[DESCRIPTION] [Title of Invention] MOVING PICTURE CODING METHOD, MOVING PICTURE
DECODING METHOD, MOVING PICTURE CODING APPARATUS, MOVING PICTURE DECODING
APPARATUS, AND MOVING PICTURE CODING AND DECODING APPARATUS [Technical Field]
[0001] 10THe fprdsBAPIRVEMtiON relates to a moving picture coding method and a moving picture
decoding }Q@&ﬁ@ﬁ%ﬁ{p& rt] [0002] isThe High Efficiency Video Coding (HEVC) standard, a

next-generation image coding standard, has been examined in various ways to increase its coding
efficiency (MeWPblentRiferddite (LD 1N tn AEiTIoH) e IMEMalidnaPTéléttRimunicaion Uhion

T eecommUSALRANEAIRA BROFIR AT E I IRIIAR BRIIRT B3 PVWM@%PE%EEC

standard typified by MPEG-x exist conventionally test and most advanced image co

standard ha& &R BM&mindd B4 BATHEard AdKDIo AERIAENA curidnily typified Gyl 64/ AYIELOr
MPEG-4 Aggdga@_m I}@t@%ﬁ.ﬁq{ igre (NPL) 2). 95[0003] In the HEVC standard, coding

degradation reduction processing referred to as sample adaptive offset (SAO) has been examined to
further reduce coding degradation (a difference between an original signal before coding and a coded
and decod[eﬁe'ig., signa=ithe ?AO is offset processing in which an offset value is added for each of
predetermined regions, categories, or types, to reduce the coding degradation, and is performed on a
provisionaﬁ@@é’c ed image (reconstructed image) (see Non Patent Literature (NPL) 3).

10 The present invention relates to a moving picture coding
method and a moving picture decoding method.

[Background Art]
[0002]

15 The High Efficiency Video Coding (HEVC) standard, a
next-generation image coding standard, has been examined in
various ways to increase its coding efficiency (Non Patent Literature
(NPL)Y 1). In addition, the International Telecommunication Union
Telecommunication Standardization sector (ITU-T) standard typified

20 by H.26x, and the ISO/IEC standard typified by MPEG-x exist
conventionally. The Ilatest and most advanced image coding
standard has been examined as a standard next to a standard
currently typified by H.264/AVC or MPEG-4 AVC (see Non Patent
Literature (NPL) 2).

25  [0003]

In the HEVC standard, coding degradation reduction
processing referred to as sample adaptive offset (SAO) has been
examined to further reduce coding degradation (a difference
between an original signal before coding and a coded and decoded

30 signal}. The SAO is offset processing in which an offset value is
added for each of predetermined regions, categories, or types, to
reduce the coding degradation, and is performed on a provisionally
decoded image (reconstructed image) (see Non Patent Literature
(NPL) 3).



[Citation List] [Non Patent Literature] [0004] [NPL 1] Joint Collaborative Team on Video Coding
(JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/5C29/WG11 9th Meeting: Geneva, CH, 27 April - 7
May 2012, JCTVC-11003_dl, "High efficiency video coding (HEVC) text specification draft 7" [NPL 2]
ITU-T Recofihieatation H.2p64 "Advanced video coding for generic audiovisual services", March, 2010
[NPL 3] Joi ollahorative Team qn Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
ITC1SC2oMIE 1 gt Mdetifs: SG " CH, 27 April - 7 May 2012, JCTVC-10602, "BoG report on
integrated téXi@68AO adoptions on top of JCTVC-10030" 15[Summary of Invention] [Technical

Problem] [0 Howewver, aving picture codin thod n%.am ing picture in
method usir?ggfﬁie‘ S%O] 81“%3@’&%%85? r%%jlgecgjsgr%‘}cecsrgr%} %ﬁ%iec;}‘?. 6'(1)%6?j egr pI\r(ﬁ{-ill?rev?/ o? &%,%ne
non-limiting aadl éxempRrg red d&divieb Co oM e R0REIMY Biciure ido diteartiethod@ad avagvibly,
picture decogling meifod that g rake, processing efieiegt 319 [poluton 1o Prppieml000T); oo A
moving picture coding method acc\ér INg t6'an aspect of the presént invention’is a movan picture
coding methoeidorgoghitigyC) text specification draft 7”

[NPL 2] ITU-T Recommendation H.264 “Advanced video coding for

generic audiovisual services”, March, 2010

10 [NPL 3] Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T
SG16 WP3 and ISO/IEC JTC1/SC29/WG11 9th Meeting: Geneva, CH,
27 April = 7 May 2012, 1CTVC-10602, "BoG report on integrated text

of SAO adoptions on top of JCTVC-10030"

15  [Summary of Invention]
[Technical Problem]
[0005]
However, a moving picture coding method and a moving
picture decoding method using the SAO of NPL 3 cannot make
20  processing efficient.
[0006]
In view of this, one non-limiting and exemplary embodiment
provides a moving picture coding method and a moving picture
decoding method that can make processing efficient.

[Solution to Problem]
[0007]
A moving picture coding method according to an aspect of
the present invention is a moving picture coeding method for coding
30  an input image to generate a bit stream, the method including:
performing context adaptive binary arithmetic coding in which a
variable probability value is used, on first information among
multiple types of sample adaptive offset {(SAO} information used for
SAQ that is a process of assigning an offset value to a pixel value of
35 a pixel included in an image generated by coding the input image;

2



30 an input image to generate a bit stream, the method including: performing context adaptive binary
arithmetic coding in which a variable probability value is used, on first information among multiple
types of sample adaptive offset (SAC) information used for SAC that is a process of assigning an
offset valueatoch piret Ualue ot Bbapdébinctided Myareintagerdenerated bycadiding the inghittimage;
and contin ly per i ithmeti ing dn whi fl egb ?ﬂ%‘ ity value.is u n
second infg?ragtélfonﬁa{fr?%?rﬂ ill%n%g?ngaﬁ{)% gr]‘:'ﬁoﬁg;sj t 9e’ m%rﬁtip egt{:/]gqe.‘s&(()f h?e[) Egléécﬁm%%‘o&h, vﬁ%ﬁgin the
coded second @riah eHird infarmetion aitdplaced: Hitel ehetouuies fiest irfformatiéiin ind ditrstadaom [0008]

These geneyg) &1d speqilc aspeg' iy, bg IpIemEntsd HeingRysiem,a ethiods andnisarpled

circuit, a computer program, or a computer-readable recording medium suchasaiu C or any
combiratiof @ sybtEiTs, Mdthous imeyiatdd erbultss orapater programs, or computer-readable
recording n@%@éﬁ\dvantageous Effects of Invention] [0009] A moving picture coding method and
a moving picture decoding method in the present invention can make processing efficient. [Brief
Description of Drawih§<€] $®[0020HRG. aALFISPRCK & tabfsidwingiaformationasee foeoffest

processingiefiefipd 10 383080, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as a

10 CD-ROM, or any combination of systems, methods, integrated
circuits, computer programs, or computer-readable recording media.

[Advantageous Effects of Invention]
[0009]

15 A moving picture coding method and a moving picture
decoding method in the present invention can make processing
efficient.

[Brief Description of Drawings]
20  [0010]
[FIG. 1A] FIG. 1A is a table showing information used for offset
processing referred to as SAO.
[FIG. 1B} FIG. 1B is a table showing other information used for
offset processing referred to as SAO.
25 [FIG. 1C] FIG. 1C is a table showing other information used for
offset processing referred to as SAO.
[FIG. 1D] FIG. 1D is a table showing octher information used for
offset processing referred to as SAO.
[FIG. 2] FIG. 2 is a block diagram showing a functional configuration
30  of a SAO information decoding unit.
[FIG. 3] FIG. 3 is a flow chart showing an operation flow of the SAO
information decoding unit.
[FIG. 4] FIG. 4 is a filow chart showing context adaptive binary
arithmetic decoding.

i
3t

[FIG. 51 FIG. 5 is a flow chart showing bypass arithmetic decoding.
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[FIG. 1B] FIG. 1B is a table showing other information used for offset processing referred to as SAO.
25[FIG. 1C] FIG. 1C is a table showing other information used for offset processing referred to as
SAO. [FIG. 1D] FIG. 1D is a table showing other information used for offset processing referred to as
SAOQ. [FIG.[HG.0)is ablobk idiag reimvehoning & fumstiogakcordiguratias biften SAV® irdersn aticann

decoding unif; @ I isa.flo rt. showing an operation flow of the SAO information
decoding u%{n{ﬁ 38ﬂ(ljzl ?%igg owgﬁg}r{)ghowing context adaptive binary arithmetic decoding.

35[FIG. 5] FIB & is & flow Ekart showmg Bypads akithrdétig teaoding.oFIGE6] BIG. & sarfiphackart

showing a izati 0 inrg Qm q ﬂﬁ(é)d' éd FIG.7 i I jagram
showing an%g%ﬁ#ﬁgﬁé)ﬂccc?éﬁgﬁfasﬁon c?? a m@\]/%g plcture%(@%m ag éjrgtr[%gécoaré%%ﬁé@ 8< Ejba
EmbodimeftgPIBN8EFIGL 8 is a block diagram showing a functional configuration of a SAO

informationp@q@di i-acgordi bgdi JFEl IG.9isaf QWiINg. .
arithmetic ecodi'ng %ﬁh%qs%égirrﬁ%ﬁﬁi%nggé?gﬁhé éﬁi&%ogd%gﬁﬁ ICEa[n% o] ﬁn%b?%%@%m
FIG. 10A_iscef dlagraf ﬁ@fmugﬁ@tiirﬁm iA EpSOAithent L, aAExerprRrysdyTEed ion paranieters
included in §A@ intormatign. gnrkan exemplapcdecering, Arderof the RAAMBIELY dTlG 1ABIHHS. 105
is a diagram corresponding to the flow chart of FIG. 3 and for illustrating an exemplarysequence of

parametersibiaciideamas Ko istesnstion alt i exenfbiag bedsampstuaestt 1.
10 [FIG. 10A] FIG. 10A is a diagram for illustrating, in Embodiment 1,

an exemplary sequence of parameters included in SAQO information,
and an exemplary decoding order of the parameters.
[FIG. 10B] FIG. 10B is a diagram corresponding to the flow chart of
FIG. 3 and for illustrating an exemplary sequence of parameters
15 included in SAO information, and an exemplary decoding order of
the parameters.
[FIG. 10C] FIG. 10C is a diagram for illustrating, in Embodiment 1,
another exemplary sequence of parameters included in SAO
information, and another exemplary decoding order of the
20  parameters.
[FIG. 11] FIG. 11 is a block diagram showing an exemplary
configuration of a moving picture decoding apparatus according to
Embodiment 2.
[FIG. 12] FIG. 12 is a flow chart showing arithmetic coding by a SAO
25 information coding unit according to Embodiment 2.
[FIG. 13A] FIG. 13A is a table showing a syntax for generating a
conventional bit stream.
[FIG. 13B] FIG. 13B is a table showing a syntax for generating a bit
stream in Embodiment 2.
30 [FIG. 14] FIG. 14 is a table showing a syntax for generating another
bit stream in Embodiment 2.
[FIG. 15A] FIG. 15A is a flow chart for a moving picture coding
method in an embodiment.
[FIG. 15B] FIG. 15B is a block diagram showing a moving picture
35 coding apparatus in an embodiment.
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the parameters. [FIG. 10C] FIG. 10C is a diagram for illustrating, in Embodiment 1, another exemplary
sequence of parameters included in SAO information, and another exemplary decoding order of the

20parameters. [FIG. 1liFIG. 11 is a block diagram showing an exemplary configuration of a moving
picture decddiey appdratdsl Socorifig i Bmbedimehert forie. 1y Fed 10 ieta Aewddaadingving

arithmetic ¢adingdyy 3SAR riHaMmatian oding unit according to Embodiment 2. [FIG. 13A] FIG. 13A
is a table showing a sgﬁax for generating a conventional bit stream. [FIG. 135] FIG. 135 is a table

showing a E§hfax fbPathdrafing AR stredm MAGkbedRssam. FIeWIMGI8. Tk ig tholi HeVing a

syntax for gritesafing; 2AhSF DHSIresm i Embeimarta: [FIG. 15A] FIG. 15Ais a flow chart for a
moving picture codi% method in an embodiment.HEFIG. 15B] FIG. 155 is a block diagram showing a

moving pictirEzodi®y appratdin anddmBodidhnt. C fid S5 E . dbedisaMoRl cRart fih EemMbving
picture decoeing MAGoshisramerRadimest il ASREENe - didkriha hlorkshagiamsshowing a moving
picture decoding apparatus in an_embodiment. o[FIG. 16] FIG. 16 is an overall configuration diagram
ofacontenﬁFIGq 17} FIG. 17 is an overall configuration diagram of a diguta?
broadcasting system.
[FIG. 18] FIG. 18 is a block diagram showing an exemplary
10 configuration of a television.
[FIG. 19] FIG. 19 is a block diagram showing an exempfary
configuration of an information reproducing/recording unit that
reads and writes information from and on a recording medium that
is an optical disk.
15 [FIG. 20] FIG. 20 is a diagram showing an exemplary configuration
of a recording medium that is an optical disk.
[FIG. 21A] FIG. 21A is a diagram showing an exemplary cellular
phone.
[FIG., 21B] FIG. 21B is a block diagram showing an exemplary
20 configuration of a cellular phone.
[FIG. 22] FIG. 22 is a diagram showing a structure of multiplexed
data.
[FIG. 23]} FIG. 23 is a diagram schematically showing how each
stream is multiplexed in multiplexed data.

Lo
o

[FIG. 241 FIG. 24 is a diagram showing how a video stream is stored
in a stream of PES packets in more detail.
[FIG. 25] FIG. 25 is a diagram showing a structure of TS packets
and source packets in multiplexed data.
[FIG. 26] FIG. 26 is a diagram showing a data structure of a PMT.
30 [FIG. 27] FIG. 27 is a diagram showing an internal structure of
multiplexed data information.
[FIG. 28] FIG. 28 is a diagram showing an internal configuration of
stream attribute information.
[FIG. 29] FIG. 29 is a flow chart showing steps for identifying video
35 data.



providing system that provides content distribution services. [FIG. 17] FIG. 17 is an overall
configuration diagram of a digital broadcasting system.  [FIG. 18] FIG. 18 is a block diagram
showing an exemplary ioconfiguration of a television. [FIG. 19] FIG. 19 is a block diagram showing an
exemplary Eohfiguratidh of B infétfhation feprdtiicingféaercing ush]at fhdand SVFREY mifdfination

from and op G{ReRIANY SRR Hiat is\2B QPHEaLAISK Lol G-rel Fie.r#Q /i disgEamshouing an

exemplary configuration of a recording medium that is an optical disk. [FIG. 21A] FIG. 21Ais a
diagram shBl@Hgran erhhprryeethiacprdng. thiionoyBlgIdRisinng addscktigrar 8hbRfhg an

exemplary ggcé@rg,fd'gﬁgti@g} ehakedularphena e 22] FIG. 22 is a diagram showing a structure of
multiplexed data. [FIG. 23] FIG. 23 is a diagram schematically showing how each stream is

3 . ) . IS
multiplexed M RAultiidxEdidatd 1265FRcdbag FRE) 218 W Wsgrrh SRBWIKGAOR A \ided Wilkding
stored in a gea/r Of RESRAekeiRRUBere detail. [FIG. 25] FIG. 25 is a diagram showing a structure of
TS packets and source FQackets in,multiPIexed data. [FIG. 26] FIG. 26 is a diagram showing a data
structure ol 5 Ba1$2] FIG. 32 is a flow chart showing steps for identifying video

data and switching between driving frequency.

[FIG. 33] FIG. 33 is an exemplary look-up table in which video data
10 standards are associated with driving frequencies.

[FIG. 34A] FIG. 34A is a diagram showing an exemplary

configuration for sharing a module of a signal processing unit.

[FIG. 34B} FIG. 34B is a diagram showing another exemplary

configuration for sharing a module of a signal processing unit.

[Description of Embodiments]
[0011]

{Underlying Knowledge Forming Basis of the Present
invention)

20 FIGs. 1A to 1D are diagrams showing four types of information used
for offset processing referred to as SAO. These four types of
information (parameters) are SAQO type information (sao_type_idx),
SAO pixel value band position information (sao_band_position}, a
SAQO offset value (sao_offset[i]), and a SAO offset sign

25  (sao_offset_signli]). It is to be noted that these information items
are collectively referred to as SAO information.
[0012]
As shown in FIG. 1A, the SAO type information
(sao_type_idx) indicates not performing offset processing or a type
30 of offset processing to be performed. Examples of the offset

processing include edge offset in which offset processing is

performed on a pattern in an edge direction and band offset in

which offset processing is performed on pixel values included in a

certain band (range of predetermined pixel values). In addition,

35 the edge offset is further classified into several types depending on
6



30[FIG. 27] FIG. 27 is a diagram showing an internal structure of multiplexed data information. [FIG.
28] FIG. 28 is a diagram showing an internal configuration of stream attribute information.  [FIG. 29]
FIG. 29 is a flow chart showing steps for identifying video 35data. FIG. 30] FIG. 30 is a block diagram
showing arf&h@mnslare eoRfitfuratibA ofl BfiAtegRated CWCE_UH thatFereRmEStHe ﬁi&ﬂﬁ@ hiddrexding
method andfhe meiperpistism dasedingmiethad ageasdingta paekohembiediments, [Fie 31]41G. 31

Is a diagram showing a configuration for switching between driving frequencies. [FIG. 32] FIG. 32 is a
flow chart ShoWHE Stdps 1o ftiEtifyiRg Vicbtd R4 aRGIMFitcRIRFhYWAER jIMVAGreemehtg) IFIG.
33] FIG. 3378 gy exearplasy loplstp @ble inewhighyvidgadatarteiandardsrare agsaciated wihedriving

frequencies. [FIG. 34A] FIG. 34A is a diagram showing an exemplary confi&uration for sharin%Fa

modulé of & Sgiai PRITEEmgtGnie [MeY 3R3EFRT O3B0 U YiidiPArFehSRilg EHB tHRA dxePiplie
configuratienAor sharingre sredale ohai sigitalrieracessing wndt AdalPescription of Embodiments] [0011]

(Underlying{ Sgciv%l]gdge Forming Basis of the Present invention)
The SAQ pixel value band position information
(sao_band_position) is information used for the band offset. For
10 example, the level band (0 to 255 in the case of 8 bits) of an image
signal to be processed is divided into 32 sections. The SAQO pixel
value band position information indicates from which section the
band offset is applied to a section (at least one continuous section)
among the 32 sections. For instance, in NPL 3, the number of
15 continuous sections is four, When the SAO pixel value band
position information indicates 1 and the image signal has 8 bits, the
SAC pixel value band position information indicates that the offset
processing is performed on the sections of pixel values 8 to 15, pixel
values 16 to 23, pixel values 24 to 31, and pixel values 32 to 39.
20 As shown by "XXXXX” in FIG. 1B, the SAQO pixel value band position
information has a fixed length of 5 bits, is coded by bypass
arithmetic coding using not a variable probability value but a fixed
probability value, and is stored in a bit stream.
[0014]
The SAO offset value (sao_offset{i]) indicates the type of the

el
o

edge offset indicated by the SAQO type information or an offset value
actually given to the section (the at least one continuous section)
indicated by the SAQO pixel value band position information. It is to
be noted i indicates one of the types or sections. To put it another
30 way, the SAQ offset value indicates, for each i, an offset value
corresponding to a type of the edge offset or a section of the band
offset indicated by the i. For example, in NPL 3, the i takes one of
four values from 0 to 3. Stated differently, in the case of an offset
value for the edge offset, the SAQO offset value indicates, for each

>
o

edge direction (each of 0, 45, 90, and 135 degrees), a value from 0

o
i



20FIGs. 1A to 1D are diagrams showing four types of information used for offset processing referred to
as SAO.These four types of information (parameters) are SAO type information (sao_type_idx), SAO

pixel value band position information (sao_band position), a SAO offset value (sao_offset]i]), and a
SAO offset 5/ (§86_éff§@ﬂf§§r§{f}ﬁ iRdo B Gted il tHeR8 nfotnRaticie tBind &rd coll ctively,

referred to ap i,”fPfWg@D- £ Ay phowadn e Hrde SADIMPE Inforapationa(§ao dypeidx)
indicates nclg‘#er orming offset processing or a type 30 of offseetérocessing to be performed. Examples

of the offse@}f66&siRdHRcIfaE ddife dHRBEINIRS offfeBprotddshlf BefeNaiHEd BHHGRERTN T an
edge directipg grd hane affsed in which ofisetdsecasainigshirsigmed O pixel@tursrnciydeghia a

certain band éran e of redetermlnedgixel values). In addition, 35the edge offset is further classified

into sederaldy R d¥FEHEIng 6 dE Bir8&HHRE) RHCINSRHAS il NPE S, QOMERts Gt RA&E 1B saC

type informaten aya dassffiedinto six &/pas iargshene i GHee kA, Adithimeatic eadipgdconiex agaptive
binary arithmetic coding) is performed on part of the SAC type information using a context
correspondiig &8 Vvakichlé proddbifity \}aqﬂ)e and the part of the SAC type information is stored in a bit
stream. [0018pMHFACpixelvaluebandpositioninformation (sao_band_position) is information used for

e o o SRS E T b e 350 e st SR st el e
10 the SAQO offset value. It is to be noted that i is the same as the i
used for the SAO offset value, and associates a SAQO offset value and
a SAQ offset sign. For instance, in NPL 3, when the SAOQ type
information indicates the edge offset, the SAO sign is not used, and
an offset value indicated by the SAO offset value is handled as
15 always being positive. Thus, the SAO offset sign is not described in
a bit stream. In contrast, when the SAO type information indicates
the band offset, SAO offset signs are used for respective SAO offset
values of the four sections. Thus, the SAO offset signs are coded
by the bypass arithmetic coding, and are stored in the bit stream.
20 (refer to FIG. 1D)
[0016]

The following describes a conventional example of a method
for decoding SAQ information (the four types), with reference to
FIG. 2 and FIG. 3.

[0017]
FIG. 2 is a block diagram showing a functional configuration

A
<

of a SAQ information decoding unit.
[0018]
A SAQO information decoding unit A0l performs variable

30 length decoding (arithmetic decoding) on the SAQO type information
(sao_type_idx), the SAO pixel value band position information
(sao_band_position), the SAO offset value (sao_offset[i]}, and the
SAO offset sign (sao_offset_sign{i]) that are included in the SAO
information.
[0019]

i
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value band position information indicates from which section the band offset is applied to a section (at
least one continuous section) among the 32 sections.For instance, in NPL 3, the number of is
continuous sections is four.When the SAC pixel value band position information indicates 1 and the

image signal has 8 bi8etherSACYREMARIE BahAGRAISh fdEnffidninalcidesihat ha ofidetre

processingdepREEdAR MRTECHREE of pbelaueadia B A yAHet o B35ue! Yglues 24
to 31, and pixel values 32 to 39. 20 As shown by "XXXXX" in FIG. 13, the SAO pixel value band
position infGBTEEER A5 S fkRH 1HYE B 8t te BBHEEBY BYpHRE HNAHERE EdHiRG BSHE G0

variable prepability &alke i retixed proRabiiyalye.and fs staeaddm a Ritsreprs [2A34] sosThe
SAC offset value (sao offset[i]) indicates the type of the edge offset indicategtﬁbg the SAC type
[

informationBtanfotet FaRe AcRAMNgiROTtH Mt S&GRA ik YNidadGhctbsinlRER¢8ssH O
indicated by tke ISAGipixelvaig hand pesition fiafermation It is tg he noted Eindicaiesiong of e types

or sections. To p%it anotheréz%u way, the SAQ offset value indicates, for each i, an offset value

correspondiigo A 'hedf HEEGgE offdePor 'SittiohBttRe Band &t iRftaePby $18GOhR9

example, inNRL 3,0be t takesdeneefdouravaiies fromideto 3idtated diffargntdy oirdhe casssefiam offset
value for the egg e offset, the SAC offset value indicates, for ,ea%‘l 35edge dirgctign (each of 0, 45, 90,
and 135 degr % YaIS A ¢ 730 A%br7EpEa%Eing otte’dt four t%%@s ﬁﬁtf Ry pe,

A typen/ typs @ndinypehas N@ioffeettvaloe. fntbeiedse of &t offsttomlug toitthe hanehofiset, the
SAO offset vﬁigd?dicates a value from 0 to 7 for a corresponding one of the four sections as the
offset value[. ~the arithmetic coding is performed on part of the SAO offset value using the

context, and is storedlireadisteedon (refet ik ISA TC) iFL5h Fbi SADeaftsetrsignU(sap_afisetsignli])
indicates th@ si%eng lg the iAO qffset.@lu%ﬁt is to be notgfiéAhgi is the same as the i used for the
SAO offsetVafl r,' ﬁéja' 0 ?aﬂ%é%‘é’}x di &r\?e{?t‘feea% {Ooffset sign. For instance, in NPL 3,
when the SAD &/pé information indicates the edge offset, the SAO sign is not used, and an offset

lue indicated b ffset value is handled as.Is always bei itive, Thus, the SAO
Sign & ot described 10 bt 6B O CeARBSE UREH 1% SAG 8 MR hAtBe AR St

sign is'not describe
offset, SAQ b#sBisigns vemseddor thspediveg SAOtof$Et values of the four sections. Thus, the SAO
offset signs[ 6@ﬁ?ed by the bypass arithmetic coding, and are stored in the bit stream. (refer to FIG.
1D)

First, the Sao_Type decoding unit A02 of the SAO

information decoding unit A01 decodes SAO type information
20 (sao_type_idx) from a bit stream BS (SBO01). Next, the Sao_Type
determining unit A03 determines whether or not the sao_type_idx
indicates band offset in which offset processing is performed on
pixel values included in a certain band {range of predetermined pixel
values) (SB02). When determining that the band offset is indicated
25  (YES in SBO2), the Sao_Type determining unit A03 turns the switch
A04 ON. With this, the Sao_band_position decoding unit A07
decodes SAC pixel value band position information
(sao _band_position) (SB03). The data storage position setting unit
A10 determines a storage position in the data storage unit All
30 based on the decoded SAO pixel value band position information.
In contrast, when determining that the band offset is not indicated
(NO in SB02), the Sao_Type determining unit A03 turns the switch
A04 OFF. Next, the Sac_Type determining unit A03 determines
whether or not the sao_type_idx indicates that the offset processing

is not to be performed (Sao off) (SB04). Here, when determining
9

ot}
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[0016] The following describes a conventional example of a method for decoding SAO
information (the four types), with reference to FIG. 2 and FIG. 3. [0017] FIG. 2 is a block diagram
showing a functional configuration of a SAO information decodiné%unit. [0018] A SAO information

decoding ufift 2o EFe s variBBIiE 86aendthtde chdifgBErthmEe dessuing) bh tHe BXOWpe g
information (sae WP I Hie SAO Nelypie Rand nOSIHONAPrMgEOMESAC hand posiinR)s fag SAO

offset value (sao offset[i]), and the SAO offset sign (sao offset s gn[i]) that are included in the SAO
informationd[®629j N9 of fhe S nfahAaTdAREeding unit A01 includes: a Sao_Type decoding unit
A02 that deF@ngg§AO type information; a Sao_Type determining unit AO3 that determines a type of

offset processing or the like indicated by the SAO type information; switches A04, AO5, and AO6; a
Sao_band_position dBcG R URTEACY iR JEESEEE SR Bixel dhlueafardf hostisPiiondataked Sao

Offset decoding urit 488 that deeodes @ SAQ ofigetaivanarraeffsensign ﬁ?ﬁ@gi%@”%ﬁv@&mm
decodes a SAOQ offset si% a data storage pasition_setting unit A10; and a data stor%ge unit All. The

SAO informfafioh fdecodiiguniiien idifore@8a8 TFisim ARG biDsreARSBSIG665H8S 2 The
operation ofthe) SA@siatorreatien degedingrypit A@losdeswited indeials A refmerwe to HGs3.
[0021] isFIG. 3 |s a flow chart showing an exemplary operation flow of the SAO information decoding
unit Ao1. o be noted that the decoded "SAOU offset value is stored at the

10 position in the data storage unit All set by the data storage
position setting unit A10. Here, the decoding in the step SBOS is
continued until a predetermined number of SAQO offset values is
decoded {during a period of NO in SB06). When all the SAQ offset
values are decoded (YES in SB06), the Sao_Type determining unit

15 AO03 determines whether or not the sao_type_idx indicates the band
offset (SB07). When determining that the band offset is indicated
(YES in SB07), the Sao_Type determining unit A03 turns the switch
A06 ON.

(0024}

20 With this, when the decoded SAO offset value is not zero (NO
in SBOB), the Sao_offset_sign decoding unit A09 decodes a SAO
offset sign corresponding to the SAO offset value (5B09). 1In this
case, the SAQ offset value in the data storage unit All is updated
using the decoded SAQO offset sign. When the decoded SAQ offset

25 value is zero (YES in SB08), the SAO offset sign has no particular
meaning, and thus the Sao_offset_sign decoding unit A09 skips the
decoding. Here, the Sao_offset_sign decoding unit A09 continues
the decoding until a predetermined number of SAQO offset signs
corresponding to SAQO offset values is decoded (during a period of

30 NO in SB10). When all the SAO offset signs are decoded (YES in
SB10), the SAO information decoding unit AQ1 terminates the
decoding of the SAO information.

[0025]
It is to be noted that parameters that are information items

35 decoded in steps enclosed by double frame lines in FIG. 3 are

10



[0022] First, the Sao Type decoding unit AO2 of the SAO information decoding unit AO1 decodes
SAO type information (sao_type_idx) from a bit stream BS (SB0O1). Next, the Sao_Type determining
unit AO3 determines whether or not the sao_type idx indicates band offset in which offset processing

is perform@f bR PIRSAIAUSSSRANEE iR ¥ cOVRT BAnd [TARGE B predEERAITEE pikel VARIES ($B02).

When deteyginigigl thap tehand offsetirindinatethtY RS i SBERY).. the iSae e determiting wmit AO3
turns the switch A04 ON. With this, the Sao_band_ position ciecod%r unit AO7 )
decodesSA &Q%%ﬁaﬁ@ﬁaﬁtigﬁﬁ fdidh & fd politio )9@9659‘14%?(15{& 805t al8 Bosition

setting unibAdOietanminesra SneRge pesitdn iivtheidata storegeleribAlk A0 baseg en therdesngded
SAO pixel value position information. In contrast, when determining that the band offset is not
clioatod (HES ARHSY, 8 GEo Tbe Hoimiiy ATACS (S e At MOGHE RS 4 Sa0
Type deteramiging 3ymit A3 detesnines wizether or not the sao type_idx indicates that the offset
processingﬁﬁﬁéo be performed (Sao off) (SB04). Here, when determining that Sao off is indicated

(YESIn5 Sao_Type determining unit AO3 turns the switches A04, A05, and A06 OFF, and
terminates decoding bithef ShOnnfarmationc {0028] varlasbmtrastyyiten determiningdladt Sae off is

D R R A s e slen A0 QY
(SBOB). Itistto thetrioted that tze dechdedz/0 affsehvakiads statadptriied 10s pogitenvia thetdata
e S T8 B B M e e SRR PG
5E306). Wheit lfaihbéi SA@@ﬁS@gvaI(@ﬂBn@(dkcpkﬁeq ()‘_i’E’S i 5E306)| dirdeSadeTypggndeteodimigg unit
égt’:\rorﬁir?ii{é%{[%ﬂ?& M\gagrzzeo srg?%é\r%ﬁ:sgt% t)%sg?%}%%%%%ﬁégﬁ Sg\%?%%gésfe% 2%%%:%1% uni AO%’turns
the switch ABB.ON. and FIG. 6.
15 [0027]
FIG. 4 is a flow chart showing context adaptive binary
arithmetic decoding. It is to be noted that FIG. 4 is excerpted from
NPL 2, and is as described in NPL 2, uniess otherwise explained.
f0028]
20 In the context adaptive binary arithmetic decoding, first, a
context {ctxldx) determined based on a signal type is inputted.
[0029]
Next, the value “"qCodIRangeldx” is calculated from the first
parameter “codIRange” showing a current state in a arithmetic
25 decoding apparatus, and pStateldx that is a state value
corresponding to ctxldx is obtained. codIRangelPS is obtained by
referring to a table (rangeTablelPS) using the two values., It is to
be noted that the codIRangelLPS is a parameter showing a state in
the arithmetic decoding apparatus when LPS (indicates a symbol
30 having a low occurrence probability among symbols 0 and 1) occurs
with respect to the first parameter “codIRange” showing the state in
the arithmetic decoding apparatus.
r0030]
A value obtained by subtracting the codIRangelPS from

i
()

current codIRange is put into the codIRange (step SC01). Next, the
11



[0024] 20With this, when the decoded SAO offset value is not zero (NO in 5B08), the Sao_offset_sign
decoding unit AO9 decodes a SAO offset sign corresponding to the SAO offset value (SB09). In this
case, the SAQ offset value in the data storage unit All is updated using the decoded SAO offset sign.

When the de@de@ S50 ofSEFRIIE zetd (YEXSTHWIEDS), the SADFoffstt SRIrthastf pARRLRAr
meaning, anddauetife a0 offsatisign slesedirg umityh@d siins the:drcaging derg, heparatus

Sao_offset_sign decoding unit AO9 continues the decoding until a predetermined number of SAO
ot s Bt o RS BB e P St GFALEL JarBR Pt RiER, SB18)owhen
all the SAOcQﬁ_sh (fkahgg@a(?’ﬁgcndesms}f ,in553$0):iéh%ﬁﬁ@xé@ﬁh?torac?eg_ﬂ@vnﬂlﬁ@ﬂhhas
terminates the decodjng of the SAO information. [0 arameters decode rithmetic
decoding invftth™s da?l%% Sro‘fﬁ%ﬂﬁy VARERs }ES? ﬁ?c%i?ariﬂ F@Jra%‘f]er‘%' h%{a\yé) ﬁ%}rgaﬁo items
decoded in sjepsiéfiwatesad Pyoagulas frare lineshace pasanetesdbfi arevinioraation;itertisdecaded
using a variable prqobability value that is at least part of each of the parameters, and are dispersed in a
b Stanm, TRBAIOT PO fBalIG oS SEbE TAAD LA SER e SO oS Gy
arithmetic codirgdsingd vatiabled ocprobabilityssiueaniol hymiss hethrietis advdingdwt using@ut
variable probability valuec.ﬂ:\ H.264 or HEVC, the, context agaftivg bir;s&y arithrggtic C .dir&{g (C%BAC) is
one of variatst Hgngth codi %rﬁgﬁﬁiaUes.aTheV@AléeAC |§8 2E06Ed béldw with Pefét&htdddo F .e4,
FIG. 5panddelGl BRB{AG2AS frdit dhis aciiali Rbarg shosvieg tdntekh adaptiveniaingry rarthatetic
decoding. Itis t&lzfcrpot d thgt FIG. 4 % exc%g)dfted.fropgI NPL 2, and js as described in NPL 2, unless

otherwise ex%?alne : 8]'S GRS contest Adaptiv i%a%‘; 'aﬁtﬁ‘n%ﬁ% geecco r{&%@P g%gﬁéﬁ

apflve
(ctxldx) detBretiaed basBE dnes sigral typelis iheutied L{e02D]the dvelRteyallRS gCodiRargeldx” is

pparatus, Ahd bRy haPie Ste (e Lo el 8 e B S kbl LT et s is
obtained bysteferring tde tal itrrge T ab et PS)using thermio galias it iS R notéd ilsat thde
Zﬁg'ifala;tffggeahgﬁéﬁa ?”l?ée{a%‘%"%g a3lgle U%ﬁ%er?“ &%Fe‘ﬂ%%ﬂﬂ%@p%ar tus wpen \Lfg Rie
ymbol having a Tow occurrence probabilify among symbols D'and 1) occurs with réspect
to the first paransstpodthiRahget shovinictiei stdle (i @ise iarikimetiSddebding dppdratiss case
where the probability of the LPS is greater than that of MPS, the
valMPS is replaced with the different value {when valMPS = 1, 0;
and when valMPS = 0, 1) (step SCO06). In contrast, when the
20 pStateldx is not 0O (No in step SCO05), the pStateldx is updated
based on the translation tabie when the LPS occurs (step SC07).
[0031]
When the codIOffset is smail (No in SC02), it is determined
that an the MPS symbol has occurred, the valMPS is set to the

binVal, the decoded output value, and the pStateldx is updated

SN
h

based on the translation table “transldxMPS” when the MPS occurs
(step SC04).
[0032]
Lastly, a normalization process (RenormD) is performed
30 (step SC08), and the context adaptive binary arithmetic decoding is
terminated.
[0033]
As above, in the context adaptive binary arithmetic decoding,
because symboi occurrence probabilities {(probability vaiues), binary
35 symbol occurrence probabilities, are held in association with context

12



[0030] calculated codiRange is compared to the second parameter "codlOffset" showing a state in the
arithmetic decoding apparatus (step SCO2). When the codlOffset is greater than or equal to the
codIRange &Y s in SCO2), it is determined that an [PS symbol has occurred, and a value (when

valMPS = 118w ANPEL B 15 i SR HORPVEVEL @IRIAT R A% ecifl X diGd FhdIEding a

symbol having tenkigh @acdrrefice prabefility amane symbais fxantelb anchipgicates90nthisset to

binVal that is a decoded output value. Moreover, a value obtained by subtracting the 10

coleRang%rLcrg‘Seﬁ‘ﬁlﬁ%Q s arRange Is set to the second parameter "codlOffset" showing the state in

the arithmdtigti®¢gding apparatus. Because LPS has occurred, the value of the codlRangeLPS

calculated in step ngé is.set to th?t first parameter "codIRan%/e" showing_ the state in the e#ljthmetic
D |

decodihg apparatus'( CR IHIOW b8 HoteH AV BB cRIRES Badd HETE PStat &SGR HE s a
state valueltoitespondingrio thel cbtidt iFQGY es in stepaeOS)dndicatas aase Wheanitieiprobability
of the LPS i rea\}%\a-uan Ngﬁ%&MPST the va{MPS Is replaced with the different value (when valMPS
=1, 0; and Sl p§ 4 : (’stléﬁl §é§6§). I’Hecrb‘ﬁfrsa%t%ﬁ A'the2o pStateldx is not O (No in step
SCO5), thd State]dx is updated based on the translation table when the LPS occurs (step 5C07).
[0031] When the codlQffset is small (No in SCO2),.it is mined that an the MPS symbol has
occurted, the vaMPa € Seb KRS, 1 BELGHBH oot P8 M {BHACE I LSl
basedwmn théatansiatidmtabkeritransebiv PEE edebimthe MPS paturs (stepBG04) [@@32the lkéstly, a
normalizati rocess, ( ormD) is performed _(step 5C08), and the context adaptive binary,arithmetic
decoding if&ﬁééjr%%ﬁgtgsﬁfl?g(;éﬁ 15T ﬁspgl E)Y\lle"f’(isrgj {Ees gro%%e%’aagp i\y\e’:%?nﬂar@jae}it%en?ecﬁcbé c%%%ng,
because syimbbl occdurréhes mrolubhiities fhrebatiitybieldéesy,dinary Bsymbblestdirencegaiobabilities,
are held in ogiat] [ f i S r I d according to conditions (e.g., by
referring toﬁﬁg vﬁa’lut’!(;%21 %v;ﬁw%%}gi%én? bqggé)% it,E %%d%?sei%ggr@ﬁmaintain a processing order. [0034]

FIG. 5 is a f@xhart showing bypass arithmetic decoding. It is to be noted that FIG. 5 is excerpted

from NPL 2, and is ?@e@Féchﬁ%W IEIEJE 2(16’8596?@@?”@5%%Bl?(j:r}e(%h[gpxs%r egual to the
first parameter “codIRange” showing the state in the arithmetic
decoding apparatus (Yes in SDO02), "1” is set to the binVal, the
decoded output value, a value obtained by subtracting the
codIRange from the codIOffset is set to the codlOffset {step SDO3).
20 In contrast, when the codIOffset is less than the first parameter
"codIRange” showing the state in the arithmetic decoding apparatus
(No in SD02), "0" is set to the binVal, the decoded output value
(step SD04).
060371

FIG. 6 is a flow chart for illustrating in more detail the

b
sl

normalization process (RenormD} in step SC08 shown in FIG., 4. It
is to be noted that FIG. 6 is excerpted from NPL 2, and is as
described in NPL 2, unless otherwise explained.

10038]

30 In the context adaptive binary arithmetic decoding, when the
first parameter “codIRange” showing the state in the arithmetic
decoding apparatus becomes less than 0 x 100 (hexadecimal: 256
(decimal)) (Yes in step SEO01), the codIRange is shifted to the left
(doubled), the second parameter “codlOffset” showing the state in

25 the arithmetic decoding apparatus is shifted to the left (doubled), 1
13



First, the second parameter "codlOffset" showing the current 1() state in the arithmetic decoding
apparatus is shifted to the left (doubled), 1 bit is read from a bit stream, and when the read bit has 1, 1
is further added to the (doubled) value, and when the read bit has 0, the (doubled) value is set (SDO1).
[0036] 15N&XE WhehRE cOERBHsat i §rezkte? #an o REuY BFRe & paarheRE "E5tRangd" 1S
showing thef giatedi thel @etnetie slecoding erayaius (Ees MDA ML tissatda theybin¥als tie

decoded output \%%e, v Sue é)j)tain_ed by subtracting the codIRange from the codlOffset is set to the
codlIOffset (E%éep §536}§($ n’éoitrast, ﬁ/%@rzl%% {Offset is less than the first parameter

"codIRange[ 8bowing the state in the arithmetic decoding apparatus (No in 5D02), "0" is set to the

binVal, the decoded gutput value (step SD04). [0037] _ FIG. 6 is a flow chart for illustrating
detai e mormalizat Fr5oCE (RCACRDAR SHAL BORSFBIER B 31k 116 BeofeA P FG. 6

is excerptec2ff@m NRlo2gand isias dessibed in(NBL 2, unjesp otberavise explained 1AP38Fatioin the
context adaptive binary grithmetic decoding, when the first parameter "codlRange" showing the state
in the arithﬁ&%cgé&g%%%@éﬁﬁg ecomes less than 0 x 100 (hexadecimal: 256 (decimal)) (Yes in
step SEO01),[the406dIRange is shifted to the left (doubled), the second parameter "codlOffset" showing
the state in 35the ari ﬁﬂetiC d%gding.app ratua.is shifted to t Iefté%pl:gl_ed) 1 fit is read frgm a bit
stream, and when th read bit ?f, 15s Hirthar Hided to the" (GBI ) Vueszft{ WHBNHe /E5d bit
has 0,1the (ddudled)svalpe is set (SE02). [0039] When the codIRange finally becomes greater
than or equ?bt&g?? through this process (No in step SE01), the normalization process is terminated.
[0040]

However, as stated above, because importance is placed on

enhancement of data storability in the method shown in NPL 3, a

parallel processing capability in the arithmetic coding or arithmetic
15 decoding, arrangement of coded bits, or the like is insufficient, and

a redundant bit fength is necessary. As a result, a burden is

imposed on the coding and decoding of SAQO information.

[0042]

In view of the above, the present invention provides a

20 moving picture coding method, a moving picture coding apparatus, a

moving picture decoding method, a moving picture decoding

apparatus, and so on which can make processing efficient without

reducing coding efficiency while maintaining the data storability,

when the arithmetic coding or arithmetic decoding is performed on
25 the SAO information that is information necessary for SAO. It is to

be noted that hereinafter, there may be a case where the term

“coding” is used in the sense of “encoding.”

[0043]

A moving picture coding method according to an aspect of

30 the present invention is a moving picture coding method for coding

an input image to generate a bit stream, the method including:

performing context adaptive binary arithmetic coding in which a

variable probability wvalue is used, on first information among

multiple types of sample adaptive offset (SAQ) information used for
35  SAO that is a process of assigning an offset value to a pixel value of

14



The arithmetic decoding is performed by performing the toabove steps. [0041] However, as
stated above, because importance is placed on enhancement of data storability in the method shown

in NPL 3, a parallel processin ab|I|t in the arithmetic coding or arithmetic 15decoding
arrangemeF}O 6’1"58&1&5‘6% ahQ-P K& s mﬁﬁzlaﬁnﬁf@&%@d@ﬁ’d&ﬁ%ﬁ?@nﬁ%ls’ ﬂ@éb%éé?@ﬂ?a

result, a bugden is dnposad asithesoding and gleegding of SA@Hﬂfﬁfm@tl%dQ@éZ]tm W@M\&@fﬁtg@
above, the res nt inv provides a 20 moving, picture coding method, a mqving picture co
apparatus gi/ n%rfﬁg P(B codit metfod! %\‘%owﬂa pl%’ﬁﬁg cdalgﬂ%ﬁaﬁpusgah‘g SU](SEC{Z/hICh
can make pmag;emC|miﬂ@utw@umgl¢®;dleg effipiescyofhittmaistabingrifie datatstanability,
when the arlthetlc C orSari metic dacodl g%ﬁ erforE ed on the SAO |nf rma on\{ré_i]r Eﬁb
information't @é&&f i SREEH is 0B &rebEr %%Pé‘rr%’g/ebg &E& Cterm
"coding" is asektth fivesseimse ofianopding.'t (D43t Astrewdmg picture coding method according to an
aspect of 3% B%B sent invention is a moving picture coding method for coding an input image to
generate a'bit stre , the method including: performing context adaptive binary arithmetic coding in

which a variable probmmhaty valae tmosed toa tiraspmmmhtma rameng moliilies typed iofgaomphnadaptive
offset (SAO{; inf fatlon Lej%ed for SAQ hat is i

es of assigni n| ﬁn off et val?eto a pixel value of
a pixel include iA an Image gengra{ed by’ St ng t e ir?BMﬂ%ag ifudfE %grf ﬁWnS%ypass
arithmetic qoelifig imdchra w@cbﬁ)lmbabmt)avalu:e samead, oﬁisemndnntdrmmxan@tkmottrﬁoematlon

e e R RS e AR R r e alg e serp g et o

arithmetic dwuwﬁ&tdaé)per&ﬂmedluﬁpamﬂ@, andithg bypabsasithmetit cobingreahibe and

the bypass arithmetic coding of the third information are performed

not intermittently but continuously due to the context adaptive

15 binary arithmetic coding of the first information, it is possible to

increase an amount of information that can be processed in paraliel.

As a resuit, it is possible to make the parallel processing efficient.

For instance, it is possible to increase a parallel processing

capability by increasing the number of bits on which the bypass

20 arithmetic coding is performed in parallel. Moreover, because a

probability value is fixed in the bypass arithmetic coding, it is

possible to previousiy perform, before a symbol to be coded is

obtained, arithmetic coding when the symbol is 0 and arithmetic

coding when the symbol is 1 in parallel. In other words, it is

25 possible to previously perform, for each occurrence pattern of

symbol, arithmetic coding corresponding to the occurrence pattern.

To put it differently, it is possible to previously perform look-ahead

processing in the bypass arithmetic coding. Thus, it is possible to

effectively wuse the look-ahead processing by continuously

30  performing the bypass arithmetic coding of the second information
and the bypass arithmetic coding of the third information.

[0045]

Furthermore, because, in the bit stream generated by the

moving picture coding method according to the aspect of the

35 present invention, the second and third information on which the

15



io performed in parallel on a bit basis. Thus, in the moving picture coding method according to the
aspect of the present invention, because the bypass arithmetic coding of the second information and
the bypass arithmetic_caoding of the third information are performed not intermittently but continupusly
e oo LR SOAEIS S8 Uivaly M, GERILG AT VRE L f G Atoh, e Tostlife t HEreae
an amount ipffioforaation that cah i processed e paralishprsvaerasut: ispasskibie toamakei the
parallel processing_ efficient. For.[nstance, it.is possible to,increase a ragsl. rocessing capahility by
oreasing e AHSEY Eblts OH WEH (et B0 i it g e pdHoRF AL Barae
Moreover, Ipecatise apichatelity aabuei isdixed pra thae bypasseatthraétioeceding itds pdgsibiedode
previoysly perform, before a bol to.be coded is obtained, arithmetic_coding when the symhol is 0
B i OLE oSG b Ly o T ALt Qo0 UBTUe, 7o B8 BESSHR 1 Hiebtel
perform, fodearitoncurrents patterasaf isymiiolj arithmetiqambing| eortesponsling toltke geEumiéate
pattern. To put it differently it is possible to prgviously perform look-ahead praocessing, in the bypass
Brthmetic doHeG THUG 1L SO e RSty D e e TR o B B 30
performing leecbyjmaess drithrifetic dingtokthenseddnel ifoshatinhcamd dtédvypass arithiaétic doeing of

the third information. [ -yrthermare, b in_the bit.stream.gener by the . movin
picture Cod%%ng%?#oﬁ §§c5%‘r:'c£:i\?nég %;@% sp%%?jﬁ%ef% rggeﬁﬁﬁr?\?gntﬁosn,ﬁﬁggs%%or?de g%&?hl\lﬁﬁ ¢
informéationsercwhidhahel 181 sypass arithateoo coding isi perithadiygre pracadtaftercthe fiestding
information. on whi n a i inary, ari ic coding i f , Wit ing divided
by the first ﬁfd‘?r%ﬁ%ﬁ ?m@i%g%gw&%@oé&%égg&gg§§§ﬂ?g a;assg%gﬁgév@ggoi\gagﬁ;g e%(?de%e
second andsthird infyrpigion acitinuaisty byas@dssarithindtivdesodingiisiafesoaitisalse pdssible

to make th I ing;effigi 0ding.| I qu&gt e C 0.the bit
stream, thg‘%{%%r%@%@?ﬁo%g\l/v ilgr?ﬁéegﬁﬁe@f am%?ic\yg %iﬁa% f:% ing |26 p?ir%\éi% is%ﬁ?edQ kgtefore
the To secofi@ahty tirdi mdotmaaiohiom aichdee bypags afitimeti€icating is perfdrmad, thdmaving
picturg.decpdl p tus.is.allowed: t thmetj ing.of nd. inf ion
and bspasspgﬁ%%lrﬁeﬁg{ (?ec@d(? r% H(;%/thige[Qt%iéctleaelg nf%ﬁ@%ﬁ%e%?é%ﬁ%a g?)tgvge%t;a‘lﬁg%y g%ﬁh%n%?é
decoding oﬁ@@ﬁéﬂ@foﬁh@_ﬂoﬁ:ﬁﬁ\@ @dgs@ﬂ,ﬁhé Ri6ding Fﬂ)f@tuli’@@ié@cﬁdin@@‘p}fa?at_ﬁéﬁs capdblecdf start
decoding the:seqandiand thifd infarmation-hefare-the, and ofidepqding;af the, first infoymatiga. Wish this,
it is possible to increase the speed of processing.

increase the speed of processing.

[0046]
20 Moreover, one of the second information and the third
information may be sao_band_position indicating a range of pixel
values to which the SAO is applied.
[0047]
With  this, it is possible to efficiently code the
sao_band_position. Moreover, for instance, when the first

Lo
o

information is the sao_offset indicating the absolute value of an
offset value, the sao_band_position is placed after the sao_offset in
the bit stream. With this, in the moving picture decoding
apparatus, because the sao_band position is decoded after the
30  sao_offset, even when the sao_offset is decoded, as long as the
sao_band_position is not decoded, it is not possible to store the
decoded sao_offset at a storage position in a memory associated
with a range (position) of pixel values indicated by the
sao_band_position. However, it is possible to appropriately apply
35 the absolute value of the offset value indicated by the sao offset to
16



[0046] Moreover, one of the second information and the third information may be sao band
position indicating a range of pixel values to which the SAO is applied. [0047]
Withthis, itispossibletoefficientlycodethe Moreover, for instance, when the first sag_offset indicating the

absolute valBE*6 &n'\GFLLE $al 08! HEShd bdNE S6dim iRpiRbea ! aitel Hiss o doFREE M (Y dife

stream. Witks fus, liyathe maying pisturegeceding agpataius, breavige the sae_hefrd @ositign ishe
decoded after the 30 sao_offset, even when the sao_offset is decoded, as long as the

sao_band_gositiBiR ie notées a5 R isHot bB&sibi8 BP&or8 ik dRESAEHALAR SortéBat & SRS hosi

ion in a mensery asshxiates Wwithh eanges(pbsitien) o6 pixed valuesadigatesdyydhe pixeds vakier,
included in't e.raye of. if(el values indi %ted by the sao bargg osigon, %y storing t&e decoded
5 dteld Toff

sao_offset iNtHe HEMBH fegddlB@Kst thaGaRg8 GrariRsb GAld A BERBE" bYrsBEMET he

sao_band_pdsiti@no be decoded. As a result, it is possible to make the processing efficient and
properly perltggl t% SAO. [0048] Moreover, the other of the second information and the third
information @Lb iao_offset_sign indicating whether an offset 10value is positive or negative, the
offset value being ass$ignashtocr pixelevatiye &0 wifictitbe S3AQ nsiappfiedr{8@49%h and the third

withthis tispossibletoafiientycodeihe sag-offsel SidtoMoteRYely [Ph g AmPlsierahe ikt
10 value is positive or negative, the offset value being assigned to a
pixel value to which the SAQ is applied.
[0049]
With  this, it is possible to efficiently code the
sao_offset_sign. Moreover, for example, when the first information
15 is the sao_offset indicating the absolute value of the offset value,
the sao_band_sign is placed after the sao_offset in the bit stream.
Here, when the absolute value of the offset value indicated by the
sao_offset is 0, it is possible to omit the sao_offset _sign. As a
result, it is possible to increase coding efficiency.
26 [0050]

Moreover, in the continuously performing, the
sao_band_position may be coded after the sao_offset_sign is coded.
[0051]

With this, for instance, when the first information is the

25  sao_offset indicating the absolute value of the offset value, the
sao_offset, the sao_offset_sign, and the sao_band position are
placed in the bit stream in this order. As a result, the moving
picture decoding apparatus makes it possible to decode the
sao_offset and the sao_offset_sign before the sao _band position,

30 and is thus capable of quickly determining an offset value assigned
to a pixel wvalue without waiting the decoding of the
sao_band_position. Consequently, it is possible to readily store the
offset value into the memory.

[0052]
35 Moreover, a pixel to which the SAQ is applied may include
17



is is the sao_offset indicating the absolute value of the offset value, the sao_band_sign is placed after
the sao_offset in the bit stream. Here, when the absolute value of the offset value indicated by the
sao_offsetis 0, it is possible to omit the sao offset_sif%r]l. As a result, it is possible to increase coding

efficiency. S60036] KB o Rr, MHEL G BN LY ST pefBNIEHE SA0 HEATISE4RIBN HRS (RECSH after

the sao_offisetasignis eadesn 905d With-thism fer-insianse, map the st informatien isther 28, sao
offset indicating the absolute value of the offset value, the sao offset, the sao_offset_sign, and the sao
band positibRArB PIHeBESn the bit stream in this order. As a result, the moving picture decoding
apparatus m@ag&s3il possible to decode the sao offset and the sao_offset_sign before the sao_band

position, and is thus ble of quickly determining an offset value assigned to a pixel value without
waiting'the decoding B-RetBA bARE FSHBR. EoRsaue iy iR PORIBR 1S reddH) Sidrt et

value into thgpeemery: [0k peaposeatsdofamukipdeiynes @ad thetiivst ibferaationmihecateond
information,.and the %hird information mf%fg[e %odeg for each of the components. O%S] V\gth
this, for exeﬁﬁﬁfe, %&(W@E&Hpoﬁ@ﬁ '5fthe"fhul 'B% tfb@ﬂ?@gqﬁmi e &F & Lhrorhindile, in

the bit streanfcodet fiyst infecnatianeapptiet-tb e mirance ang ctided secartckinformatiom aad
coded third_informatjon applied tq the luminance are collectively placed, and coded first information
appied 10 FL0- G TIARLE 418 68 <RLbhc P HALB ard EQHBLE IR ST atoh o 1€
collectivelygitacad. As magesulsiiide mowihg pictam decodinfappardis makes it passibte totteedde
only one ofi %@C@ information ap Iizpl tq the luminance, and, SAO inforrjﬁggpbap%ljied.to the

chrominanc@ ‘&% r%@gé%grf T otRe %g,%kpeif? FneedSA(e‘Fs B 63&8 %Iy ?1%%%191‘55%8, itis
possible togeeventrige SAQanmmtioradgdieit (@ theschiemimante doohe beingyurineeessarBA O
decoded. A% 8 resulttii(t) IS possgpledtt% n et e rREOCaegég'ga%fQCtE Moreoqver, i

[ u

ormation e e m()[(t)g?ﬂ*mat'on i gtpé:"
continuous|y pen%‘rmlng, tﬁg Bypass arithmetic coding may be ﬁ‘her pe?formed on aat‘?gas? ne other

informationtamon@ thermuliplectypes nethesSaByinforimatihiemediately befosnort memédidielysafter

the coding gL seeand infpymatiop:and e R inlorryarion ORSR 25WT gl o RRESIER 9
information applied to the chrominance from being unnecessarily
decoded. As a result, it is possible to make the processing efficient.
[0054]

Moreover, in the continuously performing, the bypass

20 arithmetic coding may be further performed on at least one other
information among the multiple types of the SAO information
immediately before or immediately after the coding of the second
information and the third information.

[0055]

25 With this, it is possible to further increase an amount of
information that can be continuously processed in parallel, and thus
it is possible to make the paraliel processing more efficient.

[0056]

20 indicating that the SAO is not to be performed or a type of the SAQ.
[0057]

With this, it is possible to prevent parallel processing
efficiency for the second information and the third information from
decreasing due to the context adaptive binary arithmetic coding of

35 the sao_type_idx.



information that can be continuously processed in parallel, and thus it is possible to make the parallel
processing more efficient. [0056] Moreover, the first information may be part of sao_type_ idx
30 indicating that the SAO is not to be performed or a type of the SAO. [0057] With this, it is

possible tolpHEvnsht parallel processing efficiency for the second information and the third information

from decreasing dueto the enitexpadiaptive digapanhmeiietensing Hf 35riengaortype: idth 58]
A moving picture decgcd;iggomethod according to another aspect of the present invention is a moying

picture decBaigThét PI&HtiHg ' ¥6BAARdGe InBLRIEE R & Wit YiBaRE tRE MEhBYERER ing:
performingfeantexicagttiptyedinary @dthmeiig deqoding éuwhichea wariablequebability vahuetisaiged, on

first information among multiple types of SAO informatian that are included in the bit stream and used
for sate AEIHAUE BH<BE (LRGH eh 4 4 rcBaR B AL NG i SHLEH VAR ILGc 5 Bt Dot o
pixel includgthintan imagergebesated by sledotingubé coded imaee! ansrcofitiriousy pesierongng
bypass arithmetic decoding in which a fixed probability value is used, on second information gnd third
iformatiorF B A GHNAHG L HAS b S PSS VRS ST (B
informatiorsirreerbit stremu sfeD58  sa kiarées the daptexteadapfivetbii@p arjthmétic Heciading

b f di llel, and the b ithmetic decodi f [ llel
ot b, TRUECH e oG IHALIG ABLbA] SobthbA Hso g to R it INGedtof hedbriSont 20

invention, bachuse the bypassrardiymetie decadiad db thel sexmohiohigfdmeatoonda e dypassnd

arithmetic decoding of the third information are performed not intermittently but continuously due to the
SR B Wt et datodin T HIRdor oF R e Ao K mount

context adaptive bln%trjysa¥itﬁme IC def:%gingy&?ﬁg P&t thig
of informatjprothat:26 toan baprecessed ingeatallelo As asmsoltidt isipossitrie totomake the paralied

rocessing. effici =Q[.iNS e, it is_possible to ingrease a parallel processing capability
ipncreasing g[ﬁgbnrfﬁ%tg@ (E} bigﬂ I(?5}% Wk%llf:ﬁ th% rlkﬁy%%és a%rlj{hgme |cuo%é:%(%ng Eé,{ Bgﬁorrﬁgd %?]p@ara eﬁ%o
Moreover, becauseai prozabiityocate is fkeelrirt tre Hypass o rariththeticidetbediry) titds mossible to
previ?gsly Eﬁﬁgr%before data to be decoded is obtained, arithmetic decoding when the symbol is 0
and arithmetic decoding when the symbol is 1 in parallel. In other words, it is possible to previously

perform, for each oddermenddipattermtebdymbalp dritknizticdycadint coedspdrding to gheannot
35occurrence pattei 1@ Qub it WRLaLY. L SPRRRIPISB RL.VIOMIN hLtic decoding can be
performed in parallel on a bit basis. Thus, in the moving picture
decoding method according to the other aspect of the present

20 invention, because the bypass arithmetic decoding of the second
information and the bypass arithmetic decoding of the third
information are performed not intermittently but continuously due to

the context adaptive binary arithmetic decoding of the first
information, it is possible to increase an amount of information that

25 can be processed in parallel. As a result, it is possible to make the
parallel processing efficient. For instance, it is possible to increase

a parallel processing capability by increasing the number of bits on
which the bypass arithmetic decoding is performed in parallel.
Moreover, because a probability value is fixed in the bypass

30 arithmetic decoding, it is possible to previousiy perform, before data
to be decoded is obtained, arithmetic decoding when the symbol is 0

and arithmetic decoding when the symbol is 1 in parallel. In other
words, it is possible to previously perform, for each occurrence
pattern of symbol, arithmetic decoding corresponding to the

35 occurrence pattern. To put it differently, it is possible to previously

19



perform look-ahead processing in the bypass arithmetic decoding. Thus, it is possible to effectively use
the look-ahead processing by continuously performing the bypass arithmetic decoding of the second

information and the bypass arithmetic decoding of the third information. [0060] = Moreover,
because, inRIfS 9t Stre b nha fRs? hiGFRARFSHNAVHTEh tHE cOIMBRSSd abiive BISAN cE@REENT -

performed i plgged;pefors Hieserondandribird infaymatien rawhighherypass iveatbaiats saing
is performed, it is possible to start context adaptive binary arithmetic decoding of the first information

before the ByPRSE B PRGN BTSSR R the HeBorRYRBRRatH EHI B By sHRSOF R Metldedding
of the third igfarRiaHiom Asrageidh itis gosaiblasipsiars deerdingdhe seenrhang thirdintormatien
before the end of decoding of the first information. With this, it is possible to increase the speed of
processing. OIBIT @10MMoreover, one of the second information and the third information may be
sao_band_pesitpnjindicating a range of pixel 20values to which the SAO is applied. [0062]
Withthis,itispossibletoefficientlydecodethe sao band position. Moreover, for. instance, when the first

information is the sad’ BfiS@¥AdicRMTRAHE BbdBIR SNk BEHPdHsctVaINY Thd REY HRARG FO5if6h is
placed aftenthe sho toftset ithexait sterpnti Vaththis lecayseiike $ao pkaifd rpesidonds geseder

after the saQ_offset, even when the sao_offset is decoded, as long as the sao t’g]and position is not

decoded, it KO SosEbfe 158658 the HaBoddd §do GHEH RS SBragd podifidhin &MemdKPs S
assc_cbi?ted witrtam@egiic (p@éilﬁﬂﬂt}} ofi@ix?i@af@eml '@cgit;hatﬂdﬁms thplcsgg_ag@dmgsgt??r-wwwﬁ xit is
POSsSI eto appro rnately a the absolute value of the offset value_|ndjcate the sao offset to
P valood TS i 8 Pt BT IR e LR APt TR SHBShate SR B BT the
decoded sabheffégtirathe 3rittemeny cedardiesinef the range sadmsgociafing the decoded the
sao_offset with the sao .band position to be dec d. As a result, it is possible tp make the .

e sseamg BB ARE DB o AR RS AD (o T T R B Hhe oo of (3 kot
information ang tesilird inforbatiordmay dHimspoheffsetcigrdinslieatirng whethier ran offset ke is

Fooggj‘]’ﬁaor RARte S OSELYANE RENG 25pIR0ed fo 8 e value tg ahichine SeRs Rliede
to increase the speed of processing.
[0061]

Moreover, one of the second information and the third

information may be sao_band_position indicating a range of pixel
20 values to which the SAQ is applied.
[0062]

With this, it is possible to efficiently decode the
sao_band_position. Moreover, for instance, when the first
information is the sao_offset indicating the absolute value of an

25  offset value, the sao_band_position is placed after the sao_offset in
the bit stream. With this, because the sao_band_position is
decoded after the sao_offset, even when the sao_offset is decoded,
as tong as the sao_band_position is not decoded, it is not possible
to store the decoded sao_offset at a storage position in @ memory

30  associated with a range (position) of pixel values indicated by the
sao_band_position. However, it is possible to appropriately apply
the absolute value of the offset value indicated by the sao_offset to
pixels values included in the range of pixel values indicated by the
sao_band_position, by storing the decoded sao_offset in the

Lo
Tt

memory regardiess of the range and associating the decoded
20)



| OWiththis,itispossibletoefficientlydecodethe sao offset_sign. Moreover, for example, when the first
information is the sao_offset indicating the absolute value of the offset value, the sao_band sign is
placed after the sao offset in the bit stream. Here, when the absolute value of the offset value indicated

by the sac® Hfs& S L1eIERoLBAsSE Sigh M 6hniked A8 A fe3uReit kesedafle todroperEdedbde the

bitStreami_foﬁﬁv@%'@?méE@‘i@%ﬁﬁ@@%&féﬁﬂ%%@n OBBlicient and properly perform
Moreover,inthecontinuouslyperforming,the 20 sao_band_position may be decoded after the

sao_offsef%r%%%ecoded. [0066] With this, for example, when the first information is the sao
offset indi¢ating3he absolute value of the offset value, the 25 sao_offset and the sao_offset_sign are
decoded before the sao_band_position, and thus an offset value assigned to a pixel value can be

quickRy determined VRRBGMGARING BPIBES NG SPRSELPREhdHEBA LEShsefle e ith! pssible
to readily stgeertheseftset valyg ine theapemerye80K0GY] indickaregvetrepprettogvhichitae SAO is

applied may include components of multig)#e types, and the first information, the second information,

and the thf8 iHforiTattitehiayHelo B fhePdbpfdortetideo51Bb38) 2SS GRRAHS, Br

instance, whes!the; hegpengniscof theangliple; typespared luminance and a chrominance, it is possible
to decode g}anéygé% e of SAO information applied to the luminance and SAO information applied to the

chrominal{ ecessary. In other 5 words, when the SAO is performed only on the luminance, it is
possible to preventwig ISAQ fritoymaition appliesbtostite ehrorainardei timm biging derengssarityie
decoded. As a reiy

It, it is possible to make the processing efficient. [0069] ..  Moreover, in the
continuougﬁ%eﬁ ﬁ%ﬁg?fﬁé’]byp r&rﬂﬁﬁé'ti%(grec%ﬁﬁ@%{% b\’g%% oF%édeﬁgt‘l%ggf Bratitier
informatiors attongsthe nufitie typesaf thegSAReINfdsRalioreimmaediately heferexofJamediately after
the decod{%ogtggfgg%n ‘jg}cgrrqn?gogiaancde@ea%édrir%fi%mgtai%rloffset in the bit stream.

Here, when the absolute value of the offset value indicated by the
15  sao_offset is 0, the sao_offset_sign is omitted. As a result, it is
possible to properly decode the bit stream for which the coding
efficiency is increased.
[0065]
Moreover, in the continuously performing, the
20 sao_band_position may be decoded after the sao_offset _sign is
decoded.
[0066]
With this, for example, when the first information is the

sao_offset indicating the absolute value of the offset value, the

o
Ut

sao_offset and the sao_offset_sign are decoded before the
sao_band_position, and thus an offset value assigned to a pixel
value can be quickly determined without waiting the decoding of the
sao_band_position. Consequently, it is possible to readily store the
offset value into the memory.

30 [0067]

Moreover, a pixel to which the SAO is applied may include
components of multiple types, and the first information, the second
information, and the third information may be coded for each of the
components.

35  [0068]



15[0070] With this, it is possible to further increase an amount of information that can be
continuously processed in parallel, and thus it is possible to make the parallel processing more
efficient. [0071] 20Moreover, the first information may be part of sao type idx indicating that the SAO is
not to be performed'di &tyidd f e SRGLFME Y, HES JdLgilse 1 pREVRRE papallEN Sroteskiy e

efficiency foy hessegendhinforiafionandithe hird Kygmalign fom;deregsiagidye toghe eepigyt
adaptive binary arithmetic decoding of the sao_type_idx. [0072] These general and specific

aspects m&'hé iR premehtedARing Y Q8 imaiB &h ikfegkBRd “irdUR 3an&sinfuidd proyfam, or
a computefr{pgeipeiwsordingineedivy stgh ag@r o+ iGBR@Mag’r s Gogkipation ofsysians.

methods, integrated circuits, computer programs, or computer-readable recording media. [0073]

HereiraftelV erfbodimidHeD ard $hecihGlly teBETHRATVRI r?EHBhce fo FHEEDMITHGR NS@o7H] IS

Each of the, gmbiedimnentyeesaibed helogyshows grarBerakagpshifie esrople. dieoimesisak
values, shapes, materials, structural elements, the arrangement and connection of the structural

elements, SE5E, thE B1Gce4BiRG oF 3RSt the SREREFE 5 sHtRvrfin TRE Yollowing BnibodmiBHEs hfe

mere examplgkcapd dhprefetssdomiptdific the scope of the Claims. Therefore, among the structural
elements irl:]été%: owing embodiments, structural elements not recited in any one of the independent

claims are d as arbitrary structural elements. [0075] (Embodiment 1) FIG. 7 is a block
diagram showing arMxestplary, configuedtion efenmeviaggisturgdeceding pgparaius 109yasgarding to

EmbOdlmeg;['i}:hmetic decoding may be performed on at least one other
information among the multiple types of the SAO information
immediately before or immediately after the decoding of the second
information and the third information.

15 [0070]

With this, it is possible to further increase an amount of
information that can be continuously processed in parallel, and thus
it is possible to make the parallel processing more efficient.

[0071]

20 Moreover, the first information may be part of sao_type_idx
indicating that the SAQO is not to be performed or a type of the SAO.
With this, it is possible to prevent parallel processing efficiency for
the second information and the third information from decreasing
due to the context adaptive binary arithmetic decoding of the

as
e}

sao_type_idx.
[0072]

These general and specific aspects may be implemented
using a system, a method, an integrated circuit, a computer
program, or a computer-readable recording medium such as a
30  CD-ROM, or any combination of systems, methods, integrated
circuits, computer programs, or computer-readable recording media.
[0073]

Hereinafter, embodiments are specifically described with
reference to the Drawings.

[0074]

i)
fa)

AN
b



[0076] The moving picture decoding apparatus 100 decodes compression-coded image data. For
instance, coded image data (a bit stream) is inputted, on a block-by-block basis, to the moving picture
decoding apparatus 100 as signals to be decoded (input 20 signals). The moving picture decoding
apparatus 100 recorfs@€ltSimdiR earbydpeinkfing Safaible tehgthode oy Snveds Gantigation,
and inverse; gapsfarm eny e fpuitted signals i b deroded JA0GEk <A 16@%","”_ Gl fatee

moving picture decoding apparatus 100 includes an entropy decodlrzg unit 110, an inverse
quantizatioh 'ARE ierse @RS BNit 1DG arPaiABOEIS S looPfiledr 130NA Bttty 120, aHiftra

prediction Wit 180l BaMadiRigampensatiopunit 480, ARd-aa 41Ky nipd1ange switch {dBs3QI0078]

The entropy decoding unit 110 performs variable length decoding on an input signal, to reconstruct a

quantiZatioR k@éfficiit. ItR&o HehewtBat B HHETHUESIgRARs Agfal @ 0B¢6Eed, 3nd
correspondseread@ iInnrOsdata fiefieagh olack saMoreener, the g oPYdespainRg-EnitdHyekfains

motion data from the input signal, and outputs the obtained motion data to the motion compensation

unit 160. FGRRerfiECtHE Bhu®is a8adding unfhELof B KINHES aRABIRABIHGS BES odiHy Bf tHEThpuUL
signal, to regensisitsSAR infeeration, and auputs the SAOCHRtOrMaden e Mronciilemls30,1Q079]

The inverse quantization and inverse transform unijt 120 performs inverse quantization on the

quantizatiod @BEFPIBAt st SHRGERY LS HHEEHTBhRHRESRMS unit 110, to reconstruct a 10 transform

coefficient. [lhgpsthe inverse quantization and inverse transform unit 120 performs inverse transform

on the rec%structed_ transform coefficient, to reconstruct a prediction error. [0080] The adder
125 adds thé& FROSHSFI&BA Prédiction error to a Isprediction signal, to generate a decoded image.
[0081] FIG. 7 is a block diagram showing an exemplary

configuration of a moving picture decoding apparatus 100 according
to Embodiment 1.
15 [0076]

The moving picture decoding apparatus 100 decodes
compression-coded image data. For instance, coded image data (a
bit stream) is inputted, on a block-by-block basis, to the moving
picture decoding apparatus 100 as signals to be decoded (input

20 signals)., The moving picture decoding apparatus 100 reconstructs
image data by performing variable length decoding, inverse
guantization, and inverse transform on the inputted signals to be
decoded.
[0077]

As shown in FIG. 7, the moving picture decoding apparatus

N
P

100 includes an entropy decoding unit 110, an inverse guantization
and inverse transform unit 120, an adder 125, a loop filter 130, a
memory 140, an intra prediction unit 150, a motion compensation
unit 160, and an intra/inter change switch 170.

30 [0078]

The entropy decoding unit 110 performs variable length
decoding on an input signal, to reconstruct a quantization
coefficient. It is to be noted that here, the input signal is a signal
to be decoded, and corresponds to coded image data for each block.

35  Moreover, the entropy decoding unit 110 obtains motion data from

a9



The loop filter 130 performs a loop filter process on the generated decoded image. The decoded
image on which the loop filter process has been performed is outputted as a decoded signal. 20It is to
be noted that the loop filter process includes SAO. [0082] The memory 140 is a memory for
storing refdi@BcEimdgssaizal femdofion RerfpERsatdH.aspeasificanyi ehe drlimoky 14mEstresigecoded

images on ¥iigh edlaeR fiter precassdias heen Rerimes. [Q9R3] o nerd PG INF@JY BGICHOR, Wikt 150

performs intra prediction to generate a prediction signal (intra-prediction signal). Specifica Ii/, the intra
prediction dritCL50 EIIIAS in#a P rddiietiok® B2 F&ferfi 6§ 851 80%Nn ffiagd &roliR@ Afcufriéhi Block t be

decoded (ippubyighal) b tadscadasimagrgenerated iy e adderd 2840, 0BREsRIR 8Rion to

intra-prediction signal. [0084] decoding unit 110, to generate a prediction signal

(inter-prediefiBn SRS 08520 The intrasinter change switch 170 selects either the
intra-prediqtm;&'ggpal or the inter-prediction signal, and outputs the selected signal to the adder 125 as
a prediction signal. [0086] The above configuration allows the moving picture decodin?zo

apparatus 100 accordify 5@ BtRlintEhe 1 17 asiete #REoHRY Bitagd Bis IRANTs thidnit
compressigieepgehinagedaiad008dlantization on the quantization coefficient

reconstructed by the entropy decoding unit 110, to reconstruct a
16 transform coefficient. Then, the inverse guantization and inverse

transform unit 120 performs inverse transform on the reconstructed

transform coefficient, to reconstruct a prediction error.

f6080]

The adder 125 adds the reconstructed prediction error to a

15  prediction signal, to generate a decoded image.

{0081]

The loop filter 130 performs a loop filter process on the
generated decoded image. The decoded image on which the loop
filter process has been performed is outputted as a decoded signal.

20 It is to be noted that the loop filter process includes SAO.
[0082]

The memory 140 is a memory for storing reference images
used for motion compensation. Specifically, the memory 140 stores
decoded images on which the loop filter process has been

|3
n

performed.
[0083]

The intra prediction unit 150 performs intra prediction to
generate a prediction signal (intra-prediction signal). Specifically,
the intra prediction unit 150 performs intra prediction by referring to
30 an image around a current bltock to be decoded (input signal) in the

decoded image generated by the adder 125, to generate an
intra-prediction signal.
[0084]
The motion compensation unit 160 performs motion
35 compensation based on the motion data outputted from the entropy

4



It is to be noted that in Embodiment 1, the entropy decoding unit 110 includes a SAO information
decoding unit which decodes SAO information. 15[0088] FIG. 8 is a block diagram showing a
functional configuration of a SAO information decoding unit according to Embodiment 1. [0089] A SAO
informatiof! BEE€sHiRG uAft £01 tétorisrits SAD 2@ irtoeratbiPflom abit! stredi BS redtepwords,
the SAO ind¢ Wg;i})‘n decoding unit 101 performs variable length decoding on SAO type information
(sao_type_idx), SAO pixel value band position information (sao_band_position), a SAO offset value
(sao_offseTﬁ}p, &ad a SAO offset sign (sao_offset_signl[i]) on which variable length 25 coding has been

performed and that prg.includeg jfvihe SAQRfsatien, 09901 170 Spesifically, he/SAQ infpamation

decoding unit 101 includes: a Sao Type decodirig unit 102 that decodes SAO type information; a :to
Sao_Typel Bét@EmRARE GhiIPT0S @EAHE T d L BipdPbREHSEI0EEEEIRY iRdichted YUk SA® type
informatior erdbedies gyvishes Horkagd 48p; £50¢ bandpagiiion sscoipgunit 107 that decodes

SAO pixel value band position information; a Sao Offset decoding unit 108 that decodes a SAO offset
value; a sd S5 Sket sign decoding unit 109 that decodes a SAO offset sign; and a data storage unit

111. [0091] Therpesalionof tbe BHQHatorRatiomndesoding Hd L% gislescriediin dedapg with
referencetaoplggl;an&%OQ%O according to Embodiment 1 to decode the coded
10 image data that is the compression-coded image data.
[0087]
It is to be noted that in Embodiment 1, the entropy decoding
unit 110 includes a SAO information decoding unit which decodes
SAQO information.
15 [0088]
FIG. 8 is a block diagram showing a functional configuration
of a SAO information decoding unit according to Embodiment 1.
[0089]
A SAGC information decoding unit 101 reconstructs SAO
20 information from a bit stream BS. In other words, the SAO
information decoding unit 101 performs variable length decoding on
SAQO type information (sao_type_idx), SAO pixel value band position
information (sao_band_position), a SAO offset value (sao_offset[i]),
and a SAQO offset sign (sao_offset_sign[i]} ocn which variable length

N
o

coding has been performed and that are included in the SAO
information.
[0090]

Specifically, the SAO information decoding unit 101 includes:
a Sao_Type decoding unit 102 that decodes SAO type information; a
30 Sao_Type determining unit 103 that determines a type of offset
processing indicated by the SAO type information or the like;
switches 104 and 105; a Sao_band_position decoding unit 107 that
deccdes SAO pixel value band position information; a Sao_Offset
decoding unit 108 that decodes a SAQ offset value; a

g
A

Sao_offset_sign decoding unit 109 that decodes a SAO offset sign;

25



FIG. 9 is a flow chart showing an exemplary flow of arithmetic decoding by the SAO information
decoding unit 101. [0093] First, the Sao Type decoding unit 102 of the SAO information io decoding
unit 101 decodes SAO type information (sao_type_idx) from a bit stream BS (5201). Next, the Sao
Type deter@iifing G803 @s@HRiIne8 WHetder or not the sao_type_idx indicates that SAO is not to be
performed g@@@qfﬁ) (5202). Here, when determining that the sao_type_idx indicates that the SAO is
not to be performed 15 (YES in 5202), the Sao Type determining unit 103 turns the switches 104 and
105 OFF, and termirdt&s SRRTee ‘ale@(ﬁdi‘ﬁ'@eof%&@ if6ATEIRH Wb ca s Ha S Ad THForRakiolf other

than the SAQ dypeaformatien isipolngiudeddpdhe bit-stream Bss. [0094] 20In contrast, when
determinin%that the sao type idx indicates that the SAO is to be performed (NO in 5202), the

Sao_Type @fé?r%i]ﬁing unit 103 turns the switch 105 ON. With this, the Sao Offset decoding unit 108

decodes a SAO offset galuey(sag_aifset)diem ¢p bit SERYW By (5203). dbie A prypptedihar 23 the
Sao Offset decoding unit 108 stores the decoded SAO offset value into an offset register ensured in

advance o4 HHeM&H ©SHESR HiSiGe Bive RiRa I fFadB RHiMa t Afe AL GR8828 Bfdktdédoding unit 108

continues thgglggqding in step 5203 until a predetermined number of SAO offset values is decoded
(during a 30 period of NO in 82045. When the Sao Offset decodinﬁeunit 108 decodes all SAO offset

values (YES in 5204)! thE SAETYHE adtéRRirfliF Gt 1B3dterhirte © Whither P nbt tRE TRHA idx

i(ndicaT@s ba@éioﬁsa@indmm: @tf)aelt a@@@as‘éat_;l ﬁWfoV?ﬁ@' am ﬂbxei?]\aadudﬂs ir{@a@qﬁ'mhp@%&ttgip zand
range of predetermined pixel 35value 0%). [0095 Here, when determining that the ban
Oftset is no ALl (N T 35020 S20 Tipe MetamiHiy SACLOD S SN 16t SFE. and
terminates a0thnaeiicdecheing aftedtBAO mforratione!s gontgsiavhen delgraining tas the hand
offset is indicated (YES, in 5205), the Sao, Type dejerminj nit 103 turns the switch 104 ON. With
this, when {ﬁe%cto db§A(9% SV efgéﬁ z%%&ﬁ(lﬁg%é%),w&‘ %(ad’\i Bﬁ%%téﬁ(ﬁﬁ r&@%’dﬁ% unit

109 decodeb atSH( offset sigp eolespordliog te shenSAQ vEfssivalue (530 Molbhis or¢asenthe SAO
offset value jn.the data e unit All is updated using the decoded SAQ off ign. When the
decodgd S?A%]T: fsé?va%gé erot Sgr? gzgtéj?tﬁe éﬁ%&%@ 'Q@n Hé'%'ﬁo gﬁﬁcuﬁfrrﬂéaﬂ ; and
thus the Saow oftset ssidridecodihgiuit 109 Skipsrite decodingt ¢tere rtbie Sad offdelc sighndecofling
unit 109 continues 15 the decoding until a predetermined number of SAQ, offset signs c¢orre ding to
SAG offsot VAL L ALAUCH oS BULER ot 1 o, S958) MOTHR AR oL ML dBcortec
(YES in 5208 ¢hien&aworizend npositiat decddidg dnib 107edédodes SAQ @l value band position
informatio;@agﬁ%nd_position) (5209). The SAO zu pixel value band position information indicates
ue

which offs f a pixel value band (section) the SAO offset value is, and thus the SAO pixel value
band:position informiationds stowresitinto Wieatata detageninitld 1. &itetnatively, ssstoraigepmosition in

the data stprape it 111,Js chapdedbased en the SAO pixekyalue.banty o 1 5202), the
Sao_Type determining unit 103 turns the switch 105 ON. With this,
the Sao_Offset decoding unit 108 decodes a SAQO offset value
(sao_offset) from the bit stream BS (S203). It is to be noted that
the Sao_Offset decoding unit 108 stores the decoded SAQ offset

value into an offset register ensured in advance or a memoary

]
fos)

portion inside the data storage unit 111. Here, the Sao_Offset
decoding unit 108 continues the decoding in step S$203 until a
predetermined number of SAO offset values is decoded (during a
30 period of NO in 5204). When the Sao_Offset decoding unit 108
decodes all SAO offset values (YES in S$204), the Sao_Type
determining unit 103 determines whether or not the sao_type idx
indicates band offset in which offset processing is performed on
pixel values included in a certain band (range of predetermined pixel
35 values) (5205).



25 position information. This processing allows the SAO information to be decoded correctly. [0096]

It is to be noted that although the SAO type information is always decoded from the bit stream BS
here, the present invention 30 is not limited to this. For instance, SAO type information in a region to
be processeditfaylbe derived according to a predetermined rule (e.g., a rule that SAO type information

that is the same as SAQYRG Al EW%I éttWQ{OFEH%t%Q% HSBHsaRdithe, 3AQipe, ed.

information may be decoded. In'this case, the type information is not necessarily describe
bit stream. (f860TN S 2 b thistErabsditheht! Becaige amordegotiifitid|e 3ypey BBinfbrenatiwi.ch

(parameterphlpciyed B QIARIMALOD s dHfRieat opLRALAIGY Htoult 18 KIS 3 apasehle to

reduce an amount of processing, make the processing efficient, and properly decode a bit stream for

which ¢odihg €fEIERRS s incteasEE B0BBINING il Hrenbren thalparimeténdiva twd intoRRation
items decogedsin gteps gnelosad by gl famedipgadn GiGr 9@ie 10 parameters deeered by the

bypass arithmetic decoding. Parameters that are information items decoded in steps enclosed by

regular fraRdNined4id pHametsResh Whick esneab R eingy aithatets protezsng i§NO
performed ysinggovyiahlg Prabapiliyryaliie Kidds dideastipgyt ofipach eighepaigmeders. 1s g

moving 15picture decoding method in this embodiment, as shown in FIG. 9, the parameters of the

multiple tyE6E REEHEPESRSRIVBIY iRBnGRUSHSY ) HY By pataatritiatatre d&cdliny in the 1Ak part
of the pit sirgam, Behia comparsesevithdhgdnathes shawpdn disra3 E00R812Al11 is te;be pateeBat in

the case of a parameter whose symbol occurrence ,probabilit?/bis not approximately 50%, performing

context ad&stiAIbiriify QRFAERR iRy A (RRERSAIAriablé PEshdtify d8kRds Hs&Sa tRéfset
parameter yakes itossile twireass theapdingeeiiciency fae to ain infermation Biasrfrelthis

reason, context adaptive binary arithmetic decoding is performed on the parameter thus coded (see

FIG. 4). In BbRT340 th (AE PalB bF al P& aniter WhDRE pr&bie SaR i Rds Biifdd PRgetdPs datemeter
whose symbet eeguigencerebakility isanprexirmatelys ko, dee symhel ogourrenss rrebapiiteaf the

e i et A g Ut & Aredet e mieg 2n amBer L ERE gL BererTing

corresponding to SAQO offset values is decoded (during a period of

NO in $S208). When all SADC offset signs are decoded (YES in S208),

the Sao_band_position decoding unit 107 decodes SAO pixel value

band position information (sao_band_position) {S209). The SAO

20 pixel value band position information indicates which offset value of

a pixel value band (section) the SAO offset value is, and thus the

SAO pixel value band position information is stored into the data

storage unit 111. Alternatively, a storage position in the data

storage unit 111 is changed based on the SAQO pixel value band

25  position information. This processing allows the SAO information to
be decoded correctly.

[0096]

It is to be noted that although the SAO type information is

always decoded from the bit stream BS here, the present invention

30 is not limited to this. For instance, SAQO type information in a

region to be processed may be derived according to a predetermined

rule (e.g., a rule that SAO type information that is the same as SAO

type information in the left region is to be used), and the SAQ type

information may be decoded. Iin this case, the SAQO type

information is not necessarily described in a bit stream.

[
wn
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bypass arithmetic coding on the parameter.Iin other words, performing bypass arithmetic decoding on
a SAO offset sign corresponding to a SAO offset value and SAO pixel value band position information
(see FIG. 5) makes it possible to reduce the 35amount of processing.In addition, in this bypass
arithmetic 0@8&Hrg, the normalization process is performed according to the flow shown in FIG. 6.

[0100] FIG. 10A/s ardiagkamfgpil ing, An-thi dimgﬂg a e
parameters includeg\ iﬁn gﬁg informgggh?%a%’agnjé%egpn%gﬁgeco ing o?di@?f@%ia%gt%%g E?f(‘)tlol]

(a) in FIG. 10 ERYAE QIR SAATHER &S detddiNg 65AD iRfbfhaliiv I pekiemets indfitesaallel. As
shown by (deFich MsdR Weguaing Rigtyre siecodug Bielirlin s Sahasigient A0 PEFSET.

SAO_OFFSET_SIGN, and SAO_BAND_POSIT]ON, that is, information items (parameters) included in
a bit strean? BX &S HeEodERIK IS SrdeiORES B Boféa! thak ind & L0RPB HYGH 200 e SAD iéffset

value, a SAQ-ffsel signaRtEBAQ B ValiR: IohandpasitienipfarmationareshownasSAOOFFSET,
SAO_OFFSET_SIGN, and SAO_BAND_POSITION, respectively. [0102] Bypass arithmetic

decoaing ii@@r%mﬁed on, amonﬁ the informationitems,theSAO_OFFSET_SIGNandthe 20
SAO_BAND_POSITION epglaseddytihick Fame inesmine b6 1040 Here it isrdpaiiabie fo jmpisment

processing in parallel, because it is necessary to increase a processing speed while image resolution

utilized is iEGERSERC aB hithiBSecttEH 5T dBmndmitatonfisamly! idea. iowElEr; b8canse

context adapiiverhiagsy arithengtie geding ip performed om ablgast paH ¢t e SAO_ORESEHiHds
necessary to sequentially read a symbal occurrence probability and perform an update process. For

this reason’, R i¢ HoEposeiblRab FERor HE AR ICHED HSF BARE SAG LORESCIPBSAIRY In
view of this; &g shawi B(B) Imeks aF0Ap BaEsITWRICR BYRARTh context adaptive binary

arithmetic processing is performed using a variable probability value
that is at least part of each of the parameters. In the moving

15 picture decoding method in this embodiment, as shown in FIG. 9,
the parameters of the multiple types are decoded collectively
(continuously) by bypass arithmetic decoding in the latter part of
the bit stream BS in comparison with the method shown in FIG. 3.
[0099]

20 It is to be noted that in the case of a parameter whose
symbol occurrence probability is not approximately 50%, performing
context adaptive binary arithmetic coding in which a variable
probability value is used on the parameter makes it possible to
increase the coding efficiency due to an information bias. For this

25 reason, context adaptive binary arithmetic decoding is performed on
the parameter thus coded (see FIG. 4). In contrast, in the case of
a parameter whose possible value has a wide range or a parameter
whose symbol occurrence probability is approximately 50%, the
symbol occurrence probability of the parameter is deemed 509%, and

30 it is possible to reduce an amount of processing by performing
bypass arithmetic coding on the parameter. In other words,
performing bypass arithmetic decoding on a SAQO offset sign
corresponding te a SAO offset value and SAO pixel value band
position information (see FIG. 5) makes it possible to reduce the

35  amount of processing. In addition, in this bypass arithmetic

28



:39 arithmetic decoding is performed are decoded in parallel on a bit-by-bit basis. In addition, when
bypass arithmetic decoding is performed in parallel, pre-calculation for bypass arithmetic decoding can
be performed regardless of the internal state of the moving picture decoding apparatus 100, and thus
upon obtaihirgpBhinformatomror tHezkit istreapr BS: she mopiagfpicto mdd evoding 29gappatitas 100
may start Sﬁf%i(bﬂ“?ﬂc fgile@(_)dér]g even when context adaptive binary arithmetic decoding is not
completed. This makes higher-speed decoding possible. [0103] FIG. 10B is a diagram for
illustratingl&r &%&mplary sequence and an exemplary decoding order of parameters included in SAO
information which S r perforymi i in F iltisoen at.(a) and
(b) in FIG. 10B cor?fé?s(élér?gqg ((%e égng (é%n%%%%ﬁgﬁwy ll\lifotrgz)%/e%?, contgkﬁ%g}ivgeﬁo
binary aritBrfeticRIedoding s sevLermialpasaroshedontituSR0 IOFESET] afeirp)passe arithreétic
decoding ¢an ggm[ﬂrér}gdcp&tggi %OM%@@T&Q%fﬁqggg?SS.AO_OFFSET_SIGN in parallel.
However, because parts on which bypass arithmetic decoding is performed precede and follow a part
on which ¢&htéxt hdaptive 15 binary arithmetic decoding is performed, a portion on which parallel
processing can be pgrformeglig disrapted s, the sequenereol flisarapieters sHowgAndA@, 10A in

this embodiment is more suitable for high-speed processing than the sequence of the parameters
shown in ENEC OB tpleie D id QEGLURACE OIARE 2D Peadfbterd sh&RNA WIFIBY 108)aliows Hhe
moving pigtyre deroqding aRRNAHIS 18 EGPERIZedP AEMRGCeARARMLOTRE L PRSIIAR(SAQ, Riks! value
band position information), and thus there is an advantage of determining in advance a storage

position in3il& a. MERPE at whith L£SAE tfsétMalte i3 BtbrérfdecidiNg o tieSAD Dikel Vakfe band
95 positionsinfasmtion dib FONEAH N hisramiodiment; the IAJEPSIINR igdeigimingd rggardless

of the band offset position (SAO pixel value band position information), and the SAO pixel value band

position infStRREEA indickbiig BEdsind otfsdBpbsitiBs i Pdsshitato theé Hep filteAL3@WhER -SAO is

applied. Withcthisait §& ds pessitie (@ yecessfdlydeepdedheparameiers acgerdippde thgarder of the
parameters shown in FIG. 10A. [0104] It is to be noted that in the example shown in FIG. 10A, in
the dase VA€ an | ARREFERTs an! MEBGER §FRRer thah Br eqBBAY D) nudber oPLXD. OFFSET s

present e@RWhETFFIREXt BINAY,38nd SAO_BAND_POSITION, respectively.

[0102]

Bypass arithmetic decoding is performed on, among the

information items, the SAQO_OFFSET_SIGN and the

20 SAO_BAND_POSITION enclosed by thick frame lines in FIG. 10A.

Here, it is desirable to implement processing in parallei, because it

Is necessary to increase a processing speed while image resolution

utilized is increased, and high-speed real time communication is

widely used. However, because context adaptive binary arithmetic

[aw]
o

coding is performed on at least part of the SAQ_OFFSET, it is
necessary to sequentially read a symbol occurrence probabiiity and
perform an update process. For this reason, it is not possible to
perform the arithmetic decoding of the SAO_QOFFSET in parallel. 1In
view of this, as shown by (b} in FIG. 10A, parts on which bypass
30 arithmetic decoding is performed are decoded in parallel on a
bit-by-bit basis. In addition, when bypass arithmetic decoding is
performed in parallel, pre-calculation for bypass arithmetic decoding
can be performed regardless of the internal state of the moving
picture decoding apparatus 100, and thus wupon obtaining
35 information from the bit stream BS, the moving picture decoding

) (_}
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arithmetic coding is performed on the whole or part of SAO OFFSET, the i number of SAO_OFFSET is
decoded in the order of being included in the bit stream BS. However, the present invention is not
limited to this, a PREFIX part collectively including only the parts of each SAO_OFFSET and a
SUFFIX pastrgodeetivily ihClUdingeonlystiis teripimgspaits o eeeti SAGE QRFSET enayrbewlbeoded in

order. [D10BLF1G, 106 f5 A Alparahfioming AN XePALL sSgHeNSe ofd9 RAAmes fncludagdn

SAO information and an exemplary Ing order of the parameters e I'number of
SAO_OFFSETkeshigihfdes A RREHC gatt2@d® SEBRX part. [0106] For instance, context adaptive
binary arith@eiti@§£ding is IS performed on only the first N number of bits of SAO_OFFSET, and
bypass arithmetic Coding is performed on the remaining bits. In addition, as stated, the i (i = 4 in a Non
PatentiLiterature) nurhfer bPSAG BRFSHETAspidsent! WS Bl adase, threbitBtioamsBS) neludes: a

PREFIX p AQ. O REFE i ively, 20,1 ts: [ r of bits)
on which caék}gxt%agﬁﬁﬁagrRgri#iér%g?c@gg?ﬁg? %" \ézgéfrrﬁg] andpeisggs%govéﬁ ?yJ%a?%nll—fﬁG.%% ; and
a SUFFIX pafoSAstiorFsBTc! mexyﬁmféhf@mlmv&wmérm@eémrt@mr@m@rm bt@ Aritfimetic
coding is perfarmed an is shovyeby &b Bz 11PE) BRPRET I PAIEN] B %HFF&%E%H&%BGW
included in each of the i number of SAO_OFFSET.In addition, the SUFFIX part follows the PREFIX
part.In this Embédithe whanfdiieh d Bif streapPBStiy 8ékoddd HE SR KPMY6 FI6 dEat | Wpass

arithmgtic (%ﬁ?’%jrigg IS PRHIHOYElY ResOsARIpOElY QERRET SISNBMRY  on  the |
SAO_BAND_POSITION but also on SAO_OFFSET_SUFFIX, the SUFFIX part. With this, it is possible

to increasedardiéfprécbssiitfcdpabing td AlMEVEe Higi§sexdi 08csding 10107 for Medi€stribed,
the movingpigtursrdscegingsppasalys anf thefRoving PiSives dseedipgrmetiiof agsording:e
Embodiment 1 make it
However, because parts on which bypass arithmetic decoding is
performed precede and follow a part on which context adaptive
15 binary arithmetic decoding is performed, a portion on which parallel
processing can be performed is disrupted. Thus, the seguence of
the parameters shown in FIG. 10A in this embodiment is more
suitable for high-speed processing than the sequence of the
parameters shown in FIG. 10B. However, the sequence of the
20 parameters shown in FIG. 10B allows the moving picture decoding
apparatus to recognize in advance a band offset position {(SAO pixel
value band position information), and thus there is an advantage of
determining in advance a storage position inside a memory at which

a SAO offset value is stored according to the SAQ pixel value band

fAN]
it

position information. In contrast, in this embodiment, the storage
position is determined regardiess of the band offset position (SAO
pixel value band position information), and the SAQO pixel value band
position information indicating the band offset position s
transmitted to the loop filter 130 when SAQO is applied. With this, it
30 is possible to successfully decode the parameters according to the

order of the parameters shown in FIG. 10A.

(0104}

It is to be noted that in the example shown in FIG. 10A, in

the case where an i (where | is an integer greater than or equal to
35 2) number of SAO_OFFSET is present even when context binary
20



31 possible to efficiently decode, at high speed, the SAO information included in the bit stream. [0108]
Specifically, as described in Embodiment 1, it is possible to obtain a greater part on which parallel
operation can be performed, by performing context adaptive binary arithmetic decoding on, among the

multiple typedtdrihetiformatiog ircln@sdanmeds R0 Hiemidione predetermifed fPesDF Mdrmation,
and continugysly prEioHRIEE bypassaithmeiie gecqding ap othey multiple lyngs.of HC'B“F’”B@H'R

thereby performing efficient parallel processing, that is, high-speed decoding. [0109] Moredver, it

is possibleifoFérH& af‘dé'tﬁﬁmhgtl(ﬁfb?&l&sﬁ(‘ég ﬁ@rW@B’@Z inthe. BygyefEodingrelévant s

informationy|(sagnbang Pasitiamsof bandrofipeiafies sao.giigelyihargby r‘?&ﬁ?&*l'ﬁ% anyfficianty
coded bit stream. [0110] Itis to be noted that although decoding applied to eath of the

parameterd réwitehedddtwed T oekSdehpaveibm fithasticcidteaiyelnd bypbisding
arithmetic deqqdingdor 8A¢h PARIAIETR the abave, deseaption e praseny inyentjan isqiod lipited to

this. For example, as shown in FIG. 10C, an advantageous effect of reducing a certain amount of
processmg‘%@?(bected by only SW|tch|ng decoding applied to each of parts 25included in a parameter
between c?@tggtgi}japtlve binary arithmetic decoding and bypass arithmetic decoding for each part.In

this
FIG. 10C is a diagram showing an exemplary sequence of

10 parameters included in SAO information and an exemplary decoding
order of the parameters when the i number of SAQO_OFFSET each
includes a PREFIX part and a SUFFIX part.

[0106]
For instance, context adaptive binary arithmetic coding is

15 performed on only the first N number of bits of SAO_OFFSET, and
bypass arithmetic coding is performed on the remaining bits. In
addition, as stated, the i (i = 4 in a Non Patent Literature) number
of SAO_OFFSET is present. In such a case, the bit stream BS
includes: a PREFIX part (SAO_OFFSET_PREFIX) which collectively

20 includes parts (the N number of the bits) on which context adaptive

binary arithmetic coding is performed and is shown by (a) in FIG.

10C; and a SUFFIX part {(SAO_OFFSET_SUFFIX) which collectively
includes parts on which bypass arithmetic coding is performed and is
shown by (a) in FIG. 10C, the PREFIX part and the SUFFIX part
being included in each of the i number of SAO_OFFSET. In
addition, the SUFFIX part follows the PREFIX part. In this
embodiment, when such a bit stream BS is decoded, as shown by

b
o

(b in FIG. 10C, bypass arithmetic decoding is continuously
performed not only on SAOQ_OFFSET_SIGN and
30 SAO_BAND_POSITION but also on SAO_OFFSET_SUFFIX, the SUFFIX
part. With this, it is possible to increase a parallel processing
capability to achieve high-speed decoding.
[0107]
As described, the moving picture decoding apparatus and the
35 moving picture decoding method according to Embodiment 1 make it

31



case, not only the advantageous effect of this embodiment but also reduction of an internal memory
can be achieved. [0111] 30lt is to be noted that as an exemplary way of selecting a binary string, a
Huffman code may be derived from a mode number obtained based on an occurrence frequency, a
table may Beogehetatettfreff thecdde, dedagpart intwhichhars pestireridecproBdbility fis brasddonay be

selected ag rTcﬁ[ﬁﬁié@e}rﬁ' Pete 'ng}g%gme binary string in this manner makes it possible to increase
a 32 parallel processing capability, and perform higher-speed decoding. [0112] As another way

of selectind 8 b@dy string, a binary string may have a fixed length. Here, SAO information is used for

a loop filter process yyhichraffents thed LYY 9f 2 QUERLY IRaae: A Pajt ?E VHB%*%W@%

arithmetic decoding is performed has directly something to do with an amount of encoding in
particutar, &t eHils asBELRESTERNGR WHeith ricviad plclipe cading appardlgs perbera sslection

regardless gf,the, ameunh ff gcedingeigrallaws He oving picfure; cAJRG ARPArAE dA Alectdhe SAO

information accordir:g to the Tharacteristics of video. As a resdult, it Is possible to provide a decoded

image havid§gointige qUaIEPIEL13]MES 16 bethdtenfREAMGGE tis eBsdiMentmas FAO
described thergrpe¥itere cppiexkadrRiiveRinappIEhBEtineadInG i Perfosmad opiheal deastpart of

the SAO offset value (sao_offset), the parameter, the present invention is not limited to this. Even

when bypaB§ A REHHE c EINRPB MO FNBIESHChE SiHAE B8 tHR D aPa@terTby! Bitt6rtivig ®9paés
arithmgtic daeading QiR Peraliel yﬁf}ﬂé%@%ﬂ% egefikedn hisrameedimeak whigk is difigregt from

the conventional method, it is possible to perform high-speed decoding. Moreover, it'is possible to
produce an"A8VarstB§EsLIS 884 BrFemoving a process of determining whether or not band offset is
indicated, a[lmltg@jm for reduction in a burden of processing. [0114] (Embodiment 2) A moving

picture coding apparatus in this embodiment codes a moving picture to generate a bit stream BS
decoded by the Moreover, it is possible to remove a defermination process

(e.g., step SBO2 in FIG. 3) by decoding reflevant information
15 (sao_band_position) of band offset after sao_offset, thereby
decoding an efficiently coded bit stream.
[0110]
It is to be noted that although decoding apptied to each of
the parameters is switched between context adaptive binary
20 arithmetic decoding and bypass arithmetic decoding for each
parameter in the above description, the present invention is not
limited to this. For example, as shown in FIG. 10C, an
advantageous effect of reducing a certain amount of processing is
expected by only switching decoding applied tc each of parts
inciuded in a parameter between context adaptive binary arithmetic

to
ot

decoding and bypass arithmetic decoding for each part. In this
case, not only the advantageous effect of this embodiment but also
reduction of an internal memory can be achieved.

[0111]

30 It is to be noted that as an exemplary way of selecting a
binary string, a Huffman code may be derived from a mode number
obtained based on an occurrence frequency, a table may be
generated from the code, and a part in which an occurrence
probability is biased may be selected as a prefix part. Determining

the binary string in this manner makes it possible to increase a

o
o
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:iomoving picture decoding apparatus 100 according to Embodiment 1. [0115] FIG. 11 is a block
diagram showing an exemplary configuration of a moving picture coding apparatus 200 according to
Embodiment 2. 35[0116] As shown in FIG. 11, the moving picture coding apparatus 200 includes
a subtractd* 205! @ transforstand quantizatiov uain 210 cafcmropiodueling pek 220¢an ihvegse
quantizatioEbelnfij verse transform unit 230, an adder 235, a loop filter 240, a memory 250, an intra
prediction unit 260, a motion detection unit 270, a motion compensation unit 280, and an intra/inter
change switch 290. fELEMOother a vubfraztde20B \¢aleulaiea\ifférénge betléea ay1Ghrédigtion

signal and an.input.signal ' im that jsa; ictianerror. | The sform
and quantizﬁiﬁyn ﬂ%}?%l% tﬁ%ﬁiﬁ%ﬁgﬁédic%%i%r%r%r?a@{%%ﬁﬁ %gﬁ;%lnlﬁ)qgeénégagg a tésaln%?OBrm ir)

coefficient ﬁh_l %@ﬁea@@ﬁ@ﬁaomm.cﬂ:braéfgﬁr@gm@ iy BEs AR §ianiz o2t Bddrths
discrete CO&'”&%@E‘S“QW REiBeNEhe Bedicton groktie 9ensragia dansionn FASHIGIERt has

Furthermore, the transform and quantization unit 210 quantizes the transform coefficient, to generate a
quantization! E8EHiviere PEOAIRY L0 FRe WhER P ToRMGP UAIE 200 BN GariBble déhfh Gbding on

the quantizafan ¢pefticieny; e 9enarats aLoded signal (hih stkeam) VoreRuer e PEORILERAIGY unit
220 codes motion data (e.g., a motion vector) detécted by the motion detection unit 270, 25 an
outputs theERRPHOTOR YRRt uGR] G HhertotrRaasighars FurthéfforRMR 8ltrepyBEmE! DMt 220

performs variarieslergi casding 98 SH tifeemating HeedyyJhe deer filiey 240 apd inglededhgrSAO
information on which variable length coding has been performed into the coded signal. :30[0120]
information accoragmg to the characteristics of video. As a result, it
is possible to provide a decoded image having high image guality.
f0113]
It is to be noted that although this embodiment has
15 described the case where context adaptive binary arithmetic coding
is performed on the at least part of the SAO offset value
(sao_offset), the parameter, the present invention is not limited to
this. Even when bypass arithmetic coding is performed on the
whole of the parameter, by performing bypass arithmetic decoding
20 in parallel using the order described in this embodiment which is
different from the conventional method, it is possible to perform
high-speed decoding. Moreover, it is possible to produce an
advantageous effect of removing a process of determining whether
or not band offset is indicated, and to aim for reduction in a burden

]
foas

of processing.
[0114]
(Embodiment 2)
A moving picture coding apparatus in this embodiment codes
a moving picture to generate a bit stream BS decoded by the
30 moving picture decoding apparatus 100 according to Embodiment 1.
[0115]

FIG. 11 is a block diagram showing an exemplary
configuration of a moving picture coding apparatus 200 according to
Embodiment 2.

35 [0116]
33



The inverse quantization and inverse transform unit 230 performs inverse quantization on the
guantization coefficient, to reconstruct a transform coefficient. Moreover, the inverse quantization and
inverse transform unit 230 performs inverse 35transform on the reconstructed transform coefficient, to
reconstruct a predidi®nsimn Mt isto b notéd thahbecarse the reounstrctadtipreglictinp 2natas lost

informationZ% t _ tizati n ted predicti or, S redigtion
error generated b@%ﬁe%%?ragct%?%gg%éﬁgﬁt i?tgﬁzith%r \E\?agyl,q%?g rﬁeﬁoﬁgtﬁcﬁc@ggp@gcgt}g?ﬁrgﬁﬁcludes
a quantizatohCerraa O ENYropy TH®adaer 238iAdd3 ke retonstiuted Predicton igadi aothend

prediction sjgn g cal o] im (Rrevisjon ecoded.jmagg)..10[ ] The
loop filter 2§A,f%v ggﬁgrmﬁﬁ ofgq}#tqerqéﬂoﬂcces%%é)é}’thaégger%e@gfé}gIgc%?%e%di%diﬁla%ﬁe% tis%%ge’ ngted
that the lodp flfePpiocésSinchiides BAOP It atitdi Qbrdd) ithelbbp fiteMPAU parfdmhe SAG onlthié local

Jecoded ang, AR URANIanM PR Iotbe A feraaan ipdhmeatoRngeig unt

220. [0123] " The memory 250 is a memory for storing reference images used for motion
compensatidhitSpedifi€hlly, the memory 250 stores local decoded images on which the loop filter
process h fi20performed. [0124] The intra prediction unit 260 performs intra prediction to
generate a prediction signal (intra-prediction signal). Specifically, the intra prediction unit 260 performs
intra prediction by refi@ingSte P8 afiffagel &ounBH euld@dloek télHé&oueagingee skyeaNin the

local gecogadimage aeassdad Ay the:addepe3os1g 9aneiaks-aa dHrarRsedistion sigaalthat is,
a prediction error.
[0118]
The transform and quantization unit 210 transforms a
prediction error in a spatial domain to generate a transform
15 coefficient in a frequency domain. For example, the transform and
quantization unit 210 performs discrete cosine transform (DCT) on
the prediction error, to generate a transform coefficient.
Furthermore, the transform and quantization unit 210 quantizes the
transform coefficient, to generate a quantization coefficient.
20 [0119]

The entropy coding unit 220 performs variable length coding
on the guantization coefficient, to generate a coded signal (bit
stream). Moreover, the entropy coding unit 220 codes motion data
(e.g., a motion vector) detected by the motion detection unit 270,

[N
O

and outputs the coded motion data inciuded in the coded signal.
Furthermore, the entropy coding unit 220 performs variable length
coding on SAO information used by the loop filter 240, and include
the SAO information on which variable length coding has been
performed into the coded signal.

36 [0120]

The inverse quantization and inverse transform unit 230
performs inverse quantization on the quantization coefficient, to
reconstruct a ftransform coeefficient. Moreover, the inverse
guantization and inverse transform unit 230 performs inverse

35 transform on the reconstructed transform coefficient, to reconstruct
EE!



[0125] The motion detection unit 270 detects motion data (e.g., a 30motion vector) between the
input signal and a reference image stored in the memory 250. [0126] The motion compensation
unit 280 performs motion compensation based on the detected motion data, to generate a oirprediction
signal (inte ppégigtioh 8iyrly. @5 [0I27F to DEé mtrdintbadéhbege SwichPO0 saleets leitheate
intra-prediction signg),or the sier;Redition sigaahand avtpiithe,selacted signal 19 the subfpactor
205 and the adder 235 as the prediction signal. [0128] The above configuration allows the moving

picture codif§ 8pFaratGsSDoRIRBIaINg o EMBOdIRRDS 2116 edmpisdsidheods aHAgE @ataE [¢[o129]
Here in Embedigigifiezi the,eniiopy 0@ penis 220 in6ludes g SAQrinfermatigproding, yit thajcodes

SAO inforniation. [0130] The following describes an overview of an arithmetic coding 15 method
perforied BYGAE SEOGRRSF IR EBEIRG SN RIS B/BEdIRHE TR B8 Rintional arithmetic
coding met[*@ngp]" SAO information, the arithmetic coding method performed by the SAO information

coding unit in this embodiment includes: performing context adaptive binary arithmetic coding on a
The adder 235 adds the reconstructed prediction error to the

prediction signal, to generate a local decoded image (provisionally
decoded image).
0 [0122]

The loop filter 240 performs a loop filter process on the
generated local decoded image. It is to be noted that the loop filter
process includes SAO. In other words, the loop filter 240 performs
SAO on the local decoded image using SAO information, and outputs

15 the SAO information to the entropy coding unit 220.
[0123]

The memory 250 is a memory for storing reference images
used for motion compensation. Specifically, the memory 250 stores
local decoded images on which the loop filter process has been

20 performed.
[0124]

The intra prediction unit 260 performs intra prediction to
generate a prediction signal {intra-prediction signal). Specifically,
the intra prediction unit 260 performs intra prediction by referring to

25 an image around a current block to be coded (input signal) in the
local decoded image generated by the adder 235, to generate an
intra-prediction signal.

[0125]

The motion detection unit 270 detects motion data (e.g., a

30 motion vector) between the input signal and a reference image

stored in the memory 250.

[0126]

The motion compensation unit 280 performs motion

compensation based on the detected motion data, to generate a

prediction signal (inter-prediction signatl}.

ey
%
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20 predetermined parameter included in SAO information; and continuously performing bypass
arithmetic coding on parameters of other multiple types included in the SAO information. With this, it is
possible to achieve efficient parallel zation of processing, and code the SAO information at high speed.
)6[0131] [0 Ihé bverview of the arithmetic coding method in this embodiment has been described

above. The same meffiod 35 the Apésntional Al meli; foding Bgiiodsdnaybe Uspd, dplehe
otherwise explained. 0[0132] Next, the tflow of the arithmetic coding method for SAO information
in this embdHirfertfis dEddatsedi 01BBPT the ipEr1p e difidip Bhargsiwiad ericinietictsotiiryy by
the SAO 33ipfaupationsegpinp yait apeording tpembodismant 2,frstribe SAR36 Jafarmatiopcoding
unit codes sao_type_idx(5501).1t is to be noted that the sag_type_idx does not need to be the
informétiorpp'@ﬁéétéﬁé\/vﬁfﬁmb. 1A. For instance, as long as the sao_type_idx is information for
identifying type information such as a flag indicating that the same SAO type information as the
SAO type informafion of a left target region is to be used, the sao_type_idx is not limited to the
information shown il ERG. AR0 YRisE€ibainaht G chaiauitrizE0 Dy 8 dMg drdel of Suls@iiEdt bit

streams. [ 3ALIpAGS, When thecsan-dvRg_idy indicptethakBAOJs nat te he-prriarmed (2ae aff)

(YES in 5502), because it is no longer necessary to code SAO information, the SAO information
coding unit BASRafE&L8oding of SAO information. In contrast, when the sao_type_idx does not
indicate Samafh in 5502), the SAO 15information coding unit codes a SAO offset value

(sao_offset) (5503).Here, context adaptive binary arithmetic coding is ) )
Here in Embodiment 2, the entropy Coding unit 220 includes

a SAO information coding unit that codes SAQ information.
[0130]
The following describes an overview of an arithmetic coding
15 method performed by the SAQ information coding unit in this
embodiment. Unlike the conventional arithmetic coding methods
for SAO information, the arithmetic coding method performed by the
SAO information coding unit in this embodiment includes:
performing context adaptive binary arithmetic coding on a
20 predetermined parameter included in SAO information; and
continuously performing bypass arithmetic coding on parameters of
other muitiple types included in the SAOQ information. With this, it
is possible to achieve efficient parallelization of processing, and
code the SAO information at high speed.
25 [0131]

The overview of the arithmetic coding method in this
embodiment has been described above. The same method as the
conventional arithmetic coding methods may be used, unless
otherwise explained.

30 [0132]
Next, the flow of the arithmetic coding method for SAC
information in this embodiment is described.
[0133]
FIG., 12 is a flow chart showing arithmetic coding by the SAO
45  information coding unit according to Embodiment 2. First, the SAQ
36



performed on at least part of the sao_offset, and the at least part of the sao_offset is included in a bit
stream by a predetermined method (5503). It is to be noted that the SAO information coding 20 unit
repeatedly performs the coding in step 5503 until a predetermined number of sao_offset is coded
(during a peted 67 AR 5604 NWhemall cTEA6 Soffsed afy beded XY ES ir5504), tHe SAG inférenation

coding unit flatepmineswhiiher gr potihe sRe_dvpes iy indicalgsBapd qffset;(5R05) Y¥hen

determining that the 25 sao_type _idx do€s not indicate band offset (NO in 5505), the SAO mPo?rﬁmtion
coding uniS@rinitates the ¢dding bithe BAD M @fEtRN.AA deMitthst Swhide deterniinipg tHatthis
sao_type_ighr#1dicaies Rans offseb RS IR §SPAGNS pHL IHGERANGR;eAing Wt dalermings
whether or not the value of the already coded sao_offset 30is zero (5506). [0135] Here, whien

determining W HHENGRIUS 8L th$aoSFHTEE iSSP zdRRIO TH 85063 HiRE SAD ibfstmafon cbdmg unit
codes a SAQrgfigeh sigh correspendingrigdhe-aaqceffset(§504)-Bypassprarimetic seding,is;

performed on the SAO offset sign. It is to be 37 "noted that the details of bypass arithmetic coding are

the same d33h04BGELDBRC BESERBEATMANLY £ P3 Andbypsss Adthmdtld soBlimpPie proresding

comparableste Rypass arthaetis\decedingn i 6Pakash MhER Setaimiting that the ualue of the
sao_offset is zero (YES in 5506), the SAO information coding unit skips coding. The SAO information

coding unit[r%bééti steps S506 and 5507 for all values of sao_offset (5508), and codes SAO pixel

value hand position N’é@maﬁw{’e@aﬂﬁa@&a@ﬁ&@)i@i%d’i’@%@@%ﬁ@@%ﬁ@ foy allghe yalyes of

the sao_offset are terminated (YES in 5508%).@:]' IS parameter is a parameter on which bypass

arithmetic PS8 FetorlmétPas Advel Yhen, i codilg of thReSAH $Sforthatish iS RrmiRaRer

[0136]  nkisishe pateddbatnganetamhataie Mfarmation codetbire RiepT gagiesed Mt
double frame lines in FIG. 12 are parameters on which bzpass arithmetic coding is performed. In

addition, bEEATRE'A HrSbabfit) Vaiu@ls ié&in By aftRARetic dHingdpYiRt0 thdse hardifeters,
it is possibleate cogedhedparatertersrin paraltele 26(01880  offit isN@be Aotsd tha copmentignat
bypass arithmetic coding can a,e used for b)r%;l s arithmetic Fﬁodir;qgr;. In addition, bypass arithmetic
coding mayf & Eﬁ)i}ﬁmgtﬁ% oMY hatHdls Hit &uird uptiald oA Sfobatiftl-Falde> 2Rd BE aftferent

from arithnjgtig®@drodingldeserjbeddmNBtt 1 efddaptive binary arithmetic coding is
performed on at least part of the sao_offset, and the at least part of
the sao_offset is inciuded in a bit stream by a predetermined
method (S503), It is to be noted that the SAO information coding
20 unit repeatedly performs the coding in step S§503 until a
predetermined number of sao_offset is coded (during a period of NO
in 5504). When all of sao_offset are coded (YES in $504), the SAO
information coding unit determines whether or not the sao_type_idx
indicates band offset (S505). When determining that the
25 sao_type_idx does not indicate band offset (NO in S505), the SAO
information coding unit terminates the coding of the SAO
information. In contrast, when determining that the sao_type_idx
indicates band offset (YES in $505), the SAO information coding unit
determines whether or not the value of the already coded sao_offset

30 is zero (5506).

[0135]

Here, when determining that the value of the sao_offset is
not zero (NO in 5506), the SAQ information coding unit codes a SAQ
offset sign corresponding to the sao_offset (S507). Bypass

o

arithmetic coding is performed on the SAO offset sign. It is to be
37

Ut



[0138] It is to be noted that even the arithmetic coding method for SAO information in this
embodiment makes it possible to achieve the efficient parallelization of processing as shown in FIG.
10A and 30 FIG. 10C described in Embodiment 1, and thus it is possible to perform high-speed
coding. [018¥jed thatetb e dpiaNForfehwiaging 2bit birealiinchidievabadinéhttis sRBefbad by

comparisopyith.a sprvaniaral 3a £xamalg- a[rql‘f@t.s 1FIG 13A isaftaple showing g sy éor

generating a conventional bit stream shown in NPL 3.[0141 In this bit' stream, part on w |ch
bypass ariftfté€ cotling &5 pegonBedasunadad by ﬁartﬁbhmﬁﬁhaj’dhféﬂ%ﬁépdﬁ@lﬁ&@;@arltﬁmetlc

coding is pestorpRg: FUHSE @Q@é%rmmw BreROof HaterminiBoorNEIRe O N10% FRQUYRE JdX 4

indicates band offsef coexists in processing of generating the bit stream. For this loreason, |t Is difficult

to performhE Righ-sBEQBdadiite [GR19)] INFOFTGARISE SR EPIE ShOWingaRgnERdic@eneriig a bit
stream in tig@mbadFRRkiA43LEIndhis bit Seawa parametars St maltinledyres©R WhiEh fypass

arithmetic coding is performed concentrate at the latter part. Further, because the above determination

step is arrXJE@ st i9basip® feifsrh tHSMGR dpeddebdrpdes SAO pixel value band

position information (sac_band_position) ($509) when the processes
for all the values of the sao_offset are terminated (YES in S508).
10 This parameter is a parameter on which bypass arithmetic coding is
performed as above. Then, the coding of the SAO information is
terminated.
[0136]
It is to be noted that parameters that are information coded
15 in the steps enclosed by double frame lines in FIG. 12 are
parameters on which bypass arithmetic coding is performed. In
addition, because a probability value is fixed in bypass arithmetic
coding applied to these parameters, it is possible to code the
parameters in parallel.
20 [0137]

It is to be noted that conventional bypass arithmetic coding
can be used for bypass arithmetic coding. In addition, bypass
arithmetic coding may be arithmetic coding that does not require
update of a probability value, and be different from arithmetic
coding described in NPL 1 or 2.

[0138]
It is to be noted that even the arithmetic coding method for

S
on

SAQ information in this embodiment makes it possible to achieve

the efficient parallelization of processing as shown in FIG. 10A and
30 FIG. 10C described in Embodiment 1, and thus it is possible to

perform high-speed coding.

[0139]

Here, a synitax for generating a bit stream in this

embodiment is described by comparison with a conventional

35 example,



[0144] 20lt is to be noted that in this embodiment, because the SAO pixel value band position
information (sao_band position) in the SAO information is coded last, when the SAO offset value
(sao_offset) is decoded, it is necessary to consider a position at which the SAO offset value is stored,
which incrdds&4 @ burden accordingly. However, an advantageous effect produced by this

embodiment more thagmakesup;for g degisiit cauzagiRgthe, btg?ﬁ@aandfmusaze%@m@icwe
coding method according to this embodiment is meaningfdl. [0145] 30FIG. 14 isa table showing a
syntax for §&RBfSiHY GnethBHbR ieedm Al BnbBodiflert: [0146] In this bit stream, a SAO
offset valuqésp@loﬁset) is divided into a PREFIX part on which context adaptive binary arithmetic

35coding is performed and a SUFFIX part on which bypass arithmetic :;9 coding is performed.In this

case, as shown in FI8. W&, Rik 56E8MIB toRerfoMM NYREF S pRYA 268iMY I [OIFALIC Cadid® Bbe noted
that althouglz trisrerbgdirgent hag 8gscHed ihiercase Whe RNk askaptiveiRinary arithmetie,coding

is performed on the at least part of the SAQO offset value (sao offset), the parameter, the presen

invention iShBTIMESHCoTRE! Y elPwRER IR arith et &ding s FER6MER6IPMe S5dte ©f the

parameter,dyt@eﬁoirmmfg bypass gethmstic gading inviomasallelusing e grder degeriedirrdus
embodiment which is different from the conventional method, it is possible to perform the high-speed

coding. Mor@&ES iBis SbsSBRABTHEHIcLAn dEVHRTAGHNEs ERéct Bf feRbUARIA procE&Y ofthis
determiningahriher i@r isotbernel atfses is dndisatad; lrachiaing frs sedeefiom i, a burden 150f

processingwldrz]

FIG. 13B is a table showing a syntax for generating a bit
stream in this embodiment.
(01437

15 In this bit stream, parameters of muiltiple types on which
bypass arithmetic coding is performed concentrate at the latter part.
Further, because the above determination step is arranged, it is
easy to perform the high-speed coding.

[(0144]

20 It is to be noted that in this embodiment, because the SAQ
pixel value band position information (sao_band_position) in the
SAQO information is coded last, when the SAQO offset value
(sao_offset) is decoded, it is necessary to consider a position at
which the SAQC offset value is stored, which increases a burden

25 accordingly. However, an advantageous effect produced by this
embodiment more than makes up for a demerit caused by the
burden, and thus the moving picture coding method according to
this embodiment is meaningful.

[0145]

30 FIG. 14 is a table showing a syntax for generating another

bit stream in this embodiment.
[0146]

In this bit stream, a SAO offset value (sao_offset) is divided
into a PREFIX part on which context adaptive binary arithmetic

35 coding is performed and a SUFFIX part on which bypass arithmetic

39



[0148] Although the moving picture coding method and the moving picture decoding method
according to aspects of the present invention have been described based on this embodiment, the
20present invention is not limited to this embodiment. Those skilled in the art will readily appreciate
that various Addifitationg #149 be arhde ihnhistembodintentamdhatwtherrentbiddiméftEmay bis

obtained by.arbitrari i ral e e embodiments.Accordingly, all such
modificatiof?? a?r%tcrisgt%/gr& er?n%gf(?l?n@rﬁf gﬁ%ﬁc%&%%@ngﬁgq aBs%écts of the present invention. [0149]
FIG. 15A isl&iéw thart for a moving picture coding method in another embodiment. [0150] This
moving picture coding mpsthop?is %g}oﬂqﬁ?@tu%%dir}gmgng in Whi§h @M f tis q:péj,gad to
generate a bit stream, and includes step Sl and step 512. In steép 511, context adaptive binary
arithmétic CoRfY IR ahidh 8 VaRisBIeViteheb e NS is dasd iv pebictnad anififsaioenassh agong
multiple types 35af fATpfprAon fRarametershsedar eample sdaplivnelfsal f340) halisa
process of assigning an offset value to a pixel value of a pixel included in an image generated by
coding an ihpaCinRGE SR st €1P AFFFASE Rth AR cRicieg i WA Bxed HroBdblii Vedek ®used

is continuoyglisperfqrined op, eeend iiersaation anehibiid infermation; ameagAbeuliiplg fyngs.of the

SAOQ information. As a result, the coded second and third information are placed after the coded first
information!@ it &ifebif [EBFAMeter, by, ASE RrAYREK BibeREH SHOWY atifowag piduie

coding;fo appaees iInjbmefhaembadiventyiddbed MMEMIY RIGHES GoHHRG APRAMKS 1Ris a
moving picture coding apparatus that codes an input image to generate a bit stream, and includes a

context ad&pfi{R SR S IANBE: e6aiMg URIPTRARAethod, it is possible to perform the
high-speed coding. Moreover, It is possible to produce an

advantageous effect of removing a process of determining whether
or not band offset is indicated, and to aim for reduction in a burden

15  of processing.

[0148]

Although the moving picture coding method and the moving
picture decoding method according to aspects of the present
invention have been described based on this embodiment, the

20 present invention is not limited to this embodiment. Those skilled
in the art wili readily appreciate that various modifications may be
made in this embodiment and that other embodiments may be
obtained by arbitrarily combining the structural elements of the
embodiments. Accordingly, ail such modifications and other

25 embodiments are included in the aspects of the present invention.
[0149]

FIG. 15A is a flow chart for a moving picture coding method
in ancther embodiment.

[0150]

30 This moving picture coding method is a moving picture
coding method in which an input image is coded to generate a bit
stream, and includes step S11 and step $12. In step S11, context
adaptive binary arithmetic coding in which a variable probability
value is used is performed on first information among multiple types

35 of SAC information (parameters) used for sample adaptive offset

40



15 a bypass arithmetic coding unit 12. The context adaptive binary arithmetic coding unit 11 performs
context adaptive binary arithmetic coding in which a variable probability value is used, on first
information among multiple types of SAO information (parameters) used for sample adaptive offset
(SAO) that ($& 20 prbedsssobagsignmgsan dftses ivaiio go ampiréf value af aepikel mahudted in @ Enage

generated ing an:i i T, aJj i [ it ontin forms
bypass arit mﬁi%&é%@néﬁgfgvgigcﬁgﬁixgﬁ Eﬁ@mnr@%%%%ge%? cL#wB géﬁoﬁw§ #\fj:)lrr?rﬁa ¥oﬁmﬁé§§§1‘ird
informationlamshgrh& nditigly Bpes df thé SrOinfaotkhtiah. iNs w hesiit, ahdisebdrsaebad Hittythird
information a t irst infarmatjon.i it Str 5 : is a
flow chart f(\frzjr gu r%osig%fl&ce% r?d%%ﬁn@@oﬁgr%ﬁ%gﬁﬁ%ﬁn %%{Er%eét. %E%ET atl:dﬁ‘lisélr rL_r)'n%ving
picturesdecbiing rmetreans donb\ang pitdurd decodiigmethye aswiichizec SoRe intHger imchided in a
bit stream i oded, and.ingl d 2.1 context.a lye bi
arithmetic (Jlgeg:s%irl?g@ %“%iéﬁ%ﬁ%ﬁg%éﬁﬁﬁtﬂ%ﬁuﬁeﬁ%@ﬁ? p%%rrﬁg(? ?)%1 %ﬁ%@rmﬁgﬁ
among multipR 63@€dff SR inferrmasdhqparandeteis)stiaame included in a bit stream and used for
sample adeE@iyg Pﬂfset (SAO) which is a process of assigning an offset value to a pixel value of a pixel

included in an imagea%eﬁnerated by decoding an coded image. In step S22, bypass arithmetic decoding
in which a fixed prodalffiityhakid $s aide@skc sHEsLIGUSyIEploiimBdMserbnd inférHator addngird

informationfRat-arerraong the multiple &ypesefithe RAO information and located after the first

information in the bit stream. [0155] FIG. 15D is a block diagram showing a moving picture
decoding ab@ér%ﬁﬂs in the other embodiment. [0156] A moving picture decoding apparatus 20 is a

moving picture 15 d%q%w&p@aﬁwhét_e%%ﬂﬂ%? % poAiagINa0e included ina bitRirepmcand
includes a context adaptive binary arithmetic decoding unit 21 and a bypass arithmetiC decoding unit
22. The coffedi REapRRABALIAP a{hﬁ%mmg‘mﬂtﬂ%@ﬁ@rﬁ% ESehHE G binkgam,
arithmetic ¢aeading in M&uch auartable prahanilife 29 Malke isisath e frslipferalion amenmeultiple
types of SAO information (parameters) that are included in the bit stream and used for sample

adaptife offseP FRRSFWRIRNEESHE &N Essighifhg lah: offdell Galte Rb @xtixatamié Wt alirary
included ingn imagergeneraterhly deqedingan coslegrimage. The hyPaes 25 iimetic degpsing unit

22 continuously performs bypass arithmetic decoding in which a fixed probability value is used, on

second infGMERBREHE RS IRBrithidiRs: &e\4RioRE RethaRpR pesVd e Sac-ifffim&idn and
located aftegytbe first fafiermation in BmbihgireamP0PS I types of SAO  information

(parameters) used for sample adaptive offset (SAQO) that is a
20 process of assigning an offset value to a pixel value of a pixel
included in an image generated by coding an input image. The
bypass arithmetic coding unit 12 continuously performs bypass
arithmetic coding in which a fixed probability value is used, on
second information and third information among the multiple types
25 of the SAO information. As a result, the coded second and third
information are placed after the coded first information in the bit
stream.
[0153]
FIG. 15C is a flow chart for a moving picture decoding
30 method in the other embodiment.
[0154]

This moving picture decoding method is a moving picture
decoding method in which a coded image included in a bit stream is
decoded, and includes step S21 and step S22. In step S21, context

35 adaptive binary arithmetic decoding in which a variable probability
11



Eachof thestructuralelementsineachof the above-described embodiments may be configured in the
form of an exclusive hardware product, or may be realized by executing a software program suitable
for the structural element. Each of the 25 structural elements may be realized by means of a program
12 executingurit,i sugk &g asCPerdpdn pocesIorsiebuiing it Bxecating nige SoftivEpdepiogras

recorded o di iym. su rd.di [ rym ry, Her. ware
program fo?ﬁ%%rg H&gegr}:w%?/%%b&c@giﬁ%{%ﬂ%};r%%%%?c%&@%gedaﬁ{g% th%%m%o%?nggnts IS
a program @8gsin & @opute By BXecatdaind istepo&fovin (PRAIG) 1841 ikhaddition,ra sofegareof
program fo izing th i i ing r cording iments is
a program %ﬁi@%@%ﬁnﬂ%%&%%ﬁ%ﬁ%@dstgep@%ﬁ%ﬁn@é(% qg’c {5 ci?o Ol@rgﬂtggégldm%&)

An indepentieaf €o@pORF a3t ¥ ahaaiy e rivint pdedssing describadihesachdb? theypass

embodiments iy freqedinge i@ e EOTHNg MAFEIIM arpregram,iop lppleryenting, the giruglg ofdhe 15
moving picture coding method (image coding method) or the moving picture decoding method (image
decoding rREMRE) ERESHYinG 86 @R @FhISTHiFfRAR Mthd RéedFaiRg! e drird iy be i asahpas the

program cqp ge rg%rd%@ﬁa%rgortwcmﬁﬂa praanafiselisky aniaptical lisk, ArOPAEAL IBRENGHG disk,
an IC card, and a 20 semiconductor memory. [0159 Hereinatfter, applications of the moving
picture codiR§FhetcH (RhakfR&SHiARG MEMTMEEHAINE mb\Eng ibisttie d8toding method (image
decoging r’ggtpgq,)]according to each of the

FIG. 15D is a block diagram showing a moving picture
decoding apparatus in the other embodiment.

[0156]
A moving picture decoding apparatus 20 is a moving picture
15 decoding apparatus that decodes a coded image included in a bit
stream, and includes a context adaptive binary arithmetic decoding
unit 21 and a bypass arithmetic decoding unit 22. The context
adaptive binary arithmetic decoding unit 21 performs context
adaptive binary arithmetic decoding in which a variable probability
20 value is used, on first information among multiple types of SAO
information (parameters) that are included in the bit stream and
used for sample adaptive offset (SA0O) which is a process of
assigning an offset value to a pixel value of a pixel included in an
image generated by decoding an coded image, The bypass
25 arithmetic decoding unit 22 continuously performs bypass arithmetic
decoding in which a fixed probability value is used, on second
information and third information that are among the multiple types
of the SAQ information and located after the first information in the
bit stream.
30 [0157]

Each of the structural elements in each of the
above-described embodiments may be configured in the form of an
exclusive hardware product, or may be realized by executing a
software program suitable for the structural element. Each of the

35 structural elements may be realized by means of a program
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25embodiments, and a system using such applications will be described.The system features
including an image coding apparatus using the image coding method, and an image coding and
decoding apparatus including an image decoding apparatus using the image decoding method.The

other confiGuf&66H$HE the %%terﬁ_té:ﬁh bé& apptopkiately éisthged depeheingon ar@%:@if[@G@] Ngre
fixed wireless staigpg;are-Rlacesr i eaeh %@Sr%qu?- R Mded HRe SPVERLHAHANGSYIRMEX100

is connected to devicés, such as a computer ex111, a personal digital assistant (PDA) ex112, a
camera exBL5: [ 88l@ah REnd I8k 84 Gl SRV MALIRReR1E6) OEYan IFRFRet @x301L WA Thternet

service proyiele eXh0% i telephoned eNonnexied as ¥ellasBe hasetafions 86108 e ¥iAg:

[0162] ioHowever, the configuration of the content providing system €X100 is not limited to the
configiratid® sR&&R iPEIGH &6 &mP e dbmBimESioPindwIRER ARG 18 tha eRMBnd FeEURHEEled &

acceptable ohacaqgiion;eacky gh fhe %@Ve_@ﬁﬁ% mgy q@I@i(ecﬂSSQQU”eB*?%%&?ﬁéﬁ#??@”%é‘ﬁ%@%
ex104, rather than via the base 15 stations ex106 to ex110 which are the fixed wireless stations.

Furthermore! 8% 8&0icdPay B8 i oniB&ed R BHEHotHUICHA™S shel R @itinBe vARRRAEAtUS

communicaiiepcrd oihers [QL3h The cameraenblbl s4ehas aidigiial Weeg Gameraals sarable 20
of capturing moving images. A camera ex116, such as a digital video camera, is capable of capturing

both still iMaQEEHREMSPIRYIREGER. MRITERRG S IR IR PRonkéx114 may be the one that
meets@ny pthesstandards such as Global System for Mobile Communications (GSM), Code Division

Multiple Access (CDMA), Wideband-Code Division Multiple Access (W-CDMA), Long Term Evolution
(LTE), and High2S5E 88 Pakkdt Access (HSPA). Alternatively, the cellular phone ex114 may be a

Personal HandyphopgnSysteie RitSlent computer system can easily perform
processing described in each of the embodiments by recording, in a
recording medium, a program for implementing the structure of the

15 moving picture coding method (image coding method) or the moving
picture decoding method (image decoding method} according to
each embodiment. The recording medium may be any as long as
the program can be recorded thereon, such as a magnetic disk, an
optical disk, an optical magnetic disk, an IC card, and a

20 semiconductor memory.

[0159]

Hereinafter, applications of the moving picture coding
method (image coding method) and the moving picture decoding
method (image decoding method) according to each of the

25 embodiments, and a system using such applications will be
described, The system features including an image coding
apparatus using the image coding method, and an image coding and
decoding apparatus including an image decoding apparatus using
the image decoding method. The other configurations of the

30 system can be appropriately changed depending on a case,

[0160]

FIG. 16 illustrates an overall configuration of a content
providing system ex100 for implementing content distribution
services. The area for providing communication services is divided

into cells of desired size, and base stations ex106 to ex110 which

e
A
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[0164] 30In the content providing system ex100, a streaming server ex103 is connected to the camera
ex113 and others via the telephone network ex104 and the base station ex109, which enables
distribution of a live show and others. In such a distribution, a content (for example, video of a music
live show) édptufedasy mi sbuserdfdnghe camarsesiad 31s eadéd ¢thabe, ¢enldions as the image
coding app?@it@leﬂccording to an aspect of the present invention) as described above in each of the
embodiments, andthe coded content is transmitted to the streaming server ex103. On the other hand,
the streaming serverléx@ 03°dHifies dtit@weHMDIiSH BRI BKthE Petivod EGHibALdEER EMECEfonts

upon their reguestss The-gligys Haludg fhe com ?‘@% §xEH B BPA&ILIZPg RRSaR4ll3, the

cellular phone ex114, and the game machine ex115 that are capable of decoding the _
above-menforféd86déd §atd. IEachiof @5d|dédiced friah Baverbédived thé distrbRfe€ dataddutes

and reprodices ffae Gpded Aais (hah & WRGleDs as e tBRde deeadNeARRY e ACSQIHNg tg,an

aspect of the present invention). [0165] The capfured data may be coded by the camera ex113 or the
In streaminfEdERBOSE 08 A Biahsxd Bb dad, vrehe 86dih PratesseshalydessharciMenieen
the camerasx133and the streaming server ex103. Similarly, the distributed data may be decoded by
the clients or the streaming server ex103, or the decoding processes may be shared between the
clients and EIQel@(?-Qtreaming server ex103. Furthermore, the data of the still images and the moving

images, captured by pejQaly e earperanerfld 3 uiialso dreamnearidd e may helirppsatied fq the

streaming server ex103 through the computer ex111. The coding processes may beé)erformed by the

camera exP61 @ dSmpater 831 1€ ot thd Bfe SRMY SEARN BR1LGS @1dhdidddiBond therd B186]

Furthermorecggperailidhe aemputereax1idrand an LehexSeldnskidesl insgach b theslevices perform
such encoding and decoding processes. The LS| ex500 m?ﬁ{&pe configured of a single chip or a

plurality of AHpEFP3EHRIAre fol BncBHR Y Y detdbifhg KoVt pidEres Riay BrfikteGfated iHeS Bome

type of a reggiginganediwdm (steh asepGBrRON anflexibledisks and arhard disk) that isifeagakle by
the computer ex111 and Otléeéf,’ and the erhc]:oding nd decodipg processes may be performed using
the sdftwaré& 351 Hhefridrd SwHéh the LdifialPHohe &if1458Rqdl WitH &' Ramert 2R igieo

data obtaingd nhibernareracmaydedraasnited. baejvidepdaia iscdata coded by then St ex20@
included ingf]weo?%ngg%rt rr]}%réevev)i(rlel?é %lgg]mmunication and others.
[0163]
The camera ex113, such as a digital video camera, is capable

20 of capturing moving images. A camera ex116, such as a digital
video camera, is capable of capturing both still images and moving
images. Furthermore, the cellutar phone exl114 may be the one
that meets any of the standards such as Global System for Maobile
Communications (GSM), Code Division Multiple Access (CDMA),

25  Wideband-Code Division Multiple Access (W-CDMA), Long Term
Evolution (LTE), and High Speed Packet Access (HSPA).
Alternatively, the cellular phone ex114 may be a Personal
Handyphone System (PHS).

[0164]

30 In the content providing system ex100, a streaming server
ex103 is connected to the camera ex113 and others via the
telephone network ex104 and the base station ex109, which enables
distribution of a live show and others. In such a distribution, a
content (for example, video of a music live show) captured by the

35 user using the camera ex113 is coded {that is, functions as the
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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. [0168] As described
above, the clients can receive and reproduce io the coded data in the content providing system ex100.
In other words2 e cliests'¢hn agde@ bnd dessdy thfogmdtion aransisined byahe ther, ae seprdduce

the decodeg,datg il Jme;inthe SQ'HeQb%r%iquge%(éF‘?rBFﬁ%g@ g&sﬁt'lﬁﬁg £ W%%HOFﬁé‘Ot

have any particular right and equipment can implement personal 15| 0169 Aside
from the ex@@eisi of 8 intens pEo@IRG shistem X 1006 asle4st BHe of Srrvevingpldide cddihg
apparatus (he inageFodRhaPPaiaEisy ARihe Mevieg Ricikre.qqceding Arpatatis 20 {ihe image
decoding apparatus) described in each of the embodiments may be implemented in a digital
broaddastirlj Syt 200 fllkéteatea & Med 17ombea spdaficallp o BaddastiGatisrax2their

communicalgs QEERRSMITS via[Aci wanes (o8 hivadeasheateliie £x292 mulfiplersd datayqbsained

by multiplexing the audio 25 data onto the video data. The video data is data coded by the moving
picture codiitEntétnod destribddin R ncs tHéasnBbanf iy lth 4y i adtd kedea@ Byah@fdyé oding

apparatus eeoiding:1o-An asRect Qg |RreseNRQINNY. UpRN repeipkorenifsodtate. fifed

broadcast satellite ex202 transmits radio waves for :30 broadcasting. Then, a home-use antenna

ex204 cap&tid df reE@Ging ¥ sEistiitd Brog8sadhREch@Y thé e5abrRave s Nalis H i@ tatas a
televisipn (kesetygB £x3008 apdi-sefier HoxHS TBY 8¥4l Hdrerdas the recenad-nyirlexad data, and

reproduces the decoded data (that is, functions as the image decoding apparatus :15according to an
aspect of thE'§r88erf fRAtdE). agparatus according "to an aspect of the present

invention).
01657
The captured data may be coded by the camera ex113 or the
15 streaming server ex103 that transmits the data, or the coding
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
decoding processes may be shared between the clients and the
20 streaming server ex103. Furthermore, the data of the still images
and the moving images captured by not only the camera ex113 but
also the camera ex116 may be transmitted to the streaming server
ex103 through the computer ex111. The coding processes may be
performed by the camera ex116, the computer exl11ll, or the

]
foa]

streaming server ex103, or shared among them.
[0166]

Furthermore, generally, the computer exl11l and an LSI
ex500 included in each of the devices perform such encoding and
decoding processes. The LSI ex500 may be configured of a single
30 chip or a plurality of chips. Software for encoding and decoding

moving pictures may be integrated into some type of a recording
medium (such as a CD-ROM, a flexible disk, and a hard disk) that is
readable by the computer ex111 and others, and the encoding and
decoding processes may be performed using the software.
35  Furthermore, when the cellular phone ex114 is equipped with a



[0170] Furthermore, a reader/recorder ex218 that (i) reads and decodes the multiplexed data
recorded on a recording media ex215, such as a DVD and a BD, or (ii) codes video signals in the
recording medium ex215, and in some cases, writes data obtained by multiplexing an audio signal on
the coded gatan€4id inthugetitkemovingpitiiiel desbdivg pparameoatis aovieg pistisecdding.
apparalus g shayp ineaglf (e emhgdingnisqInglis aase. 18 repradiserMrsgsianals ais.
displayed on the monitor ex219, and i0 another apparatus or system can reproduce the video signals,
using the ré€dtdidy raddig €e2l39n which the multiplexed data is recorded. Furthermore, it is also
possible togplement the moving picture decoding apparatus in the set top box ex217 connected to
the cable ex203 for a cable television or the antenna ex204 for 15 satellite and/or terrestrial
broadéasting, so as ¢! Bi§ R4y R XidEb SigrhaRN tAE nFEHIHE 2210 BB HE BleliSioR®XIDOSTHe
moving pickredecnciao apparals Mavhe naldednalindbe st fanbex Bt R FIpfEeBLS00.

[0171] 20FIG. 18 illustrates the television (receiver) ex300 that uses the moving picture coding method
and the mdVifg PREGR Bt FRR drdBod Be8cRbed bt bEEBGdithents. The television ex300
includes: artyReyex301 that obtains or provides multiplexed data obtained by multiplexing the audio

data and the video data through 25 the antenna ex204 or the cable ex203, etc. that receives a
broadcast; a moduldtion#REfddbRER DAY Ex36D et RS IR TRE Pa¥EVad fhultfiRsedbiea or

modulgtes gada tdel Bwitipleped; datgnte Repsiried rE9ide AN dsy, rdtplexipgsiemultipleypgdinit
ex303 that demultiplexes the modulated multiplexed data into video so data and audio data, or

multiplexeNRE e s HatLHED BB dfPdatbCaridEby e Gt PR dedangahitensbmineniieh172]

The televisiop exI00 fueherigplddes sy slgnalerroresng-wikex398iaCIingan audie sighathe
processing unit ex304 and a video si_%%al processing unit ex305 that decode audio data and video 17

data and c68& 588ib BEAYIANIRY TR regdditvedP iHat fubbfoH 88 the fiRaf @ 88dH tapsd&tus
and the imagg,degnsiiar-apparattg; Hespeaetivelye geqernsies to apaspertyl ibmrrgsenpiayeatiad); and
an output unit ex309 including a speaker ex307 that provides the decoded audio signal, and a display
unit €x308 HRAHGARERe decoded video signal, such as a display. Furthermore, the television
ex300 inclydepgiinterface unit ex317 including an operation input unit ex312 that receives an input of
a user operation. Furthermore, the television ex300 includes a control io unit ex310 that controls
overall each constitd&HC&erlEnTbf e teRYRIGIPEX3EY, ditfa FOREESTpdhr Riddin it 8518 ihat
supplies pawer (o cagh aithetelementss Other thaphegperatigprdnpid dinitex3a dahetnterfagesunit
ex317 may, includegggrid e ex313 that is connected to an external device, such as the
reader/recofd@8&x 1] 1B a %kt Ahit AR AP XA RIS HEG R Ry PRI & 16,
suchas an(Secarthreadriver ¢x3baiiohe cappectad ie an extsroaltyeedrding medittm, syeh asha hard
disk; and a modem. ex316 to be connected to a telephone network. Here, the recording medium ex216
can electri I ARBUR GHERBh (g P48 MBI BIAHIE S SRR 5y SR Bt for

storage. Thex@anStittiedteleteentsofftbg teleyisioMex30Q precefinaebieddomnesahaiker Hratigna
synchrono%sﬁ(%si communicates or transmits, via radio waves to a broadcast
satellite ex202, multiplexed data obtained by multiplexing the audio

bo
B L3

data onto the video data. The video data is data coded by the
moving picture coding method described in each of the embodiments
(that is, data coded by the image coding apparatus according to an
aspect of the present invention). Upon receipt of the video data,
the broadcast satellite ex202 transmits radio waves for
30 broadcasting. Then, a home-use antenna ex204 capable of
receiving a satellite broadcast receives the radio waves. Next, a
device such as a television (receiver) ex300 and a set top box (5TB)
ex217 decodes the received multiplexed data, and reproduces the
decoded data (that is, functions as the image decoding apparatus
35 according to an aspect of the present invention).
46



[0173] First, a configuration in which the television ex300 decodes 25 the multiplexed data obtained
from outside through the antenna ex204 and others and reproduces the decoded data will be
described. In the television ex300, upon receipt of a user operation from a remote controller ex220 and
others, the hfultiflexing/demultiplexing unit ex303 demultiplexes the multiplexed data demodulated by
the modulation/dem ' it ex302, ﬁ?ﬁ' cQn ni 10 jreludi U
Furthermore, the au%%@ﬁ%glwgc%e'ss?aﬁg %%%t%éx 04% g’ngjco&c?e?s théJ gﬁrﬁul%ﬁéie | uc}‘:%%gt%,(ié:\n the
video signafl preeessing nitenBis hecoded atia demoaltiprsed vide s elata disiggrthediecainyl 5,
Omethod degeribed in.easl) 6f the embagimests; in the felevision ; 18 £x300. [TheUIRUL YiLEXR09
provides the decoded v%9eo signafanzgapﬂio sisé;[ngl out(ﬁselédge. W%ecr)] ]tﬁ’eg Oétpgutl-ll:ﬁ]%lt e%g(%&gr](i)%ﬁf s the
video signaledithetaudioslidnal, #iedsigials 504 Be enygsrarilyvsibasd it biffer©bkai8 afd éx319,
and others g Iabls Aianasm A deBrocked|in S AN Eafpad T AREN AT FLIHgET I, the
television ex300 may read the multiplexed data not through a broadcast and others but from the
recording mMBEH &P 1BIsHH Ex2 U6 S ds & maghatic 8iskT ahibpticad$0 Jankl 6HUSD caftH INéxt, a
configuratiogyp yyiel) hg Lelemisinn er3Q0-cadesranaNdiodd sigRALAR a videq gignalzaad trgpsmits

the data outside or writes the data on a recording medium will be described. In the television ex300,
upon receipttd P EsEF e VARG LIS il Perbie ORBLIELEXIDD SRE ofREE) tRE dtdid sRynand

processing ARt @X8P4¢asgs A audie sighab A dhe MARLFHERY RIPSCSINIMRIFXIPS COdes § 15

video signal, under control of the control unit ex310 using the coding method as déscribed in each of

the embodi%té%%@pléﬁﬁé’/ﬁéﬁul@dé&ﬁg Uit eXE0E Mulkipfexés b pHR¥Edidé@ RS and
audio signaleang @EQyides the resyhipacsional suiside. JWaendhe reuitplgxing/damutalexing, ung

ex303 multiplexes the 20 video signal and the audio signal, the signals may be temporarily stored in

buffers ex3POFAHARXBS £0&HA BtIRPOSS HMINE SiENSISSRE EHRPoMRE IS SynthrsHIzHEBRaMit @ach
other. Hereydle buffaes ex328tp ex32hmay brplsabasdlyptraiedy peatdeastong bufferanayhe

shared in the television ex300. Furthermore, data may be stored in a buffer other than the buffers

ex318 o XL R MY/ S/stERT EOEHIER ARHARRIEARINRay3e 8%oitRdTSMSh e video

modulationglegmackafion Heit exgA2-arddhe moltipfexing/demultiplexing ¥nib ex303 Har axaple;
[0174] Furthermore,thetelevisionex300mayincludea configuration for receivin% an AV input from a

microphon@ &t E&nfdF4 BEHEIIh 2R BRI ESHIRy UREYN 16 dBEIMFRAUMRS aift TR oS tatRembp X

broadcast ¢f @& resording geditdTy andwnaycode the obtained data. Although the television ex300 can
code, multi?I§>1<7%5}and provide outside data in the description, it may be not capable of

20 FIG. 18 illustrates the television (receiver) ex300 that uses
the moving picture coding method and the moving picture decoding
method described in each of Embodiments. The television ex300

includes: a tuner ex301 that obtains or provides multiplexed data
obtained by multiplexing the audio data and the video data through

Lo
bt

the antenna ex204 or the cable ex203, etc. that receives a
broadcast; a modulation/demodulation unit ex302 that demodulates
the received multiplexed data or modulates data into multiplexed
data to be supplied outside; and a multiplexing/demultiplexing unit
ex303 that demultipiexes the modulated multiplexed data into video
30 data and audio data, or multiplexes the video data and audio data
coded by the signal processing unit ex306 into data.
[0172]
The television ex300 further inciudes: a signal processing
unit ex306 including an audio signal processing unit ex304 and a
35 video signal processing unit ex305 that decode audio data and video
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19 performing all the processes but capable of only one of receiving, decoding, and providing outside
data. [0175] Furthermore, when the reader/recorder ex218 reads or writes the multiplexed data
from or in a recording medium, one of the television ex300 and the reader/recorder ex218 may decode
or code thedmtitigiexed ddta, and thettalevision exBoocantbiite reasdpscidocliyr ¢xbag hiag chiare the
decoding o ing-, 6].10A\: ple, FIG il { onfi [ fiw inf ion
reproducinéﬁggﬁ)%ir_lg ?r#é%%ﬁ@?a %t%%daoﬁ%vrﬁ%?}ﬁnagg%ngn%%%}é sk.1 e%n o?nmaﬁon
reproducin§frepéraimgalivit exa00matnEetcar3tiisne clerpénth expoe $6¢ 8%407Me d doscribed!
hereinafter The qpticathgad 8y irradiatasga erﬁ@é [oJaf} i face ging
medium ex%lS thatkigs an opt%%églﬁ'sc to Wr%te info “z?tion, and %eteg"gc?:)t?sg pej?eqctﬁe%{li téf)r(/()ﬁnlef%%ioge{cording
surfacé of fheGeestting iaiuf @R2156 @dadthé FRdaration tTiexMedulblion rédsminy sinithe402
electrically glrivgsia gemjegpeuctordasar inclyded inythe 20 gptisal head exdandmodulateg the

laser light according to recorded data. The reproduction demodulating unit ex403 amplifies a
reproductidi® Kyl 0btaifEd BY el fledlio te@bting ey fafisttednight Bsmitie reddidmhia Surfate

using a phejg dlesesit inghysled inythe opticahiheaq gx401, andigemodilates, ihgrrepypdugtionesignal by
separating a signal component recorded on the recording medium ex215 to reproduce the necessary
informatior? FREHUAE: ex404 TERRIOTERINE holdsahd hffisaEiBn BER ORI 86 Shetre€&ralNE !

mediym exghprand the NTRHBRUIH FRGALCE] &ioam thedeROTENYITIRHIHRL XA £ A (iSKJTOfpLx405

rotates the recording medium ex215. A servo control unit ex406 moves the optical head ex401 to a

predetermiFRIEMFBIRTAIRR K R BoRAYNIRTg SHPRIALEY Elille WRihecdiSk rhdiBAEx3D BH &S to

follow the IasaK 8potoTha SMSIeMeRNEDLYAE £¥407 erirolsvgralt fhe BYRIMAYER input unit

reproducing/recording unit ex400. The reading and writing as processes can be implemented by the
system cort?op dirdit Jnterface unit exX317 may include: a bridge ex313 that is

connected to an external device, such as the reader/recorder ex218;
15 a slot unit ex314 for enabling attachment of the recording medium
ex216, such as an $SD card; a driver ex315 to be connected to an
external recording medium, such as a hard disk; and a modem
ex316 to be connected to a teiephone network. Here, the recording
medium ex216 can electrically record information wusing a
20 non-volatile/volatile semiconductor memory element for storage.
The constituent elements of the television ex300 are connected to
one another through a synchronous bus.
[0173]
First, a configuration in which the television ex300 decodes
25 the multiplexed data obtained from outside through the antenna
ex204 and others and reproduces the decoded data will be
described. In the television ex300, upon receipt of a user operation
from a remote controlier ex220 and others, the
mutitiplexing/demultiplexing unit ex303 demultiplexes the
30 multiplexed data demodulated by the modulation/demodulation unit
ex302, under control of the control unit ex310 including a CPU.
Furthermore, the audio signal processing unit ex304 decodes the
demuitiplexed audio data, and the video signal processing unit
ex305 decodes the demultiplexed video data, using the decoding

A
o

method described in each of the embodiments, in the television
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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 control unit ex406 that record and reproduce information through the optical head ex401

while beingeapdiéted ihfaccoprdipatedimanrex 31He systandemtid) @nil egsczihclidbzpfos igxamiple, a
microproc r,.and. > p sing by, I t r r.r and
e S e R e Ee R Gt S A G TR
perform highideasitygecdrdritfuding nesddiieldsigntalo1 YBEF B0 2@ Ikustnatys e fsoorginganiddium

ex215 thaidsdhe 45 apisaheisk. Qpihayesaring yriace gldhe fpeprdingymadiim a2 S ide

grooves are spirally formed, and an information track ex230 records, in advance, address rmation
indicafing & abs6IDf©posIEsh dR tisy BiSR HraotaiHg fo anihyesin @ shaldecst theFyuitle gFopees. The

address inf{mation: Rdsles SUSIHALILIOT OAPIEHRINAY RPSHANS LT HeRY dingPlacks Ggﬁ%that

are a unit for recording data. An apparatus that records and reproduces data reproduces th

informatiorPtra@l&a0 @itrre 846 & adutiiésd FoPmatieh & a9 te dedermiias the postibhs eftbe
recording Rlgekg gFudernae, herpeoriigmerivm sxledpriudes & data rreosiinggsee £x433, an

inner circumference area ex232, and an outer circumference area ex234. The data recording area
ex233 is ahi&reh for A SaEGHEIAG tHE uadY BBt LRt iseinferéRide aRAaK23P anddhe outer

circumferenrgrseagird 34 ayate iigjd And AYiside AEgEataecaEling GiRa @133 repRgelvely

are for 30 s%ecific use except for recording the user data. The information reproducing/recording unit

400 reads HhE WRE2 Qlicd REERY §4R0 dORA Vidb D SrdRaapIBad datd BRI BY iBiftiplexing
the coded aydip data pRghthe eade vides datarfrapmeand iomthe datarieeordingareaaxreafdhe

recording medium ex215. 35[0179] Although an optical disc having a layer, such as a DVD and
a BD is de&cfibell a3 SRR it ife abktithtid 1Ré AFREF ERIEE At iimRsd s ichd8sd #hay be

an optical gigeihavisg a Multhayer stectyrg apd sanable gFHelnssiecprdad ona artothgyibanghe
surface. Furthermore, the optical disc may have a structure for multidimensiona

|
recortiing/réB6QUCEERN &lich 48 F&orGRB Bahidtnafdn ushigtiight dtBioXmchQiftefdRBwdTeengths

in the same p@rten ohibereniical slisganekreearding irfagpation havingiffBemiiaperssrom yagous
angles. 10[018&)@ ‘gﬁﬁ Furthermore, the car ex210 having the antenna ex205 can receive data from

the satellité"&x REHEIE BHAHBFONIE HiBEL B SHE0iSHIEN BGKE SUERS LR @dr HiIRRtion
system ex214 58t inthe can x310idma digialbroadeasting systemeexd0th dleseg 48 i ernfigge@tion of

R s s MmN for ranple, neing o e eeavppunt
ex11iy thecelkitar plaorel exbidt, and othert 20[8181] the signals may be temporarily
stored in buffers ex320 and ex321, and others so that the signals
are reproduced in synchronization with each other, Here, the
buffers ex318 to ex321 may be plural as illustrated, or at least one
buffer may be shared in the television ex300. Furthermore, data

25 may be stored in a buffer other than the buffers ex318 to ex321 so
that the system overfiow and underflow may be avoided between
the modulation/demodulation unit ex302 and the
mulitiplexing/demultiplexing unit ex303, for example.

[0174]

30 Furthermore, the television ex300 may include a
configuration for receiving an AV input from a microphone or a
camera other than 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,

35 and provide outside data in the description, it may be not capable of
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FIG. 21A illustrates the cellular phone ex114 that uses the moving picture coding method or the
moving picture decoding method described in the embodiments. The cellular phone ex114 includes:
an antenna ex350 for transmitting and receiving radio waves through the base station ex110; a

camera uni @xBB3HpabR! bftésdturiog iy dnd stl edyes; ehda bisglag unit ex368istibig as a
liquid crystal.dispiay (’)rgi's{plg\(jggi@ﬁ]gamg asgacoded video captured by the camera unit ex365

or received by the antenna ex350. TheTe phone ex114 further includes: a main body unit :30
including al$kt 6Pdperation keys ex366; an audio output unit ex357 such as a speaker for output of

audio; an audio input ik @X3RG SUCh g micigplhong. ion MDWECIALAY: adyemary Waitex36p, for
storing captured video or still pictures, recorded audio, coded or decoded data of the received video,
the stifl imayed.esnibifs, Brasthere dnd atsiof imtegB68that L8R IFEMACEEH toNa reddtding

medium the SVERAA S5, 3001 HRBNERAS (18 EMPEL UK EX67A1088Bhay LR Brample

of a configuration of the cellular phone ex114 will be described with reference to FIG. 21B. In the

cellular ph&Rsi8x11aa i BnEseGhit @R580 dasignetts coRiBNOTIAI 28R BRIt & i M&R body
including the disaiay SRE €X8PEADWE ASdhesonerationkens BB sHoamrGedputually, via a

synchronous bus ex370, to a power supply circuit unit ex361, an 10 operation input control unit ex362,
a video sigh%ilﬁr@&essing unit ex355, a camera interface unit ex363, a liquid crystal display (LCD)

contrg) unit ex359, aygodyatiopierpasulatin unitex3h3 sarmedtiplexinglsiemiliiplexing upjt ex3s3, an
audio signal processing unit ex354, the slot unit ex364, and the memory unit ex367. is[0183

When a calPERETREF EH pEREPRIC@FHEE DI IHa UBEF Lot PHlioW NRE pBRE? sifppig @fc@t unit

ex361 suppligsitae respestye upits Wish povegs fromm Ratflery pagk so as tq aetivate the el hhane
ex114. 20[0184] In the cellular phone ex114, the audio signal processing unit ex354 converts the

audio signaARRIGNELEGY fiSE Q6HIE Bput DHit XA5ER viite E8RRrsafas Hig#eNto algimelidio
signals undsr4ine corirobef4be medin gpatreladt-epd60 inelbding arePU, ROM, sk RAN. ey the

modulgtion/demodulati(m unit eXBZ% performs spread spectrum processing on the digital audio
i

signals, ant A& taliSRRIALE & réceRing Rk &R HerRrd GgrHIia shatgttnVer SBRHAG
frequency poBversiaN R theTlata[0 as te iransptildhe ressdtingsdaia-ia the AstenaeieX350a Then,

and the aL T SBRal FRLEELRTD ISR Bonuats TR At MIAR - SoRRIoLSS b B hem
via the audioegitpuh uaik 2X35 440183 BaFwthefpera aven anE~@ato data cemmusiest@migode is
53 unit ex402 electrically drives a semiconductor laser included in the
20 optical head ex401, and modulates the laser light according to
recorded data. The reproduction demodulating unit ex403 amplifies
a reproduction signal obtained by electrically detecting the reflected
light from the recording surface using a photo detector included in
the optical head ex401, and demodulates the reproduction signal by
25 separating a signal component recorded on the recording medium
ex215 to reproduce the necessary information. The buffer ex404
temporarily holds the information to be recorded on the recording
medium ex215 and the information reproduced from the recording
medium ex215. A disk motor ex405 rotates the recording medium
30 ex215. A servo control unit ex406 moves the optical head ex401 to
a predetermined information track while controiling the rotation
drive of the disk motor ex405 so as to follow the laser spot. The
system control unit ex407 controls overall the information
reproducing/recording unit ex400. The reading and writing
35  processes can be implemented by the system control unit ex407
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transmitted, text data of the e-mail inputted by operating the operation keys ex366 and others of the
main body is sent out to the main control unit ex360 via the operation input control unit ex362. The
main control unit ex360 causes the modulation/demodulation unit ex352 to perform spread spectrum
processing/6H tHe\téxi e, ana theataPBnfittiieghdredefifg e ex350dedotthgtha erating

digital-10-2aalg0 SORYRERINLADT A FRAHERGY SDVRISIANQA 1he resiing daiado pasamitine data to

the base station ex110 Via the antenna ex350. When an e-mail’is received, processing that Is o
approxima8lyah@érse to iHE pPatgingtfor trafShRthecaine nidd 8 pakbedoni thid recefted data,

and the regylting data is PFOYIded do the display Uniter3Es. (R1A6] When idegn still jmagess 9 video

and audio are transmitted 15 in data communication mode, the video signal processing unit ex355

compressé8 EHd sy il bighais ReppRidarinh@d Eapretl Lnw BXEBP&ING the ARy pitture
coding mehed shenmdBeanch ahihe embpridnelisdiiat iso AHIEHONHAS Hiedimade, cpding appgratus

according to an aspect of the present invention), and transmits the coded video data to the

multiplexirRydEmBlghleRing iATHEBEE 55 ebntrabd dBRRFWHRH tRERERFSTHGNiDoXIEBLEINGed video,

still imageg ;2Ae athars:dhe,asiein 8igNy RIBFaTHING Hik@P2rhePdes gudio signals collected by the
audio input unit ex356, and transmits the coded audio data to the multiplexing/demultiplexing unit

ex353. 25[@1@?]7] The multip exing/demultiplexing unit ex353 multiplexes the coded video data

supplied from the vidaosigea RIesesgite HNihestdeanrhthe casiethabdiodpia sHripisd fromihe
audio signal processing unit ex354, using a predetermined method. Then, the ao _
modulatioV8EMIAGIRIN BirdBiedniPEX3BEefdihs dpfeald ¥ pEeraATpRaLdssiNFon BRMiRlexed
data, and thgtkansmitting and receiving unit ex351 performs digital-to-analog conversion and
frequencyéCé)nver ion on the data so as to transmit the resulting data via the antenna ex350. [0188]
When recei ﬂ@% ta of a video file which is linked to a Web page and others in data communication

mode or when receivitg ap @-mailgyith nddee padieraiudioraitashed; imeordsy 1q degpde the npiiplexed
data received via Lhe antennag ex350, the multi _Iexin%/degultiple?in unit ex353 demultiplexes the

multiblexed REEGhtS Stideo Gata st BNG 2UTiPGEa Bt Hréant E5 SRR FRWERo
signal proees3ing unitien 355 nithtbe cotedsyidesi dateoant dae audlip sianah PseeassingUnitex@54
with the codegs_)agpj]dio data,&throu h thegsynchronousgbr{gs ex370. The 10, video sigpal pr,ocessinr% unit
ex355 decod e Vided" &nal in& Wv‘fﬁg pi& F§&coaitl MERDH 2Brre 'r?(ﬂrl}bntg thé oding

method shebwoinueach obtheembadirhentsi@kabisc funtitianstas therimpgd tlegodingpeparatis:
according to an aspect of the present invention), and then the display unit ex358 displays, for instance,
e Stied o A

15 the viddB 851 SOMAGES incliedt S Tited HRTTHREAI8 tHE WAE Fagl VARAHSS odfifol uni
ex359 Fudké¢mmanéntheapdioisigmal précessimgdinit ekdb4idecod2S thet audiossignal, endtthi@audio
OUtDUtunitrg)é%?éprﬁ%\/i%eastg]? au}gllijo. onplgg]ratus that records and reproduces data
reproduces the information track ex230 and reads the address
information so as to determine the positions of the recording blocks.
Furthermore, the recording medium ex215 includes a data recording
25 area ex233, an inner circumference area ex232, and an outer
circumference area ex234. The data recording area ex233 is an
area for use in recording the user data. The inner circumference
area ex232 and the outer circumference area ex234 that are inside
and outside of the data recording area ex233, respectively are for
30 specific use except for recording the user data. The information
reproducing/recording unit 400 reads and writes coded audio data,
coded video data, or multiplexed data obtained by multiplexing the
coded audio data and the coded video data, from and on the data
recording area ex233 of the recording medium ex215,

35 [0179]



20Furthermore, similarly to the television ex300, a terminal such as the cellular phone ex114 probably
have three types of implementation configurations including not only (i) a transmitting and receiving
terminal including both a coding apparatus and a decoding apparatus, but also (ii) a transmitting
terminal including 250ilyacpdirgappdiatuls i (e receiaing yermisal arcladireg Bna decdbding

apparatus.plthoug igital broadcastin m ex200 receiv. nd transmits the multiplexed data
obtained b)é r%ui%‘p%g%e%gé%%% é;gtagg]nté )sllgt{?cg égatéqrﬁ %Pié) éigsgﬁpﬁ%% ,Otﬂéartgpu?tip gxé%g(]afgap%ail e
data obtained by imultiptexingmot audio80datayb tecamactptt dzith thilate th ;onitg ozomoLitiés \data,
and may b Itipl d id itself. s such, th Vi icture
coding met%o ((){;E t }egrr%(ﬁi%g%%%@ge?gd?ﬁg&rﬁ héed[gé?e%]%ﬁ o?{hé% er%bo%in?e?rr]{t%?ca%ﬁbinugéae in 35
any ofihe devitesand Systding oeseribedtblsoverithas ) thib sadvaratagésadescabett i chumef floe

e IR cor B RS el Ry e
information using light of colors with different waveiengths in the
same portion of the optical disc and recording information having
different layers from various angles,

10 [0180]

Furthermore, the car ex210 having the antenna ex205 can
receive data from the satellite ex202 and others, and reproduce
video on the display device such as the car navigation system ex211
set in the car ex210, in a digital broadcasting system ex200. Here,

15 a configuration of the car navigation system ex211 will be a
configuration, for example, including a GPS receiving unit from the
configuration iliustrated in FIG. 18. The same will be true for the
configuration of the computer ex111, the cellular phone ex114, and
others.

20 [0181]

FIG. 21A illustrates the cellular phone ex114 that uses the
moving picture coding method or the moving picture decoding
method described in the embodiments. The cellular phone ex114
includes: an antenna ex350 for transmitting and receiving radio

o
o]

waves through the base station ex110; a camera unit ex365 capable
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 antenna
ex350. The cellular phone ex114 further includes: a main body unit
30 including a set of operation keys ex366; an audio output unit ex357
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, recorded audio, coded or
decoded data of the received video, the still images, e-mails, or
35 others; and a slot unit ex364 that is an interface unit for a recording
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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 o
picture coding method or a moving picture coding apparatus in conformity with a different standard,
such as MPEGLTMPES4AYCE andate-1N0ulv8] Flere swhed ansiradity b gidetadata tiaticohforms
to the 15(difeent standards is generated and is then decoded, the decoding methods need to be
selected to conform to the different standards. However, since to which standard each of the plurality
of the vidE@ Hahlto be decoded conforms cannot be detected, there is a problem that an appropriate

decoding method egappt beselogiad ARI034L <o MFGRE R0 MSF NG RIOBlem, Al tipjexpd data

obtained by multiplexing audio data and others onto vidéo data has a structure including identification

informatiGihditaktiy (& JH@sSEREHdHENVIdeSRa eBntémid Grhe dfkcifié Rrilieurecd whar
multiplexgdhdaia ingluding theidee dajagenelaied indhe meving piciye:erding frathed,er-Ry the

moving picture coding a Eﬁlratus shown in each of Embodiments will be hereinafter described. The
itel

multiplex8@ 88tai814 & StrE3®i T BROVMPESlD diR@shde stieah ot (8951 8orfcWelis a

diagram ghowifigea SBUGHER Rfinulliplpxed sates As iflustraingie ed 22niha Muifiplexed flatg can be
obtained by multiplexing at least one_of a video stream, an audio stream, a presentation graphics

stream (F) GREUMIHEr&iSe GFabhibs §RedmPPVESIES BRANTIERHISeME Wrid¥ e nd

secpfdany 38vitee 9f smaviec drecpgrio plireaax dGhrepreseniss Ridiasy andie Ssspag and;a
secondary audig part to be mixed with the primary audio part, and the presentation graphics stream

represenfestiBitied FfaHokfe | &l € pHRIANFYidéSis Aol dide/iBe Gisised Brldstreen,

and the segarealy videe ise4deedo be displaved o arsmalleromndaw om themain weeps Furthermore,
the interactiv&gprjghics stream repé?serjts an interactive screen to be generated by arranging the GUI

componefits EIOEH CRHE ViR SR i BEdeRMA i nfNirdidRire §duilg AR DY the

moving picilitecrding apparatles shavmdry 8aeh of the embedisrarisy of i@ &xaye. 10 picture coding
method 0{ 'él)ggé oving picture coding apparatus in conformity with a conventional standard, such as
MPEG-2, -AVC, and VC-1. The audio stream is coded in accordance with a standard, such as

Dolby-AC-3, Dolbyigital £ MERdIDISy iFSaHPo anetlirear RCM; QLIS by a user’s
operation, the power supply circuit unit ex361 supplies the
respective units with power from a battery pack so as to activate
the cell phone ex114.

20 {0184]

In the cellular phone ex114, the audio signal processing unit
ex354 converts the audio signals collected by the audio input unit
ex356 in voice conversation mode into digital audio signals under
the control of the main control unit ex360 including a CPU, ROM,

3]
)

and RAM. Then, the modulation/demodulation unit ex352 performs
spread spectrum processing on the digital audio signals, and the
transmitting and receiving unit ex351 performs digital-to-analog
conversion and frequency conversion on the data, so as to transmit
the resulting data via the antenna ex350. Then, the
306 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 output
them via the audio output unit ex357.
i0185]
35 Furthermore, when an e-mail in data communication mode is
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Each stream included in the multiplexed data is identified by PID. For example, Ox1011 is allocated to
the video stream to be used for video of a movie, Ox1100 to Ox111F are allocated to the audio

streams, 0x1200 to Ox121F are allocated to the presentation graphics streams, 0x1400 to Ox141F are
allocated td tRé fifeitidide giaphicsisti@ansd, GkEB0O 15'@X1B I Hid @flocated @ Bieadided stfe@ms to

be used forseepadayy Vidanof thedrovis ARAIRALARR 19, @xtALR 358 alorated fo the, udiogieams
to be used for the secondary video to be mixed with the primary audio. [0197] FIG. 23
schematicdMAilisfrafy Rov data X b fipidRed NEirst P4 Uil Rtridk BxOB8 Iddthpoddd 6fided

frames andra{kaudig;sireasn eX2R8,¢0MRogae of %@%Hé”@?@?ﬁw@@@%@/@%éﬁﬁiﬁgf ES

packets ex236 and a stream of PES packets ex239, and further into TS packets ex237 an
packets exP40t rédpeedvER). BRTIRTRY GRAGIE FR8EHTALIDh BFASIAES Hu@aah eX221tanet cdf 8f an

interactive graphighelreary sk eredransioimed paoasreanhef PES pagkets exgdi-aad ggigeam
of PES packets ex245, and further into TS packets ex243 and IS 35packets ex246, respectively.

These IS paéRéiE AR de CRTY &rStREmMas Gbtie mUIBHIELACHata RRYET S|ETOSPN tEG. 24

illustrates hews @ videp gieantds staresh e sieagyeheSrackeisin Biye dataik Thefihanin FIG.
24 shows a video frame stream in a video stream. The second bar shows the stream of PES packets.

As indicateBHEATRvSaEhetd asVPE Yy 2 TyE AR8 Vyasin FEEE D the DitREXTAE isthivie® into

picturgs anWUS@%Bﬂ@C?JEﬂSA@%PtBi%@%%Q@ gEWhichdp apdaemprasaaiatiandinis anddhe
pictures are stored in a payload of io each of the PES packets. Each of the PES packets has a PES
header, an8 FEPEEHRbLfer Li6re5eL BIESENERSA TifHASS I (PTS)intic&tRtPa @ispIE) YA Gf the

picture, and@ Begagiivg [Ripnerdtamr $3ES) indicating a decoding time of the picture. [0199] 15FIG. 25
illustrates a[fb?rg?gof TS packets to be finally written on the multiplexed data.Each of the TS packets is
a 188-byte e fel gth packet including a 4-byte TS header having information, such as a PID for

identifying a stream @igken 184deyde ESipayioad &y, storing data. e RS packets argriivigrdeand 20
stored in the TS payloads. When a BD ROM is used, each of the TS packets is given a 4-byte
TP Extra. 1TbARIS PR 3h 262 BRE CoL kB8 PAGER: STHB ShER EeRilG ar e aisthe

multiplexed-datep AdwesEB_Exita dderslenstgtes infgrmAtion spehiasiafrrrivahBmeStamp (ARE). The
ATS Showseigg?fﬁgﬁsrgag”ttrre‘aemoving picture coding method shown in each of the
embodiments (that is, functions as the image coding apparatus
according to an aspect of the present invention), and transmits the
20 coded video data to the multiplexing/demultiplexing unit ex353. In
contrast, during when the camera unit ex365 captures video, still
images, and others, the audio signal processing unit ex354 codes
audio signals collected by the audio input unit ex356, and transmits
the coded audio data to the multiplexing/demultiplexing unit ex353.
[0187]

The multiplexing/demultiplexing unit ex353 multiplexes the

[
N

coded video data supplied from the video signal processing unit
ex355 and the coded audio data supplied from the audio signal
processing unit ex354, using a predetermined method. Then, the

P
—
fa—

modutlation/demodulation circuit unit ex352 performs spread
spectrum processing on the multiplexed data, and the transmitting
and receiving unit ex351 performs digital-to-analog conversion and
frequency conversion on the data so as to transmit the resulting
data via the antenna ex350.

35 [0188]



25at 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. 25. The numbers incrementing from the head of
the multiplexed data are called source packet numbers (SPNs). [0200] :30Each of the TS packets
included in the multip{é&ed deeah¢iides AéoRly sred@rCof HEdiv Nidol Ssubtiteslaftl cthéVs but

also a ProgrameAssogialionetable (AT, 2 EMaAIA Map dable GM Ty andARrodam (IREK an

Reference (PCR). The PAT shows what a PID in a PMT used in the multiplexed data indicates, and a
PID of the PAT fkIMdtidgidteira aBe/@ THRUBIPT atbfas Mls ofthe 5#84mEC of\Rder] Qubive

subtitles an ethesrdipglyded 4 the myliplexectdata, pnd atiute infarmatign ofdhe sirpamsin o

corresponding to the PIDs. The PMT also has various descriptors relating to the multiplexed data. The

descriptors REVE MxtdibAemis BB @ntroMAidrmat®t Shéwing MEtHEF B3BiRE of thEne
multiplexeqydate; i eRERItEE Qf NAkA he PlaR Slergsas b listedRfaimayan £areseeading g anA TS

showing when the PCR packet is transferred to a decoder, in order to achieve synchronization

between aft KRRED TRECTHIRRIAEE) RSt 16 A8 1SS PSE A D AR ISy_th? Pidd IoERGSTC)

that is a tinggy @¥g o Rils anft B19% d020H audidGsRgrbushaiesdbeidaja shuctured e M in
detail. A PMT header is disposed at the top of the PMT. The PMT header describes_the length of data

included in“fh& PN &Ad BHRIS. A Rlsturdity SHEEsHfors YA RAHE nflihIExed data is'diposed
after the PMiti heades Hiormasionssieiyas e ecpysoniekintpenatipn isidessriberhiaithesdascriptors.

After the descriptors, a plurality of pieces of stream information relating to the streams included in the
il &

multiplexed 42 DdidpBdet FadPhRELE stBaRRPmMERBHARRRBE St ealR ddthiptsre Eath

describing intermationheueh as acsigan typedos ideniifiing:a eoMpressinn qedecpba stepartha
stream PID, and stream attribute information (such as a frame rate or an a%pec% r% i0). The stream
a.

descriptors RF8 GuAT AU r PR ATMBe A EHME it thePRuBFRREN o& bﬂﬁﬂsentWhen
the multiplexee data is) reeordedonra recordingrnedium and thees, dilsprepsdeddpgriReawite

multplexed 8213, T2 400 LS5 RS OEANR SRR R IR HORIESS e
Web page via the LCD control unit ex359. Furthermore, the audio
signal processing unit ex354 decodes the audio signal, and the audio
output unit ex357 provides the audio.

[0189]

20 Furthermore, similarly to the television ex300, a terminal
such as the cellular phone ex114 probably have three types of
implementation configurations including not only (i) a transmitting
and receiving terminal including both a coding apparatus and a

decoding apparatus, but also (ii) a transmitting terminal including

b
pal

only a coding apparatus and (iii) a receiving terminal including only
a decoding apparatus. Although the digital broadcasting system
ex200 receives and transmits the multiplexed data obtained by
multiplexing audio data onto video data in the description, the
multiplexed data may be data obtained by multiplexing not audio
30 data but character data related to video onto video data, and may
be not multiplexed data but video data itself.
[0190]
As such, the moving picture coding method or the moving
picture decoding method in each of the embodiments can be used in
35 any of the devices and systems described above. Thus, the

ab



information of the multiplexed data as shown in FIG. 27.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. *)r[0204] As illustrated in FIG. 27,

the multipleX€d AB{RBERFES 5B Fate 24 ReploblEtieirs4rEHifne Ndna 3 Ydprotitidirm 8fld time.

The systeny rpieyipgicates the maximum transfer rate at which a system target decoder to be described
later transfers the multiplexed data to a PID filter. The intervals of the ATSs included in the multiplexed
data are set to not higREF ISP Bste #4t6 Uthe THpFdHiG@idR Bartdifté in@vates AP TSAR a Pideo

frame at theread ohthapuiinieneddako Aiiaral Af ane firmeds added FrARTS in a video frame
at the end of the multiplexed data, and the ioPTS is set to the reproduction end time. [0205] As

showniin FI& Y823 piece of attribute information is registered in the stream attribute information, for
each PID of eagh sHeaMe Mclygded in the multiplexed data. Each piece of attribute is information has
different information depending on whether the corresponding stream is a video stream, an audio

stream, a presentatiof §EshhitaiErea@i! 0P8N BEHISERIEGraBiics YWHEGH NHactP Sie SE6BAEEE Stream

attribute infgempatioa carriesHriommalinnyinsddingwhagking af serpaessiomeodss s Heed fefure
compressing 20 the video stream, and the resolution, aspect ratio and frame rate of the pieces of

picture datd HAGIRRRIBAIRYRe SARY Serbank FER P hideR SR iR Sad Mikriblide ThionAX{iBA
carrieginfopnetiordncledinggvhatddnd af compiessien regedixtiged fac@meressinttheraudion
stream, how many channels are incl,u?ed in the audip 25stream, which Iag%]ea e the audio stream

supports, ah8 R Fighind SmBlifdretRBhcy iR MR dided Sthean dftfilsite miothiatiortand the

audio streagrattinute information are used for initialization of a decoder before the player plays back
the informaﬁiﬁg.é% 06] :30In this embodiment, the multiplexed data to be used is of a stream type
included in .Furthermore, when the multiplexed data is recorded on a recording medium, the

video Here, when a plurality of video data that conforms to the
15 different standards is generated and is then decoded, the decoding
methods need to be selected to conform to the different standards.
However, since to which standard each of the plurality of the video
data to be decoded conforms cannot be detected, there is a problem
that an appropriate decoding method cannot be seiected.
20 [0194]

In order to solve the problem, multiplexed data obtained by
multiplexing audio data and others onto video data has a structure
including identification information indicating to which standard the
video data conforms. The specific structure of the multiplexed data

£
P}

including the video data generated in the moving picture coding

method or by the moving picture 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.

[0195]

30 FIG. 22 is a diagram showing a structure of multiplexed data.
As illustrated in FIG. 22, 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

35 video of a movie, the audio stream (IG) represents a primary audio
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stream attribute information included in the multiplexed data information is used. More specifically, the
moving picture coding :15method or the moving picture coding apparatus described in each of the
embodiments includes a step or a unit for allocating unique information indicating video data

generated By theaféVifgSHERRIEEHing WiEthdrait the Vi preun iEbdiitEapsaraa”Yindaditof the
embodimenig {0 (e gtigamn hrrasinsludad in e BMIE ordhesddgorsippan bl iiqipatigp. AVith

the structure, the video data generated by the moving picture coding method or the moving picture
coding appataii€destifet ifBach G ¥ mbe@mdatd @imbal dWiRRIisRe & froft S éy 8stathat

conforms tg agetasstandid tRR0 LelAraBeyMoradd Gi29 lustiates HepsobHa puying pigjure
decoding method according to this embodiment. In Step exS100, the stream type included in the PMT
or the Yided BRUMR aHfIBE Wioiai €ebiHinkictRotn thd MUISERR Fatal %@xﬂﬂﬁ@t@ﬁt%@ml,

itis determinechwhethee s et thesteaasm bpa Ar thecka oidee sreamraiifbpie ii@ageadndigates

that the multiplexed data is generated by the moving picture coding method or the moving picture

coding apparARRINEACH S e EmBEHHREIE iRt i§ defdiffifed tHatehe S amSHiTRIFHS video
stream attripgeeifoinatiominsicatgspghatiiihe rauliniexed deatdis 40 aanentediyhedneying, picture

coding method or the movin%fpicture codingaapparatus in each of the embodiments, in Step exS102,

the stream %§5H b8 (RO PALE Y21 Qb Ffém QoS RIEHARE 1Y) #H Prodingd bigtufeeEding
method in gachinfdhe @mbedirments odurgensiprg, whenithe stieainrypes ithg Vides Atasiiean

attribute information indicates conformance to the conventional staggards, such as MPEG-2

MPEG4-AVEEREVEN | in'efdh exts10P At pesbAhe ideo sE&M atfputd FiGidion is
decoded byi® MGWAG picture migcading metoginconformnityveth the condentional stanspads 39[0208]

enables delliHrRSHIHAREY ch bl RO G pIRore deRURS (resics oP S mEbiry piadre.
decoding apg@atubihatid dasetred veach of the
15 [0196]
Fach stream included in the muitiplexed data is identified by
PID. For example, O0x1011 is allocated to the video stream fto be
used for video of a movie, 0x1100 to Ox111F are allocated to the
audio streams, Ox1200 to Ox121F are allocated to the presentation
20 graphics streams, 0x1400 to 0Ox141F are allocated to the interactive
graphics streams, 0x1B00 to Ox1B1F are allocated to the video
streams to be used for secondary video of the movie, and O0x1A00 to
Ox1AlF are allocated to the audio streams to be used for the
secondary video to be mixed with the primary audio.
25  [0197]
FIG. 23 schematically illustrates how data is multiplexed.
First, a video stream ex235 composed of video frames and an audio
stream ex238 composed of audio frames are transformed into a
stream of PES packets ex236 and a stream of PES packets ex239,
30 and further into TS packets ex237 and TS packets ex240,
respectively. Similariy, data of a presentation graphics stream
ex241 and data of an interactive graphics sftream ex244 are
transformed into a stream of PES packets ex242 and a stream of
PES packets ex245, and further into TS packets ex243 and TS
35 packets ex246, respectively. These TS packets are multiplexed into

a7



35 embodiments can perform decoding.Even upon an input of multiplexed data that conforms to a
different standard, 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, 6 fHé @fdVingPplii! BetbdlhiPhsetisd &7 Bpp¥afd in this embodiment can be used in the
devices an s described above. [0209] (Embodiment 5) Each of the moving picture coding
method, the moving io picture coding apparatus, the moving picture decoding method, and the moving
picture decoding appataausift dAksT e Enihdinfertéds &/ HEBRY BEhieveEaraHe form Sttagam

integrated cieujt pEa bare-ssale Ingaraled deal) circyih s ©xgaWIe ! L Sh4 1 h3iusgirates
a configuration of the LSI ex500 that is made into one 15 chip. The LSI ex500 includes elements

ex501, ex508 4880 AR50 £ EESHE dRsde, LR, BXEDRMaNd EXED P RIBE deStiib et oW, HHA the

elements argrgeracted to eachethretyough @ hHg AxPEOd TRE PaWES RLPRBLFIFREINE £Xx507 is
activated by supplying each of the elements with power when the power supply 20circuit unit ex505 is

turned on. [0XF0] YY SroPEAMPYE wien d&eing & pdidtmiid 8 1551 82500 tecééidftaviignal

from a micrephenecxldy , B antaiaeex183pane eBersdgupbme AV &P @xBR9 dndencentral of a
control unit 25 ex501 including a CPU ex502, a memory controller ex503, a stream controller ex504,

and a drivinj HEGuENE ST Gt BB 0 Ak (R8RS I 87yl s BERARRAAT StoR@MiPatleemal

memory exzhlcisueit asten SDRAM ddnderscontpbefithe contiel umit x5t ke storeskdata iIsES
segmented into data porti n%accorgti to the processing amount and speed to be transmitted tqo a
signal proc&gﬁgﬁfhit%&é&. fheh h %‘?di%f pTbREESirT ORR $%B67 ¢6ded 4R SuairdiyRal Bidier a

video signairtdéte tiregcedings off the videe igna és gie oekngaegcHbpdepelyof the enshediments.
Furthermore, ¢ igna].processing unit ex507 spmetimes multiplexes the coded audio data and the
coded vi%i@i%ﬁj@‘@“&%%ﬁf&@%@@ pﬁ'(f{?i@eg]fteﬁ@ﬁlﬂ{?ﬂéﬁfgd data outside.The provided

multiplexed [dat#®i8 fransmitted to the base station ex107, or written on the recording media
elesiWhendataseﬁgr.e 25 illustrates a format of TS packets to be finally
written on the multiplexed data. Each of the TS packets is a
188-byte fixed length packet including a 4-byte TS header having
information, such as a PID for identifying a stream and a 184-byte
TS payload for storing data. The PES packets are divided, and
20 stored in the TS payloads. When a BD ROM is used, each of the TS
packets is given a 4-byte TP_Extra Header, thus resulting in
192-byte source packets. The source packets are written on the
muitiplexed data. The TP Extra Header stores information such as
an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time
25 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. 25. The numbers incrementing from the head
of the multiplexed data are called source packet numbers {SPNs).
[0200]
30 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 muitiplexed data indicates, and a PID of the
PAT itself is registered as zero. The PMT stores PIDs of the streams
58
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multiplexed, the data sets should be temporarily stored in the buffer ex508 so that the data sets are
synchronized with each other. [0211] Although the memory ex511 is an element 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 &HbufiErE OFuakgHRores tH 1tht ex50TImay he ihateGhis 66k tRiptérea pruvdlity beaips.

[0212] E#E@Frmea%ﬂhw&th%F@HHH%!HB%%?%@CM%%W%der‘rf‘é@&%nt&ﬁw't%eeﬂbo%e

controller ex503, the stream controller ex504, the driving frequency control unit ex512,
configuratioR1éf $he coltrdt uiteks03 ' Ehofiited 8 KUeh. FOR BXBYRABRY, The SiHANErockRsirtd anit

ex507 may fitherinclude /6P Ingiysion @é@ﬂ%ﬁF§% PetheSIgRR DFREESSING NNiG §X%%§>9an

improve the processing speed.Furthermore, as another example, the CPU 20ex502 may include the
signal Procé<¥iHg BhitEX07 a5 AR ShevdisaarteEeingUmtithat & & BartBriiendBraDrdatssing

unit ex507. ja syrhratasedtheeonfghunit ex3(d instudes 4hg mignakprocessig Unihexsed anidhe
CPU ex502 including a part of the signal processing unit ex507. [0213] The name used here is

LSI, but it nfBF ARBRNEHIRG 1 Systin LT, 2upeP ey a8 ultd 18N depRAdINGdh the askre ofs
integration. {03 #4l iiMdareuer, vayetonardieve ftegrafion afg neldimiedto e kiksnd-a spacial

circuit or a %Jeneral urpose processor and so forth can also achieve the integration, Field

Programmabfet & RSy AEPER] thEN G- HRGrddidrmhdd akd e nfahTAtdHHG 1981S\dras, and

reconfigurale [goeessar thah allowsdr-¢configyretian of thercanaestion o enfgueationetay LS| can
be used forﬁB&gﬂ?e 63 purpose. Such a programmable logic device can typically execute the
moving pict ng method or the moving picture decoding method shown in each of the

embodiments, by loaglig. op eeading: fetaA themeat ar $teuikeu perograne inqirech injeaiamare ar
firMWare. oMt header is disposed at the top of the PMT. The PMT header
describes the length of data included in the PMT and others, A
15 plurality of descriptors relating to the multiplexed data is disposed
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 multiplexed data is disposed. Each piece of stream
20 information includes stream descriptors each describing information,
such as a stream type for identifying a compression codec of a
stream, a stream PID, and stream attribute information (such as a
frame rate or an aspect ratio). The stream descriptors are equal in
number to the number of streams in the multiplexed data.
[0202]
When the multiplexed data is recorded on a recording

{1
i

medium and others, it is recorded together with multiplexed data

information files.

[0203]
30 Each of the multipiexed data information files is management
information of the multiplexed data as shown in FIG. 27. 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.
[0204]

Tt



[0215] In the future,with advancement insemiconductor technology, a brand-new technology may
replace LSI.The functional blocks can be integrated using such a technology. The it)possibility is that
the present invention is applied to biotechnology. [0216] (Embodiment 6) When video data
generated by the moWifig pistais eeithg meftidal. ordy, thi vaoving Ibictles eddidg epparatlstiescabed

in each is ofdpe erpadiments ixdaepier samonisd 19 e caseptdeendid yidep danha popforms

to a conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the computing amount
probably incfésBe8YFREENthRLS| EXF00a s fteheattior-drivibtared@sndiphryhek thalh khlt &f the

CPU X502 kg beised whageideg 04ipia in eonioaity wildhmeenvepiianal sfpgnaitipadedatied.

However, when the driving Trequency is set hrifgher, there is a problem that the power consumption
d

increasés. [R47}iPlexadbrdat b Eohd thdploliem, theoling pictlite @ dbing ADsaritas, ech as
the televisiohexBQ0 and i#e leex508 t$ canfiowed todefgim W%]Wé’?’hmﬁa%dagg dipg yideg data

conforms, and switch between the driving frequencies accordinggo the determined standard. FIG. 31

illustrates a EOFidERIBH BLE00 InSHY Erhib@n st oR BRigirRy féqueRc@sithmd (nMexsab Lot a
ao driving fraguancyfta adighardpvinadreqiancy wWhenivideeatads generatady fhedeqying pisture

coding method or the moving picture coding apparatus described in each of the embodiments. Then,

the driving fRdUBRcy SvAtchiRG Anif 8XBE33MstEtseA de €SP IBLeS4mIG Rt e8d D thandkddifes
the maving pigtyres: 3 decoding mepherdessribed Hyeggh of the embodiments to decode t

[0205]

As shown in FIG. 28, a piece of attribute information is
registered in the stream attribute information, for each PID of each
stream included in the multiplexed data. Each piece of attribute

15 information has different information depending on whether the
corresponding stream is a video stream, an audio stream, a
presentation graphics stream, or an interactive graphics stream.
Each piece of video stream attribute information carries information

including what kind of compression codec is used for compressing

b
—
s

the video stream, and the resolution, aspect ratio and frame rate of
the pieces of picture data that is included in the video stream.
Each piece of audio stream attribute information carries information
including what kind of compression codec is used for compressing
the audio stream, how many channels are included in the audio

[
o}

stream, which language the audio stream supports, and how high
the sampiing freguency 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.

[0206]

30 In this 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 inciuded in the multiplexed data
information is used. More specifically, the moving picture coding
method or the moving picture coding apparatus described in each of

)
&t
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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 picture coding method or the moving picture coding apparatus described in
each of théegndimeisTEdS, thedidrg fraqidtdy switching uidit Ex803 istaitis theldeicpding

processin it.ex802 tha: o.th n j t J d 8]
10More sgﬁtgﬁ% t&h)? d Eir\?ﬁg%r%nigéniygsﬁtc%%iﬁ%ﬁﬁ%gg%%%%%ﬁ%&ﬁﬁ\%ﬁ?&z%r?égt%?gl
driving fre§@HE\Ecan@dhenmt @651%'\@\ FI® 30 HrE; tedth IR dRcoring prbuesding @mftiexgdl that

executes themaving Piftve Sesodin methed dencrinesip eash) ofithg embedimenisrnd the,

decoding processing unit ex802 that is conforms to the conventional standard corresponds to tehe
signaPproce&sify BRGSO Fitd 8. THO OPBtERs02 détiinikBS tEWhiEh dtanddraany \i@sb data

conforms. Theg, dis-driipg dresiyency GoRIAHEILXBI 2ARIEHTINESALKIVING Beaueacyhasgeon a

signal from the CPU ex502. Furthermore, the signal 20 processing unit ex507 decodes the vidéo data
based on & Ki§HaRrERHEIC PPRSEDIM £ @kamprRAtE iéafificafioipfsiMaRA festisedan

Embodimest 4iigpreBahiyhised ferdentifunaibeavidestdatan ddieidentilicaioriaouparidsiot
limited to the one described in Embodiment 4 but may be any information as long as the information
indicates tb3#fichstandard the video data conforms. For example, when which standard video data

confgpms to can beeterpinedhbased an, an exiainat sigeal for dgtergrinipg thaldhavideq datads used
for a television or a disk, etc., the determination may be made based on such an external signal. so

Furthermd?&€ GRE (8L BMSTHLIA4S @T8HRAG BR g ibiScPRABAHHN 86itexaiblS R0k Tk in

which the standares ohiheMideq dlafa @eriassoeiatedwith e drving freaiesngies as awnintelG. 33.
The driving frequency can be selected by storing the look-up table in the buffer ex508 and an internal

memory of AL 81343 WP FEFN &St 16 TRe 106k-TP YAbR!BY B EPLRexsd¥e] ol TojSter FiG.

32 illustrates stepg forexgsutieg @-mated inthisterabodimeand tFitsteinStehenS208.dhe signad
processing unit ex507 obtains identification information from the multiplexed data. Next, in Step
exS20L, tHAEF SKE63 BB el ASPEFHOL R vIBRH ks GBASratol biBsH R see

identificatigia irformatipmy-theeeoding nepdodrand the cs%trag r@p%‘@@iﬁgﬁfpﬁ&gﬂbiﬂ each ehthe
embodiments. When the video data is generated by the coding method or the codi pparatus
described TIOAEHD! FER BEabORaHs, TPBRb xS0 EERL Goob TR GLTE - setting

the drivingireguenicy te adugbentiiing fraqueneietodheadrivingyfreguency isentiotienit exaarhhen,
the driving f ency cantgol unit ex512 sets. the driving, frequency to the higher driving frequency. On
the other FEbidl Wit tHEGUTIREG0h intOGHERTS idlEktes IhGt tHE VB A6 SonfofFe to the

conventionp starwiaed, sboh ab MPRG NP REHMEC, @rdivG-Lire Siepl exp208a the 1BV iexp02
control ung GRE THER [0 cRARG HEHLand] oot exbrs Soib MREUING 20 feducHiFo e
lower driviag é@ench ¢hanrtbatin the ease where e videoaata iageieteted hjdheeding nsethod
or the codjpg APRAIRS, Aesood K 528" B1LRE A OLBENR, O30 hod in each of the
embodiments. Furthermore, when the stream type or the videc
stream  attribute information indicates conformance to the
conventional standards, such as MPEG-2, MPEG4-AVC, and VC-1, in

Step exS5103, the stream type or the video stream attribute

]
O

information is decoded by a moving picture decoding method in
conformity with the conventional standards.
30 [0208]

As such, allocating a new unigue 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 the

35 embodiments can perform decoding. Even wupon an input of
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Furthermore, along with the switching of the driving frequencies, the power conservation effect can be
improved by changing the voltage to be applied to the LSI ex500 or an apparatus including the LSI
ex500. For example, when the driving frequency is set lower, the voltage to be applied to the LSI
ex500 or the eppargys thelwing théh 31 exBo0f8 Hrubablp seéto & Vdkage fowst 30thandhat #the
case where, g, iyingiequancy i gehhls 032 1h o na FHARermAte e fhe camputing gmount
for decodin‘gﬁ? Iarg/eir, the driving _1I‘re uency may be seERiagher, and when the computing amount for
decoding idtsnagEe0 tRE SiriviiSFEefsen &P maly be €6t |0WED B3 tHe Giethe it ol BéttiRg the EiVIRG:
frequency. fify cHwbReSCtifg meopdsmetiipiiedda e ones Asseriied ghaye iy exaple

when the computing amount for decoding video data in conformity with MPEG4-AVC is farger than the
comptiting ARdURtfoPHEdetnFAaeE dia Genbraed BY tAe BNaty pictrd Bodli Meebdns tke
moving piciyg qoding apparaedgsssibed in sach o the-embadinants the dywng frequency is
probably set in reverse order to the setting described above. [0222] Furthermore, the method for
setting the Wi@iﬁ@ }requency is 10 not limited to the method for setting the driving frequency lower. For
example, witan Hieddentieation information indicates that the video data is generated by the moving
picture coding method or the moving picture coding apparatus described in each of the embodiments,

the voltage to be appfétto tHe LBEexBUDPte PEMTEatGs HAGING BHE L) XD idPRIJASlY set
highery When-the-islentification pyermatinn indisates i dhe Megpdaia éeﬂfﬁfd!ﬁ“%ﬁ%ﬂlﬁo@,”wonal
standard, such as MPEG-2, MPEG4-AVC, and VC-1, the voltage to be applied to the LSI ex500 or the
apparatus HERUATHE ¥HRD )1 6XH68 i€ BrABNI sBRBRER IAS aHbtRECE&HhJiB SvRER BIRtidaMftication
information indigies fhat sheyvidegdlatn i eeteiateddyy die mewpepielre neding method gFdhe
video codirg}sapparatus described in_each of the embodiments, the driving of the CPU ex502 does not

probably hafH& bt drpentRd. Wi tidriakHtification3rtoRKEEOR [Rdithtdd fhat e Vidds-dad

conforms t¢ REsthe eeaventianatigiandard sush apMREG-2 MFEGC4ACiane YEel,iheodriirg of
the CPU ex502 is pr%)kﬁably s#tfrpendes ﬁt a given time because the CPU ex502 has extra processing
t ic I

capatity. EvBHwhenthE idbrtlfick foHMa o GRdiGRY AL The IRD HatEis Yehera he
moving pictxs gading xHEYmd exthe fovrg pivture ceding apparatusIpgcribedin eaeefibed
embodiments, in the case her? the CPU ex502 has extrairocessin capacity, the drivin% of the CPU
ex502 is prOBABIY SERPANGER & &GRS G SR L L, (heabentiiny tHK Al B bR Sot
shorter thaaxi%at i the Gase wherearhesiheigentiication infarmatkorsipdicates thetithet3ividep data
conforms to the ?onventiona}% sgarn(%%rg, sPch as MPEG-%, 67 MPEG4-AVC, and VC-1.

supplying eac elements with’ power when the power supply
20 circuit unit ex505 is turned on.
[0210]

For example, when coding is performed, the LSI ex500
receives an AV signal from a microphone ex117, a camera ex113,
and others through an AV IO ex509 under conirol of a control unit

o]
o3

ex501 including a CPU ex502, a memory controller ex503, a stream
controlier ex504, and a driving frequency controt unit ex512. The
received AV signal is temporarily stored in an external memory
ex511, such as an SDRAM. Under control of the control unit ex501,
the stored data is segmented into data portions according to the

L
g
o

processing amount and speed to be transmitted to a signal
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 the embodiments.
Furthermore, the signal processing unit ex507 sometimes
35  multiplexes the coded audio data and the coded video data, and a
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[0223] Accordingly, the power conservation effect can be improved by switching between the
driving frequencies in accordance with the standard to which the video data conforms. Furthermore,

when the LSI ex500 or the apparatus including the LSI ex500 is driven using a battery, the battery life
can be ext&hdea Withlthe sowel borisepratiiteffdte [0P24fte (@xssbdittieta 70 utsitRere arftdases

where a plyalty; albyideo fefp Bakeprfarasito diigrent ﬁt?@Ha{BStiZeOVBEéiQSdstPatB%HeY#%ei d

systems, such as a television and a cellular phone. In order to enable decoding the plurality o video
data that c@ffoltidtiecthe ffefdift stRRRAFESNES tMesighatptdddssing\Wiieeks0a 6t theals| éxs00

needs to copforyRtheflifigrantsiandasds. Houwenehie FABEMS-AlINcEBRES imﬁh@n%l%%@féhl?

circuit of the LS| ex500 and increase in the cost arise with the individual use of the signal processing
units ex50E that €osfrkh & the ¢edpdative Staddsrdy Pofuzpszed Witdrdes €'selie@ke problems,
what is cor[qyi;yfg ]'s a configuration in which the decoding processing unit for implementing the

moving picture decoding method described in each of the embodiments and the decoding processing
unit that conforms td'té esd/entibBalrS@AHAFY, $t6h hd NPEEL2EMPEEL AV HAG VERE akSpartly

shared. ex@QG5inF|Gt 3Afashayes aRaxrIBRie;of thecanfiguiationoor example,rHas movinggicture
decoding method described in each of the embodiments and the moving picture decoding method that

conforms t6 MPEGRIASE hiRe, PARly RddBImor? e dB@Ns d1Pro6esEIRGSERN 8§ erltiblf Edding,
inversg quaniizadieprishlocking filtleng.apdootigntpmpensafipie The detals af RFagassing tg be
shared probably include use of a decoding processing unit ex902 that conforms to MPEG4-AVC. In
contrast, a/BHiBAEY BEcHRIRS processing unit ex901 is probably 35 used for other processing that
does not cogfem to MPEG4-AVC and is unique to an aspect of the present invention.The decoding
processing unit for implementing the moving picture decoding method described in each of the

embodiments may He"ShRU TS the FORRSHG td BE shet, And'& Hedieamtét ddBS&HHG HPodERing
unit may be psed darpocessing unignedethali MRREG4-AYE0[0226he  strudharmeseexlRQ0 in

FIG. 34B sho nother example in that processing, is partly shared. This example uses a
configiratE Mg Q0B HEHGHS B GEELGR) B E 00} IndklSEORG 8 e HieEeebing

unique to armaspeshof the prasertiAENtion, A cedinaiaddecedirg: processing WKL thate
supports the processing unique to another ventiong| standard, and a decoding processing unit
ex1003 thaﬁ'ﬁpp?){)rPsrB?b%%ﬁsﬁ% tgé %%ﬁ} béﬂﬁ&e?ﬂ{gmw Cﬂ)?b‘iﬁe%eq:g ng B Reording
to the 15 asfeshefithe presentinventonignthihe conventinbak moviey piotre siecndipg snethpde Here,

the dedicated decod| ' 1001 and ex1002 t i ialized for th
processing NG SR GRS Brosert HUCHIGH EhdHtne robCaihe b (R SOMRLAon Sandit,

respectivelg xa@2mayde thecdpes the signal processing unit ex507, or an audio
signal processing unit that is a part of the signal processing unit
ex507. In such a case, the control unit ex501 includes the signal
processing unit ex507 or the CPU ex502 including a part of the
signal processing unit ex507.

25 [0213]

The name used here is LSI, but it may aiso be called IC,
system LSI, super LSI, or ultra LSI depending on the degree of
integration.
i0214]

30 Moreover, ways to achieve integration are not limited to the
LSI, and a special circuit or a general purpose processor and so
forth can also achieve the integration. Field Programmable Gate
Array {(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

o
&
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20 capable of implementing general processing. Furthermore, the configuration of this embodiment
can be implemented by the LSI ex500. [0227] 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 bet@edp tEemovingabictirg degodingmzithed logordihgvocthecaspety pf tiad! presemtdnention

and the mayi i ecodi e - In-conformity, wi onventiona d.:30Q [l trial
Applicabili%%zglgjw{%g ﬁ%@sﬁ%@nﬁ@r‘? Eﬁ] g;))ﬁpliétgbe teg, [?\oﬁgiﬁ pkﬁ,&gewsigr% ?égca;ﬁ\j‘ S,
digital videdvetbriers taniavigatart By 1énis el 01y B3 phidress digitall cad enas, @igital adtied ,

cameras. afyeh 89 09: f dffefpyenge Siges Lighl0229L19 00 oea picly e cpsrappaatus 20
100 Movinag%cture decoﬁ;’]g aQSparatus 101 SAD info]%% on ecé)dl%r?g uni#jrlti)z S%rl}gr ype ecgéng
unit 108 Sdérmypeadetermining unit 104, 105 Switch

[0215]

In the future, with advancement in semiconductor
technology, a brand-new technology may replace LSI. The
functional blocks can be integrated using such a technology. The

10 possibility is that the present invention is applied to biotechnology.
[0216]
(Embodiment 6)
When video data generated by the moving picture coding
method or by the moving picture coding apparatus described in each
15 of the embodiments is decoded, compared to the case of decoding
video data that conforms to a conventional standard, such as
MPEG-2, MPEG4-AVC, and VC-1, the computing amount probabiy
increases. Thus, the LSI ex500 needs to be set to a driving
frequency higher than that of the CPU ex502 to be used when video
20 data in conformity with the conventional standard is decoded.
However, when the driving frequency is set higher, there is a
probtem that the power consumption increases.
[0217]
In order to soive the problem, the moving picture decoding
25 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 frequencies according to the
determined standard. FIG. 31 illustrates a configuration ex800 in
this embodiment. A driving frequency switching unit ex803 sets a

i
o

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 the embodiments.
Then, the driving frequency switching unit ex803 instructs a
decoding processing unit ex801 that executes the moving picture

35 decoding method described in each of the embodiments to decode
64



1()107 Sao_band_position decoding unit 108 Sao_Offset decoding unit 109 Sao_offset_sign decoding
unit 110 Entropy decoding unit 111 Data storage unit 15120, 230 Inverse quantization and inverse
transform unit 125, 235 Adder 130, 240 Loop filter 140, 250 Memory 150, 260 Intra prediction unit
20160, 280 Motioisl eompehaatiokvinetd 70 intvatinter disdiage switchrp@5 Bulhtracton 8 WeTitansfaim and

quantlzatlo&grﬁlbgjr%Z%Engpwrqulﬂ%ar&lg%w Mﬂtﬁ% Ste&p‘(?p %@J%OB sets a driving
frequency to a lower driving frequency than that of the video data
generated by the moving picture coding method or the moving

5 picture coding apparatus described in each of the 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.

[0218]

10 More specifically, the driving frequency switching unit ex803
includes the CPU ex502 and the driving frequency control unit ex512
in FIG. 30. Here, each of the decoding processing unit ex801 that
executes the moving picture decoding method described in each of
the embodiments and the decoding processing unit ex802 that

15 conforms to the conventional standard corresponds to the signal
processing unit ex503 in FIG. 30. The CPU ex502 determines to
which standard the video data conforms. Then, the driving
frequency control unit ex512 determines a driving frequency based
on a signal from the CPU ex502. Furthermore, the signal

20 processing unit ex507 decodes the video data based on a signal
from the CPU ex502. For example, the identification information
described in Embodiment 4 is probably used for identifying the video
data. The identification information is not limited to the one
described in Embodiment 4 but may be any information as long as

25 the information indicates to which standard the video data
conforms. For example, when which standard video data conforms
to can be determined based on an external signa! for determining
that the video data is used for a television or a disk, etc., the
determination may be made based on such an external signal.

30 Furthermore, the CPU ex503 selects a driving frequency based on,
for example, a look-up table in which the standards of the video
data are associated with the driving frequencies as shown in FIG.
33. The driving frequency can be selected by storing the look-up
table in the buffer ex508 and an internal memory of an LSI, and

35 with reference to the look-up table by the CPU ex502.

3
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[CLAIMS] [Claim 1] A moving picture coding method for coding an input image to generate a bit
stream, the method comprising: 5performing context adaptive binary arithmetic coding in which a
variable probability value is used, on first information among multiple types of sample adaptive offset
(SAG) infofraatids jused for SAD that is a process of assigning an offset value to a pixel value of a pixel

included in an imag nergted. I e pput ioi e; . contin rforming. hypass
arithmetic coding in%v ich a§ %(et(?pgr%ﬁga%%g vét?ug |5é ugafc% gr%1 %gé‘otr'lﬂ nf%rmﬁﬁ%g%or?%e tr?l?d iﬁ?é?mation
among thegnuhipldi tygastof th& ISAD irforrdiiun, wk&r2hihe Woeed spoand pnddakisg infprmeatidn are

placed 15aige f1e coed st {AIRATRC R IDa bitsan Iiain & The maving pleviscoing
g to Claim1, wherein one of the second information and the thir
20infoPmatleaXs sao_baae positn indibaifghirange @ piet vamesas whithitiherSaD iscdpplied.
[Claim 3] yideo data is generated based on the identification information by
the coding method and the coding apparatus described in each of
the embodiments. When the video data is generated by the coding
method or the coding apparatus described in each of the
10 embodiments, in Step ex5202, the 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
15 indicates that the video data conforms to the conventional standard,
such as MPEG-2, MPEG4-AVC, and VC-1, in Step ex5203, the CPU
ex502 transmits a signal for setting the driving frequency to a lower
driving frequency to the driving frequency control unit ex512.
Then, the driving frequency control unit ex512 sets the driving
20 frequency to the fower driving frequency than that in the case where
the video data is generated by the coding method or the coding
apparatus described in each of the embodiments.
[0220]
Furthermore, along with the switching of the driving
25 frequencies, the power conservation effect can be improved by
changing the voltage to be applied to the LSI ex500 or an apparatus
including the LSI ex500. For example, when the driving frequency
is set lower, the voltage to be applied to the LSI ex500 or the
apparatus including the LS1 ex500 is probably set to a voltage lower
30 than that in the case where the driving frequency is set higher.
(6221]

Furthermore, when the computing amount for decoding is
targer, the driving frequency may be set higher, and when the
computing amount for decoding is smaller, the driving frequency

356 may be set lower as the method for setting the driving freguency.
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The moving picture coding method according to Claim 2, 25 wherein the other of the second
information and the third information is sao offset_sign indicating whether an offset value is positive or
negative, the offset value being assigned to a pixel value to which the SAD is applied. 30[Claim 4]
The moving picturd bedawthethot atbarding todtldim & adhéreitirehecartiniesishpertbratimgthe
sao_band itiqq | d h 0_0ffset ,sign is o ing pigture in
method <';1Cti:(;n)ﬁlzlir%l t%ﬁﬁs%ngéﬁé élaﬁﬁ%%ﬁj Iglj‘j'rr4$sfjl98 g%véiiﬁeagirﬁoarpige%gam%%ﬁ% gA gaa?)nplied
includes cobAPUIgeEs bf mulkipl&ilpést aAY C is th tist ibfoamattion, dherseobdnfomeation, famd the

third informayj for f nt lai . e ' ictyre coding
method Aco o [t e S LT A & 1 Clie . iher e RS e o
thebypass @afitHifiéticsediyds fither pedodnad on aplesst vae dareitiethationeambngathetimaltiple

types of the, SAQ IRYEAKoN IEeHRIePFIRIE R SL Rl Bl e oG ol e et

15information and the thir ormation.
to the setting described above.
[0222]

Furthermore, the method for setting the driving frequency is

10 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 or the
moving picture coding apparatus described in each of the
embodiments, the voltage to be applied to the LSI ex500 or the

15 apparatus including the LSI ex500 is probably set higher. When the
identification information indicates that the video data conforms to

the conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1,

the voltage to be applied to the LSI ex500 or the apparatus
including the LSI ex500 is probably set lower. As another example,

20 when the identification information indicates that the video data is
generated by the moving picture coding method or the video coding
apparatus described in each of the embodiments, the driving of the
CPU ex502 does not probably have to be suspended. When the
identification information indicates that the video data conforms to
the conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1,
the driving of the CPU ex502 is probably suspended at a given time

[
o

because the CPU ex502 has extra processing capacity. Even when
the identification information indicates that the video data is
generated by the moving picture coding method or the moving
30 picture coding apparatus described in each of the embodiments, in
the case where the CPU ex502 has extra processing capacity, the
driving 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
35  video data conforms to the conventional standard, such as MPEG-2,

gy
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[Claim 7] The moving picture coding method according to any one of Claim 1 to Claim 6,
90wherein the first information is part of sao_type_idx indicating that the SAQO is not to be performed or
a type of the SAO. [Claim 8] A moving picture decoding method for decoding a coded
25image indfitfed 4 & Wit steeadh \MbAe method comprising: performing context adaptive binary
arithmetic q%;ggigiin which a variable probability value is used, on first information among multiple
types of SAO Information that are included in the bit stream and used for sample adaptive offset (SAO)
which is a process ofassigaimtgan offset vatugao apirskvalaéioia pifeldhcliakdbie amimage ed

generated by .d ng; | ,and .. . . COptj performi itpmﬂi
decoding in%h%%ﬂggﬁieﬁr%%ﬁg@gﬁg is((jl Gls\é'él%nﬂ;%%lg#? %%ersrm%r}%r?%r% %%ﬁ(%forma icgrﬁ‘ ﬁ1at
are among #ha nelatisletyped it th&BA@IigBiafst At cPae fovated Bftet ey firstifornmiagon th ehe bit

stream. 72 | [E€faim 8l;Ehe, mey @Qa?}ﬁtgf[? H‘}EQQ{E%’H%’%’Q Recpgling e gb’ﬂ‘i@ rive nW[]%rE%i%eQ{Te of

the second information and the third information 1s sao_band_position indicating a range of pi

values to whiH &ey SAGHE appliRid gCHainti i8] Thamovasy prifieru@edding hBthodhaccopdingeto
Claim9,  csnservation effect.

[0224]
10 (Embodiment 7)

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. 1In order to enable decoding
the plurality of video data that conforms to the different standards,

15 the signal processing unit ex507 of the LSI ex500 needs to conform
to the different standards. However, the problems of increase in
the scale of the circuit of the LSI ex500 and increase in the cost
arise with the individual use of the signal processing units ex507
that conform to the respective standards.

20 [0225]

In order to solve the problems, what is conceived is a
configuration in  which the decoding processing unit for
implementing the moving picture decoding method described in each
of the embodiments and the decoding processing unit that conforms

25 to the conventional standard, such as MPEG-2, MPEG4-AVC, and
VC-1 are partly shared. ex900 in FIG. 34A shows an example of the
configuration. For example, the moving picture decoding method
described in each of the embodiments and the moving picture
decoding method that conforms to MPEG4-AVC have, partly in

30 common, the details of processing, such as entropy coding, inverse
quantization, deblocking filtering, and motion compensation. The
details of processing to be shared probably include use of a
decoding processing unit ex902 that conforms to MPEG4-AVC. In
contrast, a dedicated decoding processing unit ex901 is probably

35 used for other processing that does not conform to MPEG4-AVC and
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wherein the other of the second information and the third information is sao_offset_sign indicating
whether an offset value is positive or negative, the offset value being assigned to a pixel value to
which the SAO is applied. 15[Claim 11] The moving picture decoding method according to Claim 10,
whereinintiseconfiqueustypesfornzingdid sad_tiared_positien s deceddadaafter thersaodaffsetisign is

decoded. goclam A2 o hednoving pidie decodingmethiod aegoraing o

Claim 11, a pixel to whic

ot

IS applied includes comp hents of mu fﬁe tyges, and

f g!%im 8to

25the firstrimédrineatiothe e Bee dnihirdemifatidnt iaa detivebtbiidriméorhsationa \ark eledoaled dof @adh of the

componenis, [Claim 131 , 1, Ehemaoving picture decoding mefhad aceerding, (9, aay. o
u e efic deto

Claim 12, Wherein'in the continuously pefforming, thebypass arithm

INg 1S perf

n%grof&mm 8to

med on at

least dne oty iR rg&ioN ameTg tesaintplertipes diahdhsA® intdFadtidnAediately before or

immediat the decoding of the second information and the 35third information.
B3]
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[
2t

50

35

Furthermore, ex1000 in FIG. 34B shows another example in
that processing is partly shared. This example uses a configuration
including a dedicated decoding processing unit ex1001 that supports
the processing unigue to an aspect of the present invention, a
dedicated decoding processing unit ex1002 that supports the
processing unique to another conventional standard, and a decoding
processing unit ex1003 that supports processing to be shared
between the moving picture decoding method according to the
aspect of the present invention and the conventional moving picture
decoding method. Here, the dedicated decoding processing units
ex1001 and ex1002 are not necessarily specialized for the
processing of 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 this embodiment can be implemented by the LSI
ex500.

[0227]

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]
[0228]

The present invention is applicable to, for example, television
receivers, digital video recorders, car navigation systems, cellular
phones, digital cameras, digital video cameras, and so on.
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[Claim 14] The moving picture decoding method according to any one of Claim 8 to Claim 13,
wherein the first information is part of sao_type_idx indicating that the SAO is not to be performed or a
type of the SAO. [Claim 15] A moving picture coding apparatus which comprises control
iocircuitry and storage accessible from the control circuitry, and codes an input image to generate a bit

stream, in the | cirquitry executes the moving picture coding method according to
Claim 1. 1&[%\%:%?@]&% §P§$ﬂ%\%‘lg icture decoding apparatus which comprises control circuitry and

storage ac¢@€sdiikel from the control circuitry, and decodes a coded image included in a bit stream,

wherein the control (iiffuigé gxewgﬁﬁl%e g]EYE]QeDif&'HﬁW%O %g@r%qjggdgethod according to Claim 8.
c tds co

[Claim 17] A moving piéture coding and“décoding appara prising: the moving picture coding
apparétus according2ie, Cldhi 18125 6@ thi€ odngasictdie deapdingaipparatus according to Claim

16. 101 SAO information decoding unit

102 Sao_Type decoding unit
103 Sao_Type determining unit
104, 105 Switch

10 107 Sao_band_position decoding unit
108 Sao_Offset decoding unit
109 Sao_offset_sign decoding unit
110 Entropy decoding unit
111 Data storage unit

15 120, 230 Inverse quantization and inverse transform unit
125, 235 Adder
130, 240 Loop filter
140, 250 Memory
150, 260 Intra prediction unit

20 160, 280 Motion compensation unit
170 Intra/inter change switch
205 Subtractor
210 Transform and quantization unit 210
220 Entropy coding unit

25 270 Motion detection unit
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[CLAIMS]
[Claim 1]

A moving picture coding method for coding an input image to
generate a bit stream, the method comprising:

performing context adaptive binary arithmetic coding in
which a variable probability value is used, on first information
among multiple types of sample adaptive offset (SAO) information
used for SAQO that is a process of assigning an offset value to a pixel
value of a pixel included in an image generated by coding the input
image,; and

continuously performing bypass arithmetic coding in which a
fixed probability value is used, on second information and third
information among the multiple types of the SAO information,

wherein the coded second and third information are placed
after the coded first information in the bit stream.

[Claim 2]
The moving picture coding method according to Claim 1,
wherein one of the second information and the third
information is sao_band_position indicating a range of pixel values
to which the SAQO is applied.

[Claim 3]
The moving picture coding method according to Ciaim 2,
wherein the other of the second information and the third
information is sao_offset_sign indicating whether an offset value is
positive or negative, the offset value being assigned to a pixel value
to which the SAQO is applied.

{Claim 4]
The moving picture coding method according to Claim 3,
wherein in the continuously performing, the
sao_band_position is coded after the sao_offset _sign is coded.

[Claim 5]
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The moving picture coding method according to any one of
Claim 1 to Claim 4,

wherein a pixel to which the SAO is applied includes
components of multiple types, and

the first information, the second information, and the third
information are coded for each of the components.

[Claim 6]

The moving picture coding method according to any one of
Ciaim 1 to Claim 5,

wherein in  the continuously performing, the bypass
arithmetic coding is further performed on at least one other
information among the multiple types of the SAO information
immediately before or immediately after the coding of the second
information and the third information.

[Claim 7]

The moving picture coding method according to any one cf
Claim 1 to Claim 6,

wherein the first information is part of sao _type idx
indicating that the SAQ is not to be performed or a type of the SAQ.

[Claim 8]

A moving picture decoding method for decoding a coded
image included in a bit stream, the method comprising:

performing context adaptive binary arithmetic decoding in
which a variable probability value is used, on first information
among multiple types of SAO information that are included in the bit
stream and used for sampie adaptive offset (SAO) which is a
process of assigning an offset value to a pixel value of a pixel
included in an image generated by decoding the coded image; and

continuously performing bypass arithmetic decoding in which
a fixed probability value is used, on second information and third
information that are among the multiple types of the SAO
information and located after the first information in the bit stream.
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[Claim 9]
The moving picture decoding method according to Claim 8,
wherein one of the second information and the third
information is sao_band_position indicating a range of pixel values
to which the SAO is applied.

[Claim 10]
The moving picture decoding method according to Claim 9,
wherein the other of the second information and the third
information is sao_offset_sign indicating whether an offset value is
positive or negative, the offset value being assigned to a pixel value
to which the SAQO is applied.

[Claim 11]
The moving picture decoding method according to Claim 10,
wherein in the continuously performing, the
sao_band_position is decoded after the sao_offset_sign is decoded.

[Claim 12]

The moving picture decoding method according to any one of
Claim 8 to Claim 11,

wherein a pixel to which the SAO is applied includes
components of multipte types, and

the first information, the second information, and the third
information are decoded for each of the components.

[Claim 13]

The moving picture decoding method according to any one of
Claim 8 to Claim 12,

wherein in the continucusly performing, the bypass
arithmetic decoding is performed on at least one other information
among the multiple types of the SAO information immediately before
or immediately after the decoding of the second information and the
third information.
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[Claim 14]

The moving picture decoding method according to any one of
Claim 8 to Claim 13,

wherein the first information is part of sao_type_idx
indicating that the SAO is not to be performed or a type of the SAO.

[Claim 15]

A moving picture coding apparatus which comprises control
circuitry and storage accessible from the control circuitry, and codes
an input image to generate a bit stream,

wherein the control circuitry executes the moving picture
coding method according to Claim 1.

[Claim 16]

A moving picture decoding apparatus which comprises
control circuitry and storage accessible from the control circuitry,
and decodes a coded image included in a bit stream,

wherein the control circuitry executes the moving picture

decoding method according to Claim 8.

[Claim 17]

A moving picture coding and decoding apparatus comprising:

the moving picture coding apparatus according to Claim 15;
and

the moving picture decoding apparatus according to Claim
16.



