[DESCRIPTION] [Title of Invention] IMAGE CODING METHOD, IMAGE DECODING METHOD,
IMAGE CODING APPARATUS, IMAGE DECODING APPARATUS, AND IMAGE 5 CODING AND
DECODING APPARATUS [Technical Field] [0001] The present invention relates to an image
coding method[fOEEICRAMDI &Nimage using plural intra prediction modes. [Background Art] [0002]
Examples of a fm prél%lte '\}éﬁptgr%ﬁﬁ to an image coding 15 method for coding an image using plural
intra prediction modes |n techniques disclosed in Non Patent Literatures (NPLs) 1 and 2. [Citation

List] [Non PatehtififeFatfed] PONGOOY FNPIO B I TUYARECo e AdBt G H M EF M andddAtdeo coding
for generic audiyisyplsenicesi AMaysh, PARNGARVERJSTVE ABPRRNPING D@t 39hGE

E:gglggllciggg)ﬁ\g%e&%o RI% 6%‘&6%5\?83 gﬂpa}&%r}\%%lsl 25 [Summary of Inventlon] [Technical

[Technical Field}
[0001]
The present invention relates to an image coding method for
10 coding an image using plural intra prediction modes,

[Background Art]
[0002]
Examples of a technigue with regard to an image coding
15 method for coding an im'age using plural intra prediction modes
include techniques disclosed in Non Patent Literatures (NPLs) 1 and 2.

[Citation List]
[Non Patent Literature]
20 [0003]
[NPL 1] ITU-T Recommendation H.264 “Advanced video coding for
generic audiovisual services”, March, 2010 -
[NPL 2] JCT-VC “WD3: Working Draft 3 of High-Efficiency Video
Coding”, JCTVC-E603, March 2011
25
[Summary of Invention]
[Technical Probiem]
[0004]
Inefficiently coding an image causes a delay of processing,
30 and also exerts an influence on decoding the image.
[0005]

In view of this, an object of the present invention is to provide
an image coding method for efficiently coding information of an
image.
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Inefficiently coding an image causes a delay of processing, 30 and also exerts an influence on
decoding the image. [0005] In view of this, an object of the present invention is to provide an image
coding method for efficiently coding information of an image. 35 [Solution to Problem] [0006] In
order to achievg3bhaualmve ofect @mimage coding method according to an aspect of the present
invention is an W@ﬁ% oding 5 method for coding an image using plural intro prediction modes, the
image coding method-including coding first binary data and second binary data, the first binary data -
indicating a first intra predicteT fbae isakiého dd theeimagecthesdeoad dinadi natmiatheting a

second intra pregigiiad} meds Wi iy eedeineimagecuherein Bihe 40 £odingma festcanieyt

adaptive portion and a second context adaptive paortion are coded by context adaptive binary
g (

arithmetic Sodifge IO AirsPESREND S RPHR ISR BEIRY et b7 the RIS BiRERIUEIR dRE sEt®nd
context adaptivierfzaytionduimg padteidde senoich hiraryidaiefi fee eontaxt ariaptive Biniy@arihmetic
coding 15 being arithmetic codi sing a.variable probability updated.based on coded data, a first
bypass portion%‘ﬁéa gglsgééc%r%d %ﬁyﬂgailsr%%rﬁiorr‘}%ar e gg%gd' By 1y [ﬁ;@g cao%i r&?tﬁrégﬁ?stpd’fpgiggﬁgrtion
being different pErdef theefirdibigadedbing ieageont ®yjaes pdriidnasyingadiffdrenitqesingf the second

g AN HR A0 eRAIRO USRI i BT RASIE EM NG FxRel Rrahability, and

binary data, th%@&@ﬁﬁsiﬁeﬁéﬂﬁ .
coded data is generated which includes the first context adaptive portion,"the second context adaptive

portion, th8 firstBYHASs porifdis tarkPNE S cRIPRFHERSs PBRIHAN thaltfstdy 5869 PErti6 A MifKthe
secong bYDaSSal@iHﬁ@ﬂ/beb‘@rm@hldgdeGLtbﬁﬁ@mleﬁ?tlfgttf)ﬁﬁs& dqw@tﬁh h@é aesiﬁ@wel @ﬂ&tméﬂf@ the
second context adaptive,portion. [0007 It sho e noted thaf these general and specific aspects
may be implemceorﬁzgigjsi %earﬁgﬁ%aa% u‘é?)étsﬁ Qrp:’t,'gﬁ ir‘?tg&?équa%ﬁéﬁﬂ, g éBﬁw&ﬁtéﬂﬁroﬁFQﬁw, a
computer-readabie nprdrdasitdrg reeonding iediund 3pthvas peCDeROM Dy apaatbitranie
combination ofsa&qﬂg tUses , integ ircui Pyl Rrogr, .recording
media. [Advar]tag%ous E@cﬁts o fn@jé:gg?égﬁo%%?gﬁV@I'hﬁen%??se%}t?gnventlﬁn gﬁ?\}v@%
informatid® of AfiMag iR ifcieAtitddesing a variable probability updated based

on coded data, a first bypass portion and a second bypass portion are
coded by bypass coding, the first bypass portion being different part
of the first binary data, the second bypass portion being different
part of the second binary data, the bypass coding being arithmetic
20 coding using a predetermined fixed probability, and coded data is
generated which includes the first context adaptive portion, the
second context adaptive portion, the first bypass portion, and the
second bypass portion, the first bypass portion and the second
bypass portion being included subsequent to the first context
25 adaptive portion and the second context adaptive portion.
[0007]
It should be noted that these general and specific aspects may
be implemented using an apparatus, a system, an integrated circuit,
a computer program, a computer-readable non-transitory recording
30 medium such as a CD-ROM, or an arbitrary combination of
apparatuses, systems, methods, integrated circuits, computer
programs or recording media.

[Advantageous Effects of Invention]
35 [0008]
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[Brief Description of Drawings] 5 [0009] [FIG. 1] FIG. 1 is a flowchart illustrating coding processing on
an intra prediction mode. [FIG. 2] FIG. 2 is a block diagram illustrating an example of a configuration of
an intra prediction mode decoder. 10[FIG. 3] FIG. 3 is a flowchart illustrating decoding processing in

an intra prediction modédFiCe 44 frt G n4 ésai owahasBlustfatingza00te)d fadaptiveyeans apthmetic
decoding proc%ﬁggeﬂfﬂl Can(iiéf(l_rgsatic decoding method. [FIG. 5] FIG. 5 is a flowchart illustrating
g

bypass arithmetic ecot [ processing of the arithmetic decoding method. [FIG. 6] FIG. 6 is a

flowchart illustrating normalizing processing of the arithmetic decoding method. [FIG. 7] FIG. 7 is a

block diagram ﬁ@ﬁ@@tmgﬁﬁgﬂ@wgﬁ@@fv@%g@ prediction mode decoder according to
. 8 is a flowchart illustrating processing by the intra prediction mode

Embodiment 1 51 E:é% 8] FI

decoder aécor& mbodiment 1. [FIG. 9] FIG. 9 illustrates an example of operation according to
Embodiment 1 FI[5IGL LMIBG 11{&isaafiiack ckagram Slrstratiggct exanme «f & dagcenfiguration of
an image decoding a s according to Embodiment 1. [FIG. 11] FIG. 11 is a block diagram
illustrating a c%%f?g'gar igé?c(#'gr%in ré(ap?édiction mode decoder according to a variation of Embodiment
1. 30[FIG. 12] Ef&G1 24 usttateslesiampldy of birdigasede stlingsractowing tetematiation ef

Embodiment 1&g dsh il 48 Sraiforehard disiating PEREeRIIpy By, the intra

10 [FIG. 3] FIG. 3 is a flowchart illustrating decoding processing in an
intra prediction mode.

[FIG. 4] FIG. 4 is a flowchart illustrating context adaptive binary
arithmetic decoding processing of an arithmetic decoding method.
[FIG. 5] FIG. 5 is a flowchart illustrating bypass arithmetic decoding

15 processing of the arithmetic decoding method.

[FIG. 6] FIG. 6 is a flowchart illustrating normalizing processing of
the arithmetic decoding method.

[FIG. 7] FIG. 7 is a block diagram illustrating a configuration of an
intra prediction mode decoder according to Embodiment 1.

20 [FIG. 8] FIG. 8 is a flowchart illustrating processing by the intra
prediction mode decoder according to Embodiment 1.

[FIG. 9] FIG. 9 illustrates an example of operation according to
Embodiment 1.
[FIG. 10] FIG. 10 is a block diagram illustrating an example of a

25 configuration of an image decoding apparatus according to
Embodiment 1.

[FIG. 11] FIG. 11 is a block diagram illustrating a configuration of an
intra prediction mode decoder according to a variation of
Embodiment 1.

30 [FIG. 12} FIG. 12 illustrates examples of binary code strings
according to the variation of Embodiment 1. ;
[FIG. 13] FIG. 13 is a flowchart illustrating processing by the intra
prediction mode decoder according to the variation of Embodiment 1.
[FIG. 14] FIG. 14 illustrates syntax showing an example of a data

35 structure according to the variation of Embodiment 1.
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prediction mode decoder according to the variation of Embodiment 1. [FIG. 14] FIG. 14 illustrates
syntax showing an example of a data 35 structure according to the variation of Embodiment 1. [FIG.
15] FIG. 15 is a flowchart illustrating coding processing by an intra prediction mode according to
Embodiment 2[FI[FIQ. SIBFFG:. 15 is a Mok chiagran ikistsating an exegnpleokagenfigyration of an

image coding %‘RPPA?%&&%%‘?@”%%E”%%%%ipé‘?ﬂg% [E . %él@gﬂtl is a block diagram illustrating

an example of a con

iguration of an‘image’ ¢oding apparatus according 0 Embodiment 3.

FIG. 18 is a flol¥difart HfektFding plodessing Bykhe intiger Oltuaing Appaius secordmngb &
Embodiment 3¢ {fr|6q & 25 K7 4045 arhlaglé Hiagram dsHANPgLR RTINS ehasABaRIEa

image decoding apparatus according to

[FIG. 18]

of an

mbodiment 3. [FIG. 20] FIG. 20 is a flowchart illustrating

processin& by tne image 15 decoding apparatus according to Embodiment 3. [FIG. 21] FIG. 21
illustrates an ekph@ple1af SWIEX dcearsliag hockkboidigrenih3 i [foi-3Rifg Ga R 2ditestiptes afithmetic

chroma aceordiin T . T 958 FIE0 2P AL Ao HSEE DTt A aE CRLhIaTs to

Embodiment 33.

3. [FIG. 26] FI
10

15

20

25

30

Cr28 Vs 3ee 2 56GeNS FRIVAHAR A AUINRXASRY HPaLeEMRPHP AR mage
coding apparatus according to Embodiment 3.

[FIG. 19] FIG. 19 is a block diagram illustrating an example of a
configuration of an image decoding apparatus according to
Embodiment 3.

[FIG. 20] FIG. 20 is a flowchart illustrating processing by the image
decoding apparatus according to Embodiment 3.

[FIG. 21] FIG. 21 illustrates an example of syntax according to
Embodiment 3.

[FIG. 22] FIG. 22 illustrates arithmetic coding on luma according to
Embodiment 3.

[FIG. 23] FIG. 23 illustrates arithmetic coding on chroma according
to Embodiment 3.

[FIG. 24] FIG. 24 illustrates blocks of an image according to
Embodiment 3.

[FIG. 25] FIG. 25 illustrates a first variation of syntax according to
Embodiment 3.

[FIG. 26] FIG. 26 illustrates a second variation of syntax according to
Embodiment 3.

[F1G. 27] FIG. 27 illustrates a third variation of syntax according to
Embodiment 3.

[FIG. 28] FIG. 28 illustrates an overall configuration of a content
providing system for implementing content distribution services.

[FIG. 29] FIG. 29 illustrates an overall configuration of a digital

35

broadcasting system.
[FIG. 30] FIG. 30 is a block diagram illustrating an example of a

configuration of a television.
A -

[FIG. 25] FIG. 25 illustrates a first variation of syntax according to 25 Embodiment



[FIG. 27] FIG. 27 illustrates a third variation of syntax according to Embodiment 3. 30[FIG. 28] FIG. 28
illustrates an overall configuration of a content providing system for implementing content distribution
services. [FIG. 29] FIG. 29 illustrates an overall configuration of a digital broadcasting system.

[FIG. 30] FIG. 3 .adidckFtingraun ilustratingiant exgrapte o @s3bsoinfiguratien sfrepteleyisign. [FIG.
31] FIG. 31 is a block diagram illustrating an example of a configuration of an informatio
reproducing/re(?:('())rr*(?l}ﬁéj Uit that ?gagsfl aﬁ%%v?ﬁggatlln grm%?t%)rno rgr%fg é% ST %rr(j(aigogrdiHS ‘%eryiqt?r% that is

an optical disk SjFIG2 82] WIH.£32i ifgstratdsah m gle b o configoradion ohe déosrdimg riedium that
is an optical digk. g3 3BaldHG. 33A illustrates an example of a cellular phone. [FIG. 33B] FIG. 333 is

a block diagram showing an_example of a configuration of a cellular phone. 10[FIG. 34] FIG. 34
illustrates sthididre %?%n Lﬁﬂﬁexég JASHEREE 357 RIS >8R i idal PG E B Haéh stream

is multiplexed e souttipiexededtian{Fitat36] BHGopbithisdates how a video stream is stored in a
cource packett e BUTRec gt TS SEER. SEANUTACCL & S Lo k@ OFa PMIT, (FIG,
39] FIG. 39 illustistes3aBihtéital tBtise of phoitipletad Hama isfarmtora RofNEYOEFIS. &0
illustrates an ieg%@pd SHusRre S stream i%tltriBHF?n e.
10 [FIG. 34] FIG. 34 illustrates a structure of multiplexed data.
[FIG. 35] FIG. 35 schematically Hlustrates how each stream is
multiplexed in multiplexed data. '
[FIG. 36] FIG. 36 illustrates how a video stream is stored in a stream
of PES packets in more detail.
15  [FIG. 37] FIG. 37 illustrates a structure of TS packets and source
packets in the multiplexed data.
[FIG. 38] FIG. 38 illustrates a data structure of a PMT.
[FIG. 39] FIG. 39 illustrates an internal structure of multiplexed data
information.
20 [FIG. 40] F1G. 40 iliustrates an internal structure of stream attribute
information.
[FIG. 41] FIG. 41 illustrates steps for identifying video data.
[FIG. 42] FIG. 42 illustrates an example of a configuration of an
integrated circuit for implementing the moving picture coding
25 method and the moving picture decoding method according to each
of embodiments.
[FIG. 43] FIG. 43 illustrates a configuration for switching between
driving frequencies.
[FIG. 44] FIG. 44 illustrates steps for identifying video data and
30 switching between driving frequencies.
[FIG. 45] FIG. 45 illustrates an example of a look-up table in which
video data standards are associated with driving frequencies.
[FIG. 46A] FIG. 46A is a diagram showing an example of a
configuration for sharing a module of a signal processing unit.

35 [FIG. 46B] FIG. 46B is a diagram showing another example of a
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information. [FIG. 41] FIG. 41 illustrates steps for identifying video data. [FIG. 42] FIG. 42 illustrates an
example of a configuration of an integrated circuit for implementing the moving picture coding 25
method and the moving picture decoding method according to each of embodiments. [FIG. 43] FIG. 43

illustrates a configrgtion fysviehing heyvaemaiding fequeneiemal plolsestdhblGndd illustrates
steps for identifying video data and 30 switching-between driving frequencies. [FIG. 45] FIG. 45

illustrates an example of a look-up table in which video data standards are associated with driving
frequencies. [HIBe46APEI® 46AEHE R dEHgremisiowing an example of a configuration for sharing a
module of a siqg@chessing unit. 35 [FIG. 46B] FIG. 463 is a diagram showing another example of a
-5- configuration for sharing-a module of the signal processing unit, [Description of Embodiments]

[0010] 5 (OndMAERhOMRATROVIFHAG BAREE BB T &t tRGREBAFNE IUBRHRIBOf a video
coding standard for capyerassieg \ides datreinctiedi e dntaraationabF elecamaynieafion d4ton
Telecommunipﬁtign Stand?rd'zation Séacto &Tuh?tstarpdlard %{é)ffi.edé)‘y I-1.§6x and th : InS%)/IEC
standard typifi { ?/MIJE&-LS'( The Ig?est 1055 ML RGVancdd Vi E’E)'dfhé%‘fé%'aard Yfandard
typified by H.264/REEGHAUANG INPL 992 Ndar, dhisahigin efticibocy] VTded s atimgd BiEel/ 6) sfdadard which
s a next-genealiqn Ba3geLodipgSAGAH FathRen RXAPHIAL 8%T MpkEwapdard (VL 2k

10 and most advanced video coding standard is a standard typified by
H.264/MPEG-4 AVC (NPL 1). Now, the high efficiency video coding
(HEVC) standard which is a next-generation image coding standard
has been examined as a next standard (NPL 2).

[0011]

15 As a technique used in these standards, inter prediction coding
for compressing video data with reference to inter picture pixel
information and intra prediction coding for compressing video data
with reference to intra picture pixel information are used.

[0012]

20 in intra prediction coding, directions for generating predicted
pixel values from peripheral pixel values and the Ilike are
distinguished in accordance with an intra prediction mode
{IntraPredMode). If intra prediction coding is used, an intra
prediction mode is selected from among plural intra prediction modes.

25 [0013]

The number of such pilural intra prediction modes
(intraPredModeNum) is determined according to the size of a block to
be coded. For example, the number of intra prediction modes is
determined according to the value of log2TrafoSize indicating the

30 size of a block and the type of prediction unit (PU). More specifically,
for a block whose log2TrafoSize has a value of 3 or more and 5 or less,
it is considered to set the value of intraPredModeNum to 34, and
prepare 34 intra prediction modes.

[0014]

35 The value (or label) of an intra prediction mode indicates the
_— 6_



[0011] 15As a technique used in these standards, inter prediction coding for compressing video data
with reference to inter picture pixel information and intra prediction coding for compressing video data
with reference to intra picture pixel information are used. [0012] 20In intra prediction coding, directions

for generating priedictaehpix#l viaheen dtonm peripherabrixeh padyeDane thedikes anghdistingttisaed in
accordance with. an intra prediction.m (IntraPredM A If intra predicti oding Is used, an intra
prediction modgiieggégéd roﬁh %Er%%ﬁ%gpuh‘?a in?ﬁf b%%ﬁﬁ: ilondrlnrc% eg.)%[(?gl%]g'&% g n%%neber of
such plural intra @redititsitipodes! (adrdHreadgepigt) téigeterdiifed according {8 the siveref a block

to be coded. Ferxampie. he;1PRenRiRIRRRACH) BWses s Arieraines asearding dgihe value

of log2TrafoSize indicating the 30 size of a block and the type of prediction unit (PU). More specifically,
for a blockWwho<¥iIcy 5§88 AP RS 12 VRUENG™8 Bitfore and 5 or less, it is considered to set the
value of intraPriggiMasieNum to 34, and prepare 34 intra prediction modes. [0014] 35The value (or
label) of an intra predi wrhl{r%oge |péj£|)c;ac es the direction ofCBredH:tlon.Fo examghec,I Q.indicates the

vertical direction, 1 indicates {he F?1or|zont'z5)lndirr%ccg |<§3n,c '[E%.S a?ens t'r?eqn%%jcﬁllpégtion caﬂgd!B amode

prediction, andf8 efl ibier(3rud ¢eote erets BE ot legstfoch siook masing! isrederemnsiaet sitbEsach
indicate Sthe difgcfion asReHARY, taerewti 9 Glction mode corresponding to fuma is

10 referred to as a luma prediction mode, and an intra prediction mode
corresponding to chroma is referred to as a chroma prediction mode.
{0016}

Mode information for identifying which mode among piural
intra prediction modes is used for a block to be intra-predicted is

15 coded as information of a prediction unit. Currently, it is considered
to include the following three elements in mode information of a luma
prediction mode,

[0017]
The first element is prev_intra_luma_pred_flag (previous intra

20 luma prediction flag). “prev_intra_luma_pred_flag” is a flag for
determining whether to use the value of an intra prediction mode of
an adjacent prediction unit which has been previously coded
(decoded).

[0018]

25 The second element is mpm_idx {most probable mode index).
“mpm_idx” is an index indicating which most probable mode is to be
selected if there are two or more candidates for an intra prediction
mode (most probable modes). For example, the default value of
mpm_idx is 0, which indicates that the first most probable mode is to

30 be selected. '

[0019]

The third element is rem_intra_luma_pred_mode (remaining
intra luma prediction mode). “rem_intra_luma_pred_mode” is a
sign (value) associated with a luma prediction mode.

35 [0020]

— '7 —



An intra prediction mode corresponding to luma and an intra prediction mode corresponding to chroma
may differ from each other. In the following, an intra prediction mode corresponding to luma is 10
referred to as a luma prediction mode, and an intra prediction mode corresponding to chroma is

referred to as a chromajgegdigtions masiesil0eadd to Mode tHéormationdarddaatifgingwhieitemode
among plural igﬁr&grec&igt{ign modes(ijs utsed f% gcpézck to be intra—r;]JFedicted is. 15 coded as

information of a prediction URiE CPurr?er'lﬁy’,OlP is'eorisSidered %Qrg&uée %En?glFé%v?né} {hrae% e;fﬁrﬁaents in

mode informatiprestiatigma predictivad@ode. [00TP) Teeplirsidélegnent is pkev_intra_lohr@mesd_flag
(previous intra ‘%%w_aﬂfcﬂr&ﬁﬁg%ﬂéa)_-&%a\éﬁntgai'amé-pg%eqy%qéﬁ%&'ﬁ%ﬁcﬁ%@ﬂgin{w whether to
t whic

use the value of an intro prediction mode of an adjacent prediction uni as been previously
coded (decodetl) "RIEBPI5 i R IRPERment is mpm_idx (most probable mode index). "mpm_idx"

is an index indipatig. {vhich most probable mode is to be selected if there are two or more candidates

for an intra prediction mode (maost probaple modes). For example,.the default value of m jdx is 0,
which incicates that 8 TBEmR G Beb IS A 91 461 RO [FOTB 1 FRS AT Eement s
rem_intra_lumér@radantederetrairgndintia Ipnead predictioe thode)iaden lengt husacprid gmode” is

a sign (value) aseAsialpCLYiR SUMAPIEIHAR 10450 350920 ot AUSO, #FONSHEIRGHp Include

intra_chroma_pred_mode (intra chroma prediction mode) in mode information of an intra prediction
mode cofr8spoR it b @RrormACRtra IEhrdheai YREd_HEHY is Alfgn MRES) coRERpRIR o0 a 5
chroma predictimapadevOf2 linformation for deriving an intra prediction mode is
derived, For example, a luma prediction mode is expressed by a
number 0 or more and 33 or less, and is one of 34 modes.
Furthermore, for example, a chroma prediction mode is expressed by
15 a number 0 or more and 4 or less, and is one of five modes.
[0022]

FIG. 1 is a flowchart illustrating coding processing on an intra
prediction mode. When arithmetic coding is performed, a luma
prediction mode is binarized as “bins” (SB00). Then, 1 Is

20 substituted into variable N (5B01).
[0023]

Then, a probability value corresponding to a context index
ctxIdx for the luma predictibn mode (more specifically, index
pStateldx for referring to the probability value) is obtained (SB02).

25 Then, arithmetic coding is performed on an Nth bit, based on the
obtained probability value (5B03). The probability value
{pStateldx) corresponding to ctxIdxis updated based on whether the
Nth coded bit is 0 or 1 (SB04).

[0024]

30 If coding is not completed yet for all the bits (No in SB06), 1is
added to N (SBO5), and the next bit is coded.
[0025]

It should be noted that ctxIdx for a luma prediction mode is a

predetermined index. In the arithmetic coding on an N-bit signal of

35 the same type, a probability value (pStateldx) corresponding to the
...8 —



In the process of decoding, such mode information is extracted from a code string by a predetermined
variable-length decoding method such as an arithmetic decoding method. Then, an intra 10 prediction
mode is derived using the mode information. Alternatively, information for deriving an intra prediction
mode is derivesla Fror egiiple, &slunsearedictibormodpasiénpassedivy apnahbériiOtgr mateand 33 or
less, and is on s, Eurther : 0 dicti ogde. i sed by 15
a number O or ?%ﬁgi%ﬂ% %rlfgys%@a{g’n%n%@#ep% ivre8 rﬁw%cfgﬂ%o%% [Igflg?ﬁsﬁlgﬁgﬁgﬁ%illusﬂaﬁng
coding processihgeh &A% predietibRiabee. {Whenl brithehtid@odingits pe¥ermied, 280k
prediction modgrisddBaarizgkasishins” (SB00). Then, 1 is 20substituted into variable N (SB01). [0023]
Then, a pr baii&;@gte corresponding to a context index ctxldx for the luma prediction mode (more
specificallé’), in tateldx for referring to the probability value) is obtained (SB02). 25 Then,
arithmetic coding is pdrforraddidioan Nihié, lidsedron thecabtammedeprabhahilty vatlie {&8035 The
probability val el onding.to ctxldxi ted b vk th h ed bitis
Oorl (5304).\@}%}%0# f%g?}% @%Oﬁ%plé%ed% or all trt?é b?%(??ﬁ%ﬂi%vg%%ghl Efya%dﬁ%dto N
(S305), and thé& mesdnst isiBodad ooZ5)at fdrvulki binsdtadimati biaex (o8 MmasRdidisHmode is a
predetermined;indey 4@ the sshaetis ¢RAIPEIMBN Nhiesignat ot Skt sare sy @ REpRability

value (pStateldx) corresponding to the -8-- same ctxldx is used.More sgecific the probability value

] lly,
(pStateldd up &R HhEREVE DR ¢ Hdietfis & P ESAIRG. cBhi gPéon Preted for all
the binary bits SYassingoB0G), ridcessing endsied based on the probability value

{(pStateldx) corresponding to predetermined ctxidx. In addition,
the probability value is updated after coding the first bit as with the
case of luma.

15 [0027] ,

The following is a description of variable-length decoding on a
luma prediction mode and a chroma prediction mode, using FIGS. 2
and 3.
[0028]

20 FIG. 2 is a block diagram illustrating an example of a
configuration of an intra prediction mode decoder. FIG. 3 is a
flowchart illustrating the operation of an intra prediction mode
decoder X00 illustrated in FIG. 2.

[0029]

25 First, a luma prediction mode decoder X01 obtains a bitstream
BS, and a probability value for a tuma prediction mode (SAD1). Next,
the luma prediction mode decoder X01 decodes a bit indicating the
luma prediction mode, with reference to the obtained probability
value (SA02). After that, the luma prediction mode decoder X01

30 updates the probability value, based on whether the decoded bitis 0
or 1 (5A03). 1t should be noted that the details of arithmetic
decoding is described below.

[0030]
If the decoded bit is not the last bit, or in other words, if the

35 decoded bit is not the last bin (of a binary string) (No in SAQ4), the
—_ 9._



5[0026] In addition, intra_chroma_pred_mode which indicates a chroma prediction mode is

obtained in variable-length bits for chroma, similarly. The first bit indicating intra_chroma_pred_mode
is coded based on a probability value (pStateldx) corresponding to 10 ctxldx derived according to the
states of upper anthleft dbibcki rSubsdqubnt bide amd@ﬂ@md @ dihe pibbabititiireafoe (hStateldx)

correspondin I o) a ng the
first bltpas wﬂﬁ %Hci%%@qmgg ﬁ!{%ﬂ(&‘%%%qﬁh olﬁt\%/r ggggéﬁ)éésg%t%rﬁ varla%f%? engtz?w
decoding on a lufia p?é@ﬂiﬁ&wméﬂéféﬁdjﬁwﬂﬁﬁax&bcﬁ AR NG RIS SPNEha 3. Lo 28]
gOFKg 2 IFsg bé@ﬁkéjf' Gé%gtt?éjﬁtr%f@@@nfm@t)ﬁﬁ @@@8@9?@%@&%1 H@raéargd@tig@%ge
ecoder. is a.flowchart iljustr ratio an intra prediction mode decoder
illustrated i FI%r 6098 @g:# :ILJ%&O éP E quif‘o% Jéectcﬁn% gpEsed hikiadiess, and a
probability vaIUe sﬁtbr aifuns pfedmﬁnnmdder(sa\morﬂl&wteheviurhnawweumemmﬁe; decadge X01
decodes a bit i | ?é'ﬂﬂé%e Wr}@qrg iction mode, with reference to the obtained probability value

(SA02). Aftert uma prediction mode decoder X01 30 updates the probability value, based on
whether the de&@@é bitis 0 or 1 (5A03). It should be noted that the details of arithmetic decoding is

described below. [003Rlext, a dHREHgCeedRItisMOLBRIBSRE IR otaer WHiEsinE e
35decoded bit is not the last b|n (of a binar strwr:g}ﬁ (No in SA04), the -9- luma prediction mode

decoder X981 oBfSﬁiEE,@.\aBPoB%llﬂ?@a?u@‘fS i [ 2 3ie& ctom Ef’nSBéoﬁb%lﬁrﬁ(ﬁﬁ%tH&d@@@Blt is the
last bit, the luma preglictioN exdagle:Hecorden Qi pretsi ddooding dw ehssingeonXe ldeeceredistion

mode, and Startg?td?ﬁad'%g Rrocﬁ'\ssm&?'gr%ghron%%lction mode with reference to the
obtained probability value (SAQ06). After that, the chroma
prediction mode decoder X02 updates the probability value, based on

15 whether the decoded bit is 0 or 1 (SAQ7).

[0032]

If the decoded bit is not the last bit (No in SA08), the chroma’
prediction mode decoder X02 obtains a probability value for the
chroma prediction mode, again. Ifthe decoded bitis the last bit, the

20 chroma prediction mode decoder X02 ends decoding processing on
the chroma prediction mode. It should be noted whether the
decoded bit is the last bit is determined in accordance with a

| predetermined rule (described in NPL 2), as with the case of luma.
[0033]

25 The following is a description of arithmetic decoding on a luma
prediction mode and a chroma prediction mode. An example of a
technique according to H. 264 or HEVC is context adaptive binary
arithmetic coding (CABAC). Arithmetic decoding on a luma
prediction mode and a chroma prediction mode is executed based on

30 CABAC. The following is a description of CABAC, using FIGS. 4, 5,
and 6.

[0034]

FIG. 4 illustrates the flow of context adaptive binary arithmetic

decoding processing. It should be noted that FIG. 4 is a diagram

35 excerpted from NPL 1, and context adaptive binary arithmetic
_10_



5 prediction mode. It should be noted whether the decoded bit is the last bit is determined in
accordance with a predetermined rule (described in NPL 2). [0031] Next, a chroma prediction mode
decoder X02 obtains the 10 bitstream BS, and a probability value for a chroma prediction mode

(SA05). Next, tHe cheorma prestietignrmode decaisokdZedededesra. bit indiating teechraraaprediction

mode with refeaensccent ét&e obtained probability value (5A06). After that, the chroma prediction mode
decoder X02 updatés the probability value, based on 15 whether the decoded bit is 0 or 1 (SAQ7).

[0032] If thEQdlsbadied bit is not the last bit (No in 5A08), the chroma prediction mode decoder X02
obtains a probability valyefor: i ebrome: PerelisHon rrde aagin. 4f the:fiesaded s tsast bit, the

20 chroma_prediction mode decoder X02 ends decoding processing on the chroma prediction mode. It
should be PoteHSHREMEP BIL BRESHA DR iS BRIAMREIIERRHEFRE frSEcordance with a
predetermined [rol@3@¢scribed in NPL 2), as with the case of luma. [0033] 25The following is a

description of arithmetic decoding on aluma.prediction,mode and a chroma_ prediction mode. An
example of a techniquizﬁ %%(ctOrdIﬂnth%l)}gfing %‘#—IE\?C fjsec':’ci)\rﬂ ext E%B}ivg b?rfé amRhERE EEjing

(CABAC). AritriaetiR dacrelihbain ialicrt predittoatatticofindrit biw@tia pledictdbngnodehisrexecuted
pased on 30 CHBAze1he DiRine's adReeURYEE BLTARRONUTNG f EBi o sahesIAREY FIG- 4

illustrates the flow of context adaptive binary arithmetic decoding processing. It sho e noted that

FIG. 4 is HdiagrBfis eXeeifted a8k’ RPLIS, aRBE@IMedt aduptivESbRiAN ErithiReti@- 1628coding
processing is as@ereTHIeR IPRPLdinglgss apeeificpdliadesaitpers {803l x .
{0037}

It should be noted that this codIRangelLPS indicates a value

carresponding to codIRange which indicates the state of arithmetic
15 decoding when LPS (indicating a symbol 0 or 1 whose probability of

occurrence is the lower) has occurred.

[0038]

In addition, a value obtained by subtracting codIRangelPS

mentioned above from current codIRange is put in codIRange (SCO01).

20 Next, calculated codIRange and a second parameter codIOffset which
indicates the state of arithmetic decoding are compared (5C02).
[0039]

If codIOffset is equal to or greater than codIRange (Yes in

SCO02), it is determined that the Symbol of LPS has occurred. Then,
25 binVal which is a decoded output value is set to a value different from
valMPS. Specifically, if valMPS = 1, binVal is set to 0, and if vaiMPS
= {}, binVal is set to 1. It should be noted that valMPS is 0 or 1,
which is a specific value of MPS which indicates a symbol 0 or 1 whose
probability of occurrence is the higher.
30 [0040]

Furthermore, the second parameter codIOffset which indicates
the state of arithmetic decoding is set to a value obtained by
subtracting codlRange from codIOffset. The first parameter
codIRange which indicates the state of arithmetic decoding is set to

35 the value of calculated codiRangelPS {SC03).
- 11 -



In arithmetic decoding processing, a context index ctxldx 5determined based on a signal type is
inputted first. [0036] Next, qCodIRangeldx is derived from a first parameter codIRange that
indicates the state of arithmetic decoding. Then, pStateldx which is a state value corresponding to
ctxldx is obtainggh 40 Then, codlRangeLPS is obtained by referring to a table rangeTableLPS, using

gCodIRangeldx and pStateldx. (0037 hou oted that thi IR indicates a value
corresponding to codllgiaﬁggé(a\‘/)\%/ﬁ[l%%ﬁr% iga@s% %ngl sg(%}é; ar%lt%%n ﬁéq%%%%ﬁoaﬁgﬁe% CIgé%sndicating
a symbol 0 or tivghogerptobaiility ofbdcchtfénce is hedon@in tbs occaMidiS[0088] changaddition, a
value obtaineddyeybirasting codiRgngel 'S anengiared sRAVREOR AureRt GpdRANes is put in

codIRange (SCO01). 20 Next, calculated codIRange and a second parameter codlOffset which

indicates the stat&oPatthifiel@ $4Badirg e tomphria fakedex ot O NRdibe&ds bqual to or
greater than cagiRapge (Y esvimi DGR Al is Teterminedttiat 1he simbgldd<RS basedcwireds Then,
25 binVal which is a decaded output value, is set to a value different from_valMPS. Specifically, if
LIPS = 1. b R B B e A R WS e e i
0 or 1, which igxa@persfic {afue bF. MPS which indicates a symbol 0 or 1 whose probability of
occurrence is t d}i@]er. 30 [0040] Furthermore, the second parameter cod Offset which indicates
the state of arithmetic’decoding is set to a value obtained by subtractin%é:olean%e from codlOffset.

The first bBrameter coHi tRek iieaad|fie Siap FediRaBeC sy Rt 35 S value of
calculated codiRaegehine 5633 thélsymbol of MPS has occurred. Then, valMPS is

set to binvVal which is a decoded output value. Furthermore,
pStateldx is updated based on a transition table transIdxMPS
corresponding to the case where MPS has occurred (5C04).
15 [0043]

Finally, normalizing processing (RenormD) is performed
(SC08). Then, arithmetic decoding is completed.
[0044]

In context adaptive binary arithmetic decoding processing, a

20 context index corresponding to the symbol occurrence probability
which is a probability of occurrence of a binary symbol is switched
according to conditions. For example, a context index is switched
according to the value of an adjacent block. Accordingly, the order
of processing is maintained in context adaptive binary arithmetic

25 decoding processing.

[0045]

FIG. 5 illustrates the flow of bypass arithmetic decoding
processing (bypass decoding processing). It should be noted that
FIG. 5 is a diagram excerpted from NPL 1, and bypass arithmetic

30 decoding processing is as described in NPL 1, unless particularly

described.
[0046]

First, the second parameter codlOffset which indicates the
state of arithmetic decoding is shifted to the teft {doubled), and a bit

35 is read from a bitstream. If the read bitis 1, 1 is added to the
_'12_



[0041] If pStateldx is 0 (Yes in SCO5), the probability of LPS exceeds the probability of MPS.
Accordingly, valMPS is changed. Specifically, if vaIMPS = 1, 0 is put in valMPS, whereas if valMPS =
0, 51is putin valMPS (SCO06). If pStateldx is not 0 (No in 5CO5), valMPS is maintained. Then,

pStateldx is upgiateasl dazestio0 i sensitigr fable ansidid DS conaspeRding je the ehseavhere [PS has

occurred (SCO;?. !Oggééqulfa?gglﬁa%tll\j smaller than codlRange (No in SCO2), it is determined that

the symbol of ccurré en, valMPS is set to binVal which is a decoded output value.

Furthermore, piSt8#Tdx is updated based on a transition table transldxMPS corresponding to the case

where MPS has occurkRelSC4)dalBpasl: s Finally| negmalizing LeeessingRenarmafyds

performed (SCO08). Then, arithmetic decoding is completed. [0044]In context adaptive binary
arithmetic YecHfhf PRIG&ssgd i @t iitdex (CEHedbBRdith &0 #&E§mBbI cdthEMEDrobability
which is a probpbdiv ef¢vesancs Dba binanvanlolds swischedateardingniorcomditorss&or
example, a contex} index is switch cqrding.ta the value of an adjacent block. Accordingly, the
order of procestgir%'is r?i’@ﬁ%ﬂ’;{in(é%ldl‘%g()f)fcrslte((a%xtig(%a%tivtec’bﬁla\r/);i a“r'l?hr%a%%%lﬁg c(jje{:c}gdlsn@a f Cceégég. [0045]
FIG. 5 illustrateo thédfiovg @ ffbypaso diiithifraic ($d20dihg prbeestingfgspiss niedbind proteesing). It

should be notegthat 16 5 &t @ diageamLSIRe RFLHOT AIRL e AnA DYRasS-ariihmes Afdecoding
processing is as described in NPL 1, unless particularly described. [0046] First, the second parameter
C0d|0ﬁsé§)\,\/hig¢m&g&§min SD02), binVal which is a decoded output value is set

to 0 (SD04).

[0048]

FIG. 6 is a flowchart for describing in detail normalizing

processing (RenormD, SCO08) in FIG. 4. FIG. 6 is a diagram
15 excerpted from NPL 1, and normalizing processing is as described in

NPL 1, unless particularly described.

[0049]

First, it is determined whether the first parameter codIRange
which indicates the state of arithmetic decoding is smaller than

20  0x100 in hexadecimal (256 in decimal) (SEQ1).
[0050]

Then, if codIRange is smailer than 0x100 (Yes in SE01),
codIRange is shifted to the left (doubled). In addition, the second
parameter codIOffset which indicates the state of arithmetic

25 decoding is shifted to the left. Then, a bit is read from a bitstream.
If the read bitis 1, 1 is added to the doubled codIOffset. If the read
bit is 0, codIOffset is set to the as-is (doubled) value (SE02).
[0051]

The above processing is repeated, and when codIRange finally

30 reaches Ox100 or more (No in SEO1), normalizing processing ends.
[0052]

Arithmetic decoding is performed on an intra prediction mode
by performing processing illustrated in FIGS. 4, 5, and 6.

[0053]

35 However, coding and decoding intra prediction modes may
-13 -



state of arithmetic decoding is shifted to the left (doubled), and a bit 35is read from a bitstream. If the
read bitis 1, 1 is added to the - 12 - doubled codIOffset. If the read bit is 0, codlOffset is set to the
as-is (doubled) value (5D01). [0047] Next, if codlOffset is equal to or greater than the first 5 parameter
codlRange whichkiadidates theFstateeaharntiimetie depodingtfireg ifdD02k diiffyatgvhichlisraalecoded

output value |sg (tﬁ
codlOffset (SD §§£

ctid Trt‘e%%‘%ﬁéo‘:%sﬁg's 3 value ohtained: by subtracting sadiRange from

codlOffset Is sm

r than |rst afameter codIRange which |nd|cates the state

of arithmetic 10 &feRBaMYENoSRISOEH, BifvaRRMitis d@é@%@@@bﬁt%u@%t@@@DM)
[0048] F'Qﬁrt&ﬂé'%@'ﬂﬁﬂ:f@hd@f&ﬁ'bﬁ‘%"ﬁg@@ﬂmrmalb@'ﬂ.ﬁcﬂ’iﬁ@@%m é&%ruﬁr@@nﬁg%) in

dla am 15 excerpted from NPL 1, a %normal rocessm s described in
TR ALY SBOAOTS LMot A AN o el O ErCE R omstor
codIRange whigh mdndmes tve staitegafaanﬁmmacaieﬁedm@m@maﬂerﬁhamaorolxmm hexadecimal
(256 in decimaL %t) [0050] Then, if codIRange is smaller than 0x100 (Yes in SE01),
ifted

FIG. 4.FIG.6 |
NPL 1, un@ss%

codiRange is s

the left (doubled). In addition, the second parameter codlOffset which indicates

the state of arithmetic 2568E6¢HNe Y¥s sRifesE RTIeS IR EOTHBE, At B TRRATRSIG 4 BREWERM ORthe read
bitis 1, 1 is ad¢eg-tp the-deehilad cod@Esetakh theregd RiHg P LOMETHREE i3RI 1@ e @ise(doubled)

value (5E02) [0051]

15

20

25

30

35

decoding method are useful which prevent a decrease in coding
efficiency and increase the degree of parallelism of processes.
[0055]

In view of this, an image coding method according to an aspect
of the present invention is an image coding method for coding an
image using plural intra prediction modes, the image coding method
including coding first binary data and second binary data, the first
binary data indicating a first intra prediction mode used to code the
image, the second binary data indicating a second intra prediction
mode used to code the image, wherein in the coding, a first context
adaptive portion and a second context adaptive portion are coded by
context adaptive binary arithmetic coding, the first context adaptive
portion being part of the first binary data, the second context
adaptive portion being part of the second binary data, the context
adaptive binary arithmetic coding being arithmetic coding using a
variable probability updated based on coded data, a first bypass
portion and a second bypass portion are coded by bypass coding, the
first bypass portion being different part of the first binary data, the
second bypass portion being different part of the second binary data,
the bypass coding being arithmetic coding using a predetermined
fixed probability, and coded data is generated which includes the first
context adaptive portion, the second context adaptive portion, the
first bypass portion, and the second bypass portion, the first bypass
portion and the second bypass portion being included subseqguent to
the first context adaptive portion and the second context adaptive

portion,
o~ 14.,,.



The above processing is repeated, and when codIRange finally 30 reaches Ox100 or more (No in
SEO01), normalizing processing ends. [0052] Arithmetic decoding is performed on an intra
prediction mode by performing processing illustrated in FIGS. 4, 5, and 6. [0053] 35However, coding
and decoding ib®@3fpédiction modes may - 13 - take time.For example, a code string for identifying a

luma prediction mode apd ¢/rema pPredisianyBedes Wur:pEe JESPERIYRIX $RIFEPHA Jafb Agnong 34

luma prediction modes and 5 chroma prediction modes is not short. Decodin%such a code string 5
I

takes a compal2fiv8i} IoRRESFHEE CALIE oSy et riHG CAB AR LA vho NS BEMG a the
comparatively wagrtireeddpeach block: [00%4 codiAgeordinglys imcnittugetiscedisg . antisaig)metic

decoding en ini@eorﬁgii, tigp ég?&?ahaﬁ}% acigéjigg J@?%thigpednﬁ]\éimage 10 decoding method are

useful which preven ecrease in co iclency and increase thé degree of parallelism of
processes. [0068P57] In view of this, an image coding method according to an aspect of the present

invention is an image %qlin@fgﬁ;tbcpglfo&pqq{@g @@d}ﬁd’r’n%uﬂpgtplﬁ[ﬁbimradér@éjigp& mogdes, the

image coding method including coding first binary data and second binary data, the first binary data

indicating a first$5¢8 Breli@&ihdAbadNREPH coHRInE R dis tbdn@ioo M@ B igatdnedi®sting a
second intra prgghgtion:raoge airdioncode dlee irsagetwvheremdn thercodinos ecfifsh geriexha0

adaptive portion and a secand context adaptive pgrtion are coded by context adaptive binar
Britmen Cod R CHCHTAL B SR Ao eneg R OF (e 6t Bl Al bR d et b
context adaptivi® gortidicbaihgpar afftiésdtoaddinary data, the context adaptive binary arithmetic
coding being atigﬁg%tic coding using a 25 variable probability updated based on coded data, a first

bypass portion'and a second bypass portion are coded by bypass coding, the first bypass portion
being different part of fHRTRSEHRAE LIRS S688r18 BEHREBRION Wil diferahsuitienthe second

binary data, thedwpassaedingRring asthaetg cosingseaing peprasigiRrmingttiguous by a
15 combination of a luma prediction mode and a chroma prediction
mode. Therefore, the degree of parallelism of decoding processing
may increase.
[0059]
For example, in the coding, the coded data may be generated
20  which includes the first context adaptive portion, the second context
adaptive portion, the second bypass portion, and the first bypass
portion, in order: the first context adaptive portion; the second
context adaptive portion; the second bypass portion; and the first
bypass portion.
25 [0060]

Consequently, coded data is generated in which the second
binary data pieces indicating the second intra prediction mode are
contiguous. Therefore, the degree of complexity of processing is
decreased.

30 [0061]

For example, in the coding, when the second binary data does
not include the second bypass portion, a whole of the second binary
data may be coded, as the second context adaptive portion, by the
context adaptive binary arithmetic coding to generate the coded data

35 which does not include the second bypass portion.
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30 fixed probability, and coded data is generated which includes the first context adaptive portion, the
second context adaptive portion, the first bypass portion, and the second bypass portion, the first
bypass portion and the second bypass portion being included subsequent to the first context adaptive
portion and the @ﬁp@g(}i context adaptive 35portion. - 14- [0056] Consequently, coded data is
generated in wgich plural portions for which bypass decoding is used are contiguous. Therefore, the

degree of parallelism df BBEEAINE Proecdsthg FEBNACRABEY THAL Sif & RfEh RRBIRTRITREEBS are

coded efficientlyv057k portron ésamtiec inthe aeding diregfirstusinarysdata ane tkeyseaodkbinary

data may be caded, the first binary, data indicating, the first intra.prediction mqode used to predict luma
of the image (e 10/ o NP bngR e RO G SeaRM T FrEAUse Sadd S o precict

chroma of 3he ibtHfe3 j0058] Consequently, coded data is generated in which plural portions for
which bypass decoding s uged @e magle GREIgHEHFY 2tk COMAINglien of 4lvma presligiign mode

and a chroma prediction mode. Therefore, the degree of parallelism of decoding processing may
increase. [0059FESHHAHREYiN 818 EBANEG GHeP thaid inshyPhB Yahdelied e GrtithGiBBdes the
first context adgptive ipartion tbeiserandraoriexiadaptie podionstthesgegond kymasstpontiek and the

e B Il eaptsanen Ueeipnt epert g poron e
generated in whidhahe sedotid hinmaryd dataquictep edidatihgtie ctaocsetinnd pledictionimddd are
contiguous. Thﬁge{ﬂr@,img&ggree of complexity of processing is decreased.
[0064]
Consequently, coded data is generated in which plural portions
“for which bypass decoding is used are made contiguous by a
15 combination of plural luma prediction modes. Therefore, the degree
of parallelism of decoding processing may increase.
[0065]
For example, in the coding, the second binary data may be
coded which indicates the second intra prediction mode used to
20 predict chroma of a block included in the image, the first binary data,
third binary data, fourth binary data, and fifth binary data may be
coded which respectively indicate the first intra prediction mode, a
third intra prediction mode, a fourth intra prediction mode, and a
fifth intra prediction mode which are used to predict luma of four
25 subblocks constituting the block, when the third binary data, the
fourth binary data, and the fifth binary data are coded, & third
context adaptive portion of the third binary data, a fourth context
adaptive portion of the fourth binary data, and a fifth context
adaptive portion of the fifth binary data may be coded by the context
30 adaptive binary arithmetic coding, and a third bypass portion of the
third binary data, a fourth bypass portion of the fourth binary data,
and a fifth bypass portion of the fifth binary data may be coded by the
bypass coding, and the coded data may be generated which includes
the first context adaptive poartion, the third context adaptive portion,

35 the fourth context adaptive portion, the fifth context adaptive
-16 —



30[0061] For example, in the coding, when the second binary data does not include the second
bypass portion, a whole of the second binary data may be coded, as the second context adaptive
portion, by the context adaptive binary arithmetic coding to generate the coded data 35 which does not
include the Se@mdaf@)rpaiﬁﬁotﬂﬂfbnd&oﬁ@@&] ada@@nﬁ@qggﬁﬁlbﬁhqa@cmbm@rxbw@ég coded

approprlatelyeve lfap rtion fo hIChb cod| S not rese in the, second binary data
indicating the &ond e '(gt\%}ﬁprﬁg %883] geb&’rﬂﬁé ® iRth %Bdlﬁb E binary

data and the sbymabbinaeydats nmybdhedéﬂti'hé)ﬂfrsﬂbmagodammdlcam@ ¢ive fitbeinfiagtrediction
mode used (0 pisdietiiaaght fetieionCUed ihihe g the by §aR ingjeating the

second 10 intra prediction mode used to predict luma of a second bloc cluded in'the | image. [0064]

Consequehtly,fE6tEl ga8t8HeRSaRIVE RAIAPrENSoFits %’r"\%?% Etﬂ’/ﬁﬁ;%V@eé’éd” H§™s used are
made Contlgumbye@éﬁ@@@hM@adéMW@l b’@?@@?ﬁdtﬁ@@m‘@ﬂﬁﬁ bWﬁ@BDEﬁ;ﬁh% degree of
parallelism of rocessing may ncre 0 65 For.exam in_.the coding, the second
binary data mz(a? % Eo%g%s\ﬁh%ﬂrﬁaﬁatég ‘lehe ]ﬂgspreafctt'ﬁﬁ 'mp[)%% Jgéﬂ % 2%\9&8% chroma
of a block incltﬂiﬁttmnhealmhgbarﬁe‘ifhsbbmmy dmatmlrd binary data, fourth binary data, and fifth

binary data mg g%g ded which respectively indicate the first intra prediction mode, a third intra
e,

prediction mode, a fourth intra prediction mode, and a fifth intra prediction mode which are used to
predict Idifa of four 25-QMSHEEE¢hstRYEY tﬁe@!&k‘%énﬁﬁ@‘il‘ﬁrﬁ%n&ﬂﬂd@t& AdfoRR® binary

data, and the fi{rbinaryHaigiefreofesda i crrigxtadarivr Ption ekthedpied binaty data, a
fourth context adaptlvegggmon ?éfthe fgurt binar datg and a ffth context ada 2(i%dve portion of the fifth

binary data ma3FOEEBHED BY YR EBrRANF B0RRANG0S Wa?@’/%rrr PERE SR CHBS thiltFBfhass
portion of the tairel hnuatygiﬁD@Lsa folinthinfoass portiod af the fofrthariabelidata ofnd edifthidypass

portion of the g %{a gyaynl%(? gglgd by the bypass coding, and the coded data may be
generated WhI[OOG ] tcon ext adaptive portion, the third context adaptive portion,
15 7

For example, in the coding, the first bypass portion and the
second bypass portion may be coded in parallel.
[0068]

Consequently, plural portions for which bypass coding is used

20 are coded in parallel. Therefore, plural intra prediction modes are
coded efficiently.
[0069]
For example, in the coding, a switch may be made to one of
first coding processing conforming to a first standard and second
25  coding processing conforming to a second standard, and a bitstream
may be generated which includes identification information
indicating the first standard or the second standard to which the one
of the first coding processing and the second coding processing
conforms, and when the switch is made to the first coding processing,
30 the coded data may be generated which includes the first bypass
portion and the second bypass portion subsequent to the first
context adaptive portion and the second context adaptive portion,
and the bitstream may be generated which includes the identification
information and the coded data.
35 [0070]
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35 the fourth context adaptive portion, the fifth context adaptive - 16- portion, the second context
adaptive portion, the second bypass portion, the first bypass portion, the third bypass portion, the
fourth bypass portion, and the fifth bypass portion, in order: the first context adaptive portion; the third

context adaptive portiqrg tike: chutontth, contexb adagtiverartiens thedfithreeatext pdaptive pogion; the
second contextC agal;i)tive %ortion; the s? ound EMII)O on; the first ass portion; the hi[d bypass
portion; the fouriHs | enif four

rocess] } SGE gc%rﬁi a P%(g rapr \%
by%e%s por%i%rp;%nd he fift ypaes oR%n.%@ég] 6@&3&?&%& '8
luma predictiors widdbscarbone e hroma peetiction mode are used to predict a block, coded data is
generated in wi Elﬁjral portions for which bypass decoding is used are contiguous. Therefore, the
degree of parallelism 'of decoding processing may increase. 15 OOG?L For example, in the coding,

the first bybass portior*8nd TS BREASPEsIPBHRINRG IR edtedth RiafiPRosgf the
Consequently, phaesd poriarshioo wiichybypass neding iseised i2Qpracasisd fopadiet ihaesefore,

plural intra prediction modes arelcod d. e{ficientrlﬁﬁ[oqwg For ex IeI in_the cqding, a switch may
be made to on 51 At LS SLsHE FnfRAREHIS P SERtth ST a8 55 Lkl
processing confozhiing toralsebond deandhrg dird ahitstryasatmy be gemenated which thatades

identification i ipn indicat fi d.or. S ich the ope of the
first cod %pri@%gﬁﬁpgggn%%g t’él%é?l% é§g|§99 %@eﬁsfép%om%sé%r@%ﬁ%ﬂ ?fﬁ@ﬁitc ig %nade to

the first dddlingUiBEdSMHBC B e eddRAHRA Magase GEra BRI \ARER IRCIRIENAEPE S ASS

portion and thesgeppedyRARSPaTRIE MePpRIUSaHtedheslliseoriex! AdaRtive ReFigR andHlee second
context adapti\ép poréi.on, and t ec}oit tream may be rgegera%e_d }gvhjchiingludes the identification
information and B5@ 54y §ade ata 1s obtained which includes a first context

adaptive portion, a second context adaptive portion, a first bypass

portion, and a second bypass portion, the first context adaptive
15 portion being part of the first binary data, the second context

adaptive portion being part of the second binary data, the first

bypass portion being different part of the first binary data, the

second bypass portion being different part of the second binary data,

the first bypass portion and the second bypass portion being inciuded
20 subsequent to the first context adaptive portion and the second

context adaptive portion, the first context adaptive portion and the

second context adaptive portion are decoded by context adaptive

binary arithmetic decoding which is arithmetic decoding using a

variable probability updated based on decoded data, and the first
25 Dbypass portion and the second bypass portion are decoded by bypass

decoding which is arithmetic decoding using a predetermined fixed

probability.

[0072]

Consequently, coded data is obtained in which plural portions

30 for which bypass decoding is used are contiguous. Therefore, the

degree of parallelism of decoding processing may increase. Thus,

intra prediction modes are decoded efficiently.

[0073]

For example, in the decoding, the first binary data and the

35 second binary data may be decoded, the first binary data indicating
- 18_.



35[0070] - 17- Consequently, a decoding apparatus is notified of the format of coding processing.
Thus, the decoding apparatus can appropriately switch decoding processing. [0071] 5An image
decoding method according to an aspect of the present invention may be an image decoding method

for decoding apHenageiisinesnbHad iatia predietioronedaseibe inagel daceding sfathedringhising
decoding first lg'war data(imd secor%rcépinar data thghfirst binaréd a indicating a first iatre%é)rediction
mode to be 10 §edt6UE cpdg?ﬁé’ [ agae[,q & f:%% b(ien%?fagt iR {@aﬁrﬁ% H5e20nd r%\prediction
mode to be usée tosiatdde phe ditdgs) witeeeipfititkel dergding, coded data is obtained which includes
a first context %6@3}14/ portion, a second context adaptive portion, a first bypass portion, and a second
bypass portion, the first context adaptive 15 portion bein% g)art of the first binary data, the second

context adaptive portiérPPERG HRRLHY 111 4850 AG RnienP BAB NBE stBYishs® bEaibR MR different
part of the firstrginagyrtatn, hgpsenonddnmassgpadiopdringeiferaatqarcefiti seaendlyinary data,

the first bypass portion and the second bypass portion being included 20 subsequent to the first
context adapti\9§ fi%ﬂ%é?la the &2t oﬁsg;é)aporéepaf& [Ba'tio ?%r?e ﬁ%?scgnéytoa'agpti%rﬁortion and
the second comtext adaprivenpattion dtectetoded Biecomexeadaptiverbinalis arithimeegc ddoogling which

is arithmetic d%ﬁ%ﬁ@%ﬁ;@%ﬁf@ﬁm%ﬁwabmty updated based on decoded data, and the first 25
bypass portion and the se€cond bypass portion are decoded by bypass decoding which is arithmetic

decoding fsind @}fedetermined fixed probability. [0072] Consequently, coded data is obtained in
which plural portions 3,fo wAvat kypassiHieerding iis ¢!seslate eitfiguesmieriasettp dggree of

0073] BT NER (O CS B Bre hra SRR BN S SE e T ot may
be decoded, thedfapt hinapodaianndicatirngecdBd bypass portion, and the first bypass
porticn, in order: the first context adaptive portion; the second
15 context adaptive portion; the second bypass portion; and the first
bypass portion.
[0076]
Consequently, coded data is obtained in which the second
binary data pieces indicating the second intra prediction mode are
20 contiguous. Therefore, the degree of complexity of processing is
decreased.
[0077]
For example, in the decoding, when the obtained coded data
does not include the second bypass portion, the second context
25 adaptive portion may be decoded by the context adaptive binary
arithmetic decoding, to decode a whole of the second binary data.
[0078]
Consequently, the second binary data is decoded appropriately
even if a portion for which bypass decoding is used is not present in
30 the second binary data indicating the second intra prediction mode.
[0079]
For example, in the decoding, the first binary data and the
second binary data may be decoded, the first binary data indicating
the first intra prediction mode to be used to predict luma of a first

35 block included in the image, the second binary data indicating the
- 19_



the first intra prediction mode to be used to predict luma of the image, the second binary data
indicating the second intra prediction mode to be used to predict chroma of the image. [0074]
5Consequently, coded data is obtained in which plural portions for which bypass decoding is used are
made contiguassdoynd ¢otmbinatiati cf@dumadatreoppedictiod Mg adit e ichrameafintrequediction

mode. Theref%??Ehkeiﬂ%%%%Sf i'?waﬁ” Iimn%@ecoding processing may increase. 10[0075] For
ecoding, t

example, in the ng, the coded data nay be obtained which includes the first context adaptive
portion, the se€BA&Bdntext adaptive portion, the second bypass portion, and the first bypass portion,

in order: the first contexs agagtivenppytiondbe sRaeND 1St arapive PYTon the saeerd bypass

portion; and thg first trggpg‘sss portion. [0076],.  Consequently, coded data is gbtained in which the
second binary ‘®ta BlE&Ss iRYRESTg tHeFSLIB A iftrd prebiicticn Mdde%r&2BHHAGGoUY TRerefore,
the degree of aampliéridy iofrpudoeksiag i decreastdti®0 Mo desForihampteanithe degeaing, when
the obtained ¢ t inc e.sec orti e second context 25 adaptive
portion may be% gg%qﬁ%ggﬁe%go#%eéﬁjﬁ%ﬁjgE%r%r@ﬁﬁﬁ%ﬁ%tfé ggecéo%?ﬁg, to decode a whole of the
second binary 38 10078] Consequently, the second binary data is decoded appropriately even if

a portion for which bypagselecering isiisae ia dos arageriie 3R tneesandhinaydaiaingjeating the

second intra prediction mode. ] For example, In the decoding, the first binary data and the

e. [0079 | )
second WiRary Y8ELHES W@Hﬁbéﬂ%‘f@ﬁ@%i@%ﬁ%‘@%@t‘d‘H(ﬂd%l‘fi%ﬁ'Fﬁécﬁ}éi‘i%ﬁﬁ Hredkti&fhode to be
used to predictéupecafietficstr3miiock inchided imitie roagm theseenngdinary Aata indicating the -

19- data, third binary data, fourth binary data, and fifth binary data may
be decoded which respectively indicate the first intra prediction
mode, a third intra prediction mode, a fourth intra prediction mode,

15 and a fifth intra prediction mode which are to be used to predict luma
of four subblocks constituting the block, when the third binary data,
the fourth binary data, and the fifth binary data are decoded, a third
context adaptive portion of the third binary data, a fourth context
adaptive portion of the fourth binary data, and a fifth context

20 adaptive portion of the fifth binary data may be decoded by the
context adaptive binary arithmetic decoding, and a third bypass
portion of the third binary data, a fourth bypass portion of the fourth
binary data, and a fifth bypass portion of the fifth binary data may be
decoded by the bypass decoding, and when the coded data is

25 obtained, the coded data may be obtained which includes the first
context adaptive portion, the third context adaptive portion, the
fourth context adaptive portion, the fifth context adaptive portion,
the second context adaptive portion, the second bypass portion, the
first bypass portion, the third bypass portion, the fourth bypass

30 portion, and the fifth bypass portion, in order: the first context
adaptive portion; the third context adaptive portion; the fourth
context adaptive portion; the fifth context adaptive portion; the
second context adaptive portion; the second bypass portion; the first
bypass portion; the third bypass portion; the fourth bypass portion;

35 and the fifth bypass portion.
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second infra prediction mode to be used to predict luma of a second block included in the image.
[0080] Consequently, coded data is obtained in which plural portions 5 for which bypass decoding is
used are made contiguous by a combination of plural luma prediction modes. Therefore, the degree of
parallelism of dge08iny processing may increase. [0081] For example, in the decoding, the second

binary data may be 10 ich indi S sec intra_prediction mqde_tp be used to predict
chroma of a block inclfd‘z@%%%ﬁév %@ge{f%f?g %]?rgt%%légy(gé% 3,‘ Ii‘r%(rjd]tg'in"i'\flcir%)/’ (grétg?'fgarﬂﬁ%ﬂ%réor?%ata, and
fifth binary datd @iay BiCHeeyaes svhichaespe difvelydadistechptigst nttagivediotlioy modenethird intra

prediction modg,-a dauihrintraduedician mode, LhaiAa fiteintraiBredistipnmede whigh &g to be
used to predict luma of four subblocks constltutlr:]g_lg]e block, when the third binary data, the fourth

binary dat®, an8HRE fFihbiRRG Hata e §ees8e £NEHIRPES SN RBIFNR! SShicT ARG binary
data, a fourth cpntexiaadaptineagoitienad $he fourth binary data, and a fifth context 20 adaptive portion
of the fifth bina%qfi%tg may be decoded by the context adaptive binary arithmetic decoding, and a third
bypass portion of the tlnird binary data, a fourth bypass portion of the fourth binary data, and a fifth
bypass portion of the fifr ExEN @ htathse ¢recodathyt e iypaby nessdpy;tind andritiee coded

data is 25 obtained, the !9995950'%'8?@}‘\ be thgi@%wg@dqqugggathg,first context adaptive portion,

the third context adaptive portion, the fourth context adaptive portion, the fifth context adaptive portion,
the secorid’co ptive portion, the second bypass portion, the first bypass portion, the third

bypass portion, the fourirannss dhpomiaraangdhadifth Pypassperiasy inerderetrdiing gantext
adaptive portion; th@ third ccgnte)% gaﬁa tive %joré'on; th fourtri; contexhzlg ptjv% Iportion' the fifth context

adaptive portioH;t ot a@apﬁl & |§r‘t|on;ertﬂsrsee(9cfﬁd b?/ Gh; W@ngﬁyrbass

portion; the thirthbylesss podenphedoefiflcpEys portion; 35 and the fifth bypass portion. - 20 -
[0082] Co HE tly, coded data is obtained in which plural portions for which bypass decoding is

used are contiguous even if four luma prediction modes and one chroma prediction mode are used to
5predict & Block. TherdiBfe e aBiRed bf HiRal@RIE Bitiedoditgtream may be obtained

which includes identification information indicating a first standard
or a second standard, and based on the identification information, a
switch may be made to one of first decoding processing conforming
to the first standard and second decoding processing conforming to

20 the second standard, and when the switch is made to the first
decoding processing, the coded data may be obtained from the
bitstream, the coded data including the first bypass portion and the
second bypass portion subseguent to the first context adaptive
portion and the second context adaptive portion.

25 [0086]

Consequently, decoding processing <can be switched
appropriately based on the format of coding processing performed by
a coding apparatus.

[0087]

30 Furthermore, these general and specific embodiments may-be
implemented using an apparatus, a system, an integrated circuit, a
computer program, or a non-transitory computer-readable recording
medium such as a CD-ROM, or an arbitrary combination of
apparatuses, systems, methods, integrated circuits, computer

35 programs, or recording media. '
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processing may increase. [0083] For example, in the decoding, the first bypass portion and the
second bypass portion may be decoded in parallel. 10 [0084] Consequently, plural portions for
which bypass decoding is used are decoded in parallel. Therefore, plural intra prediction modes are
decoded efficigmilyg f085] 15For example, in the decoding, a bitstream may be obtained which
includes identification information indicating a first standard or a second standard, and based on the
identification informatigqr?,%ari%ltgcwirfﬁ%y Be %naS egt%%ﬁ)%heﬂggﬁg L%ltecgdiﬁg p?rgcé@sﬁggecé‘:r%%?ﬂﬁng to the
first standard aie teednardbasdimpge ckssing egnfoaiinty té oottt sadshd staadact ahdhehen the

switch is madedpafierirshArRGeding, Preasssagethereeded data mas e apsaineddram ge djistream,

the coded data including the first bypass portion and the second bypass portion subsequent to the first

context adaptiHBRHANGTY the 8EEHREConRSILY P SorBios PAS [HiEs 61X 2 M elshsBhukifly,
decoding processisgican iperewiioned apprapriaigkyn baged o thedermatefgodingpresssisg
performed by a coding apparatus. [0087] 3QFurthermore, these general and specific embqdiments
may be implemceonr{g E%%‘fﬁ% ar?q;egagpa%s,%a%s%stgrqfﬂ gr?%%apaﬁeg B@cuﬁ?g régr%f)%['er Bn?o;r%l , ora
non-transitory compliteraehadbro estordiig pieditt PliclhesangDROM, @fF Bheadlieasy condbination

of apparalusesy iy 3iRESHERH LB GIRIGA Y LA SIMPLIS DRIGREB L RE FREFELNY fpedia. -21-
[ : 10 are not intended to limit the present invention. Therefore, among

the constituent elements in the embodiments below, constituent
elements not recited in any of the independent claims defining the
broadest concept are described as arbitrary constituent elements.
[0089]

15 [Embodiment 1]

FIG. 7 is a block diagram illustrating a configuration of an intra
prediction mode decoder which performs variable-length decoding on
a luma prediction mode and a chroma prediction mode which are
intra prediction modes corresponding to luma and chroma according

20 to Embodiment 1.
[0090]

- Anintra prediction mode decoder 100 according to the present

embodiment is constituted by a luma prediction mode prefix decoder
101, a luma prediction mode suffix decoder 102, a chroma prediction

25 mode prefix decoder 103, a chroma prediction mode suffix decoder
104, a luma prediction mode reconstruction unit 105, and a chroma
prediction mode reconstruction unit 106. The intra prediction mode
decoder 100 reconstructs, from a bitstream BS, a luma prediction
mode LUMA and a chroma prediction mode CRM.

30 [0091]

A detailed description is given of the operation of the intra
prediction mode decoder 100 according to the present embodiment,
using FIG. 8. FIG. 8 is a flowchart illustrating the operation of the
intra prediction mode decoder 100, |

35 [0092]
—_ 22__.



The following is a specific description of an image coding method and an image decoding method
according to an aspect of the present invention, with reference to the drawings. Each of the 5
embodiments described below shows a specific example of the present invention, The numerical

values, shapes, mateTnials, ip@nstiinedi @rmemisdibel atanaemon ahd:nerneeiesteé the @wstituent

elements, steps, the processing order of the steps, and the Eke shown in the fallowjng embaodiments
are mere exa%leeg,’ arglﬁelo PS fof i?ﬁ@ﬁ%%a "o IﬁPn?ta e %Fee Eht %%‘éﬂﬁlgﬁ. ﬁhée ef8 g,%a{rr}msona the
constituent elgmehtstid ithe ealbedfimeritsehglonli sonstiautuntieie mepddaioe necited i 6hy 01 the

independent claifs deiag igroasiss! andeRtfisiaschedasaiiian sagatiuentalggents.

[0089] 15 [Embodiment 1] IG. 7 is a block diagram illustrating a configuration of an intra
predictior’mo®& Y2EEREMWHich It M PUaFabREIERGHH-IB SoBiRFSR PRIAROS B diction mode and a

chroma prediqt@pgBqde which are intra prediction modes corresponding to luma and chroma
according 20 to Embqdiment 1. [0090 An.intra prediction mode decoder. 1Q0 according to the
present embodiment(lks?%)éffs%i%u e%' 'g‘f] A7 é%r'&&’.c‘?ﬂo gr%&%%ep%ffie&gég%’e}%gl% § SSpPediction
mode suffix dddbded10ZtiagHivenanadictiobhzs Imade prefii décodaralds, witirormtepratietion mode
suffix decodere 043 \ygea pceletiopynad iropsiiiictien s 105, apd ghramaypredigign mode

reconstruction unit 106. The intra prediction mode decoder 100 reconstructs, from a bitstream BS, a

luma prédictioPPBHEIOOMBRHR 8 @homassedrlichdhorB¢aiRe sh fosyppabilivevales.
desg:ridption is ﬁh(g@@fdhewg%&tgm mﬁhg@m é_ltec!i¢tiqa rorc])de de@@.@&ré.l]}l?] JECaKing gpﬁ_@e prezent
empo |ment, usili . O. . s a flowchart illustratl the operation of.the |nt apre Iction mode
oomer 100, HBNE T BT B e R e e e e Ay, b
Then, the lumbredétipm madea tbid decati¢r<k) T wbtaine @spraifinildy vpluedgr ke prefix of a lurna

prediction mo; ). This probability value is identified by a context index ctxldx Spredetermined
the |

for the prefix a prediction mode. [0093]
15 If the decoded bit is not the last bit, or specifically, if the

decoded bit is not the last bin (of a binary string) (No in 5204), the
juma prediction mode prefix decoder 101 obtains a probability value
for the prefix of the iuma prediction mode, again. On the other hand,
if the decoded bit is the last bit, the intra prediction mode decoder
20 100 ends decoding processing on the prefix of the luma prediction
mode, and starts decoding processing on the prefix of a chroma
prediction mode.
[0095] . .
It should be noted whether the decoded bit is the last bit is
25 determined in accordance with a predetermined ruie. For example,
whether the decoded bit is the last bit may be determined according
to the bin length, or may be determined according to the value of bin
(0 or 1 obtained by decoding, for instance). If the bin length is 1,
processing is simplified, and high speed processing is expected, If
30 the value of binis used for the determination, an increase in coding
efficiency is expected since efficient control of the bin length is
possible.
[0096]
Next, the chroma prediction mode prefix decoder 103 obtains

35 the bitstream BS, and obtains a probability value for the prefix of the
-3 -



Next, the luma prediction mode prefix decoder 101 decodes a bit indicating the prefix of the luma
prediction mode, with reference to the obtained probability value (5202). After that, the luma 10
prediction mode prefix decoder 101 updates the probability value, based on whether the decoded bit is

0 or 1 (5203). ¢hsheuls pesantaddhahiod aritbp®ys. degeding ribieapaibpdsdeseribed abaiggnay be
used, or a method modified to increase.efficien ay b . 4] 15If th coded bit Is not the
oot it o SpebH e e GRRSAoat A e bl R ke, A e 558 e lma
prediction mog giéfisi eecodeel.01 obtains a probability value for the prefix of the luma prediction
mode, again. @m@wother hand, if the decoded bit is the last bit, the intra prediction mode decoder 20

100 ends decoding processing on the prefix of the luma prediction mode, and starts decoding

processing on the pref 6kt 8sr GREPHREIRERA FhiRiR. THRE5] it SHBLARSE ABted rhEREPHRS decoded
bit is the last kit i5i25igeirratingy irhacqordanceWittha peedeierminae dilei bor examplewitether the

decoded bit is the last bit may.be determined according to the bin or be,determined
ecorma (o theterancs SHEYTE SR RCE B VR 2200 O AR SR

processing is simiplified paad ieigh spoed procesbing s efpecled3 IL3G e vdine oftsinadiléad for the
determination,\,Er,lui@crsgg%gp SRApgAHEienRY I3 sXBaeadsinge §iiidienteorirp] of the bin length is
6] N ' )

possible. [009 ext, the chroma prediction mode prefix decoder 103 obtains 35 the bitstream
BS, anddbtaith Q‘%ﬁ&bability value for the prefix of the - 23 - chroma prediction mode (S205). This

probability value is idgntified by cernriaxitindexdsidse predeminaedfasthemweixes the eheoma
dicating the BRTBEHR boTHA 0o MIBGes WA ATEIancs 18 He OHReiNot At value
(5206). After that,aheachyoect qiiedictioodrogeqiiefixddecatier 1033updzzsthepmhzbiinyiialue, based
on whether thg decoqed it is 8, (3204 10HP888L prediction mode, again. If the
15 decoded bit is the last bit, the intra prediction mode decoder 100
ends decoding processing on the prefix of the chroma prediction
mode. It should be noted whether the decoded bit is the iast bit is
determined in accordance with a predetermined rule as with the case
of luma.
20 [0099]
Next, the luma prediction mode suffix decoder 102 performs
decoding processing on the suffix of the luma prediction mode
(5§209). Decoding processing on the suffix of the luma prediction
mode corresponds to bypass processing of arithmetic decoding.
25 Although probability is updated in decoding processing on the prefix
of a luma prediction mode, probability is not updated in decoding
processing on the suffix of a luma prediction mode. Therefore, high
speed processing and parallel processing can be performed on the
suffix of a luma prediction mode.
30 {0100]
Next, the chroma prediction mode suffix decoder 104 performs
decoding processing on the suffix of the chroma prediction mode
(5210). Decoding processing on the suffix of the chroma prediction
mode corresponds to bypass processing of arithmetic decoding,

35 similarly. Although probability is updated in decoding processing on
T - 24 -



If the decoded bit is not the last bit, or in other words, if the decoded bit is not the last bin (of a binary
string) (No in 5208), the chroma prediction mode prefix decoder 103 obtains a probability value for the
prefix of the chroma prediction mode, again. If the 15 decoded bit is the last bit, the intra prediction
mode decodertIG0 RIRI$*deésplyroroce S4idg ok tie rede oPtHebettdita Isrediétiopdndad. in should

be noted whettgrdhgflecqsiest s e S9st s IR INEinaRREN SR R Areggigmined e

as with the case, of luma. 20 [0099 Next, the luma predjction mode suffix decoder 102 performs

[0 |
decoding proce<¥ing @ the ‘Mg %Pﬁ]%quﬁ{éjﬁ?é&ﬂi%n%%éjéﬁ’dw PEQ5&RE PEoeRBingon the
suffix of the lurpariredictidnomade=cotrééparids tohrypasspraedéessing ofiatthmetic decoding. 25
Although %robigingj updated in decoding processing on the prefix of a luma prediction mode,
probability is not updated in decoding processing on the suffix of a luma prediction mode. Therefore,
high speed processind” Hiidl pyardiie? ptoceasiagestia hepeifartedres s Buffikiora lumib grébiction

mode. 30 [0100¢con YeYbtdIe cbramaPrediciien 81098 sulix desrds 4 Rertorms:desoding

processing on the suffix of the chrome prediction made (5210). Decoding processing on the suffix of

the chroma preiQRR HRGAEt R E3RG51R1ME b Fasd Hro ity MR RRT&IE dRBITRAG €35 diilarly.
Although probafalititis mpdaited inldenoginghpeatiessing onoe @4 - riheoprefix ofia chromia prewtiction
mode, proRability is nqt updated in decoding processing on the Ix.0f a chroma prediction mode.
Thereforg,B higﬁés/%(zgac{&o%ggsgﬁ% %%?pa?a%ﬁep%rgc%%g?@%éﬁ per%?Pnj;ﬂj gn%gfr;s)ﬁfﬁi %][I]]% chroma
prediction mode1Bi0181prediEfialy, ihedemanstetiivtiodufiodesécomstraltiomanipi®@8iddonstructs
the luma predigtjgp ode LUMA from the prefix of the luma prediction mode and the suffix of the luma
prediction mode. In addition, the chroma prediction mode reconstruction unit 106 10 reconstructs the
chroma predicﬁgﬁr Broble CRM from the prefix of the chroma prediction mode and the suffix of the

chroma prediction moge.4A3Q24 Itishawd de vatad dhal-afretbs crsaspRagsts a pastiei i &P which a

pret by anie B MO E ] Ard2i GRUAC: FHA S RS SPABEDar CNNEApive.
binary arithmetio dstodirifi(RiGCY) isesarsrsd P1033ing a prefix by context adaptive
binary arithmetic ceding. Then, at the time of decoding, context
adaptive binary arithmetic decoding (FIG. 4) is executed.
[0103]

20 A suffix is designed as a portion corresponding to a great index
value. Accordingly, the range of the value indicated by a suffix is
great. Thus, the variation of frequency of symbol occurrence is
small in a binary code string corresponding to a suffix. Therefore,
the probability of symbol occurrence is assumed to be 50%. Thus,

25 the amount of processing is reduced due to bypass coding. Then,
bypass decoding (FIG. 5) is executed when decoding a suffix.
[0104]

Normalizing processing is executed in accordance with the
flow illustrated in FIG. 6. The following is a description of an

30 example of operation of decoding processing iilustrated in FIG. 8,
using FIG. 9.

[0105] _
FIG. 9 is a diagram for describing operation according to
Embodiment 1. Part (a) of FIG. 9 illustrates an example in the case

35 where plural processes are sequentially executed. These processes
— 25 —



20A suffix is designed as a portion corresponding to a great index value. Accordingly, the range of the
value indicated by a suffix is great. Thus, the variation of frequency of symbol occurrence is small in a
binary code string corresponding to a suffix. Therefore, the probability of symbol occurrence is

gssumeg to %eaﬁ@"/qlagﬂffﬁnzédhma%nwk?bmﬁdd@vmgsamds&r_mgiﬁ@e m@y@%ﬁagowﬂgtﬂée_n, _
ypass decoding (EIG. 5) is executed when decoding a suffix. alizing processing is
executed in acgg?((fé)ﬁceowitﬁthi%m illﬁ§ﬁgf&§'ﬁ1nﬂ%7 %&%é%&’{dn& %Qpégicﬂ %ﬁ%é% 84 30
example of opmiqassﬁ r&igamqiiﬁgqam@@singaﬂlubmmd WE@CSplﬂBhﬂ@étG(.@[ﬂ)_lBB]ﬂﬁD()Q is a
diagram for deag&tae%@oe?%%@md@a RORTmCY L (R (BhE PP diLHB A R example

in the case 35 where plara gorocesses are sequentially executed. These processes - 25- are

performedin tHeé-¥Mdwiny bfdat) dedbding! BrRIES SN PERGRE Pidix BNa IiRa prétiktH nibde

(LUMA_PREF I+ gacoding dicsessinthae thepmefiggf risiyoma prediction mode (CRM_PREFIX);
decoding proc«iﬁj@%ﬁ)n the suffix of the luma prediction mode 5 (LUMA_SUFFIX); and decoding
i

processing on x of the chroma prediction mode (CRM_SUFFIX). [0106] However,
processing is performétbiv pacailep to tesebse therspdeodnvatld zirrﬁagea%sbltmidnutisﬁaed _isn'&creased,
and h'gh-speeéé}&r&?'wm?ecw 'F%EBE‘ B g vred! i'é%‘é)’@ﬁsfé’é‘t%@dﬁ@fw?sg@ﬁﬂ’ _
arithmetic decoding processing is Used for decoding processing on the préfix. Consequently, reading
processiA§ and epEH® proesIBMy betHe prsbabiRyYor Sfhbol lbe¥iRNGIc LBt ptfadaed duentially.

Therefore, decpiing progersingeictheste ipity ispreiceadergedn nacaliel. f@@orai@c%ddﬁ(?oding
processing on the suffix can be pﬁforme(%,in parallel bitwise, as iIIustE%ted in (b) of FIG. 9. [0107] Parts

(c) and (d) of FRE?ERELHALBxdmpId il te cds@nseduently, reading processing hd

update processing on the probability of symbol occurrence are
performed sequentially. Therefore, decoding processing on the
15 prefix is not performed in parallel. In contrast, decoding processing
on the suffix can be performed in parallel bitwise, as illustrated in (b)
of FIG. 9.
[0107]
Parts (c) and (d) of FIG. 9 illustrate examples in the case
20 where prefixes and suffixes of bitsireams are decoded in which a
chroma prediction mode is coded subsequent to a luma prediction
mode. Part (c) of FIG. 9 corresponds to (a) of FIG. 9, and (d) of FIG.
9 corresponds to (b) of FIG. 9,
[0108]
25 Also, in this case, prefixes are sequentially processed,
similarly. In addition, as in {b) of FIG. 9, suffixes can be processed
in parallel bitwise. However, a suffix of the iuma prediction mode
and a suffix of the chroma prediction mode are not put together.
Accordingly, the portions which can be processed in parallel are
30 interrupted. Consequently, the degree of parallelism is
comparatively low.
[0109]
The order in (¢} and (d) of FIG. 9 has an advantage that
reconstruction of the intra prediction modes is possible although

35 prefixes of the intra prediction modes are not temporarily stored.
-26 -



20 where prefixes and suffixes of bitstreams are decoded in which a chroma prediction mode is coded
subsequent to a luma prediction mode. Part (c) of FIG. 9 corresponds to (a) of FIG. 9, and (d) of FIG. 9
corresponds to (b) of FIG. 9. [0108] 25Also0, in this case, prefixes are sequentially processed, similarly.

In addition, as BdR)fdrGhe SPHRLFIR PR REPEBTSSArT Gaglle! Rikiges iHeueeroR siiffix of the
luma prediction mode and a suffix of the chroma%edlctlon mode are ng%put together. Accordingly, the

portions which 38A%: BFOCESSAA n G RIER §r@StihtiRripled TSRt the degree of parallelism

is comparativelyodw[0109] The order in (c) and (d) of FIG. 9 has an advantage that reconstruction

of the inea precicion ioges @B AR NN PIRBES AL IR predepn pada o 1o

temporarily stored. -26- However, the order in (a) and 9'is more suita r high speed
processing thad $RE'GHIEG irf¢c) BMbP@yioRens. d. [6210)%t dHedd e rivted Mhag thedrEaPiRaiction

mode decoder 398 R-aceordingda Erabediment ddisdnghidertingndmage decqdingsappgyigieis which
decodes coded,image data. FIG. 10 is a block diagram illustrating an example of a configuration of an

image decoding ‘Z5aEE M ERIMPtoAEMBSAMEN 107071159 0RA YRIE HeRbdffy ABPAPStus 400

ilustrated in FlGedfdiecodep aodedsmmage diitag For Examaplénmcadied image data is inputted, on a

block-by-block wfﬁl o the image decoding apparatus 400 as signals to be decoded. The image
atus

decoding appa 0 reconstructs image data by performing variable length decoding,
10 An image decoding apparatus 400 illustrated in FIG. 10

decodes coded image data. For example, coded image data is
inputted, on a block-by-block basis, to the image decoding apparatus
400 as signals to be decoded. The image decoding apparatus 400
reconstructs image data by performing variable tength decoding,
15 inverse quantization, and inverse transform on the inputted decoding
target signals.
f0112]
As illustrated in FIG. 10, the image decoding apparatus 400
includes an entropy decoder 410, an inverse quantization and
20 inverse transform unit 420, an adder 425, a deblocking filter 430, a
memory 440, an intra prediction unit 450, a motion compensation
unit 460, and an intra/inter change switch 470.
[0113]
The entropy decoder 410 performs variable length decoding on
25 an input signal (input stream), to reconstruct a quantization
coefficient., It should be noted that here, an input signal (input
stream) is a signal to be decoded, and corresponds to coded image
data for each block. Further, the entropy decoder 410 obtains
motion data from the input signal, and outputs the obtained motion
30 data to the motion compensation unit 460,
[0114]
The inverse quantization and inverse transform unit 420
performs inverse quantization on the quantization coefficient
reconstructed by the entropy decoder 410, to reconstruct a

35 transform coefficient. Then, the inverse guantization and inverse
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15 inverse quantization, and inverse transform on the inputted decoding target signals. [0112] As
illustrated in FIG. 10, the image decoding apparatus 400 includes an entropy decoder 410, an inverse
guantization and 20 inverse transform unit 420, an adder 425, a deblocking filter 430, a memory 440,

o e LA L e e

[0113] The entropy decoder 410 performs variable le gh Ing
stream), to red6ASFERT B FRATTEIIH cSerfiGERN SEEHBUIRY PE¢Riet SRarREPE, an input signal (input

stream) is a sippaktelbe decoded, and corresponds to coded image data for each block. Further, the
entropy decoder 410 gbtains, motio ta from the input signal, and outpyts the obtained motion 30
data to the motion coi%%ngg%ﬁ uﬁgﬁ%jﬁ)é f%lfﬁ&]e e ne%{ ecrgee q@5§ 5&6?1”&?5 iRVet8eFransform
unit 420 gerfopns dnotese sjgantizAtiop amatheat guardizedde doeffinient reconstructed by the entropy
decoder 410, ﬁ@ngstruct a 35 transform coefficient. Then, the inverse quantization and inverse - 27-
transform unit 420 performs inverse transform on the reconstructed transform coefficient, to
reconstruct a predictidM&rfstP[o£kin g filterrh3Qagsf aum s dePiac kdBendikesdd pFedttth error to a
5 predicted sigiial tiegenreiate tedecndashionaen §4d.6] TheTlae deblogking fifer 430 wevferms

deblocking filter processing.on the generated decoded image. The decoded image on which
deblocking fit S ECedig FAE ba peshised Kool med 15 oUtpULied s o
10 decoded signal.
[0117]

The memory 440 is a memory for storing reference images
used for motion compensation. Specifically, the memory 440 stores
decoded images on which deblocking filter processing has been

15 performed.
[0118]

The intra prediction unit 450 generates a predicted signal
(intra-predicted signal) by performing intra prediction in accordance
with an intra prediction mode. Specifically, the intra prediction unit

20 450 performs intra prediction by referring to an image around a
current block to be decoded (input signal) in the decoded image
generated by the adder 425, to generate an intra-predicted signal.
[0119]

The motion compensation unit 460 performs motian

25 compensation, based on motion data outputted from the entropy
decoder 410, to generate a predicted signal (inter-predicted signal).
[0120]

The intra/inter change switch 470 selects either one of the
intra-predicted signal and the inter-predicted signal, and outputs the

30 selected signal to the adder 425 as a predicted signal.

[0121]

The above configuration allows the image decoding apparatus
400 according to Embodiment 1 to decode coded image data.
[0122]

35 It should be noted that the image decoding apparatus 400
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10decoded signal. [0117] The memory 440 is a memory for storing reference images used for
motion compensation. Specifically, the memory 440 stores decoded images on which deblocking filter
processing has been 15 performed. [0118] The intra prediction unit 450 generates a predicted
signal (intra-pradittetesigrdy byimedorming iotia prediction injaceatdanceWithear drdararedistion
mode. Specifi | rediction unit, 20 450, perfarms jntra prediction by referring to an image
around apcurrgﬁﬂ)t(:)?gg{'[ﬁ%%‘%gggd%%%(iﬁgéﬁ{ g%ﬁﬁ)eighot%grdégééded iImage generated by the adder 425,
to generate anlifi#td-predicted signal. [0119] The motion compensation unit 460 performs motion 25

compensation, based g8 m@gepgiakouEKiRg frose LaeantEPPYsleepder 1 de gensraip g predicted
signal (inter-predicted Higen%g.%%ém] The intra/inter chan&e switch 470 selects either one of the
t

intra-predidted SRR Edie@sRd SHRdINS ISR IRE P RB LR F GG B Y adder
425 as a predidted sigral. [P Thmabevedenfigimation ebowsrihet saagea deending apeaatus 400
according to E as to_dec imag ta..[0122] 351t should he noted, that.the image
decoding appagj'ﬁgg,?@f% _a%cf%g%?ﬁ]%g %trl’g pr%ﬁ%%[’?ﬂé&]é d%boaercf %égo?£ﬁ£ 5'¢
Embodiment 1R8tH& Bniopy! detaduresiotiipn23jode and a context adaptive portion of

a chroma prediction mode are combined, and a bypass portion of a

10  lTuma prediction mode and a bypass portion of a chraoma prediction
mode are combined. Accordingly, plural portions which can be
processed in parallel are contiguous. Thus, parallel processing, or
in other words, high-speed decoding can be performed.

[0124]

15 It should be noted that although the above description mainly
focuses on decoding processing on a suffix of a luma prediction mode
and a suffix of a chroma prediction mode, the present invention is not
limited to this. For example, simply, plural luma prediction modes
are separated into prefixes and suffixes so as to be separately

20 subjected to decoding processing, and plural chroma prediction
modes may be separated into prefixes and suffixes so as to be
separately subjected to decoding processing. This also allows the
effect of reducing a certain amount of processing to be expected.
f0125]

25 In this case, it is possible to decrease the internal memory size.
In addition, an effect of high speed processing is also expected in this
case since plural contiguous portions on which bypass processing is
performed are generated.

[0126]

30 It should be noted that as a binary string of an intra prediction
mode, a Huffman code (binary string) may be derived based on the
frequency of the occurrence of the intra prediction mode. Then, a
table in which intra prediction modes and Huffman codes are
associated may be generated. Also, a portion in which the

35 probability of symbol occurrence of Huffman codes varies may be
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As described above, according to the image decoding 5 apparatus and the image decoding method
according to Embodiment 1, intra prediction modes are reconstructed at high speed. Specifically, as
described in Embodiment 1, a context adaptive portion of a luma prediction mode and a context

adaptive portiee |fcachirogsa pregiation. modmarecogreined; fanshadlypasspoitioneefsz 30 yma
prediction mode and a bypass portion of a chroma predigtion mode ar mbiped. rdingly, plural
portions whicifj%fﬁﬁ@'&}ﬁ%gs mﬁrﬁ’a? ﬁ%ri%raenc(gr% E%%‘%c. ﬁnk%s’ %E?glf?aﬁ%%'fbggsg&ﬁgﬁgr% %ther
words, high-sfeethdecoting zse be peefemesd! [0 245cr8li 8PoRI® b@SFdeedl that although the above
description mai d\w‘gﬁuses on decoding processing on a suffix of a luma prediction mode and a suffix
of a chroma prediction mode, the present invention is not limited to this. For example, simply, plural

luma prediction mode¥ar8 4@t ated b e ES 8RN SMBAIER S8t B I LEAeR 28 WUibjected to
decoding procgssing::ael piveal €heniga predivtinm mogesdieside sepaiatedriotocaneftxizseand suffixes
SO as to be separately subjected to decoding,processing. This also allows the effect of reducing a
certain amounE%prB{tggsifﬁ%abggﬁg eo&? %01%5] 35?5‘{ thig cggg?él}tc%%%ss%?e&ef% cge%(r?ea%% the
internal memoinytsizec hraduitiop: e effecteof bfgtaspdud pracassaty dsialso mxpéetet fythkecase
since plural co%gi lﬁ%aortions on which bypass processing is performed are generated. [0126] 30It

should be noted that as a binary string of an intra prediction mode, a Huffman code (binary string) may
be derivé@ badéd 88 ihe frequency of the occurrence of the intra prediction mode. Then, a table in

which intra pregjgtion:naedes andididffanEades are associated may be generated. Also, a portion in

hich the 35 probability of symhbol f Huff des yari be - 29 - selected
orof The deres of pitoRENCRANEIEAL e 5 BETLIMITG SR Bhig SR o b RCATAL mannr,

resulting in a foitherynerédsen it thelgueetiraf qecndisg imgc@sdirg suffix corresponding to
bypass decoding processing are separated irrespective of a luma

15 prediction mode and a chroma prediction mode. Thus, the
processing speed is increased. Furthermore, Embodiment 1 may be
changed as follows. A detailed description is given of a variation of
Embodiment 1, using FIGS. 11, 12, 13, and 14.

[0129]

20 FIG. 11 is a block diagram illustrating an example of a
configuration of an intra prediction mode decoder according to the
variation of Embodiment 1. FIG. 12 illustrates examples of indexes
JOINT_IDX indicating combinations of luma prediction modes and
chroma prediction modes, and examples of binary strings

25 corresponding to the indexes. FIG. 13 is a flowchart illustrating

' processing by an intra prediction mode decoder 500 iliustrated in FIG.
11.

[0130]
In Embodiment 1, different binary strings are used for luma

30 prediction modes and chroma prediction modes. However, in the
variation of Embodiment 1, indexes and binary strings corresponding
to combinations of luma prediction modes and chroma prediction
modes further increases coding efficiency and the speed of decoding
processing.

35 [0131]
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[0127] 5In addition, in the present embodiment, although a luma prediction mode and a chroma
prediction mode are combined, rem_intra_luma_pred_mode of a luma prediction mode and an
intra_chroma_pred_mode of a chroma prediction mode may be combined. 10[0128] [Variation of

Embodiment 1] In Eonbmdimepite], spradisteatespariing toxoatexh asapriesbitans arithenetic
decoding proces uffy respo (o] S n cessing are separated
irrespective of a?g?rg r?%g Z‘%%‘édlgt(ﬁn%r?{ m§§e g&\% aﬁé) %%p%%?%ﬂgr%gegaw&‘%ﬁe %erﬁges%i)ng speed
is increased. FGARRiTHRE A diniBat Arady be thHaages anfdlidwe madetaitidideschidnss given

of  variation of fETEGMER! 3 £6iAb G lorla. Linand A i048R] ARG Hssadbipekacram

illustrating an exarrngIe of a condguratlon of an intra prediction mode decoder according to the variation
of Embodiment™ SEIEL 25 TNQRES XM PREEFRTHERSIBINT X RSX THRft&ting combinations of luma

prediction mod¢8 BB@ throma predlctlon modes, and examples of binary strings 25 corresponding to
the indexes. FIG. 13 i r | n intra edlctlon de decoder 500

illustrated in FIG. 11. S(S?gﬁ]g%@ P%lm%n?tpfeﬁ?f%ere?t%%@ str}l)ngsg Jé;lre uSe 1%81uma §€d predlctlon
modes and chrédrediRHoi Mis@dEn BlGwened} irv el faisatios igh e bsdithent ¢ rilid sxxdsoand binary
strings corresporiling ia spEMINatens ehikea PERAIFISD dRores ﬁw&ﬁfmﬁwrswcw meeﬁs further

increases coding efficiency and the speed of decoding processing. 35[0131] - For example,
as illustrat&d mng@rﬁe, Q%M’&W%ﬁ@?oaogifﬁéé‘%wﬁe@ t8 LA BFHE |HBI%>@§U@‘INQ{‘F[§‘X

corresponding {@ ¢dBbinations of luma prediction modes and chroma prediction modes. Hereinafter, a

combination of a Iumalpéedémé rqu%%pydt%gfﬁgrsgamt {bin 0) may be predetermined to

be a prefix. Alternatively, the first bit (bin 0) to the sixth bit (bin 5)
may be predetermined to be a prefix.
15  [0134]

In Embodiment 1, a luma prediction mode and a chroma
prediction mode are processed independently, based on different
occurrence frequencies. In the variation of Embodiment 1, a
combination of a luma prediction mode and a chroma prediction

20 mode increases coding efficiency, and bypass portions are not'
separated. Thus, high speed processing is possible.
[0135]
A mixed mode prefix decoder 501 obtains a probability value
for the prefix of a mixed mode (S601). This probability value is
25 identified by a context index ctxIdx predetermined for the prefix of a
mixed mode. Next, a bit indicating the prefix of the mixed mode is
decoded, with reference to the obtained probability value (S602).
After that, the mixed mode prefix decoder 501 updates the
probability value, based on whether the decoded bitis 0 or 1 (S603).
30 It should be noted that for arithmetic decoding, the method
described above may be used, or a method modified to improve
efficiency may be used.
[0136]
If the decoded bit is not the last bit, or in other words, if the

35 decoded bitis not the last of bin (of a binary string) {No in $604), the
| - 31~



5 prediction mode is also referred to as a mixed mode. [0132] If the occurrence frequency of a
combination is high, an index JOINT_IDX indicating a small value is assigned to the combination,
whereas if the occurrence frequency of a combination is low, an index 10 JOINT_IDX indicating a

Bredeteormined iy b . A ormatsen. e o b'f-g“?fé“tg‘; b AG
predetermined to be a prefix. Alternatively, the first bjt (hin 0) to the sixth bit (bin a)
predeterminedatBegB‘é’gr@&.niﬁf@E ode ?H@ﬁbo&ﬁ&'ﬁt%?&q’ §Bﬂ§d§cﬁ%ﬂ lﬁccigbénﬁ%\echroma
prediction modeia® precissithindejgendenthd daS€d ocandifedertatiougrenoe éefuenociesha the
variation of Embagimery 11,3 combinatian gt bime prsdidtionmodeand A acamaprsisiion 20 mode
increases coding efficiency, and bypass portions are not separated. s, high speed processing is

possible. [9135H X AfrikedMag@s prefid@lecoder 501 obtains a probability value for the prefix of a
mixed mode ( 7This probability value is 25 identified by a context index ctxldx predetermined for
7

the prefix of a mixed mode. Next, a bit indicating, the prefix of the mjxed mode is decoded, with
eferante 10 tho otanEd AL, VIS B A L B S0 SR o BeaTERS RSBy 501
updates the probabdtyrvaiune b &sad: drowhdth dyith éecherddddiust is Bedr ih (F6D.3).230 i shduitd be noted

that for arithmetic decading, th thod |be V. y.he , d ified to
improve eﬁicie%%%gmaglﬂbe%uég%% 3 %%%H%If%h?ﬁ%éo edl%it |s§ E%tcﬁwéea Iargs?ﬁ% og}lgﬂ){:ﬁgr words,
if the 35 Hecoduu tisiB ¢t the 1ast b Birp@Tamimangeting) PNsi M S604y, e uBl benixetefhode prefix

decoder 501 ofiains;a RRRRHiIRY YRIUSFTRLINE prelix of thesmixed B}%@a?ér\keﬁéhemg@ed bitis the

last bit, the intra prediction mode decoder 500 ends decoding processing on t Prefix of the mixed

mode, and staRSWEEHRJBrbbEsSi%E Sif tﬂe%%ﬁ?ﬁ?’%f‘tﬁ‘é‘ﬁﬁii@ﬁ%ﬁ@@ of a block).  For

example, in the case of a large block, a prefix may be long since
processing time is long enough. In contrast, in the case of a small
15 block, a prefix may be short since the number of intra prediction
modes is small.
[0138]
Next, a mixed mode suffix decoder 502 obtains the bitstream
BS, and performs decoding processing on the suffix of the mixed
20 mode. It should be noted that decoding processing on the suffix of
the mixed mode corresponds to bypass processing of arithmetic
decoding. Although a probability is updated in decoding processing
on the prefix of a mixed mode, a probability is not updated in
decoding processing on the suffix of a mixed mode. Therefore, high
25 speed processing and paraliel processing are possible on the suffix of
a mixed mode.
[0139]
Specifically, the mixed mode suffix decoder 502 decodes a bit
indicating the suffix of the mixed mode (5605). The mixed mode
30 suffix decoder 502 repeats this processing up to the last bit (S606).
In addition, the mixed mode suffix decoder 502 may decode plural
bits indicating the suffix of a mixed mode in parallel.
[0140]
After that, based on the mixed mode constituted by a prefix

35 and a suffix, a luma prediction mode reconstruction unit 503
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[0137] It should be noted whether the decoded bit is the last bit may be determined based on the
bin length illustrated in FIG. 12. In this case, an increase in coding efficiency is expected since control
10 corresponding to the performance is possible. It should be noted that as an example of control of a

prefix, a prefix maypbe ghanges ARERITNE 08 SiAeRfa RIBaiGien Kk Ehe-aiaf-alm biosk): For
example, in the case of a Iar_g}e block, a prefix ma%ﬁ%% lon smceﬁF&rocessmg time is long enpugh. In

contrast, in the ERYGHEUGHRAM 3 Bifci® 4%rafs 'Bécgﬁoﬁ SHEERE IR BRI ARtrd BP&iction
modes is small(EA38).  Next, a mixed mode suffix decoder 502 obtains the bitstream BS, and
performs deco 'Bgfgﬁcessing on the suffix of the mixed 20 mode. It should be noted that decoding
processing on the suffix of the mixed mode corresponds to bypass processing of arithmetic decoding.
Although adprobability i§ Ghduitd fredeesargiprbiassify tRshe pemCss @ iikdd wisaatedprbability is
not updated in gegoding pEOGRSINGPRZNE suftix ph @ naixadpade i herefes: High 4P speatk

processing and parallel processing are possible on the suffix of a mixed mode )&ngQ] Specifically,

the mixed mod8 St HACBIEFAYE AEIAEESASE HRBERY thel e BIHRSNLEG IRt BE0s). The
mixed mode 30psefixrteconds&di2repeats thissprdoessig uptotthie Jastrdt (bEOS)yInsiitian, the
mixed mode suffj coder 502 d lural bits indicatjng the suffix of a_ mixed mode jn
parallel. [0140]5b§§ﬁjg/§‘ter§matfgo§}§’e§%§r$ t %m?%bj modée coun%i%’dte %’;} a%?e X 35 and a%uffix, a
luma prediBtionc@idEs PEsvBIBIIGELIdIa bt SURY 322 reteittinéned UpRs P dittion PROUEE AAE a

chroma predict@ggn%;gggns%igln ok rgmggﬁtqs.m;@paipﬁ%(}ig{jgg.moqlﬁ (B6R7). [0141]
51t should be noted that the correspondence table illustrated in )
variation, high speed processing is also achieved, and coding
efficiency also increases.
[0142]

15 FIG. 14 illustrates an example of a data structure. For
example, data may be constituted in the order shown in FIG. 14, It
should be noted that in FIG. 14, rem_intra_luma_pred_mode
indicating a luma prediction mode and intra_chroma_pred_mode
indicating a chroma prediction mode are combined. Thus, a mixed

20  mode is included as Intra_combo_pred_mode in FIG. 14.

[0143]
[Embodiment 2]

The outline of an arithmetic coding method according to the
present embodiment is now described. An arithmetic coding

25 method according to the present embodiment has a feature that
rather than separately coding a tuma prediction mode and a chroma
prediction mode, a prefix corresponding to context adaptive binary
arithmetic coding and a suffix corresponding to bypass coding are
coded separately. Accordingly, the degree of parallelism increases,

30 and the processing speed is increased as a whole.

[0144]

The above is a description of the outline of the arithmetic
coding method according to the present embodiment. The
configuration and the processing disclosed in NPLs 1 and 2 may be

35 used for the configuration and processing which is not described
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FIG. 12 is an example. In this example, it is assumed that the occurrence frequency increases linearly.
It should be noted that the present embodiment is not limited to this, and binary strings obtained by
Exp-Golomb may be used, for example. A 10 correspondence table may be determined based on

occurrence frequgnsiesyTus«radling efigieney fuheiimpraver:dedsiyariafion, bighspesd
processing is also achieved, and coding efficiency also’increases. [0142] 15FIG. 14 illustrates an
example of a dBQSHERI0FR HolkankiiRIHED MAY e 6AStEA (R AhE BradSshBRIPIFERE L 14. 1t
should be notedpiiad dimlkéntl4, rem_intra_luma_pred_mode indicating a luma prediction mode and
intra_chroma__ befl de indicating a chroma prediction mode are combined. Thus, a mixed 20 mode
is included as Intra_tombo_pred_mode in FIG. 14. [0143] [Embodiment 2] The outline of an
arithmetic Boding metHddbactbriding ttothe paesdusinBoiigentos asw e gea bt Madcilithrastic coding

25 method accoiging pdiR BEssALRBNAsBEN has-aiieqtyes thabriherdhamseparalely aring a

luma prediction mode and a chroma prediction mode, a prefix corresponding to context adaptive
binary arithmetiB ¥adiREESHEMOSUIMALR CQRREIRPES Wi st ¢Bdh ¢ hre Ea%%a J8948eRnd
Accordingly, thesiegtae0bpatallelisty nsreasks; BRcapedhis pobesaing spesdrisiinateagethas a
o the present HBEATHEE THE boG UGN AMd The preesbiy HisHbch TRPLAE bkl Emay be.
35 used fob thepoarifigjoiation @ing: prodedsirg inlsidhbis 3wl deseribedte3d indereinga pattictiter. The
followingisad ?8'6@' ﬂg} t\%EIIQVEI@EBF?&S@SWQQHPH@%%H?“?P que coding according to the
present embo Ergf?;% 0145] 5FIG. 15 is a flowchart illustrating processing performed by an

Next, the intra prediction mode coder codes a bit indicating
the prefix of the luma prediction mode by arithmetic coding, with

15 reference to the probability value ($702). Next, the intra prediction
mode coder updates the probability value for the prefix of the luma
prediction mode (5703). It should be noted that the method
described in NPL 1 or 2 may be used as the arithmetic coding method
and thé probability updating method. An effect is obtained by any

20 method of coding a code (symbol) based on the probability of a code
{symbol}.

[0147]

If the coded bit is not the last bit, or in other words, if the
coded bit is not the last bin {(No in 5704), the intra prediction mode

25 coder processes the next bit.

[0148]

If the coded bit is the last bit (Yes in 5704), the intra prediction
mode coder obtains the probability value for the prefix of a chroma
prediction mode {(S705). Then, the intra prediction mode coder

30 codes a bit indicating the prefix of the chroma prediction mode by
arithmetic coding (5706). Then, the intra prediction mode coder
updates the probability value for the prefix of the chroma prediction
mode (5707).

[0149]

35 If the coded bit is not the last bit (No in $708), the intra
-4 -



intra prediction mode coder according to Embodiment 2. First, the intra prediction mode coder obtains
a luma prediction mode, and obtains a probability value for the prefix of binary data indicating the luma
prediction mode (5701). It should be noted that this 10probability value is determined based on a

context index,ewittide prekrRbEbH Us-desedkedthEnbedinent 1. [0146] Next, the intra
prediction moc@g@e\g codes a bit indicating the prefix of the luma prediction mode by arithmetic
coding, with 1 rence to the probability value (S702). Next, the intra prediction mode coder
updates the probabilitlf vilae fetetebpréfix ot thastubia Predicticn/f8de (BZ08).ra shiedlttbenoted that

the method dasesthed daddrl iy b Haed asdbsyityneth eodiermelbpdaad figprobablity

t
updating method. An effect is obtained ka/)any 20 method of coding a code (symbol) based on the

probability of #EBHEHEGMBAPE14717 09): 11ARE cBYEE Bt i§ Mot tHe Pt HIE of Hidthe&fwhiés, if the

coded bit is natthgriasgt pie dNeivrb AfdH dhesintrg prediction mode 25 coder processes the next bit.
[0148] If tl[1§ %?riid bit is the last bit (Yes in 5704), the intra prediction mode coder obtains the
probability valt e prefix of a chroma prediction mode (S705). Then, the intra prediction mode
coder 30 codes a bit iBgizatisgabheipefikasfahid edromafilediction moueybp arittradti€aoding (5706).

Then, the intrg,predigti ec h ili r fix.0 roma
prediction mo%)(g %%é(%ﬁgmg 3;?%%@;egéitﬁgp{%?ﬁ%§s}ﬁﬁé% :EES %Sj%g)ﬁhg#ﬁrga- gin
predictickPmode d6ben proRBasdl tnd naati ABateyl. Bypass coding according to the

present embodiment may be a method different from bypass coding
described in NPL 1 or 2. Even in such a case, the effect is not
deteriorated.

[0152]

15 It should be noted that coding can also be performed in
parallel, as in (a) to (d) of FIG. 9 described in Embodiment 1.
Therefore, the speed of coding processing can be increased.

[0153]

In addition, as the coding method corresponding to the

20 variation of Embodiment 1, the intra prediction mode coder may
generate a binary string indicating JOINT_IDX itlustrated in FIG. 12,
and process a prefix and a suffix of a binary string, sequentially. In
this case, the intra prediction mode coder codes the prefix by context
adaptive binary arithmetic coding. Accordingly, coding efficiency

25 increases, and the speed of coding processing increases.

[0154]

FIG. 16 is a block diagram illustrating the configuration of an
image coding apparatus according to the present embodiment. An
image coding apparatus 200 illustrated in FIG. 16 includes a

30 subtractor 205, a transform and quantization unit 210, an entropy
coder 220, an inverse quantization and inverse transform unit 230,
an adder 235, a deblocking filter 240, a memory 250, an intra
prediction unit 260, a motion detection unit 270, a motion
compensation unit 280, and an intra/inter change switch 290.

35 [0155]
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If the coded bit is the last bit (Yes in 5708), the intra prediction mode coder executes bypass coding on
the suffix of the luma 5 prediction mode (5709), and bypass coding on the suffix of the chroma
prediction mode (5710). [0151] Bypass coding described in NPL 1 or 2 may be used for this
bypass coding. It shoulé BeShbtE Harbyfass ebdihatiescadifff i e amie avpeeiralsilityl it

updated. Bypasgyepdingaceoisting e the prgsant embdimsat mayhe amsthed diffgrept frem bypass

coding describ; in NPL 1 or 2. Evep in such a case, the effect is not deteriorated. [0152] 15It should

be noted that codind ' @ACART B AT PHRMel A irddY (SR BFHIE SodRERBLH AN
Embodiment lefiitmardiora, teadpred ofrcidintpprpeassingecan tra insfiease ¢ d8iB3ldnaddition, as the

coding metho r di he 2 rigti mhodi in redicti coder
iy generate eSS R et T, S et 280
suffix of a binasiétrh? Seq teHiamy dif ¢hif e auesithe fea pfeartioR Glade kddker potésatieprefix by
context adaptivg pipary ritgeiedieseeding. Aecstinel, codingsiiviency e incEeassse angibe speed

of coding processing increases, [0154] = FIG. 16 is a block diagram illustrating the configuration of
an image codihfPAPPafAtls ﬁeéorﬂH(j'%'ﬁ?etﬁ@ser’étmtﬁ)HQne%HW'i?@oﬁge%inﬂ%@ﬁfﬂﬁﬂls 200

illustrated in FiK&e¥6imeltdesca@orsaitactor 20 artsansfiokn effttfuaintization unit 210, an entropy
coder ZZPOanEfé%i quantization and inverse transform unit 230, an adder 235, a deblocking filter
240, a memor , an intra prediction unit 260, a motion detection unit 270, a motion compensation
unit 280, and an intra/iér enangeswidke 28A BH{rissNs3gariabld hengifraowinzpbrdioelates a

difference betweanar pyhsienetGekanredicRrhsnal of fbar was a rigdigiion qrar. The
transform and quantization unit 210 transforms a prediction error in a spatial domain to generate a
transform coefEBEmBY £oder 220 codes motion data (for example, motion vector)
detected by the motion detection unit 270, and outputs the data
15 included in the coded signal.
[0157]

The inverse quantization and Inverse transform unit 230
performs inverse quantization on the quantization coefficient, to
reconstruct a transform coefficient. Furthermore, the inverse

20 quantization and inverse transform unit 230 performs inverse
transform on the reconstructed transform coefficient, to reconstruct
the prediction error. It should be noted that the reconstructed
prediction error has information loss due to quantization, and thus
does not match the prediction error generated by the subtractor 205.

25 Specifically, the reconstructed prediction error includes a
quantization error.

[0158]

The adder 235 adds the reconstructed prediction error to the
predicted signal, to generate a local decoded image. The deblocking

30 filter 240 performs deblocking filter processing on the generated
local decoded image.

[0159]

The memory 250 is a memory for storing reference images
used for motion compensation. Specifically, the memory 250 stores

35 the locally decoded image on which deblocking filter processing has
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5 frequency domain. For example, the transform and quantization unit 210 performs discrete cosine
transform (DCT) on the prediction error, to generate a transform coefficient. Furthermore, the
transform and quantization unit 210 quantizes the transform coefficient, to generate a quantization
coefficient. 10[US0] e rrd G €Atropy coder 220 performs variable length coding on the quantization
coefficient, to generate a coded signal. Further, the entropy coder 220 codes motion data (for
example, motigglfégaor) detected by the motion detection unit 270, and outputs the data 15included in
the coded signal. [015He infie ipvetbetqouantiraiior? 6Gd peefsertransfare ywriedBEk panfoitms inverse

oded signal [01Te inffe et  Uic2B fomms in
vorse 20 e e e o SO periBrce FIee P omm o o o (e

reconstrubted $f@RSTbiim EoeftRMIC D Festdidalict theDgedicmlyefiof. It SRR BECHREd Rl the
reconstructed perdighiar &K has fopradRitions Byelteravantizations anfhilgxdaes mematch the

prediction error generated by the subtractor 205. 25Specifically, the reconstructedé)rediction error

includes a quaHiZ&IInRISGK (188 COd%é'&@d@r%@@ﬁ@déﬂﬁ@%'&ﬁ@%&@ﬁ% §idfBA%ror to the
predicted signgk te eetedateyattosad ddeod285mag ey dherdelol eoking: 88-filterd?dbpesfiynes deblocking
filter processi 9%@5 generated local decoded image. [0159] The memory 250 is a memory for
storing reference’i es used for motion compensation. Specifically, the memory 250 stores 35 the
locally déBoded imagd ba wiiciigeblsskiagtiner protesging hasteetshavm perortiid (for

example, motion vector) between an input signal and a reference
image stored in the memory 250. The motion compensation unit
280 performs motion compensation, based on the detected motion
data, to generate a predicted signal (inter-predicted signal).

15  [0162]

The intra/inter change switch 290 selects either one of an
intra-predicted signal and an inter-predicted signal, and outputs the
selected signal as a predicted signal to the subtractor 205 and the
adder 235.

20 [0163]

Using the above configuration, the image coding apparatus
200 according to Embodiment 2 codes image data. It should be
noted that the image coding apparatus 200 inciudes the intra
prediction mode coder according to Embodiment 2 in the entropy

25 coder 220, for example.
[0164]
[Embodiment 3]

The present embodiment describes distinctive configurations
and procedures included in Embodiment 1, the variation of

30 Embodiment 1, or Embodiment 2 for confirmation. A configuration
and a procedure according to the present embodiment correspond to
the configuration and the procedure described in Embodiment 1, the
variation of Embodiment 1, or Embodiment 2. Specifically, the
concept described in Embodiment 1, the variation of Embodiment 1,

35 or Embodiment 2 includes the configuration and the procedure
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[0160] The intra prediction unit 260 performs intra prediction in accordance with an intra prediction
mode, to generate a predicted 5 signal (intra prediction signal). Specifically, the intra prediction unit
260 performs intra prediction by referring to an image around a current block to be coded (input signal)

in the locally degedsdimage geremieddnt theradaein?3ht to generate an intra-predicted signal. [0161]
10The motion ?@Lgﬁ%gn unit 270 detects motion data (for example, motion vector) between an input

signal and are image stored in the memory 250. The motion compensation unit 280 performs
motion compensation,ii&sedioh tife detbbust nibitigralata, tbugénetiing agrediz@ah pignadf a

(ter-predictec SR rkIGHO2Dr _orf IEAINISS AHANOB SYAEHNZED SEfecis el AR olen

intra-predicted signal and an inter-predicted Signal, and outputs the selected signal as a ?re dicted

signal to the sUbPRIS! P and- thé\RdiBRIS5 96 f[@@e%?ii’af’%ﬁﬁgf*t% ABUSE SR AgiRalibE; the
image coding appafatiss28f aseerdngsn Erpbocimantra qocesi ttiage saidel shawle beagied that the

image coding é)%)(agratus 200 mglud e |n ra pl’edICtIOrﬁ g foder according to Embodiment 2 in
the entropy 25 g}%ﬁ?l?gfg 358 [(5%41?&31808? &ht P The present embodiment describes
distinctive configlir&gns and procedures included in Embodiment 1, the variation of 30 Embodiment 1,

or Embodiment 2 for cepiimajn. A GoRRgATON RRFa IRGadIe AR RS B BTEY e

embodiment correspon e configuration and the procedure describéd in Embodiment 1, the

variation bf Emlﬁﬁéﬁﬁeﬁpﬁlﬁﬁﬁmﬁﬁﬁt @@pé&%@%e’@oﬁb@pt tiéscribed reRbdhent 1, the
variation of Emgediaentds 35 95 EmBgdimeni £ ineliides the capdiguratian gnctikei orpgedide - 37-

according to tthaer S 8; ecrgg?glgmggtlmage and second binary data that indicates a
second intra prediction mode used for coding the image (5801).
[0167]

15 At this time, the coder 801 codes a first context adaptive
portion and a second context adaptive portion by context adaptive
binary arithmetic coding. The coder 801 codes a first bypass portion
and a second bypass portion by bypass coding. Then, the coder 801
generates coded data which includes the first context adaptive

20 portion, the second context adaptive portion, the first bypass portion,
and the second bypass portion.

[0168]
Context adaptive binary arithmetic coding is arithmetic coding
in which a variable probability updated based on coded data is used.

25 Bypass coding is arithmetic coding in which a predetermined fixed
probability is used. The first context adaptive portion is part of the
first binary data. The second context adaptive portion is part of the
second binary data. The first bypass portion is different part of the
first binary data. The second bypass portion is different part of the

30 second binary data.

[0169]

Coded data includes the first bypass portion and the second
bypass portion subseguent to the first context adaptive portion and
the second context adaptive portion.

35 [0170]
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[0165] FIG. 17 is a block diagram illustrating an example of a configuration of an image coding
apparatus 200 according to 5 Embodiment 3. An image coding apparatus 800 illustrated in FIG. 17
codes an image using plural intra prediction modes. The image coding apparatus 800 includes a coder

801. [0166] FIG. 18 is adloyyahiagllusirading Jieerssing PeEorBSE Py e 1R image roding apparatus

800 illustrated in FIG. 17, The coder 801 codes first binary data that indicates a first intra prediction
mode used for BBEHRNE PAAYRISAPIRBTRI FREDY RAASHAGRIEAOS H SIS infrASIHREFon mode
used for coding tiee iteage ¢586F1)p AT} iSAL this times tha gogen 883 siade aafirsiconserdeadaptive

portion and a se %d mgigﬁp@&&t{ysrp%té%%%yacr%n%eﬁ ggﬁy%gggaf arithmetic coding. The coder

801 codes a first bygass porfion and a sec ypass portio ypass coding. Then, the coder 801
generates Toddd ddthlwhich includes the first context adaptive 20portion, the second context adaptive

portion, the first bypasgpogHn, apdJe serang raass Porion dQaRshie  Biontextadaptivg binary
arithmetic coding is arithmetic coding in which a variable probability ujpédafed based on coded data is

used. 25 Bypasd ROHHEPR THIERTEYoRME hitHiBHPASHEGHRRD Y68 Db RbREI ¢4 tBBd. The
first context adaptive potitesn isnpareof the filstbinanedatae T secbndteantexicadeipliveraftion is part

of the second hinary.data. The first bypass portion is different part of the first binary datg. The second
bypass portionrirs!%ﬁ/ﬁtéé%tnpia?t o7 t gé%'%éé)gn%égrf agér}[%ol%rgﬁ Ic g‘o éﬁ‘&%éam %uégg the first

bypass pb#tioniamddfie second bypass portion subsequent to the first context adaptive portion and the
second context[@qa;@@/e portion. 35 [0170]

In addition, for example, coded data may include the first
context adaptive portion, the second context adaptive portion, the
second bypass portion, and the first bypass portion, in the order: the

15  first context adaptive portion; the second context adaptive portion;
the second bypass portion; and the first bypass portion.

[0173]

In addition, for example, if the second binary data does not
include the second bypass portion, the coder 801 may code a whole

20 of the second binary data as the second context adaptive portion, by
context adaptive binary arithmetic coding. Then, the coder 801 may
generate ceded data which does not include the second bypass
portion.

[0174]

25 In addition, for example, the first intra prediction mode may
be an intra prediction mode used to predict the luma of a first block
included in the image. The second intra prediction mode may be an
intra prediction mode used to predict the luma of a second block
included in the image.

30 [0175]

In addition, for example, the coder 801 may code the first
binary data, the second binary data, third binary data, fourth binary
data, and fifth binary data that indicate the first intra prediction
mode, the second intra prediction mode, a third intra prediction

35 mode, a fourth intra prediction mode, and a fifth intra prediction
.,..39.“



- 38- Accordingly, the coded data is generated in which plural portions for which bypass decoding
is use are contiguous. Therefore, the degree of parallelism of decoding processing may increase.
Thus, intra prediction modes are efficiently coded. 5[0171] In the above configuration, for

example, the firstddiea peagietinnyaigde Miay ke aonatrinpredistienittodn usedit pragicbthe ima of
the image. Furt ond. intr iction y be an intra prediction mode used to
predict the chréﬁﬁﬁﬁ%@g@rﬁggﬁ%@%%&%t?n%a{égﬁ%%ﬁo%r ggéﬁ?lae,oc?o e%qﬁg a‘rrﬁ%f f?\% ude the
first context ad&ptivBediici@he sEtend tontebkiiadaptivierpbrtiem dhéifdeoid bypass pisition, and the

firstt .byp?rfs pormdaérg %9@9?5@@ %&fiﬁsbf‘ee?ﬁg&cﬂsi%&?em%@l@ g%aepﬁgle@@%g&gtﬁﬁﬁawﬁvel ;
portion; the secon ass portion; and the first bypass portion. n addition, for example, i
the seconc%bingwaa%g)tai@gﬁ%? indhig ﬁ%‘%b%#@ tyadd Bdfftion, the coder 801 may code a whole

20 of the secorjdbinafy data as the second context adaptive portion, by context adaptive binary

arithmetic coding. The coder 801 m nerate coded, data.which does not include the second
bypass portion. [0174]?2%%3%%0%éﬁ'ﬁ%ﬁé%eﬁé’? in‘iﬁa’E ;?’é’&qé;t%%gm%%gorﬁé’i %%nz}r? )|<r§tra
prediction mod@dB Y& preelitians lumadf bhirst, bibek itizluded irf tfidintage.eptie setapidvetra

prediction modgdpgyyRe &y Nt PESHICHaR SBRMS HsedHp fﬁﬁiﬁh@ﬁ&uwﬁgfew Blogk,included

in the image. 30[0175] In addition, for example, the coder 801 may code the first binary data, the

second bithry 834, Third bR BSE AR HisERP DR YRRPEPASHARSIAS thiR iRdicERe tHR first intra
prediction modeniheigeicangbintra pradiction blods patyrddetragrediction 35mode, a fourth intra

prediction mOdFO i\t}c}? fifth intra prediction
The first, second, third, fourth, and fifth context adaptive
portions are part of the first, second, third, fourth, and fifth binary
15 data, respectively. The first, second, third, fourth, and fifth bypass
portions are part of the first, second, third, fourth, and fifth binary
data, respectively.
[0178]
In this case, coded data to be generated may include the first
20 context adaptive portion, the third context adaptive portion, the
fourth context adaptive portion, the fifth context adaptive portion,
the second context adaptive portion, the second bypass portion, the
first bypass portion, the third bypass portion, the fourth bypass
portion, and the fifth bypass portion, in the order: the first context
25 adaptive portion; the third context adaptive portion; the fourth
context adaptive portion; the fifth context adaptive portion; the
second context adaptive portion; the second bypass portion; the first
bypass portion; the third bypass portion; the fourth bypass portion;
and the fifth bypass portion.
30 [0179]
In addition, for example, the coder 801 may code the first
bypass portion and the second bypass portion in paraliel.
[0180]
In addition, for example, the coder 801 may switch to one of

35 first coding processing conforming to a first standard and second
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- 39 - mode, respectively. The second intra prediction mode may be an intra prediction mode used to
predict the chroma of a block included in the image. The first, third, fourth, and fifth intra prediction
modes may be four intra prediction modes used to predict the luma of 5 four sub-blocks which

constitute the higgn 0146} cesJiReN.dHRRAMRI APty codedha fesbarthpgeond ranfexiiadaptive

portions, and third, fourth and fifth context adaptive portions by context adaptive binary arithmetic
coding. The cotRAeD SOL B ¥od8MREE TRt anbids B%Grﬁyﬁﬂégﬁof%r’fé‘,jﬁﬁd'f#\?fﬂ?‘fdeﬁH%?ld fifth
bypass portionsipyrpypasscoditigat0dd7ihe fThetfisst seaoddothirde fagtinrand fifthdaniexs adaptive

portions are part,of irst, sec thi and fifth bi ta, res ively first,
second, third, fvé}li}rltflwgr'ﬁ(ﬁ flﬁﬁ%y%%%%%ﬁﬂsg%ggbe' p;grg) (E#ﬁ'l%eggiﬁlgl é_ée%%n%dj %lrg,gf%)ﬁ%r}tht,aa-l?]%’éfth binary
data, respéctiveR{e$%8) Inahizf es8es coded data to be generated may include the first 20 context
adaptive portiom irgeltpird context adaptive portion, the fourth context adaptive portion, the fifth context

adaptive portion, the second context adaptive portion, the second bypass portion, the first bypass
portion, the third bypasd'88rtiEntiEeSWiti bypase Fokfoh NEnHTRE FRH BRSO B8RFORSin tRE order:
the first context 28 adgrivernoytiganibeatiird coated adapilecportioh des fonef centext pakaptive
portion; the fifth coptext adaptive 05;%(‘): htge gec%nsd cor(l)teggt %da tive Oﬁtéoan t_@g sgé:on_ .b%i/ tass

n
portion; the firs’?%yr/piggs Sonr |ort1:;ht ethird bypagstor%ioR; the3our UB?/’ RIS partion; d the Tifth bypass

portion. 3@[017oNiexn addpibnefarasthimple et bedse8on thay vbaxsttrdapt ypassnportion and the
second bypass paiRN 3 STl 8L 801 maln SRR LK BIREPEINGARLE AR BRY Switch to
one of 35 first c;odmggocessmg conforming to a first standard and second

identification information and coded data.

[0182]

FIG. 19 is a block diagram illustrating an example of a

15 configuration of an Iimage decoding apparatus according to
Embodiment 3. An image decoding apparatus 900 illustrated in FIG.
19 decodes an image using plural intra prediction modes. Further,
the image decoding apparatus 900 includes a decoder 901.

[0183]

20 FIG. 20 is a flowchart illustrating processing by the image
decoding apparatus 900 illustrated in FIG. 19. The decoder 901
decodes first binary data which indicates a first intra prediction mode
used to decode an image, and second binary data which indicates a
second intra prediction mode used to decode the image ($901).

25 [0184]

At this time, the decoder 901 obtains coded data which
includes a first context adaptive portion, a second context adaptive
portion, a first bypass portion, and a second bypass portion. Then,
the decocder 901 decodes the first context adaptive portion and the

30 second context adaptive portion by context adaptive binary
arithmetic decoding. Also, the decoder 901 decodes the first bypass
portion and the second bypass portion by bypass decoding.

[0185]
Context adaptive binary arithmetic decoding is arithmetic

35 decoding in which a variable probability updated based on decoded
....41 -



-40 - coding processing conforming to a second standard. Then, the coder 801 may generate a
bitstream which includes identification information indicating the first standard or the second standard
to which the one of the first coding processing and the second coding 5 processing conforms. [0181]
Then, if the switehds imaskecto theBfirsh eedihgcprotessingathercaderBek may ggnaiaie isrded data
which includes the fi S Pl t% on S pQartiop sybsequen tofgie grst 10
context adapti\?epggré%npﬁﬂ%ﬁe@%%ognapgobn gﬁ%%a{gltlj\%gp%s'rtigr% th Ft]ﬁiétc%%g? Xettc% aPsot may
generate a bitgt@ighe Wisch ai¢lGd d$ RIEWafid2itoH hidatiatior Aedsesdetidata D1 B2ld=BiLe is a

block diagram JistTatng dherample 45 Mg atinn af aﬁﬁﬁ@%s@e&d%i@@saeeﬁi%% gccording
to Embodiment 3.. An image dgf)%eg _P%p?#atus 900 Illustrated in FIG. 19 decodes an image using
It

plural intre predi&fiorEmbdad t Jgededadihy apParakicdth MhRRs ROFEIYU4F 901.
[0183] 20FIG. 2ris eehawsheartoliudimiseg precéssingyby e image decoding apparatus 900 illustrated
in FIG. 19. Thig %ﬁr 901 decodes first binary data which indicates a first intra prediction mode
used to decode an‘irmage, and second binary data which indicates a second intra prediction mode
used to decode the infagggg9daja2oigis thatfing timyakhe devdden dbhtanseoded data
which includesyg, B%§%@¥W%@B’§e%@@ﬁ?1t%W?ﬂ%@@@ﬁ@%‘@'&!ﬁwv@’bcﬂ'ﬁﬁh2%%@32

v

portion, and a second bypass portion. Then, the decoder 901 decodes the first context a
portion ah®l thd 39 S6CETH BRME HdaFRR WS tRATBIPontext adaptive binary arithmetic decoding.
Also, the decoglgn 801 decodes the first bypass portion and the second bypass portion by bypass

e e ros 575 s SRLES BRSSP RRCR UNEFSE R sgogi
which bypass decoding is used are contiguous. Therefore, the
degree of parallelism of decoding processing may increase.

15 Accordingly, intra prediction modes are decoded efficiently.
[0188]

In the above configuration, for example, the first intra

prediction mode may be an intra prediction mode used to predict the
luma of an image. Furthermore, the second intra prediction mode
20 may be an intra prediction mode used to predict the chroma of an
image.
[0189]
Coded data may include the first context adaptive portion, the
second context adaptive portion, the second bypass portion, and the
25 first bypass portion, in the order: the first context adaptive portion;
the second context adaptive portion; the second bypass portion; and
the first bypass portion, for example.
(0190]
If the obtained coded data does not include the second bypass
30 portion, the decoder 901 may decode a whole of the second binary
data by decoding the second context adaptive portion using context
adaptive binary arithmetic decoding, for example.
[0191]
In addition, for example, the first intra prediction mode may

35 be an intra prediction mode used to predict the luma of a first block
. iy g



- 41 - data is used. Bypass decoding is arithmetic decoding in which a predetermined fixed probability
is used. The first context adaptive portion is part of the first binary data. The second context adaptive
portion is part of the second binary data. The first bypass portion is 5different part of the first binary

data. The secon SS rtlon is differ art of th cond b| data Coded data
includes the flfgfi%%% iBo &n' SiePthe eg&% §§ ?%'ﬂo[ﬁr? éfuem&)gl gl‘ﬁ’rgtt%%rﬁext
adaptive portmmtaemdm@metseoommﬂMteoﬂaauaptlwpdmbntrﬁm&?ﬂna oActasdinghy coldetkdata is
obtained in Whﬂ:q[%gel rtqr]) qif}%?glch bypass decoding is used are contiguous. Therefore, the

degree of parallelism of ng processing may increase. 15 Accordingly, intra prediction modes are
decoded efﬁc@?@l?z[é)l%] In the above configuration, for example, the first intra prediction mode

may be ag intra Dfedlpﬂ%@@m@wsﬁﬂt@ﬁﬁﬁﬁﬁéthﬁﬂéfﬂ@@f)@éH@@genﬁvth@ﬂﬁd@tﬁ@ fsegond intra
prediction mn%e 20 m be an intra rede ion mo%e userE‘_{oHeg dict the chro a of an |m%%e [0189]

Coded data SPWCYU t_tﬁe H?& &6 fé@( mm’e %Fﬁo %%Q’c%ﬁg 59(5’6[6 P(’)n the
second bypasd gi@fican dnéifhie 26 diestybyisdass poatiomn ditkdortdee tfesfirsncoatexteaatiaptive portion;

the second copieicadalve pedion: e segputiunase astan: anitesl by s B, for

example. [019 e obtain ata does not include thé second bypass ortion, the
decoder 901 rﬁw%c@démw&m@g@sm%wa&a By dedofifid th@tééc@ﬁéfétw@ﬂ adaptive

portion Ysing ¢RRLEX! aeapiiverhivayy arthmelicdacPdingafopexarealen mode may be an
intra prediction mode used to predict the chroma of a block included
in the image. The first, third, fourth, and fifth intra prediction
modes may be four intra prediction modes used to predict the luma of
four sub-blocks which constitute the block.
15 [0193]

Then, the decoder 901 may decode the first and second
context adaptive portions, and third, fourth and fifth context
adaptive portions by context adaptive binary arithmetic decoding.
In addition, the decoder 901 may decode the first and second bypass

20 portions, and third, fourth and fifth bypass portions by bypass
decoding.
[0194]
The first, second, third, fourth, and fifth context adaptive
portions are part of the first, second, third, fourth, and fifth binary
25 data, respectively. The first, second, third, fourth, and fifth bypass
portions are different part of first, second, third, fourth, and fifth
binary data, respectively.
[0195]
In this case, obtained coded data may include the first context
30 adaptive portion, the third context adaptive portion, the fourth
context adaptive portion, the fifth context adaptive portion, the
second context adaptive portion, the second bypass portion, the first
bypass portion, the third bypass portion, the fourth bypass portion,
and the fifth bypass portion, in the order: the first context adaptive

35 portion; the third context adaptive portion; the fourth context
_43...



[0191] In addition, for example, the first intra prediction mode may 35 be an intra prediction
mode used to predict the luma of a first block - 42 - included in the image. The second intra prediction

d b int dicti dict the | of d block included in th
mage: [0192] SHURHnPoh SR HECABE L (A BSLUReRRELIPY R SEED B second

binary data, thirb bireary aldtep foreth dimery dete, aaddifth binaayg satarttianindeatérthie Hiystastra
prediction mod second ity Tolil ird g qﬁif{; ..afourth, intr
prediction m_odg_:oané) a'fiﬂhgin%a?gféﬁ%%%]l%g (r?n%o%(}ﬂrglf @s%ggt@e%{/. e%%%%%ﬁ'rﬁfpd Eré%iﬂ?é% mode
may be an intrdipra ditiddSh R EiSEH to predict the chroma of a block included in the image. The first,
third, fourtl, anghfifthsntra prediction modes may be four intro prediction modes used to predict the
luma of four sub-blocks which constitute the plock. 15 3 Then, the decoder 901 may decode
the first and second ¢ rﬁéx%B%fﬁ/ 'pgﬁ%r@%%i% ?o&ﬂﬁ‘én%efﬁﬁpgoﬁ{é?t ARG Tions by
context adaptivedsitiary anthribedcsdewnting yimeaddition; the degater! @1 may decode the first and
second bypass §Q@f§ons, and third, fourth and fifth bypass portions by bypass decoding. [0194]

The first, secor{ , third, fourth, and fifth context adaptive portions are part of the first, second, third,
fourth, and fifth binary F25 g4, fesprsaveRlerHe arsiecedsno? thirdnfou@hiand Bt sisassportions

are differeqt pagiohrsh erread., ihid forahoandHithhisanaia icesnretivel - {9195 Ja s case,
obtained COdedog%tasganca ni Cs“%gggéerg@% rtletg),(tbased an the identification information,
the decoder 901 may switch to one of first decoding processing
conforming to the first standard and second decoding processing
conforming to the second standard.

15 [0198]

‘ Then, if the switch is made to the first decoding processing,
the decoder 901 may obtain, from a bitstream, a code string which
includes the first bypass portion and the second bypass portion
subsequent to the first context adaptive portion and the second

20 context adaptive portion.

[0199]

For example, an image coding and decoding apparatus may
include the image coding apparatus 800 and the image decoding
apparatus 900,

25 [0200]

The image coding apparatus 800 and the image decoding
apparatus 900 according to the present embodiment are also
applicable to the example described below.

[0201]

30 FIG. 21 illustrates an example of syntax according to
Embeodiment 3. “prev_intra_luma_pred_flag”, “mpm_idx”, and
“rem_intra_luma_pred_mode” illustrated in FIG. 21 are elements
indicating a luma prediction mode. “intra_chroma_pred_mode” is
an element indicating a chroma prediction mode.

35 [0202]
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30 adaptive portion, the third context adaptive portion, the fourth context adaptive portion, the fifth
context adaptive portion, the second context adaptive portion, the second bypass portion, the first

bypass portion, the third bypass portion, the fourth bypass Bortion, and the fifth bypasﬁzﬁortion, in the
order: the first context %85%%@ 35 MBRIGKEhERREYCOREL RS Hve FRFIDA; the fHFfRFoféxt - 43 -

adaptive portiofy tee fiftht contaxt adapiive prrtion; Besesonthaonteks adaetiverpurion thexsecond
bypass portion; firs ass portion; the third bypass portion; the fourth Qypass portion; and the fifth
bypass portion??[%l9d§é)'¥8*'§§r'%xg$nrg%reree 8degg§§|e 901 ma@bdétc%ﬁ% tr?egér%%igfgas% ?)%FtYon and
the second bypadthioRBA in perrdiab [0197) durthey pesexantsid) e deéoger 90E@thy obtdin a
bitstream 5.0 whigh- inclugasdeniHicatipatormation indicating a first standard or a second standard.
Then, based on the identification information, the decoder 901 may switch to one of first decoding
processing cor[fg%ﬁiﬁé to the first standard and second decoding processing conforming to the second

standard. 15[0198] ItTdtesuitithseswicbdsthade he the fiest Gereineg piegesakngs thesiesader 901
may obtain, fro itstream, a cade,string. which includes.the first bypass_portion and the, second
bypass portionéga% ea’uéehgtpﬂoame |F§E?%r5'n et é%acﬁlav'g (;T%naaﬁg ﬂzég é%ecég%)?j EomBk *ggaptive
portion. [0199]for Rdkieraniple, @othrge sodingRdbe decingcappardtus dagtivaudei td ymage

coding apparatys &3k and (EdmAge deradag aPRARHE 200; g @SBQLatusTﬂ%%‘aﬁfp%"s"éng

apparatus 800 and the image decoding apparatus 900 according to the present embodiment are also

applicable to tHe&RsHH (@esBriB¥@BERRO[GeR) for which the coding apparatus uses
bypass coding.

[0204]
| FIG. 22 illustrates arithmetic coding on luma according to
15 Embodiment 3. Either "mpm_idx"” or “rem_intra_luma_pred_mode”
is used to determine a luma prediction mode. Which of “mpm_idx”
and “rem_intra_luma_pred_mode” is to be used is identified by
“prev_intra_luma_pred_flag”. “mpm_idx” and
“rem_intra_luma_pred_mode” correspond to numbers for identifying
20 luma prediction modes and binary values thereof.
[0205]

FIG. 23 iltustrates arithmetic coding on chroma according to
Embodiment 3. “intra_chroma_pred_mode” is used to determine a
chroma prediction mode. “intra_chroma_pred_mode” corresponds

25 to a number for identifying a chroma prediction mode and a binary
value thereof. Context adaptive binary arithmetic coding is used for
the first bit indicating the binary value. Bypass coding is used for
the second and subsequent bits indicating the binary value. Bypass
coding is not used if the second and subsequent bits are not present.

30 [0206]

FIG. 24 illustrates blocks of an image according to
Embodiment 3. Examples of blocks of an image include data area
units referred to as coding units (CU), prediction units (PU), and
transform units (TU). A coding unitincludes 64 x 64 pixels, 32 x 32

35 pixels, 16 x 16 pixels, or 8 x 8 pixels. The size of the smallest
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30FIG. 21 illustrates an example of syntax according to Embodiment 3. "prev_intra_luma_pred_flag",
"mpm_idx", and "rem jntra_luma_pred_mode" illustrated in FIG. 21 are elements indicating a luma
prediction mode. "intra_chroma_pred _mode" is an element indicating a chroma prediction mode. 35

[0202] - 44 -  COHBAEKD Hdbhp R/ ebiB aP e hn et 86diNg is Uzes) 0P Gdl Niblds Bsme bedd_flag".
Bypass codingiisdisaddertepaizédetantk wialne dagmgradimeds’. Context adaptive binary
arithmeticcodi 89 passcodingareusedfor 5 "intra_chroma_pred_mode". [0203] It should be
noted that the decoding apparatus uses context adaptive binary arithmetic decoding for a context
adaptive portion for wHighttie casling tppiratps et icontdxteadaivef @npng d0-biithmetic oding.
Similarly, the dggading,ap S ing;for portan ic ding
apparatust%ses\fqgg ass coﬁgw[%;ggﬂ%pgzg ciﬁﬁstﬁcrégtgglg?ritﬁ?nﬂegg %%dinﬁ%vﬁ%%%c%é?gﬂ% to 15
Embodiment 3UEith&? F@fEnhN Rk Bor Pré i anireg RiResprite ricdgeistized 1l yeteinhiie dauma

prediction modgr¥¥hiahcef "LETﬂﬂf@_i@lX'r'ﬁ@@dd!ﬂgwﬁﬂtfammaiﬁ@@_m%gs&(P!Ftew%‘n' igeatified by
"prev_intra_luma g—:‘ idx" and red_mode"

d .flag". " "rem | lun . /
el e N e i b ke

identifying 20 I0m
arithmetic codipgemi ctitcomuarstsaning e BErmbodiatenn 2 rirBraSebicmiac pic gnalid”. is used to
determin%ach{rg@gspjediction mode. "intra_chroma_pred_mode" corresponds 25 to a number for
identifying a chroma prediction mode and a binary value thereof. Context adaptive binary arithmetic

coding is used for the filR€ BiY RRIREMEG Bhetmat VaILRY BYYads) cubild i asdd opamesiand and
subsequent bitg dneheatingethe Hivaty valug iBypasseering is nat useathif thesespnst ansksidhsequent
bits are not pregreapg'obtairzed by a unit being divided into four is called N x N.

[0209]

15 FIG. 24 illustrates an example in which a coding unit 1000
incliudes prediction units 1001, 1002, 1003, and 1004. In this case,
chroma intra prediction is executed on the coding unit 1000. Then,
luma intra prediction is executed on each of the prediction units 1001,
1002, 1003, and 1004. Therefore, one chroma prediction mode and

20 four luma prediction modes are used for the coding unit 1000.
[0210]

FIG. 25 illustrates a first variation of syntax according to
Embodiment 3. In the case of FIG. 24, the syntax illustrated in FIG.
21 is changed, as illustrated in FIG. 25. In the case of FIG. 25,

25 context adaptive binary arithmetic coding and bypass coding are
executed alternately. Therefore, it is difficult to increase the degree
of parallelism. |
[0211]

FIG. 26 illustrates a second variation of syntax according to

30 Embodiment 3. The syntax illustrated in FIG. 25 is changed as
illustrated in FIG. 26, in order to increase the degree of parallelism.
In FIG. 26, prev_intra_luma_pred_flag is repeated 4 times, and
subsequent thereto mpm_idx or rem_intra_pred_mode is repeated 4
times.

35 [0212]
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30 [0206] FIG. 24 illustrates blocks of an image according to Embodiment 3. Examples of blocks
of an image include data area units referred to as coding units (CU), prediction units (PU), and

ransform unts (TL): ARLINGHHDNCLeeA X SRR S3BRATPINFIS, IO lor 0 8

pixels. The size of the smallest - 45 - coding unit'is 8 x 8 pixels, currently. Thus INnCUsize which
indicates the sR@2JHHE s céaﬂynﬁ&frs So@par)i 'Fh {REQGESEESH .ﬁfﬁ&' ORIHA rbwb?@%ﬁze of a

prediction unit isptilae sagreas ke w@aaj@@@@hﬁ@ Upikbasicedl. Hividiag s gedingamd lerger than a

h h d Il d. Dividi di
it having theSRGHGET < BB DIAICHOR SR Ea Rl AR o eciicion wits may

be included in BBX8Ipixel coding unit. 10 [0208] The type of prediction unit (PU_TYPE) which
has the same size as msaf?of afading.unit is galled 2N, égglnT?p gl\pﬁtg&prgg&g% ré:lttg%btamed

by a unit being divided into four is called N x N. [0209] 15FIG. 24 illustrates an example ich a
coding unit 106MR&QddEEeMedetionufits 1004, 1067210080 B FIG4 1 pfecdsed b?r{?@ﬁ%dmtra

prediction is exqayded 0B e qulnlgrlémt 498% Thena Imagltfaa@redlctlg@@%ﬁ%l;?d o pach of the
prediction units 100 ]E%&ZL{* 1003, a FrE.OO4 Therefore, one hromaﬁ_7r FL’fCtIQn mode and 20 four luma

prediction mod&dad B}Eﬂ*%r éourh > B4 chrefes S8R G&idtion of
syntax at€ordind tol &mbladiatent Bt ¢x thedmse ok FHG ri2é nikeosy niehd diustratédsth Bl 2t ve changed,

I d i Y
e A

[0211] which bypass coding is executed are separated and put together.
Therefore, the degree of parailelism is enhanced.
[0214]
15 In addition, the context adaptive portion of

intra_chroma_pred_mode and the bypass portion of
intra_chroma_pred_mode are contiguous, thereby preventing an
increase in the degree of complexity.

[0215] -

20 It should be noted that in FIG. 27, prev_intra_luma_pred_flag
may be repeated 4 times or may not be repeated 4 times. Similariy,
mpm_idx or rem_intra_pred_mode may be repeated 4 times or may
not be repeated 4 times. Thus, the example illustrated in FIG. 27 is
applicable to both of the case where a coding unit is divided into four

25 prediction units and the case where a coding unit is not divided into
four prediction units. In either case, the degree of parallelism is
enhanced since plural bypass portions are pout together.

[0216]
In addition, if a coding unit is divided into four prediction units,

30 the elements illustrated in FIGS. 25, 26, and 27 may be included in
coded data, as elements of the upper left prediction unit 1001.
[0217]

In the image coding method and the image decoding method
described in the above embodiments, the degree of parallelism is

35 enhanced by combining plural intra prediction modes. Therefore, an
- 47...



FIG. 26 illustrates a second variation of syntax according to 30 Embodiment 3. The syntax illustrated in
FIG. 25 is changed as illustrated in FIG. 26, in order to increase the degree of parallelism. In FIG. 26,

prev_intra_lurqgﬂggeed flag)isd: fg%ﬁttfgé%gfg%%%%e&ueetﬁct!}éer{ﬁto mpm_idx or

remintra_pred_mode is repeated 4 times. us, pILYr'aI context adaptive portions on
which context-ﬁ%étﬁ/b binary arithmetic coding is executed and plural bypass portions on which

bypass coding is exectethala serarieddand Pk 1agethe, CorsagRNIYe Hig degias gf pagallelism
increases. 5[0213] ... FlI 7 illustrates a tl(;%re(i variation of syntax according to Embodiment 3. In

FIG.
FIG. 27, intra_cH '32&%%@#68@%%@2)%% GBESG UG e attiaa i BFEYY AES: AEcordingly,
with regarfl to fuidg e didticrimead ey aexlea chingha predietie nampregas m 19umzaies: plorat sentext
adaptive portions:a Wief sl adaplive binanarimeic codiog is executed gnd pluial bypass
portions on which bypass coding is executed are separate an% put toge eF There ore, heydegree of
parallelism is éhiRAREE@ TOZXACLIRAU diflbh HEEoAte R ddBbtiveparioactste chmmagpeed! mode

and the bypasg perininef It rehomanRIgaMoReRIBRNTGHAUS: HaPEERY NieYENIRY andrcrease in
the degree of com sll_eé(itﬁgg%ﬂ(gzon should be noted that in FIG. 27, prev_intra_luma_pred_flag may
be repeated 4 $imés G’ SIPLCRNH GHESTSARLY, nib#hSdX BErarTthtA oMb fRode may
be repeatéd 4 siohde ve nblycnohtzagke eatat dippes: dtues, the exaagpe diisiiging imeihodl is
applicable to both,of the cas re a coding unit js divided into.four 25prediction units and the case
where a codiné) {%it%&%%%i\%éé%?ﬁ@%%% pﬁg%ic%ér? Uhits. rlp & ‘E’}%%Ee,‘ﬁ]eadgéPe%rBFba?§||e|ism is
enhanced sincégsiarapBdphssqysrtions are pout together. [0216]

[0219]
Specifically, this program causes a computer to execute an
15 image coding method for coding an image using piural intra
prediction modes, the image coding method inciuding coding first
binary data and second binary data, the first binary data indicating a
first intra prediction mode used to code the image, the second binary
data indicating a second intra prediction mode used to code the
20 image, wherein in the cading,'a first context adaptive portion and a
second context adaptive portion are coded by context adaptive
binary arithmetic coding, the first context adaptive portion being
part of the first binary data, the second context adaptive portion
being part of the second binary data, the context adaptive binary
25 arithmetic coding being arithmetic coding using a variable probability
updated based on coded data, a first bypass portion and a second
bypass portion are coded by bypass coding, the first bypass porticn
being different part of the first binary data, the second bypass
portion being different part of the second binary data, the bypass
30 coding being arithmetic coding using a predetermined fixed
probability, and coded data is generated which includes the first
context adaptive portion, the second context adaptive portion, the
first bypass portion, and the second bypass portion, the first bypass
portion and the second bypass portion being included subsequent to

35 the first context adaptive portion and the second context adaptive
—~ 48 —



In addition, if a coding unit is divided into four prediction units, 30 the elements illustrated in FIGS. 25,
26, and 27 may be included in coded data, as elements of the upper left prediction unit 1001. [0217] In
the image COdiﬁ%Fﬁ%tROd and the image decoding method described in the above embodiments, the
degree of parallelism Is' 35 enhanced by combining plural intra prediction modes. Therefore, an - 47 -
image is coded B#iéfehtly and decoded efficiently. [0218] It should be noted that in the above

embodiments, each offheeansigsent glemanigimay b constityted Rydrdicatgdhardyare,pr 5 may
be obtained by. executiré%% s(%ftware grﬁ ram suitable for the constituent element. Each constituent

element may bE'5H¥in 'BPo dof GRREIE &a BRI ASHsEd4HabARINg and
executing & softnedéqirogramaeesidéedaonra ageordingpaiedium stbb asi adlak siskdw gsmigpnductor
memory. Here S which 1 hi e i coding apparatus, the image decoding
method, and ofrﬂg% gﬂ%?ng@é%egaﬁgvg éé%aééadirﬁrgm%ﬁﬂ%fﬁ’s a8 B%graprﬁeasyggéc g %%Io(i?g@Zlg]
Specifically, thi§!i6gfangcausésh tobnputsic®d elecute@t s imdye eoting tnethecofdecolling an
image using plyad iragiredictianyaodasa thedarperrading methosdpshding radina st Pipary data
and second binary data, the first bipary data indicating a first intra prediction mode used to code the

image, the sec ns?y D&t REftaithd's <REEnENRr I pRGHiSRERIE s d BS c8&ETE DD image,

wherein in(the codied, defiesi coexirastapiivicharici 886 a saeancheriexbadantive prifae e coded
context ve portion being part of the first

b text adapti ' ' ic_coding, the first dapti

ety date (18 SoEUl SoL e S BoiorPBEg b of (1 SELAR b RyELibs, fabohrent
adaptive binarg@stitiihingtiesodingtbemgtartfimetic codewtusthapdivarinble joo dability yotated
based on codegrdai AFLELBIPASP BAONARA SerenC BRRSK POEIBN e ROARMHRY Puiass coding,

the first bypass portion being different part of the first binary data, the sécond bypass portiorrbeing

different part oPtHe sBEohb Bty fath, BiRaNHaA3H0 chfhgfbShgipasetieestng uBRIGE
predeterminedditest-prabatility, ehdieedeesdatarns egnerted whick nalvde e fisst pegshadaptive

the first bypas D BU1Krt A (o0 Skt U8 poRicH Bory REK cog GubLbe dri SV HsFer
context adaptivporiorbasdithe sesomtconmsxs agaptiven being included subsequent to
| the first context adaptive portion and the second context adaptive
portion, the first context adaptive portion and the second context
20 adaptive portion are decoded by context adaptive binary arithmetic
decoding which is arithmetic decoding using a variable probability
updated based on decoded data, and the first bypass portion and the
second bypass portion are decoded by bypass decoding which is
arithmetic decoding using a predetermined fixed probability.
25 [0221]

Although the above is a description of the image coding
method and the image decoding method according to one or more
aspects of the present invention, based on the embodiments, the
present invention is not limited to the above embodiments. Various

30 modifications to the embodiments that may be conceived by those
skilled in the art and combinations of constituent elements in
different embodiments may be included within the scope of one or
more aspects of the present invention, without departing from the
spirit of the present invention.

35 [0222]
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48 - portion. [0220] In addition, this program causes a computer to execute an image decoding
method for decoding an image using plural intra 5 prediction modes, the image decoding method
including decoding first binary data and second binary data, the first binary data indicating a first intra
prediction modé& mdigEento 4&code the image, the second binary data indicating a second intra

prediction mode to berysedrin,decadedhainagecnhercia it thesfecading o endeddaa iscobtained

which includes a first context adaptive portion, a second context adaptive portion, a first bypass
portion, and a$8eBhH bYPRLEPSEER thifir& Eon ke BRAMRRA por oA RIERG padBERk: firsY binary
data, the secoretcodiext ataptive portion bemegdpartpf dhp rsegoachbfoaryrdpte e tiragbypass portion
being 15 differ irstoinary the porti [ iffere of the
second b%aryc‘eg‘tg,at%g ﬁrst Eyg)aﬁts)ghgegrﬁﬁo%%? t‘ﬁe8 g%ﬁ%n%é?sﬁ%%ﬁé? g&%@%lﬁégﬂ{ bsequent
to the first contegtaagptiva pdttiorrandite BeconEcenrd Haapnat hedidinhedirdecastsig adaptive

portion and the-sasenf) caBEM BRAUAPEMR-ROBFOBAIEHRFRERIDY crRieYadaRivg hinapiarithmetic
decoding which is arithmetic decoding using a variable probability updated based on decoded data,

and the first byPa¥sqSoRibh HricPfi 8 /5 P&H o IR HERSERE LAY PEsE st idy which is
arithmetic deceditty aisiagraguedsieraised dinediobakilityk 28[022¢hetiAtpolgh tiskpave is a
descriptipn of image .coding meth [ decoding method according to one or more
aspects o@the{précsaern ’ir?v%ﬁt%rﬁeoﬁééggnﬁnlﬁ%%%rnmb% w%r rts, the present invention is not limited to the
above embodibbets.]vVarious 30 modifications to the embodiments that may be conceived by those

skilled in the art and qomRinadiaRs, of pRNsItRE ARSANEIN iiters wimbodiaiite nayhegncluded

within the scope of one or more aspects of the present invention, without departing from the spirit of

the present inVBREBADSIHESS - LA INERRBHIREA: 3'Y thee PRGOS MG GESEIEEFREERBN of
embodiments gasthe iMpiy Feprimenteryinrt insEpeedent semputes syistamei sesarding in a

method (g8 S A1 L B O De LeSEn g eormabe EBLolS Rethod)
described in efhtofembbdimeing. Eie iccaging pibdia raagbeangderording aredissad ierig as the
program can R FREOEIed rSHEL g8 THAGREHD Hiska ATLORLFRL ARl ATRRNRUGARYCA Ehslo AN
and an image decoding apparatus using the image decoding method.
Other configurations in the system can be changed as appropriate
20 depending on the cases,
[0224]

FIG. 28 illustrates an overall configuration of a content
providing system ex100 for implementing content distribution
services. The area for providing communication services is divided

25 into cells of desired size, and base stations ex106, ex107, ex108,
ex109, and ex110 which are fixed wireless stations are placed in each
of the cells,

[0225]

The content providing system ex100 is connected to devices,

30 such as a computer ex111, a persona! digital assistant (PDA) ex112,
a camera ex113, a cellular phone ex114 and a game machine ex115,
via the Internet ex101, an Internet service provider ex102, a
telephone netwark ex104, as well as the base stations ex106 to
ex110, respectively.

35 [0226]
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10 IC card, and a semiconductor memory. [0223] Hereinafter, the applications to the moving
picture coding method (image coding method) and the moving picture decoding method (image

decodi hod) desgribed.in each of embodiments 15 { ing thereof will be described.
The sysiem nas a foat 18 0 FBUngan AL LGB il Rt S or AL AcAIALE B mage

.
avin
coding apparat@ Li8fhgshe dhadgs itedintpnidtaodoarftban aiage skosdngdgrafiidratids using the image

decoding methed (ytiexGanfioatignsdn therystem ean bechanasd as,apprepriale 2Q glepending on

the cases. [0224] FIG. 28 illustrates an overall configuration of a content providing system ex100 for

implementing cohtERLaRIRbutidh S8RILIY TREGheda8i HoVidiH gD M TERICU AN RR GRS ©divided

25 into cells of tlesirastsjzieo and hase stations 1xd 0627 , @98y igx182. andexLifndeh are
fixed wireless stati re pl in each of the cells. [0225] The cqntent providing system ex100 is
connected to dg\)ﬁ%%gé,g géﬁ%ﬂ"\’aﬂj&gﬁn&ﬂ%;g l?f ’e p‘f’érs%lﬁeﬁsd? it |‘%§§15taﬁi-' 'E)%ﬂ[)n%%ﬁz, a
camera ex113 thedliidephons piid drded cogametmddhimaekld bh giavie dngdroet didiRi@n Internet

service provideg,ex82:3-(§iRNOAR-BEIWRTK s¥10d, &5 well as the base stations ex106 to ex110,
respectively. (02271 |

10 The camera ex113, such as a digital video camera, is capable
of capturing video. A camera ex116, such as a digital camera, is
capable of capturing both still images and video. Furthermore, the
cellular phone ex114 may be the one that meets any of the standards
such as Global System for Mobile Communications (GSM) (registered

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

[0228]

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

25 captured by the user using the camera ex113 is coded as described
above in each of embodiments (i.e., the camera functions as the
imége coding apparatus according to an aspect of the present
invention), and the coded content is transmitted to the streaming
server ex103. On the other hand, the streaming server ex103

30 carries out stream distribution of the transmitted content data to the
clients upon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the celiular phone ex114, and the
game machine ex115 that are capable of decoding the
above-mentioned coded data. Each of the devices that have

35 received the distributed data decodes and reproduces the coded data
-5i -



35[0226] - 50 - However, the configuration of the content providing system ex100 is not limited to
the configuration shown in FIG. 28, and a combination in which any of the elements are connected is
acceptable. In addition, each device may be directly connected to 5 the telephone network ex104,
rather than via th& baSenghifshs 82168 %0 '&fﬂ@m}%‘?&?gf@ e PR Wikl e 88 SRIGORS. tarthBrmore,
the devices mayshpe tttertohnestegtmeadelvetheénsnip a short distance wireless communication and
others. [0227] J[[;.]'IZ'I%P9 amera ex113, such as a digital video camera, is capable of capturing video. A
camera ex116, suchdas a digital camera, is capable of capturing both still images and video.
Furthermore, the celluldh G exad Aaky brathdeneatiatnaetthanyanhrasentatiosutie as Global

System fos MobileGanmpynieaiens (GSWX (registered i irdematk)y Gofe Pivision Myltiplg Access
(CDMA), Wideband-Code Division Multlgle Access (W-CDMA), Long Term Evolution (LTE?:i and High

Speed Packet REREESTRISPRT aIRfnatVehE theP MR bhERE eS@MEtyPeld PerbaltA8ndyphone

System (PHS) si0228h204n tee content TOGVIdirg) sysieny, ex 0, distreaming seater exaQ3te
connected to t x113 and others via the telephone network ex104 a e base station
ex109, which e%:%ﬁgsgé@tn%u%%r? of ﬁﬁé}e&éc’s 5 ar#%/% sﬁggv%%deﬁhes‘r%FYr? gugﬁ{};\ 'StriBﬂti%H,ea content
(for example, Vit el agMosRARESSisow) 26 daptuiealriey tHealverasing thectilmmesa extll 3lie coded as

described ghougp #agh plspberiments(.e heramesadunstionnas 1he iads gping apparatus

according to an aspect of the present invention), and the coded content is transmitted to the streaming

server ex103. BRINE SRRFRRHAT SR rBRMARY KRR Caxn 8188 hint b 8L alse AhedamRiion of the

transmitted corigntidaiadg the glienisriipaadheitrrosasianm hegcliepleinelkde henrompytaiex111, the
PDA ex112, the camera ex113, th cg}}l\ularé)h_one ex114, and the game machine ex115 that are
ti

capable of decoQing tHE assik :n & AHES FAIE ERRADITHY dBG B THAEH ¥ HiBived the
distributed dataalrvockesaihd e divel Lo thet eodedidata o 51he Girefimotignseay dtedirie@®, decoding

apparatu§5acc%diggatpe%q m& oe‘ﬁgﬁ]present invention).
[0230]

Furthermore, the coding and decoding processes may be
performed by an LSI ex500 generally included in each of the
computer ex111 and the devices. The LSI ex500 may be configured

20 of a single chip or a plurality of chips. Software for coding and
decoding video may be integrated into some type of a recording
medium (such as a CD-ROM, a flexible disk, and a hard disk) that is
readable by the computer ex11l and others, and the coding and
decoding processes may be performed using the software.

25 Furthermore, when the cellular phone ex114 is equipped with a
camera, the video data obtained by the camera may be transmitted.
The video data is data coded by the LSI ex500 included in the cellular
phone ex114,

[0231]

30 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.

[0232]
As described above, the clients may receive and reproduce the

35 coded data in the content providing system ex100. In other words,
-57 -



[0229] The captured data may be coded by the camera ex113 or the 5 streaming server ex103 that
transmits the data, or the coding processes may be shared between the camera ex113 and the

streaming seryer e imilarl istribute ta m e decoded hy the clients.or the streaming
server ex103,VE)%r ?h?&ﬁ%{gé%rﬁ%%?s\g% éﬁé bé;eg%a?f%d%ﬁ@eanﬂ g %{g}r/% rgﬁat fite % s[}?eeaming
server ex103. FEftheAN6re ahecthigoftthe g iedges Gndvideseabtlired by nbh enothieodmera

ex113 but alsq;the, samerasoxtdmmayltransmited ip dhe sEpamig geper il Ghleoygly the

computer ex111. The nging processes may be performed by the camera ex116, the computer ex111,
or the streamim§ SEREPEx 103915 or 8Rgted SRHOWYTRE. [0530] 'MBlEfERHore RRESYIMg and

decoding processesi st begperformed by an LSI ex500 generally included in each of the computer
ex111 and the %%%eﬁ The LSI ex500 may be configured 20 of a single chip or a plurality of chips.
Software for coding and decoding video may be integrated into some type of a recording medium
(such as a CD-ROM AsflKibie midk ead anare @ikkY thae rteababeviyithe srsipueersk 001 and

others, and the eqdingrapAIefotig RIeCRSgEs IR LecBeifRENSd 3isiag [Re iR e 8Bing

Furthermore, when the cellular phone ex114 is equipped with ‘a camera, the video data obtained by

the camera m&PP& (R itRRITRE idBPY RYis RIS EB I L P HBY SPRREGA S HEIUAED #Ffhe cellular
phone ex14. {2314 B wsihwarores ihelskeainang Jerves k1T neay bedienmnasedof geryers and

computers, and may decentralize data a rocess the decentralized data, record, or distribute data.
[0232] mpigggﬁgztgﬂ:ggvgt @Eﬁ%nﬁbsrr%%gs%ggﬁ\r} a%%ls?téep%aeu que’ 5 %%@e%éa&% in the
content providinidssyatem &0 spresifisralyrds, broz d apstclibmtiocan @ fsivecendndedodédaformation

transmitted by dhe ysersandaeniagusa he daeaded daja in realimedaithe goniant PEyidiag system
ex100, so that the user who does not have any particular right and equipment can implement personal
5broadcastingm“‘t'pfexed data obtained 'by multiplexing audio data and others
15 onto video data., The video data is data coded by the moving picture
coding method described in each of embodiments (i.e., data coded by
the image coding apparatus according to an aspect of the present
invention). Upon receipt of the multiplexed data, the broadcast
satellite ex202 transmits radio waves for broadcasting. Then, a
20 home-use antenna ex204 with a satellite broadcast reception
function receives the radio waves. Next, a device such as a
television (receiver) ex300 and a set top box {STB) ex217 decodes
the received multiplexed data, and reproduces the decoded data (i.e.,
functions as the image decoding apparatus according to an aspect of
25 the present invention).
[0234]
Furthermore, a reader/recorder ex218 (i) reads and decodes
the muitiplexed data recorded on a recording medium ex215, such as
a DVD and a BD, or (i) codes video signals in the recording medium
30 ex215, and in some cases, writes data obtained by multiplexing an
audio signal on the coded data. The reader/recorder ex218 can
include the moving picture decoding apparatus or the moving picture
coding apparatus as shown in each of embodiments. In this case,
the reproduced video signals are displayed on the monitor ex219,

35 and can be reproduced by another device or system using the
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[0233] Aside from the example of the content providing system ex100, at least one of the moving
picture coding apparatus (image coding apparatus) and the moving picture decoding apparatus (image
10 decoding apparatus) described in each of embodiments may be implemented in a digjtal

broadcasting SR KX G0 AISFAES 4 B1ET 28 St BB el LIR EX BrbSalast S o 8501
communicated or tsansinis, pissidie wavesrie i bhreadcast satellitei a2 02i cnutpl ekedodtitegobtained
b Iltiplexi i . t [ oL ' i i
Pture codng RE I e e T e g

apparatus according e dielRypsienf tie presert ifREHEBAR UpoAtecdpt ofdhe igtpiddPbata, the
broadcastsateite &0z MRSAU LMY WAL SR Broadeasingh ENoN X RATRgsUsH aprienna ex204

with a satellite broadcast reception function receives the radig waves. Next, a device such as a
television (recERE 308%ehtra Kt tS%%o&e(lsefB?@QZﬁ)ﬂ%ggdes thB%ecAGMAHUItYEYEF data, and
reproduces the eecdtied datealiay funciipnseasithédmage idcuskinig appasetusogcbardibgitdran aspect
of 25 the pres%é%i%?gg%}c}jéog;éb 0 Furthermore, a reader/recorder ex218 (i) reads and decodes
the multiplexed data récorded on arecording medium ex215, such as a DVD and a BD, or (i) codes
video signals iHRé ydcording medium 30 ex215, and in some cases, writes data obtained by

multiplexigg an audio signakay fhgSededdaie ThadordBHreGdeR @13 18,080 dnelisle thesmoving

picture decoding apparatus or the moving picture coding apparatus as shown in each of embodiments.

In this case, tHé FefrodiBgdRitkd SigRANSdfLhafed FRAKS REEUES SFeLins
reproduced bynasgitr diviesidesysiereasinghe midbhdirecarding madium ex23man eddothe
multiplexed data is recorded, It is also sible to implement the moving picture decodin paratus in
the set top boinecxlsﬁ' EOnlawe%fgg %%ép(gng 8?(2% o5 cabIé @I‘é'\ﬁgign%a ?8'9?8 %%%en%aggeﬁm for
satellite and/opbteripewiabigroaddtistiay| so asbidishidy the tidetdignals tn thbmogiorée219 of the

television X3 A L 1400 R ih € CoHIRIARRED IR AN B RIBENENIEbROAHICAE:3ed 1o DOX

but in the television ex300. [0235] 10FIG. 30 illustrates the television (receiver) ex300 that uses the

moving picturé @i RIS BHeCH B RO Dint bicturé e O Rh g RiaReY (dtssibRe fecatnest
embodiments.nh e tglesisian @x890dACdeR; & teseren301that ebiatsiexpwvigiesamuliiiexed data

obtained by myltiolaxing augio data ontg vides daa, oM e iplexing unit ex303 that

demultiplexes the modulated multiplexed data into video data and

20 audio data, or mu!tipiexes video data and audio data coded by a
signal processing unit ex306 into data.

[0236]

The television ex300 further includes: a signal processing unit

ex306 including an audio signal processing unit ex304 and a video

25 signal processing unit ex305 that decode audio data and video data

and code audio data and video data, respectively (which function as

the image coding apparatus and the image decoding apparatus

according to the aspects of the present invention); and an output

unit ex309 including a speaker ex30/ that provides the decoded

30 audio signal, and a display unit ex308 that displays the decoded

video signal, such as a display. Furthermore, the television ex300

includes an interface unit ex317 including an operation input unit

ex312 that receives an input of a user operation. Furthermore, the

television ex300 includes a control unit ex310 that controls overall

35 each constituent element of the television ex300, and a power supply
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15 antenna ex204 or the cable ex203, etc. that receives a broadcast; a modulation/demodulation unit
ex302 that demodulates the received multiplexed data or modulates data into multiplexed data to be

supplied outS|d(§ @ﬂ‘ﬂ W“@)‘?é'{@/‘%’ﬂ gsq!' %gngg&@e% Era}atedaernultlple%es thfa modoilated
iod

multiplexed data into v eo data and a or multlp exes Video data-and Sudio data’ coded by
a signal proce$ih§ Ut 8R3bBE G BERaiqo28R Ut uTHeaRIddidiohiek30beftfialsgr ineludos3 A%ignal

processing unikex3GAdnelisling BRi ayeie Rignal pHasagsiahwikexdh and aiereARIgnal
processing unit ex305 tht%[‘ decodgszdro daﬁt%r?nd video data and code audio data and video data,

respectively (WHICH fRTCHiOT < AR SMAGEHSt g SHbparat R et ith&e3déedaing agsiats
accordingdo tret tsplots:of thé pmeatmmem@nn@m\mam entpubyrsuex3as iaglugdingca speaker ex307

that provides the;gecaded 19 aydia eighAk e sHiALHL 1SR (gt dippiae e Aeeadad video

signal, such as a display. Furt ermore, t television ex Inc s an int e unit ex31 iIncluding
an operation nﬁ:ﬁnauhﬁ @(ﬂékha@ﬁ*é’célvpé@éﬁrﬁp@%éﬂﬁ dsebepetation: Fdthermds) ehbaslevision

ex300 includesatsopie! umr@@ue\@aee@w oyrral 3B @9@1@@%}@@&#@%@ Qg tplevision
ex300, and a power su% ly - 54 - circuit unit ex311 ﬁggt suggﬂes power to each of the elements. Other

than the operatibi SEPAF T 4318 e RRRr X912 Gy RIS A9 eBEPRL is
connectddito axl extermial fdgviseosaigh as ﬂ‘ieeremledt&@mdar el@ﬂ:ﬁer&§|0@ﬂlrﬂhex$éﬂefﬂrsﬂﬁ\ﬁb|lng S

attachment of r Dc a driver ex315 to be connected to an
external recording ﬁ”lﬁed[l%%%glﬁ étggea%?rér §8§ g%?dgapnéore ex318" tocr;]r%or?ﬁ}éc 'd% a telephone
network. Here[ﬂ%}e&ording medium ex216 can electrically record information using a

non-volatile/volatile serigendHel/TREFIOR 48 §IEMG/Hi %‘iﬁ’éaQ@leT/h%H”éﬂ%‘Gﬂt e oS of the

television ex300 are connected to each other through a synchronous bus. [02 First,

configuration ifWHiER XL IGREDR Q%Wgef:rdd@s%ﬁr‘ﬂ@x@dr@a’ca%ﬁﬁ%@d‘h‘?ﬁr’i‘éu@’sﬁ@@ﬂwough
the anten5a exi0d dSand atinel srapdadpiaskcesthiedededed datawill hrodgsedbask ¢ thetelevision

ex300, upon er thr ote controller ex220 and others, th

multrplexrng/o?gtrjﬁ%ltlp e%ﬂté?f?r“t é%é’%@@ I?plexes the muf%l%@?}e%lnd Erd)é‘rﬁg‘du?ateawme

modulation/deffstfitatien wiZei@oan dn@éh@oﬁtrdlhﬁ thelddimiextogydeerB10 phekiding ar@PU.

Furthermore, t@ﬁ?@glocﬁégﬂ@lsﬂgra@@%et frafdlesedesdaed H&WB@&%&%&C’@ 2péna the
e €co

video signal processréi%unlt ex305 decodes the demultiplexe o data, using t method

described in e TR EHOSHiARME AR fHdaBIddh R W@utrﬁﬁﬂﬁ‘ii‘? R0 oGRRY e 25
decoded>@idequsignaband audnncﬂlgdai@utardezwespectmﬂh‘éﬂmmthe ogﬁ@ut gnr@ @(3@9991’9}/@68 the

video signal a [ a mporarily stored in ex31 d ex319,
and others 50%1 r&%e srg%qgﬁéégg]r%g& ﬁ%%ﬁ'\c gorrl?\z ﬁéﬁi%ﬁ gclrﬁjb ? Buft ?e the
television ex300488y TR RMMRSIEN dath AsBBhodgeadesddunstema titdexcauat frimtadhe

recording medd?e%z% ﬂ%c?:]@eéé'&hw r%@&?a%e%gb?fb%%“é 'crirﬁz @'ﬁ‘i‘t?o?%: 2hds Next, a

configuration in which the eIevrsron ex30 codes an audio signal an o signal, and trahsmlts the

data outside oMNrF(’égtrjr@ Mis i Rtokfing m&]ﬁmp”tp”t unit ex309 provides the
25 decoded video signal and audio signal outside, respectively. When

the output unit ex309 provides the video signal and the audio signal,
the signals may be temporarily stored in buffers ex318 and ex319,
and others so that the signals are reproduced in synchronization with
each other Furthermore, the television ex300 may read

30 muitiplexed-data not through a broadcast and others but from the
recording media ex215 and ex216, such as a magnetic disk, an
optical disk, and a SD card. Next, a configuration in which the
television ex300 codes an audio signal and a video signal, and

- transmits the data outside or writes the data on a recording medium

35 will be described. In the television ex300, uponﬂra“ useroperatron
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through the remote controller ex220 and others, the audio signal processing unit ex304 codes an
audio signal, and the video signal processing unit ex305 codes a video signal, under control of the
control unit ex310 using the coding method described in each of 5 embodiments. The

multiplexing/dERTgtiglexiitPuAfre3e3 eatiidless elddianddesisigtal Hifl awdisigietaand

provides the resuliiagssignal, puisioes When dha navitinlexioo/siimultivlexing Maiteyae3 snyliplexes the
video signal and the audio signal, th nals may be temporarily stored in the buffe[s ef<3 0 and
ex321, and 105HES SO Ao SERIR deIERGUAG th SJRBANHAASH B Binkh S ere, the

buffers ex318 cexdt8] ax3R0 earRil €3Il mgay e mlodihgs Mustreded darsatridéast dne daiffer ofay be

shared inghe lEMSINRGRD. Furthepmore, Aty be slaredie iayfiss o gt thasysiam

overflow and underflow may be avoided between'the ulation/demodulationunitex
multiplexing/demutiplexag thet exsea! fodermpipra [GrsR UdiFgitrhote di emE@sdinex300 may

include a configuyafigndositacsiviigt gt AV INPHEROM & MISFORNORE @Y 8 SRIMATR RIRET §aRnigo the
configuration for obtalnlnq audio and video data from a broadcast or a recording medium, T?d may
code the obtalied S AR EHEIV AL SRt oBE AHMBISOaAl ﬁ;%%iéé%lﬂ de data in
the descriptionnis ynayebeeagabte dhonyseediving f decadiffe andpRRdliag dutsidi?dataatmg not the
coding, multiplexing, a viding I : Furthermo n the reader/recorder
ex218 rgz:l%s ocrjgvb:zlz?e% r%%l%%%geéﬁga z;? ?ﬁéﬁlgor%igar[géfogr%ﬁ@erﬂe |ursn\{ %Jnﬁ"é\ﬁ\?ea gg?e%iﬁt?h%exsoo
and the readefsdoridiax218 engy teedoe 62 oas 30dh& mtiliplexnd At an e mhdiélenizion ex300

and the readeg/teearlen ex21faayateare dheaderastingarecedipg (0240 Ae amaxampie this. 31

illustrates a configuration of an information reproducing/recording unit ex400 when data is read or

35 written fromi &P ¥ #NoSacaP Hisk. THEMRES RGN 988 MaYobGeRtpr&biding Bi{t8466 includes
constituent elamgntighex40it exdo2,cariis, axdQdn ex40d e xAt§, Bachexd8édoea Wesaiibrd

fr;]eelrgiilrjlre:]ftle 2 Igﬁ ﬁgﬂsga;:é% dgﬁgé&r aa{ilic%es a Iasgrn§Pot ina rg)gg@ing surfaé:ﬁz Gof 'Fhe re&%ding
multiplexing/demultiplexing unit ex303, for example.
[0238]

Furthermore, the television ex300 may include a configuration

for receiving an AV input from a microphone or a camera other than
20 the configuration for obtaining audio and video data from a broadcast

or a recording medium, and may code the obtained data. Although

the television ex300 can code, multiplex, and provide outside data in

the description, it may be capable of only receiving, decoding, and

providing outside data but not the coding, multiplexing, and
25 providing outside data.

[0239]

Furthermore, when the reader/recorder ex218 reads or writes
multiplexed data from or on a recording medium, one of the
television ex300 and the reader/recorder ex218 may decode or code

30 the wmuitiplexed data, and the television ex300 and the
reader/recorder ex218 may share the decoding or coding.
[0240]

As an example, FIG. 31 illustrates a configuration of an

information reproducing/recording unit. ex400 when data is read or
35 written from or on an optical disk. The information
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5 optical disk to write information, and detects reflected light from the recording surface of the
recording medium ex215 to read the information. The modulation recording unit ex402 electrically
drives a semiconduc(itljor laser includé?.d in the gptical head ex40], and mo lilates the laser light

according to ré G Uocéfh%rﬁéof lr@ﬁroﬁ[]& ioﬁ% od'l.'ﬂ&lliH éu%it%%ﬁ Bﬁfieeé%rpeed} uction
signal obtainee %y ®ElectazdilyeteatiHibtheae e ddigghbiometind Gécoraling stfizé ubingda photo

detector includgd.in {he @pHcaRag ex40k aad gamaguiates he reprodyclian.sianal by sgparating a

signal component recorded on the recording medium ex215 to 15 reproduce the necessary

information. TH® Bliffdek262 " HBoPATEPREIRS HEIRRIRTAINSIH S EEBB%d b the Fdetfling
medium ex2 1yt helizfenmation ceprasueed e dhel reeeeding regrivee 4245t Flensliskemotor

ex405 rotates the recording medium e 2&:% The servo control ynit ex4(§%o ves the optical head
oxd01 10 2 20 BB 85 Slork BRc ST Leber WG T r Eaorrhoe O cHEK motor
ex405 SO as td rﬁcﬁbqwn ﬂtéqlaser spbe Thmstamnr!@urﬂtiemm rddintedd @Qeralb@h‘ﬁn&ii‘maﬁon
reproducing/regprding Lt ex400 Thedsasiag apdyyriiog H’ioﬁ?ést?ﬁt?é’#l %W@Eﬁg‘fe‘é Ry the

system control unit ex407 25 usm%)\r/arlous information stored in the buffer ex404 and generating and

adding new info/RfHticieSs nEeRss@§eandiBi theaGeRfiAABN fctortRss Rex4@Eathe rédt8duction
demodulpting Hal 08 iaRd teriery0 Ieammie! wntex4Qa thmat reaonirpn repredieiinierpation

through the optical head ex401 while being operated.in a coordinated 30 manner. The system control
unit ex407 inclti@d¥ 'fé)rgé@dﬂ]%ﬁje\/\,{jé' n‘ﬁ%?ﬁ r 5@%0&?5%8%&&{?6&?%%8&9@3'@% ﬂgiﬁér&&'gomputer
to execute a pregrardifog reacfaod wateg(@ghbto deteAtihpigbl thbeapticahread kx4 Dharadiates a
laser spot in t scripgjon, J igh- ' di i ear.fleld 557 - light.
[0242] Flgi%%;?fﬂs%ﬁt%sgt W@%ﬁ%ﬁe%&%ﬁ% é:%g(? Erlst %ﬂ%t‘?(%?d%%%ﬂaﬁwﬁé eéording
surface of the Bgoflingdeaiume BlexBS) Hifde Givoves arespirdifGormeddid &X hidrnigtion track
ex230 records ¥ pguareerREdiase arpain-nderiing anpbsnlete Pesiion eBitedtiskigecording

to change in a sh uide grooves. The addres inforﬁmtion includes infg_rmatlon f

ape of the I c
determining pCRRIO< BEr SR BTG BRAKO e SEGRAEER 0L AR o eRP T BRI A R hbucing the
information tragk @x230 arfo resalingrthecaddmissanfdrmatidh & cecapdanatus dBtrecesdsidnd

;gg(r)(:g#]ces datgcan, ;&d&Qq‘é@ﬁré@!%%‘%’%ié@%@‘%ﬂﬁoPéc%%faﬂﬁn:(‘;?%% Rloghs, fwrthgrore, the
g medium ex Includesa data recording area ex233, art inner circumference area
servoe control unit ex406 moves the optical head ex401 to a
20 predetermined information track while controlling the rotation drive
of the disk motor ex405 so as to follow the laser spot. The system
control unit ex407 controls overall the information
reproducing/recording unit ex400. The reading and writing
processes can be implemented by the system control unit ex407
25 using various information stored in the buffer ex404 and generating
and adding new information as necessary, and by the modulation
recording unit ex402, the reproduction demodulating unit ex403, and
the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
30 manner. The system control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
execute a program for read and write.
[0241]
. Although the optical head ex401 irradiates a laser spot in the

35 description, it may perform high-density recording using near field
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15 ex232, and an outer circumference area ex234. The data recording area ex233 is an area for use in
recording the user data. The inner circumference area ex232 and the outer circumference area ex234
that are inside ﬁag,eutside of the data recording area ex233, respectively are for specific use except
for recording the“user data. 20 The information reproducing/recording unit 400 reads and writes coded
audio, coded vidbddalta, or multiplexed data obtained by multiplexing the coded audio and video data,

from and on the data reggrding aragsexasot e reconaingdnesium 2219248k 2bAkhoygh an

optical disk havin%.a It{]gr, iUChé’lS a DVD and ﬁ_BD is described as an example in the description, the
optical disk is it it s Such? BndHiay TSR O%ticH dRk Haind REmIRHSYEINGr JRERI ARY capable
of being rezordexiba gartdthegr doare the isairadea Furfhermede, dimedoptical fdisknanby ave ekstructure

for 30 multidimgpsighal ing/repr ion,,su orli f information.using light of colors
with different wavelﬁgtﬁ%e(?r%ﬁgsam %%ﬁecﬁ’thét%%?i%rg disgﬁ%agrﬁin %“riﬁge@or'(ﬁgé%g%?b%#aﬁgn having

different layersaRSiA NdBog Hkifas oo 14w B8 rtseneiega tacdaigenivingdrn asternthex205 can
-58-- receive datadeory theviakellite 5x202 aRa-atherts @RE FRIKOINER MBS0 AFu3 HisBigy dgyice such

as acar naviga(%%)n S}_/‘gtem ex211 setin tgﬁ car ex210, in the digital broadcasting system ex200. Here,
a configuration®t? thECHH R GREIHL 518 SEATINN J AC T ShfititatiBRIGF BxAnHIE. fi¥iuding a
GPS rece@ing uritirdim ¢hededafigur &g dldsicated ihEIGn30rhetisame willibedxssior thed
configuration o re h Il ne ex114, and others.,[0245] 10FIG. 33

illustrates the c?ieé%%?jaﬁﬁ)%gwgeaxqéi&t?]%t?&gggﬁagetwﬁviﬁ\g %(?étl?r%pc%%ﬁéasms%t o%drar%l) Eﬁ;é-’ n%\?ﬂl?lg picture
decoding methoad@sbiieesl admberimisas. Thedslitnar pladienexs]thaciosikiansanttriba ex350 for

transmitting anpESENIY rafin-waves trrpualthobase sationding cagiesa Mt ex3hpscapable

15 of capturing maving and still images; and a display unit ex358 such as a liquid crystal display for
displaying the dAFAULRR Bs PREDIEFIEHD LaPIGREBY e AMPRBRICHBEH BiNER &I 89 the
antenna £8350e X8 zeklinar phanetex1di4duriiferinchdesea mambpdy ThE inshidirg-apdipgration key

unit ex366; an io it ex357.20 such as a speaker for output of audio; ag audio input unit
ex356 such as%P%%C%%%%ggo%r?i‘n%tﬁ%gfggdd}}osf% ir%e%@%%ﬁrﬂ@e&%%ﬂ%?%%#@ ca%ﬁﬁé& Ufdeo or still
pictures, recordétraidieresded drefecucdddanditine mekivedividsofdre stk ploeeesxe ihils, or

others; and a SNk FESASIA IRy InGRITaReeNGrTorrereaadingdReFiimgNa e siprog data in the

same manner as the memory unit ex367. [0246]
respectively are for specific use except for recording the user data.

20 The information reproducing/recording unit 400 reads and writes
coded audio, coded video data, or multiplexed data obtained by
multiplexing the coded audio and video data, from and on the data
recording area ex233 of the recording medium ex215.

[0243]

25 Although an optical disk having a layer, such as a DVD and a
BD is described as an example in the description, the optical disk is
not limited to such, and may be an optical disk having a multilayer
structure and capable of being recorded on a part other than the
surface. Furthermore, the optical disk may have a structure for

30 multidimensional recording/reproduction, such as recording of
information using light of colors with different wavelengths in the
same portion of the optical disk and for recording information having
different layers from various angles.

Cfo244)

35 Furthermore, a car ex210 having an ante.nna ex205 " céh”
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Next, an example of a configuration of the cellular phone ex114 will be described with reference to
FIG. 338. In the cellular phone ex114, a main control unit ex360 designed to control overall 30 each

unit of the mai body Including e display UL b8 95 sl a5 ne goeration key L exseais
connected mutua Y, Via a synchronous us ex ,toa power supply circuit unit ex , operatlon
input control uNVi¢KB62; & \idep| syt proesdsityamit exB5bay gmitna ipretface ani2 1368} a liquid

crystal display {GR 32 FO! gNiexRat i edy iy innddemaduiaian HNIES SR, aHels, 5

multiplexing/demultiplexing unit ex353, an audio signal processing unit ex354, the slot unit ex364, and
the memory urfiCEX88Y 7§05 \R/%eﬁr?caﬂ?é'nd%vﬂﬁﬁ(b’awé’r\ﬂggﬁ 78 wiied AN WL URerds
operation,3he poweigsiiply oirdat unibexpbd, supplies rge deGrestivecaithyithpovwes fromha battery
pack so as to activate the, cell phon 4. [0248] In the cgllular_ phone 14, the audio signal
processing unif: ég{ %e%(lé 4%%?1\/5& és' Eﬁ%e)t(élg}d%{ S%§§d|5§0@||e$é§ bsya?ﬁ’eeawa)g]ﬁl%uttrﬁfr%t%)x%g %II’I voice
conversation nisu¥ igterdigial atidivesiomals ubeie ethelchnirbof ehis adim bomeoexrdil éx380dncluding
a CPU, ROM, arg 8AM. Then, the modulation/demodulation unit ex352 performs spread spectrum
processing on the digital audio signals, and the 15 transmitting and receiving unit ex351 performs
digital-to-analob0 érsion and frequency conversion on the data, so as to transmit the resulting data

via the an@nna ex350FAds0 3R ANE ealliar axhame exd id] e Sransmniding pdfeseiviegdinfkex351
amplifies the data received by the antenna ex350 in voic nversation mode and 20 performs
: 2

frequency conV BRI Gl 10 SheA SR B gt ESH Pl HRnd G A Srri e debosing
modulation/demueiiatibndested8s? gerfamb odersendpread Epecteemuyiecegbiog®nehd tidta, and
the audio signal,ps ing uni OV ekt it # Qg AKdio s S, utput:them via
the audio outpib%lr?ii(te%?%S%Hzi @2%2?& Q%%?%efr%%rgfé\?v*hen an }ggfn%ﬁn c%ct&agt:ﬁ(f)ﬁr%gupr%?aﬁ;n mode

is transmitted, WRYVEStAHIAHE -Hhgi DasGtetabicoh_IekihG itfe GhHEYafR N KRy exi GRIBBPARDthers of
the mainiidy i senhauti Fgthe dnaiiy contot NIt X380 viaathe apgragninpyicerttaldailay ex362.

The main control L_miﬁ.ex360 cause t&e odulatio .demod!ulati n unjt ex35_2 o perfgrm spread
spectrum proc@?sﬂg quﬁje (EEXFSE%?Ia_, grﬁr)g‘?iﬁe ftan iﬁR{ﬁhb Qﬁda%%e?{mﬁ Utk 351 %%ar‘ﬂgathe
digital-to-analogi denveegidin ad iyetireqoanogreonvét stor3 615 the resdltingpdata théramgmitribe data to
the base 35 stalippcax11Q-ia e AP HS % 1A A BIMALIS 48Ee ™ Ptha #Pbody unit
including an operation key unit ex366; an audio output unit ex357
20 such as a speaker for output of audio; an audio input unit ex356 such
as a microphone for input of audio; a memory unit ex367 for storing
captured video or still pictures, recorded audio, coded or decoded
~ data of the received video, the still pictures, e-mails, or others; and
a siot unit ex364 that is an interface unit for a recording medium that
25 stores data in the same manner as the memory unit ex367.
[0246]
Next, an example of a configuration of the celiular phone
ex114 will be described with reference to FIG. 33B. 1In the cellular
phone ex114, a main control .uni’c ex360 designed to control overali
30 each unit of the main body including the display unit ex358 as well as
the operation key unit 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)

35 control unit ex359, a modulation/demodulation unit ex352, a
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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 the display unit ex358. [0250] 5When video,

still images, or VId%O qgg(}%u?lg in dq a communicaton rgg%e Is or ar%ftransmltt(?d the video signal

processing uni;fneii 5 comg €365 and codes video génals Suppl?elé 13m the Tafera Unit %365

using the movig ipi€krDdoding rwisth o Bhewa & e@dhtot e tivodimenys yinét, furd6idns as the image
coding 10 app @u@qccording to the aspect of the present invention), and transmits the coded video
data to the multiplexing/demultiplexing unit ex353. In contrast, during when the camera unit ex365

captures video, still im3gEE) hGVRERT thE UUioSSIBRYTr JER ¥R R 2 BN YR H58oSsignals
collected by the peichoimput Bhit 1 exan6,andpipapsmaitscilie caded awdid glatatuthplies the
multiplexing/d [tiplexing. unit ex353. [025 The tiplexing/demultiplexing, unit, ex353
uliploxes the SSHLT Loy B e Ko 8 G b eBit uen 90 e B e
coded audio d&&lisgpisiiee 88intthe audio signal processing unit ex354, using a predetermined
method. Then,[@gquuIation/demodulation unit (modulation/demodulation circuit unit) ex352
performs spread spectrum processing on the multiplexed data, and the transmitting and receiving unit

ex351 performs 25 diditalthiar@lid oA Sisreadl ffedih 3L RvEI SR oRrPeedsi SoHy fo
transmit tife reewl§6g dada vier thetartennaiexaidh 12520 | ctdthenraerivingdiata mh aviden file which
is linked to a We e and others in data.communicatipn mode or when receiving an, 30 e-mail with
video and/or agéli% a té@hve%,c n R4S %%Oo%ﬂﬁg mgglgégztﬁg?aug;@eﬁ)g@@iif?Hggﬁléﬁhg ex350,
the multiplexingfdgmailtifiékiaguaitex3sBadomuiblexcsiifel multidieed il iROMyidea ®adMbit stream
and an audio data jit StHeAT, 30E SHPRHPE 4R SRS SIGRALACESRAG LN 3PmYItL 8 4 4
spectrum processing on the digital audio signals, and the
15  transmitting and receiving unit ex351 performs digital-to-analog
conversion and frequency conversion on the data, so as to transmit
the resulting data via the antenna ex350. Also, in the cellular phone
ex114, the transmitting and receiving unit ex351 amplifies the data
received by the antenna ex350 in voice conversation mode and
20 performs frequency conversion and the analog-to-digital conversion
on the data. Then, the modulation/demodulation unit ex352
performs inverse spread spectrum processing on the data, and the
audio signal processing unit ex354 converts it into analog audio
signals, so as to output them via the audio outpuf unit ex357.
25 [0249]

Furthermore, when an e-mail in data communication mode is
transmitted, text data of the e-mail inputted by operating the
operation key unit ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit

30 ex362. The main  control unit ex360 causes the
modulation/demodulation unit ex352 to perform spread spectrum
processing on the text data, and the transmitting and receiving unit
ex351 performs the digital-to-analog conversion and the freguency

_conversion on the resulting data to transmit the data to the base

35 station ex110 via the antenna ex350. When an e-mail is received,
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35 coded video data and the audio signal processing unit ex354 with the -61 - coded audio data,
through the synchronous bus ex370. The video signal processing unit ex355 decodes the video signal
using a moving picture decoding method corresponding to the moving picture coding method shown in

each of embo@FR&RESITY, theliohs ARAESIHYRYS Wedbbisy HppiPatts ficBsRARG 16N Be Bipect of the
present inventipa) sk thed the displayiunit eadas disnlays fohinstanerdheddda0 antstilénages

included in the video.file linked to the Web ia the LCD caontrol unijt ex359. Furthermore, the
audio signal pFSéé%gEH& udr??l:tgx%ﬁ 'a)evclé%éjg ?ﬁ:t gﬁdé}ss%ﬁ l, Lérﬁ'c} tﬁéu%% io output unit ex357 10

provides the al@iih §3253] Furthermore, similarly to the television ex300, a terminal such as the

cellular plone ex114 grabaplyhaxs 3 types qhimplemeniatiop; aerfiguradions ingiding nesenly () a

transmitting and receiving 15 terminal including both a coding apparatus and a decoding apparatus,
but also (i) a FARBMIHMG fHfmalMR4&dilg oRy aacr@diﬁéadﬂﬁafégliﬁdan&(‘iﬁ) MERNing I8Fhinal
including only grdeecdingapparains Sthongpibegdigitahbraadtastiig systearen20gpaves and
transmits the rpul%;l ed data obtam%det)% ggjltigtg%xin%%u%o data 20 (%nto vid?ﬁ data in Fe
description, the # |t$§8x%%”agf§ rHay be'datd Shtdife by mﬁﬁf&gﬁﬁﬁ hoEatfd Y i 8ﬁaracter
data related tehidemoitntoaddeoafataémd magrides not enu tiplexadriatadbh eid evadpeadtsdifn d0254]
25As sugh, th | iC | t i i ogli di ch of
£8 %gﬁ}%@ﬁ e Sag H%’P& had aQQﬁE‘éth%’ % (i ﬁ:ﬁ%e%ﬁfrmg%tﬁﬁm g &8

embodiments c e used In any of the devices and systems antages

described in eH@§MBiHbINMRE fEnBEDLSAE. (0255 30RINRIER 6/ SRBHEENERUton is not
limited to embgglinents; gnd varigue sredHicationsang revisianstve nessileawithewt dgpagting from
the scope of tf&%BE%?_eerét \I!r}\éeergl’ogﬁ[P%?géggbggléng%glsf the audio signal processing
unit ex354 codes audio signals collected by the audio input unit
15 ex356, and transmits the coded audio data to the
multiplexing/demultiplexing unit ex353,
[0251]
The multipiexing/demultiplexing unit ex353 multiplexes the
coded video data supplied from the video signal processing unit
20 ex355 and the coded audio data supplied from the audio signal
processing unit ex354, using a predetermined method. Then, the
modulation/demodulation unit {(modulation/demodulation circuit
unit) ex352 performs spread spectrum processing on the multiplexed
data, and the transmitting and receiving unit ex351 performs
25 digital-to-analog conversion and frequency conversion on the data so
as to transmit the resulting data via the antenna ex350.
[0252] .
When receiving data of a video file which is linked to a Web
page and others in data communication mode or when receiving an
30 e-mail with video and/or audio attached, in order to decode the
multiplexed data received via the antenna ex350, the
multiplexing/demultiplexing unit ex353 demultiplexes the
multiplexed data into a video data bit stream and an audio data bit
. .stream, and supplies the video signal processing.unit.ex355 with the
35 coded video data and the audio signal processing unit ex354 with the
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35Video data can be generated by switching, as necessary, - 62 - between (i) the moving picture
coding method or the moving picture coding apparatus shown in each of embodiments and Op a

moving picture_coding method, or a meving picture coding apparatus in co ity_with a different
standard, suchcggd ?{?Pétladtio hﬁ@l&%?&\?gg% a%? \férlc@(‘jieﬁ ustbﬁ%r@,’%%@ﬂ a pliFaifty’§Pvideo
data that confei@g @b e ciffsriang staiidexds s denedesd hriohvigithe s dpvoded| theadeupding methods
need to be selgeted @ e%‘e&m% e iBarentsliRdsn LOHAWBVETo §IRCP fo-Hiiehandiard each

of the plurality of the video data o be decoded conform cannot be detected, there is a problém that an

appropriate deCBHhiRg fafHol 2dRnBRhE SLIETRICIITBRT I drivBr 1 $OREARE BRobiten! HRPlexed

data obtaifed by dédnidtiplexing:audie clasading othereantpeiceofddia has sestelgtueninelyying
identification information rq_’dicgtin to which s %r;ﬁ?r thq videofdata cgg;‘%réns; The specific structure
i ictu

' h st
of the multiplef(ae ats inc u%lln'gS %X’/iagcﬁtaea)fa gene‘rsa?e%"fr?’thgm(g\?c’l Q%d’dl %%rf od and by

the moving pictlire b@_tﬁ@@app&iaﬁjettmvth%\éddﬁoﬁ@!én‘ltmdzlihmehltsévwaie hergnaftetiblescribed.
The multiplexegkdstgdn & diotal tiopmt, the Miek&rhdranshosl SUBANIRIRAL J0GedkeingM1C. 34

illustrates a structure of the multiplexed data. As illustrated in FIG. 34, the multiplexed data Can be
obtained by 253'fHilifiiéafaded&sorieot dliRsdan@ani NehtAsor- stie SR WHreSUEHSP §raphics
stream (PG), anandiaterdeiivaugiaphics stream. The video stream represents primary video and
secondary vidtgrgégg‘uovie, the audio stream (IG) represents a primary audio part and a secondary
audio partto b with the primary audio 30 part, and the presentation graphics stream represents
subtitles of the movie.Ruakdehin primaginvitiatyistndingat #lestsio bezdisflay edtenraisa@esncand the

secondary videa Enddsaiaiae isplaesana smalsb WAk enansep EsbegRore the

interactive graphics stream represents an interactive screen to nerate arranging the GUI
components oA $IIBEA LITHES vidkd Whidemnet ealy (i) a transmitting and receiving

15 terminal including both a coding apparatus and a decoding apparatus,
but also (il) a transmitting terminal including only a coding apparatus
and (iii) a receiving terminal including only a decoding apparatus.
Although the digital broadcasting system ex200 receives and
transmits the multipiexed data obtained by multiplexing audio data

20 onto video data in the description, the multiplexed data may be data
obtained by multiplexing not audio data but character data related to
video onto video data, and may be not multiplexed data but video
data itself.

[0254]

25 As such, the moving picture coding method and the moving
picture decoding method in each of embodiments can be used in any
of the devices and systems described. Thus, the advantages
described in each of embodiments can be obtained.

[0255]

30 Furthermare, the present invention is not Ilimited to
embodiments, and various modifications and revisions are possible
without departing from the scope of the present invention.

[0256]
.. [Embodiment 5] e e
35 Video data can be generated by switching, as necessary,
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coded in the moving picture coding method or by the moving picture coding apparatus shown in each
of embodiments, or in a moving picture coding method or by a moving picture coding apparatus in
conformity with a convenéggr@t‘l standard, such as MP G-4 5 AVC, and VC-1, The audio

n

e A e R RS B emss RES Op ity BN SiBLciCs, DTS

stream is coded’in accor
DTS-HD, and {ingan @ GV pZE0IsEable vtreiimaaclndet amteoninttiphased miatéiis idemtifiethby 10 PID.

For example, k1L isalnpaiedfedhsidso straany irpesised far videngf apayig, Rx14P0 to

Ox111F are allocated to the audio streams, 0x1200 to Ox121F are allocated to the presentation
graphics streaf® (GERHY ¥ BR12 1 RE enb &iRads e FHERER A GEBhiRs MP&md 6Y1B00 to

Ox1B1F a&te aleehtgd 1o the video 15 streams to be used for secondary video of the movie, and
Ox1A00 to Oxf_@zlgﬁe allocated to the audio streams to be used for the secondary audio to be mixed
with the primary atdio. [0261] FIG. 35 schematically illustrates how data is multiplexed. 20 First, a
video stream ex235 cbifipdsed o hideorffanddl andfan iaigdio daréant lexR38ccdimposed of dueio frames

are uansfomey o S BLFES BRkals Y2300 B RAIN AL BoSkels @ and further

. ] i i
into TS packets ex237 and TS packets €x240, respectively. Similarly, data of a presentatio

stream ex241 BRI I8ES 0N 25 At thizfatBIRGFRED AR LoMmEa Tt g difiRsfitinetRingRadSream of
PESk paql@;s gﬂ@\%a@q %lﬁﬁr%whgﬁ&ig%ﬁ@ae&ééﬁ:@n@Jwﬂ@fdm%l@tpa&kgﬁ@@q%é;“d Lsd
packets ex246, respectively. These |S packets are multiplexed into a stream to obtain multiplexed data
ex247. 30 [ozé’f'ﬁ%a to %‘égﬁ%‘mﬁsﬁﬁa&%ﬁm 9%%%%%%5@%%84 &felinPoP BEESSAckets in
more detail. Thidirst tarpp FIGT 36 «litevs d ividem &bnoe steanoin beviskele stiedum. The second bar
shows the str O PES packets. As indicated by arrows denoted as yy1, yy2, yy3, 35 and yy4 in

FIG. 36, the video stream is divided into pictures as | - 64 - pictures, B pictures, and P pictures each
of which is a video préBeRiZRh tMicAYE thBiBlifbieire et MexpdydathopbiensdhbPES

packets1Bacha{ibpRESRACKkeEI afeL ESd1erARKABH taeRESoh AR 9iYes acPreigpiation
Time-Stamp (PTS) i dlca,tgzﬂq %g,dlstplag time of the picture, and a Decoding Time-Stamp (DTS)
indicating a ddRSHHI Te, &5 ‘ﬁﬁ Ipd information indicating to which standard the

video data conforms. The specific structure of the multiplexed data

including the video data generated in the moving picture coding

method and by the moving picture coding apparatus shown in each of

20 embodiments will be hereinafter described. The multipiexed data is
a digital stream in the MPEG-2 Transport Stream format.

[0259]

FIG. 34 illustrates a structure of the multiplexed data. As

illustrated in FIG. 34, the multiplexed data can be obtained by

25 multiplexing at least one of a video stream, an audio stream, a

presentation graphics stream (PG), and an interactive graphics

stream. The video stream represents primary video and secondary

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

30 part, and the presentation graphics stream represents subtitles of

the movie. Here, the primary video is normal video to be displayed

on a screen, and the secondary video is video to be displayed on a

smaller window in the primary video. Furthermore, the interactive

. graphics stream represents an interactive screen to be generated by

35 arranging the GUI components on a screen. The video stream is
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[0263] FIG. 37 illustrates a format of TS packets to be finally written on the multiplexed data. Each
of the TS packets is a 188-byte fixed 10 length packet including a 4-byte TS header having

information, sucidsaf bR HEPRIUANG MLRhYIe T @,P@&g@?ﬁ&%ﬁggv&gﬁé& The

PES packets are divided, and stored’in the TS payloads, respectively. When a BD M is used, each

of the TS packe®i§ giaRRpAase FP OmiirdNHaA8Rr th ATFRRMIRGER TS 1W2IhytB JBWRE Backets.
The source pagkets arecwdiies endbedaubiipleyed dateyibhe pRiExacdinaden pioses tiformation

h Arrival _Ti S ATS). The ATS sh f i ich fthe TS
ackets 5 (0 bEAINB o 1 Ch R P SaLIRE PR A T8 et AEh G a
shown at 20 th&\Hottam of WG 137. The rundberstineegmdating fred the dearob theemulitiplexed data
are called Souie Rcket WIRELS SEINS. K028t Dol ASTALNB TS Podete relugacine

multiplexed data mcl_udeé not only streams of audio, video, Subtitles and others, blt 25 also & Program
Association T (BRE§aHeYyram Map Table (PMT), and a Program Clock Reference (PCR). The
PAT shows witatagIP in a PMT used in the multiplexed data indicates, and a PID of the PAT itself is

registered as zero. The PMT stores PIDs of the streams of video, audio, suhtitles and others included
i the muliplexed datk S0 AU HOR TR o SO EIREEniTELPaalFs & BEDIe. The
PMT alsad bas RabousFadeseyaang le|ating Withei snaltiplexiasidd &ta. thiee diesoni g ore da € infioemation
such as copy rol information /! et Cﬂpé‘i 0 ltinlex | itted or not.
The PCR storgg%ﬁgcﬂgﬁé’ tin o%mojtqi%n @%ﬁ%f)o@%%ng to g% A%%?gh%ngﬂwg%ﬁ?ﬁc t%acket is

transferred to & HE8t@ el 8A B8leORs L K0 b Hisieldnd@iR i Bentedh EniARSRRIN ke Tlock

(ATC) that is adimpiags gt sbPasantkan Sysienn i ime Eloek (iidehitral inaipepds afiRiSs and
DTSs. [0265] 5FIG. 38 illustrates the %%ta structure of the PMT in d?tall. A PMT header is disposed at

the top of the FUAP LS PNITCASATer UELEHE st UGt fof B5E RIERIRIEH d BVFr ¥iffSthers. A
plurality dbdesstiptars setating tosthe foultislenad dayavisddispos et @ftanttie PAT Neatad Information

such as the cogy fgfitﬁo'a?@.‘ ypatien ‘%9??8@*3 %‘cﬁ‘ig‘es‘é‘?égﬂ‘f&"?g.AE}%f er‘é?sféipg?ﬁ% a
plurality of pieces of stream information relating to the streams’included in"the multiplexed data is
disposed. Each$fedEiar stret M thistrsom xeduadthstieany deseriptarsdich describing information,

such as a streagniyag for identifying a compression codec of a 15 stream, a stream PID, and stream
attribute information (such as a frq e rate I,or n aspect raétig%. 'L%ewstlgaa{g diesscrr]%[ﬂ[&ris Earg egzq.ual in
number to the numbef&ﬁstréaﬁn§f2?‘ﬁ@ﬁﬁﬂﬁ§'¥xéﬂ§%£ plexed
20 First, a video stream ex235 composed of video frames and an audio
stream ex238 composed of audio frames are transformed into a
stream of PES packets ex236 and a stream of PES packets ex239, and
further into TS packets ex237 and TS packets ex240, respectively.
Similarly, data of a presentation graphics stream ex241 and data of
25 an interactive graphics stream ex244 are transformed into a stream
of PES packets ex242 and a stream of PES packets ex245, and further
into TS packets ex243 and TS packets ex246, respectively, These
TS packets are multiplexed into a stream to obtain multiplexed data
ex247.
30 [0262]
' FIG. 36 illustrates how a video stream is stored in a stream of
PES packets in more detaill. The first bar in FIG. 36 shows a video
frame stream in a video stream. The second bar shows the stream
Qf PES packets. As lindicated by arrows denocted as yyl, yy2, yy3,

35 ~and yy4 in FIG.”36, the video stream is divided into pictures as I
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[0266] When the multiplexed data is recorded on a recording medium 20 and others, it is
recorded together with multiplexed data information files. [0267] Each of the multiplexed data
information files is management information of the mulgﬁlexed data as shown in FIG. 39. The 25

multiplexed dafR! frifdHration ARSEHESHY oS dneRiGHESoNE8REe Rith YHE'RLItBIeRed IR, and
each of the filep rededéa rwitipleite d ddtalinfarintticrs streagn@itibinesfayatidno fied an ehtry map.

0268] As illust I . Itipl j ' [
Eeproglucsti:)rllJ Sst@t%ﬁ%fi%d%%&%ﬁ)%%gg n%)gﬁt(g] %?n%gﬁrﬁég;%%] rr'? %%ﬁ';#ﬁ%;ﬁesg }téﬁ%e?‘r%a%}r% LIP ?% transfer

rate at which aRfSteht@dgst abetrier do Becdastiidenatdnranstars thel MUfiplexdicastagoa PID
filter. The intenisbtherid Ssdnckuieddnctha-aultiplgxed gﬁgg@gﬁq@etf@rﬁgtgigg}%gjhggﬂgystem

rate. The 35 re roducE_on start time jndicates a PTS in a video frame at the head -66- of the

multiplexed dat? NHARBAZ GESAE B RGEId fo RIBFES a video frame at the end of the
multiplexed datl) 268 the PTS is set to the reproduction end time. [0269] 5As shown in FIG. 40, a

piece of attribute information,i i in_t ' ipfarmation, for. each PID. of each
stream included in therpmu firr;zxﬂqg gg%i%c#%g@@%ﬁaﬁfﬁ?ﬁ%ﬁﬁ?&% a@ncﬁﬁ r%’fllr’%ﬁ}mation
depending on Wiethé theiéiRessshdmtpstrebasis afviigolsirgankabsaisdi sH8ahyi® figed

presentation graptieh SSFaRe: halLRREive giaehies sigam: Rachiersofden sireappttribute

information carries information including what kind of compression codec is used for compressing the
video stream, &htl the TedolBfiol! SRPEKDGHS ot FaMe 3R & th8 HiONS of BicRA¥IGAE Rt is
included in the sidensirerta Eatih el P pigce of lasthosteeamvadisibuta infosmatian garmies infgrmation

channels are iETHGH (oL RS LB, wWhLR lafoohng Un ackic Sebant apphst Khd cow high
the sampling fregesds isisTh@ivigieo 8trebrhlitriblife ibfdnaatibreaied, 20hks andsustieam attribute
informatiqr areupgdfprdnitiglizatiop o Redgcoder etass the HayREpYs-bagk iRginfymatin. (0270]
multiplexed data. The TP_Extra_Header stores information such as
an Arrival_Time_Stamp (ATS). The ATS shows a transfer start time
at which each of the TS packets is to be transferred to a PID filter
The source packets are arranged in the multiplexed data as shown at
20  the bottom of FIG. 37, The numbers incrementing from the head of
the multiplexed data are called source packet numbers (SPNs).
[0264]
Each of the TS packets included in the multiplexed data
includes not only streams of audio, video, subtitlies and others, but
25 also a Program Association Table (PAT), a Program Map Table (PMT),
and a Program Clock Reference (PCR). The PAT shows what a PID in
a PMT used in the multipliexed data indicates, and a PID of the PAT
itself is registered as zero. The PMT stores PIDs of the streams of
video, audio, subtitles and others included in the multiplexed data,
30 and attribute information of the streams corresponding to the PIDs.
The PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information
showing whether copying of the multiplexed data is permitted or not.
...The PCR stores STC time information corresponding to an ATS
35 showing when the PCR packet is transferred to a decoder, in order to
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In the present embodiment, the multiplexed data to be used is of a stream type included in the PMT.
Furthermore, when the 25 multiplexed data is recorded on a recording medium, the video stream
attribute information included in the multiplexed data information is used. More sﬁgecifically, the moving

picture coding RfetHOUEOF Y& AN HRF bl rB L aU N apParaY dediie & IR dadi bf-entBadilRents
includes a steproriangnd tix alfosadsg amduerd@idoemationmiadiiaiiig (\E0&0) data igeneraieskby the

moving picture gpﬁl?ﬁ 'B?@Tg%ﬁﬁt g@ving picture coding apparatus in each of embodiments, to the
stream type inau ed in the or the'video stream attribute information. With the configuration, the

video data geh€fdtl by the moving picture coding method or the moving 35 picture coding apparatus

described §n each of epybpdisaents sa hss- e dlistingtished feoBr ideomate thayeaformg to
another standard._|[0271] Furthermore, FIG. 41 illustrates steps of the mowgﬁ/'plcture decoding

method accordiy'tot1Ré Presént UsBaRfeat I SeWs 15166 R dreabi &/ g8 HcINGEFRT the PMT
or the video strgast atbrsutehimfoemationdfclislied im the dadtiptexed datg nfermatiah é obtamed from

the multiplexed data, Next,.i S101, it termjned r.or.npt the stream type or the
video stream aﬁﬂb@tg%l(ﬁfé tf m%a%%%% § g %iﬁejrset\rt?g [nge%rémﬁ %eﬁ%‘?ﬁﬁg %se%g %%ﬁae rﬁe‘%@v@ﬁ% dm oving
picture coding aféﬁfoctbﬁthBMTovlTr@qﬂc_ﬁUre cbﬁiﬁﬁgraprb%ﬂatw_mba@ﬁoftémp@mmntsowmin it is
determingq that, e s{Eaaghlype) 5 thenaden iFRamaaibie Jaformation iRdiIGaes thatdhe, multiplexed

data is generated by the moving picture coding method or the moving picture coding 15 apparatus in

each of embodMiEtiih SfepiBesE09fdebeRAY idHERRES By 1B FRGInEPpiktsrestERBHN method

in each of embipiroenis. frutthermene preradheSteeandidisosie VEleerstseans atfribtite spformation
indicates conforngance 0 the con\éentional standards sg PEG-4 Vchgnd VC-1,in
[

.such as MPEG-2, ME
20 Step ex510% Q6E3AMG s BerSifteatby A MATHY et 8%85 r?gsﬁ{i%%& i CBhTSANY with the
conventional stundards [02%2ieam AkyucH,callddatirigfsingy ainigue et sstothesteanofyge or the

video stream aliiuds inigreiptian epables Aaripiiaion &3 iRl oh Rl gL RS MeUNg PiRtuEe

decoding metho € moving picture decoding apparatus that is described in e embodiments
can perform ddéaangy et P ivABNARRRPIS@IMata THIR SSHRkAMsA6 SCHIRERSSt 8E188BS Mput, an

appropriate deg@gifganathed orapparatuscanba seieeiath d wgidiesereg dessible to decode 30
information Witﬂﬁ?é%aé}n{ error. Furthermore, the moving picture coding method or apparatus, or the

moving picture g method or apparatus in the present embodiment can be used in the devices
and systems describetVatsovéhf@2i8]tiplexed data is recorded on a recording medium

20 and others, it is recorded together with multiplexed data information
files.
[0267]
Each of the multiplexed data information files is management
information of the multiplexed data as shown in FIG. 39. The
25 multiplexed data information files are in one to one correspondence
with the multiplexed data, and each of the files includes multiplexed
data information, stream attribute information, and an entry map.
[0268]
As illustrated in FIG. 39, the multiplexed data information
30 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
_the multiplexed data are set to not higher than a system rate. The

35 reproduction start time indicates a PTS in a video frame at the head
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35 [Embodiment 6] - 68 - Each of the moving picture coding method, the moving picture coding
apparatus, the moving picture decoding method, and the moving picture decoding apparatus in each
of embodiments is typicalléachieved in the form of an integfrated circuit or a Large Scale 5 Integrated

(LSI) circuit. A8 A eEMIRIRHRALETIRIG. AD IRIGIMBS A cBRfigliRMmgh it adkdes) BXxsd tifat is made

into one chip. e L&l €xFearneluden elementstddu rxpNax eualis £X504, €O 05 $X5661ex507,
ex508, and ex509 to be des ribe{S below %nd the elements are connected to each other through a bus
X

ex510. The 10 Bo St EEBB il 'ﬁrhr%{]g. 685s activated by supplying each of the elements with
power when tH@@é&Rér supply circuit unit ex505 is turned on. [0274] For example, when coding is

performed; the LS| exgQ0 i3 Jeeeives AV signal fram @migrohans ed-1if i AR{aer8, k13, and
others through an AV TO ex509 under control of a control unit ex501 mcludlng a CPU ex502, a

memory controf&H es&tRy! drstFBEns bGarpIat lBuicand o arviigretficRy BoRitidl ahieasb12. The
received AV signalds-ermpriaely Sipredldn i RXESEaL Memer, exBidh 2piskeh 85 aiSHRAM. Under

orocessing amEUHl A1} Gbents B0 T ahEHieba e AGhel pHSULSSHE Hhd BxSe S TRER, S8 signal
processing unit@xEEHoodEs an sdiarsignal andiddavidebrsigna). Here athdicoditigainhe a
10 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
pieces of picture data that is included in the video stream. Each -
15 piece of audio stream atiribute information carries information
including what kind of compression codec is used for compressing the
audio stream, how many channels are included in the audio stream,
which language the audio stream supports, and how high the
sampling frequency is. The video stream attribute information and
20 the audio stream attribute information are used for initialization of a
decoder before the player plays back the information.
[0270]
In the present embodiment, the multiplexed data to be used is
of a stream type included in the PMT. Furthermore, when the
25 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
embodiments includes a step or a unit for allocating unique
30 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 configuration, the video data
_..generated by the moving picture coding method or the moving
35 picture coding apparatus described in each of embodiments can be
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25 video signal is the coding Furthermore, the signal multiplexes the coded audio stream 10 ex506

provides provided multiplexed data is 30 or written on the recording described in each of

embodiments. pr cessinglu%it ex507 sometimes at%and e coded vid%jata, and a the multiplexed
itte

data outside. ?hse tFshsm quH% bEse’s ?i%é?ﬁ iéx J/:,Orlﬂ QilArese ) eh %1%9898{ are

multiplexed, th8 ddfh]should be temporarily stored in the buffer ex508 so that the data sets are

synchronized with eagh %@F-&Q%E?] FIG, 41°lIN9LGR (RS naemry pxpid iﬁ‘%@ﬁ{g@&%%&sme the

LSI35 ex500, it may be included in the LS| ex500. The buffer ex508 is not - 69 - |i 0 one buffer,

but may be cHR585HAS BIRRISIFaRABHALIS, HRe 1St dXE08am by e BRAIERRS ond RhiptBRPa plurality
of chips. ©27eartermake, Alithaughtthsecontial dwd exSOR dnplvdes therePY §ax 2 ethey memory

controller ex5Q3, the stream contraller ex504, the. drjying frequency confral unit.ex512, the .
configuration SF AL LR a TG BAPE 1 RULARAAD ) G aHe LT SRS e ST BH B Sing uni
ex507 may funbéain@dgléra OPUhdnolusiop lexarbtHet €PU lilette SiyndtpmoaesSihg Linitexs507 can
improve the 10 prores3ag whwte?rmefetﬂ%fageiesw@yfkg;ow%ﬁé’%i@éoo?sm% ve as or

be a part of the signal processing unit ex507, and, for example Include an audio signa

processing urtii BUER a s Maticihtrdngifadeso1 ihatidddde BigHAIR®Eedsingalsit €%507 or the
CPU ex302 inglateling eepierbof theesiangl piacesisingrsSuaitiexa0 mEhod or Thecnamewsgd here is
!_SI, but_ it may lz;\%I%orbe call&%lc,as stéerrgtlassl, Esnupggleﬁl,gg UItFr?bLoS i%‘? reﬁrzlsg,:i_ing {)N tge dﬁgr,%e of
integration. [OE ure coding P € n
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
15 apparatus in each of embodiments, in Step ex$102, decoding is
performed by the moving picture decoding method in each of
embodiments. Furthermore, when the stream type or the video
stream attribute information indicates conformance to the
conventional standards, such as MPEG-2, MPEG-4 AVC, and VC-1, In
20 Step ex5103, decoding is performed by a moving picture decoding
method in conformity with the conventional standards.
[0272]
As such, allocating a new unique value to the stream type or
the video stream attribute information enables determination
25 whether or not the moving picture decoding method or the moving
picture decoding apparatus that is described in each of embodiments
can perform decoding. Even when multiplexed data that conforms
to a different standard is input, an appropriate decoding method or
apparatus can be seilected. Thus, it becomes possible to decode
30 information without any error. Furthermore, the moving picture
coding method or apparatus, or the moving picture decoding method
or apparatus in the present embodiment can be used in the devices
and systems described above.
[0273]
”'375' [Embodi:ﬁent G]
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20Moreover, ways to achieve integration are not limited to the LSI, and a special circuit or a general
purpose processor and so forth can also achieve the integration. Field Programmable Gate Array
(FPGA) that can be programmed after manufacturing LSIs or a reconfigurable processor that allows

re-configuration of theE2S BRinEREIN B EoRiRIGHAIEN IR BSNEAA BR- UL TP HE S e Bifpose.
[0279] In thediiyrea pithradvancementio sergiconducier thatwolagy.ra drand;new teamlogy may
replace LSI. The functional plocks can 30be int?%ratedbusin such %teé:/?nolo C‘{;\Bgeonc%sssitlagity is that

the present invention s gp')% 8670 Dio gcﬁrﬂgloa 028 l]'?Embo?ﬁr(fent €mbo hén Video data

generated in themmdhgzﬁmttlﬂee;@dm@r@fm@moﬁ @ﬂti@tl@@n@dﬁdg:bictumwihgrmémi@
describeddn eagheofQr & epodiments it deceded, comparedhia whenyydeq data thaf copiprms to a

conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1 is decoded, the processing amount
probably increHEeStrAES, heUYi $R50H M iheredetiPd BriVIRG ifchiReey MigHRRS HHHR that of
the CPU ex507 e be Siped yH N Viden:data inlepntaitatyenidvthe exrB@nliosrbsigndasesig4lecoded.

However, when t rivin que is set higher, there | roblem,that the power consumption
increases. [02§f]g§bgf h 8?‘(1%&?0 seo)fr\%égt eep>§ob em? {hge ?nxo%sﬁ]r%pﬁ?c%?edc?escco%?neegBa%Sqa?glsfuéns ch as the
television ex300 amdahecrdsex500 i cofiguréd endéiathiae to whigh standareihé Vided kata

Conform%cﬁ”dﬁ#‘éﬂéﬁl QEB@(@”&*}EWHVMM{ reQHBECIESAGCoLlng 55(}:'%% BBHE%WE%%EFF‘B@?% FIG. 43

illustrates a configuration 00 in 15 the present embodiment, A driving fréquéncy switching unit
ex803 sets a FFAREREGUBHED tB AMIh & HRNitE & RRBIRsy MR NidesDtia Widlrforafed b§ the
moving picture:gegisg mgthod or the moving picture coding apparatus described in each of
embodiments. ['l(')t&e%ﬁhe driving frequency switching unit ex803 instructs a decoding

For example, when coding is performed, the LSI ex500
15 receives an AV signal from a microphone ex117, a camera ex113, and
others through an AV 10 ex509 under control of a control unit ex501
including a CPU ex502, a memory controller ex503, a stream
controller ex504, and a driving frequency control unit ex512, The
received AV signal is temporarily stored in an external memory ex511,
20 such as an SDRAM. Under control of the control unit ex501, the
stored data is segmented into data portions according to the
processing amount and speed to be transmitted to a signal
processing unit ex507. Then, the signal processing unit ex507
codes an audio signal and/or a video signal. Here, the coding of the
25 video signal is the coding described in each of embodiments,.
Furthermore, the signal processing unit ex507 sometimes
multiplexes the coded audio data and the coded video data, and a
stream 10 ex506 provides the multiplexed data outside. The
provided muitiplexed data is transmitted to the base station ex107,
30 or written on the recording medium ex215. When data sets are
multiplexed, the data should be temporarily stored in the buffer
ex508 so that the data sets are synchronized with each other.
[0275]
Although the memory ex511 is an element outside the LSI

35 exbh00, it may be included in the LSI ex500. The buffer ex508 is not
— 69 ~



20 processing unit ex801 that executes the moving picture decoding method described in each of
embodiments to decode the video data. When the video data conforms to the conventional standard,
the driving frequeri% WitchingEulgﬁ}%x 03 sets a driving frequency to a lower driving frequency than

that of the videb BEaHERG e EHOGHG it FHAHEEEF the NS Pietsre coding
apparatus desthbedSih eax&06f emalyotienemasi € ety thearivifg frequenay s\tiching hipisex803
instructs the d go%» processing unit ex802 that conforms to the conventional standard to decode the
video data. 30? 282 More specifically, the driving frequency switching unit ex803 includes the

CPU ex502 and the dfiiRERsqueiRy bhPaIUM kS LR N @ nipekafl dach aemhetEdding

processing unip XL thiak exasiesyhedneving: picidecesing frethad daserdird i ggei of 35
embodiments E d the decodp ﬁ)rocessin%unit EXSOZ that conforms - 71-_to the conventional
SORUSoYeSh

standard corre5ponA5dNde Al BhitSE R B UE FRPBRYrakistd géwdhfines to
which standara tretideordate xb6fbrissnSheinrtite drivinguregueiicy coénol i} ekl 2 idgtatmines a

driving freque ignal the € Furthermor, esi cessing unit
ex507 decod e?gﬁg%%ggoga?aﬁ@as%%@th@%ﬁ#ﬁﬁ ](t)kﬁer,: %xrgoze. G or exga’?ngl!)%,i)%ﬁe of
identification irdG@i&esn EBScibetA EhiHHinRERCS 5§ ivrababiil ekl Gat igentifiny thevided data.

The ideniificatippjetasgations jsaial limitedrig heaeedeseribeddpfanbadimapie, byhway: pg any 10
information as long_as the information indjcates to which standard the video data conforms. For

example, wherf REVISFIVRIBS FAE R RAH 25 ah BAGERAAEFBERSBH &@fémal signal
for determiningathéy thue- idemtlale, iswisedi forl a delevision drca dligk 2 terdae seiegmination raay be
made based on h_a ernal signal. 15 Further. , the. CPU ex502 selects a driving.frequency
based on, for esxuz‘lérﬁngpfﬂe,Iea"ie%{“‘\:)k-1['Jﬁ|oeta%?éﬁ Frrl‘]‘?/?/hﬁjcl:#h' he's ar?dépd:sﬁ:(])? the E/?? 26! gﬁ% %ggégfgt%d with the
driving frequeri¢ig$ ax sidvat ithEI G PAS eRd drivia iéoaenpachv belseliged byrsiodagitm look-up
table in the buffer;£x308@nd in an internal memory of an LSI, and with 20 reference to the look-up
table by the CPU ex502. [0283] FIG. 44 illustrates steps for executing a method in the present
embodiment. F{ips%?imStep exS200, the signal processing unit ex507 obtains identification information

from the multiplexed dpitee Aa NextidaSreprexs 26, the OP bhexbakdaierannesivilicthgs ga Mot the
video data is geperated b coding,method and the coding apparatus described in each of
embodiments, %gd?s@a%etﬁe};}%énﬁﬁclgﬁﬁ ih orn‘%t?c?nr?%r‘%ngt%g 6%§oeg£faaeisoébéﬂi?§tre%tb%he moving

picture coding IReth8d and the moving picture coding 30 apparatus described in each of embodiments,

in Step ex§202, the CRY@RA2-ranspaity @ slgnalfer sattingdbe Ariving flBusRiY<a adigher driving

frequency to the driving frequency caontrol unit ex512. Then, the driving frequency control unit ex512

sets the drivind-Freqa8k§ ©RRE RIgHEFHIR Rl 3r8GIEHR) . ROH BAS BtREPRERECIVABE S tHRrth
identification infernalion iadicaies thatthe tddeadata coRfelmPrdgrammable Gate Array

(FPGA) that can be programmed after manufacturing LSIs or a
reconfigurable processor that allows re-configuration of the
25 connection or configuration of an LSI can be used for the same
purpose.
[0279]
In the future, with advancement in semiconductor technology,
a brand-new technology may replace LSI. The functional blocks can
30 be integrated using such a technology. The possibility is that the
present invention is applied to biotechnology.
[0280]
[Embodiment 7]
When video data generated in the moving picture coding

35 method or by the moving picture coding apparatus described in each
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to the conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, in Step ex5203, the CPU
ex502 transmits a signal for setting the driving frequency to a lower driving frequency to the driving
frequency contr?l unit ex512. Then, the drivin%dre%léenc%cogtrol 5 unit ex512 sets the driving

a

frequency to tH¥ IoWEPAVIRG Fetuen AR §8 WHr& fHerViYd O &fatd REBehBidted by the
moving pictureceodingmnietbodl and vies hormggietde mhdsgcapparstBE Gedcrined (h-dagly 0f

embodiment. | L\ ABFurthe ng wyit itchi riving.f. encies,. the power
conservation e%é%fc\ég gje'iigm B%%Efg%@c%gﬁgﬁgﬁ%\%ﬁ%gﬂ%%&éﬁt@ﬂ% D&%ﬁﬁ% or an
apparatus inclUdiHg thd ES@%’EE@E).S £8r erefpIEOVIR IF Be iANg et g MIsagyweig es voltage
to be appl@d teHbe thhexfFoher traapRramiussLBdnGhiding, enL Bl Bd i ProBaki$al fg/a voltage
lower than that ir.M_Ee ase where the driving freguency is set higher. [0285 Furbhermore, when
the processing amburit Yo GEESdE S zllalr (EP '?f‘% Eﬁ?vl%g (i’r%ﬁﬁé%ég may LR high e anH\Fhen the
20 processing @nivoury fredpoading is seallbigtherdrivingdrés uenoyohynbetbet:ldiver ps e method
for setting the gHWE%ﬁ%‘BHﬁ?Q}‘rJQHEE@e setting method is not limited to the ones described above.
: ) .

For example, when the processing amount for decoding video data in conformity with MPEG-4 AVC is
larger than thel §8&dsing amount for 25 decoding video data generated by the moving picture coding

method apd the moving, pityes qqﬂiaa|@@0%r?éU§mm?dtéﬁleem@.f@ﬂ?%ﬁm@tée%@ﬁiging
frequency is proba%l{)éset in rev%ase ordﬁito th? se_ttln% described above. [0286] 30Furthermore, the

method for setflRg tHE BiRing Helduaricy RendEHinHEaD tfemBthoder {8nd-tHe &8RS frisguency
lower. For exaoyiéjguhenthe dietdificatientoforhiatiostinditatestthat headdeatdata isfoensrated by

the moving pic cQdir e the,movij ictur in ratus described in each of
embodiments,% 8theg @%@e &%@%ne% the \@'ﬁ?ﬁ;?ﬁ gyﬁnﬁ%%jéa(f&g Fr@éﬂ%in%q € the LS
ex500 is probabif eettitgerstanstattib id&Edfdicdtibn in@iradasnandivalisiuhatite @86 ddtm
conformg & therconyentionabatansaiheweh ag MH&%&P@%@@#&M%@MN&%ﬂﬂ*@%@ﬁ%@e to be

applied to the LS] ex500 or the apparatus including the o
sets a driving frequency to a higher driving frequency when video

data is generated by the moving picture coding method or the moving
picture coding apparatus described in each of embodiments. Then,
the driving frequency switching unit ex803 instructs a decoding

20 processing unit ex801 that executes the moving picture decoding
method described in each of embodiments to decode the video data.
When the video data conforms to the conventional standard, the
driving frequency switching unit ex803 sets a driving freguency to a
lower driving frequency than that of the video data generated by the

25 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
video data.

30 [0282]

More specifically, the driving frequency switching unit ex803
includes the CPU ex502 and the driving frequency control unit ex512
in FIG. 42. Here, each of the decoding processing unit ex801 that
executes the moving picture decoding method described in each of

35  embodiments and the decoding processing unit ex802 that conforms
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5 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 and the moving picture coding

apparatus des%ribﬁ(]:lén %acheoftie(gnbac?dé er%%s the dri\]/,inst(gﬁof the %PU ex502 do?as not probably have to
be suspended. Wher the 1thdeSHEansA érrmaf’l% f (%?gsst 8t meevﬁdggﬁ B oS to the

conventional st&hiiaﬁ*dﬁﬁﬂ:_ﬁfb&lﬁ PEG-2, MREGRY AYE) AndeVEr i ithe dtivind: afttteL @RLa k502 is
probably suspended aicd o Uae REGALSE R &P U RXOQ2 AT HERISRESS Ng-GRBRG EVen

when the identification information indicates that the video data is"15 generated by the moving picture

coding methodEamt thé FIEUMHiE 68 Eodig HsseiaRey d2askseanreagnat Erppodingehtd/in the
case wherg the £PiRex502rbhe exitad aeRsSiheAnaeie Swertiivingtod KOG RIL 5882 isherobably

suspended at 3 '\é%n ig%g. l!Jn sg%hgnc%%, stsreensgﬁgrenrc]i{ tim@.jﬁ)pro se[g shorter thin that in the
20 case where When the identitication informetion indreates that the atd EonfSAIE o the
conventional stéviédéndifdhadsav PEGINMPEGC deaut) add iv € m biod 8TieAdchrdinmte thb power

conservation e{fgel cAil hadRAOIRY DALY RAUIFBBEDEYARI s dIIng 5P ARGIESIR gerdance

with the standard to which the vided data conforms. Furthermore, whe e LSl ex

apparatus incl(itfihd tRE1ES| EXSBtRiCNR/ HeasiHE abiftdrnitrAamen) 1 Ruh FeadxAdeaMvith the

power carperviifenefiars 3@ {0RS8) [Emhedimens §hatiohhaie i@ 63ses \Wiatg asphwaliyof video
data that conf%rﬁws toqdiffeé%r%t standiards is provided to the dev'ces\?@g systems, such as a television

and a cellular pRon&! 15 3ra8F o5 tﬂgggto iﬁ’é t‘f'])éas@%llﬁram oF Kt iaRGPEGIARS to the
different standdiks thenfdam sigoat probessiateunit 8RB0 of dae d:5 lkex 80Q eveemisdiy canifésm to the

diferent standeys, HOWENE 3¢ PHOPIABSOLBEISRS5 0N sople AIVNA Hr L OHIRE LSl ex500 and

increase in the cost arise with the individual use of the signal processing units ex donform to

the respective Sigh @& TGS ON M ¥rdksr 1 36K DReSstobreflGihad is eshesnaldséanal.
configuration i gk thendecatieg@peressitspuk fior inplemanting thedueviey niciyeg degoding
method described in each, of 10 embodiments and the decoding processing_unit that conforms to the
conventionat ST QBT £ HPERB RE SN HVED ERE S R0R6Taity A B@Bin FC.
46A shows an &sanasiecdf dte donfitiuratien drivievarhpeube cheyirg pittone decoding method
described in eagh.of AVRAKNENRANY tPEANGXINY RICKYE HECAUPHg the look-up table in

the buffer ex508 and in an internal memory of an LSI, and with

20 reference to the look-up table by the CPU ex502.

[0283] '

FIG. 44 illustrates steps for executing a method in the present
embodiment. First, in Step ex5S200, the signal processing unit
ex507 obtains identification information from the multiplexed data.

25 Next, in Step ex5201, the CPU ex502 determines whether or not the
video data is generated by the coding method and the coding
apparatus described in each of embodiments, based on the
identification information. When the video data is generated by the
moving picture coding method and the moving picture coding

30 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 freguency. On the other hand, when

35 the identification information indicates that the video data conforms
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15 method that conforms to MPEG-4 AVC have, partly in common, the details of processing, such as
entropy coding, inverse quantization, deblocking filtering, and motion compensated prediction. The
details of processing to be shared probably include use of a decodin processintgeunit ex902 that

conforms to MPEGDEARN YRR PR catetf BeBSdiMG BRcesdHiE At A0 isaitdbably
used for other OcesSINGEYRIG UEXDXETBaSHREtOP theREBBENEIBVERIRR. SiBigribe aspeetointhe present
invention is chagacterized by entropy decoding in particylar,.for example, the dedicated decoding
orocesaing unt IKogL 2 UGel 11 Laliony e oL TERES s et i s
probably sharelf gsristiecyt gieniersetugxizbiion, teblocking firdviiiyg dndmstiorycempendation, or

all of the psocegrindeX5¢ slecading PrarRAsIBGFHRY fe-RPleMeNLing s MRYNSPickR BRegding

method described in each of embodiments may be shared for the processing to be shared, and a

dedicated 30 dEBBinY BlodBsiG GREMAY BB Gsdd ForARBsSRtRUMyREIRFRESH MIVEELS AVC.
[0290] Furthermnase, eyletiofel Gc 46 ghawsaneihes edarobée imiralrgogsissing=is pattly ghared.

This example uasesaarggggggéastég%%%in[glté%igg %p%di a{g%dl%eecr%ding processing unit ex1001 that
supports - 75 - fh processing unique {8 & aspect of the present’invention, a dedicated decoding

processing unif 8X8¥0P that supports the processing unique to another conventional standard, and a

decoding; processing ufn,j}ﬁﬁglgq’%ot;@t SURRAHS PFAERSSHILLO Q?\:?JE‘?{ 5 hetwegen the maypg picture

decoding method according to the aspect of the present invention and the conventional moving picture

decoding methB& HEBCIRE ddHiBateBHBE0ERBSHOERESRY BARCEXEO01 BRd ERRIGY 8Fb Rot
necessarily spegializgith (P He WFACRFEING accaisiig:@ therhspesiiobisppresephinyapaesand the
processing 10 of tze onventi st ﬁ rd, %es ectively, and may he the .ones ?a able of .

R ementng AL B R e R BT e G E R can be
implemented byeahédvid exX$00 viDize tE1EAL s @y ledltinghthd Sdate Bithecittutayh pardasliand
reducing {be CORL-#ey Rﬁ?ﬁg‘? Py shgringpthe B‘?B%‘%J(?@ypﬁ%%ef'é'%%B]'Hg'ﬁtﬁ‘&ﬁé‘%cﬂﬁé'ﬁ‘gcﬁ%?e shared

between the moving pi ecodlngameth_oc_l according to the aspect of'the present invention and the
moving picture! BeEd8ikG FReMBATA EBRISHMNWItH BRLEoCOnVeffinBI $Bidard. [Industrial

Applicability] [02928 5]
Furthermore, when the processing amount for decoding is
larger, the driving frequency may be set higher, and when the
20 processing amount for decoding is smaller, the driving frequency may
be set lower as the method for setting the driving frequency. Thus,
the setting method is not limited to the ones described above. For
exampie, when the processing amount for decoding video data in
conformity with MPEG-4 AVC is larger than the processing amount for
25 decoding video data generated by the moving picture coding method
and the moving picture coding apparatus described in each of
embodiments, the driving frequency is probably set in reverse order

to the setting described above.

[0286]
30 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 and the

_moving picture coding apparatus described in each of embodiments,

H 35 " the voltage to be applied to the LST ex500 or the apparatus including
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The image coding method and the image decoding method according to an aspect of the present
invention is applicable to, for 25 example, television receivers, digital video recorders, car navigation
systems, cellular phones, c{‘ir%ital cameras, di%i&al video cameras, and the like. [Reference Signs List]

[0293] 30 100,560, 5ob FaWedictiBFAPBEY dSde #0EMumAPrEdicEES M&e BidfRdeBoder 102
Luma predictiom foegeasitfix dacdidet263 Cheama ipeedictibaanode iprefixoddeoties 104 Chiioma

prediction mode_suffix deco 0 iGtio ] cti it -.76;, 106, 504
Chroma predic%%ﬁvmggéo%%gééﬁéggﬁu%ﬁg%S magﬂénggg%%eggg;}rg’u%%%é@ t}t'récc %r 210
Transform andvusaggatioh arit® ied Entbpyléddex290 270 he/eeajgdnszinion dhadivese

transform ginit 239, 425 4ddrs 240E30\Peledne:filter250; A4BMeneymple, when the

identification information indicates that the video data is generated
by the moving picture coding method and the moving picture coding
apparatus described in each of embodiments, the driving of the CPU
ex502 does not probably have to be suspended. When the
10 identification information indicates that the video data conforms to
the conventional standard, such as MPEG-2, MPEG-4 AV(C, 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
15 generated by the moving picture coding method and the moving
picture coding apparatus described in each of embodiments, in the
case where the CPU ex502 has extra processing capacity, the driving
of the CPU ex502 is probably suspended at a given time. In sucha
case, the suspending time is probably set shorter than that in the
20 case where when the identification information indicates that the
video data conforms to the conventional standard, such as MPEG-2,
MPEG-4 AVC, and VC-1.
[0287]
Accordingly, the power conservation effect can be improved by
25 switching between the driving frequenéies in accordance with the
standard to which the video data conforms. Furthermore, when the
LSI ex500 or the apparatus including the LSI ex500 is driven using a
battery, the battery life can be extended with the power conservation
effect.
30 [0288]
[Embodiment 8]
There are cases where a plurality of video data that conforms
to different standards, is provided to the devices and systems, such
. @satelevision and a cellular phone. In order to enable decoding the
'35 plurality of video data that conforms to the different standards, the
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10260, 450 Intra prediction unit 270 Motion detection unit 280, 460 Motion compensation unit 290, 470
Intra/inter change switch 400, 900 Image decoding apparatus 15 410 Entropy decoder 501 Mixed
mode prefix decoder 502 Mixed mode suffix decoder 801 Coder 901 Decoder 20 1000 Coding unit
1001, 1002, 1868201 FRER G Yt 0P Pdnff platidtoh Aot LGRS XOXCRIGHA diediction

mode decodekhe’ diffEtemMStiGlBiMdE].  HAndMegetbedipgopetihnd b neckea ga ipageeusing
D I o, ofe=c PE e SR meloti ey sing 25847 ik LBy dalgand
with the individual use of the signal processing units ex507 that
5 conform to the respective standards.
[0289]

In order to solve the problem, what is conceived is a
configuration in which the decoding processing unit for implementing
the moving picture decoding method described in each of

10 embodiments and the decoding processing unit that conforms to the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1 are
partly shared. Ex900 in FIG. 46A shows an example of the
configuration. For example, the moving picture decoding method
described in each of embodiments and the moving picture decoding

15 method that conforms to MPEG-4 AVC have, partly in common, the
details of processing, such as entropy coding, inverse quantization,
deblocking filtering, and motion compensated prediction., The
details of processing to be shared probably include use of a decoding
processing unit ex902 that conforms to MPEG-4 AVC. In contrast, a

20 dedicated decoding processing unit ex901 is probably used for other
processing unique to an aspect of the present invention. Since the
aspect of the present invention is characterized by entropy decoding
in particular, for example, the dedicated decoding processing unit
ex901 is used for entropy decoding. Otherwise, the decoding

25 processing unit is probably shared for one of the inverse quantization,
deblocking filtering, and motion compensation, or all of the
processing. The decoding processing unit for implementing the
moving picture decoding method described in each of embodiments
may be shared for the procéssing to be shared, and a dedicated

30 decoding processing unit may be used for processing unigue to that
of MPEG-4 AVC.

[0290]

Furthermore, ex1000 in FIG. 46B shows another example in

that processing is partly shared. This example uses a configuration
| 35 including a dedicated decoding processing unit ex1001 that supports
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binary data indicating a first intra prediction mode used to code the image, the second binary data
indicating a second intra prediction mode used to code the image, wherein in the coding, 10a first
context adaptive portion and a second context adaptive portion are coded by context adaptive binary

arithmetic codiitf the RFRESBRE@xHAIEPEVE PoridnBRRG haf of fHe MEEBHHN 8NN R SedNd
context adaptivie: partioadeigqeaiing therseeardrignan datae theyoontexiadaptipe bitary grghmetic
coding being arithmeti i [ viariable probahility updated based on coded data a
first bypass poprlgt'ilgrg1 %%5 éﬁé@ﬂ#g %Jyé;%sﬁ Bﬁ%ﬂkgr%\’éﬁ%g %){édb%paa%% %%{iﬁ nagr,’ ?hg @%EB)‘%&%S portion
being differenty&re©$ shedirdt bihafxddia 3thehstcohdinpess pordcassimg differeat sdraoéthe second

binary dat, thg &iypags cefiag ra%'ogq@ritg%%ﬂ?ecoe@&)%ﬁrv@iDaw%tn{eﬁet%@wr{ge@c?r%@bi“ty’ and
coded data is generated which includes the first context adaptive portion, the second context adaptive

portion, the fir&dRpEs hofo R 856 e S¥EOHIPEYBASS Itk ibAN R MSNR pRQVIBRIH NI the
second bypassipeditin heing ihelddedrsehseghentdiodi bdbe dirstccantientagaptve gergon amd the

i the coding, (o LAy LS G e DS B WP B e e 1 RGP aUR inccating
the first intra pesdietidn@dde Used &ppridivt fivaapotgmiibyes tHéosecord tieaprdatzssidigating the
second ipta pradiglien pAde HERMID PLedict sShom@a b & Iage- dRa RaylGiRIM AL ThRLpage
coding method according to Claim 1 or 2,

capabie of implementing general processing. Furthermore, the

configuration of the present embodiment can be implemented by the

LSI ex500.

[0291]

15 As such, reducing the scale of the circuit of an LSI and
reducing the cost are possible by sharing the decoding processing
unit for the processing to be shared between the moving picture
decoding method according to the aspect of the present invention
and the moving picture decoding method in conformity with the

20 conventional standard.

[Industrial Applicability]
[0292]

The image coding method and the image decoding method
according to an aspect of the present invention is applicable to, for

25 example, television receivers, digital video recorders, car navigation
systems, celiular phones, digital cameras, digital video cameras, and
the like,

[Reference Signs List]
[0293]

30 100, 500, X00 Intra prediction mode decoder
101 Luma prediction mode prefix decoder
102 Luma prediction mode suffix decoder
103 Chroma prediction mode prefix decoder
104 Chroma prediction mode suffix decoder

35 105503 Luma prediction mode reconstruction unit
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wherein in the coding, the coded data is generated which includes the first context adaptive portion,
the second context 5 adaptive portion, the second bypass portion, and the first bypass portion, in
order: the first context adaptive portion; the second context adaptive portion; the second bypass
portion; and thé §ifst bfas<poriore DORSIYIa) The dRagcesdingaidtiodiattording to any one of

Claims 1 to 3, 700 Wheteinin hp-cedingyvhgp sha geeond binary data does not include the second
bypass portion, a whale of the second binary data 15 is coded, as the second context adaptive

portion, by the %gﬁtex? %\B’é’ﬁﬁ/@ﬁinary arithmetic coding to generate the coded data which does not
include the secdnd byrass fortiors fdlajoebjt209thenmage coding method according to Claim 1,
wherein inghe ing [ i data and the second binary data are coded, the first binary data
indicating %e f%sq?ntrgﬂr}?eéd@{igr(??n%de used to predict luma of a first block included in the image, the
second binary dai& iddifating veE s comarnihtza Pestistich iZ6/micte Usetsfo predicituma of a second
block included yrzihe imggelfdaim 6] The image coding method according to any one of Claims 1 to

4, 30wherein in the cading ) )
240, 430 ~Deblocking filter

250, 440 Memory
10 260, 450 Intra prediction unit
270 Motion detection unit
280, 460 Motion compensation unit
290, 470 Intra/inter change switch
400, 900 Image decoding apparatus
15 410 Entropy decoder
501 Mixed mode prefix decoder
502 Mixed mode suffix decoder
801 Coder
901 Decoder
20 1000 Coding unit
1001, 1002, 1003, 1004 Prediction unit
X01 Luma prediction mode decoder
X02 Chroma prediction mode decoder

....77_



the second binary data is coded which indicates the second intra prediction mode used to predict
chroma of a block included in the image, the first binary data, third binary data, fourth binary
data, and 35fifth binary data are coded which respectively indicate the first intra - 79- prediction mode,
a third intra pré&iefidiimbde, a fourth intro prediction mode, and a fifth intro prediction mode which are
used to predict {uaarpfifpur subblocks constituting the block, when the third binary data, the fourth

binary data, and the %ﬁfth binary d@ta are cggeﬁ, 1@ third context adaptive portion of the third binary
data, a fourth context AHdPTPE pSTHBH & NE ¥ BinaP? HAg? BHE @ BfH-CORRR HEAhIRE Portion of
the fifth binarymatdiatéocodeddysthéloontexige aptiie dinagthdthmetitpoosing, and a third bypass
portion of ¢he third bi a, u f\g %as ion fou inar , ifth bypass
portion ofgthe fifth binﬁaﬁéﬂdﬂ% g&%o?é y thgﬁ%@co%%ﬁ%%ﬁdgmgm%ggé% ggg?ﬂgggnerated

which includediRe fiysEadatéreteriitge pdiioh | HEaNEEIteRNamgAiReiseEd® tedouie context

adaptive portiom afte:fifth ostexs mdlaptiverPorion thrilGsergnd cisxiadesRtive PedieRdhe second
bypass portion th%first bypass B(E)Jgrl] n, the third bypass portion, the fourth bypass portion, and the fifth

bypass portior{niﬂ STder S RirS AH%\?)Q% portion; the third context adaptive portion; the fourth
context adaptive portiar gneififtnctméexoadagtive portion; the second 20 context adaptive portion; the

; tahene sgjve porton; d 20 context on:the
i Tt Bypacs porion, 1L e AL R IRCtCR SCEerINE oAy Sha g Ellime 1 10 6.

wherein in the RO} tRESEAGSHARY S6ribR*dnadne Becobiipass ibmetisre edtied, itfparallel.
30[Claim 8]  first context adaptive portion being part of the first binary data, the

second context adaptive portion being part of the second binary data,
the context adaptive binary arithmetic coding being arithmetic
15 coding using a variable probability updated based on coded data,

a first bypass portion and a second bypass portion are coded
by bypass coding, the first bypass portion being different part of the
first binary data, the second bypass portion being different part of
the second binary data, the bypass coding being arithmetic coding

20 using a predetermined fixed probability, and

coded data is generated which includes the first context
adaptive portion, the second context adaptive portion, the first
bypass portion, and the second bypass portion, the first bypass
portion and the second bypass portion being included subsequent to

25 the first context adaptive portion and the second context adaptive
portion.

[Claim 2]
The image coding method according to Claim 1,

30 wherein in the coding, the first binary data and the second
binary data are coded, the first binary data indicating the first intra
prediction mode used to predict luma of the image, the second binary
data indicating the second intra prediction mode used to predict
chroma of the image.

-~ 78 ~



The image coding method according to any one of Claims 1 to 7, wherein in the coding, a
switch is made to one of first coding processing conforming 35 to a first standard and second coding
processing conforming to a - 80 - second standard, and a bitstream is generated which includes
identification iffel#isfiohlindicating the first standard or the second standard to which the one of the

first coding processing pad;the §ecendi fedme Bieeraing eANgras CARhPWhER the switch is made to
the first coding processiﬁ%the c_ode{% data Eﬁg\e ted wgich Includes the first b{% SS o,rt'bon and the
second bypass portioHV %augﬁt Fhef nteXtall tﬁfé 5Hon' anBTHE SEha¥BHExt

adaptive portiongtindehe Gitstréiast iscgerierdted ddnfahiviaclpdesite, idemé ficatmidformatmxt and the
10 coded gata ' image odj t f ing.anj S lural |
predictiongmo e@%@%@%&}]@d g\ﬁg]gmge%%(rjﬁ goﬁﬁ?@%ﬂﬁ%%%%ddiﬁ@%@%in@?ﬁ dﬁi%%%esecond
binary data, thBgi&i®inaiy) dakd fidiceifgfy fEstGRtEDre v ivedPR BO Nsett® drededhe image,

the second binagy eata ipEisptNG: aR&enH INfFRePERAIBHRN BRSleds be Hsef foiasadeethg-shage,
wherein in the decoding, 20coded data is obtained which includes a first context adaptive portion, a
second conteﬁﬁagﬁﬁvg@?ﬁrlﬁ&, a first bypass portion, and a second bypass portion, the first context
adaptive portion being part of the first binary data, the second context adaptive portion being part of
the sec birletc ala he first bypass portion being 25 different part of the first binary data, the
second bypass portion being different part of the second binary data, the first bypass portion and the
second bypass portior B&ing gfiged BibIBQiBRAREROMSND e Rrat Qe e énd tive second
context adapti\_tse, portion, '

wherein in the coding, when the second binary data does not

include the second bypass portion, a whole of the second binary data

15 is coded, as the second context adaptive portion, by the context

adaptive binary arithmetic coding to generate the coded data which
does not include the second bypass portion.

[Claim 5]
20 The image coding method according to Claim 1,
wherein in the coding, the first binary data and the second
binary data are coded, the first binary data indicating the first intra
prediction mode used to predict luma of a first block included in the
image, the second binary data indicating the second intra prediction
25 mode used to predict luma of a second block included in the image.

[Claim 6]
The image coding method according to any one of Claims 1 to
4,
30 wherein in the coding,

the second binary data is coded which indicates the second

intra prediction mode used to predict chroma of a block included in
the image,

the first bkinary data, third binary data, fqurth binary data, and

35 ﬁfth binary data are coded which respectively indicate thé first intra
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30the first context adaptive portion and the second context adaptive portion are decoded by context
adaptive binary arithmetic decoding which is arithmetic decoding using a variable probability updated
based on decoded data, and the first bypass portion and the second bypass portion are 35
decoded by bypags ddéodingwiiich i8 akhidetie Yecodifishher Bpderedetéaniridd firdehn

probability. [Clajp dftIhe imade dgaedingifiethad AGsrdirginClaER & wibereipdn hiedgsoding,
the first binary data and the second binary data are decoded, the first binary data indicating the first
intra predictionthBHEto HE R84 {8 Bfeﬁﬁé%ﬂ%(éf‘?ﬁé‘ﬁﬂ&ﬂ@’,qﬂe@@cgr‘ﬂcﬁinaw data indicating the

second intro predictionyhede thde hised torpregictatrprtaeofftherihagim 4y [Claim, 1ah Bhetimage:
hich mglcues T 1 Eonfeat S poitin At e S e R T RS Blecon
bypass portiont g therfesybasdss Forfionin craetaKke rdagditexradiisiveqiotiivh; fiterébcond
context adaptive; RaHioRthe secang ?M@ﬁ%@&&r@'%:é@ggh%&rﬁ&stowﬁgnﬁ?aﬁ%m Ae) The
mage decodmg&gtg?g gg%(gglg% ttoh%né/o%r‘]c%)?{ gliaénat?ivetob%%éry arithmetic coding, and
a third bypass portion of the third binary data, a fourth bypass
10 portion of the fourth binary data, and a fifth bypass portion of the
fifth binary data are coded by the bypass coding, and
the coded data is generated which includes the first context
adaptive portion, the third context adaptive portion, the fourth
context adaptive portion, the fifth context adaptive portion, the
15 second context adaptive portion, the second bypass portion, the first
bypass portion, the third bypass portion, the fourth bypass portion,
and the fifth bypass portion, in order: the first context adaptive
portion; the third context adaptive portion; the fourth context
adaptive portion; the fifth context adaptive portion; the second
20 context adaptive portion; the second bypass portion; the first bypass
portion; the third bypass portion; the fourth bypass portion; and the

fifth bypass portion.

[Claim 7]
25 The image coding method according to any one of Claims 1 to
6,
wherein in the coding, the first bypass portion and the second
bypass portion are coded in parallel.

30 [Claim 8]
The image coding method according to any one of Claims 1 to
’ _
wherein in the coding,
7 a switch is made to one of first codingl processing conforming
35 'co a f;rst standardand second coding processmg conformangtoa
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wherein in the decoding, when the obtained coded data does not include the second bypass portion,
the second context adaptive 25 portion is decoded by the context adaptive binary arithmetic decoding,

to decode a whole of the second binary data. [Claim 13] The image decoding method according to
Claim 9, 30WhE?ERNA td ARESdRg, #Elfidt BN 8ara aie tAE RBtBFRAbiMaN datdrEFkd&8oded, the

firslt t()jingry dﬁtm M‘Pﬁﬁ?giﬁ?ﬁ ﬁrsc?}gwéttmgdéﬁmaam@e ttr?]éw;%@@dﬁafmgmtgvmﬁ@fsazﬁbﬂ@t')ock .
included in the jmage, the secqnd binary data indicating.the secqnd intro prediction mode to be use

to predict Iumgtcﬁ%ggéjoﬁé) bld f(ci%cﬁ%e(ﬁ) %inogg?i}ﬁa%és% gFs 'Rﬂaiﬂ{(ﬁﬁsﬂgﬂnaﬁé?d%%ding
method accordidgto dmy ditego pEtaiess Sitp d@nfdrensin émtthe decoding, the second binary data is

decoded which indica@@ﬁéﬂeﬁ%og’{giicr&tﬁaigrgggt 'gn@ﬁ%ﬁgﬂiﬁ%‘é mé{?p&&%ﬂlﬁ‘éﬁﬁ%ﬁ%mock

included in the image, the first binary data, third binar urth binary data, and . inary data
are decoded VA9ER fedpdatileIgenatatiethw hishinhslpearctbe fisak y tmesimal Hediaith mode, a

fourth intra pregistioadnade hginch o<t Hettm psedisten modeyvbich Aretabe tisee Hipiediss luma of
four subblocks copéstitutin%%e block, when tEe tgird bir‘ﬁl\ry data, the fouraw %inar data, and the 15 fifth
of

binary data ar8 Y 88&1’? faEoritest SR8HEY ?)SH% ﬂﬂ%ﬂ’ﬁﬁ& bty EtQ BR&Ecbhtext
adaptive portigre ot éalirth liohry taltad asd ehifth centéfitcad aptivérgortma b the it bihary data are
decodec}t By th‘?oip%geéta%ggptive binary arithmetic decoding, and a third bypass portion of the third
binary data, a fourth bypass '

[Claim 9]}
An image decoding method for decoding an image using plural
intra prediction modes, the image decoding method comprising

15 decoding first binary data and second binary data, the first
binary data indicating a first intra prediction mode to be used to
decode the image, the second hinary data indicating a second intra
prediction mode to be used to decode the image,

wherein in the decoding,

20 coded data is obtained which includes a first context adaptive
portion, a second context adaptive portion, a first bypass portion,
and a second bypass portion, the first context adaptive portion being
part of the first binary data, the second context adaptive portion
being part of the second binary data, the first bypass portion being

25 different part of the first binary data, the second bypass portion
being different part of the second binary data, the first bypass
portion and the second bypass portion being included subsequent to
the first context adaptive portion and the second context adaptive
portion,

3(_) the first context adaptive portion and the second context
adaptive portion are decoded by context adaptive binary arithmetic
decoding which is arithmetic decoding using a variable probability
updated based on decoded data, and

the first bypass portion and the second bypass portion are
'35 decoded by bypass decoding which is arithmetic decoding using a
- 81 —



20portion of the fourth binary data, and a fifth bypass portion of the fifth binary data are decoded by
the bypass decoding, and when the coded data is obtained, the coded data is obtained which
includes the first context adaptive portion, the third context adaptive portion, the fourth context
adaptive portigh;sietiftingd b edriieadhaaptnadpoiton, the second context adaptive portion, the second
bypass portion, the first bypass portion, the third bypass portion, the fourth bypass portion, and the fifth
bypass portion |n order the first context adaptive portion; the third context adaptive portion; the fourth
context adaptl{; Bé?ﬁ Udhe fifth context 30 adaptive portion; the second context adaptive portion; the
second bypass portlorirhtdaerﬁmgbypass:pmgomélnbdldlrdcbypasmgotm@ atenf@uyrth bypass portion; and

{ne filth bypass portiof &I 131 B8 LRARECATAT APIRAliRd ACROEINgHA Rk Alechlaims © -

83-1t01 whereinint deco ing, t t bypass portion a e second bypass portion are

decoded in pakdielrp[dadima1e] deecidedet leddomido iathv ¢ ataoriigat aay badi6s Ligki 9 to 15,
wherein in the ngrehitzireanie Qiiained which srdudes identlicatian dO0dnfogpatien indicating

a first standard or a second standard, and based on the |dent|f|§at|on mforg_(]atlon a switch is made to

one of first deéﬂﬂlﬁ@ypﬁj@é@s%%ﬂﬂr%%%‘iﬁ@‘ﬁrg?tsrt%rﬁfeﬁ IShP 8 E‘E(]?cﬁn‘és d8ssing
conforming to e gagond siandasd taediwiayethe switch is made to the first decoding processing, the

10
[Claim 11]
The image decoding method according to Claim 9 or 10,
wherein in the decoding, the coded data is obtained which
includes the first context adaptive portion, the second context
15 adaptive portion, the second bypass portion, and the first bypass
portion, in order: the first context adaptive portion; the second
context adaptive portion; the second bypass portion; and the first
bypass portion.

20 [Claim 12}
The image decoding method according to any one of Claims 9
to 11,
wherein in the decoding, when the obtained coded data does
not include the second bypass portion, the second context adaptive
25 portion is decoded by the context adaptive binary arithmetic
decoding, to decode a whole of the second binary data.

[Claim 13]
The image decoding method according to Claim 9,

30 wherein in the decoding, the first binary data and the second
binary data are decoded, the first binary data indicating the first intra
prediction mode to be used to predict luma of a first block included in
the image, the second binary data indicating the second intra
prediction mode to be used to predict luma of a second block included

35 in the image.
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15 coded data is obtained from the bitstream, the coded data including the first bypass portion and the
second bypass portion subsequent to the first context adaptive portion and the second context
adaptive portion. 20[Claim 17] An image coding apparatus which codes an image using plural intra
prediction modes, the image coding apparatus comprising a coder which codes first binary data
and second bipary igata4the first binary data indicating a first intra prediction mode used to 25 code the

[ , th d bi data indicati ' dicti d d he i ,
wherein the coder () QAL 148 SotEul AR L Rer o AR S Ao A KRS LA paron by

context adaptive Bidary arithmetic coding, the first context adaptive portion being part of the 30 first
binary datg, the secongheaigxt; ﬁd@péiv(@eqlgg%being part of the second binary data, the context
adaptive binary arithmetic coding being arithmetic coding using a variable probability updated based

on coded data, thgipesasaltine by taepisrfrafe d RoHH Hpissd potioh B¢ EHMpass
coding, the firshibypagsegitianhemns diferentRaruebercB4re Hist binary eafacthessagenrg bypass
portion being different part bthe second binary data, the bypass coding being arithmetic coding using
a predeterminé?ﬁi%g& rgbg ﬁ"itw}ﬂ%e(‘iii) generates coded data which includes the first context 5
adaptive portion, the séeofidstomiprtgddptayve thortion| nbeirdtbypéss porttmimaanddheasexndd bypass

Context gt e o S A harp OVl ee. cd P ™
decoding appafiiis RRERIERB RS intad8 ising Hiar@nagicpredicier frodeky tidhnia§eadecoding
apparatus ConyHisin&ion mode, and a fifth intra prediction mode which are to be
used to predict luma of four subblocks constituting the block,
when the third binary data, the fourth binary data, and the
15 fifth binary data are decoded, a third context adaptive portion of the
third binary data, a fourth context adaptive portion of the fourth
binary data, and a fifth context adaptive portion of the fifth binary
data are decoded by the context adaptive binary arithmetic decoding,
and a third bypass portion of the third binary data, a fourth bypass
20 portion of the fourth binary data, and a fifth bypass portion of the
fifth binary data are decoded by the bypass decoding, and
when the coded data is obtained, the coded data is obtained
which includes the first context adaptive portion, the third context
adaptive portion, the fourth context adaptive portion, the fifth
25 context adaptive portion, the second context adaptive portion, the
second bypass portion, the first bypass portion, the third bypass
partion, the fourth bypass portion, and the fifth bypass portion, in
order: the first context adaptive portion; the third context adaptive
portion; the fourth context adaptive portion; the fifth context
30 adaptive portion; the second context adaptive portion; the second
bypass portion; the first bypass portion; the third bypass portion;
the fourth bypass portion; and the fifth bypass portion.

[Claim 15]
35 The image decoding method according to any one of Claims 9
—-83 -



15a decoder which decodes first binary data and second binary data, the first binary data indicating a
first intra prediction mode to be used to decode the image, the second binary data indicating a second
intra prediction mode to be used to decode the image, wherein the decoder (i) obtains coded data
which includes@ 2@ first context adaptive portion, a second context adaptive portion, a first bypass

portion, and a secondyplypasmP@Hiah dhei Besh gnriextrdaptive PoytitisBeing Rashofhe figgkbinary
data, the second con ﬁt adaptive Fortion beiré%agaé[ of the secggd binary data, the first bypass portion
being differentst%r?a the Rt hiRg ﬁ‘&zﬂaﬁﬁe 88& bf‘b{]-’r?a{ SJ)Ttion being different part of the

second binary data, the first bypass portion and the second bypass portion being included subsequent
to the firsg)con Lagdanrtive portion and the second context adaptive portion, (ii) decodes the first
context adaptive portion and the second 30 context adaptive portion by context adaptive binary
arithmetic decoding whith iB'@@Bna&fCdBadTRE tath acFarabRapEebaBiity P daftdel BEBSIN
decoded datagnds, (iif) decodes the first bypass portion and the second bypass portion by
bypass decoding which is arithmeti¢ decoding.using a 35 predetermined fixed probability. - 85- [Claim
19] An image codiWé‘%ﬁ%‘ Hé@oh(ﬁ% éﬁﬁgéﬂg’comprising: the image coding apparatus according
to Claim 17; and 5theamapesireadimg appacdtusiaezbrding iolClaimcl8deB86--identification

10 information indicating a first standard or a second standard, and
based on the identification information, a switch is made to one of
first decoding processing conforming to the first standard and second
decoding processing conforming to the second standard, and

when the switch is made to the first decoding processing, the

15 coded data is obtained from the bitstream, the coded data including
the first bypass portion and the second bypass portion subsequent to
the first context adaptive portion and the second context adaptive
portion.

20 [Claim 17]
An image coding apparatus which codes an image using plural
intra prediction modes, the image coding apparatus comprising
a coder which codes first binary data and second binary data,
the first hinary data indicating a first intra prediction mode used to
25 code the image, the second binary data indicating a second intra
prediction mode used to code the image,
wherein the coder (i) codes a first context adaptive portion
and a second context adaptive portion by context adaptive binary
arithmetic coding, the first context adaptive portion being part of the
30 first binary data, the second context adaptive portion being part of
the second binary data, the context adaptive binary arithmetic
coding being arithmetic coding using a variable probability updated
based on coded data,
(ii) codes a first bypass portion and a second bypass portion by
35 bypass coding, the first bypass portion being different part of the
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15

20

25

30

first binary data, the second bypass portion being different part of
the second binary data, the bypass coding being arithmetic coding
using a predetermined fixed probability, and

(iii) generates coded data which includes the first context
adaptive portion, the second context adaptive portion, the first
bypass portion, and the second bypass portion, the first bypass
portion and the second bypass portion being included subsequent to
the first context adaptive portion and the second context adaptive
portion.

[Claim 18]

An image decoding apparatus which decodes an image using
plural intra prediction modes, the image decoding apparatus
comprising

a decoder which decodes first binary data and second binary
data, the first binary data indicating a first intra prediction mode to
be used to decode the image, the second binary data indicating a
second intra prediction mode to be used to decode the image,

wherein the decoder (i) obtains coded data which includes a
first context adaptive portion, a second context adaptive portion, a
first bypass portion, and a second bypass portion, the first context
adaptive portion being part of the first binary data, the second
context adaptive portion being part of the second binary data, the
first bypass portion being different part of the first binary data, the
second bypass portion being different part of the second binary data,
the first bypass portion and the second bypass portion being included
subsequent to the first context adaptive portion and the second
context adaptive portion,

(i1} decodes the first context adaptive portion and the second
context adaptive portion by context adaptive binary arithmetic
decoding which is arithmetic decoding using a variable probability
updated based on decoded data, and

(iii) decodes the first bypass portion and the second bypass

partion by bypass decoding which is arithmetic decoding using a

predetermined fixed probab'ilit'y.
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[Claim 19]
An image coding and decoding apparatus comprising:
the image coding apparatus according to Claim 17; and
the image decoding apparatus according to Ciaim 18.
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