[DESCRIPTION] [Title of Invention] IMAGE CODING METHOD, IMAGE CODING APPARATUS,
IMAGE DECODING METHOD, IMAGE DECODING APPARATUS, AND IMAGE 5 CODING AND
DECODING APPARATUS [Technical Field] [0001] The present invention relates to an image
coding method, an image coding apparatus, an image decoding method, an image 10 decoding
apparatus, aftFarimbgelédtlihg and decoding apparatus, and in particular to an image coding
method, an [mage eqding, apRasatys, an image decoding method, an image decoding apparatus, and
an image coding and decoding apparatus for performing arithmetic codirp%or arithmetic decoding on a

sample adaf.[)l %ﬁse‘t:@fp(@k )[@:\grﬁ@@f [B%{\éléb@(ﬁm(ﬁ:@rﬁl[bi@zﬁp Q@éﬂt’%aré'ﬁé\%%een the
significant tesH@CEb URE | apETERDJiditaAGIRO BB PIWTUSES, AFPIRRIERSIRY cChaes fon 2¢
compression-codi ideo si ity of im arranged in time series) and recording the
video s gna&%ﬁ%é&@ @e%@s@a&&i%gﬁ%ﬁird disks or distributing the video signal on the
Internet. Fof €ézampleath€idigg4/AVC (MPEG-4 AVC) is one of the standards for compression-coding
a video sign d:dJ{t ermore, the 25High Efficiency Video Coding (HEVC) standard is currently being

considered as a next-generation standard. [0003] The current HEVC standard (NPL 1) has an
offset process called 'SAQ I FHEBAD Yeddess isel ptecets fonaddmgeas offisegvaigd 30de each pixel

of an image; egaded- et g Digiiram dserled Ritsear. BETBUING hecenOprogsssAlabes
reduction in image degradation by coding and making'the decoded’image more similar to the original
image: fn aBFPHESIWARRRE Tl fonBR BV stANBER] GAE MRhaATedictemil igpaieaiad vh an offset

value in the 35¢AR PrsaseLdad the olfset walireis asdreiothedhitdreas image coding
apparatus, an image decoding method, an image decoding apparatus,
and an image coding and decoding apparatus for performing
arithmetic coding or arithmetic decoding on a sample adaptive offset
15  (SAO) parameter.
[Background Art]
[0002]
Recent years have seen the significant technical development
in  digital video apparatuses, and increasing chances for
20 compression-coding a video signal (a plurality of images arranged in
time series) and recording the video signal onto recording media
such as DVDs and hard disks or distributing the video signal on the
Internet. For example, the H.264/AVC (MPEG-4 AV(C) is one of the
standards for compression-coding a video signal. Furthermore, the
25 High Efficiency Video Coding (HEVC) standard is currently being
considered as a next-generation standard.
[0003]
The current HEVC standard (NPL 1) has an offset process
called SAO. The SAO process is a process for adding an offset value
30 to each pixel of an image decoded from a bitstream (coded
bitstream). Performing the SAO process enables reduction in image
degradation by coding and making the decoded image more similar
to the original image. [In accordance with the current HEVC
standard, the arithmetic coding is performed on an offset value in the

35  SAQ process, and the offset value is added to the bitstream.
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-1- [Citation List] [Non Patent Literature] [0004] [NPL 1]Joint Collaborative Team on Video Coding
(JCT-VC) of 5 ITU-T 5G16 WP3 and ISO/IEC JTC1/SC29/WG11, 9th Meeting: Geneva, CH, 27 April -
7 May 2012, JCTVC-10602CDTexts_r2.doc, BoG report on integrated text of SAO adoptions on top of
JCTVC-10030 ,httEJ.:// henix.it-sudparis.eu/jct/doc_end_user/documents/9 Genev
10a/wg11/JEFVELi8605198)zip [Summary of Invention] [Technical Problem] [0005] In the
conventiondl Neohrigite racceleraiedrerpcessing is 15desired in coding and decoding an image. [0006]
Here, the prrgggrégivention provides an image coding method and an image decoding method in
which the processing can be accelerated. 20[Solution to Problem] [0007] The image coding
method accbitirig 1d an aspedtiof the! iarbsent ineeieans an iadeaddodi mepthdd Tek/€oing an input

image, and {Rqlpgesseonyeripa sinte abin SKng=an 9izel Malsg /\wG11, 9th Meeting:
Geneva, CH, 27 Aprit - 7 May 2012, JCTVC-10602_CDTexts_r2.doc,
BoG report on integrated text of SAO adoptions on top of
JCTVC-10030,
http://phenix.it-sudparis.eu/jct/doc_end_user/documents/9_Genev

10 a/wgl1l/ICTVC-I0602-v3.zip
[Summary of Invention]

[Technical Problem]
[0005]

In the conventional technique, accelerated processing is

15 desired in coding and decoding an image.

[0006]

Here, the present invention provides an image coding method
and an image decoding method in which the processing can be
accelerated.

20  [Solution to Problem]

[0007]

The image coding method according to an aspect of the
present invention is an image coding method for coding an input
image, and includes: converting, into a bin string, an offset value

25 used in an offset process to be applied to a pixel value of a
reconstructed image corresponding to the input image; and
performing bypass arithmetic coding on the bin string using a fixed
probability.

[0008]

30 Furthermore, the image decoding method according to
another aspect of the present invention is an image decoding method
for decoding a coded image, and includes: performing bypass
arithmetic decoding on a bin string using a fixed probability, the bin
string being coded and indicating an offset value used in an offset

35 process to be applied to a pixel value of a reconstructed image
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25 used in an offset process to be applied to a pixel value of a reconstructed image corresponding to
the input image; and performing bypass arithmetic coding on the bin string using a fixed probability.
[0008] 30Furthermore, the image decoding method according to another aspect of the present
invention is an image decoding method for decoding a coded image, and includes: performing bypass

arithmetic d&QJdiRg I B Pstihd RN Fle HProbabIRY tHeWIN SHiHYbeln @oded &HéSRTicating

an offset valuea lused than ioffset 35pLocess prhe rappiied iy paixelmatimnod & ceennstiaoted iwage
correspondiré%%%? the coded image; and converting, into the offset value, the bin string on which the

bypass arith S48l ing is performed. [0009] 5These general or specific aspects of the present

invention mdyb& Briplemented by a system, an apparatus, an integrated circuit, a computer program,

a computer-readabl di ium, . - itr inati f the
system,gthe apparatelgé,eetcﬁé i@?ﬁ%fﬁrﬁgaﬁ%%%%?ﬁ “&E%r?gngé%% ﬁﬁg%mg?f n%aé/dium.
[Advantagedi® ER¢URBEINVRAtBH] f081etem, Bithahe anatiescoahgmiethoiadedmagétcotling

apparatus, the ifagestesPdinemetipd o image dereding aRRA AR ARYLRS Rimagereading and
decoding apparatus according to the present invention, the processing ¢an be accelerated. [Brief
Description of B4} [00£r] arbitrary combination of the system, the apparatus,

the integrated circuit, the computer program, and the recording
10 medium.

[Advantageous Effects of Invention]

[0010]

With the image coding method, the image coding apparatus,

the image decoding method, the image decoding apparatus, and the
15 image coding and decoding apparatus according to the present

invention, the processing can be accelerated.

[Brief Description of Drawings]

[0011]

[FIG. 1] FIG. 1 is a block diagram illustrating an example
20 configuration of an image coding apparatus according to Embodiment

1.

[FIG. 2] FIG. 2 is a block diagram illustrating an example

configuration of an SAO parameter coding unit.

[FIG. 3] FIG. 3 is a block diagram illustrating an example
25 configuration of an sao_offset coding unit.

[FIG. 4] FIG. 4 is a flowchart indicating example processes of the

image coding apparatus according to Embodiment 1.

[FIG. 5] FIG. 5 is a fiowchart indicating example processes of the

SAOC parameter coding unit according to Embodiment 1.
30 [FIG. 6A] FIG. 6Ais a flowchart indicating example processes of the

sao_offset coding unit according to Embodiment 1.

[FIG. 6B] FIG. 6B is a flowchart indicating example processes of the

sao_offset coding unit according to Variation 2 of Embodiment 1.

[FIG. 7] FIG. 7 is a table indicating an example correspondence
35 between non-binary signals and bin strings.

n
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[FIG. 1]JFIG. 1 is a block diagram illustrating an example 20 configuration of an image coding

apparatus according to Embodiment 1. [FIG. 2]FIG. 2 is a block diagram illustrating an example

configuration of an SAO parameter coding unit. [FIG. 3]FIG. 3 is a block diagram illustrating an

example 25(:ong§)uration of an sao_offset coding unit. [FIG. 4] FIG. 4 is a flowchart indicating example
[

processes of HE e Efing dfpar & RaRE RIS BREIRERPT AR TS SSPEi 838 PidNvchart
indicating exavohlel pepeassesiafithe SAQ parameten eaehd nigitaceerdipgie=gBmbodiment 1. 30[FIG.

6A] FIG. 6A js a flowchart indicat | f th ffset coding unit according t
Embociment 11 l65] E6. S0 S erele RO A EXHHpHL FSE L BReiT RS2 BAet coding

unit accordiredf ftiec Martagianc? of dmé ddintenitbb dtce mh AlG.ndis/a tébtédndicating an example

corresp nde[;}(ﬁS ee n-bjnary signals, and bin strings. [FIG.,8] FIG. 8 is a table indicating a
corresp%nde ce 'eti/vhleé\Zn br}:ngelhclggzgslsngé:bﬁ%&%n@%t%tié'c‘:%ﬁ%g %nge gé‘pn%é.a[E? qu] FIG. 9
is a table shewiHgaesuR of experipent Bragstling effieibingy ascupdingttosEnsuotimding and
Variation 1. p[EIG, dQFIG 10 is a block diagram illustrating an example configuration of an image

decoding apparatus according to Embodiment 2. [FIG. 11]FIG. 11 is a block diagram illustrating an
example FFIG. 11] FIG. 11 is a block diagram illustrating an example

configuration of an SAO parameter decoding unit.
10 [FIG. 12] FIG. 12 is a block diagram illustrating an example
configuration of an saoc_offset decoding unit.
[FIG. 13] FIG. 13is a flowchart indicating example processes of the
image decoding apparatus according to Embodiment 2.
[FIG. 14] FIG. 14 is a flowchart indicating example processes of the
15 SAO parameter decoding unit according to Embodiment 2.
[FIG. 15A] FIG. 15A is a flowchart indicating example processes of
the sao_offset decoding unit according to Embodiment 2.
[FIG. 15B] FIG. 15B is a flowchart indicating example processes of
the sao_offset decoding unit according to Variation 2 of Embodiment
20 2.
[FIG. 16] FIG. 16 illustrates an overall configuration of a content
providing system for implementing content distribution services.
[FIG. 17] FIG. 17 illustrates an overall configuration of a digital
broadcasting system.
25 [FIG. 18] FIG. 18 illustrates a block diagram of an example of a
configuration of a television.
[FIG. 19] FIG. 19 illustrates a block diagram illustrating an example
of a configuration of an information reproducing/recording unit that
reads and writes information from or on a recording medium that is
30 an optical disc.
[FIG. 20] FIG. 20 illustrates an example of a configuration of a
recording medium that is an optical disc.
[FIG. 21A] FIG. 21A illustrates an example of a celluiar phone.
[FIG. 21B] FIG. 21B illustrates a block diagram of an example of a

35 configuration of the celluiar phone.
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configuration of an SAO parameter decoding unit. 10[FIG. 12]FIG. 12 is a block diagram illustrating an
example configuration of an sao_offset decoding unit. [FIG. 13] FIG. 13 is a flowchart indicating
example processes of the image decoding apparatus according to Embodiment 2. [FIG. 14] FIG. 14 is
a flowchart indicati(r? examlgle processes of the 15 SAO parameter decoding unit according to

Embodiment 81 friG AbATRIG. 281 LS HRTETaR mHibATHG @x@iipE 5iBLaE845 BPfise sao_offset

decoding unitriggording to Enabodiment B dir&titaBFiGutbhaisea flawehasidndicatingpranmple
processes of thei saT offset decoqin unit %ccording to Variation 2 of Embodiment 20 2 [FIG. 16] FIG.
16 illustrates aH (Wé %ﬁ%Bn‘ﬁbJ}?&t& 3)?5% n‘?@rlffaproviding system for implementing content

distribution SgftiGes2iF]G. RVIFIG 4 7iillustredes sinhaveradl configuratiopznfa digkablorogdoasting
system. 25[FIG. FIG. J18dll tes a.block di f an example of a configuration of a television.
[FIG. 1 Flé&@%ﬁhséﬁtgség RIS i gieae i

tr
ock diagram illustrating an example of a configuration of an information
reproducing/t&é¢érdid$ Linitfthat réad$l kst arites infeimadbnrfeont of Snpe rdcoldirg thestivnahat is

30an optical : j &@E@thélgngpciigtllgg@t@sda&gxample of a conflguration of a recording medium
that is an optical disc.
[FIG. 26] FIG. 26 illustrates a data structure of a PMT,
[FIG. 27] FIG. 27 illustrates an internal structure of multiplexed
10 data information.
[FIG. 28] FIG. 28 illustrates an internal structure of stream
attribute information.
[FIG. 29] FIG. 29 illustrates steps for identifying video data.
[FIG. 301 FIG. 30 illustrates a block diagram illustrating an example
15 of a configuration of an integrated circuit for implementing a moving
picture coding method and a moving picture decoding method
according to each of Embodiments.
[FIG. 31] FIG. 31 illustrates a configuration for switching between
driving frequencies.
20 [FIG. 32] FIG. 32 itlustrates steps for identifying video data and
switching between driving frequencies.
[FIG. 33] FIG. 33 illustrates an example of a lock-up table in which
the standards of video data are associated with the driving
frequencies.
25 [FIG. 34A] FIG. 34A illustrates an example of a configuration for
sharing a module of a signal processing unit.
[FIG. 34B] FIG. 34B illustrates an example of a configuration for
sharing a module of a signal processing unit.
[Description of Embodiments)
30 [0012]
(Knowledge on which the present invention is based)

The Inventors have found that the image coding method and
others described in "Background Art” have the following probiems.
[0013]

35 As described above, in accordance with the current HEVC
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[FIG. 21A] FIG. 21A illustrates an example of a cellular phone. [FIG. 21B] FIG. 213 illustrates a block
diagram of an example of a 35configuration of the cellular phone. -4- [FIG. 22] FIG. 22 illustrates a
structure of multiplexed data. [FIG. 23]FIG. 23 schematically illustrates how each stream is multiplexed
in multiplexed data.  [FIG. 24] FIG. 24 illustrates how a video stream is stored in a 5stream of PES

packets in mor@ e [t 25] N SSECIRREEREs' 8 BRIERIT A1 PRRETERE YaUHR Padts in the

multiplexed ¢xt@ [FHoc 26k 26sillbistratesaa dataiciuie 6f B\ Frset[FE3u 7] Kx @& dllustrates
an internal s&ru&'ﬁre gf multiplexed 10data infort’?atiin. [FIG é8]FIG 28 ill Strate%,an int?rtr:lal structure
of stream attribitdSn dFr%tart‘T:‘o%ﬂFl . %fﬁ’@.efé & {P’atég stt Ss%?ti'aa?fﬁ%ﬁw&@ e Fdta. ﬁﬁG. 30]

FIG. 30 iIIusﬂfﬁé&asm@r_;kidia_\fg,raarmEWBﬁoQamcm@mpl@‘akS_eﬁmMﬁglﬂm_mﬁﬁs&rtimagrat)ed c_:ircuit
e VP SR PRSP e el oo
frequencies.arithmetic coding is performed on the bin string.

[0014]

The arithmetic coding has two types: {1) context arithmetic
coding in which arithmetic coding is performed using an adaptive

10 symbol occurrence probability;, and (2) bypass arithmetic coding in
which arithmetic coding is performed by fixing a symbol occurrence
probability to, for example, 50%.

[0015]

(1) In the context arithmetic coding, a context is selected per

15 signal to be coded. The symbol occurrence probability is
determined according to the context. Furthermore, in the context
arithmetic coding, the selected context is loaded, and the arithmetic
coding is performed on the signal to be coded, based on a symbol
occurrence probability corresponding to the loaded context.

20 Furthermore, in the context arithmetic coding, the context updating
process for updating the symbol occurrence probability (for example,
probabilities of occurrence of 1) of the context is performed
according to a value of the signal to be coded.

[0016]

25 (2) In contrast, in the bypass arithmetic coding, arithmetic
coding is performed on the signal to be coded by fixing the symbol
occurrence probability to, for example, 50% without using any
context. Thus, the bypass arithmetic coding does not require
loading and updating the context.

30 [0017]

Conventionally, the image coding apparatus performs the
context arithmetic coding on an SAO offset value. This is because
the symbol occurrence probability of a bin string indicating an SAO
offset value probably has a bias in accordance with the HEVC

35 standard (NPL 1). When the symbol occurrence probability has the
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20[FIG. 32] FIG. 32 illustrates steps for identifying video data and switching between driving
frequencies. [FIG. 33] FIG. 33 illustrates an example of a look-up table in which the standards of video
data are associated with the driving frequencies. 25[FIG. 34A] FIG. 34A illustrates an example of a
configuration for sharing a module of a signal processing unit. [FIG. 346] FIG. 346 illustrates an
example of #t&RfiglFAGIBA T Shdfiify e9RbuaIE BF 6l SiyRYl PROCERIAY PR SESSEriptigHthe
Embodiments) 398001 21HKnewhadoesd iich the present invention is based) The Inventors have
found that thgqi@a%e coding method and others described in "Background Art" have the following
problems. [0 ]1 As described above, in accordance with the current HEVC standard, the
arithmetic coding is perfoened, orhan offset xwalue inhan SAO poeliess thal is @soffsetprocasg, and the
offset value is added t?otgua.bitstreaéwAb.Mgretﬁg)ec#ﬁcalI Oirrlwt%h)gataritF_lmett'}%:ecronoqlinrg of WﬁeHnEYi%: standard,

a signalto bé to e%ls(for exé’?w%]plae? ffset va &“e% 18 Converted fronT a noh- inary signaleto a bin

string, and thi® atiﬂHhemj,e@ddﬁﬁj i§®@f¢rnm©ﬁxh_eﬂﬁmgtm_.i[ﬂom¢ co nThEta@tHrlﬁeti'a:aﬁi)ding has
o types: (g XbAENmelRReding i WA ANREIRG NG IS ARTOUNAN ynRG N RagpIve 10
symbol occurrence probability; and (2) bypass arithmetic coding in which arithmetic coding is
performed b§ fikmggs Breupre e QiioB apHO o ftrak anise, Sonsi [0omsicontext for

the SAO offset value on which the arithmetic coding has been first
10 performed is updated, the context arithmetic coding on the next SAQO

offset value cannot be started. Thus, problems with the sequential

processes and reduction in the throughput occur.

f0019]

In order to solve such problems, the image coding method

15 according to an aspect of the present invention is an image coding

method for coding an input image, and includes: converting, into a

bin string, an offset value used in an offset process to be applied to

a pixel value of a reconstructed image corresponding to the input

image; and performing bypass arithmetic coding on the bin string
20 using a fixed probability.

[0020]

Since in the image coding method, arithmetic coding is
performed on an SAO offset value using the bypass arithmetic coding,
the processing can be accelerated.

25 [0021]

The Inventors have found that the symbel occurrence
probabilities of bin strings each indicating an SAO offset value have
littie biases, which will be described later. Thus, the coding
efficiency does not probably decrease even when the bypass

30 arithmetic coding is performed. Thus, the Inventors have verified in
the experiment that the bypass arithmetic coding as the arithmetic
coding on an SAQO offset value does not decrease the coding
efficiency.

[0022]

35 Thus, the image coding method with the configuration enables
-7



(1) In the context arithmetic coding, a context is selected per 15 signal to be coded. The symbol
occurrence probability is determined according to the context. Furthermore, in the context arithmetic
coding, the selected context is loaded, and the arithmetic coding is performed on the signal to be
coded, based on a symbol occurrence probability corresponding to the loaded context. 20
Furthermore® G ehe ek CAritR M e E68iR) Ine Ehnext Gr¥RtimEpro €8 fbr gREiinEheYsymbol
occurrence ppapabiity (for example, probabilities of occurrence of 1) of the context is performed
according to a value_of the signal to be coded. [0016] 25(2) In contrast, in the bypass arithmetic
coding, arithmetic ¢ Hiﬁﬁ’@rﬁ%%ﬁne&%ﬁ th’@@%&%l tgz% L bvﬁﬂﬁ%e%ggﬂfca ‘SRurkéhce
probability ta,fot examplesbt0dNohwitheat asingrarymtontext husn thedbypassianthmeticheadling does
not require Ipading and,updating the context. 30[0017] . onventionally, the image codin
apparatus pg?{orraggctﬁg ’(:rpﬁteaxtggﬁt%?n%tiicr%ggi%g Sh'an glf(@o fset vaﬁ%éﬁ%ﬁ?’.’s c%&?eat%gé symbol
occurrence probabilityi of desin gtriggandizdtinmg sir BAQusifisgt aafireept ghaiihahak ty bidsdntdocordance
with the HEVEG S sipoasd bt ds Wihendhesymbal pegurience propailinas e -Sff[gzgf'
decrease in the coding efficiency can be suppressed using the context arithmetic coding. 8]
However, ther&sifiest aathpfetie RBURE rEquited pretedsingg Eush ECloadiy afticupdatsfthe
context. Furghgiragrs, w@ﬁ%ceﬂ@%mwﬁh@éa@ Gt selrgtethiy the coniex! affametic

coding on a predetermined SAO offset value is selected in the context anthmetlc coding on another
SAO offset YAUE uril hePEBNESK RSt tRE SO B sEDFaIBY BASThiBRI EET:RitHmMERCOSHIRG Has been
first 10 perfpepfskis updated, the context arithmetic coding on the next SAO offset value cannot be
started. Tht@ Qg%ems with the sequential processes and reduction in the throughput occur. [0019] In
order to sol problems, the image coding method

Furthermore, the image coding apparatus according to

ancther aspect of the present invention is an image coding apparatus
15 that codes an input image, and includes a control circuit and storage

electrically connected to the control circuit, wherein the control

circuit executes: converting, into a bin string, an offset value used

in an offset process to be applied to a pixel value of a reconstructed

image corresponding to the input image; and performing bypass
20 arithmetic coding on the bin string using a fixed probability.

[0025]

Furthermore, the image decoding apparatus according to
another aspect of the present invention is an image decoding
apparatus that decodes a coded image, and includes a caontrol circuit

25 and storage electrically connected to the control circuit, wherein the
control circuit executes: performing bypass arithmetic decoding on
a bin string using a fixed probability, the bin string being coded and
indicating an offset value used in an offset process to be applied to a
pixel value of a reconstructed image corresponding to the coded

30 image; and converting, into the offset value, the bin string on which
the bypass arithmetic decoding is performed.
[0026]

Furthermore, an image coding and decoding apparatus
according to another aspect of the present invention includes the

35 image coding apparatus and the image decoding apparatus.
-8



15 according to an aspect of the present invention is an image coding method for coding an input
image, and includes: converting, into a bin string, an offset value used in an offset process to be
applied to a pixel value of a reconstructed image corresponding to the input image; and performing
bypass arithmetic coding on the bin string 20using a fixed probability. [0020] Since in the image
coding methdeO drithmetic coding is performed on an SAO offset value using the bypass arithmetic

coding, the processing&aa he aesalesrted 251902Hp e ctEhsr Ipyenipeshae fouad i thessymbol
occurrence g)robabilitﬁ%%\of bingtrings each indicating an SAO offset value have little biases, which will

be described® RteF PHS $RE SOAMY HiG¥AES Tbed nbt prOSbIy e ctBAES B WAREIFINE bybass 30
arithmetic cadingps: perfonmedathyus thennyetiors bavia veofied-inrie gxpesimeant thatitie bypass
arithmetic caodipg.a arithmetic coding on an SAO offset v does not decrease the,coding
efficiengy. [o%zez%ég‘ﬁ:ﬁs rea?%aagggﬁ)ﬁﬁg method F\)\ﬁtﬂ?ﬁe %aglﬁﬁgeursaﬁ% eé‘ﬂaﬁlﬁ? Q}ggﬁ?gion of the
processing Wwitkoutiorgataig the-coding, effioienoyni@aadr prdeuditermare] thié anage dedoting
method accg‘c%ragd%e}nother aspect of the present invention is an image decoding method 5 for

ode

decoding ac Image, and includes: performing bypass arithmetic decoding on a bin string using a
fixed probabifft{2fd bin string being coded and indicating an offset value used in an offset process to

be applied to a pixebﬁ'%@f@@ﬁ%ﬂ%@&%'swagecﬁorfﬁ%DOEsﬂ@eﬁqtthWﬁBimg9\;i@ﬂdt@m’efﬂn@

into the offset 10value, the bin string on which the bypass arithmetic decoding is performed. [0024]
Furtherfhored R IHRRE ¥6lihg afpRaER Sechi@ind @ aitifer aspect of the present invention is an

image codingoappanatus 15 that codes an input image, and includes a control circuit and storage
electrically connected tq the. control circuit, wherejn the control circuit executes: converting, into a bin
string, an offset valgrﬂ%@ogi‘%‘?ﬂ;ﬁsefjﬁr%@&eté b(—Bgﬁﬁl’i@é{Beé piXBAGRIE of ARECOHStruSEd image
correspondingtosthie irpud imalgs; arfd predfopmingebypassention.  The values, shapes,
materials, constituent elements, positions and connections of the
15 constituent elements, steps, and orders of the steps indicated in
Embodiments are examples, and do not limit the present invention,
The constituent elements in Embodiments that are not described in
independent Claims that describe the most generic concept of the
present invention are described as arbitrary constituent elements.
20 {0030]
(Embodiment 1)
An image coding apparatus and an image coding method
according to Embodiment 1 will be described with reference to FIGS.
1 to S.
25 [0031]
<1-1. Configuration of apparatus>
The image coding apparatus according to Embodiment 1 will
be described with reference to FIG. 1. FIG. 1 is a block diagram
ilfustrating a configuration of an image coding apparatus 100 in
30 accordance with the HEVC standard according to Embodiment 1.
[0032]
The image coding apparatus 100 is an apparatus that codes an
image to be input (input image) per block to generate a bitstream
{coded bit stream).

35 [0033]
L.



20arithmetic coding on the bin string using a fixed probability. [0025] Furthermore, the image
decoding apparatus according to another aspect of the present invention is an image decoding
apparatus that decodes a coded image, and includes a control circuit 25 and storage electrically
connected to the control circuit, wherein the control circuit executes: performing bypass arithmetic

decoding on a bin stfifig Yidit§& REd Brobahility Lind Bf diMaPeir§ Sbued 2RBaRdiEatng 89 offset
valt;e uszd éﬂ?%@mffé@t @rg@aﬁ@uo ;iﬁ@r@@:ﬁ’diﬁ@rl]rtg a%nml yl@lme r?a‘ ?@@@Mﬁtﬁ?‘ _Lin?]ﬂ%ei%pzr,e@onding
to the coded_30image; and conyerting, into t set valye, the bin string on which the bypass
vithmetic ALLBTRL e eHGinerD 10096 I RISt RBAE koG SPPthRus
according towamiathéOdspeat iof\tkeqrasantsfiventiamincliies the B&uhageicading éppranagiss@nd the
mage decodjog Appaals, o 100371, <Hsse general of spegifc ashegts of fne presept invention
may be implemenied by a System, a’me{ho%i, an fhtegrated Tircuit, a gompu erprogram, a
computer-refuRbK recofdthganedian egdhtas® & WD-ROM, or an arbitrary combination of the

system, the the integrated circuit, the computer program, and the recording medium. [0028]

Embodiments according to the present invention will be 10described with reference to the drawings.
[0029] The block partitioning unit 101 partitions the input image into

blocks to be predicted and each including pixels. The blocks to be
10 predicted are blocks variable in size. For example, the minimum

size of the blocks is 4 x 4 pixels, and the maximum size of the blocks

is 32 x 32 pixels,

[0035]

The subtracting unit 102 subtracts, from each of the blocks to

15 be predicted, a prediction block predicted by the prediction unit 109

to be described later to calculate a difference block. The transform

unit 103 transforms the difference block from an image domain to a

frequency domain to derive frequency coefficients, and quantizes the

frequency coefficients. The quantized frequency coefficients will be
20 referred to as quantized coefficients hereinafter.

[0036]

The variable length coding unit 104 performs entropy coding
on the quantized coefficients output from the transform unit 103 and
on various information necessary for decoding (partitioning

25 information for the blocks to be predicted, a type of prediction, a
motion vector, a prediction mode (intra prediction mode), a
guantized parameter, etc.) to generate a bitstream.

[0037]

The inverse transform unit 105 performs inverse quantization

30 for transforming the quantized coefficients output from the
transform unit 103 into the frequency coefficients, and performs
inverse transform for transforming the frequency coefficients from
the freguency domain to the image domain to derive a reconstructed
difference block. The adding unit 106 adds the prediction block

35 predicted by the prediction unit 109 to be described later to the
- 10 -



Embodiments described hereinafter indicate specific or generic examples of the present invention. The
values, shapes, materials, constituent elements, positions and connections of the 15 constituent
elements, steps, and orders of the steps indicated in Embodiments are examples, and do not limit the
present invention. The constituent elements in Embodiments that are not described in independent

Claims that HB5Erbe tHE HRESPHERERE EBnBERE braRE IRIRY ihEntONEIREIESRNBEATAR atbitfary

constituent elemenisg20{8636¢ (Embedimentitred bAytimage coding apparatus and an image coding
method acc%@@%tg Embodiment 1 will be described with reference to FIGS. 1 to 9. 25[0031] <1-1.
0

Configuratio aratus> The image coding apparatus according to Embodiment 1 will be
described with refer&hee $AE@rbcEKS 4 dsieanbtotk dipgrefmritiusttatin§ A ©opfigueatiof affarimage

coding app in. 30acco ith VC, st rding to Embodiment 1. J0032]
The imagge i}%%?négejg%%%ﬁtu@ﬁﬁog%?gqfsa\%%é:%?; Ejng%&?gg éérg @ﬁﬁgé t!:(r)&%é ﬁéﬁ?gr\\} praiﬁjléa%i) per
block to gene&sid abxstréani YettedhitBeetptr 35[0083pd blorkillastr&édiroffes L, hdumage

coding appaggiis 10 e e losknasioning it d0L i SRS IRAGLIYJIBR AutragsiR unit

103, a variable length coding unit (entropy coding unit) 104, an inverse transform unit 105, an adding

unit 106, an‘8AD 5 epré&sGSingarhit 'BIE an SAD para&te 6 HR§UNR 1 e Hventd§ 108,

and a predictiihapi Ha9. (00841 03 Thednock pavtiiening unjt 404 partitiens dbedppy dngge into
blocks, to be predicted and each including pixels. The blocks to be 10 predicted are blocks variable in
cize. P ex IREICRR AR Bl SHEtIBCRE RUESE Rbia ER e AR Abh e blocks

is 32 x 32 pixelsonstructed block. The SAQ offset value is a value for correcting
the error, and is set per category.
[0039]
The SAO parameter coding unit 110 performs variable length
15 coding on various parameters to be used in the SAO process, and
adds the parameters to the bitstream output from the variable length
coding unit 104. Embodiment 1 exemplifies sao_offset indicating
the SAO offset value and sao_type_idx indicating a category of the
SAQO offset value, as SAQ parameters.
20 [0040]

FIG. 2 is a block diagram illustrating an example configuration
of the SAO parameter coding unit 110. As illustrated in FIG. 2, the
SAQ parameter coding unit 110 includes an sao_type_idx coding unit
111 and an sao_offset coding unit 112.

25 [0041]

The sao_type_idx coding unit 111 performs arithmetic coding
on sao_type_ idx indicating a category of sao_offset. Here,
sao_offset is classified into two categories: an edge offset value
determined according to a status of surrounding pixels; and a band

30 offset value determined according to a region to which the pixel value
of a pixel belongs.
[0042]

The sao_offset coding unit 112 performs arithmetic coding on

sao_offset. FIG. 3 is a block diagram illustrating an example
35 configuration of the sao_offset coding unit 112.
=11 -



[0035] The subtracting unit 102 subtracts, from each of the blocks to 15 be predicted, a prediction
block predicted by the prediction unit 109 to be described later to calculate a difference block. The
transform unit 103 transforms the difference block from an image domain to a frequency domain to
derive frequency coefficients, and quantizes the frequency coefficients. The quantized frequency
coefficients il & Dbreferred to as quantized coefficients hereinafter. [0036] The variable length

coding unit 104 perforgg RryreRYLOGHNG 1D the ayaniized saafficienisiAYiRH fFom thetrapsfeem unit
103 and on various information necessary for decoding (partitioning 25 information for the blocks to be

predicted, a §PeS prédiGin RPAMRSioN de B aldrédidibrPMbAEGhia pREHIREoR HEEB), Wikiantized

parameter, etfci)dtp generaiexa itstreanmi@037¢ dherigversie tiansfosmcunitdQb pedermpginruverse
quantiza(‘gion 30 for transf r@e the gu%rﬁized coefficients ?utputf om the tﬁan form unit 103 into the
in

frequen yco% EigﬁtstB d ot LB HARFO M O TrEn SIOHH W ré ency coefficients from

the frequency@d#vain to the image domain to derive a reconstructed difference block. The adding unit

106 adds the predicti 3 iC : redicti it. to_be descri the - 10 -
reconstructed diﬁereﬁggb b%:gﬂ?g%gg %a[yg]t é ?ﬁ\ﬁé;sséﬂtﬁar?sqfogrnréE&r%?%?té%%ﬁé?a%ge? ﬁl;ccle)%é ructed
block. [0038]aThe SADNROr.c3sIng LAY e i théf SAID procassi gofiset eppasteas)on the

reconsiructed hlockyor aqling, AR ueRl eachaalincldaddn e esopsitusiad bigek. an

SAO offset value corresponding to a category (class) to which the pixel belongs, which will be

descridddl lateh esmtd e friscédiBAoiP el DyahB e sferns aRit 2075 & an iHeSeramESHbcBss, an
error occurs glQtbevaen eardi athedilocks to be predigieddn e iyl image and fhe seeqngfructed

block. The SAQ offset yalue is a value for correcting the error, and is set per category. .
using a first context (context O?. The context 1 arithmetic¢ coding
unit 116 performs context 1 arithmetic coding using a second context
{context 1). The bypass arithmetic coding unit 117 performs bypass

15 arithmetic coding using a fixed probability.

[0045]

The frame memory 108 includes a memory, such as a Random
Access Memory (RAM) and a Read Only Memory (ROM).
[0046]

20 The prediction unit 109 generates a prediction block through
inter prediction or intra prediction. In inter prediction, the
prediction unit 109 derives a motion vector using a block to be
predicted, and generates a prediction block, using the derived
motion vector and the reconstructed block obtained in the SAO

25 process and stored in the frame memory 108, In intra prediction,
the prediction unit 109 generates a prediction block using the
reconstructed block obtained in the SAO process and stored in the
frame memory 108, according to a prediction mode.

(0047]
30 <1-2 Overall operations>
Next, the operations of the image coding apparatus will be
described with reference to FIG. 4. FIG. 4 is a flowchart indicating
the procedure of the image coding apparatus 100.
[0048]
35 In the image coding apparatus 100, the block partitioning unit

12 -



[0039] The SAO parameter coding unit 110 performs variable length 15 coding on various parameters
to be used in the SAO process, and adds the parameters to the bitstream output from the variable
length coding unit 104. Embodiment 1 exemplifies sao offset indicating the SAO offset value and sao
type_idx indicating a category of the SAO offset value, as SAO parameters. 20[0040] FIG.2is a
block diagraﬁfﬂﬂugtréﬁng%ﬁ SlaRpIB ToRMRYdFatiBR BEHE [9AD pakenidtel eolffifierioans

illustrated in &G 25§19 SHQ DRFAMEeR 80diIRG KBit:b1PHACYIASE R §AQ YRR it soding YRk 111 and
an sao_offset cod_ln(t;_ unit 112. 25@[900%%‘99]0)r The sao_type idx coding unit 111 performs arithmetic

coding on s HPELIAR iHAHattPal v of $5o BHREKSH 2 ST offdias dassifiddimbddwo
categories: an edge Gftsal ming determibediageonding to aretatus ot surreyrdisgmbteisi ane @ band
30offset.value determined according to a region tp, which the pixel value of a pixel belongs. [0042]
The sac ot EHRPAHE 205 penterr D Ahmen.d Eoliig A Lho SHesPrIEE B 4 ek titGranm
illustrating ap exdmpii35soffiguratioreof thepsae | effset vedingainitt 112 xkl0848prdinAs tiustrated
in FIG. 3, th t ing upi i S t binarizin it rit tic
coding SWitC%Flﬁ]BIt& lﬁf %qgtgrgéxtpogagﬁt[ﬁe mﬂjtl%q(:%dd?r!ﬁggl?ﬁ? ﬂ%?%%o%%ét %ﬂ%ﬁlﬁ%ﬁﬁ? %go{c#nrg’%nit 116,
and a bypasB ifhatett todivy aartar. jobgajxels x vertical 32 pixels according to

Embodiment 1.

10 [0049]

The prediction unit 109 of the image coding apparatus 100
generates a prediction block using the blocks to be predicted and the
reconstructed block stored in the frame memory 108 (5102).
[0050]

15 The subtracting unit 102 of the image coding apparatus 100
subtracts a prediction block from each of the blocks to be predicted to
generate a difference block (5103).

[0051]

The transform unit 103 of the image coding apparatus 100

20 transforms the difference block into frequency coefficients, and
transforms the frequency coefficients into guantized coefficients
(5104).

[0052]

The inverse transform unit 105 of the image coding apparatus

25 100 inversely quantizes the quantized coefficients to derive the
frequency coefficients, and transforms the freguency coefficients
from the frequency domain to the image domain to generate a
reconstructed difference block (S5105).

[0053]

30 The adding unit 106 of the image coding apparatus 100 adds
the prediction block to the reconstructed difference block to generate
a reconstructed block (5106).

[0054]

The SAO processing unit 107 of the image coding apparatus

35 100 performs an SAO process (S107). The SAQO processing unit 107

- 13-



The sao offset binarizing unit 113 binarizes sao offset that is a non-binary signal (converts sao_offset
into a signal representing 0 and 1). The arithmetic coding switch unit 114 switches a method of 10 the
arithmetic coding to be applied to sao_offset. The context 0 arithmetic coding unit 115 performs
context 0 arithmetic coding using a first context (context 0). The context 1 arithmetic coding unit 116
performs cohtext ¢ afrmmenE eceifig Bsing A sbebndeditess fbhtext iy PR bppassasthmbtic coding

unit 117 perfopsdupAsh L5arimIEik Sosing HRNG AcTixpe BERDABIYE [O0ARE atjnd B frame memory

108 includes a memory, such as a Random Access Memory (RAM) and a Read Only Memor¥ (ROM).

[0046] 20The Pr&litRN EriNDS §endyREs Hiré AL HISLR RROEGP IR EBEEOPop hea

prediction. I ilige pretiisionatheppradiction ¢nihip9 derivas & tRetign veslds using [ bleekinde
predicted, and neraétl;s a prediction blocg,. ugjggjthg derived motion vector and tlr]e rg;:onstr cted
Siéréttin

2 537604y 4h he'rEife ARSROSIBE ATlintlL brediefish, the

block oBtainBYSh'thé
prediction umitd6Ssgeheratesanpradictien bidok kising thieirdcarstrueted hidtkaibtainead i theeSAO

process and_stored in the, fra r a ding to,a prediction mode. [0047] 30<1-2 Overall
operations> aé% Sgéﬂtﬂi tE%éogé%a'Iﬁgmsﬂ oéf/ﬁge%%afg)ég Cod?nrt]g @p%a%g{tﬁs E\S/:/riﬁ%%séésgﬁtgi‘d 9v?itjft1hr8ference
to FIG. 4. FIGixeis ;irﬂ@wclﬁdt indttaiimqmst@m@ bidlek ilsager sedfirerappaates 0002 048]
35In the imagg £oding @Rparaig 100, the blogk parpifipning:ypits L r, 104 ftrﬁép%%'{'é’%%%ﬁp“t
image into blocks to be predicted, and successively outputs the blocks to the subtracting unit 102 and
the prédictio] 8htA®® (81613 Sy bt ks o pledictemard Wgabld ihtsizeaeesrdingter of

Embodiment o The inpuldmage is paniionedbeYeing topturesah theimage vEgdnjaimumsize of the
blocks to be predlctﬁd IS horizontal 4 pixels x vertical 4 pixels according to Embodiment 1.
Furthermore[,QIQesﬁl ximum size of the blocks to be predicted is horizontal 32 pixels x vertical 32 pixels

according to EmbodimentdAO parameter coding unit 110 of the image coding
apparatus 100 performs variable length coding on the SAQ parameter,
15 and adds the parameter to the bitstream output from the variable
length coding unit 104 (S108). The details of the SAO parameter
coding unit 110 will be described later.
[0056]
The variable tength coding unit 104 of the image coding
20 apparatus 100 performs variable length coding on the guantized
coefficients output from the transform unit 103 to output a bitstream
(5109).
[0057]
The image coding apparatus 100 repeatedly performs Steps
25 5102 to S109 until coding of all the blocks to be predicted of the input
image is compieted (S110).
[0058]
<1-2-1. Operations of the SAO parameter coding unit>
The operations of the SAO parameter coding unit 110
30 according to Embodiment 1 will be described with reference to FIG.
5.
[0059]
FIG. 5 is a flowchart indicating example processes of the SAQ
parameter coding unit 110, and details Step 5108 of FIG. 4.

35  [0060]
S 14



10 [0049] The prediction unit 109 of the image coding apparatus 100 generates a prediction block
using the blocks to be predicted and the reconstructed block stored in the frame memory 108 (5102).

[0050] 15The subtracting unit 102 of the image coding apparatus 100 subtracts a prediction block from
each of the blocks to be predicted to generate a difference block (5103). [0051] The transform unit 103
of the image coding hpparaffs T 20 | transforhisahe! differéade Isbcktitto FrbGueney 2oefflsients, and

transforms tlg%g engy coetiicieis into,guan gggd@qg @lf)@tﬂ(SlM) [0052] The inverse transform

unit 105 of the i |mag£ coding apparatus 25 100 inversely quantizes the quantized coefficients to derive
the frequenc ients, and transforms the frequency coefficients from the frequency domain to the

image domain to geneyate ageesnsiiticiad ditierante Plack(51R2). 40053} 3T hroadding U 4 06 of
the |ma%e codlng apparatus 100 adds t "hftﬁ)% dlctlon block to the reconstructed difference block to

generatd a rBhstrhi&P BRI 06) * The SAO processing unit 107 of the image
coding appaf@0% 35100 performs an SAO process (5107) The SAO processing unit 107 13 -- first
determines S aﬁanaaters tﬁ be used, for the SAC?fer cess, In Embc%dlment 1, the SAO parameters
are sao__ offsetin catlng 4n SADGHS tvaf‘sueS AR Lo ype |dx Cif it ting a category of the SAO offset
value. The SAO prodészing anittlo7 addstihe SAQ affésevatoeitoghenit 112 according to

Embodiment 1 will be described with reference to FIG. 6A. FIG. BA

16 is a flowchart indicating exampte processes of the sao_offset coding
unit 112.

{0063]

The sao_offset binarizing unit 113 of the sac_offset coding
unit 112 converts sao_offset from a non-binary signal to a bin string

15 (5121).

[0064]

Embodiment 1 describes a case where sao offset takes values
from O to 7. FIG. 7 is a table indicating a correspondence between
the non-binary signals and the bin strings. As seen from FIG. 7, the

20  number of consecutive “1"s from the beginning of each bin string is
equal to the value indicated by the non-binary signal. Furthermore,
"0"” is added to the last when the non-binary signal is between 0 and
6. When the non-binary signal is 7 that is the maximum number, no
"0” is added to the last. Here, the binldx is an index of a bin (one

25 bit) included in a bin string. The first value of a binldx is 0, and the
subsequent values are incremented by 1. The bin string is output to
the arithmetic coding switch unit 114 sequentially from the bin
whose binldx is 0.

[0065]

30 The arithmetic coding switch unit 114 of the sao_offset coding
unit 112 determines a value of a binldx (5122, S124, and $126).
[0066]

When the value is 0 (Yes at $S122), the arithmetic coding
switch unit 114 outputs the bin to the context 0 arithmetic coding

35  unmit 115, The context 0 arithmetic coding unit 115 performs context

-15-



5 pixel value of each pixel included in the reconstructed block, and stores the reconstructed block to
which the SAO offset values are added, in the frame memory 108. In the SAO process, each of the
pixels included in the reconstructed block is classified in categories, and an SAO offset value is
derived for each of the categories. 10 Methods for classifying the pixels are multiple. Thus, a
parameter of &6 MpéixX indiogting ncatégoryof the ISBQ Difget value is used. [0055] The SAO
parameter cggling-unit 110 of the image coding apparatus 100 performs variable length coding on the
SAO parameter, 15 and adds the parameter to the bitstream output from the variable length coding

unit 104 (S108). ThéVd&ilstethy BNO paranetbiccotfinddmil Bwill Yesdeleribéd faler. [0656] The
variable length qodiaginidddh af HigitrpRog cRANY 2 GapparaduenlOG perieymp ¥arghlelength coding

on the guantized coefficients output from the transform unit 103 to output a bitstream (5109). [0057]

The image Y 2Apb&r£0E 19 répHatddi§ perfdti< 8RIF<354185 { §19Y Gt E6fg Al the

blocks to beipredistetafrihe irpuidrageishcarpleted {514 0)sieRP8hel At Operatiahs of the SAO
parameter qua,?ﬁtﬁib The operations of the SAO parameter coding unit 110 30according to
|

Embodimen e described with reference to FIG. 5. [0059] FIG. 5 is a flowchart indicating
example processes\Withe SA©\pEnameteredtiag Onitok10, (dhd details Step 5108 of HEG24.)35[0060]

the arithmetic coding switch unit 114 outputs the bin to the bypass
10 arithmetic coding unit 117. The bypass arithmetic coding unit 117
performs bypass arithmetic coding (S126).
[0069]
Since the bypass arithmetic coding unit 117 does not use any
context, the sao_offset coding unit 112 overall uses two types of
15 contexts according to Embodiment 1.
[0070]
The sao_offset coding unit 112 repeats the processes from
Step 122 to Step 127 until processing on all the bins included in the
bin string is completed (S127).
20 [00717
<1-3. Advantages, Variations, etc.>
The image coding apparatus 100 according to Embodiment 1
can accelerate processing by performing bypass performs arithmetic
coding on bins in a latter haif of sao_offset. More specifically, not
25 the context arithmetic coding but the bypass performs arithmetic
coding is performed on bins whose binidx is 2 or higher according to
Embodiment 1. As described above, the bypass arithmetic coding
does not require loading and updating any context. Thus,
arithmetic coding on an SAO offset vailue of a block to be predicted
30 can be started without waiting for completion of the arithmetic
coding on another SAQO offset value, and the processing can be
accelerated.
[0072]
Furthermore, symbol occcurrence probabitities (probabilities of

35 occurrence of 1) of binldxs 1 to 6 in accordance with the HEVC
- 16 -



The sao_type_idx coding unit 111 of the SAO parameter coding unit 110 codes sao_type_idx (S111).
[0061] The sao_offset coding unit 112 of the SAO parameter coding 5unit 110 codes sao offset
(5112). [0062] <1-2-2. Operations of the sao_offset coding unit> The operations of the sao offset
coding unit 112 according to Embodiment 1 will be described with reference to FIG. 6A. FIG. 6A 10is a
flowchart indi¢atirdpexaroilB irodessésdf themao aoffdgt doding wiititi12d[0063] almoskhélsao_offset
binarizing uni of; tg fise ing-yni 42 o from.a -hin ignal to a
bin string 1&?@%’ []8 24 il Eém%% irrllgcn&é 1§ es(}crglb(?‘(re?:)s/ezg%églasﬁ;‘?(i,%wF{I}:-;-F‘(r%é 'saoq}of set tgki%ggés from O

to 7. FIG. 7 i H kasleangicaang fatderédpdaaenédisstbéahdié rontmmasasigridls ghid $he b strings.

As seen from felGe ) theAbaumper ghconsesytivedLis fiom theskeginning of gashdiin stringis equal
to the value inc icated by the non-binary signal. Furthermore, "0" is added to the last when the

non-bindry skjHAl &'bétiv¥éen Blsht 62 Whaht e (FRbiRbiSidaal s 7 GBS AREWARBTE REmber, no
"0" is added toringast Here, the:binldx issbindesset abin Yone 25 bit) included in a bin string. The
first value of@t@gﬁg is 0, and the subsequent values are incremented by 1. The bin string is output to
the arithmetie*coting switch unit 114 sequentially from the bin whose binldx is 0. [0065] 30The
arithmetic coding switchumnitel14 bithinsam aftset icadimgfonih H1 2 [detemsines rewallie of athaldx

(2% L2t ATHONIORS) co T S0 S 54A8) Ue lmelsap s
unit 110perfoanigaemes probability of 50%, the coding efficiency is hardly
degraded. Specifically, it revealed that sao_offset often indicates a
medium value (2 to 6) and the symbol occurrence probabilities of the
binldxs 1 to 6 are closer to 50%. Thus, processing for suppressing
decrease in the coding efficiency can be accelerated using not the
15 context arithmetic coding but the bypass arithmetic coding on the
binldxs after binIdx2.
[0074]
<1-3-1. Variations>
Although the bypass arithmetic coding is performed on the
20 bins after binldx2 according to Embodiment 1, the processing is not
fimited to such.
[0075]
FIG. 8 is a table indicating a correspondence between bins
included in a binldx and the arithmetic coding to be applied. In FIG.
25 8, "Embodiment 1” indicates a correspondence between the bins
described in Embodiment 1 and the arithmetic coding to be applied.
Furthermore, "Context 0”7 indicates the context arithmetic coding
using the context 0. “Context 1” indicates the context arithmetic
coding using the context 1. "Bypass” indicates the bypass
30 arithmetic coding.
[0076]
“Change 1" in FIG. B indicates Variation 1. According to
Variation 1, the context arithmetic coding is performed on the bin of
binldx0, and the bypass arithmetic coding is performed on the bins

35 afterbinldxl. Furthermore, the sao_offset codingunit 112 in FIG. 2
-17 -



arithmetic coding using the context 0 (5123). [0067] When the value is 1 (No at 5122 and Yes at
5124), the arithmetic coding switch unit 14 outputs the bin to the context 1 5 arithmetic coding unit 116.
The context 1 arithmetic coding unit 116 performs context arithmetic coding using the context 1 (5125).
[0068] When the value is neither 0 nor 1 (No at 5122 and No at 5124), the arithmetic coding
switch unit 113 Datputsttherbihutd ehiehleypass dOtsithrbétia dadimg unitt117 3T Hé bypeish anitrmetic
coding unit 147 peearme byPass A coding(1 863, 100 oo BiRGe isibyRass aifmetic
coding unit 117 do&s not use any contéxt, t%e sao_offset coding unif 112 oveérall uses two types of
15contexts ddtdringas Embbamentclcpd7a} UniTHel dad coipssticsdity Wait El2orepéats the

processes frgah afep d 240 (HER 28 BRHL PFASSEINY QR lhS bip% neldedindne, bin stripg is
completed (S127). 20[007ilﬂ <1-3. Advantages, Variations, etc.> The image coding apparatus 100

accordifg tolBRsEHeRt 1 can Heoeidisté priesssindthby berforming bypass performs arithmetic

coding on bing @y fatter half of sao_offset. More specifically, not 25 the context arithmetic coding but

the bypass performs, arithmetic_coding. is performed on hins whose hinldx is 2 or higher.according to

Embodiment 1. As de@@ﬁﬁ%ea%odé‘, ?ﬁg’b;%)é%&%h%e @Etg&ilr‘fﬁﬁ'd%es ﬁat @dﬁﬂ@%&(ﬁﬂ&%ﬁd

updating anyheqriest. Jihtis nastimeticicoding opearf GAGRdifeet valehobd hileek torhe predisted 30 can

be started wijthout, waiting for completion. of ghe arithmetic coding on another SAO offset value, and the
RKye a0 e camplelor ol

. O
processing can pe accelera ed.

10 [0078]

FIG. 6B is a flowchart indicating example processes {image
coding method)} of the sao_offset coding unit 112 according to
Variation 2. In FIG. 6B, sao_offset is binarized (5121 for converting
an offset value to a bin string), and the bypass arithmetic coding is

15 performed on aill the bins included in sao_offset (5126 and $127 for
performing the bypass arithmetic coding). Since the bypass
arithmetic coding is performed on all the bins, the processing can be
the fastest in Variation 2.

[0079]

20 Furthermore, the sao_offset coding unit 112 in FIG. 2 has
only to include the sao_offset binarizing unit 113 and the bypass
arithmetic coding unit 117 according tc Variation 2. In other
words, the sao_offset coding unit 112 does not have to include the
context 0 arithmetic coding unit 115 and the context 1 arithmetic

25 coding unit 116.

[0080]

Although not illustrated, it is acceptable to perform the
context arithmetic coding on binldxs 0 to 2, and the bypass
arithmetic coding on binldxs after binIdx3.

30 [0081]
<1-3-2. Result of experiment on coding efficiency>

FIG. 9 is a table showing the result of experiment on the
coding efficiency according to Embodiment 1 and Variation 1.
[0082]

35 FIG. 9 shows the result of comparison between the coding
-8



Furthermore, symbol occurrence probabilities (probabilities of 350ccurrence of 1) of binldxs 1 to 6 in
accordance with the HEVC - 16- standard (NPTL 1) that is currently being studied are almost the
same, but are not equal to 50% and have a bias. In other words, with presence of the binldxs after
binldx1 (when sao_offset is 1 or higher), cases are often divided into a case where binldx1 is O
5without anyelhfintiiz? ana aftei {sabbeffser o tinamg acakenehere i binldrsant@ B areéibkt

(520_offset 5 {091 Y cor HMBYEL dh IVEniors iRvedouad a5 gl o e exnsrimen for

coding the binldxs 1 to 6 wit IXed symbol 10 occurrence pro he’coding eﬁciency is
hardly degragledi speificaty) tyrevected thgt saot oisetiormerindicated a/maaitimvaue (Zie6) and

the symbol qeepreenaeeRabhites: 810 Hinkdyst I Soare-s195EL 19,3050 BRHS cBIER seingdor

suppressing decrease in the coding efficiency can be accelerated using not the 15context arithmetic
coding But tif dypask EMthnsé e E5HiA o089 8 BRUBE after binldx2. [0074] <1-3-1. Variations>
Although the byrsss arithmetic coding is performed on the 20bins after binldx2 according to

Embodiment 1, the %\Eoce sing is n tIimit?d to such. [0Q75] FIG. 8 is a table indicating a
correspondence betBEn Biﬁg‘ﬁ{c iR ' Binfox e 19 it € RAHIRG B 1BECABRIRY. 1R -FIG.

The negative value indicates improvement in the coding
efficiency.
10 [0084]

As shown in "Embodiment 1" of FIG. 9, values indicating the
result of comparison ranges between —-0.1% and 0.1%. This
indicates that the coding efficiency for coding binldx2 to binIdx6 of
the SAQO offset value is almost the same between the context

15 arithmetic coding and the bypass arithmetic coding.
[0085]

Although the coding efficiency of Variation 1 is lower than that
of Embodiment 1 as seen from "Change 1”in FIG. 9, the results range
between 0 and 0.1% and the coding efficiency is atmost the same,

20 [0086]

Although the coding efficiency of Variation 2 is also lower
than that of Embodiment 1 as seen from “"Change 2" in FIG. 9,
the resuits range between 0 and 0.1% and the coding efficiency
is almost the same.

25 [0087]

As a result of the experiment on ceding efficiency, application
of the bypass arithmetic coding in performing arithmetic coding on
an SAO offset value enables acceleration of the arithmetic coding
while the coding efficiency is less likely to be lowered.

30 [0088]
(Embodiment 2)

An image decoding apparatus and an image decoding method
according to Embodiment 2 will be described with reference to FIGS,
10 to 15A.

35  [0089]
- 10 -



25 8, "Embodiment 1" indicates a correspondence between the bins described in Embodiment 1 and
the arithmetic coding to be applied. Furthermore, "Context 0" indicates the context arithmetic coding
using the context 0. "Context 1" indicates the context arithmetic coding using the context 1. "Bypass"
indicates the bypass 30arithmetic coding. [0076] "Change 1" in FIG. 8 indicates Variation 1.According
to Variation ¥,2hé cérmexti auittarhietic obdinpisedricrmed on the bin of binldx0, and the bypass

arithmetic coding s pedarmed oty the e Bager nlr Eushennore, e sao pfisst corg ni 112

in FIG. 2 -17- has only to include the sao "0 inarizing un metic coding switch unit

114, the cortéxd® afithBrRticvedineianerisa knd ie-bypasstdithnidtidcaditpakitdizmaacording to
Variation 1. |1 @8es WA, the §a¢ affselseditaanit Az foerneidiave inipsiue sthegentgxt 1

arithmetic coding unit 116. [0077] "Change 2" in FIG. 8 indicates Variation 2. In Variation 2, the
bypassrithAfétits EGdinG ¥ perdifel BY eaSrrstdRE BiRs of it Hin i & BRPAIRSM F1&. 8. 10[0078]
FIG. 63 is a [flgeghart indicating example processes (image coding method) of the sao_offset coding

unit 112 according tg Variation 2. In FIG. 63, sao offset is binarized (5121 for converting an offset
value to a bin stringt)?%%d W%ag§ﬁﬂmﬁ8ti@(%ﬂ{@@§5§é}@r dBh ARREBIE nclldd in

sao_offset (82 dred SR Trfoupdsiosning the hyphss aitbmeticcpding)e Sincetthe liwass adthmetic
coding is pelr}igrar%%d m%%tag,bipns,gp& lprlog?.ssing can be the fastest in Variation 2. [0079]

10 [0091]

As illustrated in FIG. 10, the image decoding apparatus 200
includes a variable length decoding unit 201, an inverse transform
unit 202, an SAO parameter decoding unit 210, an SAO processing
unit 204, a decoded block combining unit 205, a frame memory 206,

15 and a prediction unit 207.

[0092]

The variable length decoding unit 201 performs entropy
decoding (variable length decoding) on the bitstream input to the
image decoding apparatus 200 to obtain the quantized coefficients

20 and various information necessary for decoding (partitioning
information for the blocks to be predicted, a type of prediction, a
motion vector, a prediction mode (intra prediction mode), a
guantized parameter, etc).

[0093]

25 The inverse transform unit 202 performs inverse quantization
for transforming the quantized coefficients cutput from the variable
length decoding unit 201 into frequency coefficients, and performs
inverse transform for transforming the frequency coefficients from
the frequency domain to the image domain to derive a difference

30 block.

[0094]

The adding unit 203 adds the prediction block output from the
prediction unit 207 to the difference block cutput from the inverse
transform unit 202 to generate a decoded block.

35 [0095]
- 20 -



20Furthermore, the sao_offset coding unit 112 in FIG. 2 has only to include the sao_offset binarizing
unit 113 and the bypass arithmetic coding unit 117 according to Variation 2. In other words, the
sao_offset coding unit 112 does not have to include the context 0 arithmetic coding unit 115 and the
context 1 arithmetic 25coding unit 116. [0080] Although not illustrated, it is acceptable to perform
the context arithmetidieoding On bialdxs otter2, daddderbypassiaritAmeticdendinieen bialdxs after

binldx3. 30 <13 f exbor iy passiariti ot -
r;r;uli( of ex&%?ré]gté ot%ﬁ %gc%cs)(ﬁlés gﬁg%ﬂ&?g%@grg%%% Efn@bo 8 from ngﬁ\%r@%nﬁ%% g&og}nng e

35FIG. 9 shbW e irditto? confyad e mrsenaHs ebdingi ces- ndfieierie Gbediisst byaledorming
arithmetic cading- ULt FAO pifsel@lLgHmaceo oMhdhe gUITERdIBYL stapdart (NBL 1) and

the coding efficiency according to Embodiment 1 and Variation 1. The experiment conditions follow the
common expér &R R&EBRS 5of the HEVC standard organization. [0083] The larger the value
is, the lower thegetling efficiency is. The negative value indicates improvement in the coding
efficiency. 10[0084] indicating the result of

_ - As ﬁhown in "Ertgifog'mggjt.l" of FIG. ¢ | vallg_eg, _ .
comparison ranges b]e(t:wee 10.15% aftd 0XOS This IRALALES tHAHRE @ H?rgg eﬁfélen%iﬁdpg alng
binldx2 to birdetboni thei SAO affseheal@d®alpasttheesame detweln ghewoittex 18arithndatic coding
and the bypﬁ?&s%ﬁimgtigncgf@g'll, the SAQO parameter decoding unit 210 includes

10 an sao_type_idx decoding wunit 211 that performs arithmetic
decoding on sao_type_idx, and an sao_offset decoding unit 212 that
performs arithmetic decoding on sao_offset.

[00971
FIG. 12 is a block diagram illustrating an example

15 configuration of the sao_offset decoding unit 212. As illustrated in
FIG. 12, the sao_offset decoding unit 212 includes an arithmetic
decoding switch unit 213, a context 0 arithmetic decoding unit 214,
a context 1 arithmetic decoding unit 215, a bypass arithmetic
decoding unit 216, and an sao_offset inverse binarizing unit 217.

20  [0098]

The arithmetic decoding switch unit 213 switches a method of
the arithmetic decoding to be applied to a bitstream. The context 0
arithmetic decoding unit 214 performs context 0 arithmetic decoding
using a first context (context 0). The context 1 arithmetic decoding

25 unit 215 performs context 1 arithmetic decoding using a second
context (context 1). The bypass arithmetic decoding unit 216
performs bypass arithmetic decoding using a fixed probability. The
sao_offset inverse binarizing unit 217 inversely binarizes the bin
string of sao_offset output from each of the context 0 arithmetic

30 decoding unit 214, the context 1 arithmetic decoding unit 215, the
bypass arithmetic decoding unit 216 to derive a non-binary value of
sao_offset.

[0099]
The SAQO processing unit 204 performs the SAO process (offset

35 process) on the decoded block output from the adding unit 203 for

S0 -



[0085] Although the coding efficiency of Variation 1 is lower than that of Embodiment 1 as seen
from "Change 1" in FIG. 9, the results range between 0 and 0.10/0 and the coding efficiency is almost
the same. 20[0086] Although the coding efficiency of Variation 2 is also lower than that of
Embodiment 1 as seen from "Change 2" in FIG. 9, the results range between 0 and 0.1% and the
coding efficiendytiis @lmosh e sHie26H087fo a Fisal realliofdhe expepmerntiotboding éfficiency,

application o{mae ggegﬁ%%riﬁlt EHC %ﬂ‘?i@% iovﬂﬂf)o‘gnaigg Ca}jji%'gep& %Pedcigﬁ 90,31 SAO offset value

enables acceleration o métic coding whilethe coding efficiency 1s 1e5s |rl'<ely to be lowered.
30[0088] (EnbBddidént 2) An image decoding apparatus and an image decoding method

according to Embodifpent g wlRS ARG ERCCMIBISIREPTER TS S A AHEA REINES) 2oL

Configuration of apparatus>  The image decoding apparatus according to Embodiment 2 will be
describet! with ¢&ferepbéabmd inGheIG AW RBre eRsck adRaRNAGsHAELRG & 6% RSIDM 888h image

decoding appayatHe ARfbireS ageerdaace ydl theddkV e standsrd according tosEmhadingenh2. [0090]
The image decoding apparatus 200 is an apparatus that decodes an input bitstream (coded bitstream)

to generate & 8EL5HRY IMARAMAGE InEIES IBETAO09APE  As illustrated in FIG. 10, the image
decoding apparafus]200 includes a variable length decoding unit 201, an inverse transform unit 202,

T T g 0 AR RS D04 oS8 g agmlipge o
10 Access Memory (RAM) and a Read Only Memory (ROM).
[0102]

The prediction unit 207 generates a prediction block through
inter prediction or intra prediction. The prediction method to be
applied by the prediction unit 207 is the same as that of the

15 prediction unit 109.
[0103]
<2-2 Overall operations>

Next, the operations of the image decoding apparatus 200 will

be described with reference to FIG. 13. FIG. 13 is a flowchart
20 indicating the procedure of the image decoding apparatus 200.
[0104]

The SAO parameter decoding unit 210 of the image decoding
apparatus 200 performs variable length decoding on an SAO
parameter (5201}.

25 {0105]

The variable length decoding unit 201 of the image decoding
apparatus 200 performs variable length decoding on a bitstream to
obtain quantized coefficients, and outputs the quantized coefficients
to the inverse transform unit 202 (S202).

30 [0106]

The inverse transform unit 202 of the image decoding
apparatus 200 performs inverse quantization on the guantized
coefficients to obtain frequency coefficients, and performs inverse
transform on the obtained frequency coefficients to generate a

35 difference block (5203).



[0092] The variable length decoding unit 201 performs entropy decoding (variable length
decoding) on the bitstream input to the image decoding apparatus 200 to obtain the quantized
coefficients 20 and various information necessary for decoding (partitioning information for the blocks
to be predicted, a type of prediction, a motion vector, a prediction mode (intra prediction mode), a
guantized patanietgr, etc). [0093] 25The inverse transform unit 202 performs inverse quantization for

transforming the quanti officient t 0 e variable length decoding unit,201 int
frequency coefficien?@,%%gr%%?%fﬁspi?\\'?e%se rgnﬁogbnefm%a%%f(%%h%lﬁé% tﬂg %é)(%ge?l%g/ucsoe%§ents from
the frequen@edsalie fo ehe imd e doméain akdarve a Hiffeletced8tblovka je09spred Thetddding unit

208 adds e BFRUSIANHINES 9B i (e RiRgd ol BT e TR ense lactautput from
the inverse transform unit 202 to generate a decoded block. 35[0095] The SAO parameter

decodify urfEEArHRE0aEPFAAGHS paFdmEesté R Bsadin tHnSRD poteddrénitaa bitstream.

Embodiment Peeiempliiesrsaaffsatdneicatingran SN aliertvalig ane $a9ntyprddxpdicatng a

category of the SAO offset value, as 5 SAO parameters. [0096] FIG.11 is_a block diagram illustrating
an example%@rﬁﬁ?@rgﬁbﬁ’ Bt treURa kP paRiHRERHdaHGiRg It P18 S fiRéP4ed in FIG. 11, the SAO
parameter dezodig unit 210 includes 10 an sao type idx decoding unit 211 that performs arithmetic
decoding on sao typﬁlg@ E'Eﬁj an sao_offset degofl(l)nég gpthéL% r%hgé gerform arithmetic d %osdlng on

sa0 offset. processing uni decoding appara

10 200 performs an SAO process (5205). In the SAQ process, the SAQ
processing unit 204 classifies each pixel of the decoded block in
categories according to the SAO parameter, and adds an offset value
corresponding to each of the categories to the pixel. The SAO
parameters include a parameter of sao_type_idx indicating a

15 category, and a parameter of sao_offset indicating an offset value.
(0109]

The image decoding apparatus 200 repeats the processes from
Step 201 to Step 205, until decoding all the blocks included in the
coded image is completed (5206).

20 [0110]

The decoded block combining unit 205 of the image decoding
apparatus 200 combines the decoded blocks to generate a decoded
image, and stores the decoded image in the frame memory 206.
[0111]

25 <2-2-1. Operations of the SAO parameter variable length decoding
unit>

The operations of the SAO parameter decoding unit 210
according to Embodiment 2 will be described with reference to FIG.
14,

30 [0112]

FIG. 14 is a flowchart indicating example processes of the SAQ
parameter decoding unit 210, and details Step S205 of FIG. 13.
0113}

The sao_type_idx decoding unit 211 of the SAO parameter

35 decoding unit 210 decodes sao_type_idx (S211).

.23 .



[0097] FIG.12 is a block diagram illustrating an example 15configuration of the sao_offset decoding
unit 212. As illustrated in FIG. 12, the sao_offset decoding unit 212 includes an arithmetic decoding
switch unit 213, a context 0 arithmetic decoding unit 214, a context 1 arithmetic decoding unit 215, a
bypass arithmetic decoding unit 216, and an sao offset inverse binarizing unit 217. 20 [0098] The
arithmetic d¢oadimg switch unit 213 switches a method of the arithmetic decoding to be applied to a

bitstream. The cont thrlthme nit 214 perf co text O etic decodin using a
first context (contex‘t?&) The coﬁtext ?d 8 Hect ISEE O%rg nif° gﬁygrg}tﬁ: cgﬁeﬁmeatr metic
decoding usitiraderondrddniexd (d@maﬁes).gaewbwﬁaﬁa(rﬁm&}c decoding unit 216 performs
bypass arith qtlfsdfcoding using a fixed probability. The sao_offset inverse binarizing unit 217

inversely b| arizes the bin string of sao_offset output from each of the context 0 arithmetic 30
decodiffy unit 214; the@BRtexti 0 RFitAMENE derodnkf trit de5omENBypass AritRrnetic decoding unit 216

to derive a non-binapalsAERORGISELADITD offser HECSAMBIYLEISTOLERY gfforms the
SAO process (offset 35process) on the decoded block output from the adding unit 203 for -21- adding

an SAO offdé&t B ATt valill loP 8RR THEP RRINHED iFriRy 8BE6UER Bidek, Wifich will Be
described inydetaildaterf @M art indicating example processes of the sao_offset

decoding unit 212.

10 [0116]

The arithmetic decoding switch unit 213 of the sao_offset
decoding unit 212 determines a value of a binldx of a bin to be
decoded (5221, $223, and $225).

[0117]

15 When the value is 0 (Yes at S221), the arithmetic decoding
switch unit 213 outputs the bin to be decoded to the context O
arithmetic decoding unit 214. The context 0 arithmetic decoding
unit 214 performs context arithmetic decoding using the context 0
(S222).

20 [0118]

When the value is 1 (No at 5221 and Yes at $223), the
arithmetic decoding switch unit 213 outputs the bin to be decoded to
the context 1 arithmetic decoding unit 215. The context 1
arithmetic decoding unit 215 performs context arithmetic decoding

25 using the context 1 (5224).

{0119]

When the value is neither O nor 1 (No at S221 and No at $223),
the arithmetic decoding switch unit 213 outputs the bin to be
decoded to the bypass arithmetic decoding unit 216. The bypass

30 arithmetic decoding unit 216 performs bypass arithmetic coding.
[0120]

The sao_offset decoding unit 212 repeats the processes from
Step 221 to Step 226 until the value of the bin obtained in the
arithmetic decoding is equai to 0 or a bin whose binldx is 6 is decoded

35 (5226).

- 24 .



The decoded block combining unit 205 combines the decoded 5 blocks obtained in the SAO process
to reconstruct the decoded image. Furthermore, the decoded block combining unit 205 stores the
decoded image in the frame memory 206. [0101] The frame memory 206 includes a memory,
such as a Random 10 Access Memory (RAM) and a Read Only Memory (ROM). [0102] The
prediction urit 2071 generates a prediction block through inter prediction or intra prediction. The

prediction method ta.pe applied by the prediction unit 2Q7 is.the same as that of the 15prediction unit
109. [0103] <2-2 O\%anl ogpge?at?c?gggg Jeﬁgﬁi' e 8&5 atg}‘ug of tHe'] iée%}% 0(%% a% atus 200
will be desciiibethiwithgdiéerende twBEEl bY. Eh@. 43ds affleechar@Gindidatag 2hegroceddre dbf the

image decod] us: 01 T AO par i it [ e
decoding ap%ﬁs%% p%ﬁ%%%[s%%ﬁa%llé %%gt@decﬁgi%g §rﬁ%§§%&{£{}l§%e%? Yg%gﬁ %%%105]
The vafableleAgth dacydimg imis Z010f fife tiagérdessdind hpparands 206 perotns vdiablé length
decoding ona%@g§gﬁ§g1 {8 eialLayaized coefficients, and outputs the quantized coefficients to the

inverse transform unit 202 (5202). 30[0106] The inverse transform unit 202 of the image decoding
apparatus 268 béAdrms inverse guantization on the quantized coefficients to obtain frequency
coefficients, and perermsitwgese, tearsform on the obtained frequency coefficients to generate a

iff block (5203).
35difference bloc (%%e ?mage decoding apparatus 200 according to Embodiment 2

10 can accelerate processing by performing bypass arithmetic decoding
on bins in a latter half of sao offset.
[0123]
<2-3-1. Variations>
Although the bypass arithmetic decoding is performed on the

15 bins after binldx2 according to Embodiment 2, the processing is not
fimited to such. In the same manner as Embodiment 1, the bypass
arithmetic decoding may be performed on the bins after binldx1
(Variation 1), and on all the bins (Variation 2).

[0124]

20 In Variation 1 according to Embodiment 2, the context
arithmetic decoding is performed on the bin of binldx0, and the
bypass arithmetic decoding is performed on bins after binldx1. This
process is a decoding process corresponding to the coding process of
Variation 1 of Embodiment 1 in FIG. 8. Since the sao_offset

25 decoding unit 212 in FIG. 12 according to Variation 1 performs
bypass arithmetic decoding on the bins after binldx1, it has only to
include the arithmetic decoding switch unit 213, the context 0
arithmetic decoding unit 214, the bypass arithmetic decoding unit
216, and the sao_offset inverse binarizing unit 217. In other words,

30 the sao_offset decoding unit 212 according to Variation 1 of
Embodiment 2 does not have to include the context 1 arithmetic
decoding unit 215.
f0125]

According to Variation 2 of Embodiment 2, the sao offset

35 decoding unit 212 performs the bypass arithmetic decoding on each

- 25 -



[0107] The prediction unit 207 of the image decoding apparatus 200 generates a prediction block
from the decoded image stored in the frame memory 206. Furthermore, the adding unit 203 of the
image 5 decoding apparatus 200 adds the prediction block output from the prediction unit 207 to the
difference block output from the inverse transform unit 202 to generate a decoded block (S204). [0108]

The SAO pro¢essiag binits2Q# ot the iniage decodingsapparatits 10209 pﬁé@@mm@w PAECROCEsS
(S205). In the SAO roc SS tg O aces& un|t 204 I ssmgs eac% ?% q%th deco ed block in
categories accor |n % %%@?a#? & SaRd Adaz®aRi Eeﬁ@ \5E %8?1 9@[8%3 h of the
categories te)rtH"éIﬁix@ The SAO parameters include a parameter of sao_type_idx indicating a
15category, arameter of sao_offset indicating an offset value. [0109] The image decoding

apparatus 2 ts the processes from Step 201 to Step 205, until decoding all the blocks included
in the caded |mage @Eon%ﬁetﬁ(SZfi@)Wde[Qlﬂ_Gpdicath@wmﬁwm@( oG@birtag (UAZDS of the

image deCO@'@@@@RﬂjaFH%%QQcFP'BP'E‘ﬁé thg glegpred IRaksdAQENRTAISA Qege%@'d!nf?geccﬁnd
stores the decoded |ma%(e in the frame memorg; y 206. [0111] 25<2-2-1. Operations of th

parameter v4A&HIE RRgth BEceaMPAAEEnt The bperafiond 6Pihd BAD YaATRefsH HaBBEME unit 210

according toa@@@@dimem 2wt heslegcrbed with eefgraacentel iadl4n 30HL 121G 14 isyasflowchart

indicating exam ocesses of the SAO para eter decodn nit 210, and details Ste 5205 of FIG.
|13|[Olllg] X dogfﬁé: f%r per}ormmgpt ypass arlat ynetlc decoddmg ), anp

10 decoded sao_offset is inversely binarized (5227 for converting a bin
string into an offset value). Since the bypass arithmetic decoding
is performed on all the bins, the processing can be the fastest in
Variation 2.
f0127]

15 Since the sao_offset decoding unit 212 in FIG. 12
according to Variation 2 herein performs bypass arithmetic
decoding on all the bins, it has only to include the bypass
arithmetic decoding unit 216 and the sao _offset inverse
binarizing unit 217. In other words, the sao_offset decoding unit

20 212 according to Variation 2 of Embodiment 2 does not have to
include the arithmetic decoding switch unit 213, the context 0
arithmetic decoding unit 214, and the context 1 arithmetic decoding
unit 215,

[0128]

25 Although not illustrated, it is acceptable to perform the
context arithmetic decoding on binldxs 0 to 2, and the bypass
arithmetic decoding on binldxs after binldx3 as according to
Embodiment 1.

[0129]

30 {Other Variations of Embodiments 1 and 2)

(1) Although Embodiments 1 and 2 (including Variations) use
sao_type_idx Endicating a category of an SAO offset value and
SAO parameters are not limited to such. The SAQ parameters may

35 include, for example, a parameter to be auxiliary information for
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The sao_type_idx decoding unit 211 of the SAO parameter 35decoding unit 210 decodes
sao_type_idx (5211). - 23 - [0114] The sao_offset decoding unit 212 of the SAO parameter
decoding unit 210 decodes sao_offset (5212). [0115] 5<2-2-2. Operations of the sao_offset decoding
unit 212> The operations of the sao offset decoding unit 212 according to Embodiment 2 will be
described witharsdefreneeg ioikéGs 15A. FIG. 15A is a flowchart indicating example processes of the sao
offset decodtrbg]l%ra 212. 10[0116] The arithmetic decoding switch unit 213 of the sao_offset
decoding unit termines a value of a binldx of a bin to be decoded (5221, 5223, and 5225).
[0117] 15WHeX) the Mdhee s @re(,es [ah62a1), the dfifhth etizrdecedirrg iswitch editr23 bigplts: the bin to

be decoded ot q,é;ah %BO g}fq;ggd%o %Bf&l %{ngg‘sﬂggfgﬁ@{m%@gg dl@g nit 214

performs context arithmetic sing the context e va ueis 1

(No at 5221 &diVes) atra:ztzbmﬁ@arﬁn rhetid decOliBCARdhauRin TR 6 UTHaLs Bite Gl &b decoded
to the conteddl- iihmetis deeqshing b 415y F%CQF%%)? & ﬁrtt@'ﬁﬁé'ﬁ&e‘eﬂ%'ﬂgtH@tt?ﬂo%IRefB)fmS

context arlthmetlc decoding 25using the context 1 (52 0119] When the value is neither 0 nor
1 (No at 5222%RIRY %&%ﬁz@f RO RARTRIC AR DR ws&mﬁaﬁ@m@%%u@ﬂf@%&@ Y8%ecoded

to the bypass|aithanetic eecosiag Lniedl16. Fhetwwasore, the SAO parameter is not
coded in the block to be predicted, but instead, a value of another
10 block may be copied and used.
[0131]

Here, the image decoding apparatus 200 according to
Embodiment 2 (including Variations) decodes the coded SAO
parameter according to the coding size of the SAO parameter in the

15 image coding apparatus 100.
[0132]
(3) Although sao_offset takes values from 0 to 7 according to
Embodiments 1 and 2 (including Variations), sao_offset is not limited
to such. It may take values 8 or higher. Furthermore, sao_offset
20 may take a negative value, and in such a case, another parameter
sao_offset _sign representing a sign bit may be provided.
[0133]
(4) Furthermore, although Embodiment 1 (including Variations)
describes coding sao_offset, the processing is not limited to such.
25 The method for coding an SAQO parameter according to Embodiment 1
(inciuding Variations) may be applied to coding another syntax to be
added to a bitstream. Furthermore, when the method for coding the
SAO parameter according to Embodiment 1 and its Variation 1 is
applied to coding syntaxes and the use of context (the number of
30 bins and binldxs that use context) is unified, the same variable
length coding unit is available in coding the syntaxes. Accordingly,
the configuration of the apparatus can be simplified.
f0134]
Examples of the syntaxes to which the method for coding the

35 SAO parameter according to Embodiment 1 and its Variations 1 and 2
27 -



30arithmetic decoding unit 216 performs bypass arithmetic coding. [0120] The sao_offset
decoding unit 212 repeats the processes from Step 221 to Step 226 until the value of the bin obtained
in the arithmetic decoding is equal to 0 or a bin whose binldx is 6 is decoded 35(S226). [0121]

The sao_offset decoding unit 212 converts the bin string including bins decoded by the sao_offset

inverse binaidzigg pamﬁ@lﬁ mw@ neT-bidary sigeal(p22 A Tikeieqrrespondgrsce hebveeige,
5non-binary sgnals and the trln s is the same as shawn in F|G. 7 accordl to E Igodiment 1.

[0122] <2-3 "AGlaftalfes, & £a N Ph&IREge iR QpB&P&HEé‘ztﬁS%t&r fbbdiment 2
10 can accederdte mpmssnhg by penﬁ@tna ngbypasa aptiedetic ddeodingl arabingin arlattemhalf of

e S T A e e T R e

mannebas Embodiment 1, the bypass arithmetic decoding may be performed on the bins after binldx1
(\Variation 1)[@{1@5911 all the bins (Variation 2). [0124] 20In Variation 1 according to Embodiment 2, the

context
Here, the image decoding apparatus 200 according to

Embodiment 2 (including Variations) also decodes a syntax coded
using the method for coding the SAO parameter, using the method for
10 decoding the SAC parameter.
[0136]
(5) Furthermore, although the size of the block to be predicted
according to Embodiments 1 and 2 {including Variations) is 32 x 32
pixels at a maximum and 4 x 4 pixels at a minimum, the size is not
15 limited to such. Furthermore, although Embodiments 1 and 2
(including Variations) describe the blocks to be predicted that are
variable in size, the size of the blocks may be fixed.
[0137]
(6) Furthermore, the processing according to Embodiments 1 and 2
20 (including Variations) may be implemented by software. The
software may be distributed through, for example, downloading.
Furthermore, the software may be distributed by recording it on
recording media, such as CD-ROMs. This holds true for the other
Embodiments in the Description.
25 [0138]
(7) In Embodiments 1 and 2 (including Variations), each of the
functional blocks may be generally implemented by, for example, an
MPU and a2 memory. Furthermore, in general, the processing by
each of the functional blocks may be implemented by software (a
30 program), and such software is recorded on a recording medium such
as a ROM. In addition, such software may be distributed by, for
example, downloading, and recording it on recording media such as
CD-ROMs. Each of the functional blocks may be implemented by
hardware (a dedicated circuit).
35 [0139]



arithmetic decoding is performed on the bin of binldx0, and the bypass arithmetic decoding is
performed on bins after binldxl. This process is a decoding process corresponding to the coding
process of Variation 1 of Embodiment 1 in FIG. 8.Since the sao_offset 25decoding unit 212 in FIG. 12
according to Variation 1 performs bypass arithmetic decoding on the bins after binldxl, it has only to

include the agthmefic geepding ipwitehednifdledy the comMedd aripmetic decadingynit 21difhe bypass
arithmetic decoding unit 216, and the sao_offset inverse binarizing unit 217. In other words, 30 the

sao offset dEESHHIGURY 2TE YOG iR IOVARLIGT 1C6MNERMTRD MGt hev2 & THElEde the

context 1 arhmetia tdesqdipgtenit 215 9428 centraliAegoptingde Magatign 2 of Erabndiment 2, the

sao_offset 35decodi[n unit 2%% r(:_{perfotrcﬁr;s the %pass arithrgjetic decoding,on each of the bins of the

binldx. This PFIRBEE i%%edgéco ¢ processd GO iyt ﬁeeéc%%er%oegs? BFVAFidtth S of

Embodimentdnirpel®r8. [0126 D3RS, 3568 dsa Bowchareindicgtingeexamplerprdoesses Siniage

decoding ms}pa)q:)h(g t&]gi&%{oﬂgﬁgeﬁpgg&gpgé}%ﬁ%rdﬁgrlpo\r/g,{lea jon 2 of Embodiment 2. In
thmetic de I ed on a‘ﬁ [

FIG. 15B, the bypass ari coding is perfo € bins in¢lluded in sao_offset (5225 and
5226 for peff8Arifg the bypass arithmetic decoding), and the 10 decoded sao_offset is inversely

pinarized (537 fprieoRuerige DBANCGAIYRD AtRLVRLEN S Bre e RYpass aithmelicidecoding

is performed on all the bins, the processln% can be the fastest in Variation 2. [0127] 15Since the
sao_offset deERMY TaDEElimp’s 210 nciuding Variations) may be implemented by

10 dedicated hardware or by executing a software program appropriate
for the constituent efement. Each of the constituent elements may
be implemented by a program executing unit, such as a central
processing unit (CPU) and a processor, reading and executing the
software program recorded on a recording medium, such as a hard

15 disk or a semiconductor memory.

[0141]

Specifically, each of the image coding apparatus 100 and the
image decoding apparatus 200 includes a control circuit and storage
electrically connected to (capable of accessing from) the control

20 circuit. The control circuit includes at least one of the dedicated
hardware and the program executing unit. When the control circuit
includes the program executing unit, the storage stores the software
program executed by the program executing unit.

[0142]

25 The present invention is not limited to Embodiments 1 and 2
(including Variations), and various modifications are possible and are
included in the scape of the present invention.

[0143]
(Embodiment 3)

30 An independent computer system can easily perform
processing described in each of Embodiments by recording, in a
recording medium, a program for implementing the structure of the
moving picture coding method (image coding method) or the moving
picture decoding method (image decoding method) according to

35 Embodiment. The recording medium may be any as long as the
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according to Variation 2 herein performs bypass arithmetic decoding on all the bins, it has only to
include the bypass arithmetic decoding unit 216 and the sao_offset inverse binarizing unit 217. In other
words, the sao offset decoding unit 20 212 according to Variation 2 of Embodiment 2 does not have to
include the arithmetic decoding switch unit 213, the context 0 arithmetic decoding unit 214, and the

context 1 arigrmgtis gecading-unit 2o 0120 2aMitheudh et Hlustiated:itisi roceptakip te-perform the
context arith(ran&% ic decoding on binldxs 0 to 2, and the by]giss ar#hmeti decoding on tﬁ'nldxs after

binldx3 as a: din%r}o @dirﬁ@ﬁ@f%ﬁéﬂ@ Ofher Variafibis & Bodi gk H(frﬁr(l)

Although Emmbediroents 1 and 2 (including Variations) use sao type idx indicating a category of an SAO
offset value ? 2 _offset indicating the SAO offset value as SAO parameters, the SAO parameters
are not limited to such. The SAO parameters may 35include, for example, a parameter to be auxiliary
informabion for - 26 HeraysiBihg pirels! {0aBoin@pFihkkermoven glthotigh ehe 8RO anarhted is coded

per block 0 it prBACIesAREOTHIANB BBOAIMERL LRGN VAAIONs). D8 5 Eoriigs g imiee

to such. The SAO parameter may be coded not per block to be pre but on a™per unit smaller than

the block to HENFEGICHES AF IEhVBRENEN @ pEP UAINEhIENea HY edrcBtERAinNg Dicks 36 Bed
predicted. Fygbesmpre;dhegSAQRRrapeleE i nat sodad inghe glock e, bg predigfed L dpstead, a

value of another 10block may be copied and used. [0131] Here, the image decoding apparatus

200 accordifG b bRt P ROUANRP O L REEHS ) R B HRE A EHREH BR A PARS R B&kording to
the cotling sine o H1e, SAQ parameteyendbeing and decoding apparatus including an

image decoding apparatus using the image decoding method. The
other configurations of the system can be appropriately changed
depending on a case.

[0145]

15 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 are
fixed wireless stations are placed in each of the cells.

20 [0146]

The content providing system ex100 is connected to devices,
such as a computer ex111, a personal digital assistant (PDA) ex112,
a camera ex113, a cellular phone ex114, and a game machine ex115,
via an Internet ex101, an Internet service provider ex102, a

25 telephone network ex104, as well as the base stations ex106 to
ex110.
i0147]

However, the configuration of the content providing system
ex100 is not limited to the configuration shown in FIG. 16, and a

30 combination in which any of the elements are connected is
acceptable. In addition, each of the devices may be directly
connected to the telephone network ex104, rather than via the base
stations ex106 to ex110 which are the fixed wireless stations.
Furthermore, the devices may be interconnected to each other via a

35 short distance wireless communication and others.
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15image coding apparatus 100. [0132] (3) Although sao_offset takes values from 0O to 7 according to
Embodiments 1 and 2 (including Variations), sao offset is not limited to such. It may take values 8 or
higher. Furthermore, sao_offset 20may take a negative value, and in such a case, another parameter
sao offset sign representing a sign bit may be provided. [0133] (4) Furthermore, although Embodiment
1 (including Matiatigns) describes coding sao offset, the processing is not limited to such. 25 The
method for coding an, SAO parameter according to Embodiment 1 (including Variations) may be

applied to coding anbtfel SYRR5EEBE dddettd hbndredm LR LARRRACTE TWRER the for coding
the SAO parsimetss anderging to Ergbodimeat 1 and ite Masiationd: is@ppliecHoxodingisyntaxes and
the use of conéeé(t (the number of 30 bé?f angd binldxs that gs%%osr}tﬁ(t? is_unified, tae same variable

i [ e

length codin\é'um?isf: qUaiable i C6AA eosyﬁfaaF>)< 2 EA‘é]coralngly, t %ﬁﬂ&&raﬁf& @ﬁg'ggparatus
can be Simplifiet §&134F urtherniExamles ofthesyntdxes edoaxtith theamdikothferosodibigahe 35SA0

paraimeter a5oilng 9 EMBpAREN. . ANd s aTafans J.and 3.3 anslied nplus refics jadcating
an index of a reference image, merge_idx indicating a copy source of & motion vector and others, and

mpm_idx or Gfera romvaiRatsred_reddindice@stearbitiigrediMiolt imle Ancassord&niddMiih the
curent HEVE janard (B ST I013Eh  viHiRssyihedmase.deoating apRgalys 290 ageoging t

Embodiment 2 (including Variations) also decodes a syntax coded using the ' methodtor coding the

SAO paramé&téP!USiRg thelhEfod 16D dddidithg tROSAD parartebr. [fesgss  (HSPA).

10 Alternatively, the cellular phone exl114 may be a Personal

Handyphone System (PHS).
[0149]

In the content providing system ex100, a streaming server
ex103 is connected to the camera ex113 and others via the telephone

15 network ex104 and the base station ex109, which enables
distribution of a live show and others. For such a distribution, a
content (for example, video of a music live show) captured by the
user using the camera ex113 is coded as described above in each of
Embodiments, and the coded content is transmitted to the streaming

20  server ex103. On the other hand, the streaming server exi103
carries out stream distribution of the received content data to the
clients upon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the cellular phone ex114, and the
game machine ex115 that are capable of decoding the

25 above-mentioned coded data. Each of the devices that have
received the distributed data decodes and reproduces the coded data
{(that is, functions as the image decoding apparatus according to an
aspect of the present invention).

[0150]

30 The captured data may be coded by the camera ex113 or the
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

35 decoding processes may be shared between the clients and the
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(5) Furthermore, although the size of the block to be predicted according to Embodiments 1 and 2
(including Variations) is 32 x 32 pixels at a maximum and 4 x 4 pixels at a minimum, the size is not 15
limited to such. Furthermore, although Embodiments 1 and 2 (including Variations) describe the blocks
to be predicted that are variable in size, the size of the blocks may be fixed. [0137] (6) Furthermore,

tht? procesgki]n@aeﬁm@nget@\%mggdiyggntj ﬁm@ﬁrf%ﬁiéghﬂﬂilégdgé%alﬂ‘ﬁgﬁén%t@ hﬁa 'rma@&eated by
software. The ware may be distributed through, for example, downloading. Furthermare, the
software m%?%e%%%tﬂﬁ)ﬂf/é %y%égﬁwjﬁ%‘ﬁg&%%@%éi)ﬁ%& ag%f)@%@ﬁ§.lﬂﬁs Blds true for

the other Embodiments in the Resctiptiona 25(Q1 383 n(Z)vin Eenbodinteats thranen2r{nchuding r
Variations), e 0 tignal block € erally implemented by, for example, an MPU and
emony D &8 T e ST A cBOG ek iy
implerbenté biosontadret(a 30 progpandrand sddbsoftiareds reporded erxd telcording thedium such

asa ROM.gﬁggqgi% égﬁg\@{%@,a}s'b%ﬁg't@@%g%ﬁ% S ple, downloading, and recording

it on recording media‘such as CD-ROMs. Each of the functi ks may be implemented by
hardware (BQj’e@?chted circuit). 35[0139] (8) The processing described in Embodiments 1 and 2

(including Variations) gy PrsforBad Asi AENirAlizashRERSRSSIBY DY £ Singls AREsTatyss(Gystem) or

as decentralized fge:ocessing by a plurality of apparatuses. Here, the program may be executed by one

or more 5cOMPARRS. IR SREPWIrEE SafF ¥HeSSt BRY FR MR proteRdiNg afD dhe @feediiilized
processingpnay dissperformed. (AR () & urihemaere; ety of the eonstisuent €lemgnts aceording to

exeuing £ SARIERG (HboFAIHESpproHald R ind onElNEeR Slorf . EURAPONI ot

elements npaythe @aplementes byte prageaimiexecaiing @ity ;sach fas areentrali pupcessihigi umit (CPU)

o o TSR S AR AR TNAI NP RS 20 RS st
the computer ex111l and others, and the encoding and decoding

15 processes may be performed using the software. Furthermore,
when the cellular phone ex114 is equipped with a camera, the video
data obtained by the camera may be transmitted. The video data is
data coded by the LSI ex5060 included in the cellular phone ex114.
[0152]

20 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.

[0153]

As described above, the clients can receive and reproduce the

25 coded data in the content providing system ex100. In other words,
the clients can receive and decode information transmitted by the
user, and reproduce the decoded data in reat time in the content
providing system ex100, so that the user who does not have any
particutar right and equipment can implement personal

30 broadcasting.

[0154]

The present invention is not limited to the above-mentioned
content providing system ex106G, and at least either the moving
picture coding apparatus {(image coding apparatus) or the moving

35 picture decoding apparatus (image decoding apparatus) described in

_30 .



Specifically, each of the image coding apparatus 100 and the image decoding apparatus 200 includes
a control circuit and storage electrically connected to (capable of accessing from) the control 20
circuit. The control circuit includes at least one of the dedicated hardware and the program executing
unit. When the control circuit includes the program executing unit, the storage stores the software

prograam exegsited %}&2@?@ t@@@ﬂfﬂ@rﬁ@éﬁ@éﬂﬂg@mﬁc@ﬂﬁ@}gﬁéﬂé‘?rﬂf@%@ibjlt\t%mt@ffgiéd@% Emited tlod .
Embodiments 1 an i ing Variations), varigus modifications are possible and are include

in the scope%?%%@réé?éﬁv@%ti%%?[‘65}43)]’( ‘oéi%‘en?%? AR ﬁﬁf@%@n@céﬁ%ﬂ@?@%tem can
easily perforst prmoessirg désariredin aachtefE mbotiaents iy recondingdim a wecoedingaedium, a
program for | ing t C t ving pictu i j coding method) or
the moving I e aEh e e T T R e
recordirly médRin ueky beatay as tonghes thel e20-d pragram fvanvivd eecorietl iketkdm suetiad a
magnetic di ' [ ti ic disk; an | icondu ory.
[0144] SHer oo Bl e Thoiieg et Lty R oS i ecihod) and the

moving picttF8' RLUINE HitHER Fimbge dREBARRYIREHDY) HreoldiAg B eachng EpiidERss, and a
system using st§RAPR|IGRS QAR ik be destribed. Jheseystern Jeaikies jncludingrapdeags ceging

apparatus using the imaaae coding 10 method, and an image codingﬁand decoding apparatus including

an image dedoRiNdIp&atdy Uiy e afags easGiY tamol AT BREY EB i S tidiYSithe
systen @an berapproptatelt changetidependingoma-case. Bddhna ex204 capable of

receiving a satellite broadcast receives the radio waves. A device,

such as a television {receiver) ex300 and a set top box (STB} ex217,

decodes the received multiplexed data and reproduces the data (that

is, functions as the image decoding apparatus according to the
15 aspect of the present invention),

[0155]

Furthermore, a reader/recorder ex218 that (i) reads and
decodes the multiplexed data recorded on a recording media ex215,
such as a bvD and a BD, or (ii) codes video signals in the recording

20 medium ex215, and in some cases, writes data obtained by
multiplexing an audio signal on the coded data can include the
moving picture decoding apparatus or the moving picture coding
apparatus as shown in each of Embodiments. In this case, the
reproduced video signals are displayed on the monitor ex219, and

25 another apparatus or system can reproduce the video signals, using
the recording medium ex215 on which the multiplexed data is
recorded. Furthermore, it is also possible to implement the moving
picture decoding apparatus in the set top box ex217 connected to the
cable ex203 for a cable television or the antenna ex204 for satellite

30 and/or terrestrial broadcasting, so as to display the video signals on
the monitor ex219 of the television ex300. The moving picture
decoding apparatus may be included not in the set top box but in the
television ex300.

10156]
35 FIG. 18 illustrates the television {receiver) ex300 that uses

17
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15FIG. 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 are fixed wireless stations are placed in each of
the cells. 20[0146] The content providing system ex100 is connected to devices, such as a

computer exddd, i §orsRNididitad assiniagt AFEAbex b akametr exd 13 @ Gebulps Phaneex114,

and a game machine ex115, via an_Internet ex101, an Internet service provider ex102, a 25 telephone
network exlBQl‘?EE‘. IPESHARe! BtafiBhs X105 HReR7] The t8EREVAP Ih& ¢aYuration
of the contenhpfaviding system ex16Q3$ not himiterbtaihe configuraiivashawitip lele d 6l ang a 30

combination in which of the.elements are connected is acceptaple. In additjon, each of the devices
o be e b e e R e A T e L e e o
ex110 vwhichtaee then fized airedegdstations tReartherinare, ¢k d8viced mayt ba inteecmrinersedito each

other via a 35ea distence wigcless sommNAIN 200 LIRS 30300l o ThecAmer X113,
such as a digital video camera, Is capablée of capturing moving images. A camera ex116, such as a

digital video id3@nées & \capablaiof paptfihgsoth SNl imagks akebndeiy 5iteages! FarMBEgtore, the

cellular phong-gx114 mayhs heane thalimeets aayLHNA SirAaris Ao 3% 70 Ry Stgm for
Mobile Communications (GSM), Code Division Multiple Access (CDMA), Wideband-Code Division

Multiple Acc83s AW-EBNIAISTORY TR B SluBidM QTR & Migh i9pese PaKa Aekes¢idesPA).
10Alterpativelyt theseellarboae gx 1 b magy IREdRersonié Hageyphre: SYREN (RftS)d Fdd 9]
?nghgtﬁg?;e\?%pé%\aggg ﬁsgséesri?; g)é 081” gcsérsqsa}nmén Fs~lge4trvee>£ gé%oi’snl%c%rg%ea?ted to the camera ex113
[0157]
Furthermore, the television ex300 further includes: a signal
processing unit ex306 including an audio signal processing unit
15 ex304 and a video signal processing unit ex305 that decode audic
data and video data and code audio data and video data, respectively
{which function as the image coding apparatus or the image decoding
apparatus according to the aspect of the present invention); a
speaker ex307 that provides the decoded audio signal; and an output
20 unit ex309 including a display unit ex308 that displays the decoded
video signal, such as a display. Furthermore, the television ex300
includes an interface unit ex317 including an operation input unit
ex312 that receives an input of a user operation. Furthermore, the
television ex300 includes a control unit ex310 that controls overall
25 each constituent element of the television ex300, and a power supply
circuit unit ex311 that supplies power to each of the elements,
Other than the operation input unit ex312, the interface unit ex317
may include: a bridge ex313 thatis connected to an external device,
such as the reader/recorder ex218; a slot unit ex314 for enabling
30 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 a2 modem ex316 to be connected to a telephone
network. Here, the recording medium ex216 can electrically record
information using a non-volatile/volatile semiconductor memory

35 element for storage. The constituent elements of the television
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15 network ex104 and the base station ex109, which enables distribution of a live show and others.
For such a distribution, a content (for example, video of a music live show) captured by the user using
the camera ex113 is coded as described above in each of Embodiments, and the coded content is
transmitted to the streaming 20 server ex103. On the other hand, the streaming server ex103 carries

out stream ditrlpwticn of the recaived ofaat datatiodhea ghents WRER (heihreawests. Jihe clients
include the mrrfg%tir ex111, the PDA ex112, the camera ex113, the cellular phone ex114, and the
[

game mach 5 that are capable of decoding the 25 above-mentioned coded data. Each of the
devices that have retieisted she distrihutedidata desddes atdaeprdciuicas thegGdEd data ¢datis,
functions as ima g oding aratus_according to an aspect qf the present invention .éOlSO]
30The captl}rﬁgg c@t@?ﬁ ‘f/gﬁ(ég @oé@%p gy ?t%e%é%%‘ra%%ﬂS %lrﬁ égs rggrﬁloﬁgpgs%er%gre ex1d trplé transmits
the dat&, or ehedbdling protlessesameyrbe shdreckisetiveahathe bamdat exwl3d hadithestibaming server

ex103. Simifaghy e giybitehdate- 5oy b leroded dyihe eients.an he stieaming setyer 6103, or

the 35decoding processes may be shared between the clients and the -31- streaming server ex103.

Furthermore  &AeH&& BNHE BRI ifad 8 it riing Adges HapeurEuadyd Aot sH{exdasera
ex113 but alggthe camera exd L [pRsRestransmited 19| esireriming senvd erk3thygughdhe

computer ex111. The coding processes may be 5performed by the camera ex 116, the computer
s

ex111, or thE'QFEARRG YEFEP 8Lt LR Bnfl Sxciythet 48158p ntrot phditforeC§éRetally, the
gompdwzer exlak anckan Dﬁl iex30@ ingjudgd tnp&a.chfofﬂb%wm @frlte,rf%tmesugfmlam?@mgf mﬁ'd
ecoding 10 processes. The. LSI 0,may pe configure a single chip or uralit ips.
Software PR i OBt AR RAOTES HE0 B MR HH S EAy Bt T ecording
medium (suehcesca THIROM e Bexibig diskitaehat G Sislg dbatdas ndaelatderhyl theleampuierexl1l and
others, and ncodi d i 5 pracesses may.be performed using the sopftware.
Furthermore, w géﬁﬁ’eﬂge%ﬂ%r%%%%(g%élﬁe%%eé;%iéﬁéegcf V\E/%heg (':grr?gr%, tﬁ%%eoogg & Sbtained by
the camera Mayt b€ tragkeviteaThexdddd datd sedatautpddd by the .63 88500 ineidtizsl inftise cellular

phone gx114 0352l PO HEReNors, the-sireaming Sepves P08 Ay ba gamRosed of servers and

computers, and may decentralize data and process the decentralized data, record, or distribute data.
unit ex309 provides the video signal and the audio signal, the signals

may be temporarily stored in buffers ex318 and ex319, and others so
that the signals are reproduced in synchronization with each other.
Furthermore, the television ex300 may read the multiplexed data not
20 through a broadcast and others but from the recording media ex215
and ex216, such as a magnetic disk, an optical disc, and an SD card.
Next, a configuration in which the television ex300 codes an audio
signal and a video signal, and transmits the data outside or writes the
data on a recording medium will be described. In the television
25 ex300, upon receipt of a user operation from the remote controller
ex220 and others, the audic signal processing unit ex304 codes an
audio signal, and the video signal processing unit ex305 codes a
video signal, under controtl of the control unit ex310 using the coding
method as described in  each of Embodiments. The
30  multiplexing/demultiplexing unit ex303 multiplexes the coded video
signal and audio signal, and provides the resulting signal outside.
When the multiplexing/demultiplexing unit ex303 multiplexes the
video signal and the audio signal, the signals may be temporarily
stored in buffers ex320 and ex321, and others so that the signals are

35 reproduced in synchronization with each other. Here, the buffers
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[0153] As described above, the clients can receive and reproduce the 25 coded data in the content
providing system ex100. In other words, the clients can receive and decode information transmitted by
the user, and reproduce the decoded data in real time in the content providing system ex100, so that
the user who does not have any particular right and equipment can implement personal

30broadcasing {&134] ex 37heprgpepkinyRtiands naUEvHeEL®, the abovedrendaaet Gopdent
providing system ex100, and at least either the moving picture_coding apparatus (image coding
apparatus) oF'fhé ﬁ%ﬁ%égﬂid@rg@e(ggﬁﬁwﬂ %’ﬁ’ﬁér%ﬁ% ag%%é&%ﬂﬂboéﬁpa%’( ) dEREriBRd in -37 -

each of Emm@imehﬁs}carbbéﬂeccmphls_ateﬂw 'Emntotanéi@mf@m@asﬂmt&y%&mm%ﬂﬂ_ﬂs@b@WE in FIG.
17. More spgc%ﬁg}]‘){, a broaﬁicast station ex Olf?gmmunlcateﬁ or transaut%,uvc%)a radio waves to a

broadcast satellite ex28¥,e riﬁuﬂi\glefen datd Sitainad bymn?L}itip e'?(inavg e |8td'§?ae&nto e video
data. The videodlatatindatdcoodetiaatording to the mbving pictwd@dding medtmatl describigakin each

of Embommﬁﬂﬁt@“ﬂ?&ﬁn%?@e%%gi BYe@?ﬁwia“%%tC%‘%g% apparatLs ré;ling to the aspect of the

present invention). Upon Feceipt of the video data, the broadcast satellité ex202 transmits radio waves
10 for broadt@dthiyl Then, a home-use antenna ex204 capable of receiving a satellite broadcast

receives the radio waypgn Ardeuice, sHENa%A ielRVISIBRIRPeIYEY) BIAYaNY e IR RIS TB)

ex217, decodes the received multiplexed data and reproduces the data (that is, functions as the image

decoding apra€icH¥EBRIAG B hEBAs PR MHRAHE [SrERBRRGRGRfoR) CRITSER Othedridmore, a
readen/tecondes exdli®dhab tioedds amt dreedes theimuliglexge dala reqeeied-0p @Epgerting media

ex215, such as a DVD and a BD, or (ii) codes video sigpals in the recording 20 medium ex215, and in
some cases?%ﬁté?&gfé:{})rﬁgai%%‘%vgﬁ%ulﬁﬂgsxmﬁ 48 otg‘iﬁn%%ﬂ *fh%ci:é%ﬁtdadatg%%@l de the
moving pictifesdeeitring appaxdi09 ardhecndengrpictipdecodngcapparnatiie asishavendmeadi of

EmbodimenE%.énd@'%sC%ase the.re%r%dgged vi(geoasigg?ls a{e displayed on tﬂet monitor ex219, and 25

another apparatus or s s%étr)nnéallﬁ re lice the video s?g%af%,eﬁs?r{g he gcord?}r?gpnﬁ%a%srﬁee%lS on

which the mbltiplexed Bhtacs eedordets Pirtiearaivio dit idatsudpogsible dopnplétioant thetsiddng
picture gecagling apparatus in the set top box ex217 connected to the cable ex203 for a cable
television or the antenna ex204 for satellite 30 and/or terrestrial broadcasting, so as to display the
video signalb®httRd monitor ex219 of the television ex300. The moving picture decoding apparatus

may be included notinie-3eh iR bax sk IRHBeelpusioR63h r ex218 reads or writes

the multiplexed data from or in a recording medium, one of the

tefevision ex300 and the reader/recorder ex218 may decode or code

20 the multiplexed data, and the television ex300 and the
reader/recorder ex218 may share the decoding or encoding.

[0161]

As an example, FIG. 19 illustrates a configuration of an

information reproducing/recording unit ex400 when data is read or

25 written from or in an optical disc. The information

reproducing/recording unit ex400 includes constituent elements

ex401 to ex407 to be described hereinafter. The optical head ex401

irradiates a laser spot on a recording surface of the recording

medium ex215 that is an optical disc to write information, and

30 detects reflected light from the recording surface of the recording

medium ex215 to read the information. The modulation recording

unit ex402 electrically drives a semiconductor laser included in the

optical head ex401, and modulates the laser light according to

recorded data. The reproduction demodulating unit ex403 amplifies

35 areproduction signal obtained by electricaliy detecting the reflected
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[0156] 35FIG. 18 illustrates the television (receiver) ex300 that uses - 33 - 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 5 the antenna ex204 or the cable ex203, etc. that receives a

brogdlcast; aimﬁ)@ltﬂmiﬁﬂ@?@@g@d@ﬁ@m@gﬁ@Xﬁ’@]?_etélﬁéﬁ@y@dylz@ﬁ%thﬁéﬁ%@WE% mw!ﬁ:@_t@faemdatey or
modulates data into multiplexed data to be sppplied outside; and a multiplexing/demulti ing unit
o303 that JBIRAHEAS 68 S tbel ARAIGIEIE8 AL 1 e OB AP A1 SEaD0:
multiplexes $iepeidet dataanthaudia datepcodedtbydbe sigal pnotessing amitiéx306rintd idata. [0157]
Furthermore levisjon.ex300 further incl ..a signal processing unjt ex306 includi n audio
signal proce%é%eé%r‘ﬁ%élée&(%%a%acn% éﬂv(?dﬁé% sg,i%%%l\/ocgféiaﬁgéﬁl? QXBCL)? !ﬁwea):g e?c:fgée Al gi!(%%olata and
video data mdemuiomt_aam @ideéajmaatéspeb@vé@ (vetiohdenattion &b memagé_ic@ing
apparatus OHEWUW\Q%Q(?%%“'% &pﬂ%a(j‘x’ﬁ%?ﬁ?éﬂ% t?é%‘?—@éﬂ%g@fr‘illﬁxﬁ’,r?ﬁ%r“r@é’c%Fﬂiﬂg a.
speaker ex307 that provides the decoded audio signal; and an output 20 unit ex309 including a display

unit ex308 tRaEdispRyatRd decofied i Fide® Sighak $dchbasd disfal EurBf&Rtb R tHeaelBiiBion

ex300 includssarsinteffaceryrit @xgioinglHing@mePRiatrs inRet H?%aeé?ﬂr?etélaté%@@/ﬁ@n input of
a user operation. Furthermore, the television ex300 includes a control unit ex310 that controls overall

25 each corfstiféif BIGHEHNG I BRI 3B Gthd A HbSver Q0PN ERt8uit DRt B8 §f it

supplieg powente egchint tiestiementsr @thgDthasuthesoperabion ptt onikex312pthe intgFace unit
ex317 may incILéde: a bridge ex313 t?’ilt is c%rﬁzected t%a external dﬁvice such %s the .
reader/recordet ex218: 8 i5Unit'eQ5 4 fof bliﬁé)g rQitachhentd thér?gcoﬁcﬂ %rr%%ﬁbﬂ?eleﬁ,

St_Jch as an &&pcardaidiyverex31b g belcohneetedtit6 an exiéraal recat dity nmuﬁhmwsmt:im_gs a hard
disk; and ag en §§§1§§% bS&"ﬂﬂﬁ%ef% é%éﬁgﬁgfv%ﬁ é;f%‘%%@érﬁe&% %‘G‘Forﬁ%orﬁ%’{“%mi?ﬂ'}‘m ex216

can electric y recor |.nform_at|on using a non-vo atile semiconductor memory gelement for
storage. Thél8UnStivaaho dlenidmsrobtie tekinsion iex30@ dare fdemnextd4oore anotheathrgugh a

synchyanous bus 048l ne st FRatAbRAtN KuWBIChIRe telaysion xR00d56eAst he
multiplexed data obtained from outside through the antenna
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 being operated in a coordinated
manner. The system control unit ex407 includes, for example, a
20  microprocessor, and executes processing by causing a computer to
execute a program for read and write.
[0162]

Although the optical head ex401 irradiates a laser spot in the

description, it may perform high-density recording using near field
25 light.
[0163]

FIG. 20 schematically illustrates the recording medium ex215
that is the optical disc. On the recording surface of the recording
medium ex215, guide grooves are spiraily formed, and an

30 information track ex230 records, in advance, address information
indicating an absclute position on the disk according to change in a
shape of the guide grooves. The address information includes
information for determining positions of recording biocks ex231 that
are a unit for recording data. An apparatus that records and

35 reproduces data reproduces the information track ex230 and reads
37 .



5 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 multiplexing/demultiplexing
unit ex303 demultiplexes the multiplexed data demodulated by the modulation/demodulation unit
ex302, under control of the control 10 unit ex310 including a CPU. Furthermore, the audio signal

processing uieexiddrdecodesdhendrnastinlexed avgicdatas Anddhe yidessignalryoegssing unit
ex305 decodes the demultiplexed video data, using the decoding method described in each of

Embodiment< FP iR t8leVisRinex300. FHI RERRPIRI X380 pRAVILLTRe TaegHERedidebsignal
and audio signallotigside. Mdren the etdpuiy Uaiteax3DABavidas i dden signafandribe aweke signal,
the signals ma temporarily stored in buffers ex318 and_ex3 nd gthers so that the signals are
roproquced RoyRa BT O U Gt G FE e BIOTE. e tievist N 0408 18 LG e
multiplexed datzanetx 20 3hieugh a beeadicast aadi otitersordt frgnt lilke wseor diaganebiceex@ % and
ex216, such ic.di icahdisg, t I jQn j ich the
television ex(f?CT';‘(()'é}'g:rca)?cﬁ![e‘(tl;sr;l gﬁcca%ﬁor %%r%gg %ﬁ aé\ﬁggrgﬂs?gnr?g?%?ﬁfz%ﬁfé%@d%%ﬁ%%si%lé\ﬁc? §vrites the
data on a re&bfing ffedinfi 98l 56 deseribeid gn e td1evisiona2sex300i upom receirst o 3 Biser

operation from dh@ Ferels, CORgUsr exeefrand, @@%rﬁcggmﬂi%iee%%c%ﬁ%ngwt 434 codes

an audio signal, and the video signal procesi;gg unit ex305 codes a video Signal, under control of the
control unit X320 MG QG RGHSE BROdE8&HSEIHY eHEN oG @RTENS MctheWsites

multigmir%g/@@a%&iglgﬁirw fd@ﬁagé@@awlﬁ@ri]@@alﬂﬁl p@t#a% Mip&ega sigagl! é@@@@@@aﬁi@@@lﬂ’tﬁl\m )
provides the resulting signal outside. When the multiplexing/demultiplexing unit ex303 multiplexes the
video signal %El’é}%ﬁ&@s I %%J;ﬁéﬂg 'rﬂa?‘—t‘)igte‘:?ﬁ‘ﬁ%a?ﬁy %Hﬁl@ irY lﬁiﬁl‘éré 8%320'5RG%ex321,
and others saribatdhe signadkaare 3breprotuged rie syrctizGrizatfon wdthreachrother. heselithe buffers -
35 - ex318 té)xe2<§§1 may be plural as illustrated, or at least one buffer may be shared in the television

ex300. Furthermore, data may be stored in a buffer other than the buffers ex318 to ex321 so that the
system overflow@hd underflow may be avoided between the

5modylation/demodylatj itex302an tiplexi emultiplexi it ( le. [0159]
Furthgrr%ore, the telg\)FiEilgc(:%)Slll51 §>!§3§§ rﬁgg ?n@cileu e a@agi%%/r%t!g# %oﬁ‘ %é%%%v% gﬁﬁiéﬁ?ﬁlﬁ%
microphone 6r €Ra@EPE OtASr &Tare 16 TR eoHTidiration Fer ishigining e dio tifa vidiss dataiém a

broadcast ong{aeqiding mediimaand max,cose the obiainer datacAHBRMAR e telayisiar £x300 can

code, multiplex, and provide outside data in the description, it may be not capable of performing all the
processes b&tCARHHE of BAGRAGY fo Qv R ORI R SroviviiRg BlitsiHRersdaRN 18]
Furthermores wiar e reagder{mecarsies exS mwatls o1 Wiikes Ha ultinjexed daka flamer faa

R e e S o e e U TS T
information using light of colors with different wavelengths in the
same portion of the optical disc and recording information having
different layers from various angles.

[0165]

25 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,
a configuration of the car navigation system ex211 will be the one for

30 example, including a GPS receiving unit in the configuration
ilfustrated in FIG. 18. The same will be true for the configuration of
the computer ex111, the cellular phone ex114, and others.

{0166]
FIG. 21A illustrates the cellular phone ex114 that uses the

35 moving picture coding method and the moving picture decoding
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20the multiplexed data, and the television ex300 and the reader/recorder ex218 may share the
decoding or encoding. [0161] As an example, FIG. 19 illustrates a configuration of an information
reproducing/recording unit ex400 when data is read or 25 written from or in an optical disc. The
information reproducing/recording unit ex400 includes constituent elements ex401 to ex407 to be

described heseinafier Joeeptieal headex40 1qfradinles @i lnsaitsnot orha recondingrsystase of the
recording mediﬁm ex21 (Eat is an optical disc to w, i%?%inl}ormation, and 30 detects reflected light from

t
the recording’s Ffﬁcér}ﬁ‘?fh SRcorifgIntaiife d thanrfSHHEfsh hiddfulX{i0H
recording unit éx402 glactricaly droves hesdamisandtstos faser induded da the aptical head %301, and
modulates thg Iaasgf Iig(?} a}:ccoEcLIJin to recorded data Tt%?I re roduction de odtééating unit ex403

amplifies 354 r%pro uction gi%nafo aigﬁne%\%?%leac?rgca?ly de Q?:_ﬁﬁg@ tHe Petfected™ 6 c_-:“figH{]Tlrom the

recordibg surfact Bisingla plotol tptectarinshad et 3mp the dptical Sl ex¢0h antbdesediitates the
reproduction;signal ati | (o) 0, r ing. i 15 to
reproduce t?]jeé gg?eega\?ﬁﬁgﬁrﬁ t%r?gT%aé %?Jﬂ;}ﬁé% ggﬁé)é?% mﬂﬁ;g(ﬁgéﬁgﬁF%%giﬁggm%?oiﬁé be
recorded onARESBEG NG A diumhex 2 el thé G AtiorfrépréBgted b 656 reéofding medium

ex215. A diskyaotarexdQncioiging the seeosding, madiim 6Xgys. ASHH CORURLENE X408 poves the

optical head ex401 to a predetermined information track while controlling the rotation 10 drive of the

disk motor eXA5%6%3%c* IHBVP thé RREAKSHt PR syidtErh Lo RSl GnitEk A01EBrieIY BuERall the
informggion reRedIeinatiesording oriirex40@ fdiei raedingfand Avsting preeesses .aait kedBwemented
by the system control unit ex407 using yarious i f.?Lmation stored in tklg bguffer X404 ?ﬁc%generating
15 and addingneW ifsntai 5§%e Ay’ a%rkﬂ ¥ thEYHoauEHoR TRESdIHG it X465 fle
reproductiord demdddlating aunitfex4@3, raad the semid eontrah anit e X406 that: secerdand sepoaduce
information fyeugh e gptical heqd 6x40% while. being perated in a.cagidipaied manney, The system
control unit ex407 iicludes, or example, a 20 micfoprocessor, an executes processing by (%using a
computer torexgbutenalprayrahe fersredaitanenwtite: [9462e manaltioagh the optical ieadusxi401

irradiates a [asegspot in the description, it may perform high-density recording using near field 25light.

[0163]
[0167]

Next, an example of a configuration of the cellular phone
ex114 will be described with reference to FIG. 21B. In the cellular
phone ex114, a main control unit ex360 designed to control overall

20 each unit of the main body including the display unit ex358 as well as
the operation keys ex366 is connected mutually, via a synchronous
bus ex370, to a power supply circuit unit ex361, an operation input
control unit ex362, a video signal processing unit ex355, a camera
interface unit ex363, a liquid crystal display (LCD) control unit ex359,

25 a modulation/demodulation unit ex352, a
multiplexing/demultiplexing unit ex353, an audio signal processing
unit ex354, the slot unit ex364, and the memory unit ex367.
[0168]

When a call-end key or a power key is turned ON by a user’s

30 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.

[0169]
In the cellular phone ex114, the audio signal processing unit

35 ex354 converts the audio signals collected by the audio input unit

-~ 30 .



FIG. 20 schematically illustrates the recording medium ex215 that is the optical disc. On the recording
surface of the recording medium ex215, guide grooves are spirally formed, and an 30 information
track ex230 records, in advance, address information indicating an absolute position on the disk
according to change in a shape of the guide grooves. The address information includes information for

determining pRSitigNs0f secerengosks o 3 dhat arecadiaitdeor é%@?@iﬁ%;%% OR @eparqius that
records and 35reP{raCfduces data _reproduce? the information t{ack ex230 and reads - 37 - the address

information §8 850 Rt HfiMBaHe HOSHINSH? the fe QPG HIBERE. & GriterROtE! i@ idthg
medium ex21héncludag achatd uésordintianeae233i @n inndt CkcUhHerepeefaiaa €x23tcangl an

outer circumference area ex234. The data rec ding(g. area ex233.is an area for use in recording the
eV Mo FOBAL Beh i

user data. Tﬁgelnngr circu%‘ggeenscgt’ei E%@ea %)'223 and er cefr%u}ﬁ’feréﬁ%g%lrse’a e§ Sre inside

and outSide ofathe Miatéi regordin amzeex83, esidecatively hre torf specificdigetetebept foraéogrding the
user data. The in I r i ordi it 400_r. a rit c ' ta,
coded videop(?all%g,gg? ﬁﬁ%ﬁxe@%ﬁ%ﬁgiégﬁ gf rﬁ%ﬁi@lgﬁrﬁ eegoegééd%g)ujgg gg?ﬁ a%p(]j%lt%’egﬁoded
video data, b arié&H HHe @atad@tdrdindtare ilex238 o€ fecofifp Medium ERRIB. [01B4]

15Although anRRlicalidisgdavioga 1BYRSnSUSHh A 8RB andya A i deserbed as aa gxample in the

description, the optical disc is not limited to such, and may be an optical disc having a multilayer
structure and F&%ﬁ%&l’@bfm@ﬁ& $EHRIT0R PSR Bine? Bfhr Bife SuiHBe SEIRBERIGHESSH R Bftical disc

may hpge agtiuctike pr 20 moeltidimensienahteeidingiiepsegstionssush as veesding skipformation
using light of colr%s with different wavelengths iEa he same portion of the optical disc and recording

information Na%ing Tiff&teH? |8§7’ér%‘+ OHP\'/Erﬁ))&% gles. [0165] 25Furthermore, the car ex210 having
the antenna|éx2BB tan receive data from the satellite ex202 and others, and reproduce video on the
display device suchas the car nayigation system ex211 set.in.the car ex210, in a digital broadcasting
system ex200. Hereﬁ%%%ﬁffgmupaq%nvg t%g caar} r?a\%%ﬁohnsggt%%c&% ‘\"N'ﬂl%aer{{ﬁ’é‘ gr?eofég? 36
example, indliirigai GRS, rebeiving abit irvthe benfiguration ilustreted irbiyI Go g8 r Ihie ganib avill be
i foyghe endpepian.ol Joc.Somputsn At fae selllar Ropa g .l ahre. (31661

FIG. 21A illustrates the cellular phone ex114 that uses the 35moving picture coding method and the
moving picm"f@(iﬁcggmﬁjol 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 on the text data,
and the transmitting and receiving unit ex351 performs the
20 digital-to-analog conversion and the frequency conversion on the
resulting data to transmit the data to the base station ex110 via the
antenna ex350. When an e-mail is received, processing that is
approximately inverse to the processing for transmitting an e-mail is
performed on the received data, and the resulting data is provided to
25 the display unit ex358.
[0171]

When video, still images, or video and audio in data
communication mode is or are transmitted, the video signal
processing unit ex355 (that is, functioning as the image coding

30 apparatus according to the aspect of the present invention)
compresses and codes video signals supplied from the camera unit
ex365 using the moving picture coding method shown in each of
Embodiments, and transmits the coded video data to the
multiplexing/demultiplexing unit ex353. In contrast, during when

35 the camera unit ex365 captures video, still images, and others, the
- 44 -



- 38 - method described in each of Embodiments. The cellular phone ex114 includes: an antenna
ex350 for transmitting and receiving radio waves through the base station ex110; a camera unit ex365
capable of capturing moving and still images; and a display unit 5 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 anternacry35(y TAr selvlas phane exd K furher frdudeasi & caig Rady Lol inchading\a set of

operation keys ex366; an audio output unit ex357 such as_a speaker for output of audio; an audio input
unit 10 ex3568SFHAS éﬂﬁféFoLbﬂbﬁn@?éﬁﬁtp&rb‘F 5&3%?@%%&6@%?@7‘31‘& d@hh§edptired
video or stillrpigtarpse xéagitedraudiop tedathoudecedetisdnta of the received video, the still images,
e-mails, or i&ﬁrf nd a slot unit ex364 that is an interface unit for a recording medium that stores
data in the sanme manner as the memory unit 15 ex367. [0167] Next, an example of a
configubation of the Talkulan pHopécexh 4 delhbel tigderiad withitefersicd torfl Bl EX ds thieeellular

onfigufation of the . | ihitcle . aesll
meluding the SRBby w2 A e ey ey a60 10 Earhoie UGl Uia

synchronou§¥8s ex37td td A ovatstpply @ifcuitaimt sx351!iaf offaratiolNApatudittrat igitdx362, a
video signalgygegssinagihex35e3 8 £amera intgriare MHeex3ne 8 liauidHsystal diselay (HeD)

control unit ex359, 25amodulation/demodulationunitex352,a multiplexing/demultiplexing unit ex353, an

audio signalPRIELEIIHG URERESI {REI St HHI Ex 8648 2Ad BRY FREMGTY SRIEB@6 HEEEEY When a
call-end keypox powiergkey is turred Qi fy Reltee!'s d3R SPeEtian tihe POVMe<SHRPRINGIClhunit ex361

(O10] TG e GelfoA piGH et BF TR HLci o UOHaN 1BCB i SBLR IS the
audio signalf-ealleeteriybythe acsliorinpotithet d 38z so as to transmit the resulting data

via the antenna ex350.

[0173]

15 When receiving data of a video file which is linked to a Web
page and others in data communication mode or when receiving an
e-mail with video and/or audio attached, in order to decode the
multiptexed data received via the antenna ex350, the
multiplexing/demultiplexing unit  ex353 demultiplexes the

20  multiplexed data into a video data bit stream and an audio data bit
stream, and supplies the video signal processing unit ex355 with the
coded video data and the audio signal processing unit ex354 with the
coded audio data, threcugh the synchronous bus ex370. The video
signal processing unit ex355 {that is, functioning as the image

25 decoding apparatus according to the aspect of the present invention)
decodes the video signal using a moving picture decoding method
corresponding to the moving picture coding method shown in each of
Embodiments, and then the display unit ex358 displays, for instance,
the video and still images included in the video file linked to the Web

30 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.

[0174]
Furthermaore, similarly to the television ex300, a terminal such

35 as the cellular phone ex114 probably have 3 types of implementation
-41 -



ex356 in voice conversation mode into digital audio signals under the control of the main control unit
ex360 including a CPU, ROM, and RAM. Then, the modulation/demodulation unit ex352 performs
spread spectrum processing on the digital audio signals, and the 5 transmitting and receiving unit
ex351 performs digital-to-analog conversion and frequency conversion on the data, so as to transmit

the resulting.ghaip wigrihe dntenna @8 Then, daynedulationemanuatipnmit 382 paiforms

inverse spread spectrum processing on the data, and the audio signal processing 10 unit ex354
converts it iro" MMHIGY HUdiBSifHaRO §d aLRVIP RRREFAE TR ELAIS BERAHiF BRB [BE70]

Furthermoresr whersan( &-ai i sata icommuaication madeud itvensmities deyt data ph theaenaail
inputted by gperating, the 15 operation keys ex366 and others of the main bady is sent out to the main
ré%ot(l"ig? 3 s 2oRAL

control unit & v ' CSRfoI TN Lé?(%%. Ciﬂgéln% n@nﬁ%&@é@@éﬁ%s the

tRe %epceréYibnr‘pinp%t c
modulation/déhiranlutgtiort lnait ekgdb2ato ferfardraptead spectiempracessifig ondkétest dated and the
transmitting Vil ni r e igital-to-anal i0 th guency
conversion ﬁﬁ%ﬁ%&ﬁ%&dﬁ%@%ﬁ%ﬁgtIﬁmgettga?;tpttcg "(%’e%aéra%f @ﬁg@%ﬁﬁ %ig g]%ggn{%%r%a ex350.
When an e-@@ilgs tedeivets fsrdbetBin gl et ispdpproxiimatentiive tex aslthia@ prooesyitigfcratansmitting

an e-mail is pearAIEd 8 IR TeRSINGT AR, ARY, NG TesWHIng dala i3 RERWHeM 13 ZRina dighigy unit

i
ex358. [0171] When video, still images, or video and audio in data communication mode is or are

transmitted, YHESAIEE SRNA5BcESSiRg amfeR38s BrfatnSuRsticHMg Rdndatmiidodisteo
apparatys agearaling;tafthe aspect of the present invention) compresses and codes video signals
supplied froT thzg mera unit ex365 using the moving picture coding method shown in each of
Embodimen 9 LAd transmits the coded video data to the multiplexing/demultiplexing unit ex353. In
contrast, during wheks3sthetcameea mnitvax3p péaplutesadden gstith mbges, @nd hthetsothig @udio

signal proce s.ir,&gJ unit,ex354 codes %H%Ig srl?nals collie%te(éﬂtéy the augio inggjtgunit ex356, and

transmits th& coded adu%lrlzoG diPt0 the multfp e%aﬁ:g Emuilfi |'nr8%Hi %3 féffﬁ The? MY

multiplexingffenibléplxinireasit exs%3 systipteesdhs cobedivided Data, suytied froartteaddeo signal
processing Unitexdss aag the odsd o datsuplietham e aypliaysignal processing unit ex354.
e

using a predetermined method. Then, the modulation/demodulation unit ex352 performs spread
spectrum 1d (tadelsing on the multiplexed data, and the transmitting and receiving unit ex351

performs digital-to-angleg pRUSFEION BRd frequencyconuersion OR thesdataszo asqn temsiis the
resulting data via the antenna ex350. o o )
Embodiments, and various modifications and revisions are possible
without departing from the scope of the present invention.
20 [0177]
(Embodiment 4}

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

25 picture coding method or a moving picture coding apparatus in
conformity with a different standard, such as MPEG-2, MPEG4-AVC,
and VC-1.

[0178]

Here, when a plurality of video data that conforms to the

30 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 selected.

35  [0179]
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[0173] 15When receiving data of a video file which is linked to a Web page and others in data
communication mode or when receiving an e-mail with video and/or audio attached, in order to decode
the multiplexeddatareceivedviathe antennaex350,the
multiplexing/demultiplexingunitex353demultiplexesthe 20 multiplexed data into a video data bit stream

and an audio data it sirgam.tand sHRPliesthe e Hignal REAsRSENY Wit £X3BBavitl theygoded
video data and the audio signal processing unit ex354 with the coded audio data, through the

synchronofRBGPLR ST TRE B BignanstdeERsHy BRitexs5E Rndfie IAGiGnT] 4StHESmage 25
decoding apparatus@cdending ¢a thenaspast ofdhie present Hveation) WecoHesthedideo signal using a

moving picture decoding method corresponding to.the moving pic coding, method shown in each of
Ermbodime S S E IEEISy it S HLlieg o e b VLIS R s
included ini ths witieq filehieket toothd AWab30n pageada the 1i@D camtiolgintiex358. Eardhiagnore, the

audio sign?éig A 8§sg}gwiE ﬁésé{‘b%ﬁ%gﬁﬁ?ﬁ%gﬁ%ﬁgiﬁﬁaﬁ%‘% u&j]%%.pftg lérgt%('-z?( §7 provides

the audio. Furthermore,si ,a terminal such 3bas the

cellular phérie e @12 grotsabiyl hage Bl pEs6t fslemeriiagion -41h econfidiitoredrdriting not only
(i) a ransmyjtiing RAJ egpelyingitermipalipeladinarbqing coding apparaiysAad a decoding apparatus,

but also (ii) a transmitting terminal including only a coding apparatus and (iii) a receiving terminal
including o &8 coding apparatus. 5 Although the digital broadcasting system ex200 receives and

transrgits the multiplexed plataj pbigingeday rultiplexing audigrdata enteividea datara the description,
b e e be o S, by Tyl ol e ot characer g roed o
the movingpicitirel eading anethodwr theanofing pictlire deoading, methasiia ieactt of Embodiments
can be use[:()jriensaenr}/tgggﬁ d%‘ﬁ%%%&%d %X?teegnns}d?B(gi)b’edagHusa%hemdé/%lé ees graphics
stream. The video stream represents primary video and secondary
15 video of a movie, the audio stream (IG) represents a primary audio
part and a secondary audio part to be mixed with the primary audio
part, and the presentation graphics stream represents subtities of a
movie. Here, the primary video is normal video to be displayed on a
screen, and the secondary video is video to be displayed on a smaller
20 window in the main video. Furthermore, the interactive graphics
stream represents an interactive screen to be generated by
arranging the GUI compecnents on a screen. The video stream is
coded in the moving picture coding method or by the moving picture
coding apparatus shown in each of Embodiments, or in a moving
25 picture coding method or by a moving picture coding apparatus in
conformity with a conventional standard, such as MPEG-2,
MPEG4-AVC, and VC-1. The audio stream is coded in accordance
with a standard, such as Dolby-AC-3, Dolby Digital Plus, MLP, DTS,
DTS-HD, and linear PCM.
30 [0181]
Each stream included in the multiplexed data is identified by
PID. For example, 0x1011 is allocated to the video stream to be
used for video of a movie, O0x1100 to Ox111F are allocated to the
audio streams, 0x1200 to Ox121F are allocated to the presentation

35 graphics streams, O0x1400 to Ox141F are allocated to the interactive
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15 described in each of Embodiments can be obtained. [0176] Furthermore, the present invention
is not limited to Embodiments, and various modifications and revisions are possible without departing
from the scope of the present invention. 20[0177] (Embodiment 4) Video data can be generated
by switching, as necessary, between (i) the moving picture coding method or the moving picture

coding appagaiisishawn ineastsof Brbadiments and fi) a Aewing 28daskie egdingmethrd,or a
moving picture coding apparatus in conformity with a different standard, such as MPEG-2

MPEG4-AVEERRIVE 10 [0 767 £E1E WHRFPL FRFNIN SRR (R Corfdith S t6lth 8ot ifferent

standards is@eparafedaaad isitbea watoded tthe degadingsmetbass nepdde bgselected tagenform to
the different standards. However, si[%ce to.wh(i?cregsﬁlr;g rd each of the plurality of the video data to be
S

decoded corﬁ%ﬁ%@%gﬁ%\' bdeege{:é)c 8, ers %%é%&p?)?’ fate decoding method

cannot be sdledtgd.]35[0179] In order to solve the problem, multiplexed data obtained by

multiplexing audio data.and 9th i ata h stru including identification information
indicating to which s%'%dar %heéa é%%ﬂ%%aﬁg%@)ﬁfoﬁaﬁgﬁtﬁges%ecﬁglst(r?uéé%rg %f the Ir‘rgllu tfi)é}é%od data 5
including theéigéo datadfmertiedn gedidvibgrpicase ¢oding deehbtondy thednanirgusicture

coding appagapus,showR iseach, gh Fowndiments will bederelaalierdesgibed, The myltiplexed data is
a digital stream in the MPEG-2 Transport Stream format. [0180] 10FIG. 22 illustrates a structure of
multiplexed 858 2R iMIsTaR @ fFERES 22X AdbnilithRerébeddta @A BS GRraeEFR*Adfpléxdy at least

one ofigyvideq atrramiAR andig,sfrealts aRreseNiaHan tHaRRiek steam tR@), and sadpferagtive
graphics stream.,ThE video stream represents primary video and secondary 15 video of a maovie, the

audio strean? (1B fépre LAt LhrimBRE SRAIAHLaBAZPEEESHTHS HIUR Tttt FHEI ndl 2d 8 With the
primary audigrpént; @rk-the preseptaiicn graphiesstzam mperesanisfeitites ofta moyigedere, the

Frimary videg s parmal g6 1905 J'SpISLonA STSEBES M seconans idenssyidn o be
into TS packets ex243 and TS packets ex246, respectively., These

15 TS packets are multiplexed into a stream to obtain muitiplexed data
ex247.

[0183]
FIG. 24 illustrates how a video stream is stored in a stream of
PES packets in more detail. The first bar in FIG. 24 shows a video

20  frame stream in a video stream. The second bar shows the stream
of PES packets. As indicated by arrows yy1l, yy2, yy3, and yy4 in
FIG. 24, the video stream is divided into pictures as I pictures, B
pictures, and P pictures each of which is a video presentation unit,
and the pictures are stored in a payload of each of the PES packets.

25 Each of the PES packets has a PES header, and the PES header stores
a Presentation Time-Stamp (PTS) indicating a display time of the
picture, and a Decoding Time-Stamp (DTS) indicating a decoding
time of the picture.
f0184]

30 FIG. 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 stored in the TS

35 paviocads. When a BD ROM is used, each of the TS packets is given
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20 window in the main video. Furthermore, the interactive graphics stream represents an interactive
screen to be generated by arranging the GUI components on a screen. The video stream is coded in
the moving picture coding method or by the moving picture coding apparatus shown in each of
Embodiments, or in a moving 25 picture coding method or by a moving picture coding apparatus in

conformity it ganyentiopalstansaed suehas MERE g MPEGA-AY ke and MG b Jheaaydio stream
is coded in_accordance with a standard, such as Dolby-AC-3, Dolby Digital Plus, MLP, DTS, DTS-HD,
and linear PE1. I £81) P2 CKEERh Aifeakl ifEkRe®Th tﬁ’@@nu‘ﬁ’iﬁ%%@é&ﬁ iS' Richtified BFPID. For

example, Ow 1@k is alcathek totibeadded stiearn tombauused $os Midao ofd_ Movies Oxdd@0to Ox111F
are allocat he aydio ams, 0x1200 to Ox121F are allocated to the presentatign 35graphics
Ctreams, 0L to OLEs 1 5 SA a6t e a T £l R AL, O 00 to
Ox1BEF amaallozted to the video steasis todid used for Sdédndatevideo dhime mowie) eard Ox1A00
to Ox1AlF a 0, [ to be far th dary. vi ixed with the
lﬁE‘?gﬁ(ﬁ@S%‘?ﬂé fpéﬁé?‘ﬂzﬂg RESQMY E’nté M%ﬂ?g@se%(gvcfgz%oﬂataé e é%TPeE? dE%J??J&(S

primary audio. 3 schematically illustra Is multiplexed. First, a video
stream exZ85-Ksrhpusetbsirideoimessand aw AudiotstrentérzssadorSosedof audio frames are

transformqq)ip stream of PES packets ex236 and a stream of PES packets ex239, and 10 further
into TS packets ex237 and TS packets ex240, respectively. Similarly, data of a presentation graphics

stream ex241 and6RER otdn iBrativePgraloRics SHEHHT 8R4 aldiBarBlethitEresla d@&am of PES
paclil:e@s ex%zw@lsa;str@?nmhgﬁr%%a%aw @m,awaﬁl@t!}%rd%@t@spaﬁ@t@@?@@, aﬁlatTls e
packets ex246, respectively. These 15 ets are multiplexed into a stream to obtain multiplexe
tata oxa 7 L7 00 BIE. BAHCLHHAE 0 E AT Sudah SRR I8 SRR bF DR opackets i
more detaihriche fRsblaaim It A4 Rhéusea viel¢e 28 framerstreadm whavdew stieaampP Tiheisecond bar
shows the st of PES kets. As indicate arrows. yyl, yy2, , a 4 in FIG. 24, the video
stream is cﬁvfg@ ir%@pléllct'lﬁztzjgs Tﬁgiﬁees?(ﬁagigt%%sf%ﬁgétgi%tu%ﬁﬁe C Ioﬁm%?c‘fwhi a \/}\igeo
presentatioteenit,i antethie picwide s aresstored Tha gayiibask of eachIdd she fPES: paitkets s &ach of the

PESl%?‘Ck‘%}%ji'é%S abErheadstand We PERNGAde SRS A Y ! tﬁli‘SE;ﬂ;i 'Fé%'_e?&a'ﬁ‘gt@’ TS)

indicating a display time 6f the picture, and a Decoding Time-Stamp (DTS) indicating a decoding time
of the pict#BdGIR4]Bored nSsrimiatiaiesy fomRtoERS SacrReEENSO AL Writles PIDs.

The PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information
showing whether copying of the multiplexed data is permitted or not.
20 The PCR stores STC time information corresponding to an ATS
showing when the PCR packet is transferred to a decoder, in order to
achieve synchronization between an Arrival Time Clock {ATC) that is
a time axis of ATSs, and an System Time Clock (STC) that is a time
axis of PTSs and DTSs.
25 [0186]
FIG. 26 iliustrates the data structure of the PMT in detail. A
PMT header is disposed at the top of the PMT. The PMT header
describes the length of data included in the PMT and others. A
plurality of descriptors relating to the multiplexed data is disposed
30 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
information includes stream descriptors each describing information,

35 such as a stream type for identifying a compression codec of a
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on the multiplexed data. Each of the IS packets is a 188-byte fixed length packet including a 4-byte IS
header having information, such as a PID for identifying a stream and a 184-byte IS payload for storing
data. The PES packets are divided, and stored in the IS 35payloads. When a BD ROM is used, each
of the IS packets is given - 44 - a 4-byte TP_Extra_Header, thus resulting in 192-byte source packets.

The source paekels,arg wiiten an phe myliglexed datas ffenl REXR HegHBSIQgS ifgungtion

such as an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time at which each of the IS
Spackets is {6 BB Faffered ¥'aASPeHer THE humbBR HERAMBERGSFORT 81 ik B e Hultiplexed

data are callpgs soweceteneket AURDsEs (SPAMSeamsBown atthe briters & lGa2s. [0185] Each of the
TS packets E{?l}ﬁ?j in the multiplexed data 10 includes not only streams of audio, video, subtitles
t

and others, a Program Association Table (PAT), a Program Map Table (PMT), and a Program

Clock Reference (P@R)ehhehRAT shopiewbdt @R i in e PO E ededringhe oudtiptexed data indicates,

and a PID of_the PAT itself.js.re istereCfl zero. The P stores PIDs of the,streams of 15 video,
audio, subtit%ggar?(?%%rgr’siitn&?upec ih ﬁ%srtn% |E£) g)?éﬁdva%z;a,naﬁjg%%ﬁr?bﬁé:[ ig%F%é?ﬁégnré? ﬁé%’t"reams

correspondifig@s the PIDs. The PMT also has various descriptors relating to the multiplexed data. The
descriptors }L@vieggfgrmation such as copy control information showing whether copying of the
multiplexed data is permitted or not. 20 The PCR stores STC time information corresponding to an
ATS showing when #RADCH Sacken sl iaereditta detot@mamurddias deHeae sgmonization

betwegn an AFYANHNS Clogk tAECHALS @ e axit of ALSsnandan SYSEM Time ClogkdSIC) that
is atime axis of PTSs and DTSs. 25[0186] .  FIG. 26 illustrates the data structure of the PMT in
detail. A PMTHEHIE RS HsPB8d B HENBH BtHE PMITEHE P hRRIBEdeREMBRRINIRAGH of data

included in the HMh angh atiesse Adrlugiality ob eleserintars felpting fresthe anulisliexed ldatads disposed
30 after the PMT heafder. Inéormati n such agfth% copy. cgntrol informatiog is described in the

descriptors. g\ﬂg? tHe BEELH {3r%, 3 I%?zmtya 'Hi E&S SPERERH HIGHmRAR nE?QIaqi’?le/o thHé Btreams

includ_ed in thé Ir&iﬁt]ple_xgd d_ata is di_sposed. Each piece of stream inf_orma_tio_n includes stream
gfzc_”fg_fs each degcribing Jp[aPagian, 3RCh,35 AN UG 9L LPngIHag & FOMRISsEIRn codec
includes a system rate, a reproduction start time, and a reproduction
end time. The system rate indicates the maximum transfer rate at
which a system target decoder to be described later transfers the
multiplexed data to a PID filter. The intervals of the ATSs included in
20 the multiplexed data are set to not higher than a system rate. The
reproduction start time indicates a PTS in a video frame at the head
of the multiplexed data. An interval of one frame is added to a PTS
in a video frame at the end of the multiplexed data, and the PTS is set
to the reproduction end time.
25 [0190]

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
information has different information depending on whether the

30 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 the
video stream, and the resolution, aspect ratio and frame rate of the

35 pieces of picture data that is included in the video stream. FEach
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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. [0187]
5When the multiplexed data is recorded on a recording medium and others, it is recorded together with
multiplexed data information files. [0188] Each of the multiplexed data information files is management

10 informatigncaf shesmultiplexedsgata as SO RIGird brihstmutiniexeddata piormatinn iles are

in one to one carrespondence with the multiplexed data, and each of the files includes multiplexed

data informafisr UstB VA Tkt ShifrrREHAT &5 AR ERMPMEHURRABSPISAIMRERSEA hiPI&. 27, the

multiplexed gatainformadion ineludes sy tRE ate sad eProstietpacsiartiinaea aada sepeedwction end
time. The system rate indicates the maximum transfer rate at which a system target decoder to be
Pidhst W18 ok FeenalRhr HRATAGH

described lafsPtAhstE@RINE Hiultbised BAtS 1o H B RR. ihtervAR%hf tHeATSEiRcItlED in 20
the mulfiplexathdptanaref settoamatyhigher hae & isistest ratenT e reprotieiGiido staditiore mdicates a

PTS in a vidgo frame.at the head qf, the multjplexe (? An interval of ane frame is added.tg a PTS in
a video framﬁeggt %1%%% (g?et:%er%m% ?6 ésxuet(% dg]tg(?(g% ﬁ%%?gé?susseet 3 e Pe'ptr%I 6%%'0%”&?5 fime.
25[0190] dea9deowWraioFEGE28, pl picee pfaysiduie infdrmatidnisv@yistered in the stream attribute
information, ﬂ‘@rle}af PID of each stream included in the multiplexed data. Each piece of attribute

information has different information depending on whether the 30 corresponding stream is a video

stream, an audio strbant; & BRGEARAbnGradHicIBtEAR] covesh midrackiveRpapties sieadt. Bach

piece QbVid%Q BHSAM aet,t,rﬂwteimé@na@@pn Garrigsdnfarpgation iWH@rM@Fé(j_nd\@ﬁ%Q{an%ion
codec is used for compressing the video stream, and the resolution, aspect ratio and frame rate of the

35pieces of PR XS that Bl clGddE FPHEEAd S8 stfedra CREGH BidceedH Hifdio SieaM! dffbute

information eardesinfasmationtacludiag wikai &ind of dompeession gedeaisuiiseddaeepmipsassing the
audio stream Eowm ny channels are included in th?. audio stream, which lan %%e the audio stream

supports, anicﬁ‘ QW HgH te's 4afm ting 85%eﬁ@3€;%. Hh Vidé %t&%‘&ﬁib‘ﬁl‘t FSrTation’ dnd the
audio streanmregtributie amfomeatioonaregusedt tardnitoadizad onpgf & d ecedee befoie: thérplagehplays back

theinf?gﬂatigﬂ'\tg%]t%%@nts includes a step or a unit for allocating unique
information indicating video data generated by the moving picture
coding method or the moving picture coding apparatus in each of
Embodiments, to the stream type included in the PMT or the video
stream attribute information. With the structure, the video data
20 generated by the moving picture coding method or the moving
picture coding apparatus described in each of Embodiments can be
distinguished from video data that conforms to another standard.
01921
Furthermore, FIG. 29 iilustrates steps of the moving picture
25 decoding method according to Embodiment 4. In Step ex5100, the
stream type included in the PMT or the video stream attribute
information is obtained from the multiplexed data. Next, in Step
ex5101, it is determined whether or not the stream type or the video
stream attribute information indicates that the multiplexed data is
30 generated by the moving picture coding method or the moving
picture coding apparatus in each of Embodiments. When it is
determined that the stream type or the video stream attribute
information indicates that the multiplexed data is generated by the
moving picture coding method or the moving picture coding

35 apparatus in each of Embodiments, in Step ex5102, the stream type
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In Embodiment 4, the multiplexed data to be used is of a 10 stream type included in the PMT.
Furthermore, when the multiplexed data is recorded on a recording medium, the video stream attribute
information included in the multiplexed data information is used. More specifically, the moving picture
coding method or the moving picture coding apparatus described in each of 15 Embodiments includes

a step or a upjt frAllogaling unidws infermatian indicafing \idendata-gensyated ydhe mpiing picture

coding method or the moving picture coding apparatus in each of Embodiments, to the stream type
included in tRESENIE of BeOH RS STREAMCtrituite HBrA&LER? WA fRE Bhtictufdl THRS/ATBE thita 20

generated by,#iermewiag sistiercading matheror fiegnovngpigiurgtepH g APRAGREHS Sigseiibed in
each of Embodjments can be distinguished froErJ\p)/video data that conforms to another standard. [0192]

Furthermore, Tit5 236 TIuSEAEY SIEHLSH 1t mbvfhg FRANR IR bdfG REFES acEbtting 25
Emboditnentk HGSEp MREID: ieGStraan tyge inclpdeddp the PMIBortthe videq stragm attribute
information i&obt%ipfg frosnerthgnrpugﬁlﬁxeqbgagaﬁ exmt, ip Sij[!ep ex5101, it ﬁ] etermined whether or
not the streamefype or the Vided Stréan al}H‘l ute hfOrmation indica scﬂ]da? e r%ulﬁpl@%&fga'ﬁa is 30
generated by itheumpvidg piotiregcodieg nwethoih or ¢he fovirgypicturencotlirey apparetns in each of
Embodimengst VMB%Q&EKS determined that the stream type or the video stream attribute information
indicates that t%e multiplexed data is generated by the moving picture coding method or the moving
picture codirg 38apbaratus in each of Embodiments, in Step exS102, the stream type or the video

stream gttribute infomadigpps dRROESH BY tHeBAYING RiciLre dreedingrmetaeria r%agpﬁ? or

Embodiments. Furthermore, when the stream type or the video stream attribute information indicates

conformancé 6 th¥ EsRertisfa Starrldrds Wch B STRE2, MPEBIRAVESARANVINELIASep

exS103, thegtieardyperon e deersikgany altdbute infedpating istiecpsgddy i BaviBg Rigure
decoding method in cf?nforalgja/ with the conveEtion_al tandards. [0193% 10As such, allocating a new

unique valuPts HESHERHBE GRREAAES Shedn'SARBGIAGRDNR0R 2 RARE R ARk
whether or nmd the endving pletoce! degodify/methed ar dneimoving picturieigéerdinglappatatas that is

e LR A0 SR oo, v eeg LB f mlipesed st
Thus, it becarnes pasg'tble:tmdé@)d&iilﬁﬂ‘pﬁﬁ@ionT\iviumuitam@nemrmesrm'bﬂe, the wheving ficture
o ves SRR RS e et espdne e rPIBUR Rt
coding method or apparatus, or the moving picture decoding method
or apparatus in Embodiment 4 can be used in the devices and
20 systems described above.
[0194]
(Embodiment 5)
Each of the moving picture coding method, the moving picture
coding apparatus, the moving picture decoding method, and the
25 moving picture decoding apparatus in each of Embodiments is
typically achieved in the form of an integrated circuit or a Large Scale
Integrated (LSI) circuit. As an example of the LSI, FIG. 30
iHlustrates a configuration of the LSI ex500 that is made into one chip.
The LSI ex500 includes elements ex501, ex502, ex503, ex504,
30  ex505, ex506, ex507, ex508, and ex509 to be described below, and
the elements are connected to each other through a bus ex510. The
power supply circuit unit ex505 is activated by supplying each of the
elements with power when the power supply circuit unit ex505 is
turned on.

35 [0195]
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Each of the moving picture coding method, the moving picture coding apparatus, the moving picture
decoding method, and the 25 moving picture decoding apparatus in each of Embodiments is typically
achieved in the form of an integrated circuit or a Large Scale Integrated (LSI) circuit. As an example of
the LSI, FIG. 30 illustrates a configuration of the LSI ex500 that is made into one chip. The LSI ex500
includes elements @xR01., ex502,£x503, £x504, 30.ex505, X008 7, 4208, and 2090 be
described below, and the eleménts’ are connected to%Xeach c?t%er t ﬁ?gﬁ a?bt?'\s i‘sﬁoéﬁm power
supply circUieGRitVS&0% S Yciigted Bypstpp iingreadhooTerxdidmerts aitrepavies Whan aimg!power
supply circuit Wit x50% isgHraed on- 3501970 undr exARHRIE oWheR srEiag isrreriarmed, the LSI

ex500 receives an AV signal from a microphone ex117, a camera ex113, and others through an AV

JO ex509 uliHeH@RTol Bf & EbhtrBraidexs5d1 TREITMAHY a €PUT&RR, 8 rmétioryoftitiarex503, a
stream5 contrioties iexbQdx 80d a driving fleavengyfeeqtiel wnjt expiizol herreceived AV sighal is
temporarily stored in an, external memor ex51J], suth as.an SDRAM. Under control of glﬁﬁcgntrol unit
ex501, the SETENAA Y SAGRRNIEA THEP AU B R SacOr ARG RS S ORRSEIY Kridt hnd speed
to be transmittend tes sign&CIRAkbceddmdamitexf®d! Tofenhthecsigiabpracessagtihit ex5@7 codes
an audio signal / ideo si the_coding Qf the video signal.is the coding described in
each of Em o%?%%igaiértfgn%@éﬁé%%aﬁBCrtg)cecs%l%ag u%?ég(?é) sogrﬁ(é w%%sﬁ u %ole%xﬁeg the
coded audi® Hat£ aaththe soded Vided tdtas@ted 13 Gtrdmn JCReBO6 peolidaes tiie migipidxed data

outsidey Thg, :RSE\@Q@H%E;‘UWHE%X%@%? Is trapgrmitted, fo e hage 5@@5@&%@7%%@% gp the

recording media ex215. When data sets are multiplexed, the data sets should be temporarily stored in

the buffer eX808SAhAYKEUSIS BSlsHIE S9hchionl £&d 1A @ach dti& . 2bprss]ing afithdagh the
memory exgidds ar gjementoutside thedliSh expO8:# may beyinglydrd BrthehBbeydanthe buffer

ex508 is not limited to one buffer, but may be composed of buffers. Furthermore, the LSI ex500 may

be made infd"$h8 SHBYr pldrafty of Giigs. 25162695 S! M FrurtifainoreX aithough ARSI ANGE unit
ex501 includesithel€loebex2¢ thbomematycaiitelles e 503 the weam ¢entraliarexad the driving
frequency contral unit ex512, configuration of the control unit ex501 is not limited to such. For
exam%%e, thsgtg?ganré] 3%8p(ro%)é§§§g Bﬁﬁ%@% fum{g Iﬁéﬁfél%sa Iéff.jln%hh bcffecf ané] & CPU in
the signal ppocesdsing unit ExBOZ>can thaixove the: protestaty spadce Burtieesbate; ascanbther

example, thc?rCR/Lrji 2 Jpav ngqd@cwpdjﬁgbg)%%%%ss%%% : eXE{Q@Y ?cr)r];eag ae&tédi% S%quea)éspéocessing

unit that is a part of the signal processing In'such a case ontrolun 1 includes
the signal - 29 tlrbeedinghmitersovadstsd oPild H&S02 mpladg u pastreitHe digrabprdesssing unit
exs07. ex508 so that the data sets are synchronized with each other.

20 [0196]

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 of buffers. Furthermore,
the LSI ex500 may be made into one chip or a plurality of chips.

25 [0197]

Furthermore, although the control unit ex501 includes the CPU
ex502, the memory controller ex503, the stream controller ex504,
the driving frequency control unit ex512, the configuration of the
control unit ex501 is not limited to such. For example, the signal

30 processing unit ex507 may further include a CPU. Inclusion of
another CPU in the signal processing unit ex507 can improve the
processing speed. Furthermore, as another example, the CPU
ex502 may inciude the signal processing unit ex507, or an audio
signal processing unit that is a part of the signal processing unit

35 ex507. In such a case, the control unit ex501 includes the signal
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[0198] The name used here is LSI, but it may also be called IC, system 5 LSI, super LSI, or
ultra LSI depending on the degree of integration. [0199] 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 10 (FPGA) that can be programmed after

manufacturiig, L aksen & [RERNEQuimble processey thatllows Eﬁ%ggﬁ%ﬁ%ﬁﬂﬁ?%&%@&ﬁ%ﬂo“ or

configuration of an LSI"can be used for the same purpose. The pro ogic device can
typically exBEQteha! by RIe oding method and the moving picture decoding 15 method
according tgﬁrglggdiments and Variations, by loading or reading, from a memory, the program
included in software or firmware. [0200] In the future, with advancement in semiconductor technology,

20 a brand-new techBIBG Y FERIdYR ESP FRd fiithitnEl Bloeke LT S thechite SR Ruch a
technotogy i B1e possibilitgis that dherpresantispentvimts appliae ta dinteehpologye (02018 n.
(Embodimeﬂﬁ f} When video data generated by the moving picture coding method or by the moving
picture coding apparatus described in each of Embodiments is decoded, compared to the case of
decoding video dat¥l thatawoafprma yo & coavenderal starmartiosuchras MREGA L MPEG AW/ C, and

VC-1, th ' j . Th S drivi
frequency %??P@T%Efﬁ%%ﬁ el %ﬁﬁ‘%@rﬁ%ﬁﬁ%ﬁ?ﬁ gfs% fé?%%fé%?‘o%@j@ﬁﬁe A
convention&kstan - OéeyednBOS R Sithen thefdd fileguencynig s KigHer, dr@yis a
problef thalehe RYWER SONSUMPHRN IPFIRASES Flf2Q3ter MIBMIFSEER ?9%9 fhegrroplem, the

moving picture decoding apparatus, such as the television ex300 and the LS| ex500 is configured to
determine toRRATH StHRIA the RGeS Bafa cHMdrma | B Switer BeiiEaH®E @Rvirgffre§lencies

according tedhe &ctlriernypedstiansiardtRIG. 3t ilystiatas apenfguratern exgPO:inLErmhadiment 6. A
driving frequency switching unit ex803 sets a driving frequency to a higher driving fri&l%ency when

video data RYéHE&ted b)) the FRGRGPRARECHIHG PEIHGE crihe MBI ¥iddRtdEnl Soparatus
described inreacin gf bitvadinenisiihbem dihibe dsivingtirequenrcyi switehing uait éx8@3tinsiructs a

e B Dl IR i AU R SSeRto R dee o o
standard, the aldving, fréquency switehirtg ynittésd80B segs-ardrivingl frdgubnoy tsaftware or
firmware.
[0200]
In the future, with advancement in semiconductor technology,

20 a brand-new technology may replace LSI. The functional blocks can
be integrated using such a technology. The possibility is that the
present invention is applied to biotechnology.

[0201]
(Embodiment 6)

25 When video data generated by the moving picture coding
method or by the moving picture coding apparatus described in each
of 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 probably increases.

30 Thus, the LSI ex500 needs to be set to a driving frequency higher
than that of the CPU ex502 to be used when video data in conformity
with the conventional standard is decoded. However, when the
driving freguency is set higher, there is a problem that the power
consumption increases.

35 [0202]



15 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 Embodiments. Then, the driving
frequency switching unit ex803 instructs the decoding processing unit ex802 that conforms to the
conventional standard to decode the 20video data. [0203] More specifically, the driving frequency

switching unit ex803 ok the GBI XBA2 AL 5106 1481 CONLR) HILAASIREIC 0.

Here, each of the decoding processing unit ex801 that 25 executes thé mowr&gmture decoding
method des@mRRIAESeh oF EMbBaINERs HIE e ascotingHodrdingimitlex802 ¥R# Boriforms to

the conventiggak riandard soeapands dothasignnl PracrRRSHID Wi 1904 NS B3hh Eher{sPU ex502
determines to which star}ﬁlard the video déelta c(%%gfo,rms. hen, the driving frequ(%ncy control unit 30

ex512 deterfiites SR REGUETRY bASE SH B Skhal O RRCBU S&62 Eitthelfore M fhe signal
processing uletexbiihdecades therdidedrdata Based st pasignad fromm e CRY @x5602 8iap example,

the identification information described.in Emhodiment 4 is prabably used for identifying the video
data. The idagr?t}rhcoacéi)ionr? ?nr}(c%)rnégatioé is8 SBn0dimied {5 the ond” ('j?ecs%rl dih 'gm %%eﬁg% rBu?may be
any - 31 - ifformiatipiragorg ag the mfoimhtondndicated te guniohcstandeerd theddded data isonforms.

For example, shepwbiehstandard Mden 152, conioims 9.3 bF.deicypingp hased g o rternal

signal for determining that the video data for a television or a disk, etc., the determination may
be made baféatonSran @xaepar sighald earAGEOE gradPYf d&mirosEges bsdrivihggfequency

basecyon, forfxagilf my ofksHR &6 inswihieh [Rg Siaprards gb e Meeq data areqassgeipied with the

driving frequencies as shown in FIG. 23. The driving frequency can be selected by storin%éthe look-up

table in 10 AESERS BI508 Hh £ A8 thte il n&mBRHERANTS!, BHRMVK reicfeHEe #RRa B up table

by the CPU £x8820 {034 cribell®h 33 Hivstrates plepsin exeeuting comethpd iniEewagimgnt 6.
First, in Ste%\zgszoo the signal processing unit 15 ex5%7 obtains identification ingé]m(ition from the

multiplexed 2N 598561 hRIEPT BxEd X BEerMNESNHER M oF ABEREVidEd ata is
generated bdsed 0g the: ideatiisaton totornmation by HE&0ddisgsneithod angl fhe goding\appasatus
described in, each_of, Embadiments. When the video data is generated by the codi thod or the
coding 2ppal i s wa LR e L e SR ST e RS R BT «
signal for settingy the drivintufrequendyrtg a tighbrodtiving fidyaentoyto e dpivdhy feeqaenby gontrol
unit ex512. Ther ivi cy..cantral upi _ rivi u t igher
driving freqllge%%.’lzgg %n%gﬁgﬁaﬁ%! w ée)r#] tﬁg [ entlfl(S:\Cg':[i?])g]ri‘irﬁC o?mgggﬁd%%setﬁgﬁﬁg video
data conforrfiERURE E¥nGEYi6RAN StaH Ak dE sGhad MPRGLS, MirE Cea8E N and Vs € Sl Step

ex5203, the (Y £x802 M SI9Ral for $eiling AN AtMRG et AR 1P @lawe i vipgdrequency

to the driving frequency control unit ex512. Then, the 30 driving frequency control unit ex512 sets the
drivin&@requ‘é’ﬁjc,%ﬁ)[odtﬁ lower driving frequency than that in the case where the video data is
generated bygdhe gqding method or the coding apparatus described in each of Embodiments.

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

25 executes the moving picture decoding method described in each of
Embodiments and the decoding processing unit ex802 that conforms
to the conventional standard corresponds to the signal processing
unit ex507 in FIG. 30. The CPU ex502 determines to which standard
the video data conforms. Then, the driving frequency control unit

30 ex512 determines a driving frequency based on a signal from the CPU
ex502. Furthermore, the signal 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

35 not limited to the one described in Embodiment 4 but may be any
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[0205] 35Furthermore, along with the switching of the driving - 52 - 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 5 including the LSI ex500 is probably set to a voltage

ower than thak i e e wbate e diviog fepuanaria setigher 0ol Futharars wher

the computing amount arger, t ving frequency may be set higher, and when the
10 computink'@moiGHt Jof deeoekintf & shsaller; BecdriiNg ffequéroy Ay e skt lolaithy the thethod

for setting the friving freGeE%e E%%H@ec?@&%%ﬁ@?éﬂogé%eet Umited lodhe-Apessdesclibed above.

For example, when the,computir:ﬁﬁfamount or decoding video data in conformity with-MPEG4-AVC is

larger than tHE BB LRIRP R8T YEr VI8 ge Gy Sides dd@arqerelse P iy mdliRk pfiGre coding

method®r they Quing pisiWetFeding appaeatssdrsasifed dn @ach pd fERodivtentsa theidrdng
frequency is probably set in revers rdergé)the set%a%describe,d abgve. 0207] 20Furthermore, the
method for Settiig érlﬂ'f\ﬁmgtﬁgqé) VIERBAIRRE S the ATEYIBA 1Or LBHMY tHeRRRFY fféquency

lower. For exampleawireer (he idektifigatian informatiocnhndieates thad His \ddeh datade getetated by
the moving ictug% Sgogicng 0 thv?:?tﬂr Ehe m v.ing_'pic re codin%q %aé)paratug described in.each,of
t

Embodimen st he voftage o be appmgd d'the Psl X306 aapspasrat%\évlrhciﬁdin he 1Sl ex500

is probably seln highéy | ighEretive ddentificati dreisfoletitah ﬁl}dismmgeéthleeloidbomﬁzamﬂfd)ﬂns to the
Conve%o”alﬁ@”%r#e?”%%'@Pgﬁdz’é\?ﬂplﬁﬁ‘éﬁa\é% ﬁﬁ‘é’% gs%{ the volfagesto be appligd {o the LS|

ex500 or the apparatus including the 30 LSI ex500 is proba lower. As andther example, when
the identificdiffi¢ oA Rator fHlitatds tatithelgides Hag sPaérmerated by the moving picture coding
method or theygidao coding apparatus described in each of Embodiments, the driving of the CPU

ex502 does not probably have to be suspended. When the identification 35information indicates that
the video data confdiktd-to the !llustrates steps for executing a method in

Embodiment 6. First, in Step ex5200, the signal processing unit
15 ex507 obtains identification information from the multiplexed data.
Next, in Step ex5201, the CPU ex502 determines whether or not the
video data is generated based on the identification information by
the coding method and the coding apparatus described in each of
Embodiments. When the video data is generated by the coding
20 method or the coding apparatus described in each of 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.
25 On the other hand, when the identification information indicates that
the video data conforms to the conventional standard, such as
MPEG-2, MPEG4-AVC, and VC-1, in Step exS203, 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
30 driving frequency control unit ex512 sets the driving frequency to the
jower 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 Embodiments.
[0205]
35 Furthermore, along with the switching of the driving
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conventional standard, such as MPEG-2, MPEG4-AVC, and VC-1, the driving of the CPU ex502 is
probably suspended at a given time because the CPU ex502 has extra processing capacity. Even
when the identification information indicates that the video data is 5 generated by the moving picture
coding method or the moving picture coding apparatus described in each of Embodiments, in the case

where the G2l £x902;Ras e%‘rtr’é %‘iﬁéﬁ"”@ B@Fl%tg & driving pf Hl?nc'?é

suspended at a given timeé. In such a case, e suspending time Is probably set %?ortert% hat in the
10 case wh@@mﬁﬁwéh@eﬁﬁm@ﬂ@ntmfaﬁnaﬁ@mﬁ-*fanéaté ehhbthe ¥ieied dHta’rJ@oﬂﬁ)Ir}rﬁﬁéLtlﬁe

conventionalitandaid, sveh &3 MEE@GZ M%E%&M%r@nw&ltﬂwm eorFinlle g nQwer

conservation effect can be improved by 15 switching between the drrvrn%:rqulenues in accordance

with the starf§4rW WhitR eneiRBaERaRD RBRNE LR Bnbrd, RheRthe Y] @avpaiakids

apparatiis ineldding deeths 5308 isdnves w@l@b@\aﬂﬁﬁ theaiterndite nen be extendgrhwith the
power conservation effect. 20[020 bodlme There are Qa es where a plurality of video
TR (orhehdit e AL

data that coHfotms {o°diftefe '%’Bﬁ)vi’oee 46 el dév?c% stems, such as a television

and a cellulag@iome. In order to enable decoding the 25 pIuraIrty of video data that conforms to the

different standards, th ar%n %r!oges%lﬂg Hngheé(S eax,%OO n r}i o égnfo the different
L

standards. However, ifhe probléms’of incrfease in the sc%e HIhé cireuit’ ndsrncrease
in the cost alis@@ith theeindividueg ugeesfule signat pl&ch%rﬁgbrﬁﬂ!ﬂéﬁ@O? #ved 30dvaformhe the

respegiive Sty Es:{8230] 4 RIORS A 3I4E hE RIS T WRAISGRDAS, gg?ﬂe'é EhJ flon in

which the decodln rTt)rocessmg unit for implementing the moving picture décoding me escrrbed in
each of 35 Bifi BHtE AR theed 8eBENRfeceBSiHE Uit ifa éowragn%’&ﬁrh@ﬂwnveﬁrbm

standard, sugteagdViRE-m MRES AN AdiYéaliarepariy sharrd &880 18 hdG e34Arghows an

example of the configuration. For example, the moving picture decodlng method described in each of
t

Embodrmen@:‘l“éﬁﬂ%‘%fﬁ%ﬁﬁﬁ pﬁ&ﬁréﬂ@%@&ﬂ@g amount for decoding video data in
conformity with MPEG4-AVC is larger than the computing amount for

15 decoding video data generated by the moving picture coding method
or the moving picture coding apparatus described in each of
Embodiments, the driving frequency is probably set in reverse order
to the setting described above.

[0207]

20 Furthermore, the method for setting the driving frequency is
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 Embodiments,

25 the voltage to be applied to the LSI ex500 or the 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-AV(C, and VC-1, the
voltage to be applied to the LSI ex500 or the apparatus inciuding the

30 LSI ex500 is probably set lower. As another example, 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 Embodiments, the driving of the CPU ex502 does
not probably have to be suspended. When the identification

35 information indicates that the video data conforms to the
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5 method that conforms to MPEG4-AVC have, partly in 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 10 dedicated decoding processing unit ex901 is probably used for other

processing which is unique tg the present inyentio daes.n nform 1o MPEG-4 AVG, The
Gosoding oAU LHRALr HADE G Bie AoVl et e VeE g et B GeLiriBect Bsach of
Embodiments-méaydhecshares 0P thegqbCessing podiesiares, ape 18 eddexticategidecoding: e
processing ynj e i nj o0 that of MPEG4-A 21 Furthermore,
ex1000 in F%E:g;%gé%%vvés aen%%regrge%%&% #n J\%ﬁiﬁ ér%%:%%g%g i Bgﬁl%%ﬁ 'red.%lﬂlﬁirs1 e&ﬁré%le uses a
20_configurétﬁ‘b‘h inglRaing taaié@lit:ati_étf @@E_tﬁﬁifgpr(b_@éégmgéanitt_é)aIO@mat_Védm@rté @@ priscessing
unique & the asReskthe Presrnt IRVANKQN. @idedicated decadingpincassing ynit 00z hat
supports the processing unique to another conventional standard, and a decoding processing unit

ex1003 thatREPHERsGREERESIAE R DBHS Pafsd ibedden 87 &g PRaAEaBEsEindmEROd in the

aspect of the psesgi dreeptiencand thesopvestiongt raoying pictyre;despdingynemed Herggthe
dedicated decoding S(grocessing units ex1001 and ex1002 are not necessarily specialized for the

processing & th8 Gpett SHAE HrEs ARG NoR EHRIGAE Hrbedsit Wt the! Bt contBnfitid) &andard,

and may bedhe ®nes capable«t dnplenrientngsgenetas processing dtidhretmare thetconfigheation of

Embodjment 7 can be implemented, by the LS. ex500. [021 .__As such, reducing the scale of

the G of 31 £ S M S5 LA AEind The 0 HIAC AR e P SFRRHG the DL i sG55

unit for the protessihgttn bersfiaredsbeiwden tuemening patweadetadingsmethad iMPE Gresent

invention an oWinG-pi cqding method in conformity with the conventional standard.
oy ety e h

[Industrial Applica e present invention has an advantage of accelerating
processing WitR @ffdost no reduction in the coding efficiency, and is applicable to various uses, such as

accumulation, transpssion; ABR,CARMRIGALieR of dala, e Pesertipvention s applcal!s fo. for 10

example, information display apparatuses and image-capturing apparatuses, such as televisions,
digital\VideoSetbridrs car RARGAtGH SystEE) ndbfé BROHES Sdigital €afieras candvdighai Wieo
cameras, ang imhiahty syitalblefor pacticrl ¢ises (RefgremnerRignsisthkaif?dAd, when the

LSI ex500 or the apparatus including the LSI ex500 is driven using a
battery, the battery life can be extended with the power conservation
effect.

20 [0209]
(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. In order to enable decoding the

25 plureality of video data that conforms to the different standards, 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 individua! use of the signal processing units ex507 that

30 conform to the respective standards.

[0210]

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

35 Embodiments and the decoding processing unit that conforms to the
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100Image coding apparatus 101Block partitioning unit 102Subtracting unit 103Transform unit

20104Variable length coding unit 105, 202Inverse transform unit 106, 203Adding unit 107, 204SA0
processing unit 108, 206Frame memory 25109, 207Prediction unit 110 SAO parameter coding unit
Sao_type_idx coding unit 112Sao_offset coding unit 113Sao_offset binarizing unit 30114Arithmetic

coding switch unit 115Context 0 arithmetic coding unit 116Context 1 arithmetic coding unit 117Bypass
arithmetic OB GO 8 b0ARAGE HeEUa RO PRI S 35 IR PG A gt Qe bthig 2t
partly shared. Ex900 in FIG. 34A shows an example of the

configuration. For example, the moving picture decoding method
described in each of Embodiments and the moving picture decoding
5 method that conforms to MPEG4-AVC have, partly in 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
10 dedicated decoding processing unit ex901 is probably used for other
processing which is unigue to the present invention and does not
conform to MPEG-4 AVC. The decoding processing unit for
implementing the moving picture decoding method described in each
of Embodiments may be shared for the processing to be shared, and
15 a dedicated decoding processing unit may be used for processing
unique to that of MPEG4-AVC.
[0211]
Furthermore, ex1000 in FIG. 34B shows another example in
which processing is partly shared. This example uses a
20 configuration including a dedicated decoding processing unit ex1001
that supports the processing unigque to the aspect of the present
invention, a dedicated decoding processing unit ex1002 that
supports the processing unigue to another conventional standard,
and a decoding processing unit ex1003 that supports processing to
25 beshared between the moving picture decoding method in 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
30 conventional standard, and may be the ones capabie of implementing
general processing. Furthermore, the configuration of Embodiment
7 can be implemented by the LSI ex500.
[0212]
As such, reducing the scale of the circuit of an LSI and

35 reducing the cost are possible by sharing the decoding processing
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- 56 - 205 Decoded block combining unit 210 SAO parameter decoding unit 211 Sao_type_idx
decoding unit 212 Sao offset decoding unit 5213Arithmetic decoding switch unit 214Context O
arithmetic decoding unit 215Context 1 arithmetic decoding unit 216Bypass arithmetic decoding unit
217Sao offset inverse binarizing unit [CLAIMS] [Claim 1]JAn image coding method for coding an input
image, the methog c

§i

omprising: ._converting, into a Qin string, an gffset value used.in an offset
5process to%%'gpp r('acrfﬂt‘%ea %?&%%?ﬂ@%f%oré%gngﬁg&%% i%%%i@%ﬂe%‘ﬁgngﬂ%\’f@%é%h riFhage; and
performing ligass iadthmetit cadiitg bhehe hids stringrusing. eofixedhprdifebilityoving picture
decoding method in conformity with the conventional standard.
fIndustrial Applicability]
5 [0213]

The present invention has an advantage of accelerating
processing with almost no reduction in the coding efficiency, and is
applicable to various uses, such as accumulation, transmission, and
communication of data. The present invention is applicable to, for

10 example, information display apparatuses and image-capturing
apparatuses, such as televisions, digital video recorders, car
navigation systems, mobile phones, digital cameras, and digital
video cameras, and is highly suitable for practical use.
[Reference Signs List]

15 [0214]
100 Image coding apparatus
101 Block partitioning unit
102 Subtracting unit
1063 Transform unit

20 104 Variable length coding unit
105, 202 Inverse transform unit
106, 203 Adding unit
107, 204 SAQO processing unit
108, 206 Frame memory

25 109, 207 Prediction unit
110  SAO parameter coding unit
111 Sao_type_idx coding unit
112 Sao_offset coding unit
113 Sao_offset binarizing unit

30 114 Arithmetic coding switch unit
115 Context 0 arithmetic coding unit
116 Context 1 arithmetic coding unit
117 Bypass arithmetic coding unit
200 Image decoding apparatus

35 201 Variable length decoding unit
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10 [Claim 2]An image decoding method for decoding a coded image, the method comprising:
performing bypass arithmetic decoding on a bin string using a fixed probability, the bin string being
coded and indicating an offset value used in an offset process to be applied to a pixel value of a
15reconstructed image corresponding to the coded image; and converting, into the offset value,
the bin strin%a@% which the b)éf?ﬁs alérithmet'%c. decodin gs performed. [Claim 3]An image coding
apparatus that code %ﬁ(%ﬁ!gu i gé: : 58t 'Qb'ﬁgrfﬂu comprising a control circuit and storage
electrically camhfectesitO the canmt eirclét; adhierginuthid control circuit executes: converting, into
a bin string, ) f)ffs% é{glu EJS&'“?di H&aa é)éfggg @Lﬁp&%%ss to be applied to a pixel value qf a _
reconstructed image corresponding to the input image; and performing bypass arithmetic coding
on the bin stfihg usifg & fiRées proBalsiEi ra [C1&im 4]An image decoding apparatus that decodes a
coded image, fhe apparpiHsEPMBERIRging sEPAW Q] Gifcuit and storage electrically connected to the

control circuit, wherein the control circuit eXxecutes: 35performing bypass arithmetic decoding on a bin
string using 414g- Context 0 arithmetic decoding unit

215 Context 1 arithmetic decoding unit
216 Bypass arithmetic decoding unit
217 Sao_offset inverse binarizing unit
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fixed probability, the bin string being coded and indicating an offset value used in an offset process to
be applied to a pixel value of a reconstructed image corresponding to the coded image; and
converting, into the offset value, the bin string on which the 5bypass arithmetic decoding is performed.
[Claim 5]An image coding and decoding apparatus, comprising: the image coding apparatus according
to Claim 3; ?Hmﬁh@?ge decoding apparatus according to Claim 4. 10
[Claim 1] An image coding method for coding an input image, the
method comprising:
converting, into a bin string, an offset value used in an offset
5 process to be applied to a pixel value of a reconstructed image
corresponding to the input image; and
performing bypass arithmetic coding on the bin string using a
fixed probability.

10 [Claim 2] An image decoding method for decoding a coded image,
the method comprising:
performing bypass arithmetic decoding on a bin string using a
fixed probability, the bin string being coded and indicating an offset
value used in an offset process to be applied to a pixel value of a
15 reconstructed image corresponding to the coded image; and
converting, into the offset value, the bin string on which the

bypass arithmetic decoding is performed.

[Claim 3] An image coding apparatus that codes an input image,
20 the apparatus comprising
a control circuit and storage electrically connected to the
control circuit,
wherein the control circuit executes:
converting, into a bin string, an offset value used in an offset
25 process to be applied to a pixel value of a reconstructed image
corresponding to the input image; and
performing bypass arithmetic coding on the bin string using a
fixed probability.

30 [Claim 4] An image decoding apparaius that decodes a coded
image, the apparatus comprising
a control circuit and storage electrically connected to the
control circuit,
wherein the control circuit executes:
35 performing bypass arithmetic decoding on a bin string using a
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10

fixed probability, the bin string being coded and indicating an offset
value used in an offset process to be applied to a pixel value of a
reconstructed image corresponding to the coded image; and

converting, into the offset value, the bin string on which the
bypass arithmetic decoding is performed.

[Claim 5] An image coding and decoding apparatus, comprising:
the image coding apparatus according to Claim 3; and

the image decoding apparatus according to Claim 4.



