﬁﬁ‘fg ﬁgggﬁ}%%%mgﬁé%@?\%&%%&#d g#zé%'ﬁ‘é%rﬁr%éaﬂ%&ﬁ in %&%266]
15When thef piséf skissiymgniethod isothy Hing cftset (Mes ge56471)fihg bypass arithmetic decoding
unit 6063 5 the offset value sign sao_offset_sign and the band offset coding start category
sao_band_ position (56172). [0267] 20lt is to be noted that, according to this embodiment, the bypass

arithmetic decodiny lu@in 6063 tRogdés ¢ offskst veldien i isaue dffsetIsig hedile ndhE\mase of the
T e BRI e LS e LRk oo
sao_offsekhgightittdecbaet imSwprsaiqo. eeg] flag sao_merge_left_flag.  Then,
the context arithmetic coding unit 5072 codes the left offset
10 information copy flag sao_merge_left_flag (55274).
[0287]
When the target region is positioned at the left end (Yes in
55273) or subsequently to the coding of the sao_merge_left_flag
(55274), the arithmetic coding confrol unit 5071 determines whether

15 or not the sao_merge_left flag is 0 (S5275). Here, the
sao_merge_left_flag being 0 indicates that the offset information is
not copied from the feft region, and the sao_merge_left flag being 1
indicates that the offset information is copied from the left region.
[0288]

20 It is to be noted that, when the coding of the
sao_merge_left_flag (55274) is not performed, a value of the
sao_merge left_flag does not exist. In this case, the value of the
sao_merge_ left_flag is processed as 0. In addition, the offset
information coding unit 507 may secure a memory for the

25 sao_merge_left_flag at the time of starting a process, and set an
initial value 0.

[0289]
Next, when the sao_merge_left_flag indicates 0 (Yes is §5275),
the arithmetic coding control unit 5071 determines whether or not

30 the target region is positioned at the upper end of a slice or a tile
(55276). Since the offset information is copied only from a region in
the same slice and in the same tile as with the determination of the
left end (S5273), the above-described determination is performed
prior to the coding of the upper offset information copy flag

35 sao_merge_up_filag.
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Further in this case, in Step 56170, the offset absolute value sao_offset and the offset value sign
sao_offset_sign may be 30integrated and decoded as an offset value. [0269] As described above,
the bypasi ﬁgtgoaftic coding and the bypass arithmetic decoding are used in the coding and the
decoding I"of the offset information items other than the offset processing 350N/OFF flag

sag_?ln__flag that is\tesiticires B4 t@@t?pe?tsréak gﬁllfnm@é@ﬁ Hreceed fﬁméh@Tpﬂﬁ@@feeG@@liéom%pparﬁtus
and the Ima ng aratus to loa na update contexts ever re. erefore, the t roug put
o rovel v B e e oroh o B Cacl O Cantne Soadied et e
standard (fee Nl 2)uppan objfetie peftarmantemacearging foat@% exampiaehelGy g%-a{@ﬂl] In
FIG. 36C, Configuration indicates coding parameter settin nditions. BD-rate indicates an

oo T e e O A TS A S (iR ek Pstand a
code amoinfof @ atited siogamfia gegatverBidgatedndicties (BIRYSMent in the objective

performan@%a positive BD-rate indicates deterioration in the objective performance. It is to be 15
noted that 'BD- in FIG. 36C indicates improvement or deterioration in the objective performance

according to the eXéinpte tf €16 36At basgib onisoppsiison adtreE robedimerd A AA72YAs illustrated

ccorcing B0 ShatiplS 0P B LA sdBettafafy? SUNaln: (o By tlcs Beroletdor -
Embddimdrs 32 7R, mbana ithdt the téd it ende teviotatid ru ini ths @Bje ctivecperfommane e @tiddhat the
throughpughas bsen improved in e AMRIE Ot HG 3RA o (s5278).  Here, the
sao_merge_up_flag being 0 indicates that the offset information is
not copied from the upper region, and the sao_merge_up_flag being

1 indicates that the offset information is copied from the upper

15 region.

- [0292]

It is to be noted that, when the coding of the
sao_merge_up_flag (55277) is not performed, a value of the
sao_merge_up_flag does not exist. In this case, the value of the

20 sao_merge_up_flag is processed as 0. In addition, the offset
information coding unit 507 may secure a memory for ther
sao_merge_up_flag at the time of starting a process, and set an
initial value 0.

[0293]

25 Next, when the sac_merge_up_flag indicates 0 (Yes is $5278),
the arithmetic coding control unit 5071 switches the coding method
to the bypass arithmetic coding (55279). With this, the bypass
arithmetic coding is used throughout the subsequent coding steps.
[0294]

30 Next, the bypass arithmetic coding unit 5073 codes the pixel
classifying method sao_type_idx and the offset absolute value
sao_offset (55280). Here, in this embodiment, the number of offset
absolute values sao_offset is four in any of the pixel classifying
methods. However, the bypass arithmetic coding unit 5073 may

35 code offset absolute values which are different in number for each of
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25 [0273] FIG. 39A illustrates allocation of contexts (context indices) to the offset information
items according to the third example of this embodiment, and a type of the arithmetic coding used in
each syntax element of the offset informatign items. 30 [0274] In this example, in comparison with

FIG. 36A, 118 QURRLCARERHP Bobied OGSd for the left offset information copy flag

sao_mergg) fEdts flag and the upper offset information copy flag sao_merge_up_flag. The syntaxes for
the coding and the decoding 35 of the offset information are the same as the syntaxes in - 62 -

Embodiment 2 ill$f&fed MBI DERATRSHEIC Y8E G0 £ trol THEH isxirbhg ERRAE) e symbol
occurrencg pectyadility in san;_arm dlagised_mergsirigfh dlaen anf sao_imerge ueafirg, Brampared to
the oéher gg%égﬁrmﬁon itemg\. For that reason, thﬁ_contgxt grithmetic_ codin _ is used Qn_ly for the
abové-de ree &JS akd théh Hih FRECD YIS el %Ft@pﬂkl%’?&%l% method
sao_type pixeind thes Huylisepuaribifsetdaiormatien iemsoWith &higethe- imaagteeding apparatus can

code 10thg 85 information while maintaining the coding efficiency and the throughput in a balanced
manner. [ 9 The offset processing ON/OFF flag sao_on_flag and the pixel classifying

method sao_typel idxmeysheaafipdatedhvith bitglasfsbewnsl 5in ddet@8 ovithFiGa 368 821 ¢ In
the example shown in FIG. ZSB,I;he ggs t value sign sao offset stic?n and the band offset coding start
category ga?os_%gngzﬁt?ghigﬁ( are'cdh Ve[ Tode EeQBbt&H} T OFIEPRI DY SHpTESS HidThumber of

contifiond} Orahcheszcorasperidiag tchié stateneritss Howeneibe vrden ofterding fdeedding) is not

limited to %Uﬁee%aé“ Ai?@g\évﬂiigxﬂi(s;'&?%hd that the pixel classifying method is not
the band offset when sao_type_idx is not Q.
r0297]

When the pixel classifying method is the band offset (Yes in

15 55281), the bypass arithmetic coding unit 5073 codes the offset
value =+ sign sao_offset_sign and the band offset coding start
category sao_band_position (55282).

[0298]

It is to be noted that, in this embodiment, the bypass

20 arithmetic coding unit 5073 codes the offset value =+ sign
sao_offset_sign only in the case of the band offset. However, the
bypass arithmetic coding unit 5073 may code the offset value * sign
sao_offset_sign in the case of the edge offset as well.  In this case,
the offset value + sign sao_offset_sign is coded in Step $5280.

25  [0299]

Further in this case, in Step S5280, the offset absclute value
sao_offset and the offset value % sign sao_offset_sign may be
integrated and coded as an offset value.

[0300]

30 FIG. 41 is a flowchart which shows an example of decoding the
offset information based on a combination of the types of the
arithmetic decoding illustrated in FIG. 39A, which is performed by
the offset information decoding unit 606.

[0301]
35 First, upon starting of the processing by the offset information
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[0278] In addition, in the example of FIG. 39A, the context is used for 25 the offset processing ON/OFF
flag sao_on_flag, the left offset information copy flag sao_merge_left_flag, and the upper offset
information copy flag sao_merge_up_flag, The context used for these flags maq%)e shared between

the luma S§7A AT KRG LRnENE R AHTMELH SHRE QGNP EL R k8 Ik RMHodsisté3dRE reduce

the numbepefreortextst ARd dRR-MerRMeNY iFigeald 2y e codmapdition the BAEBAHing apparatus may
use a diffzrent context for each of the luma signal, the chroma signal Cb and the chroma signal Cr, or

may shar B e context between the 35 chroma signals Cb and Cr. With this, the image coding
apparatus -63- carnirthet fraprove the codirig iefficiencyompaied to the: cagawhers dlas same

context is used for all of the signals. [0280] FIG. 39B is_a tahl ich shows an objective performance
015 e MG BBt Ao Aa R S TGS T Y A at 2 S g o A8 xafibfe shown
in FIG. 3% £H(dc39& ishowsithat theteriedisiia gle(@Ng@ten flethe sbiective pritprmeaneg, bhsed on the
index in NPL %51 The %[eégglo)f the objective performance corresponding to the example of FIG. 39A will
be descritE et £ ]j ' FIG. 40 is a flowchart illustrating an example of coding of the offset
informatiofO338d on a combination of the types of the arithmetic coding illustrated in FIG. 39A, which

N b g i e S I S e

arithdeticehditigeas the cndingtmethod&S270)-4e283ling ON/OFF flag sao_on_flag
indicates 1 (5§6262). Here, it indicates that the offset processing is
not to be performed on the target region to be processed when the
sao_onjiag indicates 0, and it indicates that the offset proceséing is
to be performed on the target region when the sac_on_flag indicates

15 1.

[0304]

Next, when sao_on_flag indicates 1 (Yes is $6262), the
arithmetic decoding control unit 6061 determines whether or not the
target region is positioned at the left end of a slice or a tile (56263).

20 The offset information is copied only from a region in the same slice
and the same tile. For that reason, the above-described
determination is performed prior to the decoding of the left offset
information copy flag sao_merge_left_flag.

[G305]

25 When the target region is not positioned at the left end (No in
56263), the context arithmetic decoding unit 6062 loads a context
for the left offset information copy flag sao_merge_left_flag. Then,
the context arithmetic decoding unit 6062 decodes the left offset
information copy flag sao_merge_left_flag (56264).

30 [0306]

When the target region is positioned at the left end (Yes in
S6263) or subsequently to decoding of the sao_merge_left flag
(S6264), the arithmetic decoding control unit 6061 determines
whether or not the sac_merge_left_flag is 0 (56265). Here, the

35 sao_merge_left _flag being 0 indicates that the offset information is
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20Then, the context arithmetic coding unit 5072 loads a context for the offset processing ON/OFF flag
sao_on_flag, and codes the offset processing ON/OFF flag sao_onflag using the context (S5271).

[0284] 25Next, the arithmetic codi g ontro| unit 507dl etermines whether or not the offset processing
ON/OFF flag's58 Pdh¢ Igéji%i%?el f%(g%?é’)r? HER it HaiE A s Er P8 -offdt Hr8ge8%5h8%s hot to be

performed rogditet gt segivreto bis pronetsechwhirmthe sasp enflagdndicaies @ fane: ingicates that
the offset rﬁ@%pﬁéj;ng is 30 to be performed on the target region when the sao_on_flag indicates 1.
[0285] W t ffset processing ON/OFF flag sao_onflag indicates 1 (Yes is 55272), the

arithmetic coding Eontreg unitS07 Ihdetermintesi3swvitiether onviokthe tafgeyeen is pesitighed at the
left end of a slice - 64 - qr a tile (552 ffset information is copied only from a region in the
sameg slic8 %%dmg E%rengﬁﬁet gha@éi%%, th&Sabld0é-dRELiBEE FternfinalitR p&folti&d prior to
coding of geleftaftapt infefmdting abpy flagsae xiwtrge IafttAtg.H@286the Walhes e tayget region
IS not positione the left end.(No in 55273), the context arithmetic coding unit 5072 loads a context
for the Iefg (ﬁ‘?seﬁ E%at[i%ﬁtc%é@gﬂabs sa%r_ g@%ﬁéﬂfﬁaE{ The ?th@féh‘i@(flari etﬁ%afgﬁﬁjr'ng unit
5072 codésitherteéittiset Iinforhiation nopy flagldo_merge_tefc flag (522740 4088¢)y  fd¥hen the
target regjon s itione the left end (Yes.in 55273) or subsequently to the coding of the
sao_merggg%]?eﬁﬁﬁgggﬁg‘gg%rﬁae rﬁi?r%eﬁlec iémr?g %f;\)?f il %g% 1RIé gﬁr%ﬁésqﬁﬁetﬁﬁ 1%"br not the
saol bhergeniféf! flamlise0 §55275). Here, the sao_merge_left_flag being 0 indicates that the offset
informatiowé G%r:]copied from the left region, and the sao_merge_left_flag being 1 indicates that the
matio

offset info is copied from the left region. [0288]
Next, when sao_merge_left_flag indicates 0 (Yes is $6265),

the arithmetic decoding control unit 6061 determines whether or not
the target region is positioned at the upper end of a slice or a tile

15 (56266). Since the offset information is copied only from a region in
the same slice and in the same tile as with the determination of the
left end (56263), the above-described determination is performed
prior to the decoding of the upper offset information copy flag
sao_merge_up_flag.

20 [0309]

When the target region is not positioned at the upper end (No
in 56266), the context arithmetic decoding unit 6062 loads a context
for the upper offset information copy flag sao_merge_up_flag.
Then, the context arithmetic decoding unit 6062 decodes the upper

25 offset information copy flag sao_merge_up_flag (56267).
f0310]

When the target region is positioned at the upper end (Yes in
S6266) or subsequently to the decoding of the sao_merge_up_flag
(56267), the arithmetic decoding control unit 6061 determines

30 whether or not the sac_merge_up_flag is 0 (56268). Here, the
sao_merge_up_flag being O indicates that the offset information is
not copied from the upper region, and the sao_merge_up_flag being
1 indicates that the offset information is copied from the upper
region.

35 [0311]

- 69 -



20lt is to be noted that, when the coding of the sao_merge_left_flag (55274) is not performed, a value
of the sao_merge_left_flag does not exist. In this case, the value of the sao_merge_left_flag is

processed as 0. In addition, the pffset informatipn coding ynit 507 may secure a memaory far the 25
sao_merge_left_frlié% aﬁhetiﬁne %?stamtﬂjf&g prgggsts, ar%ﬁsee? anzifﬁﬁial 55158 %[.'T(S}Z&ﬂfr tﬁ@xt, when
the sao_nserge_rtedtr flag indictiteg 0 (¥6265p27%), titet anthmfeticicoding gonteglumit 507 tigletermines
whether or not 30 the target region is positioned at the upper end of a slice or a tile (55276). Since the
offset info#r%gti"orﬁq ?asr:g}oépi1e%drJ oﬁ%ﬁoﬁoge?ed]g ify tHe tSa S# Sar%aﬁwethet gm\éaﬂllé%asqgi fhe
determinatian ofties teft enpl (5B2Y 3)sthe ralmyesdescalzedXdeterninativdiig parfotmed prifgdo the

coding of fset inf ion copy flag ao_merge _up_flag. [0290 When the target
regicr;ir%J is r@t? gﬁ%%?éj at t%%t%%ﬁ%nd%ﬁlé in 53)576)1'% co éo%lgf'?thn?eticré@dma "hit é@?z loads a
context fog &ée_uppmgefisepinfoagatidn tdopytagessant mesgéing_Hag. Hluerstheacortexd arimmetic
coding unf' ?{)lé% Q%q%%tlae upper offset information copy flag sao_merge_up_flag (55277). [0291]

When the target regionis positioned at the upper end (Yes in 55276) or subsequently to the coding of
the sao_nhérgé Aup _flag 10(55277), the arithmetic coding control unit 5071 determines whether or not

the sao_merge_u [ Her e g f ing 0.indi t the offset
information is not Fc{%%?egd ?ﬁéﬁ%@p&ﬁ%é%ﬂ@ﬂﬁé éﬁﬁ%ﬁ _f?ésgléjeigr%il%iggcéqgs that the
offsklinforidiion & bogled frdim the wpper 116 reididr) (02 $2¥ i t ch &tdstioch e aotedi thatpwdignotie coding

ofthe ii%gtﬁfgﬁggg%g%wﬂ%ééﬂet AETIMEY 7 488 8h e fARRMHRC YR30 faagnot exist
arithmetic decoding Is used throughout the subsequent decoding
steps.
[0313]

15 Next, the bypass arithmetic decoding unit 6063 decodes the
pixel classifying method sao_type_idx and the offset absolute value
sao_offset (56270). Here, in this embodiment, the number of offset
absolute values sao_offset is four in any of the pixel classifying
methods. However, the bypass arithmetic decoding unit 6063 may

20 decode offset absclute values which are different in number for each
of the pixel classifying methods.

[0314]
Then, the arithmetic decoding control unit 6061 determines
whether or not the pixel classifying method is the band offset

25 (56271). Here, the arithmetic decoding control unit 6061 uses the
pixel classifying method sao_type_idx for the determination.
[0315]

In this example, the band offset is allocated with 0 as a value
of sao_type_idx. For that reason, the arithmetic decoding control

30  unit 6061 determines that the pixel classifying method is the band
offset when sao_type_idx is 0, and that the pixel classifying method
is not the band offset when sao_type_idx is not 0.

[0316]
When the pixel classifying method is the band offset (Yes in

35 §56271), the bypass arithmetic decoding unit 6063 decodes the offset
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20 sao_merge_up_flag is processed as 0. In addition, the offset information coding unit 507 may
secure a memory for the sao_merge_up_flag at the time of starting a process, and set an initial value

0. [0293] 25Next, when the sao_merge_ up_flag indicates 0 (Yes is, 55278), the arithmetic coding
control unYtaE!Hﬁ s%vitéﬁgg th%%d%@?%ﬁ%@{g tAE! B@Sjﬁé‘% a %ﬂaetigzﬁ%(‘%ﬁg f@@iﬂ% \ﬁﬁﬁ’ﬂhis, the
bypass arithiesticrcoding ishesed throsghout EecsuPpgquent coding steps. [0294] 30Next, the bypass
arithmetic[%c%dé?}unit 5073 codes the pixel classifying method sao_type_idx and the offset absolute

t

value sao- 55280). Here, in this embodiment, the number of offset absolute values sao_offset is
four in any of the pixel<lassifyirg mettedis tHawever, thieibypasstasithimetictcoding uhit/pRE3 may 35

deoffset te.val hich di ' ber, for each of : 66 - the pixel ¢lassifying
metiods, SO008 0 Rente B Gl colig boR e TS0y TSl es hener or ok pixel
classifying atetloddde the lipndoofiget b (B5284a ddedd, tinmabthntisftoding cantelamik H0Miaises the
ixel classgifyi t t id th termination. [0296 this example, the band offset
s allocat et D 0 S UM br G dr R P B reaoh Ao Mt o ol

is allocated as a value of sao_type -~ rea e C unit 10
5071 deteriginesabatafies pixet odpsdifyiyemetisad df techantheffeéf veteasavetype_idr isiisand that

the pixel lassifyipg MeSRACks NAlithg Rand gffsel yhenRRR YRR BRI step
10 $6270.
[0318]

Further in this case, in Step 56270, the offset absolute value
sao_offset and the offset value % sign sao_offset_sign may be
integrated and decoded as an offset value.

15 [0319]

As described above, the bypass arithmetic coding (decoding)
is used for the coding (decoding) of all of the parameters following
the top three parameters of the offset processing ON/OFF flag
sao_on_flag, the left offset information copy flag

20 sao_merge_left_flag, and the upper offset information copy flag
sao_merge_up_flag. This eliminates the need for the image coding
apparatus and the image decoding apparatus to load and update
contexts everywhere, Therefore, the throughput is improved.
[0320]

25 FIG. 39B illustrates a result based on test conditions specified
in the HEVC standard (see NPL 2) as an objective performance
according to the example of FIG. 39A.

[0321]

In FIG. 39B, Configuration indicates coding parameter setting

30 conditions. BD-rate indicates an objective index calculated from a
peak signal-to-noise ratio (PSNR) of a reconstructed image and a
code amount of a coded stream. A negative BD-rate indicates
improvement in the objective performance, and a positive BD-rate
indicates deterioration in the objective performance. It is to be

35 noted that BD-rate in FIG. 39B indicates improvement or
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When the pixel'classifying method is the band offset (Yes in 15 55281), the bypass arithmetic coding
unit 5073 codes the offset value sign sao_offset_sign and the band offset coding start category

band_position (55282). [0298] |t is to.be noted that, in this embodiment, the b 20 arithmetic
coaing unfl 6054 GHELC I bROA (Ate L e ISE206R iy SHE 8ee bF o KA Rt

However, ¢fieFiypaSHdjthrastitedingamipabSonay tode theh offeh waldel sign 5?10__0ff59t_3i9n in
the case qof g ?ge offset as well. In this case, the offset value sign sao_offset_sign is coded in Step
55280. 25 fé %% Further in this case, in Step S5280, the offset absolute value sao_offset and the

offset value sign Aaojldifsetatign mayFiGinBgyerhane Codedasran ofisetivialue. [030E OFIG. 1‘41his
T R e b i
decoding tinét €063 {0B0&] BB, UBOA startng of thet frtigessing \ayithetoffsettinfasmagiotive7 -
Cecong Ha A Nl Seroina et ik a0es sle e contp arimele dpeoding ae 2
the offset pederssing:@WORF flag sabjeatflag, pedfdecodestheanfset procdssingg@M@F Fsflag
sao_on_fiag Using-the; copfextdo828 e of F1G. 39A.
10 [0323]
FIG. 42 is a flowchart which shows an example of the feature
of the above-described coding, First, the context arithmetic coding
unit 5072 consecutively codes the first information and the second
information by the context arithmetic coding (S711). The context
15 arithmetic coding is an arithmetic coding which uses a variable
probability. The first information indicates whether or not to
perform, for the first region of an image, the sample adaptive offset
(SAQ) processing that is an offset processing on a pixel value. The
second information indicates whether or not to use, in the SAQO
20 processing for the first region, information of the SAO processing on
a region other than the first region.
10324]
For example, according to the example shown in FIG. 33, the
context arithmetic coding unit 5072 codes, as the first information, a
25 value of the initial bit in the bit string of the parameter indicating the
type of the SAQ processing for the first region,
[0325]
Next, the bypass arithmetic coding unit 5073, after the first
information and the second infarmation are coded, codes the other
30 information by the bypass arithmetic coding (5712). The bypass
arithmetic coding is an arithmetic coding which uses a fixed

probability. Other information is information on the SAO processing
for the first region and different from the first information or the
second information. In addition, the other information includes

35 third information indicating whether the SAQ processing for the first
-T2 -



[0303] Next, the arithmetic decoding control unit 6061 determines 10 whether or not the offset

processing ON/OFF flag sao_on_flag indicates 1 (56262). Here, it indicates that the offset processing

is not to be performe%{)n the tar %re ion to be processed when the sag on_flag indicates 0, and it

indicates IRATRR Gt PrBEiNG 15%b BE PEFORi: Bh HAGahgat ST SInBH OFE $368n_flag

indicates [1§3.76304] Next, when sao_onflag indicates 1 (Yes is 56262), the arithmetic decoding

control unit 6061 'Eietermines V\Ihether or not thgt target region is po%iﬂoned at the left end ?ﬁ{@a slice or a
t

tile (56263). 20 THE bfSsE INBHafS TR OB d-Bn fiofita FRGitn 7AY Batiefdi®e Same tile.
For that répgeasthe dbhvesdesaribathdetennirenios is pedfermed prion iy okl deceding nf theeft offset

inf ti fl left  flag. [0305] 25W, the t t region is pot itioned at the left
end (o I BLARSS 07 e Mt AR UERotng, (IEHsP bale itk B WiEIcRoRs
informationaoeoy #agsda diengm deftHfagtyihenpthe lceneAt@rithroetisdegdifitg- upi 806 2gtecodes
the left offset inf ion copy.flag sap merge, left flag (56264 0306 When.the target region
is %oesitigr{ieecgﬁfﬂernéﬁ%h%’g ei?] )%? s%%%\?gﬂﬁly ﬁdi@i%#{& BﬂlthE oLe%?Qe_Eiaé*r% flagg

(56264), thedadtimetihdebading adstedl anitit@cddipteofiines wheitherime actdhesiaoomeide, left_flag
is 0 (562 Here, the 35 sao_merge_left_flag being 0 indicates that the offset information is -68- not
copied front the left region, and the sao_merge_left_flag being 1 indicates that the offset information is
copi€d frdrd Bie/1éft region. [0307] It is to be noted that, when decoding of the 5 sao_merge_left_flag

e e s R o B I e ey
secure a mientiby faritsanee nBtge riéfe dlag attheitime of Bitaging Bh@ocasstard setdmmetic
decoding unit 6062 consecutively decodes the first information and
the second information by the context arithmetic decoding (S721).
15 The context arithmetic decoding is an arithmetic decoding which uses
a variable probability. The first information indicates whether or not
to perform, for the first region of an image, the sample adaptive
offset (SAQ) processing that is an offset processing on a pixel value,
The second information indicates whether or not to use, in the SAQ
20 processing for the first region, information of the SAC processing for
a region other than the first region.
[0328]
For example, according to the example shown in FIG, 33, the
context arithmetic decoding unit 6062 decodes, as the first
25 information, a value of the initial bit in the bit string of the parameter
indicating the type of the SAO processing for the first region, using
the context arithmetic decoding.
[0329]
Next, the bypass arithmetic decoding unit 6063, after the first
30 information and the second information are decoded, decodes other
information by the bypass arithmetic decoding (5722). The bypass
arithmetic decoding is an arithmetic decoding which uses a fixed
probability. Other information is information on the SAO processing
for the first region and different from the first information or the

35 second information. In addition, the other information includes the
73 -



10initial value 0. [0308] Next, when sao_merge_left_flag indicates O (Yes is 56265), the arithmetic
decoding control unit 6061 determines whether or not the target region is positioned at the upper end

of a slice or a tjle 56266). Sinc offset rmation is ied only from a re n in the same
Sice an HIES A TS A G B AT 67 e oo CRaF bt Eh e ed
determinationi srpésfaimeed dier oﬁﬂtetdp@o@elsﬂht@qnlmiﬁormﬁfeett mderorationy Cttp)aﬂ‘a@d ge
sao_mer 2 When the tar |s not po itioned at the r.end (No in
56250) e o H A HeRER A SO L S SRS 10 . Eee UL Abiation copy
flag sao_meRjedlip_flag. Then, the context anthmetlc decoding unit 6062 decodes the upper 25 offset
information copy flag sao_merge up_fla 0310 en the targe sitioned at
the r%per end (Y£§R Eé?éﬁ)og?sﬁ)%%%ﬁg % 8e%%5‘1%p [pgﬂsoa\g%%kfeﬁ% rgJfgg %3267), the
arithmeticidgoading aommhtﬁntcﬁomedetermgtesia@tw@tﬂ@ orghottheesmno_ mergehep flaig-is O
(56268). Here the 0, mer ein thatthe set infor nis ied from
the upper re{ lon, aﬁlé) fhe saoa % ﬂf&* )6% ﬁgﬁ 1 mo‘i}c‘%’elsgthit %Iié t Etl'b%cpféopled
from the wgipén gegrbhhéS;t(B‘]a]metentiisdodﬁntgemtedtywheoﬂlhed@ie@ngrofctleesrng for
sao_mer 2 7) is pot perfprme val he r Not exist. In this
e e U e pre e I B AR e e R AT e

case, the ue o 0_merge_up’_ ag is processe ition, t &0

declding lurt]t E@ﬂﬁcrmsemmeimneinmﬁstet saothergd gao dffiget the fiméoé starding @ @ro€ess, and
set an initj ?950 [0312] Next, when sao_merge_up_flag indicates O (Yes is 56268), the 10
arithmetic decoding control unit 6061 switches the decoding method to the bypass arithmetic decoding
(56269). \MixB $ild, the bypass arithmetic decoding is used throughout the subsequent decoding steps.

[0313] 15Next, thegbypagsanthimetis dacading ol BR839e5ode: M ation or the second
information may be coded first. Likewise, either the first

15 information or the second information may be decoded first,
However, it is possible to consecutively process the first information
and the third information which correspond to a single parameter, by
processing the second information earlier than the first information.
[0332]

20 In addition, the order of coding is an order in which
information is written into a coded stream as a sign (code), and the
order of decoding is an order in which a sign {(code) is read from a
coded stream as information. Thus, the order of coding and
decoding exemplified above with reference to the several diagrams

25 corresponds to the order of information in a coded stream. In
addition, the order of syntax elements exemplified above with
reference to several diagrams corresponds to the order of
information in a coded stream and to the order of coding and
decoding.

30 [0333]

In addition, the edge offset processing is, more specifically,
performed based on classification according to the edge. In addition,
the band offset processing is, more specifically, performed based on
classification according to the pixel value.

35 [0334]

- 74 -



pixel classifying method sao_type_idx and the offset absolute value sao_offset (56270). Here, in this
embodiment, the number of offset absolute values sao_offset is four in any of the pixel classifying

methods. However ass rlthmetlc decoding unit 6063 may 20 decode offset absolute values
which are dlffere arﬁj&if@r%r ShBAAE rﬁ%il %Qs@iﬂﬁlﬁf ﬁ%‘fﬁoﬁ%afb?ﬁ]a N 2RR&A3HLSarithmetic

decoding wdritrol p@tﬁﬂﬁﬁ@%@ﬂmlmﬁ%mﬂeﬁhﬁs@@@oﬁﬂlﬂ@ﬂﬂeﬁaﬂslwm mephodlisithehaad offset

25(56271% Here, the a 51I[thm(?rﬁlc decodin control unit %061 uses theé@clﬁs 2? gqthod

sao_type " Rﬁ f(spfﬂ%ed Glat TR Rﬁ‘:i%ﬁ’ US R8s ?;ﬁﬁb@pﬁér fotHtéd \ith 0 as a

value of san|yypé ddprBoetimt sersont tieadthmeticiedading@®intiel 36ounit 686 1rdetertnines that

the eI clas E%/Qi; lﬁebgod the band offset when sao_type_idx is 0, and that the pixel classifying
SAd E

met d iot e st% eﬁ‘gg’@ t? E Sfa%-is not 0. [0316] When the pixel classifying.
method i thg B&nd offset (Yes in 35 56271), the bypass arithmetic decoding unit 6063 decodes the

(56272), 10317 1A DR e o BRI € A1 By AP it oSy G 6063,
decodes the oftsetivatliensigh saa affsétiesigh aolgimdhercaseand emwbﬁmdwgbep ﬂdm&mnghe
e R e e B DS e R e
5627D. [0BAB] embodiment is capable of decoding an |mage wnth high
processing efficiency.
[0336]

Fach of the structural elements in each of the above-described

embodiments may be configured in the form of an exclusive
15 hardware product, or may be realized by executing a software

program suitable for the structural element. Each of the structurai

elements may be realized by means of a program executing unit,

such as a CPU and a processor, reading and executing the software

program recorded on a recording medium such as a hard disk or a
20 semiconductor memory.

[0337]

In other words, the image coding apparatus and the image
decoding apparatus inciude a control circuitry and a storage which is
electrically connected to the control circuitry (which is accessible

25 from the control circuitry). The control circuitry includes at least
one of the exclusive hardware product and the program executing:
unit. In addition, when the control circuitry includes the program
executing unit, the storage stores a software program that is
executed by the program executing unit.

30 [0338]

Here, software that accomplishes the image coding apparatus
according to each of the above-described embodiments is a program
a.s below.

[0339]

35 In other words, the program causes a computer to execute an
-75 -



Further in this case, in Step S6270, the offset absolute value sao_offset and the offset valu_e sign
sao_offset_sign may be integrated and decoded as an offset value. 15[0319] As described above,

the b ' [ ' ing).is. used for the coding (decoding) of all of the parameters
folloning 0 o0t FoS DAt o O 1 Sl G UASEing DUASEE Rt ke gt e Rhtortoe
informatio @apy Aalp20crane merpee gfc ddg, 4nd firs uppéo nﬁfwiémifoﬂmdimttmdgy\fhgath etj i
|s£limi el ing.apparatus and the image decoding
ppara I SRR N R e IS L S imEar Bdplovba 620)
25FIG. 3984aifiisirates anesulabasad dn(iébt&&mdhidrimépenﬁtddc’mnthed-HEa/tG}BjandB&}dr(?eed\dPL 2) as
fecti i t .3 03 n FIG..393. Canfiguration
cicaies o bolaielr AL B B S0 iR b4 e oec VP BIE red from
a peak sighdHtb-Poiecissio (P SNRY ofegiedoristive tetiliavagehan i estodecmourtind aooded stream. A

eteroratop i o e R e R R R R B Bl
improveméﬁﬁbrﬁi?\ﬂ- [edsiRsTaton iR Ee @bpiteal p@_ﬁ@fmaﬁhe:gacnnrcﬂn@tﬁ@Ihe\eafiar&plenitlnfc\fv:ﬁ]intA,
range. of S T oLl I e ) Rt T T o B om
sub%fvt@ntiaiﬁy BH@UaEH e ol HAPdHEIARERIR of Erntibdirfienst Irethie means dhtfithend is less
gg;ggggﬂ%imt%ebﬁ@m REsiarmanss and the tioughers R RIMsd i e exapple pLEIC. 39A.
information and the second information are coded, the bypass
arithmetic coding being arithmetic coding using a fixed probability,
wherein the other information includes third information indicating

15 whether the SAO processing for the first region is edge offset
processing performed according to an edge, or band offset
processing performed according to the pixel value, in the performing
of context arithmetic coding, a value of an initial bit in a bit string of
a parameter is coded as the first information, the parameter

20 indicating a type of the SAO processing for the first region, and in the
performing of bypass arithmetic coding, a value of a next bit
following the initial bit in the bit string of the parameter is coded as
the third information.

[0340]

25 In addition, the program may cause a computer to execute an
image decoding method which includes: performing context
arithmetic decoding to consecutively decode (i) first information
indicating whether or not to perform sample adaptive offset (SAO)
processing for a first region of an image and (i) second information

30 indicating whether or not to use, in the SAO processing for the first
region, information on SAO processing for a region other than the
first region, the context arithmetic decoding being arithmetic
decoding using a variable probability, the SAO processing being
offset processing on a pixel value; and performing bypass arithmetic

35 decoding to decode other information which is information on the
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FIG. 42 is a flowchart which shows an example of the feature of the above-described coding. First, the
context arithmetic coding unit 5072 consecutively codes the first information and the second

informati the context.arithmetic_ coding (5711). The context 15arithmetic coding is an arithmeti
cocing wik hsbt G GRraLTG prBbaing. THE A AHol AR RS UhetF o FOEtoTberform, for

the first reigiborohatiiorage, the saaple ddaftivenciiset(SARE prdcessiag iRdhisran pifsetniacessing
on a pixel value, The %eco d info;&mation indicates whether g}:ynot to use, in the SAé) ZO%ocessing for
g BeA

h ;
the first retg gnsfﬁ%)r% o B é%\rbaprr%c s&R %H 'a%t%@i Btfier lﬂ'&rﬂﬁ@ﬁé@ r . [’(5@4]
For examplejragcardiby ttodbie exaroplei shpwrsim §1Ga 33xthe contehd Britlmetie isedinghuniy 5072

cous. oW BRI B LR RUALB e ML e gl e bamelr glatng e
5073, afte$ 1@ finst dernsation dod tHsecfindtinfoegation ase egitpd, aifes theprtberdiintprmation
o e SR s oo (0L Thepes RSl SR snatEmete ot
different fmmhr_eé f'n’g i_tmo!_:rlmatipixad tha lsexoihd irﬂca‘rrp@énrhn alylivor; eime oxtieirfdrnmagina includes
o e A SRS S RAQAE I L UE TR R BRIine e e
FIGl@:B, tﬁ@b_ga_pgﬁé @_ﬁﬁrh@iid_iic&‘b_lihgfunnNﬁG:TGmpdé&_ gathentiieinfordiatiinng & ipeabd next bit
i WA e A RN ARG e ME e e e eg T
edge offsétyazan sherékamysiei ofdeGodsng, a value of a next bit following the initial
bit in the bit string of the parameter is decoded as the third
information.
15 [0341]
In addition, each of the structural elements may be a circuit.
The circuitries may be configured as a single circuitry as a whole or
may be mutually different circuitries. In addition, each of the
structural elements may be implemented as a general purpose
20 processor or as a dedicated processor.
[0342]

The image coding apparatus and the like according to one or
more aspects have been described above based on Embodiments.
However, the present invention is not limited to those Embodiments.

25 Those skilled in the art will readily appreciate that varicus

| modifications may be made in the embodiment, and other
embodiments may be made by arbitrarily combining some of the
structural elements of different embodiments without materially
departing from the principles and spirit of the present invention,

30 [0343]

For example, when there is tendency in the symbol occurrence
probability of the offset information other than the offset processing
ON/OFF flag and the offset information copy flag, the image coding
apparatus may code the offset information using the context

35 arithmetic coding. Likewise, the image decoding apparatus may
«F7 -



10[0327] FIG. 43 is a flowchart which shows an example of the feature of the above-described
decoding. First, the context arithmetic decoding unit 6062 consecutively decodes the first information

d th d jnformation by the context arithmetic decoding (S721). 15 The context arjthmeti
Gncoting (e ok AFUVEIR, ReBbd i WHIE SCLA B VHARE FRORHBHy 211 RS AR Rcates

whether dr@#t tb]perform, for the first region of an image, the sample adaptive offset (SAO)
processing that is.an offset.processing Qn a pixel value, The second informatjon, indicates whether or
not to use, in thesg}k@ %%bﬁj&%s% ??oq%tﬁg #Sﬁ%ﬁ%ﬂ? ﬂﬁoﬁ[ﬁaﬁon%f WQ%ﬂ&’@%rﬁb@%if@% a region
other thartitiee fio$tsedionn @328k tio rFot@xantyileh addeedingtotimetexamitesheln inddéh 33, the

ithmetic.decodi it 6062 decod the figst 25 ipf ti lue of the initial bit i
e B0 S AT GBS LG (% B P SAESRBLaakt e (R A10E CUfo-TRing the
context asdthiretreedecarbing niQ 3283 dNexinthe isypass @rdharetie detodinganit G063 pftay dieedfirst 30

information,and the second information are.decoded, decodes other information by the bypass
¢ f f
ge megaié

arithmeticd&cot ‘?ZC’ZPH% b%a%g ATitRhTetic decoding is an arithmetic decoding which uses a

fixed prot{a{bﬂifﬂﬁpthe_r informa_ltion is information on the SA_O process?ng for the first _region a_nd
s e o e R AR RN e
ed@@offsetqumngmtrhgemfﬁsmﬁqmrmdin@tomdmgej_msﬁwmm offset procadsg thexfoimed
e B e e P B ™
following tha $sitfylibiginied biv St ot theepaidimetel irelicating ulad type @f ¢hetBAQ-priotexsing for
the firstregion, Herigclns 4l of 9= et bl il e ARRIDHSRIFR.DF anS, liget or the

ge offset as in the example o

whether or not to perform the offset processing.

15 [0346]

In addition, the offset information copy flag may indicate
whether or not to copy the offset information from an adjacent region
which is located other than left or above the target region. In
addition, either one of the left offset information copy flag or the

20 upper offset information copy flag may be present.
[0347]

For example, an image coding and decoding apparatus may
include the image coding apparatus and the image decoding
apparatus. In addition, processes executed by a specific processing

25 unit may be performed by a different processing unit, Furthermore,
the order in which processes are performed may be changed, or a
plurality of processes may be performed in parallel. Furthermore, a
dedicated or a common storage unit for storing a variety of
information items may be added to the configuration.

30 [0348]

(Embodiment 4)

The processing described in each of embodiments can be
simply implemented in an independent computer system, by
recording, in a recording medium, a program for implementing the

35 configurations of the moving picture coding method (image coding
TR -



FIG. 25. [0331] It is to be noted that either the first information or the second information may be

coded first.Likewise, either the first 15 information or the second information may be decoded first.

However, it is&o@sa’i)le to,consecutively process the first information and the third information which
ingl

correspontto 8 Bar&MER DY Prd JRETHG $hd REESHA thiBeHEBH ddfictdRan BfePft 9

information 4324 20l adeitien the erdenobeodindisdimnagaisin whied ipfeigatienyisiwetes into a
coded stream a?%a si%n sgode),gﬁmd the order of decoding is an order in which a sign (code) is read
from a codB& ¥RGARYE MRG0T THed ! Ehe% 8&%@&% BhA HRBHIRG LRGSR A SBBve with

reference tattite severahdigaramns @ korsespandsdo tigrrder efirfamatiopin catodpskstigam. In
additian, tlgg order, of ﬁsjigtax elementcsﬂgergglified above with reference to several diagrams
correSpontls t6AhE o ff ifoHAROHIH G RO dRLESHEAM and to the order of coding and decoding.

30[0333] [0 3msaddition, the edge offset processing is, more specifically, performed based on

classification according to the edge, In addition, the band offset processing is, more specifically,
performed based Eﬂ%%%ﬁ?fﬂbn %or‘?j%!'tg#i@ﬂi§elp\9allg%’.%5rﬂ%§m p'ﬂ‘éﬂ%itiﬁﬂ, fﬁl&gimage

coding appacstos tay ipe gre apparatgs whith pafoemsioblydherpsocassesi diusteaterbindd Gidt2.
Likewise, the [ma ecoding aratus may pe paratus which performs only the processes
lustrater TR0 0 B b il B R B e A DR o e
destribed abdveytheamageaisodigg Hppeazatusbictopding tos thisherndbodiTiteat sycapabletod soding an

image with high processing efficiency. In addition, the image decoding. apparatus according to 10 this
embocima St Losntle DPALN R el TGS vtk ety ereleh P RAgET 0o Ehth of the
structural eterhenéssia eabn aftbecatbivegde poribett emhoslime it enay bg eondiginey m &g fogm of an

exclusive and an image decoding apparatus using the image decoding method.
Other configurations in the system can be changed as appropriate
15 depending on the cases.
[G350]

FIG. 44 iliustrates an overall configuration of a content
providing system ex100 for implementing content distribution
services. The area for providing communication services is divided

20 into cells of desired size, and base stations ex106, ex107, ex108,
ex109, and ex110 which are fixed wireless stations are placed in each
of the cells.

[0351]

The content providing system ex100 is connected to devices,

25 such as a computer ex111, a personal digital assistant (PDA) ex112,
acameraexll3, a celiulér phone ex114 and a game machine ex115,
via the Internet ex101, an Internet service provider ex102, a
telephone network ex104, as well as the base stations ex106 to
ex110, respectively.

30 [0352]

waever, the configuration of the content providing system
ex100 is not limited to the configuration shown in FIG. 44, and a
combination in which any of the elements are connected is
acceptable. In addition, each device may be directly connected to

35 the telephone network ex104, rather than via the base stations
- 79 -



15 hardware product, or may be realized by executing a software program suitable for the structural
element. Each of the structural elements may be realized by means of a program executing unit, such

as a CPU and a processor,.reading and executing the softyware program recorded on a recording
medium sﬁéﬁga?agﬂagéﬁisgr(w EE% s%rrﬁigf}?dﬁefg&%}ﬁﬁré%ﬁﬂgmﬂ% oth& RIS Pe&mage
coding apitaeatis\dnd she imape decedingrappataids ineladsaceerol e caity apd @isterage which is
electricallx@co?rgpected to the contr?:ll.circuitr (which is accessible 25 from the control circuitry). The

control cir€Uity irdutRE AN EELEBRE Gy fid >9:tf &8 hardware product and the program executing

unit. In additids 3when the control circuitry includes the program executing unit, the storage stores a
software progra at is executed by the program execulti nit. 30[0338 Here, softyare that
accﬁplishes thﬁrﬂ%g%aégﬁﬁa Eﬁbﬁﬁmé&%&%&@* %tw 64! s%rib%d:@rﬁ)lﬁgfﬁnents is a
program & betgyL{6389]\8%1 e othe Awordsdhe @rRdraf) causes asompliigittol exeanta-an {5 -
image codi thod.which includes; performing context arithmetic codipg tp,consecutively code (i)
first inforr%gt%)%bﬁn%ig(iti%%%ﬁlert%neﬁ; (i)br%%cﬁ t%tglﬁg?r%%%?nallag dﬁ{ﬁ/%'offggﬁ‘( 5‘?)?5885Eﬁ1% for a
first region@f ateimpge ardai)lse¢ona infoentation melichtrigrwbeten ansSofithie sseniddhe SAO
processin the fist regjon, infarmation,on SAO processing for a regi r than the first region,
the conteﬁ%‘rg‘rhh%%e@}%ggi%%gltr%g%ﬁtt%';nl\gt?cb&@%i%j Uyl%] Qg\?aar%égﬁ%r&{%‘mggglﬁ)ﬁrﬁgi %%éocessing
beith§ offsataaiecnasiliy, o adyix & walsie rarid pikifolmiAg bypass@hitMmeticodirigta dode dber

informatian .\vhi¢ IS informati the,S rocessing far the first regian and different from the
first infor%ﬂa{;(lyo%%ﬁﬁg @ﬁéqn%n%gérrénga%im é@egr? Iﬁw frs?t?rﬁ%r;fgﬁgrlu Eyao?lge 'éae%odgjig%rﬁaﬁon are
coded, thélbypaSe aathReatideddigdsesing &ififAdtic obtdiagnesiiya fixdth prabéhilisy wheraio the

other infopmation i thirg, lon indicat rth processing for the first
region is eg(%e%?fs%% r&%s%i%%gﬁg%eﬁ %}féﬁ%% %(?‘ Zl%g%%%efﬁoié;n offset processing performed
according[fd3hé pixel value, in the performing of context arithmetic coding, a value of an initial bit in a

bit steing of a parameter.is first informati h rameter indicating a type of the
SAi(jtﬁprocessing ?o@té@?lirsﬁ@gg%ﬁ?a gqg%taﬂé)e?ﬁ%?i%a%o %%Q?;' a%thgrglé %tﬁdéiﬁg § g i(/g%'é of a
next bit folBWing iBeCipniaesit@rliie it stiagrat thespardmaerdsoddtecsas therthitdkisfpimation. [0340]

25In addifion i RrOYRIYAAY FAUSE FEOMBUEL O EXBGUE Ay 1 09 \which enables

distribution of images of a live show and others. In such a
distribution, a content (for example, video of a music live show)
20 captured by the user using the camera ex113 is coded as described
above in each of embodiments (i.e., the camera functions as the
image coding apparatus according to an aspect of the present
invention), and the coded content is transmitted to the streaming
server ex103. On the other hand, the streaming server ex103
25 carries out stream distribution of the transmitted content data to the
clients upon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the cellular phone ex114, and the
game machine ex115 that are capable of decoding the
above-mentioned coded data. Each of the devices that have
30 received the distributed data decodes and reproduces the coded data
(i.e., functions as the image decoding apparatus according to an
aspect of the present invention).
[0355]
The captured data may be coded by the camera ex113 or the

3b streaming server ex103 that transmits the data, or the coding
- B0 -



image decoding method which includes: performing context arithmetic decoding to consecutively
decode (i) first information indicating whether or not to perform sample adaptive offset (SAO)

processing for a first region of an image and (ji) second information 30 indicating whether or not to
use, in the% é%@gr%%ésqsﬁ%#or%ﬁe ﬁ?fﬁlreeg%ng%ﬁ%\f%ea%o&%ﬁ S(A%%@esgiﬁé} adg |0r§?3)(f’r1er than
the first regioe athei oontest ardthnestit @ codiBgnbEang yrittineetid ideetisling dsing savariable pepbability,
the SAO p ing being.qffset pr sing on,a pixel value; and performing hypass arithmetic
35decodin(gg%t%(?§eeggde8 théé%iérslfocrzlirarl\g |§§ w |chtgefnf8 rrﬁ%?l%fgﬁ the=YE" se?&ﬁy gsdceggin%r the first
region and! diffecEmcfropm tlte fisst Snfonagtidreorstha sedoia: infarayatidh,caftei dre dirst indorrhation and

i+ ; ; . b . , 00 bel thmetic decod :
o e pro T B B o s e e el ORSer e
SAO procéssing ifde thedipdtnegibh is rdye offgdtanassing pexdbinted wiced ating o earedge, or band
ffset ' i ixel val ir f i text arjt ti
ecoding. e B B A e R R i von,
the parame@enipdiciirgyd fype oflihe SAW prgcessing teatherfisy rdupomanid el perfotning of

ihe paranan PRI pe o esting Saaheriay dgion arfd imtsel poy
oot & HRLSEd 24 e Tl ik TSty iR SRR e b 0 Setara

elefh@nts fay be eeelreui orte tlreuiries may be configured as a single circuitry as a whole or may be
mutually Cﬁﬁ%@@t circuitries. In addition, each of the structural elements may be implemented as a
general purpose ;0 processor or as a dedicated processor. [0342] The image coding apparatus

and the like accorﬁmgﬁfaﬁmtbﬁmt@@spé@&iﬁ@veab*eén@esam@@abmedmpmﬁmboumem;.
Howgver,g@fg?ﬁgghm\ﬁptlgwsgg&hr@%gt SR Hg}dlrﬁgaﬁ%g _Tnﬁ)s%gq_\edolp tpﬁ%art WI"
readily appreciate that various modifications may e made in the embodiment, and other embodiments
may be ma@& WLty Icbabififl Sonfvotdte stllidtulabélenemMe dhaiffeépentombigdimmmts

withayit materially; rting: fropn. t ingiph spjritqf the invention, or
exa%le,?vqﬁeéral t%ﬁ%qi%_t?r?é%ngf il’rllgtiﬁéhs’gﬁﬁo o%%urggﬁlt%cg'pro égﬁg/gcffgth%eegffs%e%%ﬁé%sng |§n other
than the oHSEOSHItEsHIREONTORY: flag did &ey affeet iHibemanen eopy Mag oheaintag® ot

medium (such as a CD-ROM, a flexible disk, and a hard disk) that is
readable by the computer exlll and others, and the coding and
decoding processes may be performed using the software.

20  Furthermore, when the cellular phone ex114 is equipped with a
camera, the video data obtained by the camera may be transmitted.
The video data is data coded by the LSI ex500 included in the cellular
phone ex114,

[0357]

25 Furthermore, the streaming server ex103 may be composed of
servers and computers, and may decentralize data and process the
decentralized data, record, or distribute data.

[0358]
As described above, the clients may receive and reproduce the

30 coded data in the content providing system ex100. In other words,
the clients can receive and decode information transmitted by the
user, and reproduce the decoded data in real time in the content
providing system ex100, so that the user who does not have any
particular right and equipment can implement personal

35 broadcasting.
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apparatus may code the offset information using the context 35 arithmetic coding. Likewise, the image
decoding apparatus may decode the offset information using the context arithmetic decoding. [0344]

In additio imal designing may be provided such that the offset information to which the context
arithmeticrt@gﬁé) (decoding) is applied and the offset information to which the bypass arithmetic

coding (decodinghi @piiredhans eack zanskewivelyecod edddecorsd) dimmughsas poastale g0345] In
addition, the information th%t %\flicates whether gr not to 10 perform thetoffsegt é%rocessmg may be_
designed ﬁgt a%ag?‘bé%{‘& fle BT O PSSR BréQel s BIRPBER sy S4B SGE fifgiPhe pixel

classifyingamptisttsag_tyed idk: Even drviugh @mah@m%m@itmﬁ@?@m@@g mﬂyg]zyeus?d only
for the informatign that indicates whether or.not to perform the affset processing, 15 [034 n
it e e TS R N AR oes: R S Bkt ARation

from an adjacdetregiiewhinh as Wicite divercttan fitnar abosyeetive @l tegitns tazaddition, either

one of the offset infgrmation copy flag or the 20 er offset information copy flag may be present.
[0347] Fji%r- g)?":'mp}g,ogr?is a%%'%%&i%’aﬁabg&ao%ﬁ%sgg &f%l%% %’é%nﬂﬁ&ﬁﬁ% K5t E8ding
apparatuscandtttaEnisragesdecdding apparatusy ksadiditioa, drocesses sxesuates! by spraifio,
processingn%ﬁﬁ if db%B?éfOHBﬁgiWe dgferenqt ﬁio Fsslr&unit. F{urth rrpore,t e o0 errin which
processes are pgr ormeéd may be changéd, or'a plura |t?c/ 81X|5r egéjeds %a@aoéap@r@ med'ih ﬁarallel.
FurtHermarata dddieatedba a comnmancstarabgtanis fdesoimgia saetyrod informiatipp itemsamay be

added o {he conioNaion. 003 SEIRlIRR ALTRS PERsRERRY deserigd i a5ty
the image coding apparatus according to an aspect of the present
invention). Upon receipt of the multiplexed data, the broadcast
satellite ex202 transmits radio waves for broadcasting. Then, a
15 home-use antenna ex204 with a satellite broadcast reception
function receives the radio waves. Next, a device such as a
television (receiver) ex300 and a set top box (STB) ex217 decodes
the received multiplexed data, and reproduces the decoded data (i.e.,
functions as the image decoding apparatus according to an aspect of

20  the present invention).

[0360]

Furthermore, a reader/recorder ex218 (i) reads and decodes
the multiplexed data recorded on a recording medium ex215, such as
a DVD and a BD, or (i) codes video signals in the recording medium
25 ex215, and in some cases, writes data obtained by mulitiplexing an
audio signal on the coded data. The reader/recorder ex218 can
include the moving picture decoding apparatus or the moving picture
coding apparatus as shown in each of embodiments. In this case,
the reproduced video signals are displayed on the monitor ex219,
30 and can be reproduced by another device or system using the
recording medium ex215 on which the multiplexed data is recorded.
It is also possible to implement the moving picture decoding
apparatus in the set top box ex217 connected to the cable ex203 for
a cable television or to the antenna ex204 for satellite and/or

35 terrestrial broadcasting, so as to display the video signals on the
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simply implemented in an independent computer system, by recording, in a recording medium, a
program for implementing the 35 configurations of the moving picture coding method (image coding

method) and the moving.picture decoding method (image decoding_ method) described in each of
embodiméﬂ@n%%rre&géﬁwé me ia%&%ygﬁ%]%\(yﬁ Brd Hia as'Bfg 48 the BebgrRIAIEHIE be

recorded, decho d$regnzagpetis disknaayopticahtligk ra aragretinenticahdisic apdp G 6’ré ANtha

semicondygctor, memory. 034% Hereinafter, the applications to the moving picture coding method
(image cogji;h Fﬁz(f o) GHdGH Pn%ving picture decoding method (image decoding method) described
in each of[@ndi@timents 10 and systems using thereof will be described. The system has a feature of

having an image ing and.decqding apparatys that includes an image coding.apparatus using the
imagrgcoding met an%ga ﬁr%étfeaggg;%ﬁ% iﬁé%}/dﬁlgﬁsﬁrgeﬁ%}’rﬁgge d%%n%%ﬁgtﬁ%‘?%ther
configurattdres im thei systeiuttare beochianged et apprapriatd &5 epending ien dire ctsesd03g0]

FIG. 44 illustrates an overall configuration of a content providing system ex100 for imple ing
content diéﬁr?b%%ﬂas%?vsigg]s. E?'F?ef e%%gppl%%/i&%Bc%ﬁm&rﬁggﬁonﬁlﬁ?viggiqg bﬁ%deig%ﬁé cells of
desired size¢hnddmseastatinns extB6, lex10Ft exit8irex 109, prohvég B which ate fixed ddredess
stations are_placed in each_of th lls, [0351],The cqntent providing system ex100 is conpected to
devices, Zfogtfgclﬁgé agc mnaﬁ[tlézr'gegef)itﬂé Eéjrééﬂap%%ﬁapggﬁst\éhq%gDi? E@(li%} Iéoé‘égﬁerg 113, a
celllildr phonecsxiddeantidgamehmachinkext PR) Vjadbe. lbteanetexd Dis araliteowd sestcezprovider
ex102, a r ' ell as.the ations ex106 to exit, respectively. 30[0352]
However,%%@gn |gl§é\?i/§n cn)iﬁge)égﬁgn 8%%‘?%;%’;%3%%@8&8 ﬁgtpﬁi‘?t%éfbéiﬁgegﬁ i8 ration
shown in FIG!dplaned comitanatiomirowhithtasy diate éleoems s wennedtedas acteptbhle. In

addition, eA¢R AeXIFeINRY;AG ECHY LORNTEBTERing /demultiplexing unit ex303 that

demultiplexes the modulated multiplexed data into video data and

15 audio data, or multiplexes video data and audio data coded by a
signal processing unit ex306 into data.

[0362]

The television ex300 further includes: a signal processing unit

ex306 including an audio signal processing unit ex304 and a video

20 signal processing unit ex305 that decode audio data and video data

and code audio data and video data, respectively (which function as

the image coding apparatus and the image decoding apparatus

according to the aspects of the present invention); and an output

unit ex309 including a speaker ex307 that provides the decoded

25 audio signal, and a display unit ex308 that displays the decoded

video signal, such as a display. Furthermore, the television ex300

includes an interface unit ex317 including an operation input unit

ex312 that receives an input of a user operation. Furthermore, the

television ex300 includes a control unit ex310 that controls overall

30 each constituent element of the television ex300, and a power supply

circuit unit ex311 that supplies power to each of the elements.

Other than the operation input unit ex312, the interface unit ex317

may include: a bridge ex313 that is connected to an external device,

such as the reader/recorder ex218; a slot unit ex314 for enabling

35 attachment of the recording medium ex216, such as an SD card; a
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35 the telephone network ex104, rather than via the base stations - 79 - ex106 to ex110 which are the
fixed wireless stations. Furthermore, the devices may be interconnected to each other via a short

dist irel icati d others. [0353] 5Th 113, such as a digital video
camera. 1 EARDE 0! LApHch G G SEERH A S35 CLE b S REHA EafG S apthlo

capturingpoth stdlrithapek anshddaontodibrineos, tbeteclbiar phonecesHl ananbedhe epe that
meets any of the standgrds such as Global System for Mobg%cligmmuni ations (GSM) (registered 10

trademark) “ESEE Bividitr Frukipfe AEYS! ([EDNMAY WikleB JR DR ekl AeeESs
(W-CDMA) foongafieom Eveglitign &Tﬁmwgﬂ@h@mﬂmﬂa@k@ﬁg@@%ﬁ&i&%}- ?}*ﬁ%ﬂaﬁ\‘%y, the
cellular phone ex114.may be a Persong] Han aqne System (PHS). n the conten
prov@ng% W Hx 166, §%Pr'é%%fng :gh%r f)%‘i%%fxﬁe@rrégﬂs “}fé[caﬁw XA Y Blhers via
the telephexg e twoek exh@veand dhecbase btasidneaxtBYowhinhzeralies distrihugopof images of a
live showwf%ﬂers. In such a distribution, a content (for example, video of a music live show) 20

y the

captured ser using the camera ex113 is coded as described above in each of embodiments
(i.e., the camera feirstiprishas dos fitageatooimdrappbiatus hecoulingitd @n aspeootibe present

invention), and.the coded,content is transmitted to the streaming server ex103. On the other hand, the
streaming);rggrlg/;ebr %ﬁ%%egé%grr? LB gégf{rﬁ msf?i%u%éwe&rﬁ{é? HQ@%&@E@&B%&&%% clients
updritheia redjueistse Ehe nlients prcld de gee doenplgeneldd 1 the PRDAl éxéla chertbmera exi13, the
53 machine ex115 that are capable %deco i
e

;Eglysrrﬁé@ﬁt%()en%éd%gfésg %;?agggg of the Yevidesthal hQRHGHE v ed e ﬁ?dqg‘c?aa?g%ecodes
and reprodiuoésthe cqeﬂdi él_&taa(he:i, hurictions &b thenmage teco)glappalaiudacoocdingyie an
R L U T R i R
modulation/demodulation unit ex302, under control of the control
15 unit ex310 including a CPU. Furthermore, the audio signal
processing unit ex304 decodes the demultiplexed audio data, and the
video signal processing unit ex305 decodes the demultiplexed video
data, using the decoding method described in each of embodiments,
in the television ex300. The output unit ex309 provides the
20 decoded video signal and audio signal outside, respectively. When
the output unit ex309 provides the video signal and the audio signal,
the signals may be temporarily stored in buffers ex318 and ex319,
and others so that the signals are reproduced in synchronization with
each other. Furthermore, the television ex300 may read
25 multiplexed data not through a broadcast and others but from the
recording media ex215 and ex216, such as a magnetic disk, an
optical disk, and a SD card. Next, a configuration in which the
television ex300 codes an audic signal and a video signal, and
transmits the data outside or writes the data on a recording medium
30 will be described. In the television ex300, upon a user operation
through the remote controfler ex220 and others, the audio signal
processing unit ex304 codes an audio signal, and the video signal
processing unit ex305 codes a video signal, under contro! of the
control unit ex310 using the coding method described in each of

35 embodiments. The multiplexing/demultiplexing unit ex303
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- 80 - processes may be shared between the camera ex113 and the streaming server ex103.
Similarly, the distributed data may be decoded by the clients or the streaming server ex103, or the

decodi hared bet the clients and the 5 st ' ex103.
Furherm L P ISR BTG SN REGLC AU B8 CABErBM BYnaL 4 01 rRERY BB also the

camera extH mByde igansmited ig%he Siveaming, serven exleX thipugh rﬁh@l@gﬁm@uﬁe@mbThe
coding proce may he perform y.the camera ex116, the computer.ex111, or the stregming
orver oxT55 08 o5 Pt T CRARE N2 PR Hiord L P S b SRR AR Focesses
may be periayndskthyamlpsi rex500 gaoetadly incltided ingashofde campuyier exdd 2 and:he; devigeS-
The LSI ex500 may be configured 15 of g single chip or g plurality of chips. Software for coding an
decoing WHASRag el b G TN meRt oo TRl FALDRRG ot CRER Hok B MO o
flexible diska ahdoathard dislg thattis eeadéfie dy Ri@mpuRL 0x1d: Hh0 othersearBithergeding and
decoding processes ma performed using the software. 20 Furthermore, when the cellylar phone
x114 5 LT S HLHRE 018 wibomals ottt I AHE LB e b s e The
video date 5 gaiaicodeidiibe LSS0t madwdedda the wedivlay phoierexil14. F0357i2Fgshermore,
the streaming.server ex103 may be.composed of servers and computers, and may decentralize data
and proce%s% e%égc%}ﬁ]gﬁzngaoga%fﬁ \é’o?d? r%si%\lﬁfg Wa@_ﬁﬁﬁ%]%oégsﬁi&%%%%,ﬁﬁs clients
mayl feceivecd (eepmdide the 80 ledded data in theitontent peosBdirly systenaexd 00. In otiirez words,
the cIientsrﬁ%n %ci%ivlené\q%jg%e %q%i lf [ma |o&%§%n§g§¢@ b?/aipee%ser%ﬂ apd reproduce the decoded

I
data in rea t|r{1teI inthe ent providing system ex100, so’that the use Who does not have any

particular fightteht equipment can implement personal 35broadcasting. [0359]

Furthermore, the television ex300 may include a configuration
for receiving an AV input from a microphone or a camera other than

15 the configuration for obtaining audio and video data from a broadcast
or a recording medium, and may code the obtained data. Although
the television ex300 can code, multiplex, and provide outside data in
the description, it may be capable of only receiving, decoding, and
providing outside data but not the coding, multiplexing, and

20 providing outside data.

[0365]

Furthermore, when the reader/recorder ex218 reads or writes
multiplexed data from or on a recording medium, one of the
television ex300 and the reader/recorder ex218 may decode or code

25 the multiplexed data, and the television ex300 and the
reader/recorder ex218 may share the decoding or coding.

[0366]

As an example, FIG. 47 illustrates a configuration of an
information reproducing/recording unit ex400 when data is read or

30 written from or on an optical disk. The information
reproducing/recording unit ex400 includes constituent elements
ex401, ex402, ex403, ex404, ex405, exd406, and ex407 to be
described hereinafter. The optical head ex401 irradiates a laser
spot in a recording surface of the recording medium ex215 that is an

35 optical disk to write information, and detects reflected light from the
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Aside from the example of the content providing system ex100, at least one of the moving picture
coding apparatus (image coding apparatus) and the moving picture decoding apparatus (image 5

decoding apparatus) described in each of embodiments may pe implemented in a digital broadcasting
system eﬁégé'i’l gt teﬂjiﬁg%i@. 4%%6‘%/‘%}@ sﬁ@Ei‘ﬂEgI}IQ,ga iﬂ:b%?ﬁ:lég[‘ statfortex2bA corsAuriBates or
transmitsivfe radict waves tora broadoaist isatellife ex202dmudiiplexed deteioltained duy rasltiplexing

dio datg and others 10 onto video data. The video data is data coded by th ing pict di
mthod (OCUVEd 7 Sl BT g EnIE ( B AECohba BE 5 YR MG 2R a5 dccording

to an aspevd dithe @reséhianviersion). liphi receintrefithg midtiplexed cédal thediraadcastisatellite
ex2Q2 transmits radio waves for broadcasting. Then, a ome-use.antenna ex204 with a satellite
broa casf%){gpqrildﬁ ti e@c%ﬁi/‘é %Q Pad vgg(.ﬂl\ﬁeit, 3'—5@2 etch ad %%f?e%v f%ﬁCtFéceiver)
ex300 angligrsat top tmwix &T ) \ex2 et tecedeg theteectivgd theltipdkedtdataighd feprodutes the
decoded data (i.e.. functions as the image decoding apparatus accordin an aspect of 20the
oresent IS LT e R ek AR e R AT ek L R TR BRM G0 EE the
multiplexeck d8té regomied ®ma decarting breslivmpmd@d besich asia PADandse BBy atitigcasles video

signals in_the recording.medium 25 ex215, and in some cases, writes dataobtaine%? ultiplexing an
audio sigﬁiﬁ’gﬁ 'm&%gg%%%&@ﬁe% §g§e88rd§%gx25%cc%¢lai¥%d@t%g}H\g]vin% '?{Lg;e ecoding

ar
apparatusep ithaei trmi ho epintm;e segi;\ga'apﬁmrmaé ia;nshoWh i lpatheofexdddibemp.dnahil/case, the
ovice o S e S R e ATy TR TR BB L R e

device or sys Sing the recording medium ex on whic d. ltis
also possitriel tbhm plefeemn e omoviag picturesdb doding dipparatos iid thg setadpuoox ex2175connected

to the ca X 0 e telewsiop ar. te 4 fo lite a Stertgstrial
broadcas |§gs s%?gg téﬁﬂ%%?iy%%g t\i}’i%egogl Str%%;egﬁ %epgga%%(% it'lorfge@ﬁ%] ogg%iteg évisﬁ] -
ex300.Thearioving pittucd decoding agfdratosanas bd mplepéited nbeiadhesset fop box bat in the

lovis 11 5E| ) i ; v
ke ol e e e TS L e
The televigidinex80oknonides: & xhebex80ashan dbtfaing dhgolides rapltiplexddhéatyshitaned by

muItipIexE%fgg%ip dat% qnto vidgg Z?gé}?n (t)r(;ru{?m;%?slo ar% 12 ﬂx204tﬂr the CWSW %tc. that

receives a cast; a modulatl. n ation unit ex3 t demodulates the receive
multiplex&€ ledsl ochistinarsrdbrdntdmilitipixé data to besupptiadinwgsidendnd writing

multivlexipeierauibeleeds Wi sriBRiat Aeau i eRne eedupted My BPIeHRt dalaip video
20 using various information stored in the buffer ex404 and generating
and adding new information as necessary, and by the modulation
recording unit ex402, the reproduction demodulating unit ex403, and
the servo conirol unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
25 manner. The system control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
execute a program for read and write.
[0367]
Although the optical head ex401 irradiates a laser spot in the
30 description, it may perform high-density recording using near field
light.
[0368]
FIG. 48 illustrates the recording medium ex215 that is the
optical disk. On the recording surface of the recording medium

35 ex215, guide grooves are spirally formed, and an information track
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15 audio data, or multiplexes video data and audio data coded by a signal processing unit ex306 into

data. [0362] The television ex300 further includes: a signal processing unit ex306 including an
audio signaéé(;? essinﬁqeuca:t ex304 angd a video Zogs(iﬁ_na?rqc%ssirr}g unit ex305 that decode audio
data and ¥i htd Ghd 'Cote dibicPdR{E B8 vide8 Uit Sred PERIER HhRich RIHEGARS tNimage

coding app&ratus enchihel theagendecodingisRparatys dicegrding: ivethe aspe st dprepessent
invention); and an output unit e)f 09 inal din§q a_srﬁceaker x307 tha provides';he decoded _25 audio
signal, and 4 SpayUntex308' that & éa HOLSH8L ABed SOHACSUR Y M@y . for

FurthermatetthetétevigiopexB00rnisclofesan miatiadel unik ex8% 2 heludiag an-eperation ifput unit
ex312 that receives an i(é)/t:ai of a serogeration. F rthernfreﬁ%gtelevigion Ex?aooig(r:#jjdes control

unit ex310 et COltbIsTUetall 30 AP ESHe it Fent M BRC GFIRE R I&viSIGHT Ex 306 & pSwer
supply circaiadiit@x&ié thatdngpdiespowerddieachofihe alepmenisuGtherdhareteroperatien input

unit ex312, the interface unit ex317 may include: a bridge ex313 that,is connected to an_external
device, su%%pgsof?g Crggdélﬁ#gco%& E‘X%fgc[ s%ﬁﬁ]‘f %@ﬁ(’ﬂf? eﬂgbtlaﬁ é%cété&%eﬁfo?h%
recording needtiudieg2 16[srikch .as aff SEcardnard3 -tiddverex3t8itode popdacted texahexternal
recording medium, such,as a hard disk: and a mod 316 to be connected 1o a telephone network.
Here. the [BCOLRRS edird eratb WD Gt R Tt Mol MLy Bha i efatre
senlifondactdsemory &relomeat foirstorager the eanstituen 2Bmentshof tte televisiondix3p0 are
connecte a r.thr yachronqus. bus. [0363 First, the configuration.in which the
televisioncéfg%ogg%%ﬁeg@muﬁt%@édpgcgtg %%tgf]né§ ?r%@éﬂﬁs? eethLi!gEgrhqﬁ%aa‘nte & 5387710 and
others andnepuodiees nite deceded dataviirng descriogik tndhre tatefiesiem er3a0capax 2 Biger
operation through a.re ontroller ex220,and ot , ultiplexing/demultiplexin it,ex303
demultiplegfeé)t:hg %uléﬁ%@e% ga@d@?n“ﬁ%a%e%@yﬁé% m%eag%atié%fe%@c%&at%hegnite%x%% Junder
control of e pemttdl & By uaiteXBr0dpetaiing &P BX Faphdinmore abe diudio idignal geocgasgig unit

ex de S f%{!' X %ﬂl@?ﬂ argg ideo signal ing. unit ex305.decodes the
de?nﬂ%tiplgggg vitﬁggq ata,%sf)s}iigpt e ECO%?I}EI% met %ﬁ%ﬁ:ri@ﬁi@inﬁeﬁﬁemi)(;%br?ér}%s?'?ng e
television @x8EG! TheWdpLE e x309 provitizkathen20 auctidptevdeb sighal avivtaudedsignal

outside, r I : t ynit,ex3 rovi deg.si d the [ nal, the
signals m(;]?/ g Fllf}efzieinEél)[):l)(c])r i%ﬁs%;%e%%%uafg%?éxgﬁé? a9nY ex§3 Qs,ﬁér{d%t gpsaéls@ hg th@tgg%igare
reproduceEBd\EhcHioaEdicWithe adhtotR ereEaHENG o e this tele@isidh X300 may read 25
multiplexechdgta fot through a broadcast and others but from the recording media ex215 and ex216,
such as a magnetic disk, an optical disk, and a SD card. Next, a configuration in which the television
ex300 codes an afitib Sigak am anided!sijsH, AaY iehsmitvhe dstdbussda d? VitedntAeadata on a

recording gSciury9c by dsaibed dnibrdeiRvision #2300 vaoa uier spejadeneygh the

remote controller ex220 and others, the audio signal processing unit ex304 codes an audio signal, and

the video Sighdl frbicedstay Tt iex30BCdBEY alfdéd sRkIC ahdib kohwor arahe contrbil arieex310
gigg;he sering Methad deseribed i eacihaidg sBbetiRaItS hhg myYiplexRYHemuytpleing unit
surface. Furthermore, the optical disk may have a structure for

25 multidimensional recording/reproduction, such as recording of
information using light of colors with different wavelengths in the
same portion of the optical disk and for recording information having
different layers from various angles.

[0370]

30 Furthermore, a car ex210 having an antenna ex205 can
receive data from the satellite ex202 and others, and reproduce
video on a display device such as a car navigation system ex211 set
in the car ex210, in the digital broadcasting system ex200. Here, a
configuration of the car navigation system ex211 will be a

35 configuration, for example, including a GPS receiving unit from the
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- 84 - multiplexes the coded video signal and audio signal, and provides the resulting signal outside.
When the muItiplexing/demultiplexing unit ex303 multiplexes the video signal and the audio signal, the

signals ma b(F tem arlly tored in the buffers ex320 an&ngZl and 5 others so that the signals are
reproduced’inl 'St r‘ﬁ?atl H%‘Eﬁ h‘BtH:eIr METE the! DTS BB 14 X8t E48200 hrid Ex321 may

be plural a@maajmad;m atfledse ctftmb@ftﬁtrerquela.hatn@lr@@m@evmw@@l Furthesgore, data
may be sto n a buffer so that the system overflow and underflow may be avoided between the 10
modulatloﬂ;g.b%gdulatlonunltex302andthe multiplexing/demultiplexing unit ex303, for example. [0364]
Furtherm@r@3fﬁe}elewsmn ex300 may include a conflguratlon for receiving an AV input from a

micrgphone or a er, 15 the flgur bta|n| au video datg from a
broadcast or a redarding’ %gdlﬂtﬁt %ﬁaffﬁﬁy %ectﬁ% Oﬁ %ﬁﬂtgé)gﬁgﬁet térlé\%lo&’@xBOO can
code, mulﬂpdﬁxu‘&_l]ldmmde outmua dataintthe dleseripticmeit m@wheag:ap&tﬂa e odkyTeeRviNg,
decoding, ancérﬁ]ro out ata but ot the codj Iexm d Zoiﬂaowdlng out e data.

ng
[0365] 'Féa&ép t&%?@iﬁis rea @ oF ?ﬁtu [&X&d &itgl m or on a
recordingmeblndnsona nf thtattetemwoe)e}SOD and theareswraitftacgroen ex2k aiagytgcedel @y code 25

or coding (o3BT O R PRl At BFLEoH Bl e Bt oTe
reptcﬁ]jucm@/mpmjngt@tmmg\mm dafidlis read @ 3@ Mt@rﬁtlsma)y amén erdaidisk:fihe
ex00, eA05 e Loty Lbe Hhst b KB Liar LR GBEar s B TAlRes a laser
spotin a r\etdﬁﬁhrrgaslirtatfedobthé tne:ommg raediuih ex3EGtat lseamaBE@ptlngl tisk tovetena
informatio&gr%cheteﬁt\%rEg?ﬁﬁg[Ji%tptérr?gtég(el-l%f-u rther includes: a main body unit
including an operation key unit ex366; an audio output unit ex357
15 such as a speaker for output of audio; an audio input unit ex356 such
as a microphone for input of audio; a memory unit ex367 for storing
captured video or still pictures, reccrded audio, coded or decoded
data of the recejved video, the still pictures, e-mails, or others; and
a slot unit ex364 that is an interface unit for a recording medium that
20 stores data in the same manner as the memory unit ex367.
[0372]

Next, an example of a configuration of the cellular phone
ex114 will be described with reference to FIG. 49B. In the cellular
phone ex114, a main control unit ex360 designed to control overall

25 each unit of the main body including the display unit ex358 as well as
the operation key unit ex366 is connected mutually, via a
synchrenous bus ex370, to a power supply circuit unit ex361, an
operation input control unit ex362, a video signal processing unit
ex355, a camera interface unit ex363, a iiduid crystal display (LCD)

30 control unit ex359, a modulation/demodulation 'unit ex352, a
muttiplexing/demultiplexing unit ex353, an audio signal processing
unit ex354, the slot unit ex364, and the memory unit ex367.
[0373]

When a call-end key or a power key is turned ON by a user’s

35 operation, the power supply circuit unit ex361 supplies the
' - 88 -



recording surface of the recording medium ex215 to read the information. The modulation recording
unit ex402 electrically drives a semiconductor laser included in the optical head ex401, and modulates
the laser light according to recorded data. The 5 reproduction demodulating unit ex403 amplifies a
reproduction Gl YBAIREP LY LId AR dERTiRY DR Fefi¥ RRGRCHEM tRedretidraify Yifface
using a phai¢t detenter isgluded in the optical head ex401, and demodulates the reproduction signal by
separatin ﬁ%@nzl component recorded on the recording medium ex215 to 10 reproduce the
necessara F#I tion. The buffer ex404 temporarily holds the information to be recorded on the

recording mediummxﬁﬂa@mwb@iﬁfp@m@@wpmﬁwf@mm g?gergiingm@@ym r%ﬁ&ﬁ-ifr he Idisk
motor.ex405 tes the recording medjum ex215. The servo control unit ex4Q6 moves the gptica
o S R A O B AR Ll e Aot B o ik
motor ex48% 38 @9 tovioliow tielases sprinTiveoskstemcentiot aini ed40 G rgntidts oveian the
information reproducing/recording unit ex400.The r, ing and \writin e an be | mented
et de O o bk R L et Al ek e
generating hashadding new thidatiatiprdasneckssary) rand it thexBaiilatienfreoerdingpiitiex402, the
reproduction demodulating unit ex403, and the servo.control unit x406 that rfcord ana reﬂréoduce
informatioﬁqﬁ%irélrﬁheg HeaTERY exdOh i be%%'&ﬁlarataeld O cOb¥dlAatad 28 hanndr. The
systebn cantaol simii exAQ7 molddescondxampleia micRiptogesstnrand exegites-procasaing by

[ . d and write. Ithough, th ical head
e TNk LD, SR A SOecr 0T R HErol HBRRSCRE Folbr IR NG near

field light. {b @663 FlGL i) il st eateis theeemntding emeciBHex2 15 Hrgt ia thecopadhl diskp Bortke

recording surface of the recording medium 35 ex215, guide groov: re_spirally formed, and an

informatioﬁ)frgctﬁ?i tl%\e transmpt{ﬂ’\g ang’ recexviﬁg Ui a5 aer it PRe Saga
received by the antenna ex350 in voice conversation mode and

15 performs frequency conversion and the analog-to-digital conversion
on the data. Then, the modulation/demodulation unit ex352
performs inverse spread spectrum processing on the data, and the
audio signal processing unit ex354 converts it into analog audio
signals, so as to cutput them via the audio output unit ex357.

20 [0375] _

Furthermore, when an e-mail in data communication mode is
transmitted, text data of the e-mail inputted by operating the
operation key unit ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit

25 ex362. The main  control  unit  ex360 causes the
modulation/demodulation unit ex352 to perform spread spectrum
processing on the text data, and the transmitting and receiving unit
ex351 performs the digital-to-analog conversion and the frequency
conversion on the resulting data to transmit the data to the base

30 station ex110 via the antenna ex350. When an e-mail is received,
processing that is approximately inverse to the processing for
transmitting an e-mail is performed on the received data, and the
resuiting data is provided to the display unit ex358.

[0376]

35 When video, still images, or video and audio in data
-89 - '



ex230 records, in advance, address information indicating an absolute position on the disk according
to change in a shape of the guide grooves. The address information includes information for

determining positions of ,recordér{)% blocks ex231 that are a unit for 5 recording data. Reproducing the
informatio%%}FQEQ ARISBAT reBt thdSadBiesE iforiaion T e dpparatis tHate8coris A

reproducesrdaiesiaim teaghin detergEnation o dhe pastieas«b desresawing jpeks Ewgsmagre, the
recording medium ex215 includes afc%z‘%a recordi{gg rea ex233, an inner circumference area 10 ex232,
4 r

and an oUte? CrEMRIERMER Brél 8 %s Ghd §A ding \Heg sty e Hrardngdd pdecording

the user dsit Wheiimnes chicomieraperianea #x@ 33 and Mmewterarelnferenca ara exeif dat are
inside and qutside, of the data recording aBrea ex233, respectively are for specific use except for
a

recordiing e A& H5ta ¥5 FHE iHomRafiBiF réstB&Sding rdddfiRgEF o0 ¥ SIS HAR i Eoded

audio, coded vitedtdateh @r coidiniexed statal abtaingdihemmiiniernadirsgerash audiojandrvideo data,
from and on the da??r cord'ﬂ_g area §x233 of the, recordig medium ex215. [0369] 2 AIthoucﬁlh an
optical disk Havifig a%‘er, stich SRR arfitH B is HES e 8 Bs SR BERpIL iH thedeifption, the

optical disteis notdimited ¢o swihilamd agmsheaartioptinal idisk-havingd onsliayar stoekse gl capable
for 25 Ul meRSIon b TSR aDbeRIBHOR SuCH 1S LBt SHARIGA e GO IGH St colors.
w_itiiﬂifferenﬁ\ﬁﬁ/,elengﬂnsl in theasaneiportiontof the optiead diskzanti for re@_gltdzjng infprmatipa having
recahve LTI e ST D08 R i ek rupoduce video on a display device such a6 a
car navigafiavsstem ex211 set in the car ex210, i_n the digital br_oadcasting system ex200. Here, a
e e S P P T o
configuration efthe icbagp uiertex lip méanélllfnfmrphdzh@ex{ldiémrﬁ QHersplasdds SmG. 49dllustrates
e e PIege ST e MOy DO SR Ie Rl AT e Bediedocods
transmittipg @aeseteyingradexsdks thsbughahe tade itatnimed 191t hardera Thit ex365eapable
modulation/demodulation unit (modulation/demodulation circuit
unit) ex352 performs spread spectrum processing on the multiplexed
data, and the transmitting and receiving unit ex351 performs
20 digital-to-analog conversion and frequency conversion on the data so
as to transmit the resuilting data via the antenna ex350,
[0378]
When receiving data of a video file which is linked to a Web
page and others in data communication mode or when receiving an
25 e-mail with video and/or audio attached, in order to decode the
multiplexed data received via the antenna ex350, the
multiplexing/demultiplexing unit  ex353 demultiplexes the
multiplexed data into a video data bit stream and an audio data bit
stream, and supplies the video signal processing unit ex355 with the
30 coded video data and the audio signal processing unit ex354 with the
coded audio data, through the synchronous bus ex370. The video
signal processing unit ex355 decodes the video signal using a moving
picture decoding method corresponding to the moving picture coding
method shown in each of embodiments (i.e., functions as the image
35 decoding apparatus according to the aspect of the present invention),
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10 of capturing moving and still images; and a display unit ex358 such as a liquid crystal display for
displaying the data such as decoded video captured by the camera unit ex365 or received by the

350.,Th llular ph 114 f incl ) in bad it includir ion Kk
Cnit o568 D oy SRIEDABY S &g s Cieheer F ADEF Bulas W AhcARB ot

ex356 sudlidisiavaigaphonéfdeidput ohaudicleonféradiy uritex36hior\wotingxgptuwid witeo or still
pictures, @fgdggn%%i , coded og odz._d dgé_la of the rec%'ved vidq?j]o, the still pictures, e-mails, or
others; and-a slot unit Ex 364 thad interface Ghif Y8F Grrd ?dfﬁ&j Qdﬁﬁﬁﬂﬁgtg@ﬁgﬁé Yta in the
same manmet axhe4nd monylensittre86i 03B nal Nertl arhexaople ofue porfignriation 3 the cellular
phor}Je exé]aéw@gg ?ﬁacgbe{% g/ith reference to FIG. 49B. In the cellular phone ex114, a main control

unit éx360 designed to contiol overall 25 each unit of the main body including the display unit ex358
as well ad thetperation key unit ex366 is connected mutually, via a synchronous bus ex370, to a

power supply circgjt unijt an ration j ontrol unit ex362 ideq signal prpcessing unit
ex355, a cameracﬂﬁé{r%g?ﬁr%%eexs%%% %a‘%ﬁé?}fdt %?yétél a‘%é%ié&ﬂf?é[ﬁ’%%%t?o%ﬁ%ﬁ?‘é@é L'clt&]
modulatioigdentodaldtidarupin oxes 2 xd mdltiplexiadybeinakiplékingnait @k 358) knaeditesignal
processin j , slat yni 64, memory unit ex367..[037 When a
call-end kggﬁ}ﬁ%%vééﬂgy !2’ é%@ﬁ%Nﬂﬁqﬁg{s @Eoéer%ﬂ%%%%é%ﬁir%s]ﬂSplg/eccl:r LYt Uit ex361
supdlies therna®alréspéictie aritstith powén &ranp pdicatang Fack sodado ictigaig theregilighone

114. [0 lyl .ex114 i0 Si | [ it5.ex3 h
o s o B e R B R A OB RS R
signals l_ﬂ&d@ﬁi tlﬁéidoﬁtrﬁt’ﬁ@f&hé RriRilioUNToRINinekBE0NACIadify @ GRUGRIOM, @i RANL Fhen, the
modulation/demodatian.ins 1St periadns saiead snertumproseesng oL gl ayde

signals, and the TO transmitting and receiving unit erforms dig o-analog conveérsion and
frequency GaNGERich Bhathe) dathp koaialrdas mit thdresultivgroatt datkénante nii @ @50a Also, in

th lul ; iff] receiv | |ifi t lved by th
skl piaecapits i b S e

analog-toh§Raneshirsion BihnHexdag. Thérs thl endairdonideadasordaiieesabted to
video onto video data, and may be not multiplexed data but video
data itself.
[0380]

20 As such, the moving picture coding method and the moving
picture decoding method in each of embodiments can be used in any
of the devices and systems described. Thus, the advantages
described in each of embodiments can be obtained.

[0381] |

25 Furthermore, the present invention is not limited to the
above-described Embodiments, and various modifications and
revisions can be made in any of the embodiments in the present
invention without materially departing from the scope of the present
invention.

30 [0382]

(Embodiment 5)

Video data can be generated by switching, as necessary,
between (i) the moving picture coding method or the moving picture
coding apparatus shown in each of embodiments and (ii) a moving

35 picture coding method or a moving picture coding apparatus in
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performs inverse spread spectrum processing on the data, and the audio signal processing unit ex354
converts it into analog audio signals, so as to output them via the audio output unit ex357. 20[0375]
Furthermore, \#vhen an e-n&gyielg %?ﬁlfa communicatjon mode is transmitted, text data_of the e-mail

t

inputted by BPEFaHhG hY REFIICA AR SHER BN RELRT Bod] &St dbY ferthe main

control ungrex3@Q0 via the operation input control unit 25 ex362. The main control unit ex360 causes
the mOdurlmir% modulation unit ex352 to perform spread spectrum processing on the text data, and
the transmitti d receiving unit ex351 performs the digital-to-analog conversion and the frequency

conversion on theHeselling data te transraitithe data/ieldhe kasea3distationexbidryia the aptenna
ex350. Whern. an e-majl is received, processing that is approximately inverse to the processing for
trans ittilgd%ﬁ[@-ﬂgi#éaﬂéf r d%rgﬁ{éer'é%g%cﬁﬁ'ﬁzl,gaﬁg% S&%ﬁﬁ%ﬁ%ag‘% 65%9%@818 the
display unit exB58i40326}354Vhen yidlewteldl ages forviflee atbaddied Acdtptas eoRHRLHgation
mode is of,are transmitted, the videq signal processing unit ex355 compresses and codes video
signals SL@BIYég\fl%% TECamBrd'UH x§%%rl§ﬁ{dj§$egrﬁav9€tpﬁ uﬁﬁ%ﬁﬁdn@gt sHiFEin each of
embodimeiasyi.eg furetidas as te in@gtocoding:h apatatuscecordiog todhe appaes of thespresent
invention) re%t ansmits t oded vid§ data t!o tt%eggpuItiplexing/demultiplexing unit ex353. In

e
contrast, gu%nng Jv’?ﬁ%nr{heet%g erd INP&x 8550%&5 video, still images, and others, the audio signal
prot@ssinfBft4k354 codes audio signals collected by the audio input unit 10 ex356,andtransmits

e o e B A 980 sgnat
processingummlﬁekaS& _anid tjfiéwmwed)azmdimdaitacsupaht_ad fram the surdiotsigealiproicessing unit
o R A TIED S OB I oo oo
data, andahe fmmittinﬁkafncslzeeehﬁmg sjm'tjek%;iz Etrforas @meﬁgﬁwmanam@cmmsimgand
e R e D S R SRR i,
mode or Whenrezeiviggraature coding apparatus shown in each of embodiments

will be hereinafter described. The multiplexed data is a digital

stream in the MPEG-2 Transport Stream format.

[0385]

20 FIG. 50 illustrates a structure of the multiplexed data. As
itlustrated in FIG. 51, the multiplexed data can be obtained by
multiplexing at least one of a video stream, an audio stream, a
presentation graphics stream (PG), and an interactive graphics
stream. The video stream represents primary video and secondary

25 video of a movie, the audio stream (IG) represents a primary audio
part and a secondary audio part to be mixed with the primary audio
part, and the presentation graphics stream represents subtitles of
the movie. Here, the primary video is normal video to be displayed
on a screen, and the secondary video is video to be displayed on a

30 smaller window in the primary video. Furthermore, the interactive
graphics stream represents an interactive screen to be generated by
arranging the GUI components on a screen. The video stream is
coded in the moving picture coding method or by the moving picture
coding apparatus shown in each of embodiments, or in a moving

35 picture coding method or by a moving picture coding apparatus in
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25 e-mail with video and/or audio attached, in order to decode the multiplexed data received via
theantenna ex350, the multiplexing/demultiplexingunitex353demultiplexesthe multiplexed data into a

video data bit stream and anp audio data bit stream, and supplies the videq signal processing unit
ex355 Wltﬁct’ﬁ@§ mﬂ/ ﬁ?é@dﬁ%%mé) Q@g 5%}%@5 @ﬁlt’%ﬁ’é@ WithfHeFeddd audio
data, througmbeawocm@n@us buseex3dai 3 h@W@i@mSlwa‘s@d@@iﬁmga@@b?@1%5&@9@%%5 the ;}/Id(;%o
signal using a moving |ct d corresponding to the moving picture coding metho
shown in ég@ﬁraﬁé b H eég%ﬁ?n@t&:i a@%@frﬁﬁié’ét% Eéeédu%% fatudhbes g to the
aspect of medoﬂe;seamm/@ntlon) and then the display unit ex358 displays, for instance, the video and

still i g% (td in the video file linked to the Web page via the LCD control unit ex359.
Furt jsl% udio signal processing unit ex354 decodes the audio signal, and the audio output

unit ex357 5prowmﬁmeﬁamm0ﬁtﬂhded:mwtermm kimpilesieth thetteleyisibarsiBe aterminal
oy (0 2 FAmitCRb ATREOLBRing 0 R 4 CGEASbhDs EodnG AbshratE ey hucBdng.
apparatus, batiaker (i) ia transmiting tevidnad mtﬂjﬂ(ﬂlgton@)alcbﬁmgaaaparﬂmae@ (itip at regeiving
e R e e e i cetes
destfiptiog r&mhmﬂtmimwhdata&&dﬂlﬁﬁ]dbﬂn@bﬂaﬁridﬁ byamalliptexbaginod alidiol dat&but nharacter
oo S o R e e B R e
embodierhtEeem héwses insarty o theclevioeds nd kystems tescribedi §hasidheatvdtages
ﬁr?lsitc(;(;b;d%% fﬁﬂ@faer[’@boﬂi@%@e?né&e %Rtginggd%%g% rZeSé:r%rtshetrmOEe the %rgs%nt mvgnﬂon IS not
secondary audio to be mixed with the primary audio.
15 {0387]
FIG. 51 schematically iilustrates how data is multiplexed.
First, a video stream ex235 composed of video frames and an audio
stream ex238 composed of audic frames are transformed into a
stream of PES packets ex236 and a stream of PES packets ex239, and
20 further into TS packets ex237 and TS packets ex240, respectively.
Similarly, data of a presentation graphics stream ex241 and data of
an interactive graphics stream ex244 are transformed info a stream
of PES packets ex242 and a stream of PES packets ex245, and further
into TS packets ex243 and TS packeis ex246, respectively., These
25 TS packets are multiplexed into a stream to obtain multiplexed data
ex247.
[0388]
FIG. 52 illustrates how a video stream is stored in a stream of
PES packets in more detail. The first bar in FIG. 52 shows a video
30 frame stream in a video stream. The second bar shows the stream
of PES packets. As indicated by arrows denoted as yyi, yy2, yy3,
and yy4 in FIG. 52, the video stream is divided into pictures as I
pictures, B pictures, and P pictures each of which is a video
presentation unit, and the pictures are stored in a payload of each of

35 the PES packets. Each of the PES packets has a PES header, and the
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above-described Embodiments, and various modifications and revisions can be made in any of the
embodiments in the present invention without materially departing from the scope of the present

i ion. 0382 bodi t 5) \ideo dat : ted b itching, ! \
petween (1% DGAHG poUHbCoding et 6 8 mOUN e PP bo G AR CRBf n each
of embodidieptsaand: (i@ nodvitige3Spdictuneegoding! matHoe oo dimgviligrpiet@esnoding BAfsatus in

conformity wit ifferent,standard, such as MPEG-2, MPEG-4 AVC, and VC-1. [0383] Here, when a
plurality o¥@%§§§£§t§a@%§?§‘%ﬁﬁn t%o[rtrﬁg di e?er?t‘g%(%rds is generated and is then decoded, the

decoding MEHZRE need to be selected to conform to the different standards. However, since to which

standard each of lyrality, of ' ta to be d nform canngt be,detected, an
apprc(i)JToriate decoding mbgt%c?g %gﬁﬁ%%{%%g%ﬁ@aﬁ@g&}g% 8%%1:\%;?\,9 gﬁh?é?%gfﬁipvl‘ér%%e&ta
obtained toynitiitiplening pladie dats bad ofherhonfothidebSlqta hasts sSsustii@Sntlydmdiidedtification
informatiop), indicati i ndard the video dat rms.. The spegific structure of the
muItipIexe%ﬁgtgﬁr}ﬂc}%‘éﬁr% qég}ﬁa\}iggo%dgtagg‘%%eéi@ |8ng ?Iﬁ%ﬂ%\a/\l/rfé} %icipuﬁ%rcrg&ﬁige Methdd and by
the movingictuitlEbdiny agparkitys shown sitrescinob@dbadi@atbwitcb & Berpmpites deoribed. The

multiplex j igjtal iacth =2 n am fqrmat. [0385] 20FIG
iIIustrates%gt?L%ir%ei% the mﬁﬁéﬁd E%sﬁll%@a@qy ?rglj%tﬁg gh%hnégéu i%kj)%eap Egta—%gn be
obtdifled BamNEIeincEaeas vaky of aWVides saeli, &{HUdis streanh, agarebenthtidmegraphics

stream g:yﬁé’c@@t?” [QIeTRGIR 9Phich Hreantp hefifieo | SEeRIB FePIRRANS R AR ideg and
192-byte source packets. The source packets are written on the
mu'ltiplexed data. The TP_Extra_Header stores information such as
an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time

15 at which each of the TS packets is to be transferred to a PID filter.
The source packets are arranged in the multiplexed data as shown at
the bottom of FIG. 53. The numbers incrementing from the head of
the multiplexed data are called source packet numbers (SPNs).
[0390]

20 Each of the TS packets included in the multiplexed data
includes not only streams of audio, video, subtitles and others, but
also a Program Association Table (PAT), a Program Map Table (PMT),
and a Program Clock Reference (PCR). The PAT shows what a PID in
a PMT used in the mulitiplexed data indicates, and a PID of the PAT

25 itself is registered as zero. The PMT stores PIDs of the streams of
video, audio, subtitles and others included in the multiplexed data,
and attribute information of the streams corresponding to the PIDs.
The PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information

30 showing whether copying of the multiplexed data is permitted or not.
The PCR stores STC time information corresponding to an ATS
showing when the PCR packet is transferred to a decoder, in order to
achieve synchronization between an Arrival Time Clock {ATC) that is
a time axis of ATSs, and an System Time Clock (STC) that is a time

35 axis of PTSs and DTSs.
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25 video of a movie, the audio stream (IC) represents a primary audio part and a secondary audio part
to be mixed with the primary audio part, and the presentation graphics stream represents subtitles of
the movieﬁilgée, ihe primary video is normal video to be displayed on a screen, and the secondary
video is v (} e displayed on a 30 smaller window in the primary video. Furthermore, the
interactive graphi¢q Giregrh rdpreserssan rtetdadiayes scoednl te befgemer&iEd bynadanging the GUI

compone screen. The,video stream is,.coded in the movi icture,codi thod or by the
moving pi%t@rﬁ)en c@%ﬁ{gea{ﬂpﬂarﬁbssps%%% i Teggheo gﬁlbgdir%r%%ts?%lﬁilh atrﬁl%%in%[%?p?@%%‘%gding
method odiag animyind pietuengifing BppatatusiolugZzd donfohreityPMith @ cahwetitiemal stafvdard,
suchas M - PEG;4 AVC, an -1, diQ str is i orda ith a,standard,
suchszs DogllgfaA%% o%%%fﬁl?g?ﬁ%;(%\ﬁ%%T@ é%%ﬁgﬂg'rpc? %%%;ér rb%%/% é%)gg%% gle%ach
stream inelfitked inftkee MAifpldxeddiarta is itlentifistddyd? D skartexampleh) ©x1oidyis akotated to the
video str t r vide vie, O 11F I t [0 Streams,
0x1200 to Ql%ﬁ%g?ﬁ%lﬁ%c%%%ﬁﬁﬁagngﬁe@nﬁa@%fﬁ%%ﬁ%i‘cs ﬁggigﬁgx%%ﬂ%ﬁﬁiéare
allocated o ttr@ [fitgractive igraphicsisisdaatsrOx nBOOTROXIB I féi akp chted Inethetvidleonstreams to
be used f kY. Vi h ie.a 1F are.all t [0, streams
1 be used 1o e s, A e e AL B P s b0y & Fleedr
schithatidalf tmsaties ool ddesis makipleded it ar vides birdascel23riconiposad bvideo
frames a audio str 3 e {0; frames r dij tr of PES
packets er%?‘f@ alr%} a%trge%%%ﬁgg%%ncﬁ?s ié()é?g# é%‘g %O %urgée?ﬁ iﬁf?%@gck@(sa eaxé2387§§r%d TS
packets esRa®q raspacaiea Sinhldply, adfath of e presattionigraphicy strasin exQau dhddata of an
interactiv i tr meg-into stream
¢/{ARE )?é ESE eg‘rﬁ“da?jrtds‘b%r& racgﬁp megjnl ?g?é'éﬁmgﬁég’?@ﬁc ts%‘?'éegr@%”g%é%ﬂ%‘

of PES packets e erinto T ckets ex243 and TS pa ex246, respectively. These
25 TS padkets B nigltifiexediinb e st & erdb@in il gplekeld i exe@ 472 10388] FIG. 52
illuq}@tes[fﬁ)g\gaﬂideo stream is stored in a stream of PES packets in more detail. The first bar in FIG.
52 shows a video 30 frame stream in a video stream. The second bar shows the stream of PES
packets. As indicaléd®y airews dEnptexas iR §3/2S e Ardsg R BICE 60! tHe dides direein is

divided intQRICRIRS AS | RIFUFES P PIRIUIES KR DIGHAOR GRS RIWHICA 4% & VifteR RISERAFRLION unit,
and the pictures are stored in a payload of €ach of 35 the PES packets. Each of the PES packets has
a PES heBid8E -and the - 93 -

[0393]

20 Each of the multiplexed data information files is management
information of the multiplexed data as shown in FIG. 55. The
multiplexed data information files are in one to one correspondence
with the multiplexed data, and each of the files includes multiplexed
data information, stream attribute information, and an entry map.

25 {0394}

As illustrated in FIG. 55, the multiplexed data information
includes a system rate, a reproduction start time, and a reproduction
end time. The system rate indicates the maximum transfer rate at
which a system target decoder to be described later transfers the

30 multiplexed data to a PID filter. The intervals of the ATSs included in
the multiplexed data are set to not higher than a system rate. The
reproduction start time indicates a PTS in a video frame at the head
of the multiplexed data. An interval of one frame is added to a PTS
in a video frame at the end of the multiplexed data, and the PTS is set

35 to the reproduction end time.
.05 .



PES header stores a Presentation Time-Stamp (PTS) indicating a display time of the picture, and a
Decoding Time-Stamp (DTS) indicating a decoding time of the picture. [0389] 5FIG. 53 illustrates a
format of Tf? ets to be finally written on the multiplexed data. Each of the TS packets is a 188-byte
fixed Ieng& B@atci t including a 4-byte TS header having information, such as a PID for identifying a

stream and a 184aytafiSwayldad Fastofity datapThed’ &S packets ate dividedrnaadisiored in the TS
10 payloads, respectively. When a BD RQM is used, each of the TS_packets,is given a 4-byte

TP Eotral ST STy A0S Bytb Boed DELKENE B <SR BB B WARLH on the
multiplexed rdsgian ThecTRd Egtran Hedeelemstdrgs! ke thatiabssucEas-an pirival_Fimet StanmpdATS).

The ATS shows a transfer start fime 15at which each.of the, TS packets is to be trapsferred to a PID
fiter OThe DS0IOL BAAe 8 AL GRS A SR EAEPERGI G At Balis bf FIE. 53, The

numbers gereasmtingl frogn therkead of sheemultiglesedstateaare calted soutte patkesmombers
(SPNs). [ ;gg]ezn 5{‘,38 of the T%.pack ts included in the m d data includes ngt only streams of

n.ar fes sirea or a inlﬁleﬂféeé_efv ﬁﬁlﬁl ¥
audio, video; subtitles and%tﬁgrs,%ut also arBr‘ogram Rsd0ciativf a%leg( ), SProgram Map Table
(PMT), arcbaPrpieam CGfovkdRefesenee rfP G R): iDhe @ ATfshona tikdnat cePHiein aPdTusecbin the

multiplexe ta.indi n f T 25 jtself.is reqistered as zero. The PMT stores PIDs
of the strggr(fﬁ*s:rill § 6i &g,}%ﬁ |ciﬂsu§;ﬁ%a§néﬁ§€§ééﬁn§?d%% ll%%h%egr%elﬂ%lg% %E?a%,sa{rq a%‘rl ute
infdrthation dethes srieams cotkdandingatutie P)Dss FaetPMT ialsorths varoais-déscoptorserelating to
the multi a h rpiar informati ch p olLinformation howing
whether Fci%?pé)%%gg o] héﬁﬁﬁﬁce%%%gsa@éetpé%rﬁmgwgr%%t.' rﬁ?teﬁ Cﬁ@t%geg IQI time ir?f%%ﬁation
correspordiagao af AMSEhoviibgeRhen IHEMPDR padkébisrmatsierredanbedecotfer im atdento

Systom T G R B e S R L s P RO s e
data struciu@iof SHEENIT, imdataiin ATPMI eesder Ssalieposetlatakeitof betka BT Stre #MT header
e i 6ot o a8 PYAT 28 o'0eisyfo ARG FERgfg g o he
sampling frequency is. The video stream attribute information and
the audio stream attribute information are used for initialization of a
decoder before the player plays back the information.
0396}
20 In the present embodiment, the multiplexed data to be used is
of a stream type included in the PMT. Furthermore, when the
multiplexed data is recorded on a recording medium, the video
stream attribute information included in the muitiplexed data
information is used. More specifically, the moving picture coding
25 method or the moving picture coding apparatus described in each of
embodiments includes a step or a unit for aliocating unigque
information indicating video data generated by the moving picture
coding method or the moving picture coding apparatus in each of
embodiments, to the stream type included in the PMT or the video
30 stream attribute information. With the configuration, the video data
generated by the moving picture coding method or the moving
picture coding apparatus described in each of embodiments can be
distinguished from video data that conforms to another standard.
[0397] |
35 Furthermore, FIG. 57 illustrates steps of the moving picture
- 96 -



after the PMT header. Information such as the copy control information is described in the descriptors.
After the descriptors, a plurality of pieces of stream information relating to the streams included in the

multiplexe dataiis dﬁgﬁﬁﬂa{iawé}ie%ﬁ of s reaﬁn 10 information inclugdes stream descriptors each
describing SIS0 R4S £ SHBAH Ribelfor ilénting & CoR PrOSEM@Idk: of 4 sHESR, a
stream PIgx &ad Styetineatitieterinfoymationc(sutbds a ftamerdd op anaspeeHEtioytFhg giream
descriptors, are equal in.number to the number of streams in the multiplexed data. 15[0392] When
the MU b1 14 TELOA N L Yadin g hebiar A G ere eI TBGAY it
multiplexexbdaia eformationtfiies. 10893b20kacdh dtitte. mulliglexedrdagadpommaion filesisis

manage information of the multiplexed data as shown in FIG. 55. The multiplexed data
infor%atir:)bﬁ ﬁégrﬁﬁrg%\%n‘gqgfﬂg%oﬁesgg d%@e%ﬁ?ﬁﬂ@ muifiSled Hats, YFQacH b7 818 files
includes mtittiptaxi déatef inforenéition, Stneboeaatigbutdiafornihion modiap] entemaga2g [0894]

As illustr [ 5. b5, the ltiplexed data information includes stem ratg, a reproduction start
time, an;i%?égf(%%c iorl? gngﬁi{%ne%ﬁvel g)gstgr]ncﬁé&'é%n&@gleggthmagi{%fm%afg@r ?ﬁg\ék%ich a
system tapdetdeecoderdotae desprdvad latei trarsfers tod Z0nhdtiblexeddata tanap filter.idhe

el o b ATRRBEIE] e sl e Sl ok g s e

reproduction start time indicates a inavid me at the
intelrlial of e franiéds adddid td aPlisih shadeolfiaipdeat¢hk @adanf the enitiglézed datahand the

PTSis Seﬁ-ﬁ?ﬁ e ti im Asshown in FIG. 56 iece of aftribute
information is r@gglst re% Int eoscrtl?gf% ttmé?eﬁ%?gorrﬁgtio?ﬁ or each BB opéé?%ﬁrs?regﬁ hefRded in
the multigiéeadr@dias EHtheiade affateribite dimfermatiomh£StdifferenbihfoPmatienddpegdiizg on

whether t Ing stream, | ideo ream,.a g, sirea resentation_graphics stream,
or an inte?a%cﬁ?/{epzﬁgp ic@%trggr%. Iééa(c?ﬁ\{pl)‘?gces(ﬁ) wdeeo gg%ﬁ%%jéﬁouﬁ %ﬁ)ﬁﬁ&f% c%?%é@ iffformation
including @/Mdl &ihd ot B preEsibihesds e feysedfencdmpresising the hopdden stieamy ihddhe

resplytions @spert ratn 8nd fame il phing pisces ghpidue.data gt inglded in dhe yidgo stream.
Each piece of audio stream attribute information carries information including what kind o
compressior ¥6ded 91 adesl fon daribe ssire tHasaliiE Stresn R riaiVdb ararrets dié-ihglimed in the
audio str [ n i SAMSURPQIS ,a [ li uency is.
The videﬁ;@rgz}ﬁ%ﬁtﬁgﬁe %l%gn%a{,t?g%a Zﬁd% tﬁg audio grgymaatﬁ?b%ﬂ#dg#?régﬁf ;aé% gg%g (@%r

initializatiBhes i deéd dep gt ik MAYBr gy s BasienE tnferhaitbndpEYs]
[0398]

20 As such, allocating a new unique value to the stream type or
the video stream attribute information enables determination
whether or not the moving picture decoding method or the moving
picture decoding apparatus that is described in each of embodiments
can perform decoding. Even when multiplexed data that conforms

25 to a different standard is input, an appropriate decoding method or
apparatus can be selected. Thus, it becomes possible to decode
information without any error. Furthermore, the moving picture
coding method or apparatus, or the moving picture decoding method
or apparatus in the present embodiment can be used in the devices

30 and systems described above.

[0399]
(Embodiment 6)

Each of the moving picture coding method, the moving picture
coding apparatus, the moving picture decoding method, and the

35 moving picture decoding apparatus in each of embodiments is
-97 -



20In the present embodiment, the multiplexed data to be used is of a stream type included in the PMT.
Furthermore, when the multiplexed data is recorded on a recording medium, the video stream attribute

information included in the multjplexed data information is used. More specifically, the moving picture
coding 25 m&fﬁﬁﬁ& ﬂ‘f‘Jj’ 1 % &Bﬁﬂ&gﬁd?ar‘&ﬁ%%@igecd iR @dchof dmb8@MmERSIncludes

a step or alnhé foatetaling Unique- miermatior indisatingarteoatsr ggRerated Py thpanowigg picture
coding meI'-[,od or t{fg moviwicture codir&g&}paﬁus in eachd%‘ embodiments, to the stream type
included irl the® BRATES ThEQAHEE WP Bk Bt lifdmiidh itk e sniidtra088 HE Rideo
gata gengﬁml %Tewé\gr@g mmw@?i@mm@rﬂém mg;(;irmésmnﬁ @@Erﬂgaz,ip@@m,h
escribed in of e iments can istinguished from video data that conforms to another
standard. %Sﬁﬁﬁ]ﬁémg?&, é?@.%’\f'a wﬁé@?@é@ﬁﬁ@ msvﬁ:ﬂ%sﬁi@tg?ed- 861 WMl method
according tt ¢he |present embe divente it Stepoex s $ 000 theestieam dye neludesks e, PMTer the
video stregm attribute inhgrmation included |%bg§ multiéillexed dhba informzjtion is obtained from the
t

multiplexel Yata: Next Pt St e Hdh Gisg SHtah Y or hBPINESE &R R/ SPfe video
stream attetbaite érfosmativh ipdieates thaethetmaltiptexed datanis igendratert byie eewing pigture
coding mett Q at%%moving picture coding apparatus in each of embodiments. When it is determined
that the stream type orf the video stream attribute 10 information indicates that the multiplexed data is
gengéfated[BABB8 Moving picture coding method or the moving picture coding apparatus in each of

ot embodments. RUineROIE A Ren (N ea G0 of hoRfds 18 Ctleard G batb oo
indicates af@ﬁeimm@wtmhe: wpnediitomal staridamishareh ex MPEG 2 aMREG-4AVC3 aathidC-1, in
e S PR B e
video streééﬁﬁhﬂl@ib}ge ia.foﬁﬁrﬁ’éﬂiorexﬁdbﬂe,s determaination wdetieooamotdxsmBying pistrea decoding
oo ST e ke Ll et 28 ety B L b, ke e, an
gpproprigﬂé@d@id@dgarﬁ@h@ﬂ 3l Epparatos iari iyesteleetkdn s Xitkeoarhes possityestosietode
moving PIELLR GESociig SEA Br AcpE e hL Lot S oM ot CAH D Setiin ftevices
30 and systems destribad Ebosego3eaked into data portions according to the
processing amount and speed to be transmitted to a signal
20 processing unit ex507. Then, the signal processing unit ex507
codes an audio signal and/or a video signal. Here, the coding of the
video signal is the coding described in each of embodiments.
Furthermore, the signal processing unit ex507 sometimes
multiplexes the coded audio data and the coded video data, and a
25 stream 10 ex506 provides the multiplexed data outside. The
provided multiplexed data is transmitted to the base station ex107,
or written on the recording medium ex215. When data sets are
multiplexed, the data should be temporarily stored in the buffer
ex508 so that the data sets are synchronized with each other.
30 [0401]

Although the memory ex511 is an eiement outside the LSI
ex500, it may be included in the LSI ex500. The buffer ex508 is not
limited to one buffer, but may be composed of buffers. Furthermore,
the LSI ex500 may be made into one chip or a plurality of chips.

35 [0402]
-0R -



(Embodiment 6) Each of the moving picture coding method, the moving picture coding apparatus, the
moving picture decoding method, and the 35 moving picture decoding apparatus in each of
embodiments is -’97 -ty icallé achi&\éed in the form of an inte?rated circuit or a,Large Scale

r

Integrated (LS) créllit &S RIPERarfipie BHEAB L8P ERE B8 ilEHafs 2 cbhigtiaon e 19l exs00

that is magdg 500 priérehipefhe byl @xh0fohelbdes Biemertisexbfda exS03 nexb0d.rexid70 5 ,ex505,
ex506, ex507, 8x50.8, and ex509 to be described below, and the elements are connected to each
other throldf B ES 165 AHE BoXeF STIER) chalt dhi haoatd St Ab @ By 2tiSRy b L8 of the

elements gdth tpawernhent 5@ poixehsuphisncireditiunit axb05 istirnes ®m 3&[0406] sigrfar
example, when coding is perform (é he LSI ex500 receives an AV signal from a microphone ex117, a
camera eyfﬁc,ea% %ﬁwe‘f&flﬁro@éﬁ AV e@j Ghad? Esb%argl 4t a roﬁﬁ]%&ﬁﬁ%&%ding a
CPU ex5G atinemdly ontrotierex388.a stresoed5icantratier ext98,7andha dnvipgdkegugney control
unit ex512. The received AV signal i‘g ten}gorari&/ stored in_an egternal mef‘r?rillgq?/ ex!’%ﬁ S WS an
SDRAM. BhA&reshti8l otREE Eontro Hﬁlrt ?(%%Hrfﬁé stored B4 ?%e&ﬁ%é fhito ag rtions
accordinga® HiEproegssiagvamasnt abe spesarto detiansigtier tora sigesir2d prodessiBd vnit ex507.
Then, theés,}gcrllalfarl,oce?%ynit ex507.%o es,an audé?#i%nal .arhd/?r a video signal. Here, tre coding
of the video signa isthe ¢ ﬁg JesCrBaG iH%%cﬁ%f e dimehtd Bl ; the'S gna A
prot€ssinguriit ex50vssonidtenes muloplexel the 6ded racidial datet ard thgreaded wideosdatg, and a
25 strea ex5 rovides t ulti d data outside. The provided multiplexed data is
transmitgléﬁ?)ttléé( g)see%; i?c')% I&@%md&cgﬁ 1 eacgr%fr%gorﬁéébiﬁrﬁ ! PiHerraiiPsets are
multiplexed) thecatdil hould be temporarily stored in the buffer ex508 so that the data sets are
synchroniriggrglgli each other. 30[0401] Although the memory ex511 is an element outside the LSI
€

ex500, it ncluded in the LSI ex500. The buffer ex508 is not limited to one buffer, but may be
composed of bufféfseFustheernaredthe E Sl exX3oD, hay bermayeitso dree ahifedr Kleradityof chips.

cortiolor 5780 IR CIERts il Gab g T A IRy C et (T DL

configuralﬁ&ﬂ&‘ﬂ}e_ control unit ex501 is not limited to such. l_:or exa_mple, the sigr_1a| 5 processing unit
mprove the procedone L e e R CF ALAO, T L N eay Qg as of be
a part of th& SighBIdEo6@ssig lugit eXBD P ratd) dsrassainiple Pmag inclade ssoauditdsimdbptdressing
unit. In can also achieve the integration. Field Programmable Gate Array
20 (FPGA) that can be programmed after manufacturing LSIs or a
reconfigurable processor that allows re-configuration of the
connection or configuration of an LSI can be used for the same
purpose. Such a programmable logic device can typically execute
the moving picture coding method and/or the moving picture
25 decoding method according to any of the above embodiments, by
loading or reading from a memory or the like one or more programs
that are included in software or firmware.
[0405]
In the future, with advancement in semiconductor technology,
30 abrand-new technology may replace LSI. The functional blocks can
be integrated using such a technology. The possibility is that the
present invention is applied to biotechnology.
[0406]
(Embodiment 7)
35 When video data generated in the moving picture coding
-90 -



10 such a case, the control unit ex501 includes the signal processing unit ex507 or the _CPU ex50_2
including a part of the signal processing unit ex507. [0403] The name used here is LSI, but it

may also W?Tgﬂlj I P I, or ultra LS| depending on the degree of integration.
[04)(;4] ore%@e%w%@s 0 ;1%&1'?3%}5 %téé?tg |c];r€? grlﬂédﬁgtqlrﬁﬁgza{oa%% ?Saﬁ{ﬁjaggﬁé%iﬁac‘iﬁguit ora
general purposedrocisgendad iso dethadad)scachpyedhe egvateon. Eime@rqgaﬁmnm@e Gateh
Array 20 b acturi Is, pr-a.reconti blg processor that
aIIov?//s re-((:Eog; igu[;trel\i\]'[%r1E %ﬁh%%o%@gi%ﬁ%ﬂgﬁméggé gg] %%Iﬁcgrr?%éegsgégfgqhg A\Zg;purpose.
Such a prégrdm¥iable isgid elevite Carttypicaly exesine tremoving gictiva bodirig n]ﬁbdg@and/or 'éhe
movi i 5 119 ing.tg.an bay odiment ading or reading
from %gn?eqr;Ho%rt&%épﬁk%elor%g%tp (raﬁ)do]?eg %ﬁg%%grjn;b t%a% %Ergﬁc%uﬁeﬁ\ﬁlms%fﬁl/géuoér#%vhr%ﬂ 405] In

the future fAM ddvaheéribat (nPdémkbiducmechasidgyh 80 a lntanddwin témmmrcfmrhmm%]replace
Sl. The f j | j ' logy, Th ibility is_that the
-S). The fnetional blacss can i te”%ﬁﬁ?gqy‘?’?o‘% g]gda 8BGO0 TR0 S BhiL

present invention is applied to ‘ (Embodiment 7) Fata genierated in
the movin€ [iétii@ Eoaifige ietHEdssHDY BB aipvihg meure icading appatatus tescebsein each of
embodim r@g@ﬂeeoded, compared to when video data that conforms to a conventional ;tandard,
such as MPEG-2, MPEG-4 AVC, and VC-1 is decoded, the processing amount probably increases. 5

ThusDthe LSI ex500 éews & bé15et 107 diang frequisiicy Righe e aekim thatppthee QL) ex502 to be
used whep yideg dat {n sorHosRi With{her srnyentional éE?“ﬂQ%%%@‘;f?@&dcd*%’%FﬁwY% nthe
driving frequency is set higher, the power consumption increases. [04
to which standard the video data conforms, and switch between the
driving frequencies according to the determined standard. FIG. 59
ilflustrates a configuration ex800 in the present embodiment. A

15 driving frequency switching unit ex803 sets a driving frequency to a
higher driving frequency when video data is generated by the moving
picture coding method or the moving picture coding apparatus
described in each of embodiments. Then, the driving frequency
switching unit ex803 instructs a decoding processing unit ex801 that

20 executes the moving picture decoding method described in each of
embodiments to decode the video data. When the video data
conforms to the conventional standard, the driving frequency
switching unit ex803 sets a driving frequency to a lower driving
frequency than that of the video data generated by the moving

25 picture coding method or the moving picture coding apparatus
described in each of embodiments. Then, the driving frequency
switching unit ex803 instructs the decoding processing unit ex802
that conforms to the conventional standard to decode the video data.
[0408]

30 Mare specifically, the driving frequency switching unit ex803
inciudes the CPU ex502 and the driving frequency control unit ex512
in FIG. 58. Here, each of the decoding processing unit ex801 that
executes the moving picture decoding method described in each of
embodiments and the decoding processing unit ex802 that conforms

35 to the conventional standard corresponds to the signal processing
- 100 -



10In view of this, the moving picture decoding apparatus, such as the television ex300 and the LSI
ex500 is configured to determine to which standard the video data conforms, and switch between the

driving f 2NCJ ding-t d i t .,FIG. 59.illustrat cqnfi tj 800 i
the present SOBaT Ol A F8 cRting TEMIGIE Srag ah 08 308 Wioha e 0 a
higher driving frégeenciaibenovidesrdasta isTdenratéckby thel mpVing qicture\cadimg: methadi or the

' i i j | di ts. Then, the driving f
Swtching S a0 LS Bedo b e g R B sttt el o picaure
decoding gebitbd. deSeritida: inmeach, of eenisodimadns tcdssode the ider Saa. d¥bendthe video data

conferms c Nnti t the driyin y-Switchin it ex803 sets a driving
freql%ncy\%ﬁ %%ov@gx g‘ri\E/Bing g%}gﬁ%h%?ﬁ%l c% g?ég\bltlﬁego ﬁg gge%%(rﬁgéd byotﬁee?ﬁ%Wr‘Pg[%5 picture
coding méthed @€t fitaliny plateeroadimyapesariis etdscribed o danheot efhbedimebsbTnen, the

driving fr itchi Al Ie C degading.pr. I [ t conforms to
the convﬂﬁggrﬁhﬁmgﬁﬁﬁﬁﬂ%?h@%%é? éfz?t%'. [Ojl%% %%ﬁﬁ@i%ﬁﬁ@lﬁﬁiﬁﬁq égrll%l%a flsequency
switching it ékB0BaAcItRldd ®eoorUeEUd bad the diving tiegesrcbednttolnaiy ekl 2 myFIG. 58.
Here, ea i FOCESS) it mcﬁgllt .execlte: ing, pictur ing method
describeg?nPég?cﬁl%ﬁgﬂrgb%%ﬁn(%ﬁl s%%gt\t?w@e decodmﬁr%ﬁei@%ﬁ%%ﬁg;%oﬂﬂg %g?l?c%ﬁn%séo@ to the
convBntioHRAEsMRERI e SHUHEN 0 the SigaEp@BeBsgWITER Uritiekeetam BiG b8idhae CPU

ex502 de j i dithe vi r he driving. fir y trol unit
ex512 degﬁgﬂg{??ﬂ%&?ﬁ%c@gbg%@ﬁ%%g%ﬁtﬁrc U%&%ﬁ%&%ﬁlgﬁr@)r@ﬁe signal

processing & ExH0NGeboakd e s YRR lada isabse 8if tcasiggisin the CRJ iske 02t Eor

example, [ Hicatiom,k | ghipegAn [ ' fQL;i ifying the
video datgh%%f%%@rﬁiﬁﬁcg%ﬁ?m@a%gﬁs not Ii%i@%%?gr%%%@ﬁ%zﬂﬁ érrsnﬁlgé(%rﬁgﬁ? "but may
be any infoRhEIBRAP g Hane RMoRx&da iraiess » WhisineafiamEng Besedarrgonforms.

Forjexamplg, whsmphich standerd vidae data sopfrmsie @ H%Q?Q‘-‘i‘%%if‘?ﬂ @%ﬁ%gg%“cmsxtema'

signal for determining that the video data is used for a television or a disk, etc., the determination may
be made BASed@SARLINEH extiihal BRnAN IR efife SRS ERUKSTRG8BCIa BHAndflequency

based onTHfer@¥amplectioaksp &%ﬂﬂfe%%@@Bd_b@@tﬁpdﬁgﬁﬂfg%g%ﬁﬁaggai% Braggiated with

the driving frequencies as shown in FIG. 61. The drlvmra frequency €an be selected by storing the

look-up tdB1€ irPHE BhfEXedSHM iHars htd A& e SRESN&T Y Shfasdwith FeférBsbantit the
look-up tallednee LRy @x603 AL (40Ybie HIGHIEE tasiraigs sigps for executing a method in the

p ciﬁ. t ecﬂbbogiment. First, in Step exS200, the signal processing unit ex507 obtains identification
inforhhatid M khe multiplexed data. Next, in Step exS201, the CPU ex502 determines whether or

not the 25 video detais@eneiatedte the cogingdnaihed apthihecoing apPpaiatie dssedlag in each

of embodir?ije}%ts, hased on the identification information. When the video data is generated by the
u

moving pit HRE Methob 5k tHE mabiiy picteré @Bdird Sp il dBEQ RS HEacHY
embodimests (1 SeRab20ache GRS he kbR RasBits frsignatier satipgas drdving fiequency to

Control UKL S CAETHH ) R Eney 1 B R RESUEHES OF e iR Wi, wher
thezdentificaliean infatrmation ishcatasdiant Bie video dy@igferBshod and the coding
apparatus described in each of embodiments, based on the
identification information. When the video data is generated by the
moving picture coding method and the moving picture coding
apparatus described in each of embodiments, in Step ex5202, the
30 CPU ex502 transmits a signal for setting the driving frequency to a
higher driving frequency to the driving frequency control unit ex512.
Then, the driving frequency control unit ex512 sets the driving
frequency to the higher driving frequency. On the other hand, when
the identification information indicates that the video data conforms

35 to the conventional standard, such as MPEG-2, MPEG-4 AVC, and
-101 -



35 to the conventional standard, such as MPEG-2, MPEG-4 AVC, and - 101 - VC-1, in Step exS203,
the CPU ex502 transmits a signal for setting the driving frequency to a lower driving frequency to the

driving f . | unit . Then, riving.frequency control unit ex512 sets the driving
frrel\cgltr}gnéﬁﬁﬂgﬁg@g%%%gﬁgééen Ib% tﬁﬁ%ﬂjéwegréggéﬁﬁ%eath%l gfag é‘éfa?@&féﬁ&ated by
the movinghgicirévéedin§reetedand theemiavingrpiditirg ngdiﬁgsam@tvs;@esmiéed imaaeh of

bodi . 10410] Furth e, along with,the switching of the.driving. 10 frequencies, the power
g(r)nnsc()er\l/r:lt?gé edt c\éﬁégeﬁ #ﬂﬁro%gfbé%&\%li%gingi\ﬁg Uoltdhe rﬁ%*&&p%éﬁ%fﬁ@@él%@(%g@gr an
apparatusinctuding 1f2e 4c<Sisekh@0d Fari egaimplg Lehery the dtidng frequentyiissdiriower rﬁ@VlO'tage
tob i S or.the apparatus including the LS] ex500 is probably, set to a voltage
Igwg??ﬁaprﬁ%ﬁ f@?ﬁa lFhér(:?:)::lgie%%\;vhceér%%h(@v %%%/Wg Fﬁaugﬁgﬁ % éi? %’ﬁ’gHér.?@ﬁ%ia{j}ce&ﬁ%em%re, when
the processingiamounicion tecadidénig larger el driving figneemoy miamgbeset highercatdnghen the
processingtﬁg%%ttjgr ggg(&g*%%ﬁhi@gtléeghtréef déir\}/,;n g%%ueerqu may 20 be set lower as the method

for setting driving frequency. € setting method is not limited to the ones described above.
For exampl&} dién the processing amount for decoding video data in conformity with MPEG-4 AVC is

larger than the pr@gﬁﬁi nt fQr di ide ta generated by th ving picture coding
method 25 and the mov%]%ﬁp{)%%fe c%é?rﬁﬁp&a%ﬁus%@%rit%é/gi!?r(l%egg of%fnb ?alﬁ?nerﬁg,"ﬁ’ﬁ%%riving

freduency i€ grobalieset infrevgrsevendectngersettimndestitodd aboveb412] Furthermdrg, the

method f [ vin i imi t t r setting_the driving frequency
lower. Fo?@%@pﬂje?%ﬁe@n Yf(%g§§#t?§%%g§n§|%%ﬁ#£§§%%%ae§?t gﬁhfe?v%e%%aﬁg %agrgrgégr%ted by
the movind pictdie goditylivdtead &Y thé erovingpiplerewbdingtigpdratis dewihae imcgaich of

embodimegts; geolage theppoigdio sl RO 1 PRRABY'DINENE AR B3 Fit s @500

is probably set hig entificatio
including the LSI ex500 is probably set to a voltage lower than that

15 in the case where the driving frequency is set higher,
[0411]

Furthermore, when the processing amount for decoding is
targer, the driving frequency may be set higher, and when the
processing amount for decoding is smaller, the driving frequency may

20 be set lower as the method for setting the driving frequency. Thus,
the setting method is not limited to the ones described above. For
example, when the processing amount for decoding video data in
conformity with MPEG-4 AVC is larger than the processing amount for
decoding video data generated by the moving picture coding method

25 and the moving picture coding apparatus described in each of
embodiments, the driving frequency is probably set in reverse order
to the setting described above,

[0412]

Furthermore, the method for setting the driving frequency is

30 not limited to the method for setting the driving frequency lower.
For example, when the identification information indicates that the
video data is generated by the moving picture coding method and the
moving picture coding apparatus described in each of embodiments,
the voltage to be applied to the LSI ex500 or the apparatus including

35 the LSI ex500 is probabiy set higher. When the identification
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information indicates that the video data conforms to the conventional standard, such as MP_EG-Z,
MPEG-4 AVC, and VC-1, the voltage to be applied to the LSI ex500 or the apparatus including the LSI

[ the 5 identification information indicates that
ex500 is PIQ 8?%3? lower. ar}otherrfé(zélgplfgwhen_ e Io%

the video daFa id'4enerated BY the Frdvi 8odi\ﬁbdr%@th T tHE MRARG DictiRe cBthg

apparatus dessrirdd dm eadt aherabddinarttsatheidrF B g 0f Me’@@mexw,d@ﬁ@m?tprp,b@h%f;ﬁve to
comventon s SAAdard, Soch A0 iOEC.3 et NS Shd V€. SDRE Fhicg OFNSERD B0z s
probably suSperdéildl dgiverotiae heceisd thedtPU R5562 bas extrammﬁ@g@phgv@a@apitw E\t/en
whenghe i ification.information indicates that the video, data is generated by the moving picture
coding me@?ci%ﬁc? ﬁ%%omﬁgé %ﬁ&érﬁ; CQ)%]% T St%%%é?é%ﬂ?ﬁicﬁ%i%q?ﬁ% gfw&ilgggﬁf;@sb; It)l/we
hexeRu 3 laspingatdyuadi e dgving @ e

gs:gg\égzr(é; %Sé @?I(B@Q Iwés%cg mggsd%a%fsu%q n%ﬁ%ﬂmiis ?be%ﬁ%égt Sd?%rt%éhf%% tgr?at in the
case where V\%en\:ﬁgiﬁ%ﬁggﬁon in ormaﬁon indicates thatthe2d Uia ‘tﬁg'; ofré_ | tge

[ dar@ssucinas MPEGVCAMO, and VEukHe4iBid. Agyerdinglyhie power
ESEZEPJQIE;!%%E riw%t;?c iWi’cﬂ Ngg,;ﬁv% i@@t t"Sé‘F,ea’}thﬁ é}lri\}’/ig%freé]u%mies ig accordance with
the 25 standard to w%ﬁtlc the wd%o ata conforms. Furthermore;, WheR thEE e%'@_ Br'the té\cﬂ)paratus
incldding tmgoémti@mmeﬁtamf acbasue)gh the DARE(y ke ddR B@h e«Xt@hﬂa‘éd g;{?mtpgfgggvgg .
conservatig.effect.: 4 E j . ere are_cases where a. plurality o
that confo!F(anE3 tg?gi\#egr) r%tJ it:gﬁéa?(}ggisg&%g el&t(gJ {%23 é@v&e%uasr%es%g%gﬁgtsﬁcﬁE seéltééogion and
a cellular PreSEL Fieokber oRdapkeSdBedairgy ehetprurplityasfading dzaa theit gonf@msrowtecdifferent

standardsy the 35 8i9pg4 PESESSING, W&ﬁ‘ﬁ?%of fﬁ?% t%tgggg@ﬁi%ﬁ%co\?g%%%aféﬁ}g% - tne

different standards. However, increase In the scal ( ex a‘s,se in. the
cost arise $fitAgha igdiviaaltiise on the 8ignal prucessingliungs exa07 akiatzodfarimetorthevasgective

d ieyy, af.this, what.| ived | iguration in which the decoding
m b e Il el R el b
embodimérfts A iRe @ddriind’ breoesSiddhart tdireopfsrrrasithe camaniionalistaddavin g

of the CPU ex502 is probably suspended at a given time. In such a

case, the suspending time is probably set shorter than that in the

case where when the identification information indicates that the
20 video data conforms to the conventional standard, such as MPEG-2,

MPEG-4 AVC, and VC-1,

[0413]

Accordingly, the power conservation effect can be improved by

switching between the driving frequencies in accordance with the
25 standard to which the video data conforms. Furthermore, when the
LST ex500 or the apparatus including the LSI ex500 is driven using a
battery, the battery life can be extended with the power conservation
effect.
[0414]
30 (Embodiment 8)

There are cases where a plurality of video data that conforms
to different standards, is provided to the devices and systems, such
as a television and a cellular phone. In order to enable decoding the
plurality of video data that conforms to the different standards, the

35 signal processing unit ex507 of the LSI ex500 needs to conform to
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10 such as MPEG-2, MPEG-4 AVC, and VC-1 are partly shared. Ex900 in FIG. 62A shows an
example of the configuration. For example, the moving picture decoding method described in each of

embodiments the maving picture decoding method that conforms to MPEG:4 AVC.have, partly in
common. 16 GLRC SR BRI i HE B BB CEin, Mg aEdO Setaiihing
filtering, amttinatios tempétsated pradietae Théldetads biqriemessiby thbe sbaved pedbably include
use of a [ cessin it ex902 that conf to MPEG-4 AVG, In contrast, a dedicated
decodingdcgf(;acgégglsr?é?&ﬁﬁsggé? %s,sp‘))'r%oqoa ‘Jli;il%t%seg&( %@?jiﬁﬁra E):rgc?er%ﬁ?nrgmwrt\%htheﬁ%Srﬁ)q%%ag @n aspect
of the preseanih@edton and does not conform to MPEG-4 AVG. Since the aspect of the present

inver%tion $ghaE cterized by entropy decoding in particular, for example, the dedicated decoding
processing unit ex901 is used for entropy decoding. Otherwise, the decoding processing unit is
probably 25sharethforiene offtiié iayerseaiuantizatios, delbloiking dittafirgy, ead omotionwdorigiensation,

1 of ) H . ) A : St gi
method ch e DL BT B pe g e e Dt A R R Y R e e
dedicateddgsspding protesbing ukie3a nibg e UsedRE proodssiig buidie onttat efiiMPEGE AVG.

[0416] in ElG. S q?f@grw i A ing rtl
shared. Tﬂééggﬁg;g Eggsé %ggﬁrﬁigﬁégigﬁ %cﬁ%ﬁrl\%?aﬁﬁgd%ate d%lgggég%é%%fgﬁgﬂﬁ% %@(1(3)/01 that
supbdrts 35 @hegsddESsimgAunidBE fo-dn/Bé pact BEthE presere invetitios hreds- dediafedrdecoding
[ it 0 ' iole t { j , and
ocoding ooteana L RIS T o B B eaa e Soaii picture
decoding metHo@aptekding anediaspeaedhmd gresenti@ntorant thé eomsntibme msving

picture deggeling methad o e edinatafiscoring prasessing Llissx101 o sKIQ0Z are not

necessarily specialized for the processing according to the aspect of the present invention and the
processinty\6EtheatoRveREGREY siahdzed) respbctiedy, dadahisy bé the @nes3im gapabletof as

ImPiemenig aeneral ERFRES NG e DeTRAIENS sarigur e el dheresaambgdinany can be
implemented by the LSI ex500. [0417] As such, reducing the scale of thecircuit of a (Sland 15
reducing fRE EGLT af® poBSIBleaiEsharirRtisd @etodidd srodedaig uaft fBr efeepriesssing e shared

between WespaMing-piskise,decedingmatbosraceniding i??dhﬁr%%@éﬂéhﬁrﬂﬁ?é%@ﬂm%%ﬁ“ and the
moving picture decoding method in conformity with the conventional standard. 20 [Industria
Applicabifgpforms to MPEG-4 AVC. " In contrast, a dedicated decoding
processing unit ex901 is probably used for other processing which is
20 unigue to an aspect of the present invention and does not conform to
MPEG-4 AVC. Since the aspect of the present invention is
characterized by entropy decoding in particular, for exampie, the
dedicated decoding processing unit ex901 is used for entropy
decoding. Otherwise, the decoding processing unit is probably
25 shared for one of the inverse quantization, deblocking filtering, and
motion compensation, or all of the processing. The decoding
processing unit for implementing the moving picture decoding
method described in each of embodiments may be shared for the
processing to be shared, and a dedicated decoding processing unit
30 may be used for processing unique to that of MPEG-4 AVC,
[0416]
Furthermore, ex1000 in FIG. 62B shows another example in
that processing is partly shared. This example uses a configuration
including a dedicated decoding processing unit ex1001 that supports

35 the processing unigue to an aspect of the present invention, a
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[0418]
invention

improving&)ro essi

. - h
transmissmr(?, and (go%*neff %%gﬁg?gof Rh ?r%ggg[%e Hﬁ%e %rﬁgbrgnlgt %%?gnsg ﬁ%%%%%%u

The image coding method and the image decoding method according to the present

produce advantageous effects of 25 preventing deterioration in an image quality and
and are applicable to a vari

method aqeoodiegnthe.prieseet iovantireandomvsat: form for sxampla;d 3hkigh-resobidion

informatioB

R TS, S 1o AR S cAHRASC Ao o, B SEAIA

navigatio

ulation,

ding

35[Referehed 8igms Lidte [0419] 10 imagjri cedidg appanausia@hatDd, 306 405rmyntrol whie120

coding uni ttacto r forming unit 123 guantization unit 124 entropy coding
it 135, LGV LrSh S AR e G TBTAL 52 WSILE hG ey AL ARY i L8 537 adce
128, 228, Ge@o400 (pop iktbiday, unif 29, 228sstdediabitd decoding processing units

10

15

20

25

30

35

ex1001 and ex1002 are not necessarily specialized for the processing
according to the aspect of the present invention and the processing
of the conventional standard, respectively, and may be the ones
capable of implementing general processing. Furthermore, the
configuration of the present embodiment can be implemented by the
LST ex500,

r0417]

As such, reducing the scale of the circuit of an LSI and
reducing the cost are possible by sharing the decoding processing
unit for the processing to be shared between the moving picture
decoding method according to the aspect of the present invention

and the moving picture decoding method in conformity with the
conventional standard.

[Industrial Applicability]
[0418]

The image coding method and the image decoding method
gccording to the present invention preduce advantageous effects of
preventing deterioration in an image quality and improving
processing efficiency, and are applicable to a variety of purposes

such as accumuiation, transmission, and communication of an image.

The image coding method and the image decoding method according
to the present invention can be used for, for example, a
high-resolution information display device or capturing device, such
as a television, a digital video recorder, a car navigation, a celiular
phone, a digital camera, a digital video camera, and so0 on, and are
useful.

[Reference Signs List]
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130, 230 intra prediction unit 15131, 231 motion compensation unit 132 motion estimation unit 133,
233 switch 141, 241 image 142, 242 coded stream 20151, 251, 301, 401 signal obtaining unit 152,
302 offsetﬁazﬁ@ tion calculating unit 153, 253, 303, 403 offset processing unit 154, 305, 507 offset
informatio codlr% unit 155, 254, 304, 404 signal outputting unit 25 200 image decoding apparatus
220decodinguniti22/entropyrigcading ariti 252, 402, 606 offset information decoding unit 5071

arithmetic [?in ntr. nit{ﬁ) 07% context arithmetic coding unit 5073 bypass arithmetic coding unit
6061 arithlril% it %g?ddfgg%scbn rogunl %%gr; )(f:o%PeE;t arithmetic decoding unit 6063 bypass arithmetic

decoding Lidif} [CLeis] [Tidim 1]
5 121 subtractor

122 frequency transforming unit
123 gquantization unit
124 entropy-coding unit
125, 225 inverse quantization unit

10 126, 226 inverse frequency transforming unit
127 227 adder
128, 228, 300, 400 loop filtering unit
129, 229 storage unit
130, 230 intra prediction unit

15 131, 231 motion compensation unit
132 motion estimation unit
133, 233 switch
141, 241 image
142, 242 coded stream

20 151, 251, 301, 401 signal obtaining unit
152, 302 offset information calculating unit
153, 253, 303, 403 ofiset processing unit
154, 305, 507 offset information coding unit
155, 254, 304, 404 signal outputting unit

25 200 image decoding apparatus
220 decoding unit
224 entropy decoding unit
252, 402, 606 offset information decoding unit
5071 arithmetic coding control unit

30 5072 context arithmetic coding unit
5073 bypass arithmetic coding unit
6061 arithmetic decoding control unit
6062 context arithmetic decoding unit
6063 Dbypass arithmetic decoding unit

- 106 -



An image coding method comprising: performing context arithmetic coding to consecutively code (i) 5
first information indicating whether or not to perform sample adaptive offset (SAO) processing for a
first regioggrj}ryu‘rﬁge and (ii) second information indicating whether or not to use, in the SAO
processing for the first region, information on SAO processing for a region other than the first region,
the context@dtimetit coding 10 being arithmetic coding using a variable probability, the SAO

processing being Qffs essing.o ixel value; and. . performing bypass arithmetic coding to
code other informggoﬁ&v%%‘% %ﬁ%&ﬁﬁ%ﬁ%ﬁ 8%5&8"5%8 'sing for the first region and different
from the first inforpreatfarr orithg sectreikinformatioetaftents the fost infermtation ehd theisetiond
informati I mﬁ a i tic codi ing arithmetic.codin ing a fixed probability,
wher%lin t(?lnler%ﬁgr% ﬁgrmatlgﬁn?%gié%ﬂrobcinf%%gﬁ%%lﬁn |cati98e[wh%?heP%{iS(§/ga) p?géggéﬁ'ng for the
first region togtige @ bfRet 1194433imy pedoried docorlifigto ar giye, of lzand wffsgt psonessing
performed; i . | e; .~ +:-In.the p Ing. of context arithmetic cqdin alue of
an initial gl‘tzi1 P;fgé&'ta gtr&l(r)lgl? f?%%rg{%té? %[ Eggﬁe%gas?{hoéwgn%&rﬁgﬁoﬁ? the %arg}ncﬂgeer %gg;ting a
type of the SKE $Bditessng Ustof itre fireigieyion| e m atio theope Sok@inyr otmgsissarivmeetic
coding, a y, f bitifallowing, the.initial it in.the Rit stri e meter.is coded as the
third inform%?nﬁ 3%{(‘%%%%Tﬁ!ﬁﬂ%g@c%diﬁ%%n%b?Qécogé}ﬁé%{g%é)ﬁnﬁl],n% Eec[\gvh%c')ecﬁﬂﬁ the
perfdtming ®f@ntextEtihaiétic codihgothe!ftstdnfarmetoids ded afiertHe yecdinkinfShiation is

A U R T SR I AR
information indica@R§IAT AUSEURY PaIGE B diMofisdivalading to code other information
which is information on the SAO processing for the first region and
different from the first information or the second information, after
15 the first information and the second information are coded, the
bypass arithmetic coding being arithmetic coding using a fixed
probability,
wherein the other information includes third information
indicating whether the SAO processing for the first region is edge
20 offset processing performed according to an edge, or band offset
processing performed according to the pixel value,
in the performing of context arithmetic coding, a value of an
initial bit in a bit string of a parameter is coded as the first
information, the parameter indicating a type of the SAO processing
25 for the first region, and
in the performing of bypass arithmetic coding, a value of a
next bit following the initial bit in the bit string of the parameter is
coded as the third information.

30 [Claim 2]
The image coding method according to Claim 1,
wherein in the performing of context arithmetic coding, the
first information is coded after the second information is coded.

35 [Claim 3]
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S [Claim 4] The image coding method according to Claim 3, wherein in the performing of bypass
arithmetic coding, when the SAO processing for the first region is the band offset processing, 10 the
other information L§ ich ingl r%e ' f§1 information indicaging.whether the affset value is
positive or negative@%ﬂgﬁ%g%(tke#@oﬁ a%](%)]t%} %;%ﬁé%argoégge of églp%lggt%ngoi} iaf)ﬁ% value.
[Claim 5] 15The imégereddingnidtiog actordivig o afy bpe asSlanshinetic codhedgintinghe
performin 81; pnt i Ic,coding c information is.codged which includes at least one of
) informa?tion_élndi_fz!jll('t{iﬁggI }vhi/%éﬁ;&@r og notC i%?%eaﬁé}rﬁ é)(nflﬁjsdg %i)r%(ésees%singoig tt] or a’tnrlg%%%%éﬂ?s used in
the SAO protiEssihgdor thexfrsoregivry ahdgiip htomneifee hdishtiag whether or not information on
SAOprocessing for an upper region is used in the SAO processing for the first region, the right region
being adjacent to the first region and being to the right of the first region, the upper region being
adjacent 2618 tfe firkt region and being on top of the first region. [Claim 6] An image decoding method

comprising: perforapiag; t ari ti ' iye egode (i) first information
indicating whether orgn(ljﬁcg)%grf%érg}] @gm%%%iggg:i%&%‘%%ﬁ%% grlc%gés?rfg for a first region of an
image and (ii) secOMERFORAMRIGH tdieatingWhetherfob Hoasuse; e SAG picegsimgfonthe first
region, Infaf@aR 09 BABSRARPIING Y f11290AGINGY IBARDS YR L {5 ek fganthmetic
decoding being arithmetic decoding using a variable - 108 - !
10 the other information is coded which includes (i) fifth information
indicating whether the offset value is positive or negative and (i)

sixth information indicating a scope of application of the offset value.

[Claim 5]
15 The image coding method according to any one of Claims 1 to
4, .
wherein in the performing of context arithmetic coding, the
second information is coded which includes at least one of (i)
information indicating whether or not information on SAO processing
20 for a right region is used in the SAO processing for the first region
and (ii) information indicating whether or not information on SAO
processing for an upper region is used in the SAO processing for the
first region, the right region being adjacent to the first region and
being to the right of the first region, the upper region being adjacent
25 to the first region and being on top of the first region.

[Claim 6]
An image decoding method comprising:
performing context arithmetic decoding to consecutively
30 decode (i) first information indicating whether or not to perform
sample adaptive offset (SAO) processing for a first region of an
image and (ii) second information indicating whether or not to use, in
the SAO processing for the first region, information on SAO
processing for a region other than the first region, the context

35 arithmetic decoding being arithmetic decoding using a variable
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probability, the SAO processing being offset processing on a pixel value; and performing bypass
arithmetic decoding to decode other information which is information on the SAO processing for the
first 5 regign and differen first information, or .the se information, after the first

informatior’ gﬂagr;ﬁ}be[ Eggbnégr%%rtig}@ti&{ A& ﬁé&%%eg’ etHEgb)Pp%%%dgrf?ﬁl%%ﬁé %i&%d% @eiﬁéxﬁ?‘lth metic

decoding using @;firettprobability, wherein the other information includes third information 10

indicating whether the acessing for the first regjon is edge offset processing performed
according to an edée,rfcr%%r?é %ffs%é E?%Sc%ss?nré%erﬂ(()gr{rh%d 9\%(‘:%98? to% e qu?eqélg%e, DE%% the
performing feomet aritiwittihdecodiingraabioe of art indtid D ip aduestsingofampatamétertis
decoded as. the first 15 info [ e m ingdicatin the SAO processing for the first
regi o(rjlé,e ar?dF < B?Oiﬁ th-clcleﬁpatgrfgi m% g%quyEg%@arﬁﬁéetﬂpﬁ cogdn%gﬁf\%llugenof 3 e%(%' it r%ﬁgﬁ{hﬂ the
initial bit ini tHe® binsthig of &k @arbneettr & dedoded aki thre dhird ibfoensstionn 20 ilainm v ffbe image
decoding o] ing tQ,Clai wherain in the perfarming of context arithmetic decoding,
the firstin%fn@at%ﬁﬁgggcao’de%%te@?ﬁ%asséscorg %ﬁﬁ%&gign éé(?eég@ﬁg%. E:,)Igimaéf]E na' i%%%e
decoding rdéhod iaggondimycaCibimc prddieifmi i wherein in the performing of bypass arithmetic

decoding, the paiymagian isqrcodedaybich ingides, Iy biorpiaten Aendicalng an
absolute value of an offset value.

10 indicating whether the SAO processing for the first region is edge
offset processing performed according to an edge, or band offset
processing performed according to the pixel value,

in the performing of context arithmetic decoding, a value of an
initial bit in a bit string of a parameter is decoded as the first

15 information, the parameter indicating a type of the SAO processing
for the first region, and

in the performing of bypass arithmetic decoding, a value of a
next bit following the initial bit in the bit string of the parameter is

decoded as the third information.

20
[Claim 7]
The image decoding method according to Claim 6,
wherein in the performing of context arithmetic decoding, the
first information is decoded after the second information is decoded.
25

[Claim 8]
The image decoding method according to Claim 6 or Claim 7,
wherein in the performing of bypass arithmetic decoding, the
other information is decoded which inciudes fourth information
30 indicating an absolute value of an offset value.

[Claim 9]
The image decoding method according to Claim 8,
wherein in the performing of bypass arithmetic decoding,

35 when the SAO processing for the first region is the band offset
- 109 -



[Claim 9] The image decoding method according to Claim 8, wherein in the performing of
bypass arithmetic decoding, 35 when the SAO processing for the first region is the band offset -109-

processing, the other information is de ded hich includes (i fth [nformati dicati ether the
Citoot val TGOS o NGRS B (1) Gt oAt on uRChtHg o BB GF SAphbAa Bt the
offset valief&r@lairiviO] 1 Trh&ltraagegiemdmgwmethtideacmff@eg tovaihy ®nésof ﬁd:mrm\&to ®r wherein
in the perform| of con rlthm t|c ecod| the 1 ond information sde WhIC includes
at least ohe gfa?% w?form%e@rﬁ ca |ng g whatke %’P r%gtg}ﬁg fch %%Oé)&d) %BQ 8Pa ght
region is tked drfffthetSwe ypeocessing for the first region and (ii) information indicating whether or not
information on SAO processing for an upper region is used in the SAO processing for the 15 first

region, the right region being adjacent to the first region and being to the right of the first region, the
upper regiéi digimglédjacent to the first region and being on top of the first region. [Claim 11] 20An

e R T SN e A SR PRI B fapa et
informatidirtlicating whether

wherein in the performing of context arithmetic decoding, the
10 second information is decoded which includes at least one of (i)
information indicating whether or not information on SAO processing
for a right region is used in the SAO processing for the first region
and (ii) information indicating whether or not information on SAO
processing for an upper region is used in the SAO processing for the
15 first region, the right region being adjacent to the first region and
being to the right of the first region, the upper region being adjacent

to the first region and being on top of the first region.

[Claim 11]
20 An image coding apparatus comprising:
control circuitry; and
storage accessible from the control circuitry,
wherein the control circuitry performs context arithmetic
coding to consecutively code (i) first information indicating whether
25 ornot to perform sample adaptive offset (SAO) processing for a first
region of an image and (ii) second information indicating whether or
not to use, in the SAQO processing for the first region, information on
SAO processing for a region other than the first region, the context
arithmetic coding being arithmetic coding using a variable probability,
30 the SAQ processing being offset processing on a pixel value; and
performs bypass arithmetic coding to code other information
which is information on the SAO processing for the first region and
different from the first information or the second information, after
the first information and the second information are coded, the

35 bypass arithmetic coding being arithmetic coding using a fixed
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25 or not to perform sample adaptive offset (SAO) processing for a first region of an image and (i)
second information indicating whether or not to use, in the SAO processing for the first region,
informatio Kol géﬁ){ rocessing for a region other than the first region, the context arithmetic coding
being arithmetic coding using a variable probability, 30 the SAO processing being offset processing on
a pixel value; andw h e ipgrfiorfriseby pdseearithnfeticreaiding to nadiedizer thfiorinativiowimghiisn

informati r ing for irst region and different fram the first information or the
second ir?f%?rrﬂ%%@néf?gr%tggﬁ%st %?grmg;%cogn aﬁ%gté)%sjgc%n@iiﬁ%ﬁﬁaﬁg‘ﬁ Elr'ée&)@éb,'tche@ @o%/pass
arithmeticddbglitly petheearitmietipeoddingnasing adiveti AL o peobabilitye, orwbereih théssher
informatiqn,.i lg{gl?? ird ipfarmation indicatin ther the. rocessing for the first region is edge
offse‘:?pro ésé]sgng Her%ﬁ%%%@%&né%%gaagé g\t/alesorlE @aen%?g?ég p%%éssing performed according to
the pixel value, in Ehthepserformivig of coreexttakthmetidcoditi; avairegof anviaitis bitfirea bit string
of a para is ed as.the first i atiop, the [ndicati pe of the SAO processing
for the firsr_?yﬁ;?gr&l}c")nfE)(zi\gd?l[f’(jl)ir?It thegiéer%gﬁ?nl (o cﬁpby%a??glﬁmen%gég cé%iné?%%lu%%f%ﬁex Elgé)?ollowing
the initial ibif - th@ bio strindp 6f frerpareghetel igltodein gs ah&ythied drffdiveatiohQamaa2s irbén image

decoding;?)q,pgppé m' | : cngH)I circuitry; and storage accessible from the control circuitry,
wherein the contrgﬁ circwtr)g performs context arithmetic decoding to consecutively decode (i) first

infdrfhation indicdtihdg 26 itsatferor Agt fpefdrassamplddnatiivewfss ¢S AD vprasessihg for a first
region of gn,{ il inf jon;indicat - OF NQkt i ocessing
for the firs%grgﬁgi?)%:%iﬁ%ﬁ%gﬁﬁ OEHS%;EP){ fg%tgeg;sﬁ%ﬁ?ﬁa@rewﬁ%ﬁkﬁeé tﬁgn%geﬁr%?érzg%@?h%comext

arithmeticC@stdiRg Heisy ditHinBlitdéBadityusing a

[Claim 12]
i5 An image decoding apparatus comprising:
controi circuitry; and |
storage accessible from the control circuitry,
wherein the control circuitry performs context arithmetic
decoding to consecutively decode (i) first information indicating
20  whether or not to perform sample adaptive offset (SAQ) processing
for a first region of an image and (ii) second information indicating
whether or not to use, in the SAO processing for the first region,
information on SAO processing for a region other than the first region,
the context arithmetic decoding being arithmetic decoding using a
25 variable probability, the SAO processing being offset processing on a
pixel value; and
performs bypass arithmetic decoding to decode other
information which is information on the SAQ processing for the first
region and different from the first information or the second
30 information, after the first information and the second information
are decoded, the bypass arithmetic decoding being arithmetic
decoding using a fixed probability,
wherein the other information includes third information
indicating whether the SAO processing for the first region is edge
35 offset processing performed according to an edge, or band offset
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25 variable probability, the SAO processing being offset processing on a pixel value; and performs
bypass arithmetic decoding to decode other information which is information on the SAO processing

for the first re%lon and differ]_ent from the first 'nforrgati n or the sgecord 30 information, after the first

information and the SecBid inforhTatioh s dédéd (a, & @B&% YitHinetic decoding being arithmetic
decoding using a fixedh prpkabditynwhgrefndbe tatkerdnformationincledes thirdanfermatien inglicating

whether the. racessing far the first reqgion is edge 35 offset processing performed according to
an edge, bﬁgﬁwﬁg gf@e{%lﬁéb%roégéﬂ% pgerf@rn%@%@&%{g t tr%e&%ﬁ‘%flu%? % naﬁ'ré:’t
performingébeontexoarjttinetip esouirty: raivediezdf ag initiay bt in @ titstBrgoha perameter is
dec_oged @é ’Ihﬁ_‘f%sﬁ[1 lrgPrF%?‘%r}i tl'éeﬁ_ﬁcarameter indicating a type of the SAO processing 5for the first

region, an e performing Of bypass arithmetic decoding, a value of a next bit following the
initial bit in the bitistritigeofihef parammyeots g paded @ therthittbirderoafiong 1@[Glaimd 3jfAm image

coding a i Leamprising: i e codin aratus, according to Claim 11; and
the image Teebaing o e B R e R e v adelm o
computerde ereltte alketinmdgd oudlinyfmethati aocording to Claim 1. [Claim 15] 20A program for
causing a computer to execute the image decoding method according to Claim 6.

10 [Claim 13]
An image coding and decoding apparatus, comprising:
the image coding apparatus according to Claim 11; and
the image decoding apparatus ac'cording to Claim 12,

15 [Claim 14]
A program for causing a computer to execute the image coding
method according to Claim 1.

[Claim 157

20 A program for causing a computer to execute the image
decoding method according to Claim 6.
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