[DESCRIPTION] [Title of Invention] IMAGE CODING METHOD, IMAGE CODING APPARATUS,
IMAGE DECODING METHOD AND IMAGE DECODING APPARATUS 5 [Technical Field] [0001]
The present invention relates to an image coding technique and an image decoding technique for

arithmetic CEﬁggggﬁﬁg’e&ﬁ decoding. [Background Art] 10[0002] Applications for providing

services via video-conference, digital video broadcast, and Video on Demand
services mc{fi'dﬂg oﬂbn\wntumi;treamlng) are increasing. These appllcatlons rely on transmission of

video data. e%p NSk wd%m Wﬂ.&mtt F,I
conventiona transm|SS|on g@*ﬁ)hz\éﬁg Rite an Widt%;ﬁéu ermore when the ‘applic >él‘tlons record

video data, PNEGOIRIEN G AETEHEYS 48D HM AGE BRI XRG rARBARATHShaving a limited capacity.
To trangmit pj Asaviadigconventional transmission path or record video data on the conventional
recording medium, it is indispénsable to compress or 20 reduce the data amount of the video data.
[0003] [IQQ@&I/ of this, many video coding standards have been developed to compress video

data. These video crgingslaaderpsreider evameplec B4 Tiratansardaidgneied ag b 28%anrhISO/IEC
standards denoted{éﬂ%Cg EG-x. 25 Curren%/ﬂthe latest nd most advanced V|de ) coding standard is

the standard %% ROHRIEEE. PR gt Ncﬁ? QR 138 ‘FE"EI@SE? 8 Non Patent
Literature (NBexRE{oQ¥d Arelcoding approach underlying most of these video coding standards is 30
based gnp bﬁ% Lgl coding that includes the following main steps of (a) to (d): (a) Divide each video
frame |nto ach having pixels to compress data of the video frame on a block-by-block basis.

(b) Predict each blosRbaséidion deviquslyidoupdsdddoasatyim ideatifirtenpeiralargl speatiaio-

redundancy. Aok SUREECR A AR Kot a6 deadieiEmale LelEalHeidans

redundancy.(d) Compress femaining data (residual blocks) by Fourier -1 -
videc content streaming) are increasing. These applications rely on

transmission of video data. When the applications transmit video data, most
15 video data is transmitted via a conventional transmission path having a limited

bandwidth. Furthermore, when the applications record video data, most video

data is recorded on a conventional recording medium having a limited capacity.

To transmit video data via the conventional transmission path or record video

data on the conventional recording medium, it is indispensable to compress or
20 reduce the data amount of the video data.

[0003]

In view of this, many video coding standards have been developed to
compress video data. These video coding standards are, for example, ITU-T
standards denoted as H.26x and ISO/IEC standards dencted as MPEG-x.

25 Currently, the latest and most advanced video coding standard is the standard
denoted as H.264/MPEG-4 AVC (see Non Patent Literature (NPL) 1 and Non
Patent Literature (NPL) 2).

[0004]

The coding approach underlying most of these video coding standards is

30 based on prediction coding that includes the following main steps of (a) to (d):
(a) Divide each video frame into blocks each having pixels to compress data of
the video frame on a block-by-block basis. (b) Predict each block based on
previously coded video data to identify temporal and spatial redundancy. {(c)
Subtract the predicted data from the video data to remove the identified

35 redundancy. (d) Compress remaining data (residual blocks) by Fourier
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transform, quantization, and entropy coding. [0005] As for the step (a), the current video coding
standard provides different prediction modes depending on a macroblock to be predicted. According to
5 most of the video coding standards, motion estimation and motion compensation are used for

predicting video gata based on %\éirevio sly coded and decoded frame (inter frame prediction).
Alternatively’ Btk 12"5‘31&]%'5%1 r}raﬁﬂﬁa ﬁrf?B%CzQﬁ'Qgﬁacent block of the same frame (intra frame

prediction). [000&]}10In the step (d), quantized coefficients included in a current block to be coded are

scanned in a prede ined order ( rder), Then, information (SignificantEl indicating, whether
the scanned coeffic}iggn é %%ﬂ%g%%%féﬁ%@%tg%,? %%%Y}é%g Eggfﬁge%%g{%%g?ﬁﬁ%y f ri%rr'iﬁ%rt?caﬁ
(symbol) indiceglif§iennoredero deptiviéng a1 antacrebckefiiclatprediciedod ddcosioon p

FurthersorénlstorTaRQRIdiaglen e iasiioR pldbRlast paER o castfidinhindie scpRger (oo

position information) is binarized, coded by context adaptive binary arithmetic coding, and decoded by

context adafAvEPEMEAieH MR ditcdefyIRIE DoT0darisie Q. ISR TR SR FRdt e 15tdrRviRySboosTadPL 1)

ITU-T Recognpendaiiaad-2pde AaPTRanviden cadiihior ggreamueipvisivalsgaicenayMasch 2010.
25 [NPL 2] JCT-VC "WD4: Working Draft 4 of High-Efficiency Video Coding", JCTVC-F803, July 2011.
[Summary SFIHRRRIBIG TR PEIBERIN PIBBY S 30R SRR 3R (RS MRMGRE dEtitNdue,

appropriate [f@ig@iing among contexts is difficult in context adaptive binary arithmetic coding and
come Wntont s uodl HRDIMAR Qi Gble T 2rar eSS MRSt I pF bR S F
occurrence ahdealcaneasyanir@sl prediqtiregl e pnahedilider wardolardeu)reriBeate drfasestiond thus
the coding (SignificantFlag) indicating whether the scanned coefficients are zero
coefficients or non-zero coefficients (e.g., binary information (symbol) indicating
a non-zero coefficient as 1 and a zero coefficient as 0) is coded.

15 [0007]

Furthermore, information indicating the position of the last non-zero
coefficient in the scan order (last position information) is binarized, coded by
context adaptive binary arithmetic coding, and decoded by context adaptive
binary arithmetic decoding.

20 [Citation List]

[Non Patent Literature]

[0008]

[NPL 1] ITU-T Recommendation H.264 “Advanced video coding for generic
audiovisual services”, March 2010.

25 [NPL 2] JCT-VC “WD4: Working Draft 4 of High-Efficiency Video Coding”,

JCTVC-F803, July 2011.
[Summary of Invention]
[Technical Problem]

[0009]

30 However, with the conventional technique, appropriate switching among
contexts is difficult in context adaptive binary arithmetic coding and context
adaptive binary arithmetic decoding of the last position information. For
example, when the same context is used for binary symbols that are
significantly different in probability of symbol occurrence, the accuracy of

35  predicting the probability of symbol occurrence decreases, and thus the coding
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-2- efficiency also decreases. [0010] In view of this, one non-limiting and exemplary embodiment
provides an image coding method and an image decoding method for arithmetically 5coding and
arithmetically decoding the last position information using a context which is appropriately switched
among a plurality of contexts. [Solution to Problem] [0011] An image coding method according to an
aspect of the ikt ABAKRSHEBAES: an image coding method for coding last position information
indicating app@sitign of a last non-zero coefficient in a predetermined order in a current block to be

coded, the image coding methad including: binarizing the |ast position information to generate (i) a
bmary signal wihich AU AriFs TS AORTAG BRI ST BT (7 BRI B b RRined

maximum Hnléngibarcbdioes nattincildmd secandzgjgndbooding pirahosioftal whitiriatieidigs the first
signal having the predetermined.maximum length and the second. signal; first coding for arithmetically

coding%:acﬁggé]ﬁﬁaargagfr%%%%g@ge Nk @ﬁr&%?gdarlsaa %%?rz]%éog (':rcl)hgtréx asWﬁ'cH%'cﬁ] rﬁo??gnE%Furality of
contexts acedrifingsteppvipositynsefithbdsirmmyosygrib plusaib geformhtexdiag for arithmetically 20

coding the Wﬂ% Lﬁi%g%ﬁ)'(gd probability when the binary signal includes the second signal,
wherein in the first coding, a binary Symbol at a last bit position of the first signal is arithmetically coded

using a cont&klekklusive to the last bit position, when the first signal has the predetermined maximum

length. 25[0012]  Adt ifiadke RIEREFHINIRGENGERLASRRE FBA%AE MR estethusingagystem, an

apparatus, an integrated circujt, a computer program, or a computer-readable recording medium such
as a ClH-ROMY &Ry EorRbindEA%f St NeBarat e STBEr df cREEIO L oIBRERrams,
or computeindfigasigiemeosting mesia ddevanageerriefiedts iraesion il Wdithrihe image

coding metr&%gr%% Olg?ci)rclg tt%%‘eaggggctj?ftﬁ%ei r%%%mcoding method including: binarizing the
last position information to generate (i) a binary signal which includes a first
signal having a length smaller than or equal to a predetermined maximum
15 length and does not include a second signal or (ii) a binary signal which includes
the first signal having the predetermined maximum length and the second
signal; first coding for arithmetically coding each of binary symbols included in
the first signal using a context switched among a plurality of contexts according
to a bit position of the binary symbol; and second coding for arithmetically
20 coding the second signal using a fixed probability when the binary signal
includes the second signal, wherein in the first coding, a binary symbol at a last
bit position of the first signal is arithmetically coded using a context exclusive to
the last bit position, when the first signal has the predetermined maximum
length.
25 [0012]
It is to be noted that this general aspect may be implemented using a
system, an apparatus, an integrated circuit, a computer program, or a
computer-readable recording medium such as a CD-ROM, or any combination
of systems, apparatuses, integrated circuits, computer programs, or computer-
30 readable recording media.
[ Advantageous Effects of Invention]
[0013]
With the image coding method according to an aspect of the present
invention, it is possible to arithmetically code the last position information using

35 a context which is appropriately switched among a plurality of contexts.
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invention, it is possible to arithmetically code the last position information using 35 a context which is
appropriately switched among a plurality of contexts. - 3 - [Brief Description of the Drawings] [0014]
[FIG. 1] FIG. 1 is a block diagram showing an example of a configuration of an image decoding

apparatus ﬁord' to the underl mg 5 knowled [FIG. 2] FIG. 2 is a flowchart showing an
example ofaﬁ ity CER H@"Mét &5&%%115%3 the underlying knowledge. [FIG. 3A] FIG. 3A
is a diagranj@howing an example of binary signals of last position information when the block size is
4x4. 10[FIG. 38] FI showing xam le of bin nals_of last ition. information
when the block sm.fg[% ﬁ ﬁ[%lGn%ﬁ FiG. @8‘3 g&?&% ﬁ%&%’ﬁ%aﬁ%xﬁﬁ% %Fléblﬂ%r)?signals
of last posit@nﬁﬁumWanf/han the&gecldeaﬁjlggwﬂzaaratus JEadBiY] FtG13® israldihgnam
showing an R gf binary signals of 15last position information when the block size is 32x32.

[FIG. 4] FIG. 4’is a flowchart showing context adaptive binary arithmetic decoding. [FIG. 5] FIG. 5 is a
flowchart showing Hyp&sd&a6tiRgS[BI BTG, RvdiDwohaxashdivial animagatescdigiG. 7]

FIG.7isa mg@g%\-gm[ﬁgg%f%g@ 5%@.&@8@@ of an image decoding apparatus

according to Embodiment IG. 8A] FIG. 8Ais a flowchart showing an example of processing

operations of an imHg d@éﬂdﬁ&aﬁﬁa’r%ﬁjéj@&f@m‘i VYRR RIe of binary signals of

last position information when the block size is 4x4.
10 [FIG. 3B] FIG. 3B is a diagram showing an example of binary signals of
last position information when the block size is 8x8.

[FIG. 3C] FIG. 3C is a diagram showing an example of binary signals of
last position information when the block size is 16x16.

[FIG. 3D] FIG. 3D is a diagram showing an example of binary signals of

15 last position information when the block size is 32x32.

[FIG. 4] FIG. 4 is a flowchart showing context adaptive binary arithmetic
decoding.

[FIG. 5] FIG. 5 is a flowchart showing bypass decoding.

[FIG. 6] FIG. 6 is a flowchart showing normalization.

20 [FIG. 7] FIG. 7 is a block diagram showing a functional configuration of
an image decoding apparatus according to Embodiment 1.

[FIG. 8A] FIG. 8A is a flowchart showing an example of processing
operations of an image decoding apparatus according to Embodiment 1.

[FIG. 8B] FIG. 8B is a flowchart showing another example of processing

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

[FIG. 9A] FIG. 9A is a flowchart showing an example of processing
operations of a second decading unit according to Embodiment 1.

[FIG. 9B] FIG. 9B is a diagram showing an exampie of a relationship
between the block size and the maximum length of a prefix part according to

30 Embodiment 1.

[FIG. 9C] FIG. 9C is a diagram showing another example of a
relationship between the biock size and the maximum length of a prefix part
according to Embodiment 1.

[FIG. 9D] FIG. 9D is a diagram showing an example of a relationship

35 between the block size and the rice parameter according to Embodiment 1.
— 4_ —



[FIG. 88] FIG. 88 is a flowchart showing another example of processing 25 operations of an image
decoding apparatus according to Embodiment 1. [FIG. 9A] FIG. 9A is a flowchart showing an example
of processing operations of a second decoding unit according to Embodiment 1. [FIG. 98] FIG.

98 is a diagram shaqwijng a le relationship between the block size and the maximum length
of a prefix part accg\fﬁ%% tg ggaggngdogr‘inaeﬁt f '&?a#?@ Q%W&%@goﬁlﬁgg%ﬁ@%%viﬁ ahother
example of eeletmivrghipbistvesm e bliokisizizendtitk texinioen egimetar pasfiomhingadeording to
EmbOdimerﬁﬁl‘bodEmenH:iG' 9D] FIG. 90 is a diagram showing an example of a relationship 35
between the block size and the rice parameter according to Embodiment 1. -4- [FIG. 9E] FIG. 9E

is a diagram showihfLémotiklelkppl@Afia Pellivepip Peandes e BreerROhAd IS parameter
accordifg tQERRANMENEA RP valudFatd FoMERIFUHASAAQweharésbewing an example of a

method of 5 determining an RP value and a maximum length of a prefix part. [FIG. 103] FIG. 103 is a

flowchart showing ahbtherl&aimpl& of PRefhddl JeuehaTtinip wnaPARtReE @ MRk RimAength of
a prefix pariititodlOCH &G Iid6 is anflRmohark sianineharatherexameopbapmegiaesk af determining

another example of BLHed G o Aserri M2 S YA Gri S NS AD ISo i B Pe ik fart
[FIG. 11A] Fatidd\df datEgranmnipradeRErmhgarelaionskimbetwergtbitof espiefix aaHcontexts
zgfv‘agdggglgb'imboﬁifi@.“tﬂoocjo FIG [Fiﬁol?gf]f 'ﬁ’o&&ﬁé&aﬁﬁ%@ fgﬁ&%%‘?‘%%rﬁd 2agpnship
positions and contexts according to a comparable example.
method of determining an RP value and a maximum length of a prefix part.

[FIG. 11A] FIG. 11A is a diagram for describing a relationship between
bit positions and contexts according to Embodiment 1.

[FIG. 11B] FIG. 11B is a diagram for describing a relationship between

15 bit positions and contexts according to a comparable example.

[FIG. 12] FIG. 12 is a block diagram showing an example of a
configuration of an image decoding apparatus according to a variation of
Embodiment 1.

[FIG. 13] FIG. 13 is a block diagram showing a functional configuration

20 of an image coding apparatus according to Embodiment 2.

[FIG. 14A] FIG. 14A is a flowchart showing an example of processing
operations of an image coding apparatus according to Embodiment 2.

[FIG. 14B] FIG. 14B is a flowchart showing another example of
processing operations of an image coding apparatus according to Embodiment

25 2,

[FIG. 15] FIG. 15 is a diagram showing an example of binary signals of
last position information when the block size is 16x16.

[FIG. 16] FIG. 16 is a block diagram showing an example of a
configuration of an image coding apparatus according to Embodiment 2.

30 [FIG. 17] FIG. 17 shows an overall configuration of a content providing
system for implementing content distribution services.

[FIG. 18] FIG. 18 shows an overall configuration of a digital
broadcasting system.

[FIG. 19] FIG. 19 shows a block diagram illustrating an example of a

35  configuration of a television.
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[FIG. 12] FIG. 12 is a block diagram showing an example of a configuration of an image decoding
apparatus according to a variation of Embodiment 1. [FIG. 13] FIG. 13 is a block diagram
showing a functional configuration 20 of an image coding apparatus according to Embodiment 2.

[FIG. 14A] FIG. 14A.s.a flowchart wing an example of processing operations of an jmage coding
apparatus accordir@fgaE#%gﬁem.Shawﬁ:%ﬁfﬁ% E@rﬂ% ?ﬁ S?F&ﬁ&‘ﬁaﬂ%ﬁ&ﬂﬁiﬂ& Ilgn ?h r
example of @rofigesirtop opErationécyhast ionags codimipgpreratd ngogoidihg it odaab adidhenit 5 2.

[FIG. 15] Flﬁfo]r?ni . giﬁ%r %}o j n %T’%{'E eH'P{astiggl ﬁﬁ}g{?&ﬁ %(?ai(tion information when
the block size 1s 1§x@ ) ﬁ{[rllil .%%.Wa bloc ‘lﬁiagram sgho ing an example of a
configuration of an ifl&geddd&apiiasiioy acoraxaimele mbadeaefio2r 3t ef BrrererdiTshows an

overall gonfiguratignghe i%oé‘ﬁeBbEE%Y@?QQ system for implementing content distribution services.
[FIG. 18] FIG. 18 shows an overall configuration of a digital broadcasting system. [FIG. 19]

FIG. 19 shows a blBcéuiddahi Testafr)aefinsreorie @ rElulatishef % television. [FIG.

20] FIG. 20 shows pritpclodigyranillustiiting arbayample gfzarcosiighiagon o f aimierenation
reproducin /re(%ordingﬁmit#hat rﬁa&g and writes information from and on a recording medium that is
an optical disk. [&‘I’éa 'T Fig A'Y v@ﬂ'gﬂeexample of a configuration of a recording 5Smedium that is

an optica_l disk. [FIQEMHGIQZA$hmw&m$mmpJetofa ofholdtiplexael data[FIG. 223] FIG. 223 is
2 structire of mutib oG s ol a i e psnue S b e =
multiplexedin multiplexed data.

[FIG. 25] FIG. 25 shows how a video stream is stored in a stream of
PES packets in more detail.

[FIG. 26] FIG. 26 shows a structure of TS packets and source packets in

15 the multiplexed data.

[FIG. 27] FIG. 27 shows a data structure of a PMT.

[FIG. 28] FIG. 28 shows an internal structure of multiplexed data
information.

[FIG, 29] FIG. 29 shows an intermal structure of stream attribute

20 information.

[FIG. 30] FIG. 30 shows steps for identifying video data.

[FIG. 31] FIG. 31 shows an example of a configuration of an integrated
circuit for implementing the moving picture coding method and the moving
picture decoding method according to each of embodiments.

25 [FIG. 32] FIG. 32 shows a configuration for switching between driving
frequencies.

[FIG. 33] FIG. 33 shows steps for identifying video data and switching
between driving frequencies.

[FIG. 34] FIG. 34 shows an example of a look-up table in which video

30 data standards are associated with driving frequencies.

[FIG. 35A] FIG. 35A is a diagram showing an example of a configuration
for sharing a module of a signal processing unit.

[FIG. 35B] FIG. 35B is a diagram showing another example of a
configuration for sharing a module of the signal processing unit.

35 [Description of Embodiments]
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in multiplexed data. [FIG. 25] FIG. 25 shows how a video stream is stored in a stream of PES
packets in more detail. [FIG. 26] FIG. 26 shows a structure of TS packets and source packets
in 15 the multiplexed data. [FIG. 27] FIG. 27 shows a data structure of a PMT. [FIG. 28] FIG. 28
shows an internal structure of multiplexed data information. [FIG. 29] FIG. 29 shows an internal
structure of Ramh attribute 20 information. [FIG. 30] FIG. 30 shows steps for identifying video data.

[FIG. 31) FIQUBHSANGRSSIMeIRS oty SO bR Braissh i THdariBiementing the
mOVIng pICture cO met od and the ovin Ictur ecodin metho accordain toe ch 0]

o bosiene se e 5y A ahaie IO T e 10 SIAET (gt A AT rEEHEncies.
[FIG. 33] FIcodBRdghowsstignadoicidentitying sfdem dasd posisoitchioghetiveetedtidingdfiagiencies.

[FIG. 34] FI(%5 3(%§hows age%?mple of a look-up table in which video 30 data standards are

associated with \r/?ﬁjg? requen%lnés. [FIG. 35A] FIG. 35A is a diagram showing an example of a

configuratiolDfdt&haring a module of a signal proces_sing unit. [FIG. 358] FIG. 353.is a diagram

[Doscripton of Emtocmee, a1 Forey o R gt e o B of oo A

Invention) information indicates a horizontal position and a vertical position of the last
non-zero coefficient in a predetermined order in a current block. Here, the last

10 position information includes a hotizontal component (hereinafter referred to as
"X component”) and a vertical component (hereinafter referred to as ™Y
component”)., The X component indicates a horizontal position in the current
block. The Y component indicates a vertical position in the current block.

[0017]

15 FIG. 1 is a block diagram showing an example of a configuration of an
image decoding apparatus 1000 according to the underlying knowledge. FIG. 2
is a flowchart showing an example of an image decoding method according to
the underlying knowledge. As shown in FIG. 1, the image decoding apparatus
1000 includes a first decoding unit 1001, a second decoding unit 1002, a

20  decoding control unit 1003, and a reconstructing unit 1004.

[0018]

The image decoding apparatus 1000 obtains a bit stream BS which
includes the last position information. Then, the image decoding apparatus
1000 inputs the bit stream BS to the first decoding unit 1001, the second

25 decoding unit 1002, and the decoding contrel unit 1003.

[0019]

The decoding control unit 1003 manages whether each signal in the
obtained bit stream BS is the X component or the Y component of the last
position information.

30 [0020]

The first decoding unit 1001 arithmetically decodes a prefix part of the X
component of the last position information included in the bit stream BS
(51001). More specifically, the first decoding unit 1001 arithmetically decodes
the prefix part of the X component by context adaptive binary arithmetic

35 decoding. Here, the prefix part is a part of the binary signal of the X
_7._



The inventors have found the following matter regarding the arithmetic coding and arithmetic decoding
of the last position information described in the 5 "Background" section. [0016] It is to be noted
that in the following description, the last position information indicates a horizontal position and a

vertical position, of & e{ast n-zerQ coefficient in a.predetermined order in a current block. Here, the
last 1Oposité%lji]i1§ 0?%% ioh r|]|c'1?(': uzﬁg%n‘ﬁ%%r%%ﬁ al Vgo}g%o'ﬁeﬁ ﬂ? relﬁ’aﬁgranérr% oti:}{se,a "ﬁ”&%ﬁ{ponent")
and a verticatithrmptnenti{hgreinafter referred to as "Y component"). The X component indicates a
horizontal pgsHiopyin the current block. The Y component indicates a vertical position in the current

block. [0017] 15FIG. 1 is a block diagram showing an example of a configuration of an image decoding
i

apparatus 1000 acddfinghe fHetudReoRing KRdwiBddedetermines whrtheraihovlitgahiarermple of
an image defadingmetbod asetightoiadadesdngiknoxdedgeo s shawa ig G dhrihR ipage

decoding apparatus 1000 includes a first decoding unit 1001, a second decoding unit 1002, a 20
decoding cAHtrbl Ui PG E9eebilititqing GRTReDEMfosigine Y RMPRYR e Wiy Soparatus

1000 obtainsoaidit BiregpasS kel includes the last position information. Then, the image decoding
apparatus muts the bit stream BS to the first decoding unit 1001, the second 25decoding unit
1002, and t ding control unit 1003. [0019] The decoding control unit 1003 manages
whether each signalfretipeaibtaeet! bitcdttbansBE:is thel Xaconmpbaeniredhactedingote™aaththe last

the X Compu N e oS e e D B e e i e B Gegb e T P @
specifically, ap@Beteric @finghow 00 1 Ffthmétidally Hecaties figs pratinpeet of The!x, ceffpoment by
context adapughinannediime e aee sttt BtIGinl &R PO B R EihadRad-Afiie Rinamepigpal of the
not the binary signal of the X component includes the suffix part.
[0023]

15 More specifically, when the size of a transform block (hereinafter
referred to as “transform size”) is 4x4, for example, the binary signal of the X
component includes the prefix part only and does not include the suffix part
regardless of the last value as shown in FIG. 3A. Thus, the first decoding unit
1001 determines that the binary signal of the X component does not include

20 the suffix part when the size of a block to be decoded is 4x4.

[0024]

In the case where the transform size is 8x8, for example, the first
decoding unit 1001 determines that the decoded binary signal of the X
component does not include the suffix part when any of binary symbol values

25 up to the binary symbol value of the 4th bit of the binary signal of the X
component is “1” as shown in FIG. 3B. On the other hand, the first decoding
unit 1001 determines that the decoded binary signal of the X component
includes a suffix part having a fixed length of 2 bits when the binary symbol
values up to the binary symbol value of the 4th bit of the binary signal of the X

30  component are all “"0".

[0025]

In the case where the transform size is 16x16, for example, the first
decoding unit 1001 determines that the decoded binary signal of the X
component does not include the suffix part when any of the binary symbol

35 wvalues up to the binary symbol value of the 8th bit of the binary signal of the X
— 8 —



component or the Y component, which is coded by context adaptive binary arithmetic coding. [0021]
Next, the first decoding unit 1001 determines whether or not the binary 5 signal of the X component
includes a suffix part (S1002). The suffix part is a part of the binary signal of the X component or the Y

component, which is coded hy bypass coding. [0022] The prefix part and the suffix part are. determined
cccording (S HPETalSe tocABiAERES o et s RS AR OFETS e e the v
component asishobtindel@rrBhes RiGat3thdodexadyue bifiary, widimal poéddterriineshnpethend; the first
decoding unj can rmin r.oe.nat,the binary-signal of the X onent includes the
suffix part. [@@%‘?%%ﬁ&%%%ﬁ#@a%ﬁﬁ eﬁ fﬁ%géllzleg %%Wé?tgyafr?é%ar?r% Mbc%“(ﬁﬁ%gﬁﬁ?é}’ rgYé’Pr%O to as
"transform SIEEURE UxAofthekimapiesyahsh B wignhiiot BdEahsoadrinmolutiesahefdfedixpart only
and dogs net %%ﬁlg%,s*éjgh(\@aft regardless of the last value as shown in FIG. 3A. Thus, the first

decoding unit 1001 determines that the binary signal of the X component does not include 20 the suffix
part when th8Q@2& of a block to be decoded is 4x4. [0024] In the case where the transform size is

8x8, for example, the fisé deseding et RO LepkTaRNes B at e degodsd bipanpron@lofitae X

component does pot include the suﬁ‘i%Jrart When%rg/ of binary s mbol values 25 up to the binary

symbol valuSSPHBZ ' BI of HOH bEHSTERET oFtRe XNonissRgREis PP SHGRA!IPEIE'SBS On the
other hand, ¢benfixst et aidiag okt iheRiddeirerinfixtairthe tlecisd dirsinasigsahabidhe eamponent

e AR RS AL P e v ERe s o e
case whereabmransfuris Siké &s Ehwde) for Example, tlﬁhﬂfitbedelrkmt_ir’@udi,t ’ﬂi@(&)ﬁﬁétdl&nmégghat the
oudes Doy S e AR B ST e e

includes a suffix part having a fixed length of 4 bits when the binary symbol

values up to the binary symbol value of the 16th bit of the binary signal of the X

15 component are all 0",
[0027]
Here, when the binary signal of the X component includes the suffix part

(Yes in $1002), the second decoding unit 1002 arithmetically decodes the suffix

part having a predetermined, fixed bit length ($1003). More specifically, the

20 second decoding unit 1002 decodes the suffix part of the X component by
bypass decoding. On the other hand, when the binary signal of the X
component does not include the suffix part (No in $1002), the decoding process
for the suffix part is skipped.

[0028]

25 The reconstructing unit 1004 reconstructs the X component of the last
position information using the prefix part and the suffix part which have been
decoded (S1004). More specifically, when the binary signal of the X component
includes the suffix part, the reconstructing unit 1004 reconstructs the X
component by debinarizing the binary signal including the decoded prefix part

30 and suffix part. On the other hand, when the binary signal of the X component
does not include the suffix part, the reconstructing unit 1004 reconstructs the X
component by debinarizing the binary signal including the decoded prefix part.
[0029]

Next, the first decoding unit 1001 arithmetically decodes the prefix part

35 of the Y component of the last position information as in Step S1001 (S1005).
— 9 —



-8- component is "1" as shown in FIG. 3C. On the other hand, the first decoding unit 1001 determines
that the decoded binary signal of the X component includes a suffix part having a fixed length of 3 bits
when the binary symbol values up to the binary symbol value of the 8th bit of the binary signal of the X

5 component.are all "0", [0026 In the cas e the transform size is 32x32, for example, the
frst decoi B 18618 R e Dot 00 R SRR A RDS, Rt doeR o
include the sigffizipzitheh¥rcampohbmainchymesdhatuds-1 @am ts imeSimpuy 15020 Vake) of the 16th
bit of the bi:@gﬁ%inal of the X component is "1" as shown in FIG. 3D. On the other hand, the first
decoding uni determines that the decoded binary signal of the X component includes a suffix

part having a fixed fdftgth Wﬁﬂifbﬁb@\ﬁﬁ@ﬁWhéiﬁmar@%mﬁlﬁmﬂmmtdﬂﬁblmwéswfﬁmN_@Itle of the
16th bitof thedinary, s Ahibetdmcampananiae #8809 alfPdddticant! eie-auas e fipary signal

of the X component includes the suffix part (Yesin 51002), the second decoding unit 1002
arithmeticalB2de 508G BIRBEIRITIAS e AR, fien it SEb0R). ke

specifically, ghee2hserpndisigeadia bhirnihl Adrigcadeasdhe eoffipdachel dBesXeampengat Bydypass
decoding. On the other hand, when the binary si%nal of the X componept does not include the suffix

part (No in 5H052P3Re G BmEUHBLLEEE R BEFER FOKi bR § Uf05227 34T 58 RR&Shstructing

unit 1004 reg@@iirlicts the X component of the last position information using the prefix part and the
e e MR R s e e e
debinarizindasteriiagiyrsighatrmatiodiras tieStepodé O pfefix L0818 BO ldndessiffecifiaellpmtherother hand,
1004 recona L T X o itont oy TG bty S B e [ i part
[0029] uniNndRA0thaseenabiasdmghmit’ 1 coTmananitisayebbvads tige Brefikiparmy3sientie Y
component ip{{hgilagitReSHRRHIgTHH AR RRICAFHOBh 100D othERTHARS, imirstkiecoding
unit 1001 determines whether or not the binary signal of the Y component includes the suffix part as in
Step 57002R068606Fige@30pf the Y component does not incude the suffix part, the
reconstructing unit 1004 reconstructs the Y component by debinarizing the
binary signal including the decoded prefix part.
[0032]
This is the manner in which the X component and the Y component
20  included in the last position information are reconstructed.
[0033]
Next, variable-length coding and variable-length decoding will be
described. H.264 employs context adaptive binary arithmetic coding (CABAC)
as one of variable-length coding methods. The prefix part is coded by CABAC.
25 In contrast, the suffix part is coded by bypass coding, which is arithmetic
coding in which a fixed probability (e.g., "0.5") is used. Hereinafter, context
adaptive binary arithmetic decoding and bypass decoding will be described
using FIG. 4 to FIG. 6.
[0034]
30 FIG. 4 is a flowchart showing context adaptive binary arithmetic
decoding. It is to be noted that FIG. 4 has been excerpted from NPL 1. Unless
otherwise specified, the description of FIG. 4 is as given in NPL 1.
[0035]
With the arithmetic decoding, first, context (ctxIdx) is inputted which is

35 determined based on the signal type of a current signal to be decoded.
— 10 -



Here, when the binary signal of the Y component includes the suffix part 5 (Yes in 51006), the second
decoding unit 1002 arithmetically decodes the suffix part having a predetermined fixed length as in
Step 51003 (51007). On the other hand, when the binary signal of the Y component does not include
the suffix pwgﬁg in 51006), the decoding process for the suffix part is skipped. [0031] 10Lastly, the
reconstructi |1 1004 reconstructs the Y component of the last position information as in Step
51004 (S1008). Mon=gpettiiciljowihgrptivedsnasypsidoahaidha Brepngx@tent includes the suffix part,
the reconstzlbcdg‘?;unit 1004 reconstructs the Y component by debinarizing the binary signal including
the decoded prefix part and suffix part. On the other hand, when the 15 binary signal of the Y
component does ndtiiatluaeatERsutfrioktjsheatcomietubting umifitei0pacaomstenctotiBahgemponent

by debigarizj inary. si [ i ;8{&?(9 i rt. IS, anner in
which trs:e )5 @?nc‘tlgpﬁrrr%n% gr%l %Y%%p%gng}rﬁcg |ncIugje%‘?%aségp%i%&%%r%gaﬂt%%g}é; 4

reconstructE@tfooed|whichyiscg kb kalbiegBetearRy gy ieisbiddengihesc sodR@Ngse Riescribed.

H.264 empleyg-canépiagaptivetinary AituneliccenlineGARARY %%%t%ﬁ%aiga@é%éﬁ%@rﬂﬁ‘)dmg_
methods. The prefix part is coded by CABAC. 25 In contrast, the suffix part is coded by bypass coding,
which is arififisERECodmy FRRRiIEFPAIREPEbBaNiity (e.g., "0.5") is used. Hereinafter, context adaptive

binary arithfiggd@gjecoding and bypass decoding will be described using FIG. 4 to FIG. 6. [0034]
OO o 2 Towchi g suE pdpe eI A el derodng U Bepeleg et o
NPL 1. [003%gcoding w¥itmthBSfitheneticudiesbding, Shestte afndeith(oiatichiéz it eddidatddi g5
determinedhasqeon, i 5ignal MRARLAG e M IghakRReHE B te 4O and 1

which has a lower probability of occurrence.

[0039]

15 Furthermore, a value obtained by subtracting the above-mentioned

codIRangelPS from the current codIRange is set to codIRange.
[0040]

Next, in Step 52002, a comparison is made between codIRange and a
second parameter codIOffset which indicates a state of arithmetic decoding.

20 [0041]

Here, when codIOffset is greater than or equal to codIRange (Yes in
52002), the following process is performed in Step S2003.
[0042]

First, it is determined that LPS has occurred, and a value different from

25  valMPS ("0” when valMPS = 1, and “1” when valMPS = 0) is set to binVal that
is a decoding output value. valMPS indicates a specific value of MPS (“0” or
*1"). MPS specifies one of the binary symbol values “0” and “1” which has a
higher probability of occurrence.

[0043]

30 Furthermore, a value obtained by subtracting codIRange from the
current codIOffset is set to the second parameter codIOffset that indicates a
state of arithmetic decoding. Furthermore, the value of codIRangelPS which
has been set in Step S2001 is set to the first parameter codIRange that
indicates a state of arithmetic decoding.

35 [0044]
— ‘E‘i —



Next, the following process is performed in Step S2001. [0037] First, gCodIRangeldx is calculated
from a first parameter codlRange 5 indicating a current state of arithmetic decoding. Furthermore,
pStateldx is obtained which is a state value corresponding to ctxldx. Then, codiIRangeLPS

corresponding to the two values (q angeldx and pStateldx) is obtained by reference to a table
(angerabiet pS). [655] TOIEet BE N aed BN IS AARGbIDS HRIRSIES &S S fode

decoding whetelfafhbds occurred in a state of arithmetic decoding indicated by the first parameter
codIRange. bﬁ§ pecifies one of the symbols "0" and "1" which has a lower probability of occurrence.
[0039] 15FJr efmore, a value obtained by subtracting the above-mentioned codlRangeLPS from the
current codlRange keset tolveoliFengale @0 Blekel ik SeplB206, in BaliHjsoh senaddibatween

dIR C ich-indi ith i ing. 20
ooa] S B e TS o aing
process is péifdftaed B Sieed 003 (0642]Firis, selsvieesy MHE that Lp8nths betuseldwhed a value
different frogp Rhper MBS (S0 WBOBYBIMRSE Trk BRSrLhAENYREM RSBl 8 %%Eggt%ifae\{akttsat is a

decoding output value. valMPS indicates a specific value of MPS ("0" or "1"). MPS specifies one of the

binary symBBlvaludNQMRLYPENHER HAL'E RGRe R elhbify BBtedPases. fioa dTaBE AR rmore,
a value obtaiigd trasshiraciimereadiRengeddm thRen LPS occurs (Step S2007).

10 [0046]

Furthermore, when codIOffset is smaller than codIRange (No in $2002),
it is determined that MPS has occurred. Thus, valMPS is set to binVal that is a
decoding output value, and the value of pStateldx is updated based on a
transform table transIdxMPS that is referred to when MPS occurs (Step S52004).

15 [0047]

Lastly, normalization (RenormbD) is performed (Step $2008), and the
arithmetic decoding finishes.
[0048]

As shown above, with the context adaptive binary arithmetic decoding,

20 multiple probabilities of symbol occurrence, which are probabilities of
occurrence of binary symbols, are held in association with context indices. The
contexts are switched according to a condition {e.g., value of an adjacent block),
and thus, it is necessary to maintain the processing order.

[0049]

25 FIG. 5 is a flowchart showing bypass decoding. It is to be noted that
FIG. 5 has been excerpted from NPL 1. Unless otherwise specified, the
description of FIG. 5 is as given in NPL 1,

[0050]
First, the second parameter codIOffset that indicates a current state of

30 arithmetic decoding is left-shifted (doubled). Furthermore, one bit is read out
from the bit stream, and when the read-out bit is “1”, 1 is added to codIOffset
(Step S3001).

[0051]
Next, when codIOffset is greater than or equal to the first parameter

35 codIRange that indicates a state of arithmetic decoding (Yes in S3002), “1” is
— 12 —



current codlOffset is set to the second parameter codlOffset that indicates a state of arithmetic
decoding. Furthermore, the value of codlRangeLPS which has been set in Step S2001 is set to the
first parameter codlRange that indicates a state of arithmetic decoding. 35 [0044] Next, in Step
52005, whether or not the value of pStateldx is "0" is determined. [0045] Here, when the value of

pStateldx iS@" [9eBIMVE0BEL ittnarfieFRdiBIn O a6 LWISBQI‘EQE? AR dBability of
MPS. ThusstitstreaitiegoiosaliBSge Swdtohetkovarist, c@d]@ﬁgtewmrs@alw%dqa;ﬁ@ed {Stépset when

valMPS S20 6) nth othe hand, when the pStateldx i 2005),
the value oigp@fgf‘éld ?eo0 |gl%ed %tr ?grrﬁqgﬁﬁﬁsfaxfﬁg ﬁgt ?@feﬁ’é hen LPS
occurs (Stepasat)mt)sﬂ(ﬁcﬁdm&nge tiairthedmetes V\anestajmjlﬁffsﬁfttisrsetadleuiehadlngd(mm% (Noin

82002) it I%%%dé hlngd ,%\/{ ?)a pﬁq&rrgdaeggg \L@I}gﬁ &%%é%?%%% %sl decoding

output value and the va ueo te X 1s updat trans MPS that is
referred to \WPRAVPS occurs (Step 52004). 15[0047] Lastly, normalization (RenormD) is

performed (Step 5239@8), gnqdhe, arifmatis-erqdingdaighiag: [AP48LAS ShAWN ABRYEIAhe
context adaiatlve binary arithmetic decodlng 20 multi Ieﬁprobabllltles of symbol occurrence, which are

probabilitied REBRETNENRWY Bitury %8 H:é asbeiafoRasitiehexEsRaless frane

contexts areypwiicheshreeortiedifsa epreitied (e deajaeniansrirrce™ Reekyiaad thuspit is
necessary (Ef?a intain the processing order. [0049] 25FIG. 5 is a flowchart showing bypass decoding.

Itis to Be n t FIG. 5 has been excerpted from NPL 1. Unless otherwise specified, the
description of FIG. B/iseasthigdirsy pitrhdRoSidiRst dretbatdndipateseterateddOffiset thatiindicates

acurrent stale. 8d|ng has become smaller than 0x100 (in base 16: 256 (in base 10)) (Yes
in 54001), codIRange is left-shifted (doubled). Furthermore, the second
parameter codIOffset that indicates a state of arithmetic decoding is left-shifted
15 (doubled). Moreover, one bit is read out from the bit stream, and when the
read-out bit is“1”, 1 is added to codIOffset (Step S4002).
[0054]
When codIRange eventually reaches 256 or greater by this process in
Step 54002 (No in S4001), the normalization finishes.
20 [0055]
This is the manner in which the arithmetic decoding is performed.
[0056]
However, appropriate switching among contexts (context models) is
difficult when coding or decoding the prefix part by context adaptive binary
25 arithmetic coding or context adaptive binary arithmetic decoding. For example,
in arithmetic coding and arithmetic decoding of the prefix part, the contexts are
switched according to the bit position in the binary signal. At this time, if a
context is common to a plurality of bit positions to reduce the capacity required
of the memory and reduce the memory access, an identical context is in some
30 cases used for bit positions that are significantly different in probability of
symbol occurrence. In such a case, the accuracy of predicting the probability of
symbol occurrence decreases, and thus the coding efficiency also decreases.
[0057]
In view of the foregoing, an image coding method according to an

35 aspect of the present invention is an image coding method for coding last
—_ ‘]3 —



30 arithmetic decoding is left-shifted (doubled). Furthermore, one bit is read out from the bit stream,
and when the read-out bit is "1", 1 is added to codIOffset (Step S3001). [0051] Next, when
codIOffset is greater than or equal to the first parameter 35 codlRange that indicates a state of

arithmetic decogj [g %}E@? in 3002 s 12 - setho b|n al té#ss a decodlné; o%eut ¥a|ue, and a
value obtaif&F by ‘%'ad‘l "ﬁ?orﬂ R cS‘dl &9 E D ECHILHERY (Step S3003).
On the othepriaaiatc mhierd cotiaffset as«smaéteir tHaokite tustthameuw ¢mﬂ§?@ragditl@m'mtlmatbs a

stat of alypei deoadl (NG 1 00210 s sl HRYeLAL s eceeing auiou gl (Step

S3004). [00 owchart escrl normaliz Fshown in

Step 52008V EIG tmlac@ssma@s%@@aieﬂ@wm%m MPigth l:ﬂﬁ!éﬁ@btﬁéﬂﬂse!‘sp%m%dmhé
descripgion gfEGebr a9MaXIMNR LN HHCIRPHoes WiteRm el st B@E%’H&tgtgﬁ%‘i’ IRangeshat

indicates a state of arithmetic decoding has become smaller than Ox100 (in base 16: 256 (in base 10))

(Yesin 540!@11?)6!&bﬂ@i@tg@%%@@ﬁ%‘ﬂ%ﬁmﬂgpam@vm&@hﬁq@r REpARhERY By fset

that indicatesryfiatenel anEhmetisdecqsting I&“t%tt soieg WoldaHmieratMaIporeaiR I cBitHs sead out
from the blt stream, an%’}ghen the re d o is"1" 1 | added to codlOffset (Step S4002). [0054]

When codIF fry' ReE Q%é ‘rréétét%\? ISP SOTH Bk WIBEY REA 4601, the
normalizatlcpmfmiﬁvesﬂeo[@%&!sTm@dhegrrt@nraerﬁm whisibidhe afitthpetvrdggodingisipedadmed.
[0056] Howev; @)Qrgoppate sw Chl on gontex (context odel%ls difficult when coding or

&P contest & ¥1ary BY ithiGefie con ntexy gdaaptl éetginary

decodlng the prefix par
arithmetic decstibitForbgantple, bmantfnﬂlgnalcwmm@wtdi’wnt»metmdsgodlhg/\dfetfmrpnerﬂkl'mart the

text t t t f text
common 10/} BULSIY 0 61 pOLROhs 1 | oAlcE e CABacl e bt herr ey i Pt the

memory acéégraaticRifiticadeshtsing i eubrxicoades Rt thebiegobitidnsthian arehsgrifieantly
different in prabaliity| ¥fas the predetermined maximum length.

15 [0058]

The binary symbol at the last bit position of the first signal indicates
whether or not the binary signal includes the second signal. This means that
the binary symbol at the last bit position of the first signal has a large influence
on the coding efficiency. Thus, the binary symbol at the last bit position of the

20  first signal has a feature in symbol occurrence different from that of the binary
symbols at the other bit positions. In view of this, it is possible to increase the
coding efficiency by arithmetically coding the binary symbol at the last bit
position of the first signal using the context exclusive to the last bit position.
[0059]

25 For example, in the first coding, each of binary symbols at two or more
bit positions other than the last bit position of the first signal may be
arithmetically coded using a context common to the two or more bit positions.
[0060]

With this, each of binary symbols at two or more bit positions other than

30 the last bit position of the first signal can be arithmetically coded using a
context common to the two or more bit positions. This reduces the number of
contexts as compared to the case of using a different context for each bit
position, and thus the capacity required of the memory can be reduced.

[0061]

35 For example, the binarizing may include varying the predetermined
—_ 14 —



symbol occurrence. In such a case, the accuracy of predicting the probability of symbol occurrence
decreases, and thus the coding efficiency also decreases. [0057] In view of the foregoing, an
image coding method according to an 35 aspect of the present invention is an image coding method

for coding last - 13 -Fwsitioainform ation indicatin aﬁposition of a last non-zero coefficient in a
predetermifB@SFAE EREEBIGNAIDE S5l tHE HERIESHSE method including: binarizing the
last positior] fif6dhation to generate (i) a binary signal which includes a first signal having a length
smaller than or equw.ﬁ% a R.greggatermmed maxi umtg‘en ht%nd %o%?i not mFIude a,second signal or

(i) a binary signal which i%c udes %en?l‘%t@bj%l eaQﬁng the prede & ﬁgf‘%aﬁ%rﬁ?envga[ﬁea d the

second sigregicirding dinthio sttt allyrandihdpekidie dbimalgasy Mibislsvineles dédpinsgiblfirnss signal
using ascoriicher Jong AR CAAR LS Breaidg i a DikeosKoR oL eI ARk symbol
and 10 seco ﬁﬁﬁ% for arlthmt;u%gétli{i/ c%l?ng tﬁe second s%ﬁgf%%’g@%&éegy ;;'h?t%%%i{? va%n the
binary sign&lfltlgRiSIEiRNS¥cond signal, wherein in the first coding, a binary symbol at a last bit
position of thegofirst signal is arithmetically coded using a context exclusive to the last bit position, when

the first signal has the predetermined maximum |length. 15[0058] The binary symbol at the last bit
position of the first Sigh&XAAR e RHIRIRER SAUREBINGH SigHIHAOSHAAHISEWHENAA. This

m%ans ti;?t éb@ih@@ﬁb@&%ﬂ:ﬂg attthe Iasgrl@i'tt @@@iﬁlgrpegctagsﬁt@rﬁigifm:]ﬁwm? @m@ﬂrﬁdﬁﬁagmthe
codin iciency. Thus, the binary symbol at the last bit position, of the 20 first signal has a feature in
b e e T P R R B o, g R b DRI BB (i
is possible &iiaareasidntitomtion effibenation ainttivstical wichdinghbefiistarst syoda atrthddast bit
position of the first signal usi context exclusi t it ition, [0059] 25For.example, in
the first co |§§é§écr%qc%‘?bq%§a¢1yg§§rﬁbm Ia tv%ié%r%rﬁyg;ré i%%é%%%)n%éh%aggthg] Iscs%rﬁéigao@ﬁion of
the first sigrvahavginowhgith fieticatling duaassings suithac domriioh fosheodinor procedsit pagitions.

[0060] Withdfyis, £ach GHEINGR YERRMS NS MOIERIt RGN e/haaRhe dagk bigosition

of the first signal can be arithmetically Coded using a context coimon’to the two or more bit positions.
This réducdd i atiRGdBEeShtexts as compared to the case of using a different context for each bit
p_ositi_o_n, an@tbm?he capa_city required of the_ memory can be reduced. [0061] 35For example, the
Az may el G PRraabe 16 Cswitch between the first coding process
compliant with the first standard and the second coding process compliant with
the second standard.
20 [0065]

Moreover, an image decoding method according to an aspect of the
present invention is an image decoding method for decoding last position
information indicating a position of a last non-zero coefficient in a
predetermined order in a current biock to be decoded, the image decoding

25 method including: first decoding for arithmetically decoding each of binary
symbois included in a first signal using a context switched among a plurality of
contexts according to a bit position of the binary symbol, the first signai being
included in a binary signal of the last position information and having a length
smaller than or equal to a predetermined maximum length; and second

30 decoding for, when the binary signal of the last position information includes a
second signal, arithmetically decoding the second signal using a fixed
probability, wherein in the first decoding, a binary symbol at a last bit position
of the first signal is arithmetically decoded using a context exclusive to the last
bit position, when the first signal has the predetermined maximum length.

35 [0066] .
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maximum length according to a size of the current block. [0062] With this, the maximum length of
the first signal can be varied according to the size of the current block to be coded. This makes it
possible to 5 appropriately set the maximum length of the first signal, thereby increasing the coding

efficiency. [0063] Fqr.example, the image coding method may fyrther. include: switching a coding
process to either a?i-rﬁ %Bﬂﬁﬁf %@%ﬁ%&%@\ﬁ%’%fﬁ?ﬁ ? égﬁh"@r é655§ d'eBt ?)rocess
cphmplierl]nt ;{\mhea:isetcmgdrﬁmmardtrﬁgﬁ a;égimg,iltnzz_iadt@sﬁrmseddzqtiﬂmm‘ N ifﬁfﬁimriﬁmmmdieating |'

either the first standard_ or the, secon rd wi ich.the. cadin cess switched.to is compliant,
wherein Wh%aetfg%nggﬁiﬁ %Eooéeags%es@%%rr%%Fggﬁﬁg)ﬁvr%f &é}?{é%%‘g%‘gﬁ}ﬁg %i?%r E’ir{schﬂﬁeg first
coding, andathélsecodingaffigienay bd pefotinediane ties il edding iasicbispieitan of thihis
makes it pogslble;in,syvitgh bepaaeRdne rSh o Yrd PraResS ARBIRIRN-WHN thst et slandiaglpnd the

second coding process compliant with the second standard. 20 [0065] ~ Moreover, an image
decoding matRCiE SSrEfyie ah kit Rasibeite prasdarinfdhianidapasble Jecodiepsadiied for
decoding lagsgpgjtieftdeiryalonaneieating=A pasiiier pbadast FpRRe sy AasHicienta aetepptermined

order in a current block to be decoded, the image decoding 25 method incIudingE: first decoding for

arithmeticalRPEEIBU GBS I S Hana) SR NSiReRiFd FRGHPYhEI4AT, BTERR&ERPBwitched

among a plppgay pf contexts according to a bit position of the binary symbol, the first signal being
includg:& in a binary, iIgnaI of the last %‘osi}j@ tion and.h alen maller,than or equal to

inform avi th
a predetermined m le%mﬁﬁh;'%n ecékd%%@ggdir?g%r,q\ﬁ}:%m% %Yr{g P ?gﬁglthgrlast
position informetidnitinchsildsre seterdtbigmaiharithehatit aflgsidoodifgtie Sesosiysigihatasibie a fixed
probability, %s\ft! ?r 0k i I8 ' y, it POSH [ ' is
arithmetical yI eﬁ%aec# rﬁﬁ?g%%%?@%%@g@ﬁ% tﬁ%p%rs?t& itﬂggb%gﬁf%wilgﬁjﬁfe}}%gt%ﬁa as the
predetermin@®&8ximum length. 35[0066] The binary symbol at the last bit position of the first

signal indicates whethey @180546% BingRL-5ipRgHRTSe ihe SPSARRSIgR Ho IS DeRRE BRs e binary

symbol at the last bit position of the first sighal has a large influence on the coding efficiency. Thus, the

binary'SymiBRataple RistAgelicsieh BIsnET5timgeRIneP R FERReRroti S ecetReicdndr@rent
from that ofdbgtbiracpsymbelnatibevther bigestiensodnivieyy ofikisetiscpessibleteriperegse the

coding e s AL TRl o g TR Y VRS AR R htext for each bit
position, and thus the capacity required of the memory can be reduced.
[0069]
20 For example, the predetermined maximum length may vary according
to the size of the current block.
[0070]
With this, the maximum length of the first signal can be varied
according to the size of the current block to be decoded. This makes it possible
25 o appropriately set the maximum length of the first signal, thereby increasing
the coding efficiency.
[0071]
For example, the image decoding method may further include switching
a decoding process to either a first decoding process compliant with a first
30 standard or a second decoding process compliant with a second standard,
according to identification information which is added to a bit stream and
indicates either the first standard or the second standard, wherein when the
decoding process is switched to the first decoding process, the first decoding
and the second decoding may be performed as the first decoding process.

35  [0072]
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position of the first signal using the context exclusive to the last bit position. [0067] 1(:)For example, in
the first decoding, each of binary symbols at two or more bit positions other than the last bit position of
the first signal may be arithmetically decoded using a context common to the two or more bit positions.
[0068] With this, each_ of binary symbols_at two or more bit positions other than 15the last bit position

t

of the first signal cah Ve & [EGSTERIGIEY SYIHGL BEhYSERoHMJITED FRERINGr RIS B

positions. Toisiptidaestith nheiiesobeaniexts asdempaechiaithecosngf peingss diffetphigontext for
each bit positign, and thus the capacity required of the memory can be reduced. [0069] 20For
example, th“é”ﬁ?e%‘eetéﬁﬁ% r)’(#?l length may vary according to the size of the current block.
[0070] YigrY #lis, the maximum length of the first signal can be varied according to the size of the

current block to be ded. Thi It. POSS] ropria 2f im ength of the
first sigsr?al, thereby %legr%a%ljngg %@%ﬁé‘%ﬁ%& %8%%’0 g@aor %éﬁ%le,%?r%aﬁg ec%%ing
method mayipigaeHaddesiogtéhinsteducatimpprosbys, t@Ritnte g divet ddeadingiptoserstesmpliant

with a first 39 standardon &SR APCaUIIPFRESREEARIANIWILL &ssS e SRR a5Rprding to

identification information which is added to a bit stream and indicates either the first standard or the

second starf@EP RAIRRIRIREHIRS d SERATRL PrEEe R tRISRIRN S EY e HREPBEEYUMPBIBERSS, the

first decoding apehiherspgendsliseading-anay hecpeiformed as the first decoding process. 35 [0072]
This makeséé]@(%jible to switch between the first decoding process compliant with the first standard

and th&sec coding process compliant with the second standard. [0073]
Hereinafter, embodiments will be described in detail using the drawings.

[0075]
It is to be noted that each of the embodiments described below shows a
general or specific example. The numerical values, shapes, materials,
15 structural elements, the arrangement and connection of the structural elements,
steps, the processing order of the steps etc., shown in the following
embodiments are mere examples, and are therefore not intended to limit the
scope of the Claims. Furthermore, among the structural elements in the
following embodiments, structural elements not recited in any one of the
20 independent claims representing the most generic concepts are described as
arbitrary structural elements.
[0076]
{(Embodiment 1)
FIG. 7 is a block diagram showing a functional configuration of an image
25 decoding apparatus 100 according to Embodiment 1. The image decoding
apparatus 100 decodes the last position information.
[0077]
As shown in FIG. 7, the image decoding apparatus 100 includes an
arithmetic decoding unit 110 and a reconstructing unit 104. The arithmetic
30 decoding unit 110 includes a first decoding unit 101, a second decoding unit
102, and a decoding control unit 103.
[0078]
The image decoding apparatus 100 obtains a bit stream BS which
includes the coded last position information.

35  [0079]
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5It is to be noted that these general and specific aspects may be implemented using a system, an
apparatus, an integrated circuit, a computer program, or a computer-readable recording medium such
as a CD-ROM, or any combination of systems, apparatuses, integrated circuits, computer programs,
or computer-readable recording media. 1Q [0074] Hereinafter, embodiments will be described in detail

using the drawings. [0®75Ft defadiRg e Vot DRt dRASSEMBRAED JUEEHeYBER shows
a general ofrgpeddit exanfipte. Sig sumieiihalevrldRsichapes binalgrisignabattetiuatelomants, the
arrangement and connection of the sgucttural elements, steps, trearoce si%or er of the sttﬁe‘#s etc.,
Chown i BTG o Sk ARt e GG Bl ARG, SRS RS it the
scope of thécihertsit pustieymofe reniBngrihesmboturdheddhremtsdrt) e ial | Givein g erobiodinoeit s,
tructural el ited i f i j r ing the most generic
concents ar lo o e A G e a0 a] A e CLE8AIRE 7 s blook

diagram shd@#§§h functional configuration of an image 25 decoding apparatus 100 according to

Embodiment 1. Therigagesieceian apnargiit 100 fecodisalie KishBpSifomaramaan iy

As shown in FIG. 7, the image decoding apparatus 100 includes ari arithmetic decoding unit 110 and a

reconstructigAIRIETeR, TWEIShtHRELESRNd8EbBMG TiFH!Y 160AER dUSIRgrdt eRdkahgUrikched, a

second decagipgdinit pRZaaRA ardeserting contrel apit 143nKI0KEL a IchdeHnAgsIdec@ding PParatus
100 obtains a bit stream BS which includes the coded Isstég(ﬁsir?pn information. 35%0079] The first
m

decoditly ufit48h rRnhEHEAR) S H B S BIERES UGS IR L REESRARAR AR R
included in prefmaryastyriiat efnetdst position information, using a context switched among a plurality

of contexts ﬁ?ﬁgﬁing to the bit position of the binary symbol. In other words, the first decoding unit
Here, when the first signal has the predetermined maximum length, the
first decoding unit 101 arithmetically decodes the binary symbol at the last bit
15 position of the first signal using a context exclusive to the last bit position. In
other words, the first decoding unit 101 arithmetically decodes the binary
symbol at the last bit position of the first signal using a context different from
contexts used for arithmetic decoding of binary symbols at the other bit
positions,
20 [0082]

For example, when the prefix part corresponding to the last value “7”
shown in FIG. 3C is to be decoded, the first decoding unit 101 arithmetically
decodes the binary symbol of the 8th bit using a context exclusive to the binary
symbol of the 8th bit. In other words, the first decoding unit 101 arithmetically

25 decodes the binary symbol of the 8th bit using, as the context for the bit
position of the 8th bit, a context different from contexts for the bit positions of
the 1st to 7th bits.

[0083]

When the binary signal of the last position information includes a second

30 signal, the second decoding unit 102 arithmetically decodes the second signal
using a fixed probability. In other words, the second decoding unit 102
decodes the second signal by bypass decoding.

[0084]
The second signal is a part of the binary signal of the last position

35 information, which has been arithmetically coded using a fixed probability. The
— 18 —_



5101 decodes the first signal by context adaptive binary arithmetic decoding. [0080] The first

signal is a part of the binary signal of the last position information, which has been arithmetically coded
using a context switched among a plurality of contexts. The first signal has a length smaller than or 10
equal to a predetermined maximum length. The first signal corresponds to the prefix part, for example.

[0081] EREENA AN R CAFRRANASHER e SEBERaThifRE $X8AEM length, the first decoding unit
101 arithmeftgpdig decodes the binary symbol at the last bit 15 position of the first signal using a

context exclusive ta.the last bit positign. In other.words, the first decoding unit 101 arithmetically
decodes the binary L Ber20 8 RATER HHURAR o R RG R AER R L SHeAE R e B
contexts usé& fowastiertibeepading dhenznceympbolsrit the ibel bidgropitioast 2H[aB82]jast For

g, . i i | e INEIG. 3G i be decoded,
the frotiocame A e 5 0 1o SRt e et L R e R e
exclusive tondle Ieniagiusiedbisl Snenarimrbitimdstedinardsitid Brstdedoging sai, 10kdmpartically

25 decodesBeqie vsyataReline ALDHUPIRAASRLARIEHIR B BbPASIEQDS! the BIh bit a

i h
context different from contexts for the bit positions of the 1st to 7th bits. [0083] When the binary signal
of the last p&ﬂﬁﬂ information includes a second 30 signal, the second decoding unit 102

arithmetically decodegthegrrRnd-siggaliHENDa fied psabridithdnrpihesMardshssrsanddecoding
unit 102 decpdes the second signal b ass decoding. [0084] . The second signal is a part of
the bindry s?&ﬁa‘l’%'ﬂﬁé RS gg?ﬁ'?/é) éﬂo&‘,evyﬁ F{Q%tl%bwg?m@ﬂeaw EERURHENY a fixed
probability. {ihethd Sinsecaigrsipvahichrreshones thehéirsufigpailt, fad edessplect include the

second signal or (ii) the binary signal which includes the first signal and the

second signal.

[0087]

15 Next, using FIG. 8A and FIG. 8B, the following describes in detail
operations of the image decoding apparatus 100 having the above
configuration. Described hereinafter is the case where the first signal is the
prefix part and the second signal is the suffix part.

[0088]

20 FIG. 8A is a flowchart showing an example of processing operations of
the image decoding apparatus 100 according to Embodiment 1. As for FIG. 8A,
the prefix part of the X component, the suffix part of the X component, the
prefix part of the Y component, and the suffix part of the Y component are
coded and placed in the bit stream BS in this order. It is to be noted that in

25 some cases the suffix part of each component is not included in the bit stream
BS depending on the value of the component.

[0089]
First, the first decoding unit 101 decodes, from the bit stream BS, the
coded prefix part of the X component by context adaptive binary arithmetic

30 decoding (5101). For example, the first decoding unit 101 arithmetically
decodes the coded prefix part on a one bit-by-one bit basis until a
predetermined maximum length is reached or until *1” is decoded. It is to be
noted that context switching will be described later.

[00901

35 Next, the first decoding unit 101 determines whether or not the binary
— 19 —



[0085] The decoding control unit 103 manages, for each part of the bit stream BS, whether the
part is the X component or the Y component of the last 5position information. It is to be noted that the
decoding control unit 103 need not be included in the arithmetic decoding unit 110. That is to say, the
image decoding apparatus 100 need not include the decoding control unit 103. [0086] The

reconstructiflg Uit 04 fe CoRIRASENE sl dRtatEErHERe Mt 16 1 Vel 83RPOMNtRcluded in
the last posiign iéesnmiipuiby dehingszinginktherzinanesignabyvkighanciades tedisisigeakand

does not include the second_signal or (ii) the binary. signal which includes the first signal and the
oot sign BT S RO ith S L0 R e B A G P o P BB rations
of the imagéedetbding &pp driatuy HY0rtaing|thes abdudemitfigheaposfiDpactibesl dieréhafter is the

case wgeregﬁggrjt signal is the prefix part and the second signal is the suffix part. [0088] 20FIG. 8A is

a flowchart ow% g an example of processing operations of the image decoding apparatus 100

according to Embodimient. Rs forokeg . Qﬁatth’@hprmpiafﬂmﬂm@%ﬁmnﬂfoﬁ%m,QI@Sufﬁﬁfrbaiﬁ of the X
component,Jhe arafoh iy Yhs i TP AN thaRBEL RS SUEIXBALES ME CW@WF’ gpded and

placed in the bit stream BS in this order. It is to be noted that in 25 some cases the suffix part of each
component FEHETINELIREHN tRE Bieskadiy B WisdrigRpbIRthiHIgsBRINEESHPERR T8089]
First, the firsiglggegdingamit 101 decodes, from the bit stream BS, the coded prefix part of the X
componenttﬁigé%rgtext adaptive binary arithmetic 30 decoding (S101). For example, the first decoding
unit 109 ari ally decodes the coded prefix part on a one bit-by-one bit basis until a
predetermined maxitat Jengthtise hedugdaignuitibf thésX ecodedndins tachaelnotetktbaffboptaxt

suiching wilBg fiessyipsy! Ble"s L0990 BNt 4"6 et g5 asiaaun IO RS miBgR whee o net
the X component by bypass decoding (S103). On the other hand, when the
binary signal of the X component does not include the suffix part (No in 5102),
15 Step 5103 is skipped.
[0093]

Next, the reconstructing unit 104 reconstructs the X component of the
last position information by debinarizing the binary signal of the X component
which includes both the prefix part and the suffix part or which includes the

20 prefix part only (5104).
[0094]

After that, the first decoding unit 101 decodes, from the bit stream BS,
the coded prefix part of the Y component by the context adaptive binary
arithmetic decoding (S105). More specifically, the first decoding unit 101

25 decodes the prefix part of the Y component in the same manner as the
decoding of the prefix part of the X component.
[0095]
Then, the first decoding unit 101 determines whether or not the binary
signal of the Y component includes the suffix part ($106). More specifically, the
30 first decoding unit 101 determines whether or not the binary signal of the Y
component includes the suffix part in the same manner as the determination as
to whether or not the binary signal of the X component includes the suffix part.
[0096]
Here, when the binary signal of the Y component includes the suffix part

35 (Yes in 5106), the second decoding unit 102 decodes the coded suffix part of
— 20 —



- 19 - signal of the X component includes the suffix part (5102). For example, the first decoding unit
101 determines that the binary signal of the X component includes the suffix part when the prefix part
has the predetermined maximum length and the binary symbol values included in the prefix part are all

"0". 5[0091 t is to be noted that the maximum | ft refix part is predetermined according
to the trans#gﬁmyéi%%mgpgﬁﬁne%}/e blygﬁgiaoraﬁﬁ%d{@% Tﬁg@%mﬁﬁgﬂ? o$$ﬂ%rp'r€)§f?>gpg\r’{‘%nd%%grmined in
the mannertihawnhdigFGobBherFBna®IE[00e2E not Heledatibe thefinparsiiiainl3hesy,
componentﬁg@%tp%%g{%%art (Yes in S102), the second decoding unit 102 decodes the coded

th '

suffix part o X component by bypass decoding (5103). On the other hand, when the binary signal
of the X cortfp@Réht does not include the suffix part (No in 5102), 15Step 5103 is skipped. [0093]

Next, the reconstrughiggynikd Q4deRORSIFHAS HiRr oamBeessak-attaairsyPesHEB B BRHE by

debinarizing the binary signal of the X component which includes both the%)refix part and the suffix
part or which$hdROSELmdBepRANaRa R AIFRIE 204N 0E¥R PInank el Bt first BREHRAAG Uit 101
decodes, froynitite ipitisieamn&h, the endad prefix aadt oidhsurfiroppensnidnidheisanie adaptive

binary arithmetic decoding ( E%%More specifically, the first decoding unit 101 25 decodes the prefix
IR Y e i

part of the Y it e manner as the decoding of the prefix part of the X component.

[0095] Tb@s8ihe first decoding unit 101 determines whether or not the binary signal of the Y

com pqraent includeﬁgw)& SH:t,féX ﬁﬁ%@&@&é&@épﬁ%ﬁﬁ%& wﬁe %% f?ﬁ%}g{?{cﬁﬁgml%}‘% ﬁj%ermines

whether or not the binar{ sigh componen Same manner as the
determinatiétfis toanhefreadr corpersinhgreighdest indhecbihporenintiatey des siffixgrdrt. [0096]
Here, whendhe pinagy: signal girthe Y component includes the suffix part 35 (Yes in S106), the second
decoding urEi(t}Ol892]decodes the coded suffix part of - 20 -

FIG. 8B is a flowchart showing another example of processing
15  operations of the image decoding apparatus 100 according to Embodiment 1.
It is to be noted that in FIG. 8B, the processes performed in steps denoted by
the same reference signs as those in FIG. 8A are basically the same as the
processes described in FIG. 8A. Furthermore, here, a suffix flag is assumed to
be set "OFF” as the default value. It is to be noted that the suffix flag is an
20 internal flag indicating whether or not the binary signal of the X component of
the last position information includes the suffix part.
[0100]
As for FIG. 8B, the prefix part of the X component, the prefix part of the
Y component, the suffix part of the Y component, and the suffix part of the X
25 component are coded and placed in the bit stream BS in this order. It is to be
noted that in some cases the suffix part of each component is not included in
the bit stream BS depending on the value of the component, as in the case of
FIG. 8A.
[0101]
30 First, the first decoding unit 101 decodes the coded prefix part of the X
component by context adaptive binary arithmetic decoding (5101). Then, the
first decoding unit 101 determines whether or not the binary signhal of the X
component includes the suffix part (5102). Here, when the binary signal of the
X component includes the suffix part (Yes in $102), the first decoding unit 101

35 sets the suffix flag "ON"” (S111).
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the Y component by bypass decoding (S107). On the other hand, when the binary signal of the Y
component does not include the suffix part (No in 5106), Step S107 is skipped. [0097] 5Lastly, the
reconstructing unit 104 reconstructs the Y component of the last position information by debinarizing
the binary sj rﬂ' f the Y component which includes both the prefix part and the suffix part or which
includes thet% part only (S108). [0098] 10Next, the following describes the case where the prefix
part and the suffix gan dieatherampdnevitemetipéabathiry thig hi sifehan ihamgdeedifidgsentfoim that in

FIG. 8A. [0 | isqa.f i lg. i iong of th
mage deco a0 e o B e B R B e .
processes pafoxniEgin Géps deneteerbyeidsathe reféfisnBasigpas thoSd i, FYGIGA iarélsasically
the same agitips FFOFSRRES ?@%%egé”n%@d%a’f%@eﬁ?&?rﬁeh%ﬁhg SWitixftRO i3 Apsuuneddo be set

"OFF" as the default value. It is to be noted that the suffix flag is an 20 internal flag indicating whether
or not the b#RXdigisal @Ffhe R@omponent of the last position information includes the suffix part.
[0100] fs1oBFIG. 8B, the prefix part of the X component, the prefix part of the Y component, the

suffix part of the Y component, and the éf part of the component are o%zg and placed in the
bit stream BS in thii?gﬁer. 'I'P@tog"f)%pnoﬁJ %Ein%@r’ﬂeﬁé%s ﬁe@%?sﬁaﬁeg? hteoﬁgﬁor?ént is not
included in tweiiicsteears BErimpeadimgthr senvalomnhtreacdmPd@eiAas in the case of FIG. 8A.
[0101]%0[2@161 first decoding unit 101 decodes the coded prefix part of the X component by context

adaptive birary arithmetic decoding (5101). Then, the first decoding unit 101 determines whether or
not the binary signahiEthienat ctnspserondndiadsiing e silffbORate(8HOR)cH avb clitnctheddinbey signal

g;;h,?oﬁ 9((’;518@}?%5%%%% enpulieqRay. (Yag/ 3hHeh i lEarAeGRlng Wait 2B338RIS [Re suffix
S112), the second decoding unit 102 decodes the suffix part of the X
component by bypass decoding (S103). On the other hand, when the suffix

15 flag is not set "ON” (No in S112), Step S103 is skipped.

[0105]

Lastly, the reconstructing unit 104 reconstructs the X component of the
last position information by debinarizing the binary signal of the X component
which includes both the prefix part and the suffix part or which includes the

20 prefix part only (S5104).

10106]

Consecutively decoding the prefix parts of the X component and the Y
component and consecutively decoding the suffix parts of the X component and
the Y component in this manner makes it possible to reduce the number of

25 times the arithmetic decoding methods (context adaptive binary arithmetic
decoding and bypass decoding) are switched. This allows the arithmetic
decoding unit 110 to arithmetically decode the coded last position information
efficiently.

[0107]

30 Furthermore, consecutively decoding the suffix parts of the X
component and the Y component makes it easier for bypass decoding to be
performed in parallel, thereby increasing the processing speed.

[0108]
Moreover, consecutively decoding the prefix part and the suffix part of

35 and the Y component eliminates the need to set the suffix flag for the Y
— 22 —_



[0102] On the other hand, when the binary signal of the X component does not include the suffix
part (No in 5102), the first decoding unit 101 does not set the suffix flag "ON". In other words, the suffix
flag remains "OFF", which is the 5 default value. It is to be noted that the first decoding unit 101 may
set the suffix flag "OFF" here. [0103] Next, from Step 5105 to Step 5108, a process related to the
Y componef®isparitmedin pideamerdantbeasapdaiy, saduomief] the Ameingiat, @ae seeond

decoding upladelsmisRsReinanote! igeuli iadael AN GRafe) JARrConitaR the suffi
flag is set "ON" (Yes in S112), the second decoding unit 102 decodes the suffix part of the X

component 3 HyPasEdeERIimy B 0BROPIhEGthEr FRMPINREE BT S BaFtithottXON" (No
in 5112), SteprraendntskipRrethd SLERL partlasthe thesaganstineiinehin b4 reconstructs the X

component of th§iast position information by debinarizing the binary signal of the X component which
included bolf H prefix part and the suffix part or which includes the 20prefix part only (S104). [0106]
Consecutively decading,thiecpfeliovparettribéscompraesniiand the Yeomipenpréiand congecutively

decoding the suffix patts of the X component and the Y .compenent in this ma it possible to
oduce the FORTLS DTG A G thd B e AR e L RS e
decoding amkbgphsd deredmhdharaswivche: Tinssalffwpardsasithrhata decotinGalititRice
arithmetical%e%de the coded last position information efficiently. [0107] 30Furthermore,
consecutively decoding the suffix parts of the X component and the Y component makes it easier for

bypasdtectiidto be performed in parallel, thereby increasing the processing speed. [0108]
With the Golomb-Rice coding, the length of each suffix part is not fixed.

The suffix part can be divided into two parts, the first half and the second half.
[0111]
The second half is a fixed-length part having a length indicated by a rice
15 parameter (hereinafter referred to as “"RP”).
[0112]

The first half can be represented by: “1” that increases in the unit of a
number representable by 2 to the RPth power (2%) (e.g., in the unit of “4”
when RP is “27); and “0" that is set at the last bit position. More specifically,

20  when RP is "2”, the length of the first half increases by 1 bit for each unit of 2 to
the RPth power as follows: 0, 0, 0, 0, 10, 10, 10, 10, 110, 110, 110, 110, ...
[0113]
It is to be noted that here, the amount of information to be represented
by the suffix part is known, and thus it is possible to omit the last “"0” of the first
25 half when the first half has the maximum length. For example, when RP is "2”
and the maximum amount of information is “127, the first half can be
represented by any one of 0, 0, 0, G, 10, 10, 10, 10, 11, 11, 11, and 11. By
omitting the last “0” of the first half in this manner, the coding amount of the
binary signal can be reduced by 1 bit.
30 [0114]

The maximum amount of information can be represented by the
difference between the length in the transform size and the length of the prefix
part. This reduces redundant bit(s).

[0115]

35 It is sufficient as long as RP is predetermined according to the transform
— 23 —_



Moreover, consecutively decoding the prefix part and the suffix part of 35 and the Y component
eliminates the need to set the suffix flag for the Y - 22 - component. In other words, the capacity
required of the memory can be reduced as compared to the case of decoding the prefix part of the X
component, the prefix part of the Y component, the suffix part of the X component, and the suffix part
of the Y corfigénenitshanis ordEFG[0T09Y FIGNSK, fhe Ritlewiplg deSbithaickesampssibfatHe

decoding prassss o bcard ol RAES 8 15k emAANAVATK ek apMROnSRL(30hand

S111). Described here is the case where the suffix parts are binarized by Golomb-Rice coding.
10[0110] trafsfie e S oA RS cHnerding) B4 RERERIIEHot fixed. The suffix part
can be divided 8P two parts, the first half and the second half. [0111] The second half is a

fixed-length part hayjng a length indicated by a rice 15 parameter (hereinafter referred to as "RP").
[0112] ° The firsﬂﬂ f%%ﬁP W%p%%%%ﬁ?@ﬂgmyzuﬁ“‘%dﬁ%cr esARFRFGAR ofh AlfpEcond

representaldeduydiity tinét RBh foovdex:(2RRT) (eegsuffitheamibdiddlehen RBlisviB-Riandiribat is set
at the last bjt ition. More specifically,,20. when RP, is 2", the.length of the first half increases by 1
it for each THTE S H poter J8 TG RCERs, G Eh LS8 TS e e,

[0113] rpstetimnacitthhachens, desedingynndf iffdracatoditgde feplesdintemby the suffix part is
known, and @i‘fﬁ:is possible to omit the last "0" of the first 25 half when the first half has the
maximum Iéngth. or example, when RP is "2" and the maximum amount of information is "12", the

first hal can be repFéSéntiiebyeaopdnesseding ot 1) csals, 20, RR, valuer (8261, BY@mitting the
last "0" of the,Hegidlf IncHUSTRRME ee SRLINthAMPINefdRe Rinanyregnd sande tsdicedPy 1 bit.

30[0114] The maximum amount of information can be represented by the difference between the
length in thEXARSEMIQisELNERE 1¥ALR: of e preflefRimnied FebiR & tBiuRRsR (igdRR 15] 351t
is sufficient sisolend s IRE SopedaEDRedageardise to the transform

[0118]

15 It is to be noted that the second decoding unit 102 may set the RP value
without referring to the table. The setting of the RP value will be described later
in detail using FIG. 10A to FIG. 10D.

[0119]
Next, the second decoding unit 102 sets a Max value (5202). Here, the

20 Max value indicates the maximum value of the length of the first half of the
Golomb-Rice code. More specifically, the Max value indicates the shortest
length of the binary signal that can represent a value obtained by subtracting
the maximum length of the prefix part from the maximum value of the last
value. Thus, the second decoding unit 102 derives the Max value by (i)

25 subtracting the length of the prefix part from the maximum value of the last
value and (ii) dividing the resultant value by 2 to the RPth power or performing
a right shift operation on the resuitant value by RP bit(s).

[0120]
It is to be noted that the maximum length of the prefix part may be

30 varied according to the transform size as shown in FIG. 9B or FIG. 9C.

[0121]

Next, the second decoding unit 102 decodes, from the bit stream BS, a
signal corresponding to 1 bit of the Golomb-Rice code by bypass decoding, and
increments the count value (default is "0”) by 1 (5203).

35 [0122]
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size as shown in FIG. 9D or FIG. 9E, for example. This makes it possible to represent the suffix part
with a binary signal having a length adapted to the transform size, and thus, the coding efficiency can
be increased. [0116] 5The following describes, using FIG. 9A, operations of the second decoding unit
102 for decoding the suffix part binarized by Golomb-Rice coding as described above. FIG. 9A is a
flowchart showing dieesamplerotpeoctessidgah séganb o ofasposetvgdtdedobingunil @¥ewcdording to

Embodimend o J91 14 MEALRH&PRRANGHECRARG H EQFRRE:RRE BRI M Ehe

specifically, the second decodirig unit 102 refers to a predetermined table, for example, to set the RP
value. The PréU8HsRIIREEEEH iR iR 248€.is a table shown in FIG. 9D or FIG. 9E, for example. [0118]
15It is to berpgtesythat the second decoding unit 102 may set the RP value without referring to the
table. The setting of the RP value will be described later in detail usi&g FIG. 10A to FIG. 100. [0119]

e

Next, tHe second de¥bdiig Rite02'88E XL VEife (65895 sHaN 20 Plax Val (W RSN ERES the
maximum vakeoéthsidergtls ofithe(firstihalixd4heiGiel eisteRigacddeh Mbee spatiically, dherviax value

indicates the shortest length of the hinary signal an represent a value obtained by subtracting the
maximum Ievr?zlﬁ?oi%tﬁg%?qeﬁ? &ﬁr f&?ﬁ(t gﬁ\’??al%?@r%?\'/al g%?’tﬁ%nggt @é‘ﬁ.lg%ﬁlsv,q s8cBA
decoding umigaaltdetine §ine wadxeraNe iny D 25) stibérgotingshadtngts of tBeepr&20partftora the
maximum v . lagt.V, viding,.the se lye RPth po r
performing gﬂ’%ﬂ%ﬁ g@%r%%%@gtéggrcgé It%%v%@ée%%@ég%(gg%%ﬁ}mgpoR%@ t%&?){g%loted
that th€Omagiexirh Rib§htoe teeleretxRisa assle hy 3ty pasedecediting to the transform size as shown

in FIG. 9B cr'olf@]gc. [0121] Next, the second decoding unit 102 decodes, from the bit stream
al corres

BS, a sign onding to 1 bit of the Golomb-Rice code by bypass decoding, and increments the
count value (defaulPB €9 BiherdEns, s sbe count value'is equal to the Max value (Yes

in S205), the decoding of the first half of the suffix part finishes, and the
process proceeds to Step $206.

15 [0125]

Next, the second decoding unit 102 decodes the second half of the
Golomb-Rice code (a binary signal having a fixed length of RP bit(s)) by bypass
decoding (5206).

[0126]

20 Lastly, the second decoding unit 102 reconstructs the value represented
by Golomb-Rice coding (5207). Here, the value is reconstructed by adding up
the second half of the Golomb-Rice code and a value obtained by shifting, to
the left by the RP bit(s), a value obtained by subtracting 1 from the value
represented by the first half of the Golomb-Rice code.

25 [0127]

It is to be noted that in some cases the value of the binary signal of the
second half is binarized in the form of a reversed value. In such cases, the
second decoding unit 102 performs the reconstruction with this reverse taken
into account. It is to be noted that it is sufficient as long as the decoding

30 apparatus and the coding apparatus determine in advance whether or not the
value of the binary signal is to be reversed. Neither the coding efficiency nor
the processing load is affected regardiess of whether or not the value of the
binary signal is reversed.

[0128]

35 Next, the following describes, using FIG. 10A to FIG. 10D, a method of
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Here, when the decoded signal corresponding to 1 bit is "0" (Yes in 5204), the decoding of the first half
of the Golomb-Rice code finishes, and the process proceeds to Step 5206. [0123] 50n the other hand,
when the decoded signal is not "0" (when the decoded signal is "1") (No in 5204), it is determined
whether or not the count value is equal to the Max value (5205). Here, when the count value is not
equal to thedREEXVENRI(KneiRB 2ebyethag iHecawpernrs {esitp aDUwe mefespadifically, the second
decoding urﬂgﬂﬁ]decodes a signal corresponding to the 10 next 1 bit of the Golomb-Rice code by
bypass decoding.[0124] On the other hand, when the count value is equal to the Max value (Yes

in 5205), the decodi§ o tRA fitkik oF thesshest et ARISHEAINING tHReprBBes@ MR ceBds tHStep

S206. 15[0Aakimurilexigihe sregand esoging sribldAdesadestapseeandialf of the Golomb-Rice
code (a bin ignal having a fixed length of RP bit(s)) by bypass decoding (5206). [0126] 20Lastly,

the secdnd ng unit 102 reconstructs the value represented by Golomb-Rice coding (S207).
Here, the value is reget)stretsstbyddtbogdipghendecoddizihiokthihdColansicRicaicedesand p value

btained b ifti to the | the. RP bit(s), tai tracting 1 f t |
represented By e 1ot Rt or s Cal o a2 PGS 2 Bl A iRt B
cases the valgs %Hm&%@malaﬁehsmecbﬁmﬁm i§1ﬁ'Mﬁze&mrﬁq@m_@ﬂaeéﬁémelima!ue. In
such cases (g seraneprodiPo IO Be HRURS RS ERCOOBIIRIPN IR QYpIsELgssn nto

account. It is to be noted that it is sufficient as long as the decoding 30 apparatus and the coding

apparafus de4EraiaaheadiensecRREHECceEnG Wit dle bRies BRah aRjAd o rdldried. Neither
the coding efficisn ey @OTheiRIRGRES G Iqathisorippies cerareaso WpaIRRRPERRL teale of the
binary signal is reversed. [0128¥ 35Next, the following describes, using FIG. 10A to FIG. 10D, a
method of -®8ximum length of the prefix part, to determine the maximum length of the

prefix part (S303).

[0131]

15 FIG. 10B shows a method of determining the RP value and the

maximum length of the prefix part according to prediction information.

[0132]

First, the second decoding unit 102 obtains prediction information

(S311). The prediction information is information related to prediction of a
20 transform block which is a current block to be decoded. For example, the
prediction information indicates whether the transform block is to be decoded
by intra prediction or inter prediction. Furthermore, for example, the prediction
information may be information indicating a prediction direction in intra
prediction.
25 [0133]

Next, the second decoding unit 102 determines the RP value based on
the prediction information (8312). For example, it is known that in the case of
inter prediction, there are generally less high frequency components than in
intra prediction. Thus, when the prediction information indicates inter

30  prediction, it is sufficient as long as the second decoding unit 102 determines
such an RP value that allows the X component and the Y component having
small values to be represented by short binary signals. More specifically, when
the prediction information indicates inter prediction, it is sufficient as long as the
second decoding unit 102 determines an RP value smaller than an RP value

35 determined when the prediction information indicates intra prediction.
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determining the RP value and the maximum length of the prefix part. [0129] FIG. 10A shows a
method of determining the RP value and the maximum length of the prefix part according to the
transform size. 5[0130] First, the second decoding unit 102 obtains the transform size (S301).
Then, the second decoding unit 102 refers to a table as shown in FIG. 9D or FIG. 9E indicating a
relationshiplBetftlen the transform size and the RP value, to determine the RP value associated with

the obtained transferiaize{aRY2)v AR UHbeHmREIdhefertnd dreesinBing 10e relsrsdaw table as

shown in FIG. 98 or FIG. 9C indicating a relationship between the transform size and the maximum
length of th&FRSHPPart 16 ARBeRANY EePREtRth dhfleHin bR PRI SN (E0 dpsto POEINASEIG. 108
shoc\j/vs a meitf@dﬂéti@teonmgi)@m e @Paﬁﬁluﬂaamd g@?més&n@.m Imgthe%& tiaeg mrﬁﬁg mréﬁf:fﬂ%ding to
prediction information. [01 First, the second decodipng unit tajns prediction jnformation
(S311) ST POk HARTR 6 I HORTION T8 B o ERNH, SRttt BB mhich i
a current blaskltmpeadetmdsecdral ekaoyile; thaipredictebartoimeafias ittcRfeyalhethérttwe Yransform
block isto b by in icti ' igtion,_Furt re, e, ediction
information %ﬁﬁ%’qﬁﬁgréit%)ﬁ]%@%ﬁﬁ%%ﬁ%(ﬁﬁ@% 3% rlgc\:ft?(i)#él r? ?nlitrﬁa? B%re(‘f(ﬁ @%}%{%@%m}%% Next,
the second Becodiag ihatledaetéhainredidiaP dhr@ipasel tirtheprdititivon imfdrenatotiqg312).

For exampley ibiikROWNSRAFHRHIG SRSRAGIBICHRICHIERR dRRBRIAS GRReBY deesighdeguency

components than in intra prediction. Thus, when theé)redictlon information indicates inter 30
predicl®n, ithe RificiHe & IR s onereda aeddiivg uRismaligeibianibs RRIYANRP FERe that

allows the Xrceippesnem@and the Y component having small values to be represented by short binary
signals. Moiiigﬁgifically, when the prediction information indicates inter prediction, it is sufficient as
long as the decoding unit 102 determines an RP value smaller than an RP value 35determined
when the predictior_itiyn altiernsewticateteidtinyy adittidn 26teri®lddd the Fostkienmerdemdien the
direction of intra prediction is the horizontal direction, it is generall ted that the Y component of
the last posﬁ?oErﬁ |ér)1 orrerﬁét o |sbs§rsn%%eorr}rﬂaﬁ He gicggrﬂﬁ%iogmglﬁo\ﬁ/e@)% is, when the

15 [0136]

As described above, the second decoding unit 102 can vary the code
length of the binary signal according to the prediction information, and thus, the
coding efficiency can be increased.,

[0137]

20 FIG. 10C shows a method of determining the RP value and the
maximum length of the prefix part according to statistical information.
[0138]

First, the second decoding unit 102 obtains statistical information
(S321). The statistical information is, for example, information on statistics of
25 the length of the binary signal of the X component or the Y component included
in the last position information of a previously decoded block.
[0139]
Next, the second decoding unit 102 determines the RP value based on
the statistical information (S322). Lastly, the second decoding unit 102
30 determines the maximum length of the prefix part based on the statistical
information (5323).
(01401
As described above, the second decoding unit 102 can vary the code
length of the binary signal according to the statistical information, and thus, the

35 coding efficiency can be further increased.
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5 prediction direction of intra prediction is the horizontal direction, it is sufficient as long as the second
decoding unit 102 determines, as the RP value of the Y component, an RP value smaller than the RP
value of the X component. It is to be noted that when the prediction direction of intra prediction is the
vertical direction, it is sufficient as long as the second decoding unit 102 determines, as 10 the RP
value of the[1cbhiponent, an RP value smaller than the RP value of the Y component. [0135]

Lastly, the second ggeodingyinih L datermingsdhermaxiaiisngtael the piplisagpsed on the
prediction information (S313). 15[0136] As described above, the second decodina unit 102 can

vary the codBaSHGHOf BTN afytER ek Seih FESAE e RcRoRIBYSRHRMoME #8nef coding

efficiency cand® insiesseeniGiey HEON cotpforshignvs a method of determining the RP value and the
maximum Iﬁ:{ﬁt%%ﬁf the prefix part according to statistical information. [0138] First, the second

decodir?g u obtains statistical information (S321). The statistical information is, for example,
information on statiiict, ah2bstin lehgiiacotithg bindryGigobtaihthe Xreemopehedikootizae Ybicermponent

included in last ition informatign o vigusly d block. [0139 ext, the second
decoding uEc SEIEHaL e e e SO T Ll cal Rrortiatiniqs 08 SERety e
second qecdan@mgturm‘g B0Hetdnitines plﬁemmmde@gchbmmbwfhbamtodil.'igaastatistical
information (ged)y[0sAflonent ATRTRIARGBD0YP Shsaskonf decoding LBLARRSAefydhe code

length of the binary signal according to the statistical | lon, an% us, the 35 co iciency
can bdGurtHeencREAgEY. @ Jrevioudlyrdecoded Y component when decoding a coded X

component.
[0143]

Then, the second decoding unit 102 determines, using the previously-

decoded one of the X component and the Y component, the RP value of the
15 other, yet-to-be-decoded one of the X component and the Y component (5332).

Generally, it is likely that the X component and the Y component have the same

or similar values. Therefore, when the value of a previously-decoded X

component is smaller than a certain value (e.g., half the transform size), for

example, the second decoding unit 102 determines, as the RP value of the Y
20 component, a value smaller than the RP value of the X component.

[0144]

Lastly, the second decoding unit 102 determines, using the previously-
decoded one of the X component and the Y component, the maximum length of
the prefix part of the other, yet-to-be-decoded one of the X component and the

25 Y component (5333).
[0145]

As described above, the second decoding unit 102 can vary the code
length of the binary signal according to a previously-decoded one of the X
component and the Y component, and thus, the coding efficiency can be further

30 increased.
[0146]

It is to be noted that the methods of determining the RP value and the
maximum length of the prefix part shown in FIG. 10A to FIG. 10D may be used
in combination. For example, when there is no information to refer to, the

35 second decoding unit 102 may determine the RP value based on a
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FIG. 10D shows a method of determining the RP value and the maximum length of the prefix part
according to a previously-decoded one of the X component and the Y component. 5[0142] First,
the second decoding unit 102 obtains a previously-decoded one of the X component and the Y

component (5331). For example, the second decoding unit 102 obtains a previously-decoded X
component IVegrlgsouoiRg bl athersas porenttirrmeHsintoenriicxampiderte st seadeabding

unit 102 10 gaay AAF IR APTRYIOsH ABERIRS YeCAmPRBEDS IHRCAHIBRRRIRS B GRdefho campgpent

[0143] Then, thé second decoding unit 102 determines, using the préviously-decoded one of the X
component WhiFtheay BsmiBiEaE tRe 1:2P value of the 15 other, yet-to-be-decoded one of the X
component gndqtye Y component (5332). Generally, it is likely that the X component and the Y
component have the same or similar values. Therefore, when the value of a previously-decoded X

compofent is smallKRHY & chGinGra0E @86°HHAH HRtrAR<SAYIZR o BRaHBIA e dNd
decoding uténtiR détdrenmesiasdhteiik Bheataeref thanh2p aonmorenaiuelue gmallpethatethe RP

value of th omponent. [0144 Lastly, the secqnd oding unit 102 determines, using the
previously- 5@% eré)egn%qgf\fﬁtu%c%fn%%?eg?gwdo e %%%‘g%%ﬁ%@%&% I Pé—ﬁgsfﬁt((a)?“ﬁe prefix
part of the dRdgrget-iv-isesufetertiampiog the themapond aienoditeg 25ity dinpetsemi(@33B) [0145]

As d ibe h ' ' t | ignal
recording 0 L 6 o hE K ooy eV CombEnen s e e

coding @fficRieRrY seRReReEoME escdif ol s pe smelk idserraracHhemsafistangiivin
determining fhe REreandiReRaxinwme ot aldbeprelcpass shown in FIG. 10A to FIG. 10D

may be used in combination. For example, when there is no information to refer to, the 35 second
decoding urm]i%%]may determine the RP value based on a - 28 - predetermined table, whereas when

there is informationNexefeiHe, ikl #eegndedespdinrivaittbpiamay datarmipeltRRy/ate regording to
the informa%%giwglj]cpn 3rr}nba igenfebr\;egogwotéxt adaptive binary arithmetic decoding.
15 [0149]

FIG. 11A is a diagram showing an example of a relationship between bit
positions and contexts according to Embodiment 1. FIG. 11B is a diagram
showing an example of a relationship between bit positions and contexts
according to a comparable example.

20 [0150]

FIG. 11A and FIG. 11B show a relationship between bit positions and
contexts for four types of transform size (4x4, 8x8, 16x16, and 32x32). In FIG.
11A and FIG. 11B, the rectangular blocks arranged in the horizontal direction
correspond to the bit positions of the 1st bit, the 2nd bit, the 3rd bit and so on

25 in sequence from the left. Furthermore, the numeric value in each block is an
index value of the context used for deriving a probability to be used in decoding
the binary symbol at that bit position.

[0151]

In FIG. 11A, there are 16 types (0 to 15) of contexts used in decoding

30 the prefix part. Furthermore, in FIG. 11A, the maximum length of the prefix
part is “3%, “4"”, 4", and "8" for the transform size 4x4, 8x8, 16x16, and 32x32,
respectively.

[0152]
As for FIG. 11A, when the transform size is 8x8, for example, a

35 probability value derived from the context identified by an index value “3” is
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[0147] 5Moreover, the second decoding unit 102 may determine the maximum length of the prefix part
in the same manner as the RP value. It is to be noted that when the values of the X component and
the Y component are predicted to be large, it is sufficient as long as the second decoding unit 102
determines the maximum length of the prefix part to be shorter than when the X component 10 and the
Y componetsafeds doietodadabe! isynsh] e tre abdagdingpredxtimagth fythizohehbiee reslubdsahe

numberof nceseany capie D] o o eitefluing lesrings the coPIBESEAAEY

decoding the last position information by context adaptive binary arithmetic deco mg. 15

FIG. 11A isRYdMyiBAESNGIHR dh dRaRpfk 3F AheIRiBRakiiilyetmben it pesridng dhe dIRtts

according tg gigremid . i bl Brig %r@asrénmhowiﬁﬂ:aﬂﬁxarg%am laHanshiplhriween bit
positions and contexts according to a comparable example. 20 [015 FIG. 11A and FIG. 113
show aYelaliGRRAPRERiVEET IHEPLEIHETY A BoREXR 5 féuﬁﬂfé’sajcﬁ%r‘éﬂ%ﬁﬁﬁé%tt’4%ﬂ{%<8,

16x16, and f32x&odinglGhe bhanddytabadilst the meianngular blocks arranged in the horizontal
direction Colwd to the bit positions of the 1st bit, the 2nd bit, the 3rd bit and so on 25 in sequence
from the left. "Furthermore, the numeric value in each block is an index value of the context used for
deriving a probabilifyntsiehusechamdecpdisidahd-bihaiylsynthel btrtaay sy pasiliat. 0E5HdIN TG, 11A,

h 1 j cadi i ' G. 11A,
the mam BT S e ot St b egEatp ack b e B b ERTIRNE B,
and 328232, e dectivailypsiien. In otherfor@ids, the, sadexhdaraitolantsire posidmoiserample, a

35 probabilhy vaiye ARYEAPENIAEBIREIACIIIGLIY RBHRREX GRS IS - 29 - used as the
probability value for decoding the binary symbol of the 1st bit of the prefix part. Similarly, a probability

value derivé ¥ the context identified by an index value "4" is used as the probability value for
decoding the binaryrpamiialsof Syendod Bit ane thet3mikboSitiitady, therebailityaluediestead
whether or not the binary signal of the X component or the Y component

15 includes the suffix part. This means that the binary symbol at the last bit
position of the prefix part has a large influence on the coding efficiency. Thus,
the binary symbol at the last bit position of the prefix part has a feature in
symbol occurrence different from that of the binary symbols at the other bit
positions. In view of this, the coding efficiency can be increased by decoding

20 the binary symbol at the last bit position of the prefix part using the context
exclusive to the last bit position.

[0155]
Furthermore, a context may be common to a plurality of bit positions,
such as the bit positions of the 2nd bit and the 3rd bit for thé transform size

25  8x8 or the bit positions of the 5th bit to the 7th bit for the transform size 32x32
in FIG. 11A. In other words, each of the binary symbols at two or more bit
positions other than the last bit position of the prefix part may be arithmetically
decoded using a context common to the two or more bit positions.

[0156]

30 This reduces the number of contexts as compared to the case of using a
different context for each bit position, and thus the capacity required of the
memory can be reduced.

[0157]
It is to be noted that although, in FIG. 11A, the binary symbol at the

35 last bit position of the prefix part is decoded using the context exclusive to the
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5 from the context identified by an index value "5" is used as the probability value for decoding the
binary symbol of the 4th bit. [0153] In such a manner, as for FIG. 11A, the binary symbol at the
last bit position of the prefix part is arithmetically decoded using a context exclusive to 10the last bit
position. In other words, the context for the last bit position is a context different from the contexts for
the other bilgsddiiopss[asdpr all the piretgteymivsichtthedistrbisiesitibneobthargrefixpaitandicates

whether or g 32 iSgAR| o X, POEROCED, O 0L cOMBORER S BgHeR g sl prt

This means that the binary symbol at the last bit position of the prefix part has a uence on the
coding efficléAa§iorAuSiaRS -biddnoEhAbYIGthedaseBIESbITON diaheoprenemaa iae dastatiife in

symbol occypeen differepideag that f&%ﬁiwxwﬁ%’& e RPN HhyBM P! this,

the coding efficiency can be increased by decoding 20 the binary symbol at the last bit position of the
prefix p%rt UEf5§ the context exclusive to the last bit position. [0155] Furthermore, a context may
be common g ggjurality of bit positions, such as the bit positions of the 2nd bit and the 3rd bit for the

transform size 25 8x8 or the bit posjtions of the 5th bit to the 7th bit for the transform size 32x32 in
FIG. 11A. In other \ESFa%)f%medf eBizgﬁ/ &9%&% %l}{%%(ﬁe[%ﬂ%%s ?o%éagth%rcﬂ'fé ¥he last bit
position of theapréfix @arinmay be ahichmstidatypdsiboledfising aefintepddoemdoa toitheotittoor more

bit positionqn{m%%@gﬁgégg&ﬁ%stﬂbeI%%ég&ggﬁ%ngts as compared to the case of using a

different context for ea It position, an e capacity required of the memory can be reduced.
[0157]10  [OXBR]to be noted that although, in FIG. 11A, the binary symbol at the 35last bit position of

the prefix part is degged ysiledhasopiextExidRINe 4P ¥R~ BRbbability even when the bit
stream includes few prefix parts having the predetermined maximum length,
for example. For example, the coding efficiency can be increased in the case
where the last position is dynamically changed with the code length taken into
15  account at the time of coding.
[0160]

As described thus far, the image decoding apparatus 100 according to
the present embodiment can arithmetically decode the binary symbol at the
last bit position of the first signal using the context exclusive to the last bit

20 position. That is to say, the image decoding apparatus 100 can arithmetically
decode the last position information using a context appropriately switched
among a plurality of contexts, and thus, the coding efficiency can be increased.
[0161]

It is to be noted that the RP values and the maximum lengths of the

25  prefix part shown in FIG. 9B to FIG. SE are mere examples, and there may be
different RP values and different maximum lengths of the prefix part. For
example, the maximum length of the prefix part may be shorter and the suffix
part may be longer. This further enables parallel arithmetic decoding and
further increases the speed of arithmetic decoding.

30 [0162]

It is to be noted that each of the structural elements in the present
embodiment may be configured in the form of an exclusive hardware product,
or may be implemented by executing a software program suitable for the
structural element. Each structural element may be implemented by means of

35 a program executing unit, such as a CPU or a processor; reading and executing
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last bit position for all the predetermined transform sizes, the binary symbol at the last bit position need
not necessarily be decoded in this manner for all the transform sizes. In other words, a context may be
common to the last bit position and another bit position of the prefix part for some of the transform
5sizes. [0158] For example, when the suffix part has a fixed length of 1 bit, a context may be
common to the keftwirneosigasmthecoreisd martearetardingogigoivimrasdiatsyaphece diisk thie dast bit

position. 10004kna.cle BRI oiahle estinationl e repBaily RICTUER ARG steam

includes few prefixﬁgmrts having the predetermined maximum length, for example. For e

coding efficiBmRgcastelingrapadatunheeelnacie the IREERRBM ROYMEMICS!ID EFaBERA with the
code lengthdakemiatosEsggcount at the time of coding. [0160] As described thus far, the image
decoding apparatus 100 according to the present embodiment can arithmetically decode the binary
symbol-at t &t bit position of the first signal using the context exclusive to the last bit 20 position.
That is to say, the imisige degadingappar alupd(ficantarithaeliicaly decaste deedamiposiivnd

information using a context ropriately switched amang a plurality of contexts, and thus, the coding
efficency oAl DA TORET OIS B e SUALAAL T G e W P ns o
the 25 prefixgeftconin i FiG]aBruiRkE. 9 arémnetaregamplesk dodthdexoday behdiffexare RP

I d | f ' . ' h
. part roay e AU, IHOIRG: D e R e o B e
decoditfy aki@iihsy mbelasiitneashdadeoEphsidirl dégbding. GUIBXb23witcheds amsEgoted that
each of the sfrystinabelemaptaindhRePiRss e bRd| %Fdﬁaéffbﬁléoi@?;wgs}%%,f%@ of-an

exclusive hardware product, or may be implemented by executing a software program suitable for the

structural el@aeHt. BEiRe dcbdRd dlemeDARy BENRIpRIntER ATy PRI oINS R RasNExecuting
unit, such apa/FELhokadRcasEMer eR@din dornehest adling pratietdmanitvanepradramdiegarded on a

mplementrhthEAHRLGL Aoy Hop AEAL HEcBTa BORTE e CaR e BB e-E Brogam
describgd bilowd&§0d 88kond signal, arithmeticaily decoding the second signal using a fixed
probability, wherein in the first decoding, a binary symbol at a last bit position
of the first signal is arithmetically decoded using a context exclusive to the last
bit position, when the first signal has the predetermined maximum length.
[0164]
20  (Variation of Embodiment 1)

The image decoding apparatus 100 according to Embodiment 1 may be
included in an image decoding apparatus below. FIG. 12 is a block diagram
showing an example of a configuration of an image decoding apparatus 200
according to a variation of Embodiment 1.

25 [0165]

The image decoding apparatus 200 decodes coded image data
generated by compression coding. For example, the image decoding apparatus
200 receives coded image data on a block-by-block basis as a current signal to
be decoded. The image decoding apparatus 200 performs variable-length

30 decoding, inverse guantization, and inverse transform on the received current
signal to reconstruct image data.
[0166]

As shown in FIG. 12, the image decoding apparatus 200 includes an

entropy decoding unit 210, an inverse guantization and inverse transform unit

35 220, an adder 225, a deblocking filter 230, a memory 240, an intra prediction
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This program causes a computer to execute an image decoding method for decoding last position
information indicating a position of a last non-zero coefficient in a predetermined order in a current
block to be decoded, the image decoding method including: first decoding for arithmetically decoding
each of 10 binary symboils included in a first signal using a context switched among a plurality of
contexts actoitiagleamivpositompktteabivanyréy afid) and firsirdignanteisyibdiu2iéd.in a binary
signal of the fpst-position information and having a length smaller than or equal to a predetermined
maximum length; and second decoding for, when the binary signal of the last position information

15includes a secondNGgRHITGRKIHRERELNY HBHoAHY PRSTAERSHYasighiE UShHE R dReadiraRmifty,
wherein in the,fitstideerding srbinary &y mhelRirulash bl Reaiiopgiteciinet Siga?éj%ﬁétthaﬁca'

ly
decoded using a context exclusive to the last bit position, when the first signal has the predetermined

maximuin ¥R 618515 00 S RNt 1 A @Rche TS COrPRRGREREHRRIPY afHarkay 100

according tloatbbdirest thenaydmiinelagedistan ThagedegodingappseningibalanHe Codéds a
block diagram show. xam

in le of fi ion.of an i 1 0. di
(0 & variatol st ERIRE T 6L gl GRLEAG S B AL AR e
image data gwtaratddtayfcom priesdioptosimog iFaned artés thes magfeote dadin goapparatois200

receives COQSFH?&%Q% %{%ﬁm agﬁack-by-block basis as a current signal to be decoded. The image
decoding apparatus 6 performs Variable-length 30 decoding, inverse quantization, and inverse

transfdfin ob%@%ceived current signal to reconstruct image data. [0166] As shown in FIG. 12, the
image decoding appasatys %@Odﬂ%‘édﬁ%%ntﬁ@triﬁﬁ’é/g%e%@é?ﬂﬁﬂ"Eéﬂ:gr&rﬂjg“@@e&@é@%ﬁ@“ﬁg‘ and

inverse transform unit 35 220, an adder 225, a deblockingi;rllter 230, a memory 240, an intfa prediction

- 32 - unit 250 oA dorRpESRRANAT (RiPEED CAsDBRNHIPRMESCariRG v78.48P67]hat iTkR entropy
decoding unjs¢lthpeasfarmsvadebienigngiit decoding @ssandpstsionai(BEstieAmIsprieganstruct

guantized cgﬁffi lents. Here, the input 5 signal is a current signal to be decoded and corresponds to
data on a bIBtkdRblock basis of the coded image data. The coded image data includes the coded last
positiorsinformationtfairihesrsee gtheneiatitipy deaddimy ensié 21t obflamns nottorzdatageeforting input

signal and quipute e MRUAR S EHAREIISHRDSP IReRSATRD HALLASR PR B e entropy
decoding unit 210, to reconstruct transform coefficients. Then, the inverse
quantization and inverse transform unit 220 performs inverse transform on the
transform coefficients to reconstruct a prediction error.
20 [0170]
The adder 225 adds the prediction error and a prediction signal to
generate a decoded image.
[0171]
The deblocking filter 230 applies a deblocking filter to the decoded
25 image. The resultant decoded image is outputted as a decoded signal.
[0172]

The memory 240 is a memory for storing a reference image used in
motion compensation. More specifically, the memory 240 stores the decoded
image to which the deblocking filter has been applied.

30 [0173]

The intra prediction unit 250 performs intra prediction to generate a
prediction signal (intra prediction signal). More specifically, the intra prediction
unit 250 generates an intra prediction signal by performing intra prediction by
reference to an image neighboring the current block to be decoded (input

35 signal) in the decoded image generated by the adder 225.
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It is to be noted that the image decoding apparatus 100 according to Embodiment 1 corresponds to
part of the entropy decoding unit 210. That is to say, the entropy decoding unit 210 decodes the coded
last position information. [0169] 15The inverse quantization and inverse transform unit 220 performs
inverse gquantization on the quantized coefficients reconstructed by the entropy decoding unit 210, to
reconstruct tBh&fdrm coefficients. Then, the inverse quantization and inverse transform unit 220

performs inverse trapsforepihe SapeiREatRe liFRNISH9 BERRFIHC BERSICUAA IR ARNAL7O)

The adder 225 adds the prediction error and a prediction sighal to generate a decoded image. [0171]

The deblocliR§afe? 230/ IPRENR R RIHG EEc PR conlsans mesgeinthairds it decoded
image is outpsi@e s Apteerdrshsianai (03] predfgﬂgr{@gp@ymo is a memory for storing a

reference iwﬁﬁe ed in motion compensation. More specifically, the memory 240 stores the decoded
image & whitt £h deblocking filter has been applied. 30[0173] The intra prediction unit 250

performs intra predittienttrgéneratadceligicrlsignalitivdratheetiatopraigintibrMayangcifieally, the
intra predictjggeunitg gt %ngtrart]%? an @tragre%igt'%n sei%n%l @y Perfcfr in intrf? preggion reference
to an imageI ne|5 I-orlhg SN DIB R BE deode ilﬁ ut §§asié§aﬁﬁ%? g%fe ed’i e

generated hyrtthchiddesignsl. - 33 - [0174] The motion compensation unit 260 performs motion
compensati 51 d on the motion data outputted by the entropy decoding unit 210, to generate a
prediction sfgnal inter prediction signal). 5[0175] The intra/inter switch 270 selects either the intra

predicfi®n signal or HiNntétgrabryien HgHalErPButples tieagse dedamiiitgl /PO adder2tib as the
prediction sighaldéiliid coded image data generated by compression coding.

[0177]
(Embodiment 2)

The following describes an image coding apparatus according to

15 Embodiment 2 using the drawings.

[0178]

FIG. 13 is a block diagram showing a functional configuration of an
image coding apparatus 300 according to Embodiment 2. The image coding
apparatus 300 codes the last position information. The image coding apparatus

20 300 includes a binarizing unit 310 and an arithmetic coding unit 320. The
arithmetic coding unit 320 includes a first coding unit 321, a second coding unit
322, and a coding control unit 323,

[0179]

The binarizing unit 310 binarizes the last position information to

25 generate (i) a binary signal which includes the first signal having a length
smaller than or equal to the predetermined maximum length and does not
include the second signal or (ii) a binary signal which includes the first signal
having the predetermined maximum length and the second signal.

[0180]

30 The first signal is a signal arithmetically coded using a context switched
among a piurality of contexts. The first signal corresponds to the prefix part,
for example.

[0181]
The second signal is a signal arithmetically coded using a fixed

35 probability. The second signal corresponds to the suffix part, for example.
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10With the above configuration, the image decoding apparatus 200 decodes the coded image data
generated by compression coding. [0177] (Embodiment 2) The following describes an image
coding apparatus according to 15 Embodiment 2 using the drawings. [0178] FIG. 13 is a block
diagram showing a functional configuration of an image coding apparatus 300 according to
Embodimerlt#.8&Je image coding apparatus 300 codes the last position information. The image

coding apparatus 2§,30Q:ja¢ludamg RiRrEng unitRHR G o BrIMesiacofing Rl 33 he

arithmetic coding unit 320 includesa first coding unit 321, a second coding unit 322, and a coding

control unit BEXIAEE7 97 THE biivaFi A ahit B30 BimaFREYeKE BitshstioRMSEn ichuabsy&lerate (i)

a binary sigaghviieh daebidasdthe tinet sigpalstavineratrnsth=rnalientioan o eavat (0dRss, the

determined maxjmum lengih and d tinclud d signal or (ii) a binary signal which
ncludod TPt U e GGt TR S R OHEH: SR AR SRS 0]

30The first sigiimlgs a signal arithmetically coded using a context switched among a plurality of
contexts. Trﬁg{ﬁ signal corresponds to the prefix part, for example. [0181] The second signal
is a signal ari e](ically coded using a fixed 35probability. The second signal corresponds to the suffix
part, for example. - B&re, when the first signal has the predetermined maximum length, the

first coding unit 321 arithmetically codes the binary symbol at the last bit

10 position of the first signal using a context exclusive to the last bit position. In
other words, the first coding unit 321 arithmetically codes the binary symbol at
the last bit position of the first signal having the predetermined maximum
length, using a context different from contexts used for binary symbols at bit
positions other than the last bit position.

15 [0184]

The second coding unit 322 arithmetically codes the second signal using
a fixed probability when the binary signal includes the second signal. In other
words, the second coding unit 322 codes the second signal by bypass coding.
[0185]

20 Next, using FIG. 14A and FIG. 148, the following describes operations of
the image coding apparatus 300 having the above configuration. Described
hereinafter is the case where the first signal is the prefix part and the second
signal is the suffix part. It is to be noted that the suffix flag is assumed to be
set "OFF” as the default value.

25 [0186]

FIG. 14A is a flowchart showing an example of processing operations of
the image coding apparatus 300 according to Embodiment 2. To be more
specific, FIG. 14A shows a coding method for generating a bit stream which is
decodable by the decoding method shown in FIG. 8A.

30 [0187]

First, the binarizing unit 310 binarizes each of the X component and the
Y component of the last position information (S401). More specifically, the
binarizing unit 310 binarizes each of the X component and the Y component
(last values) as shown in FIG. 15, for example. Here, the suffix part is

35 binarized by Golomb-Rice coding.
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[0182] The first coding unit 321 arithmetically codes each of binary symbols included in the first
signal, using a context switched among a plurality of contexts according to the bit position of the binary
symbol. In other words, the 5first coding unit 321 codes the first signal by context adaptive binary
arithmetic coding. [0183] Here, when the first signal has the predetermined maximum length, the
first coding L&Y arithmetically codes the binary symbol at the last bit 10 position of the first signal

using a context excfiysiye tehtheriast B AA itigirpﬂﬂnﬁtiercwgggs, W %@ginggg?ﬂ@gl thmetically
ede

codes the binary symbof at the last bit position of the first signal having the pr ermined maximum

length, using"BoERERt BftERght tRsmrsshitexkaitsa Hhiairasrsrtsahind wiaridns Bitelegtan the

last bit positieRritidtGhédtmatiohesrrpnd coding unit 322 arithmetically codes the second signal using
a fixed robggl'té;when the binary signal includes the second signal. In other words, the second

coding unit des the second signal by bypass coding. [0185] 20Next, using FIG. 14A and FIG.
14B, the following desetines apmpéiiendiobitiye artgacodingdipparatusBag hrvirg o diboveo
configuration scribed hereinafter is_the case where the first signal i prefi t and the second
signal is the‘:&%@% %agr ﬁ?]%vt% Bé”ﬂ'é){ea'"{ﬁét %teicsf?ﬁ%oﬁség s%s%‘ﬁ%ne“c’l ?:(-)Il%eé éét Wli—% 5gr}he@(e5efault
value. 25[0E8fiptiveFliinagA ry il ftowidbancshogingeniedsmple osplibdesdingcopedinipnicofahe
image codi t | j ifi 4 s a
codmg metho e R B ns S .
8A. 3018 Awitchad ity iheinesngliisih 3a ALY sy¥s@RiHSR thBRadsiaho cededridstng the

component ghiam st ReBBiPTeraaHAL AL rMue speificainotee BiRadziHm318 Rinarizes

each of the X component and the Y compaonent (last values) as shown in FIG. 15, for example. Here,
the suffix p&RTECSBYIUNG & e ERIAXRIPLGIRY 36904]INT tRiERe ARdBADIRANESHANCS 1 codes,
by context agaptivedsngplarithmetic coding, the prefix part of the X component included in the last
position info[r&g[bcin (5402).

15 Here, as in Embodiment 1, when the prefix part has the predetermined
maximum length, the first coding unit 321 arithmetically codes the binary
symbol at the last bit position of the prefix part using a context exclusive to the
last bit position.

[0191]

20 It is to be noted that the first coding unit 321 may arithmetically code
each of binary symbols at two or more bit positions other than the last bit
position of the prefix part using a context common to the two or more bit
positions. This allows the first coding unit 321 to reduce the number of
contexts as compared to the case of using a different context for each bit

25 position, and thus, the capacity required of the memory can be reduced.

[0192]

Next, the first coding unit 321 determines whether or not the binary
signal of the X component includes the suffix part (5403). More specifically, the
first coding unit 321 determines whether or not the binary signal of the X

30 component includes the suffix part in the same manner as in Step $102 in FIG.

8A.
[0193]

Here, when the binary signal of the X component includes the suffix part
(Yes in S403), the second coding unit 322 codes the suffix part of the X

35 component by bypass coding (5404). On the other hand, when the binary
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5[0189] Context adaptive binary arithmetic coding is coding corresponding to context adaptive
binary arithmetic decoding shown in FIG. 4. With context adaptive binary arithmetic coding, contexts
are switched according to a condition, and a probability of symbol occurrence corresponding to the
context 10 switched to is obtained. Then, a binary symbol is arithmetically coded using the obtained
probability cfiggeibdl tuelrenoepGuoretiedoesendh d rpriolozbiity waiffo quare i thin§46 3Ne Stegext is
updated ac%oﬁigw%t%iﬂﬁﬁaded binary symbol value (see NPL 1). [0190] 15Here, as in Embodiment 1,
when the prefix part has the predetermined maximum length, the first coding unit 321 arithmetically
codes the biRd§Adymbol at the last bit position of the prefix part using a context exclusive to the last bit

position. [0191] 20iiastp BeeAfee! e fietsorinsdunAe ora R Rl cosfiRaRHe! binary

symbols at two or more bit positions othér than the last bit Eosnion of the prefix part using a context

common to BYeSRISSrAERPHY S Bt TR O Hiagi ngr iR e fedingdifimber of

contexts as3pMpated hthersme pastfapdiffeisniroriartifoteac it 2 sosiions anddhys, the
capacity reo%:@]of the memory can be reduced. [0192] Next, the first coding unit 321

determines er or not the binary signal of the X component includes the suffix part (5403). More
specifically,[ihed$t coding unit 321 determines whether or not the binary signal of the X 30

component include sUffix part.in t am ne N Step 5102 in FIG. 8A..[0193] Here, when
the binary signal okalll%%)( gb%pﬁ)%éﬂ??ﬁﬁgdgg tthe sufﬁie %garﬁ“ (Q%ssbivr\{ r fle %%%ong co |anré/ unit 322

codes the saimmmﬁ Bighé coBHoorpomehtdss ﬁmfﬁﬁmagt(@@aﬁ)omme,cﬁhe finaindodingn the
binary - 36 Urﬁ}grﬁff&'é?e%‘n%m@EO\F‘vﬁ%Eﬁé’re%Poﬁ&CW Hg e sl @Pﬂﬁ‘é“@%rﬁ}%éﬁ% IS

skipped. [0194
includes the suffix part in the same manner as in Step 5403.

[0196]
Here, when the binary signal of the Y component includes the suffix part
15 (Yes in 5406), the second coding unit 322 codes the suffix part of the Y
component by bypass coding (S407). On the other hand, when the binary
signal of the Y component does not include the suffix part (No in $406), Step
S407 is skipped.
[0197]
20 This is the manner in which the last position information is coded.
[0198]

Next, the following describes the case where the prefix part and the
suffix part of each component are coded in an order different from that in FIG.
14A,

25  [0199]

FIG. 14B is a flowchart showing another example of processing
operations of the image coding apparatus 300 according to Embodiment 2. To
be more specific, FIG. 148 shows a coding method for generating a bit stream
which is decodable by the decoding method shown in FIG. 8B. It is to be noted

30 that in FIG. 14B, the processes performed in steps denoted by the same
reference signs as those in FIG. 14A are basically the same as the processes
described in FIG. 14A.

[0200]
First, the binarizing unit 310 binarizes each of the X component and the

35 Y component of the last position information (5401). Next, the first coding unit
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Next, the first coding unit 321 codes the prefix part of the Y component 5 by context adaptive binary
arithmetic coding (5405). Here, the first coding unit 321 codes the prefix part of the Y component in the
same manner as in Step 5402. [0195] Then, the first coding unit 321 determines whether or not the
binary 10 signal of the Y component includes the suffix part (5406). Here, the first coding unit 321
determines Sdikettisias; fyt cesntsnbgdaghsbdbimey acthpoabatdndindeshepsafii pairt of tiesame

manner as i %Wgéﬁgﬁt [HGh e, ‘Mée!b_é‘ﬂGEBEIB%SiHF&\JrHB%Y(§%‘ﬁ’)‘!”%&§&?"d€’§§‘i@€ suffix

part 15 (Yes in S406), the second coding unit 322 codes the suffix part of the Y component by bypass
coding (54059908 tvebthed hadgtomaneRe wirklesigRal BRhdYecdipmsvertigiorls abt ihGude the

suffix part (NeHpeAeRY iERRIS4 Qi dsBkiPE S P48FRF0This is the manner in which the last position

information és coded. [0198] Next, the tollowing describes the case where the prefix part and the
suffix pgrt o component are coded in an order different from that in FIG. 14A, 25[0199] FIG.

14B is a flowchart sheowinglaaottrer Bkamplsigizrotessingcopepatiens aichelipvabe soffingapparatus

2 it sroam o S ALbB BB o Mo Biegisa o AH T 2 BN 1210 0a nOHed B0 that in
FIG. 14B, t@lmoé’@xé,swéﬂormm !hmapsigeabtrafdﬂbw_tb{emmmtedoesignts "ms;hhmetﬁ!e_FIG: _
Lan aro basiall feeane AR BTSSR B 446 W00 tne o fiShdaedinarizing

unit 310 binarizes' each o component o ast position imformation
(5401)| Nexthen& flrentenenin®N37 -In other words, the suffix flag of the X component

remains “OFF”. It is to be noted that the first coding unit 321 may set the
suffix flag of the X component "OFF” here.
[0202]

Next, from Step S405 to Step S407, a process related to the Y

15 component is performed in the same manner as in FIG. 14A.

[0203]

After that, the second coding unit 322 determines whether or not the
suffix flag is set "ON” (5412). Here, when the suffix flag is set "ON” (Yes in
5412}, the second coding unit 322 codes the suffix part of the X component by

20 bypass coding (5404). On the other hand, when the suffix flag is not set “ON”
(No in 5412), Step S404 is skipped.

[0204]

By consecutively coding the prefix part and the suffix part of the Y
component in the above-described manner, it is possible to code the binary

25 signal of the Y component without holding, in a memory, information indicating
whether or not the binary signal of the Y component includes the suffix part
(e.g., the suffix flag of the Y component). This reduces the capacity required of
the memory.

[6205]

30 Next, using FIG. 15, the following briefly describes a method of coding
the prefix part and the suffix part included in the last position information.
[0206]

FIG. 15 is a diagram showing an example of binary signals of the last
position information when the block size is 16x16. In FIG. 15, the maximum

35 length of the prefix part is "4” and RP is *2".
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321 codes, by context adaptive binary arithmetic coding, the prefix part of the X component included in
the last position information (5402). Next, the first coding unit 321 determines whether or not the binary
signal of the X component includes the suffix part (5403). 5[0201] Here, when the binary signal of
the X component includes the suffix part (Yes in 5403), the first coding unit 321 sets the suffix flag
"ON" (5411)0@84he other hand, when the binary signal of the X component does not include the suffix

part (No in 5403), thefurstigpaingtpit,3gd idogs Rk Seidhe e las el Odhgt B?W??QF&ON"- In

other words, the suffix flag of the X component remains "OFF". It Is to be notéd that the first coding

unit 321 mayasbt he slifik ARgiBEtHE chip6RERS BIYFeoiexiopdaptive bingekrafishnstish S405 to

Step 5407, aqeiingess 'elaiRe 19the Yhiorermaredidseariopnae alle stmeTeaneiRpdht|G. 14A.
[0203] After t rﬁ%’?gﬁ second coding unit 322 determines whether or not the suffix g$g is set "ON"

(5412). Herka et 5 CatRORMTIL 88 SONCPPES int 5 PY5OMEXE A5 LYRIRYERY: 3D B3RS the
suffix part of sieny.comtiniperisey Gikyipasy saghag (b4 )X Qurthsooiner Haas naherctbdestifiéx flag is
not set "ON" (No in S412 ep. 5404 is ski . [0204 By cansecutiyely coding the prefix part
and the sui‘fsnl(S lﬁ!pgl(r 8ﬁhgr¢j§érlr}%i)%?]%r?t0%‘t egftﬂaéce&-%aceos%gﬁggoeﬁa%#%%% i}éep'ygésible to code the binary
25 signal of{®i&08 component without holding, in a memory, information indicating whether or not the

binary signal of thedncagréogg%}ﬂﬁelgﬂaje@%% %ggg?gg{s%%gﬁtﬁe lg&%rjﬁ%&f I:R% \{ncdg{ipﬂa nt). This

reduces the capacity requir mémory. 30Next, using e following briefly

descrifiés alansHb@othe dnrginerpréfitpafirshFasdnsLipa< inelRdes iRYheocrRkbfoadrmtive
infOfmaﬂon&%%@hrithm%k%-c%%fﬁ% diagram, Shovdag i RaHBRIe R RBFRERIANAS RifhElast position

information when the block size is 16x16. In FIG. 15, the maximum 35length of the prefix part is "4"
and RP is "2920%4 - [0207]
Next, the second coding unit 322 codes the first half of the suffix part.
More specifically, the second coding unit 322 adds “1” to the first half in the unit

15 of the number representable by 2 to the RPth power (e.g., in the unit of "4”

when RP is "2}, codes the resultant value, and lastly codes “0”.
[0210]

That is to say, when the value of the X component is greater than or
equal to 4 and less than 8, the second coding unit 322 only codes “0” as the

20  first half. When the value of the X component is greater than or equal to 8 and
less than 12, the second coding unit 322 codes “10” as the first half. When the
value of the X component is greater than or equal to 12 and less than 16, the
second coding unit 322 codes "110” as the first half.

[0211]

25 It is to be noted that in the example of FIG. 15, the amount of
information to be represented by the suffix part is "12” (16 - 4 = 12), and thus,
when the value of the X component is greater than or equal to 12 and less than
16, instead of coding “110” as the first half, 11" which is obtained by omitting
the last "0” of "110" is coded. This reduces the code length.

30 [0212]

Next, the second coding unit 322 codes the second half of the suffix part.
The second half is a fixed-length part having a length indicated by the RP value.
In the example of FIG. 15, the second half indicates a value which is obtained
by binarizing a humber among the numbers up to 2 to the RPth power and

35 outputting the resultant value from the number on the left to the number on
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When the prefix part is shorter than the maximum length of the prefix part, the first coding unit 321

codes, by context adaptive binary arithmetic coding, as many "0" as the number indicated by the value
of the X component. 5 Lastly, the first coding unit 321 codes "1" by context adaptive binary arithmetic
coding. In this case, the binary signal of the X component does not include the suffix part, and thus the

coding of thé¥X d¢iginponétrknispediieatly [oUTs]Becme bl indithtasen treyrefikigéne loviger than
the max'mUB%]aQIEMI?JOflthf %r:e§x A RS MHSERORIRGYAL 320 L RYE S P BIRKIRAGPLVEpinary

arithmetic codin (% as many "0" as the number of the maximum Iengph [0209 Next, the second
§

coding unit 37 Gé@tﬁ@rﬁ@ﬂ%ﬁ%ﬁ@lﬁ’ésﬁﬁfﬁbﬁéﬁtﬁ\m@%&% KWReR dbshaneband urad322

adds "1" to Biettisichalhl) Sparitdonide avriebiEnsesEhiae @éé’omrﬁP&aB shapgwer (e.g., in the
unit of "4 aﬂf]&e% 1§f is "2"), codes the resultant value, and lastly codes "0". [021 That is to say,
h

when tﬁ’e Y e X component is greater than or equal to 4 and less than 8, the second coding
unit 322 only codesA® dasdtiba20 divstvaaltHé/Hematie @@ﬂr@ﬁﬁ]ﬁ?@wﬁnﬁooemi@@ ﬁ@thtltlﬁB or equal

to 8 and Iess than 2, the second coding.unit 3 odes '1Q! as, the first hal n th e, of the X
component kg gre %é%%% 6'}”§a‘ueﬁa[8 I%abnrg egssﬁp{ cojd_g %nezbe%gn cgﬁqréa\{vﬁf gg%g)ét 110" as
the first halfp{@Rian 281tkatdibe siged thaingtibexanisstobktEISME thee thaoiast dfinfaositition to be

t th ti
orescer thar oo &t b ity hncnert sy Ml A e IR
obtain&® bysyMikM ithEnadesy bt m@tu@c@ﬁéﬂe’rﬁfr@trémsm@@@é Nhgihesopon the Next,
the second gpding 418123 g0des the seeend ki themuffixaai thae sesanddg!s jrﬁﬁ&e& length

part having a length indicated by the RP value. In the example of FIG. 15, the second half indicates a

value whichf€olstainB btgpéiﬁanz% HRuASEr SRR SLiApaFs Whesn® P HPNGR6HS and 35
outputting teefkesttipntmalise frenbingryuspbesslinthghiefase te pesnhes enthdSfirst signal has

a feature in symbol occurrence different from that of the binary symbols at the

15  other bit positions. In view of this, the image coding apparatus 300 can
increase the coding efficiency by arithmetically coding the binary symbol at the
last bit position of the first signal using the context exclusive to the last bit
position.

[0214]

20 It is to be noted that each of the structural elements in the present
embodiment may be configured in the form of an exclusive hardware product,
or may be implemented by executing a software program suitable for the
structural element. Each structural element may be implemented by means of
a program executing unit, such as a CPU or a processor, reading and executing

25  the software program recorded on a recording medium such as a hard disk or a
semiconductor memory. Here, the software program for implementing the
image coding apparatus according to the present embodiment is a program
described below.

[0215]

30 This program causes a computer to execute an image coding method
for coding last position information indicating a position of a last non-zero
coefficient in a predetermined order in a current block to be coded, the image
coding method including: binarizing the last position information to generate (i)
a binary signal which includes a first signal having a length smaller than or

35 equal to a predetermined maximum length and does not include a second
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the right. More specifically, the second half indicates a value obtained by binarizing O, 1, 2, or 3. This is
a mere example, and the coding efficiency is not affected in particular as long as there is consistency
between the method used by the coding apparatus and the method used by the decoding apparatus.
5[0213] As described above, the image coding apparatus 300 according to the present
embodimensigmalarthni@licallyindeytheidiaarydyintboiraf ubledastieit fiostti@igeiihenfirdnhgightad using

the context | I ' iti n firgLsi s the pred ' aximum
length. The %ﬁ%@@%o@%ﬁg@t Icf)zi’[t?1 ositigt'r? %f tft;ﬁé fi%%%gﬂr?al |I ica!L’tes?si ﬁﬁzﬁfﬂ gg nﬁ%he
binary signa'iieigsisaiy seebit erghaniThiRane aHE RIS thrchidat isyheolicatthig ralt wndsition of
the first signgj fasedarad st eanseLR PIaremeineraiinienty. Jourding RINaTisyBbiabat sedast bit

position of the first signal has a feature Iin symbol occurrence different from that of the binary symbols

at the 15 otRNIBY pOETBRk. ANJiSRONHhiSORiB Ry LEbRME G sedina 0 bansreeBdsaignglcoding
efficiency byieifithraetisely pastiaoifty binesy symbelmirhelastbitRasiien aidhedishgignghasing the

text lusive to the last bit itjon. [0214] 20lt is to b ted that each of the structural el t
i the prescHDEMRURdER: e B2 L ot i A e B R bk e bl R b S may be
implementesidpyatxe ctitrgraesatiiam gedg raing L atdetod tes dirsict ras elsmiest Bagbositigeipral

| i ] f A i ' h ,
clement ma REI BRSSOy MEs of S LU AMEXGRUINR SRR as 8 CPU or @ processor

reading and executin are program recorded on a recording medium such as a hard disk
or a sdfhicoHitedr memory. Here, the software program for implementing the image coding apparatus

according tC{\ﬂ&‘?iﬂ%’?ﬁBF EH%BBGHW]%‘PH?}"‘ program described below. [0215] 30This program causes a
computer to execute an image coding method for coding last position information indicating a position

of a last non-zero coBRIdBALH SstibderRRARASrdBPimeceidiBg: MoERBAsEBEaEX thi2imBge coding

method inclydingidinaiizingithadastBaritor Jyaratatopdpaenerate (W& Hnarprigrakmbishincludes
a first signal having a length sm%ler%han orﬂ%g}ﬁ%ual to a predetermined maximum length and does

not include SNSA¥EKY 2002XUPRE &' (17 £B HRA WhiBA ifIadEs TR R FAPAPRA AP the
predetermirgstordiionondengthtanrd dhEsteaticheignal; first coding for arithmetically coding each of
binary symgﬂig'rﬁ:uded in the first signal using a context switched among a plurality of contexts
according to abit position of the

The image coding apparatus 400 performs compression coding on

image data. For example, the image coding apparatus 400 receives the image
data on a block-by-block basis as an input signal. The image coding apparatus
20 400 performs transform, quantization, and variable-length coding on the input
signal to generate a coded signal (bit stream).
[0218]
As shown in FIG. 16, the image coding apparatus 400 includes a
subtractor 405, a transform and guantization unit 410, an entropy coding unit
25 420, an inverse guantization and inverse transform unit 430, an adder 435, a
deblocking filter 440, a memory 450, an intra prediction unit 460, a motion
estimation unit 470, a motion compensation unit 480, and an intra/inter switch
490.
[0219]
30 The subtractor 405 calculates a difference between the input signal and
the prediction signal as a prediction error.
[0220]
The transform and quantization unit 410 transforms the prediction error
in the spatial domain to generate transform coefficients in the frequency

35 domain. For example, the transform and quantization unit 410 performs
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5 binary symbol; and second coding for arithmetically coding the second signal using a fixed
probability when the binary signal includes the second signal, wherein in the first coding, a binary
symbol at a last bit position of the first signal is arithmetically coded using a context exclusive to the
last bit position, when the first signal has the predetermined maximum length. 10[0216] (Variation of
Embodimentigjrete Tosimsadeacsiongadpiidiusosodtzecpraédigtiont nebaatintentg@neptee ifduded in
an image cegl r .F | 0 [ [ n f g.copfiguration
of an ima\ge(E %%%%Pgﬁggjﬁs% 4%% 15%2%%@%%6%&\/@5%%? 0 Evnéﬁgd%gﬁ?gﬁ,gﬁﬁﬁ Ji]f‘l%e image
coding app&ra@isizen thefernsfesm sreffiderisdhagensiagdantizes eelfigrthe image coding
apparatus {Q@Qqqeives the image data on a block-by-block basis as an input signal. The image coding
apparatus 20 400 performs transform, quantization, and variable-lgrggeth coding on the input signal to

generate a coded sigifaltBH REaFRTITsp 18]t 42RsRASAMA MRS iR G e G A atus 400
includes a summezeﬁ%mr@n@wm@mbm@ZM@r%@i& arﬁ?@é%ﬂ@lﬁymfﬁ@,irtl%r@r@ﬁ)é%O, an
inverse quantization and inverse transform unit 430, an adder 43 ocking filter 440, a memory
350, an 8 KOS 440 S35 IBHOR Selhiash P90, A ROMASEHBE RUDH (HLRED, and an
intra/inter sedtma8on[Q21DH3WT He sulipatttnd @bdattsigtes aviiffeten cedidwedatshinapdedignal
and the pre '(‘eiij,g{hg,ignal as a prediction error. [0220] The transform and quantization unit 410

transforms the prediction error in the spatial domain to generate transform coefficients in the frequency
35 dortain. [Eetadample, the transform and quantization unit 410 performs - 41 -

It is to be noted that the image coding apparatus 300 according to
Embodiment 2 corresponds to part of the entropy coding unit 420. That is to
say, the entropy coding unit 420 codes the last position information.

[0223]

15 The inverse quantization and inverse transform unit 430 performs
inverse quantization on the quantized coefficients to reconstruct transform
coefficients. Furthermore, the inverse quantization and inverse transform unit
430 performs inverse transform on the reconstructed transform coefficients to
reconstruct a prediction error. If is to be noted that the reconstructed

20  prediction error lacks information due to the quantization and thus is not the
same as the prediction error generated by the subtractor 405, In other words,
the reconstructed prediction error contains a quantization error.

[0224]

The adder 435 adds up the reconstructed prediction error and a

25 prediction signal to generate a local decoded image.

[0225]

The deblocking filter 440 applies a deblocking fitter to the local decoded
image.
[0226]

30 The memory 450 is @ memory for storing a reference image used in
motion compensation. More specifically, the memory 450 stores the local
decoded image to which the deblocking filter has been applied.

[0227]
The intra prediction unit 460 performs intra prediction to generate a

35 prediction signal (intra prediction signal). More specifically, the intra prediction
o 42 —



discrete cosine transform (DCT) on the prediction error to generate the transform coefficients.
Furthermore, the transform and quantization unit 410 quantizes the transform coefficients to generate
guantized coefficients. [0221] 5The entropy coding unit 420 performs variable-length coding on the
guantized coefficients to generate a coded signal. Furthermore, the entropy coding unit 420 codes
motion datalf@iiggafiogionarates adeiette phydibtonotignastmatisfoomingy 0; tt@ quitpdictiencbyed
signal with %g | atg ir %g 1 I%[ [ tl’(:ff-n- . gng
apparatus 3 éﬁ%i@g% rl%% o%%rr%l: @Bg&a e%sﬁpéozr%algr?odéaﬁrlg% tﬁé]%%etgégyg %o w%ﬂ g%ﬁgﬁ% . That is
to say, the éntflopyasstingcosied 20 eae Gt st Jositivn agfden4tdn. [0223] 15The inverse
quantizatior[@ﬂ_igi verse transform unit 430 performs inverse quantization on the quantized
coefficients to reconstruct transform coefficients, Furthermore, the inverse quantization and inverse

transfofm unit 430 pEforMetiRte REMRRMIB the Fe SR ERHANSTERtRCBifcieMEOHPN

reconstruct veptedjatigivesarthiciso e reigiahat hie rereapitGiad D Prrdicinnesr afdasks,
information to the quantization and thus is not the same as the prediction error generated by the

subtractor - In other words, the reconstructed prediction error contains a quantization error. [0224]
. The adder 4822@[Hs up the reconstructed prediction error and a 25 prediction signal to generate a

image. [0226] 30Th RelTSH I L Do 1o ot SANCS (AL Leod IPBlaa T
compéfisatioasado@ spBeificatiiothalateniorygsbesitee s tirddidiciecaigodliningertanddatiitme
deblocking g]bq,gp)as been applied. [0227]
[0230]
The intra/inter switch 490 selects either the intra prediction signal or the
inter prediction signal, and outputs the selected signal to the subtractor 405
15 and the adder 435 as the prediction signal.
[0231]
With the above configuration, the image coding apparatus 400 performs
compression coding on the image data.
[0232]

20 Although only some exemplary embodiments have been described
above, the scope of the Claims of the present application is not limited to these
embodiments. Those skilled in the art will readily appreciate that various
modifications may be made in these exemplary embodiments and that other
embodiments may be obtained by arbitrarily combining the structural elements

25 of the embodiments without materially departing from the novel teachings and
advantages of the subject matter recited in the appended Claims. Accordingly,
all such modifications and other embodiments are included in the present
invention.

[0233]

30 Furthermore, although the suffix part is binarized by Golomb-Rice
coding in each embodiment above, the suffix part may be binarized with a
different method. For example, the suffix part may be binarized with a fixed
length as shown in FIG. 3A to FIG. 3D.

[0234]

35 Moreover, the method of binarizihng the X component and the Y
__43_



The intra prediction unit 460 performs intra prediction to generate a 35prediction signal (intra prediction
signal). More specifically, the intra prediction - 42 - unit 460 generates an intra prediction signal by
performing intra prediction by reference to an image neighboring the current block to be coded (input
signal) in the local decoded image generated by the adder 435. [0228] 5The motion estimation unit
470 detectsaooiiomelattairfesgcimatiobodiatiantbeiweeridhee miput sioreahply ted efergncaimage stored
in the mem . . lQn: ion ynit. 4 r ian,C sation 10
based on th?gxrﬁﬁ%éﬁ%g t(a) éjéfrﬁ%—%?t]g? &%ﬁé@%ﬁ%ﬁ?ﬁn@%?ﬁ@@ ’srlygng)g[g%%gﬁn PIG. The
intra/inter switch® (Bskealidcenmay B bingripastivibn Sigaatorithesavessptedidton shgaificaty, outputs

the selecteqsigaal 18 tig SUraRIRIAOP Inapddhsaddalfras the pregiction signal. (0231]

With the above configuration, the image coding apparatus 400 performs compression coding on the
image éata.[fb—zzgﬁ] 20Although only some exemplary embodiments have been described above, the

scope of the Claims@fhe-RierentapRlicaiirasinatdimiieditaihesgetpdingpiratioss skiled in the
art will readjly appreciate that various modifications may be made in these exemplary embodiments
and that otH@Y?aégﬁb RS APRA S oS Qytgrkﬁﬁé{?iI?%&W?h@%ﬁﬂ?ﬁﬁa@é@fﬁeﬁt@% of the

embodimentsendtfearmyateridllyediepatiingdrodingeapperbteachingseaimzady aotige spbietubject
mater reciigddy e enRended Slalns. AcoRitiad el TRAIRRIRnERC AIGE Fpbogiments are
10 Moreover, the flowchart showing the image decoding method or the image
coding method according to each embodiment described above is also a mere
example, and all the steps need not necessarily be performed.
[0236]
For example, when the last position information is represented by one
15 value (e.g., scan order), the process for one of the X component and the Y
component need not be performed. For example, in FIG. 8A, it is sufficient as
long as Step S101 and Step S103 are at least performed. In this case, the
image decoding apparatus 100 need not include the decoding control unit 103
nor the reconstructing unit 104. Furthermore, in FIG. 14A, it is sufficient as
20 long as Step $S401, Step 5402, and Step S404 are at least performed. In this
case, the image coding apparatus 300 need not include the coding control unit
323.
[0237]
Even in such cases, the coding efficiency can be increased by
25 arithmetically decoding or arithmetically coding the binary symbol at the last bit
position of the first signal using the context exclusive to the last bit position.
[0238]
(Embodiment 3)
The processing described in each of embodiments can be simply
30 implemented in an independent computer system, by recording, in a recording
medium, a program for implementing the configurations of the moving picture
coding method (image coding method) and the moving picture decoding
method (image decoding method) described in each of embodiments. The
recording media may be any recording media as long as the program can be

35 recorded, such as a magnetic disk, an optical disk, a magnetic optical disk, an
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30Furthermore, although the suffix part is binarized by Golomb-Rice coding in each embodiment
above, the suffix part may be binarized with a different method. For example, the suffix part may be
binarized with a fixed length as shown in FIG. 3A to FIG. 3D. [0234] 35Moreover, the method of
binarizing the X component and the Y - 43 - component in each embodiment above is a mere
example, anf gy need Fedsinddead wehdr aifessyit binarizing method. For example, in FIG. 3A to
FIG. 3D, th alue may be binarized with "0" and "1" reversed. More specifically, in FIG. 3B, the
last value "3" may be binarized into "1110", for example. 5[0235] Furthermore, the configuration of

the image decodind’gpparftes olthee mRRjeatiNGg W FaRIIBACES dRIGHE R aepditsh saRHRAE

described I5 THIRRE SXAETNRY) ThAdMaee GR60MHRY RRRRatufehiisdMagererfl Wratus
need not ir?gﬁﬁgall the sf?uctural ele)ments shown in FI@G@ or FIG. 13. 1%oreover, tEe flowchart

showing thé*fh2GE'deLoeiRg ettt OPEse IMatRCBodhSMRRBHE RIS R to¥ate e b ent

described afipveds alsiobe esesxempEhangstihastcpsSasedafNesaaspsily ibeaperiasmed. [0236]
For example, when the last positign information is represented by one 15 value (e.g., scan order), the
G ARbaREh T i i

process for one PRS0 &?ﬁg 2 ?F.e'W r%?)oaﬁbﬁ?}?e%ed E’@p@%@ﬁ? SFore%a ﬁle, in
FIG. 8A, it issafficientiaslomptw8teanglab anteSepdetodiae apleasttperfosngd thethimagee, the

image decod] ar on ti ding.c ni or ructing
unit 104. Fu%%g)r@h%%eﬁr%ég'miﬁ ﬁ%s%gfﬁﬁgﬁégg gg‘ﬁcﬁngﬁg% gp%%&%%% 5%&%1%3 tep S404
are at 18ast pRPfOPREEES IAchENEHe ahdhag8aSeding apparatus 300 need not include the coding

control unit 49237] Even in such cases, the coding efficiency can be increased by 25 arithmetically
decoding or arithmetically coding the binary symbol at the last bit position of the first signal using the

context exclusive td e &1 BEHEERDAOY SR EPRIRHRIR B PTRCOFRIERL g e iBvetfeach of
embodimengx £ap ersimplémenting content distribution services. The area for providing

communication services is divided into cells of desired size, and base stations
15  ex106, ex107, ex108, ex108, and ex110 which are fixed wireless stations are
placed in each of the cells.
[0241]
The content providing system ex100 is connected to devices, such as a
computer ex111, a personal digital assistant (PDA) ex112, a camera ex113, a
20 cellular phone ex114 and a game machine ex115, via the Internet ex101, an
Internet service provider ex102, a telephone network ex104, as well as the
base stations ex106 to ex110, respectively,
[0242]
However, the configuration of the content providing system ex100 is not
25 limited to the configuration shown in FIG. 17, and a combination in which any
of the elements are connected is acceptable. In addition, each device may be
directly connected to the telephone network ex104, rather than via the base
stations ex106 to ex110 which are the fixed wireless stations. Furthermore, the
devices may be interconnected to each other via a short distance wireless
30 communication and others.
[0243]
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

35 may be the one that meets any of the standards such as Global System for
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30 implemented in an independent computer system, by recording, in a recording medium, a program
for implementing the configurations of the moving picture coding method (image coding method) and
the moving picture decoding method (image decoding method) described in each of embodiments.
The recording media may be any recording media as long as the program can be 35 recorded, such
as a magnebitobisk, Gomopticataiskga (G etcapttaldiskzaleméti) | Codal RivdsioaeMidtpuctor

memory. [0 after: lieatiansto:the. movi ct ing N (im coding
method) an?&?%%]gsr%og/?r%rﬁpéﬁu :?/e(li @l&co%?ﬁgﬁrﬁé%gﬁ%%@ge%“J}a%(%ir%%n%ﬁo@g@??&d %‘r% gé%ch of
embodimentSERdE@tdins (ki tasd dliah Deagsstrpbleet. ArecsysitimPigs Afeempsvinathey an
image coding A IBRAALIS EPRATARY Bk IDEIURBANAMAIN EAHI BRAA BISSING the image

coding method and an image decoding apparatus using the image décoding method. Other
configu?atioﬁ@%ﬁ‘%ﬁ\e system can be changed as 10 appropriate depending on the cases. [0240]

FIG. 17 glustrbates amowa@@%@ﬁgupagfommga mﬂd t pronid 'p%syg@ghﬁﬁéoge;@;égn@ﬁmgntﬁ?g f
content distribution seryices. The area for prgviding communication services is divided into_cells o
desired size?%ﬁ'é%ge&jﬁ%§i@8§a§@fﬂ?l@ﬂgeé%gfse%i%§}‘§n5e%ahwmvﬁ?ﬁﬂ%%\ﬁreIess
stations aregidcetbibaschtafitire @ell80R41dh endiiescdintgiytiovidininsygtemexlib@isiaonnected
to devices, o] exl rsonal digjtal istant (PDA) ex112, a camera ex113, a 20
cellular pho%i@éﬁ%gh? ﬁ%@ﬁeam&g%c%‘?ﬁ%%g@é ,C\(/)@:{%ne@l ﬁferrr%e(é (énx@&l,vé)éjllel%t%%ems%%ﬁgg %rovider
ex102]8a telehhotietaptivoek 6x 0decasi oersll asinige thaseatagion 811066 i exdad, dsspestiviblyd [0242]

However, theyeRANTRHEARAN ' AR RNAEHRIQY!ding v stam X100 (BAL 23 Iimdahin e qigpfiouration

shown in FIG. 17, and a combination in which any of the elements are connecte cceptable. In
addition, eaBRRAEEAEESHAEFDE gy 2BnABRESE 1of thBacRiBEBRE iHbtRikeRX 1 Gnd dther¢adadia the

base stationgaxdQ6 itotexAdinbighare therdixashmiseless stationss Fushameoren therdeicepdnay be
O ing Semver et o o ctroa Sabutos oF e Tt tted
15 content data to the clients upon their requests. The clients include the
computer ex111, the PDA ex112, the camera ex113, the cellular phone ex114,
and the game machine ex115 that are capable of decoding the above-
mentioned coded data. Each of the devices that have received the distributed
data decodes and reproduces the coded data (i.e., functions as the image
20 decoding apparatus according to an aspect of the present invention).
[0245]

The captured data may be coded by the camera ex113 or the streaming
server ex103 that transmits the data, or the coding processes may be shared
between the camera ex113 and the streaming server ex103. Similarly, the

25  distributed data may be decoded by the clients or the streaming server ex103,
or the decoding processes may be shared between the clients and the
streaming server ex103. Furthermore, the data of the still images and video
captured by not only the camera ex113 but also the camera ex116 may be
transmitted to the streaming server ex103 through the computer exill. The

30 coding processes may be performed by the camera ex116, the computer ex111,
or the streaming server ex103, or shared among them.

[0246]

Furthermore, the coding and decoding processes may be performed by

an LSI ex500 generally included in each of the computer ex111 and the devices.

35 The LSI ex500 may be configured of a single chip or a plurality of chips.
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[0243] 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 35 may be the one that meets any of the standards such as Global System for -
45 - Mobile Communications (GSM) (registered trademark), Code Division Multiple Access (CDMA),
Wideband-Sofievaidsion dadinglend ceodingC DN, mevigoeentegratiedonte saeariypeigh Speed
Packet AccossdldRih &ML Sascelirorionsiexidd max bav Rerspadlidprdyphane

(0244 In ex103is

System (PHS). 5 he content providing system ex100, a streaming server

connected teeAM#RBENBYA B8 1D AN ERR efX Vidl thh e | OpRiTe REYAdCe£00INEnaHe dREUIKIEL ON
ex109, whighgradies e WIOHEFARALRS sty iRt o ANGRINErsURRIGRSrEiS(RERORm& content

(for example, video of a music live 10 show) captured by the user using the camera ex113 is coded as

described aBellah BABRDFEMISbHREHIBRAE. WHE SaRRERs fanEiB nd SR8 e iRngY dbsaratus
according teamegpeatof teetprasemttaventitn), anddheeadedtieententisitrepsméted taetsnstreaming
server ex103. Pn the. oéhercrgr;ﬁ the[-astreami ﬂ{erver ex103 carries out stream distribution of the
transmitted 15 881 i g?a ér(ﬁ)l ﬂ%eu%ﬁﬂ eir requests. The clients include the computer ex111,
the PDA ex[@24iHe camera ex113, the cellular phone ex114, and the game machine ex115 that are
capable of decodin - i iC t haverecei the
distributed data de&é?éﬁégapﬁ%\é?gm%%g?ﬁﬁ%?ﬂ%@@%ﬁ%@é a@?ﬁ%ﬁe}?ngggfz%g g\’é\éc?gding
appardfus a@eraig rotensasputieahegsesient i datornopamiess thrasleapriratizgstalatay be
coded by thpeggpa?r@r@g%ggé%%r_eaming server ex103 that transmits the data, or the coding

processes may be shared between the camera ex113 and the streaming server ex103. Similarly, the
25 distributéd may be decoded by the clients or the streaming server ex103, or the decoding

processes may be ghprechebugesibhecclienisdaiedihesiteaniagsaimer pgwodrtheinsmdhe data
of the still ima%es, an%video capg;ured gg/ not only the Cﬁ&ira ex113 but als th%%arﬁera ex116 may
Q &

be transmitfeatt fhe SSRGS BRI AR90%Y FthEtomPutsPEX 19 Cfnd Biltg pdtesses
may besperfeimatbyitedsmesniafditatiencomputaitex] Iy ahtheistreamog ispnsii el Ok or
shared among them. [0246] Furthermore, the coding and decoding processe y be, performed by an
81 ox500 QAREATY R ot T e L TR e S RS S0 may
be configuresef avingtoehimot dpuaatinyopemimsiladéight and equipment can implement
personal broadcasting.
[0249]

20 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 decoding apparatus) described in
each of embodiments may be implemented in a digital broadcasting system
ex200 illustrated in FIG. 18. More specifically, a broadcast station ex201
25 communicates or transmits, via radio waves to a broadcast satellite ex202,
multiplexed data obtained by multiplexing audio data and others 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
30 muitiplexed data, the broadcast satellite ex202 transmits radio waves for
broadcasting. Then, a 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

35 image decoding apparatus according to an aspect of the present invention).
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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 ex111 and
others, and the coding and decoding processes may be performed using the software. Furthermore,
when the 5 cellular phone ex114 is equipped with a camera, the video data obtained by the camera
may be trangidiilell. The video data is data coded by the LSI ex500 included in the cellular phone

ex114. [0247] FUHERSIMGE, the susampngsraG extiBmay he.gampased i ssiusrsAQ and

computers, and may decentralize data and process the decentralized data, record, or distribute data.

(0248]  AadiaRlensshdatavecpisedmsh iy oEdingdaefivan R thEGbas RdaMDRtKb Zontent

providing systenbexd9QdactRgaavwiisntie ahies Grrdkairesetyediimhdesods infarmatiegisansmitted
by the user, and reproduce the decoded data in real time in the content %ovid%system ex100, so

that theduser 3 d8BLaTo IR, QAN SEHRURIYR eAipHRIR TAR TP e ERERSL AR
broadcastinghi)248ti2fhsidederrarthe @ xample Ridbeaivo mentipipopidingesykiendiexl 80 patdeast one of
the moving picture coding apparatus (image coding apparatus) and the maqving, picture decoding
apparatus (I ra%ég egggi%gi%%%g?a s E%%gc?f%%@n%seé%hso? AT w%cent%?r’refgﬁ/tg)eg %Sﬁe}r‘cﬁengped ina
digital broadbtistiassy dteenrex20dlittast raigelinsik Ga | 8atd aliéss(@atically thdnmeiitst stait®, ex201
25 communigate transmi I i ast.satellite e ip iﬁi@a
obtained byéﬁn?élt%%xir?g aﬂé&?ﬁo&ﬁﬁt{:ﬂ%ﬂg %ﬁ%ﬁ?@%ﬁ) %:%gggdaatt& %gg\ﬁ?je)%%q ﬁ?ﬁg%a@c@g ed’by the

movindbictifedbdh§ridih 6 dedichvdeimeddn exedhdodnfertsqrecddath sodlse PPsabittye
coding apparaARISACERI NG HGNRSPRALREIRREreReHt ARYRIEAN. HParreeriRbaf this 3mitiplexed

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

ex204 with SUHIEREED SN PR TSP orRfledivley IRt WiVe SNt RRAG% 8 lich as a
teevision (1sseited @xAPEransesebicn dRLETRLPIE decgrmihenevriesimpioreehdata, and
reproduces the decode ta (i.e., functions as image decoding apparatys according to an
rapeot of BTG E T e IV oB AR 0Ok RO, RSt Bt b PRB A 8ads and
decodés themmayltizdresiefaianteconde dotha setdisingonéeditin ex@ 1bjastisivagraIDVUD and a BD, or (i)
codes video[aié;gfl s in the recording medium ex215, and in some 5 cases, writes data obtained by

multiplexing-arn audio signal on the coded data. The reader/recorder ex218 can include the moving
picture decoding appiiratliS dhupigates /g gietavéstotitigegparaesiDshniresdbie ohenibgdiments.

In this case g repragced ides signals AEe ASPIAYCH AN B BORiAL AR &amBef gRroduced
by another device or systém us_r%rﬁlgéhe recording 10 medium ex215 on which the multiplexed data is

recorded. It§8esPpdRIBRATENSfe mertehERMEIRT pRYGHRL I ddHRRP app aFaRE if RO LefiEh box
ex217 gpnngpieghio dherableaxAfdorasatintelRnsioner Ky the aennaeRRidaistatellite and/or

terrestrial broadcasting, so as to display the videq signals on the monitor ex219 of the television

ex300. The%%&%t&%r%%dﬁ% gmg}%gxzo or the cable ex203, etc. that receives a

broadcast; a modulation/demodulation unit ex302 that demodulates the
received multiplexed data or modulates data into multiplexed data to be
supplied outside; and a multiplexing/demultiplexing unit ex303 that
25 demultiplexes the modulated multiplexed data into video data and audio data,
or multiplexes video data and audio data coded by a signal processing unit
ex306 into data.
[0252]
The television ex300 further includes: a signal processing unit ex306
30 including an audio signal processing unit ex304 and a video signal processing
unit ex305 that decode audio data and video data and code audio data and
video data, respectively (which function as the image coding apparatus and the
image decoding apparatus according to the aspects of the present invention);
and an output unit ex309 including a speaker ex307 that provides the decoded

35 audio signal, and a display unit ex308 that displays the decoded video signal,
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15 may be implemented not in the set top box but in the television ex300. [0251] FIG. 19
illustrates the television (receiver) ex300 that uses the moving picture coding method and the moving
picture decoding method described in each of embodiments. The television ex300 includes: a tuner
ex301 that 20 obtains or provides multiplexed data obtained by multiplexing audio data onto video
data, througdutire antedispEx2 04 ortHercably eR202!elsitmbrSHivesaleeasicdasteeface unit

modulation/ i it ex t demodulates t ived multiplexed da modulates
s o et A B e e B e o s ot 25
demultiplexegenatinodufatdtentpie e datavisiorvieedhindindesualicodétal unihakiplékésalideo

data and audin ¢8a GOERY Py 5 I90ALRIOERB N EN SRR R 08 Ns g 18vision,e*300

further includes: a signal processing unit ex306 30 including an audio signal processing unit ex304 and

a videoSigrit PROCSHSHE wittesndb iHdedcvberligs 0o Wata tanaaatedf dhe alsinastis addibefata and
video data, frgpegivehy Sriigthfunstion ag BeIMageeoring-rRBalMUSANY hemAgRAREOdINg

apparatus ?%:_ording to_the aspects of the present invention); and an output unit ex309 including a

speaker ex30 it Frovides MRtddSodkB8S R0 SRynal ardteHighiad DfEex T thafdis s the
decoded videasignalcortfer suCas adisplayufiurerpnordotheielpirionesdbpiastudgs greinterface

unit ex317 including an opgeration input unit ex312 that recejves an input of a user operation.
Furthormor S I d 508 Tt dH s S Ao P TSI IIMOL Y bhe oorh SOt L et
element® of thie aelevbion &x38Ording apediens supplpsiachihitiek3 Bhthatsuadiesapdiér to each of

e ey Dt dban b aReiBARIPHENII R Her S USRS RIS bdena hrdge

ex313 that is connec 0 an exte evice, such as't d reader recor it ex314 for
enabling att@lgsiiigelyt thecessbrdifigrmatinm &er®, sucheis widiedvedatiielrivemisanguctoe

connected 134q-apexierahters dinemedivi SUrRER 8k HishanG BHRRdRMSA18M0be

connected to a telephone network. Heré, the recording medium ex216 can electrically record
information ¥SnEPRMEHSD ERiIRAGI A REESHRBEN R ®FHRIRBALEIBHRNt for storage. The constituent
elements offiiegeievision ex300 are connected to each other through a synchronous bus. 15[0253]
First, the configuratjgn in which the television ex300 dei%gges multiplexed data obtained from outside

through the antennd E%2043fid GHEISUAHBordiucde He dbEodElRARLRiI BEHESC dBthe
television exB0@ipipreddisey opkraiteh foroughtsidembiewghtiblen e 2thaadRotersdtiveizPs

AL S TR T SRt

r-contro € control'tnit'ex INCludaing a
Furthermorejfthe sudisaignabpedicesdingpugit ex30adeodesithelldenexifip@xeddudivadstaend the

video signa 053] | d e Iti Vil usj ecading
metho?jt% eslgtrg%[ggg %1%&2’521%}:1&%;% eﬁrﬁ%@é?ﬁwﬁeg nt@?t%gvigﬁ%ﬁy%%?@%tmd |t%a%g%d9{)ér)§/ides the

decoded vidtpshdrEedl By dhesigriLdriisns] eaxpdetriiy) WieaXReDughdairmoeksdwpiéades the
video signakaRg-iia ardissignahirifignalemay e teneprisrly steredinduffpisiendiandex319,

and others so that the signals are regro uced in synchronization 30 with each other. Furthermore, the

television ex3H 53 F8ad FORBReXES d9RMUT RiRh 2 BARIHER arfEthENE bYIdeSMI9E P cording
media ex21prandsex?d 6 Lpchas a3natneiiediskhhanapticatigiskeand &P eartd, Nexing the

ot o aid AETRES HEHAE GFR VB P PSR B S oAt 1P LB ba00,
upon a userfbeem@iigruthratighetk@09 provides the 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
30  with each other. Furthermore, the television ex300 may read multiplexed data
not through a broadcast and others but from the recording media ex215 and
ex216, such as a magnetic disk, an optical disk, and a SD card. Next, a
configuration in which the television ex300 codes an 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, upon a user operation through the
o 49 .



- 49 - 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 embodiments. The
multiplexing/demultiplexing unit ex303 5 multiplexes the coded video signal and audio signal, and
provides th¢aaxitingpsigndEo ueid20Venen eblaarsutible xingltesighiplexingansingx 80 nexlBiptexes the

video sianal gddae e il (ARS8 1 ABIRe-RPPOEatl MAIRT BdehullsLs eidland

ex321, and others so that the signals are reproduced in synchronization with each other. Here, the

buffers ex3$Enata19nesB2e0RHal 10%:th21 $ralBE pliialsdiliOstksiag, shat rednenssiffiefmay be
shared in thedelapisipih a0 ofF erhssmaiengatarmay el thHy dbrifRpROdRat ink eien

overflow and underflow may be avoided between the modulation/demodulation unit ex302 and the
multiplexindTIEHRIBRRG (RTER09CRFighanpie! B5eosaipnal, RRRHARYHES HACERSHERY ex300
may includssigeantgtisation forreaetoghanifexipgy tiemutipiesaphoneioea SaBnenaiaihiexédsan the
configuration for obtaining audio, and video data from a broadcast or a recording medium, and may
code the oAU BRI e AEon 5 SRS OHeY PR OERE B TeR olheice
data in the dlesdvigfiers rx3ay endapaBE plhonlyotbess sy thet dbmgicnadspeoeidenyadirse data but
not the codi j Ind, di tsi a or e recorder
ex218 reads%@ﬁéﬁ%@erﬁuﬁ%?éﬁgg F&dz}l%% f%m %%)gﬁ ?r%?:%\?ﬁ%g&r%gﬁ rh,e?)ﬁg l%f %Qe% é\al%l?é/n ex300

and th¥lreaB¥A7dconrayr ke pigraiagsddstielede sucathieastigpie e fgatmay dehsharedisivAex300 and
the reader/vggadarexel80nay BIARHRSIRCOMRE FhQIMY-dR5efl BPAS BBt EheO

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

written fromSYPi &N HRFAIYIsK. FRE infBRAHIMeprBICingAR corNRiIGHit eRBBOSSEIUddRe

constituent glemeatroexdein SAdREEX 4R ex402, axdOth&xHfkigastiastddruRprssaybesit
hereinafter.f‘il'%ﬁgpycal headeex401 irradiates a laser spot in a 35 recording surface of the recording
a

medium ex t@’ﬁ%m &t disk to write - 50 - information, and detects reflected light from the
recording s(iffaée of the recording medium ex215 to read the information. The modulation recording

unit ex402 electric rives a semicondyctor.laser | ed in the optical_head gx401 . and modulates -
the laser light accoaflcﬁ/rr%q Fo%r%(?:l%%rdg%(‘f §a%%% re%%géﬂ)gt@r? &e}ﬁgqéﬁqgtir?g ﬁ%ﬁﬁ%ﬁ@ %?ngﬁﬁes a
reproductioresigivii @beinesMoyirahedtritraiiy detectiopiteoreflectedlighatrfrera tisthericottlany $bheace

using a pholg delecipidRCIHsechin s aptisabisad Riohaand demaraies (Brispogudion,signal by
separating a signal component recorded on the recording medium ex215 to reproduce the necessary
informationeHE Gingesdiom, and may code the obtained data. Although the television

20 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
cading, multiplexing, and providing outside data.

[0255]
Furthermore, when the reader/recorder ex218 reads or writes

25 multiplexed data from or on a recording medium, one of the television ex300
and the reader/recorder ex218 may decode or code the multiplexed data, and
the television ex300 and the reader/recorder ex218 may share the decoding or
coding.

[0256]

30 As an example, FIG. 20 illustrates a configuration of an information
reproducing/recording unit ex400 when data is read or written from or on an
optical disk. The information reproducing/recording unit ex400 includes
constituent elements ex401, ex402, ex403, ex404, ex405, ex406, and ex407
to be described hereinafter. The optical head ex401 irradiates a laser spot in a

35 recording surface of the recording medium ex215 that is an optical disk to write
— 50 —



10 temporarily holds the information to be recorded on the recording medium ex215 and the
information reproduced from the recording medium ex215. The disk motor ex405 rotates the recording
medium ex215. The servo control unit ex406 moves the optical head ex401 to a predetermined
information track while controlling the rotation drive of the disk motor ex405 so as to follow the 15 laser
spot. The sysfermediaingl anil eddtx-tontedlecheerdigtite ﬁrﬁmmﬁt'mnrmmnwmgirﬂyrmmdmfg tiret ex400.

The readmgf@é&%“ﬁgthe@é@%ﬁ BRI ol HQ%@%SW%%X&%@VS% é‘Pgn%éQZrHﬁ-{%g various

information store nd generating an INg new In rmatlon as necessary, and

by the modilBticexrEEdRIRE iRt e divesh sepisustishaTd@rriuiativged ihithexapBcaniade servo
control unit gx40¢ théﬁéeqw&d@i&@pr@@%é@wwo%ébffeﬂakgt%opté%k@éad 01 while being

operated in a coordinated manner. The system control unit ex407 includes, for example, a

microproce$&6F OgHﬁt@JééiﬁB%OEﬂHéé%nﬁ%%’éﬁg%é@ﬁmﬁﬁtﬁeﬁy@%@@%%@@}&ﬁtﬂﬁ%d and
write. 25[025\7]eiecﬁitjawg@ett&mgcm@&éﬂ@téalugmdfm anesesaReling tbareeserintieg, 4 may

perform high-densi rdln sipg,near eId li illustrates the re ording, medium
o215 that o F ok 0 Ot el g s tﬁé‘%&orcﬂﬁé‘ R LR, e
grooves are'eplmjiydmmmeug rand)arsemarataﬁ@m traphaéx2Btpecendsacoadvd e taeldeessdirigrmation
indicating a te o] r pe qf the s. The
address |nf§r1r%8j%n mg%(fj%sot{l&r)ﬁgr@%ﬂon §t§§n%%§%@%f8%? }ragcor;frbg b Hltgs exﬁoﬁ%hat are a
unit foifQeccﬁ@‘ﬁg@ﬁrdﬁt@dﬁprﬁwdmf@m@mrmtm fieekrgr30mrthee seioyding aowdissn 51 -
information . ANRBRAIBLSMBHIRARAABRIRRIARSH 418 RADIAT A ARIRIMIERY9B OFhe

positions of the recording blocks. Furthermore, the recording medium €x215 |nclu es a data recording

area ex233 SiTKiAMRIOR R HPR retaker dheroaur ding BIeelEr @rdiarerEiRSani exnta! Rk data 5

recording asa8%2 330N tHEa0PFitise Hxsacesding the useirdaiehherBRertHRWENRIe e8I ea
ex232 and thgﬂ%eter cwm&mference area e>E<E34 that areﬁéﬁ% e and outside of the data recordlng area

ex233, respQiicelP ARG JEGHORBEK EMG S rED fREWESPHER. Shatierirhaynthe
reprodw:mgée@nrdm unww%mémandmrﬁes:naded@mlmdaé \@deﬁadat:an,eomfwma&ed data

10 obtained by multi coded. ud| eod a from nthe data recording area
o233 of inE R B £ R a5 S g s Se T b as &
DVD and a impierdesd:abetayﬁaamm@mplmntrthﬁzdﬁsemﬁ@&nuﬁmgopauaLﬂiékfm'nm’clmnimmftedLS such,
e ey e AR e DRl S AL ARG IR ARG feao HedkangA part other

than the sur ace. Furthermore, the op cal di ave a structure for multidimensiona

recording/repadOYtiBe s"n@ﬁfa@t@ébrtﬁﬁgrdmﬁfmmb@mamgh@Hﬁ@r@dm@%tw@m@mme|engths

yaﬁlhoeugé‘amngnrgfs?ft['ggﬂéhe&m'oﬂﬁé"%F\Vt‘ﬁ T e ding Ideimationtanng Aieneat «Qipygizdom
information through the optical head ex401 while being operated in a
coordinated 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.

25 [0257]

Although the optical head ex401 irradiates a laser spot in the description,
it may perform high-density recording using near field light.
[0258]

FIG. 21 illustrates the recording medium ex215 that is the optical disk.

30 On the recording surface of the recording medium ex215, guide grooves are
spirally formed, and an information track ex230 records, in advance, address
information indicating an absolute position on the disk according to change in a
shape of the guide grooves. The address information includes information for
determining positions of recording blocks ex231 that are a unit for recording

35 data. Reproducing the information track ex230 and reading the address
— 5I —_



Furthermore, a car ex210 having an antenna ex205 can receive data from the satellite ex202 and
others, and reproduce video on a display device such as a car navigation system ex211 set in the car
ex210, in the digital 25 broadcasting system ex200. Here, a configuration of the car navigation system
ex211 will be a configuration, for example, including a GPS receiving unit from the configuration
illustrated infFIEMEGIOThé s ameapifidyatuge Yoaitheecordityuatonapirtiiicemplites eattl Iedde tllular

phone ex 14 i S8, (976 SOEAG 2R Iystatesals Grlllasbeue extidalsees dhg moving

picture coding method and the moving picture decoding method descri edine mer‘]ts. The
cellular phofRCE5ding inBREEEN afehtenRCRIESD for SalRs ARG AseaviR Adioataiesahrough

the base stafie@rdidh@ campgraumbexsiad sANGerofifaRiing e viraArd sill impgesiAad a
display 35unit ex358 such as a liguid crystal display for displaying the data such as - 52 - decoded

video cﬁptuF@H%Q‘ﬂ% TxAerd 5x3BERRLi R 4 AL NS AE6T ARt ellns HRGHe ex114
further inclugleasaf@aindzodydiniekbdisgantaperatian dayuunie aX3aS6, fe Augio DUtPYELAIex357

such as a speaker for, output of i0;,an audio input unit ex such as a mjcrophone for input of 5
io; 2 M R o LA LB SR B U8 P ol 8P LIS e RS A0
decoded data®ktheeptdeivedoddiiogthbestilbpictiaes, dimaitfoonattiersraprbd stiig/né@xd@bthat is an
interface unjt far i i e aj er as Y Unit ex367.
10762] 1ONSIL B e e A R o
referen@e tobtaingd Y imhdiséing phereedrd1aucionn codaeldati X360 dasignethe Gaitrol
overall eachamitqhihe mainbedy dncluding thaidispasin ex355as well as the operation key unit

ex366 is connected mutually, via a synchronous bBus ex370, to a power supply circuit 15 unit ex361,
an operatioﬁqaégﬁ control unit ex362, a video signal processing unit ex355, a camera interface unit

ex363, a liquid crysiatihsigiayah GRLieantER ki iberdS daedutation/derodulptiandinit exs32, a
multiplexing/demultiplexing unit ex3§3, an %udié) si%nal_grocgpssin% uniT ex354, the slot unit ex364, and
the memonP At ﬁszgfbfé‘ﬁmpev\ﬂwé % CERSEIRRBy 57 BBHRR KBS 1M 'BRIBY 4QUser's
operatién, tsaghyveerds o)y iy @it opitcakI63kshpplies thengisieetivetraitsumitapdwentibie afbattery
pack so as {0 activate t ell phone.ex114. [0264] 25In the cellylar phone ex114, the.audip signal
processing E%EP gx@ggrggggﬁsqlpeagué%eslrg{r%a g cggﬁe% ed B?/‘th%ugltﬁ Sq?%ﬁ’ fﬂl?ﬁ eoéggld ir%jo k?gﬁce
conversatiommodeivio aligitalcudid Signats! tislerahs @unitrobobtiien gl s@pootidiamit exd@60simcluding

a CPU, ROM. 3ad AN i o R ABHioB e o LRGSR IS AR sperum

processing on .
same portion of the optical disk and for recording information having different

20  layers from various angles.
[0260]

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

25  broadcasting system ex200. Here, a configuration of the car navigation system
ex211 will be a configuration, for example, including a GPS receiving unit from
the configuration illustrated in FIG. 19. The same will be true for the
configuration of the computer ex111, the cellular phone ex114, and others.
[0261]

30 FIG. 22A illustrates the cellular phone ex114 that uses the moving
picture coding method and the moving picture decoding method described in
embodiments. The cellular phone ex114 includes: an antenna ex350 for
transmitting and receiving radio waves through the base station ex110; a
camera unit ex365 capable of capturing moving and still images; and a display

35 unit ex358 such as a liquid crystal display for displaying the data such as
— 52 —



30 the digital audio signals, and the transmitting and receiving unit ex351 performs digital-to-analog
conversion and frequency conversion on the data, so as to transmit the resulting data via the antenna
ex350. 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 performs 35 frequency conversion and
the analog-tedayitd codeersiptiorethbyddiee Thererasdit tedbbdutatmeidenh dyuthtoanigitmex352

performs inygrsespread EBRGEP’EI%R@&W%%??%%BH dhe %{Qiﬂ 909/ 85‘??%5@!;%@‘“ ex354

converts it into anélog_ audio signals, so as to output them via the audio output'unit ex 65]
S5Furthermo®®, PRI EeNe@rilintdexs e6imaiualaitoputivtdeusitransmitetChers dagPopiss Email

inputted by gaesating tisRpeEiGURY HplLeX3RO BRsteliers Obe MARAIOSBHE FERiA{Ehe main

control unit ex360 via the operation input control unit ex362. The main control unit ex360 causes the

moduladion/B8fBduatIBRBINNEXSBE (§HePrOriPEpPEIN IR S0 pristashiy sHheiEXt&ata, and

the transmit:tmmhr@c@iw,n@dﬁﬁﬁ%ﬁ@b@ﬁwrﬂaﬂ@@ﬂ@i@k&@@n@@gi@@@yqrﬁoﬁmrﬁmﬁé@quency
conversion on th<=E resulting data to,transmit t%e d t%ﬁﬁh? base statign ex11( }(éig the antenna ex350.
Aok

When an e-n&il45eREl ,Fﬁfo%'%%s&f Shind & g é@/?ﬁ\/g} t%cfrwé"ﬁ s@iﬁ%cﬁfr‘{f]%smitting
an e-mail isrpedarmeithanstiveae cieitae thd#ta skban driberesaldingadatansgrovide i@ @ display unit
ex358. [026 When video, still images, or video and audio in data communication mode is or are

. 2621JI . . : . : :
transmitted, the video signal processing unit ex355 compresses and codes video signals supplied from
the caihfera unit ex3éSUsiany ex@mpldnyf 20 gofige esitingointiroctlnBwrpinosgcof ehibvddirents

(i-e., functiogsas;theiimage cading APRA'EHS asearding, tothe aapest gr%ﬁeor@%fminyegﬁ%ﬂﬂ% and

transmits the coded video data to the multiplexing/demultiplexing unit ex353."In contrast, during when

the camera ¢HIEN3BHE Pl Wasisnsd iFRageBhdydicrs, eastaudiitsRinAhprababsipdnit ex354

codes audiqrrigRalsCeHectREpRp/LYiHRE SoiBinpUAERt 8x38f %F@Fé%ﬂﬁﬁni@ asedecsadia data to
the muItipIexing/demuI:}%}exinﬂunit_ ex353. [0267 The mult}i;J exing/demultiplexing unit ex353

multiplexes tRE'SSHET Vidkd alYa Ay ighaHeUidRESs il Bro @ ssiRG iRl SXBBY aFECHE coded
audio 39 datmpuptitied, ferno e atisho signatgroes IBMoeIBR X 3bdidesingaa rpdetersing dmethod.

Then, the mg ion/demodulation unit (modulation/demodulation, circujt unit).ex352 performs spread

spectum pCERRINg G D B T o g BN bt Bt Bororms

digital-to-aneXap 8o rversioiu latid fiyetprandyiediorensioh ex3had,38 datdtinadngfdensoitiflesirmsulting

data via the, giteqnssex3nd ath-signal processing unit ex354, the slot unit ex364, and the
memory unit ex367.

20 [0263]

When a call-end key or a power key is turned ON by a user’s operation,
the power supply circuit unit ex361 supplies the respective units with power
from a battery pack so as to activate the cell phone ex114.

[0264]

25 In the cellular phone ex114, the audio signal processing unit ex354
converts the audio signals collected by the audio input unit ex356 in voice
conversation mode into digital audio signals under the control of the main
control unit ex360 including a CPU, ROM, and RAM. Then, the
modulation/demodulation unit ex352 performs spread spectrum processing on

30 the digital audio signals, and the transmitting and recelving 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 performs

35 frequency conversion and the analog-to-digital conversion on the data. Then,
— 53 —



[0268] When receiving data of a video file which is linked to a Web page and others in data
communication mode or when receiving an e-mail with video and/or audio attached, in order to decode
the multiplexed data received via the 5 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 thehvidensigretipngdessotyiatioaxB5E vatBiie pettatvidein datscasg tbach stiecsignal
processing pikexgnd Wil sodeciauin gl i avaRhe advanan bus 3G, Hhevipeo
signal processing unit'ex decodes the 10 video signal uSing a moving picturé decoding method
correspondingt@M0H AUAP FHENRScS6IRG ftethibawhBvemi Badrediudihodimehie ik &xBmtions as
the image 19 apparatus according to the aspect of the present invention), and then the display
unit ex358 displays, for instance, the video and still images included in the video file linked to the Web

page Vi the LCD cbHEBRIBIAMY ex8B8NF i#the ARl th® affiERsidipANprocBcatiRpuniped8sddecodes
the audio sigiapls@ngdhe aydiciatipyt WAk ex3pdipiapidesdheyausierd83g9the operttesmaws, similarly
to the televisio,nc%% 0, a termigal suc Ot%s the cellular phone ex114 Pgro abli/ghave 3 tﬁ%ﬁs of
implementa'ﬁBPf %ﬁjraﬂgngt §mdil % H?)?'Bnkfjﬁ‘g a‘ﬁmiﬂ% nd'fe ﬁ/i[ﬁgcﬂé? éfrf‘rﬁtbluding
both a codirgyappara b amnpardecadinguapraratisy hift S PH) Breamsriticoatesming ex36ding only

a coding apparatus and (Hi).a,receiving termjnal includin decoding apparatus. Although the
digital broa ggs%t%r?g%yesté"rﬁh& %8”%@%(%&%@%@?%#5%{%@% eén% tiﬁ%&ggggﬂagg%eo g:r?gg cb);;unq
multipléxingrandissiag ontdIRS dadotdadn inntetbestrimpmitiiegnaitiplexeehdam oy lex3fata

btained b i i IQ.C t ' j d d
b ot Ul b O B Bl e
the moving fseklEngod@éacdingansmisdhe el ditesSoBRRBrAERN XL ISR WL R Tlentavices
and systemg,dessrigtcRhas. A At iaRiagRR e HEBESIAG 26BHE SPBRSITMEREIGaR ke bigined.

[0271] Furthermore, the present invention is not limited to embodiments, and 35 various

modificatiotS @il PEFTIIG 0B HESSBIE ISR Gepariint REHAREeS P J5pESSEiNE Dt
inventign. [QewRitEmBadiment#ks is provided to the display unit ex358.

[0266]

When video, still images, or video and audio in data communication
mode is or are transmitted, the video signhal processing unit ex355 compresses
and codes video signals supplied from the camera unit ex365 using the moving

20  picture coding method shown in each of embodiments (i.e., functions as the
image coding apparatus according 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 images,
and others, the audio signal processing unit ex354 codes audio signals collected

25 by the audio input unit ex356, and transmits the coded audio data to the
muitiplexing/demultiplexing unit ex353.

[0267]

The multiplexing/demultiplexing unit ex353 multiplexes the coded video
data supplied from the video signal processing unit ex355 and the coded audio

30 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 multipiexed data, and the transmitting and receiving unit
ex351 performs digital-to-analog conversion and frequency conversion on the

35 data so as to transmit the resulting data via the antenna ex350.
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Video data can be generated by switching, as necessary, between (i) 5 the moving picture coding
method or the moving picture coding apparatus shown in each of embodiments and (H) a moving
picture coding method or a moving picture coding apparatus in conformity with a different standard,
such as MPEG-2, MPEG-4 AVC, and VC-1. [0273] 10Here, when a plurality of video data that
conforms tof hige@ifferent standards is generated and is then decoded, the decoding methods need to

b | d f ' I i

pluraity of the vided At (868 AEGo G o Gt M Fn RS ERERE R Bl Bt A
appropriate @&esging shethothoamutitetiobseissiedo ORI red@ivripan solvaihwishoblices
multiplexed gaj ARy IR M e ARG R QAR PR Ml dala-BR% 8 %ﬁ%:)ﬂﬁr%r €

includin&gsidentl ication information indicating to which standard the video data conforms. 2 e

specificstruRTRS BB IS 3t Sl B WERISHEIGAR DR atd e BERRECRTHEYRIRNRS phdure

coding methadiaprREdheatRoying PidiyEe eeeinainBRREN S RN AD@BHeh GRheizeN S !l be
hereinafter described. The multi Iex%d data is a digital stream in the MPEG-2 Transport Stream

format. [0275{PRIEGI, YidSRa4a! RrackireH HE hrittinextid e AOMesideq Hasans, the
multiplexed tiaiaaadiobsigridaimedt dysmgltipiexing Bt edsh ahe ebalaideadittedata Athaodighstream, a

presentation graphics stream (P nd_an interactive graphics stream. The video stream represents
Drimaty vidds A CORRRaNy i 0t TR LD BHeaar ) o Rians ABranay Ao 30
part arl@ a sécdendaigraidicsiyegt o rewiie ighlrehelpepding aodithpdricarrdshenissg iatidre graphics
stream repr Filﬁzé ' r pri Vi i ' 0 i edon a
screen, andﬁ{igé%?egsébr?é ary \?ggﬁ)ﬁén\%sg ét%?bgeﬂ(csllk|$,~,ﬁ|?)Iza{gl'/e %(rr} g ﬁ%ﬁ@v{\ﬁ%@@g Tﬁ#éﬁ%ﬁr@@ﬁ %ideo.
Furthermor@sthéitéiréite $rapaIts stppmicaleaeepsdindniarabiveasneeh o6 b 0epeaerited by

ananging (6 (3HSAMRANP AT LGAAEy Tt (slos Bbpisyeamy mersiRebinifie mRngreicure

coding method or by the moving picture co in%apparatus shown in each of embodiments, or in a

moving pictSH dBHIAE RSt By BEdRR) TR ARPKeD IS NSERDRIR Vi bk ArrnLrol
convengonalstaastasb suchraseMi&re; 2hMBEGcH Al redéeshdl haiawdiosustieasads epded in

accordance with a standard, sych as Dolby-AC-3, Dol igital PJus, MLP, DTS, DTS-HD, and linear
oM. [02761 010 EREIP i AR AN M SRR REHE PID For example.
Ox1011 is dlea8dd to the video stream to be used for video of a '
Furthermore, similarly to the television ex300, a terminal such as the
cellular phone ex114 probably have 3 types of implementation configurations
20 including not only (i) a transmitting and receiving terminal including both a
coding apparatus and a decoding apparatus, but also (i) 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 muiltiplexed data obtained by muitiplexing audio data onto
25 video data in the description, the muitiplexed 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.
[0270]
As such, the moving picture coding method and the moving picture
30 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.
[0271]
Furthermore, the present invention is not limited to embodiments, and

35 various modifications and revisions are possible without departing from the
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10 movie, Ox1100 to Ox111F are allocated to the audio streams, 0x1200 to Ox121F are allocated to
the presentation graphics streams, 0x1400 to Ox141F are allocated to the interactive graphics
streams, Ox1B00 to Ox1B1F are allocated to the video streams to be used for secondary video of the
movie, and Ox1A00 to Ox1A1F are allocated to the audio streams to be used for the 15 secondary
audio to be SRRRGIAKERGRS BFRRAN KRRIST0277] FIG. 24 schematically illustrates how data is
multiplexed[@argpa video stream ex235 composed of video frames and an audio stream ex238
composed %a dio frames are transformed into a stream of PES packets ex236 and a 20 stream of
PES packe B@%“&%ﬁﬂ ther into TS packets ex237 and TS packets ex240, respectively. Similarly,
data of a presentatiiigragbtes shredrns extvetaiad datasoficrhintgrastiveegespings seaneaxpid4 are
transformed,into_a stream .of PES packets e and g stream of PES packets ex245, and further into
TS packets MR Br & oo ST a3 RN BB B3R e o
stream to obfgivmitiphstedtiszesdume(d278)d (INFIGTRY iNgspitesdondingdewBuehmrisastored in

2 stream of 65 a0 (RRIR JeiAlaFl 15 BB Hfly 208hoN Ak JaRE pean 2 video

stream. The second bar shows the stream of PES packets. ‘As 30 indicated by arrows denoted as yyl,
yy2, yy3, at$ WG RAAMPE G AdeoaitrbMfris divided into pictures as | pictures, B pictures, and P
pictures eaghpfyyhich is a video presentation unit, and the pictures are stored in a payload of each of
the PES packets. Each of the PES packets has a PES header, and the PES header stores a

Presentation Time-B8ifp (B'F8) mdredirita BlsMidFantatt 38ate GRIGRISNS LR RNt
Time-Stamptditigrdedicaiéte:pated ctiddditmeofddrodetethistdeeol@idd9nethdd&naédlitsirates a

format of TS packets to be fipally written onthe multiplexed data. Each of the TS packets js a 188-byte
fxed longth SR SEs oG B By e HUSHE TR R CRmat I 6K =S BB o Iy ing o
stream andsicl8ikinyteats paylvagforadinring detasidbe BES padietdareddistidedf@md stomadtin the TS

payloads, r&%ogg{g/%gd WH%P@}?Q ﬁ 15 tRge ’a%aﬁB;gEﬁa;{gecﬁ’%ﬁ lﬁgﬁgc%eﬁgcac%m&ﬁ be

TP_Extra_Header, thus resulting iIn"192-byte source pa S are written on the
multipléxedsetegife: The TP_Extra_Header stores information such as an Arrival_Time_Stamp (ATS).
The ATS shewsg g 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 the bottom of FIG. 26. The

numbers incrementiilg PEAREhe RePYRhERRuItIRREIMHata wiE Rised soirke pablkaines nivbers
(SPNs). [028Riitiplexing audio data and others onto video data has a structure including

identification information indicating to which standard the video data conforms.

20 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 embodiments will be hereinafter described.
The multiplexed data is a digital stream in the MPEG-2 Transport Stream format.
[0275]

25 FIG. 23 illustrates a structure of the multiplexed data. As illustrated in
FIG. 23, the multiplexed data can be obtained by multiplexing at least one of a
video stream, an audio stream, a presentation graphics stream (PG), and an
interactive graphics stream. The video stream represents primary video and
secondary video of a movie, the audio stream (IG) represents a primary audio

30 part and a secondary audio part to be mixed with the primary audio part, and
the presentation graphics stream represents subtitles of the movie. Here, the
primary video is normal video to be displayed on a screen, and the secondary
video is video to be displayed on a smaller window in the primary video.
Furthermore, the interactive graphics stream represents an interactive screen

35 to be generated by arranging the GUI components on a screen. The video
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Each of the TS packets included in the multiplexed data includes not only streams of audio, video,
subtitles and others, but also a Program Association Table (PAT), a Program Map Table (PMT), and a
Program Clock 20 Reference (PCR). The PAT shows what a PID 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, avgiEambtcadsddDHReTTIRNRE PiFt e rAgltigereat dRthoa iy ARADTRVIRG BIEHEE of the
streams corgaRdisshiathe SHEanTREBMT GHenbRRIYAERES RSErRtsVRIgTRetn dhemHIgPlexed

data. 25 The descriptors have information such as copy control information showing whether copying

of the multipRSE@daty i¥erthifBR P Ao FHE P CRENTSRAZ MR ifforrrafieMibredidhding to an
/QTS showirtg)mmftl @%P&Brmm@k : t ssitransfeMpEGen m@@f 5, m\;@lema aghieve wechtngti%r; 0
etweep an Arrival Time ck (AT atis atlme axis o S, mT T
that e 2 e b PR DO R M S A e PR al L AT o AB AT i
detail. A PMIidizadduss HispoBaEalihe-4dp pé titk | PEr. A PMT header describes the length of data

included in T and others. A plurality of descriptors relating to the 35 multiplexed data is
disposed after the PMT header. Information such as the - 58 - copy control information is described in

the descriptors. AftEa¢ie deganpingudeiuialiipompisiplesedudala iafidentitedrémtifidto fherstreams
included in e, MBIEPIBXe@ fatisfisRasadiF AR Rigke oSN enatian REludgssiray

descriptors each descrlblngalnformatlon such as a stream type for identifying a 5 com Eressmn codec

of a stf@amP¥ifea® P idale stehii BuARiteiRctRdIEn iRnsionaiRarte IPee88det ratio).

The stream@ieﬁmat@fé AR egtd] e gaam@trw@ﬁ isreamsinsthexpaliplexesk dater [0282]
When the multlpégg ta is rﬁ_hefrded ona record| ium and Ooth |t is rec rded together
t

with multipl&X&d rifRatBICHIELSEEENE 9T ?Foﬁﬁ@a}mﬁtlp fordifes is
managemeatliﬂfatrmiammef Wicemsifiptexediddia asahéwrsacbt@ars vide mﬂmrmened'iéa'@wd

information(? |n o e (r:grrae gor}d%n% with thecfnul E)Iexed d ta, 15andc? qc tge files
includes mu d 8ata in orma%on streant attri e m?ormatlon and an enFFy rﬁg af% As

illustrated |$E¢@?@Mf&i&imR@b&édiﬁathmtbrthatmmmlucmﬂwsystem rate, a reproduction start
time, and a[rgggyﬁuction end time. The
FIG. 24 schematically illustrates how data is multiplexed. First, a video
stream ex235 composed of video frames and an audio stream ex238 composed
of audio frames are transformed into a stream of PES packets ex236 and a
20 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 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
25 are multiplexed into a stream to obtain multiplexed data ex247.
[0278]
FIG. 25 illustrates how a video stream is stored in a stream of PES
packets in more detail. The first bar in FIG. 25 shows a video frame stream in
a video stream. The second bar shows the stream of PES packets. As
30 indicated by arrows denoted as vy1, vy2, yy3, and yy4 in FIG. 25, the video
stream is divided into pictures as I pictures, B pictures, and P pictures each of
which is a video presentation unit, and the pictures are stored in a payload of
each of the PES packets. Each of the PES packets has a PES header, and the
PES header stores a Presentation Time-Stamp (PTS) indicating a display time of

35 the picture, and a Decoding Time-Stamp (DTS) indicating a decoding time of
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20 system rate indicates the maximum transfer rate at which a system target decoder to be described
later transfers the multiplexed data to a ND filter. The intervals of the ATSs included in the multiplexed
data are set to not higher than a system rate. The reproduction start time indicates a PTS in a video
frame at the head of the multiplexed data. An interval of one frame is added to a PTS in 25 a video
frame at thelemgiotuhe multiplexed data, and the PTS is set to the reproduction end time. [0285]

As shown ig@%?g, a piece of attribute information is registered in the stream attribute information,
for each PID of each stream included in the 30 multiplexed data. Each piece of attribute information

has different informilfon #epbrshirfen aHetrerti dorrdgselmicstealingly vidistestreannan audio
stream, a DreEANAIRELOEARAICS SHARS OhanToteActiMe GEaghiosaisRe kaehaiekR Qfaidep stream

attribute information carries information including what kind of compression codec is used for

compredsint Hiediged Sriddin, Tah BRI 1RLEIR 1B ARBEC a3t ArRP PRI RE IIRMENIRE&S of
picture datastheais -Hfi- ainmweﬂl/i:@ thrs Vi?]mﬁcﬁtfa@if- Eaehpiagstef autie StERPAtEYtare )
information carries information includin at kind, of compression ec is fQr compressing the
audio strear%,vllé)%a %ﬁéﬁﬂé& 8%8@5 ﬁ1d§r1é' %’ﬂ%é)SiYF‘e!%m, ?&?ﬁ@jﬁggﬁ 0 stream
supports, aeddiowthitpe the geankéig & frpger neydis iiee Nd Existie divcaterb utein fioesuditiog &amd the
audio strea tribute Jnf ' fQr.initializati f befor. s back
thue :nformag(??“%(if?ﬁ%aé%;{e%ﬁ? 'e-um o%%ﬁ%rﬁ%%&ggngﬁ%é&%?ﬁg%’%%ﬁ ﬁ‘sg;grﬁsj%}ﬁaé ’%%Ps/tream

type iné) udetpiia th@W‘P@H@eﬂr{ﬁﬁé?Wﬁ@ﬁﬁéﬂfﬂﬂmﬂégécﬁuﬁa% @&(ﬂ@'é‘(ﬁ@ﬁﬁﬁ@g&fmﬁ@medium,
the video strage)attifuig RfQRalon ingHdes B ibepvitinlexps Ao dfumaliondsiredMare

specifically, the moving picture coding method or the moving picture coding apparatus described in

each of embBdRReHRNBAUESS tPspFdPa il for ANBcafHEEnPRE e IbRmatIERaRd cllingSideo
d?ta gbenderaﬁa@!@mé&ﬁdn%@@ pé@u%@lqmn%mﬁh@g tst_ﬁrtl’@?rm@fi_gml@iﬁu,’ﬁ% .codm;geanﬁg@fa@é%én eaw )
of embodiments, to the stream type included in the PMT or the video stream atribute information. Wit
e Con TR e A e BB by MR A Sk e By Ao HoUH SRoAEKBhG micture
codingl apparatubates(@knel)in each of 20 embodiments can be distinguished from video data that
conforms to[qugg)ﬁr standard. [0287] Furthermore, FIG. 30 illustrates steps of the moving picture

0]

decoding m ccording to the present embodiment. In Step exS100, the stream 25 type included
in the PMT or the videdhstedneatifibpechefie nmadodddcloddweimmultiplexed data includes not

only streams of audio, video, subtitles and others, but also a Program
Association Table (PAT), a Program Map Table (PMT), and a Program Clock
20 Reference (PCR). The PAT shows what a PID in a PMT used in the muitiplexed
data indicates, and a PID of the PAT itself is registered as zero. The PMT stores
PIDs of the streams of video, audio, subtitles and others included in the
multiplexed data, and attribute information of the streams corresponding to the
PIDs. The PMT also has various descriptors relating to the multiplexed data.
25 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 showing when the PCR packet is
transferred to a decoder, in order to achieve synchronization between an Arrival
Time Clock (ATC) that is a time axis of ATSs, and an System Time Clock (STC)
30 thatis a time axis of PTSs and DTSs.
[0281]
FIG. 27 illustrates the data structure of the PMT in detail. A PMT header
is disposed at the top of the PMT. The PMT header describes the length of data
included in the PMT and others. A plurality of descriptors relating to the

35 multiplexed data is disposed after the PMT header. Information such as the
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the multiplexed data information is obtained from the multiplexed data. Next, in Step exS101, it is
determined whether or not 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
apparatus in 30 each of embodiments. When it is determined that the stream type or the video stream
attribute infeopyticonindidafestidtchenddsprbent idathdsigenepdted. byAfter oy idespitioess aling

thod or t . _ ; - " ! _ dng i
performed by e o B D A e e S e 35
stream type'bH el $igsbditadmcispiand. inkeehaBiessnefi cires o hitrmasidendnaiedesmsieational
standards, gjeh@stME G R MEEBIA MioraRsti¥e - SuIenepdd% dreedng é%ﬁﬁ%ﬁ@%d by a

i
moving picture decoding method in conformity with the conventional standards. [0288] 5As such,

allocatifg afERAIRRARIVERGE P LHream tirel 6k Ride SR ShFR MBS AR BIRER D les
determinatiggurheifes pranot thadoviga Rigiee degollingrecthecal hesorping RigtUEdgcrding
apparatus that ig described in each oéembodimer;ttg can ﬁgorm 1Ceigoding. Even when multiplexed
data that co'ﬁ%ﬁlﬂgrt Ca-dafftiE SEG ﬁ%em}'?pﬁ'[, ﬁgﬁﬁ fis E%COding method or apparatus

can be selepf@82Thus, it becomes possible to decode information without any error. Furthermore, the
moving picture codi etho ratus, e_moVvi icture decqoding.meth r apparatus in
the present embodi\rﬂn%gbctghe%g{ L@%@%‘%{ %1%; gg%%::é%m%%ﬁ@%%rﬁﬁ d%es%:%‘dboe i&@o@é)gﬁ‘[&gﬁaa
(EmbodimentByrs, it Eartrordad moekepistiirerootinterastiaiathefonovidigpittase coding apparatus,
the moving {bcztgéﬂ decoding method, and the moving picture decoding apparatus in each of

embodiments is typically achieved in the form of
Each of the multiplexed data information files is management

information of the multipiexed data as shown in FIG. 28. The multiplexed data

information files are in one to one correspondence with the muitiplexed data,
15 and each of the files includes multiplexed data information, stream attribute

information, and an entry map.

[0284]

As illustrated in FIG. 28, the muiltiplexed data information includes a

system rate, a reproduction start time, and a reproduction end time. The
20 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 reproduction start time indicates a PTS in a video frame at

the head of the multiplexed data. An interval of one frame is added to a PTS in
25 a video frame at the end of the multiplexed data, and the PTS is set to the

reproduction end time.

[0285]

As shown in FIG, 29, a piece of atfribute information is registered in the

stream attribute information, for each PID of each stream included in the
30 muitiplexed data. Each piece of attribute information has different information

depending on whether the corresponding stream is a video stream, an audio

stream, a presentation graphics stream, or an interactive graphics stream.

Each piece of video stream attribute information carries information including

what kind of compression codec is used for compressing the video stream, and

35 the resolution, aspect ratio and frame rate of the pieces of picture data that is
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20 an integrated circuit or a Large Scale Integrated (LSI) circuit. As an example of the LSI, FIG. 31
illustrates a configuration of the LSI ex500 that is made into one chip. The LSI ex500 includes
elements ex501, ex502, ex503, ex504, ex505, ex506, ex507, ex508, and ex509 to be described
below, and the elements are connected to each other through a bus ex510. The power supply 25
circuit unit érsEledativhtedibgsshpyng damthopieeaiémedis siitbagraveatinither théopoweé&iosupply
circuit unit e IS 1. [0 . _For , Whe InNg.Js. per d, th I 00
receives an %%nmfﬁrgﬁh%?%ﬁcﬁ%gﬁ@e&ﬁfg cﬂ?ﬁﬁg exﬁg%gagég) gthégg%gro?ﬁg Sf!lené AV 30 JO
ex509 unde¢wBIiressing dhetratdisit ExS8MiNbRININGaNE RhaNBY2, arenirabigasbinréher axg@s, a

stream CO”%@@&@%%&QQ@68&@%@8&8@&?@8@%BE%?%%@%W%E{RQ&%%’Q%H@

temporarily stored in an external memor 511, such as an M. Under Control of the control unit

ex
ex501, the STERUEASNA & selifeiEgMESTEaA pBridAa b RIMGHO the ProtBSsAES EFRAIM and

speed to beraismites A fiRrALPEOGessi T UMb AloeR.g Bbcothe %@F@@"L‘P@%‘F@y@#nit
ex507 codes an audig SESné;\I nd/or a video signal. Here, the coding of the video signal is the coding

described irP@é& ﬁ’@t@urhhermore, the signal processing unit ex507 sometimes
multiplexes fo2®6fled audio data and the coded video data, and a stream TO 5 ex506 provides the

multiplexed data outside. The provided multiplexed, data is transmitted to the base station ex107, or
witten o the recording IS o s BN o Lt BHE PRTAIeRER the Bt SHault 66 ©
tempotérily steeachirtyhe bodfeded508the thdiTihefiathearous vymehrtmz calititaarh daierig0291]

10Although ory.e j e QUiSI e ' incly inthe.l SI
ex500. The ré%gf?er ex56y§ iﬁ%@w@@toﬁ%@ﬂé@%ﬁiﬁ% ﬁ:%%]ﬁozheatg 0 %?fgﬂ% %ﬁ@more, the
LS| ex500 rHsfustemdtetingo omdlighaxes Lptiadipometions. [92938d sFilaiersorsiigiyudhehe

control unit 53 dnclielen dhe. ity exAlthdae memAD srBURI SEOR: Mo glrepraspatiallar X504,

the driving frequency control unit ex512, the configuration of the control uni is not limited to

such. For ef5eIReRdsRAR prasarlMpte BEYdRaPrataRPIRIHAY 5ot BlPGRERRIBRIBHSNother
CPU inghe sigpahpresesHaganiExvidésanait igpnevette pipcessingepegd Jietithertsumas
for exampla RS ABST BTG S LG AP BRI e EASe BN misios
includes theskigaah prosessiniydait éx50WwoPHMIE GP thex5@2:inciickagna siariafttherdigmabpimtessing
R L T S e
method or the moving picture coding apparatus described in each of
20 embodiments can be distinguished from video data that conforms to another
standard.
[0287]
Furthermore, FIG. 30 illustrates steps of the moving picture decoding
method according to the present embodiment. In Step exS100, the stream
25 type included in the PMT or the video stream attribute information included in
the multiplexed data information is obtained from the multiplexed data. Next,
in Step exS101, it is determined whether or not 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 apparatus in
30 each of embodiments. When it is determined that the stream type or the video
stream attribute information indicates that the multiplexed data is generated by
the moving picture coding method or the moving picture coding apparatus in
each of embodiments, in Step ex5102, decoding is performed by the moving
picture decoding method in each of embodiments. Furthermore, when the

35 stream type or the video stream attribute information indicates conformance to
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[0294] Moreover, ways to achieve integration are not limited to the LSI, and a 30 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 reconfiguration of the connection or configuration of an LSI can be used for the same purpose.
35[0295] tharcdmnyvanticaalisheadaidse st BsskEidertuMBEtechAGICy\a redbvidid-newSteihnology
may replac e janal hlo [ a Sing t : [bility is
that the pre%e)kéti %&nﬁ%ﬁ%ﬁﬁplﬁ%dﬁ%ﬁ%@%ﬁnggﬁ. 5 \Z@ (@‘rfnggg%ir?%%% %lsﬂ%y I:BV% er?f/?ohpeo data
generated iARAAECHBINY bt the coauapHasthbstanr®@sdfe moving picture coding apparatus described in
each of embgédigagnts is decoded, compared to when video data that conforms to a conventional 10
standard, such as MPEG-2, MPEG-4 AVC, and VC-1 is decoded, the processing amount probably
increases. Thus, th83 SHEREBHAFEENT 18 HEWel I BrKAEH R s & RRMe YRS Oh e Mkee pU

e>;]502 LO t:jesui%dgwhmmsct@iﬂm@r@fﬁﬁaﬁwwmwba{mmxwimm@ﬁ@mdds giesqdediddowever,
when the driving frequency is set higher, there is a problem that the power consumption, 15increases.
0207)  FYGHIE: CHCBREHE OB DR U ST B har R A et
television exig@Qrivetithin L 8@beR50F isoondidinechts dedernpisedorwhbosdindard tBearndesidata

S e S s S

ex8038ets d&ﬂﬁ)ﬂhgfr@@ﬁbadyab mgfﬁyarmﬁgbﬁeqammh&hw% ba@m@m@éﬁbgmhe
moving pictye-6ading-peiBad PWRAINPYAY Birkire FRAIRSARRYAIHE (aSCiRe iR &ReRRling

embodiments. Then, the driving 25 frequency switching unit ex803 instructs a decoding processing
unit ex801 thtERECGfe3RRE MBAN§hidtar&@r MRl HHERNEa QRGBS thash e SPERIBSHMIENtS to

decode the deg datan\RBAARER ORI EONIIMSTOHE gevivestignal siardald. dee«baag

frequency switching unit ex803 sets a driving frequency to a lower driving frequency than that of the
video data @é’r?é’r%’[ed by 30 the moving picture coding method or the moving picture coding apparatus
describgd irf @288 Jof embodiments. Then, the driving frequency switching unit ex803 instructs the
decoding prﬁ;ce %%%ﬂim 802 that conforms to the conventional standard to decode the video data.
[0298] 35M é@be i %ml& e driving frequency switching unit ex803 includes - 63 -

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 typically achieved in the form of
20 an integrated circuit or a Large Scale Integrated (LSI) circuit. As an example of
the LSI, FIG. 31 illustrates a configuration of the LSI ex500 that is made into
one chip. The LSI ex500 includes elements ex501, ex502, ex503, ex504,
ex505, ex506, ex507, ex508, and ex509 to be described below, and the
elements are connected to each other through a bus ex510. The power supply
25 circuit unit ex505 is activated by supplying each of the elements with power
when the power supply circuit unit ex505 is turned on.
[0290]
For example, when coding is performed, the LSI ex500 receives an AV
signal from a microphone ex117, a camera ex113, and others through an AV
30 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, such as an SDRAM. Under control of the control unit ex501,
the stored data is segmented into data portions according to the processing

35 amount and speed to be transmitted to a signal processing unit ex507. Then,
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the CPU ex502 and the driving frequency control unit ex512 in FIG. 31. Here, each of the decoding
processing unit ex801 that executes the moving picture decoding method described in each of
embodiments and the decoding processing unit ex802 that conforms to the conventional standard
corresponds 5 to the signal processing unit ex507 in FIG. 31. The CPU ex502 determines to which
standard théhadzigriataromelsing. diierexhe 2 deidesi g undip cigtral anid eSa2vititersigesl a driving

f ' t R 502 Eurt [ j ' 07
docoties hE itGo Hata tne o 10 g ol P S5O0 L ot dnd ideatcghon 10

information IESEHHEEM & mb b a0k prébR bRIATsEd PEPESHtTging e S1dEY daeIEkenes
identificatioppigpraatienienas dadiet it ena deseidedde s MBedimst A DaybeaND

information as long as the information indicates to which standard the video data conforms. For

example, wREAAPHRIPEFRISE iatdh RISEe RGro teidan J&adtervidnrdt maddalared deiaeipal signal
for 35 Setergr’éiﬁimmﬁéﬁtft@ \ﬂld@oltxdaf%@ E?:&F@@ﬂhf@km,le%isiﬂrﬂ;%éa %igktm?:-réb@r%ﬁtgrmifeatm may be
made based an such, an external signal. Furthermore, the ex ects a driving frequency
pased on, 151 EAat A S AR b T LR P G P RLIES P AU wit the
driving freqire tioe baSeshenti( i 6 Gh SdthEhaata\sets fergumnughecanibedseiticteddhy 2B estoring the
look-up tabl@gy9 buffer ex508 and in an internal memory of an LSI, and with reference to the

y

look-up tabl e CPU ex502. [0299] FIG. 33 illustrates steps for executing a method in the
preserifembodimeAltFrdghin B pre®200, aKe kigitalaircgess i uptitsigBo thebtdmsaS iMbniification

information dram gae; il tRd ke Es Nexb o, SgR Bt e 130 £ B SXAR%Ea YRS WRether or

not the video data is %glerated by the coding method and the coding apparatus described in each of
embodimer®!toRsdd i erenaestfcati SvifgormnsthoumarendRubslaaie R0gEws 8dB9d8e moving

picture codipgdnsiBeshmdriennexirg Brduigscoding apparatus 30 described in each of embodiments,
in Step ex5£8ég%]f CPU ex502 transmits a signal for setting the driving frequency to a higher driving

frequency t iving frequency control unit ex512. Then, the driving frequency control unit ex512
sets thes driving frecuetisyriodre, highren diivitg:fremitenicyn@natieodathecloaed, tthegrtbeddsofication
information gicates that thce v'd8ﬁ> datéat gggz‘orn}f 35 to the convEPtrLPnal s)%%@%arqﬁsucég as MPEG-2,
MPEG-4 A\; ,aW—T T rp%f4 03t, %e%ﬁﬂ@xw NSMits R Signal tor ém%gthe
driving freqremyetocy lovndral riviniy éreliinidyetaahéglrinatigrireabroyoodnitalniniegs912isThen, the
driving freq trgl ynit e drving f : lower, deivi an that
in the case h\1/v g%léoctﬁg \%ﬁ'dﬁl&%ﬁzé{%ﬁ Ft% %%1@?11%%%& rg%:%dlérggg gnlf;%#o ;rgﬁﬁghmoving

picture coditiglapgardtlid/delitsloeiphdzrooreniBddindne B806e] procesftRg ke diBrgaith the
switchjg oﬁﬁ%}@rgoémé’w@@@ﬁgﬂ%@@mer FORSRIMARE, eHechramBe ipreyad bihehapging the

voltage to be 10 applied to the LSI €x500 or an a garatus including the LSI ex500. For example, when

the driving F&G9&nEY3¥ SEFYENRY, ‘ﬂ’iég)@oﬁef&@'iid)g N BIPRS00 ¥RE AppBRfatiRNincluding
the LSI ex5eQdsrplebapiysentiudeoiiage igvesitran thasdadghingassitvhere tielsiryingdeeapency is
set higher. Oc?r?ttl‘g)l unit ex501 includes the signal processing unit ex507 or the CPU ex502
including a part of the signal processing unit ex507.
25 [0293]
The name used here is LSI, but it may also be called IC, system LSI,
super LSI, or ultra LSI depending on the degree of integration.
[0294]
Moreover, ways 10 achieve integration are not limited to the LSI, and a
30 special circuit or a general purpose processor and so forth can also achieve the
integration. Field Programmable Gate Array (FPGA) that can be programmed
after manufacturing LSIs or a reconfigurable processor that allows re-
configuration of the connection or configuration of an LSI can be used for the
same purpose.

35 [0295]
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15Furthermore, when the processing amount for decoding is larger, the driving frequency may be set
higher, and when the 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 example, when the processing amount for decoding 20 video data in
conformity with MPEGHaeAfugirejaktir advattementisisgramondtibededuapded baaadenerated

by the mOViH@\HiEéHF{?wSRé&jFQ%‘I%Q}'FQB@E@ &g, MAYING, RGBS FRIURRARHR IR ARseHBgd g gach of

embodiments, the driving frequency is probably set in reverse order to the setting™described above.
[0302] 25F drsErdiechinelr@thod f6r BesaigliRe Brithed fegueieserd riBvRRited 16 arepiedniy for
setting the dyiviBgH cy 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
describad |r{@a% of embodiments, the voltage to be applied to the LSI ex500 30 or the apparatus
including theHrShexipRErs ®yobably set higher. When the identification information indicates that the

video data conform E,(]) the conv >r%ional stangja dh ch as MPEG- UMPE -4 AVC aqr;(gl1 VC?;l, the
voltage to be applieé(y & "E'lﬁ\e”é)%?g H0°6 tHE %t pfara IS Pr?gl\ﬂicﬂﬁg[)fﬁ (S8 g&)ﬁ@%ﬂ) l%/ &t lower.
As another gxanpbeindhgrithe-édeaidfiogtiappaiatuatidassbilirmicitesdoht thfe erdbodiatanssgénerated
by the movi igiyre | thod - 85 - e [ iCc ing r ihed in
each of emgggi%rﬁggfs,%aﬂqé%\%?g%th\/\eﬁ%BUq%%égzdgggsqgo%pro %@@%%v@?c%%g éﬁ%@ﬁ%ﬂ%ﬁ? When
the idétificatririfdraagorimdiChites 2ndRF&vid &Y dancbMeridsts esedemv Eitigriacsssioard, such
as MPEG-2MBEHE-AroshIdNANSsdedheiiingint  sheCosbenedss pTobatly srsPaRdpshat a

given time because the CPU ex502 has extra processmg capacity. Even when the identification

information fFRASERS/HASHR oD §hst iefgkife ekl ¢ HORRGHSRELMNSHIKE B #7@ dRd the
hmoving pictyER AN a\ﬂﬁ@{&ﬁh‘% desreem fhae%iﬁgréﬁ%@bgd&@e@@@dg tbheow@@éwl ,ngéﬁetﬁé’u ex502
as extra processing capacity, the driving of the 10, ex is, probably suspended at a,given time.
e o e TSt H Ol R B A IGRIRA AL (e SED S T
identificatiomiokespaation indicates that the video data conforms to the conventional standard, such as
MPEG-2, Mﬁﬁg AVC, and VC-1. [0303] 15Accordingly, the power conservation effect can be
SWi

improved b ing between the driving frequencies in accordance with the standard to which the
video data conform¥} Rurteetnarelv@Hdne theob&irex3be ontvingppitates dedoding tepbsitess00 is

driven usin%@d@)aagg%éhﬁe%%'i@%@ PEIRBAC WL BRI SErYB BB EMRRIALI0304]

(Embodiment 7 There are cases where a plurality of video data that conforms to different

standards, ¥Pidvidsandart degiceslapddiiatepiantIsasateieWih fetviees! e pRovEan order
to enale deradlinn dhe PhiabiaplvidsoialaRRdhisenTaaRda e difieentstapdatds:dse signal

processing unit ex507 of the LS| ex500 needs to conform to the different standards. However, the

problems ofPieigAER IR & bR RIRSFNLAMPPIMSERb0 A HEI Ay SRR with the
individual usgiofdhe Gy Batprachssing dritpexif)7tthat bajfernttoing feegaetivy stngarddeo

data is generated by the moving picture coding method or the moving picture
coding apparatus described in each of embodiments. Then, the driving
25 frequency switching unit ex803 instructs a decoding 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
frequency to a lower driving frequency than that of the video data generated by
30 the moving picture coding method or the moving picture coding apparatus
described in each of embodiments. Then, the driving frequency switching unit
ex803 instructs the decoding processing unit ex802 that conforms to the
conventional standard to decode the video data.
[0298]

35 More specifically, the driving frequency switching unit ex803 includes
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30 [0305] 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
embodiments and the decoding processing unit that conforms to the conventional standard, such as
MPEG-2, 35 MPEG-4 AVC, and VC-1 are partly shared. Ex900 in FIG. 35A shows an - 66 - example
of the configheafidh! Esbexammeldhbel monidrpivterecdesuidirg miritheddesdntid inddachiefe,

embodiments 40ch 1 auisLREl patecofigd methoddhat I B MBE GROMNG Kigiganarty in

common, the details of processing, such as éntropy coding, inverse quantization, Ing filtering, 5

and motion é8rASENSatE@h1edicHERCTRRMU il £BEProvfe BN eiINctRareansobd lydaehdidcse of a
decoding pregsssismynihex@RachateandernsadMB e oMferfciitatah &g disateshdperding

processing unit ex901 is probably used for other processini unigue to an aSﬁect of the present

inventich. StRcHfh&I9RpLPBFEREBre LBk IR ElenatactetRe By emityy detesamigesotm
particular, feviaxhrapedael dedicaiggoddaasingrfireessimhenit ex@Qfisingefidenentopyitespding.

Otherwise, the decading processing unit is probably shared for one of deblocking filtering, ion
_comlpensa_tiaﬂgﬁégifﬁ;s%ﬁ%mm%%ﬁ%{%ﬁ%3?83_&35%)9;@% ggzgiﬂzgmbf; _ eé@g#ﬂgﬁtbfor
Implementirgxtielm prongresd éoadign ocegeisai g Ivigets e
shared for t cessing tQ.d [ ecaedi ing.uni d for
processing %%léq%lrj(% ?oﬁtrg%o%iaﬁggﬁ &\/@%gg‘gg %}sﬁggmo%g,Pi%%b%?ﬁ ’FP&%3 S 1(;%:/SstF('cj\\sﬁother
examplé in tAEPERStcdentgiRegaitly Dmiredinmment ekdmpleoksddya usatglinatioanttyingndghe
dedicated dggpdingspaocesisingenitiexiORLRGRUBBAME KIS RRAGRSPIRY (G 1aaR ABRESHOT the

present invention, a dedicated decoding processing unit ex1002 that supports the processing unique

to another coMRAHIBIRINSthRYAANaY B FREHTRE PRESESEM P DEiBSHBO I fRENaHRIL Yl [SRfESssing to
be shared 2% heteestaheiarauing vigkseidesednmmeihabaeseifipgtofhensrach aftthiriargsent

invention and the conventiopal moving picture decoding method. Here, the dedicated decoding
processing UlfitPe i‘B%f&ﬂE%‘S’&ﬁ)éa &%n%ngﬁgwa?rapéé% AR &I g SHding to
the aspect afaterpiesenttinyerttien vdddhdaieodessiegl ofdheachriegidionabstandiid, eespedtiwely, and

M G T ot e e sh i A
circuit of anths| GRd rexbieihgetectost arvbogsitte bsrslyahngat eate cladirexproplessindoahitifpr the
o U8 7 SHERHE RIS 0 A s BB S Bt
conventiondreeaiuigs as shown in FIG. 34. The driving frequency can be selected by
20  storing the look-up table in the buffer ex508 and in an internal memory of an
LSI, and with reference to the look-up table by the CPU ex502.
[0299]
FIG. 33 illustrates steps for executing a method in the present
embodiment. First, in Step exS200, the signal processing unit ex507 obtains
25 identification information from the multiplexed data. 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 apparatus
30 described in each of embodiments, in Step ex$S202, the CPU ex502 transmits a
signal for sefting the driving frequency to a higher driving frequency to the
driving frequency contro! unit ex512. Then, the driving frequency control unit
ex512 sets the driving frequency to the higher driving frequency. On the other
hand, when the identification information indicates that the video data conforms

35 to the conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, in Step
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[Industrial Applicability] [0308] 5The image coding apparatus and the image decoding apparatus
according to an aspect of the present invention are applicable to television receivers, digital video
recorders, car navigation systems, mobile phones, digital cameras, or digital video cameras, for
example. [Reference Signs List] 10[0309] 100, 200, 1000 Image decoding apparatus 101, 1001 First
decoding urix$@231002 SEdoaxbdectuinguiti a03gna0k Deeditigdberdrotingifisuenaota

Reconstructj it ; | | [ [ in [ A3 er
quantizatiorﬁg;%%l%ééﬁ trg%gﬁ%ﬂ%%ﬁ%%%ﬁ%@é@%@%%g@gpge %@I%%é%ﬁ?er%lﬁ%‘} ’4§5%3 Memory
250, 460 InfiEYRGiBRSIaARY260Na80 MitioR*edmpesiSatiof @hiving frequency to the lower

driving frequency than that in the case where the video data is generated by
5 the moving picture coding method and the moving picture coding apparatus
described in each of embodiment.
{0300]
Furthermore, along with the switching of the driving frequencies, the
power conservation effect can be improved by changing the voltage to be

10 applied to the LSI ex500 or an apparatus including the LSI ex500. For example,
when the driving frequency is set lower, the voltage to be applied to the LSI
ex500 or the apparatus including the LSI ex500 is probably set to a voltage
lower than that in the case where the driving frequency is set higher.

[0301]

15 Furthermore, when the processing amount for decoding is larger, the
driving frequency may be set higher, and when the 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 example, when the processing amount for decoding

20  video data in conformity with MPEG-4 AVC is larger than the processing amount
for decoding video data generated by the moving picture coding method 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.
[0302]

25 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, the voltage to be applied to the LSI ex500

30 or the apparatus including the LSI ex500 is probably set higher, When the
identification information indicates that the video data conforms to the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, the voltage to
be applied to the LSI ex500 or the apparatus including the LSI ex500 is
probably set lower. As another example, when the identification information

35 indicates that the video data is generated by the moving picture coding method
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270, 490 Intra/inter switch 25300, 400 Image coding apparatus 310 Binarizing unit 320 Arithmetic
coding unit 321 First coding unit 322 Second coding unit 30323 Coding control unit 405 Subtractor 410
Transform and quantization unit 420 Entropy coding unit 470 Motion estimation unit [CLAIMS] [Claim
1] An image coding method for coding last position information indicating a position of a last
non-zero cosfficitre ima\pred picturimenbdinig rappecatusntsdudbkdoibecaniiedf thmbodijpeuding
method compusing;; QariA t itign. [ e el ' Si hich
includes a ?r@% s%%é?%a%ﬁ)r%%?eﬁn%mglI@?ﬁ%a%ggﬁepé %?Q%}%dﬁe% i?l(él)sc? réh?jg(%% u m%g,tvh and

does not indhiRidestisrgiennafarmmieninadicsikrsalthdichlacNides tHat steiiabsaidiige
predeterminggh amtienyan JQieAgth, andtiheseasnd-SI9MIEG-4 igiccoginaver arithpefisathy ¢ding

each of binary symbols included in the first signal using a context switched among a plurality of

contextd acERfiriM X RLOISSRIGRP IS BRSSP given time ecangedhm& bt sxaliRetically
coding the segpneksignalagisgimixeddafrobabitewhamere bandsignatisbadasihersensnd signal,

indicates that the video data is 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

10 CPU ex502 is probably suspended at a given time. In such a case, the
suspending time is probably set shorter than that in the case where when the
identification information indicates that the video data conforms to the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1.

[0303]

15 Accordingly, the power conservation effect can be improved by
switching between the driving frequencies in accordance with the standard to
which the video data conforms. Furthermore, when the LSI ex500 or the
apparatus including the LSI ex500 is driven using a battery, the battery life can
be extended with the power conservation effect.

20 [0304]

{Embodiment 7)

There are cases where a plurality of video data that conforms to
different standards, is provided to the devices and systems, such as a television
and a cellular phone. In order to enable decoding the plurality of video data

25 that conforms to the different standards, the signal processing unit ex507 of the
LSI ex500 needs to conform to the different standards. However, the problems
of increase in the scale of the circuit of the LSI ex500 and increase in the cost
arise with the individual use of the signal processing units ex507 that conform
to the respective standards.

30 [0305]

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 embodiments and the decoding
processing unit that conforms to the conventional standard, such as MPEG-2,

35 MPEG-4 AVC, and VC-1 are partly shared. ExS00 in FIG. 35A shows an
- 66 — '



wherein in the first coding, a binary symbol at a last bit position of the first signal is arithmetically coded
using a context exclusive to the last bit position, when the first signal has the predetermined maximum
length. 20[Claim 2] The image coding method according to Claim 1, wherein in the first coding,
each of binary symbols at two or more bit positions other than the last bit position of the first signal is
arithmeticaliyxeaocisle usingrae caotdidueationon tédhedwanasla)otbitmpositionpictuf€ladacdtifte image
coding met reli lai lai . _Wherej inarizing includes varying the
predetermir?§ ﬁ%%ﬁé%ﬁ@ﬁétﬁ@c%ao%%gﬁ t%ﬁrgb sqgien‘g)\%lt%e gﬁré}:an %Jloc?(\.né% [Bﬁgﬁqu%]a%g cl%‘ e
coding methoathoecotbiniy cordaims 1{fUtREGOipHSIhgvewitehitly i contngprocess tetdilseot first

coding ProcsRREEIRYAYch “UNdhTiShyIRBIMY oheReraR SRAIBIO R SRRk dNiA second

35 standard; and ~ ~adding, to a bit stream, id€ntification information indicating ei st
standar or@fE JBehiD staRaBRIsAAdVAIGH EioRadily Preetalsshiitaeaassisgdmphanshared wherein

- when the cogingapiocasaisiswished tg thediahepdinscaERfegSuRithenarizing. g fksheoding, and
the second coding are performed as the first coding process. [Claim 5] An image coding apparatus
that codes IXOiAN formUErT Ak AIAEUCRER RSP ATAS: RS EHD ot PRI D. 5

predeterminedisstder isad for other processing unique to an aspect of the present invention.

Since the aspect of the present invention is characterized by entropy decoding

10 in particular, for example, the dedicated decoding processing unit ex901 is used

for entropy decoding. Otherwise, the decoding processing unit is probably

shared for one of deblocking filtering, motion compensation, and inverse

quantization, or all of the processing. The decoding processing unit for

implementing the moving picture decoding method described in each of

15 embodiments may be shared for the processing to be shared, and a dedicated

decoding processing unit may be used for processing unique to that of MPEG-4

AVC.

[0306]

Furthermore, ex1000 in FIG. 35B shows ancther example in that

20 processing is partly shared. This example uses a configuration including a

dedicated decoding processing unit ex1001 that supports the processing unique

to an aspect of the present invention, a dedicated decoding processing unit

ex1002 that supports the processing unique to another conventional standard,

and a decoding processing unit ex1003 that supports processing to be shared

25 between the moving picture decoding method according to the aspect of the

present invention and the conventional moving picture decoding method. Here,

the dedicated decoding processing units ex1001 and ex1002 are not necessarily

specialized for the processing according to the aspect of the present invention

and the processing of the conventional standard, respectively, and may be the

30 ones capable of implementing general processing. Furthermore, the

configuration of the present embodiment can be implemented by the LSI ex500.
[0307]

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

356 shared between the moving picture decoding method according to the aspect of
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current block to be coded, the image coding apparatus comprising: a binarizing unit configured to
binarize the last position information to generate (i) a binary signal which includes a first signal having
a length smaller than or equal to a predetermined maximum length and does not include a 15second
signal or (ii) a binary signal which includes the first signal having the predetermined maximum length
and the secdra sigraht invarfiisncadithghmiteovifiguped toa ritbooeiical ignebtidede actroin fa naiyysymbols

included in IEst.S] ' witched among a plurality of contexts according to a bit
fi e %@%% %%}R%tré.

position of the binary symbol; an a second coding unit configured to arithmetically code the second
signal usingd arstuatsiabAmipjigateilitird binary signal includes the second signal, wherein the first
coding unit nggf]'gured to arithmetically code a binary symbol at a last bit position of the first signal

using a context exclusive to the last bit position, when the first signal has the predetermined maximum

length. 25 [Claim 6]'"e KR3RfRagEAHREdiIAGRAEINEY 8P dedb@ndMRdDosSRNFiRGARRSERECating a
position of alagrapryzZesonreilipent iorarpecdpterninesveisies areuaiephidieck @ berssadad, the

image decoding. methog comprising: 30 first decoding for. arithmetically decoding each of binary
cymbols ndiGEET S I BIgHRIdCR e SARCABY G YR T IR0 5 CORTESRe ARG to 2
bit position chtheraiaoy digithol itheofirstrsigas) fuirgampided in a binary signal of the last position

information in J‘-ﬁn t% maller than or equal to a predetermined maximum length; and
35second d@ggcflllér?g %gﬂeaw gg glgl ary signal of the last position - 70 - information includes a second

signal,!@rithbee@@lly decoding the second signal using a fixed probability, wherein in the first
context exalushe o e e Tk e the precetermined maximum.
length. [Claim 7] ThEDitnadélde ddcihgeredidd BBtording to Claim 6,
102, 1002 Second decoding unit
103, 1003 Decoding control unit
15 104, 1004 Reconstructing unit
110 Arithmetic decoding unit
210 Entropy decoding unit
220, 430 Inverse guantization and inverse transform unit
225, 435 Adder
20 230, 440 Deblocking filter
240, 450 Memory
250, 460 Intra prediction unit
260, 480 Motion compensation unit
270, 490 Intra/inter switch
25 300, 400 Image coding apparatus
310 Binarizing unit
320 Arithmetic coding unit
321 First coding unit
322 Second coding unit
30 323 Coding control unit
405 Subtractor
410 Transform and quantization unit
420 Entropy coding unit
470 Motion estimation unit
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wherein in the first decoding, each of binary symbols at two or more bit 10positions other than the last
bit position of the first signal is arithmetically decoded using a context common to the two or more bit
positions. [Claim 8] The image decoding method according to Claim 6 or Claim 7, 15wherein the
predetermined maximum length varies according to a size of the current block. [Claim 9] The image
decoding mERARIMEHrding to Claim 6, further comprising 20 switching a decoding process to either a
first decodirig_-;gﬂpgﬁs compliant with a first standard or a second decoding process compliant with a
second standard, according to identification information which is added to a bit stream and indicates

either the first stand¥ydror@5ccosion dehhed rererath AffePosit e oaIrg piepasslisatiiicRed to the
first decoding2EBrPGsSS, 1hetfiFrdloepdinaamditie sacandrdeceding fee RadarmadAsthecfist

decoding proce S%l laim O%A image decoding apparatus that decodes last position information
30indic§tind’5’i}%§ icgﬁ 8?%@ 5 rh%ﬁ- @H?Eé@ﬁéerﬁ%fsﬁ Rt RTYEd order in a current block to be
decoded, the imagéideertling depiastupatiprisiigrmatieriing desreing uijt eobfigireditmal
arithmeticall hq%:o%% E%%%g of bi;?%Ey S) mngpl ér\ll%udeéi i{% a f{{_lst Ssi nql us{p*% 2 context syvi ched among
a plurality of contexts accordéiang {5 B position 02 blnagy sym 7o) ,efhe ITst ﬁ&n%%gméofsﬁncluded
in a binary sigede el thbtrpesitionrinfiemgéti amdnddesving: a-elugth a Beecond signal or (i) a
binary signal which includes the first signal having the predetermined maximum
10 length and the second signal;
first coding for arithmetically coding each of binary symbols included in
the first signal using a context switched among a plurality of contexts according
to a bit position of the binary symbol; and
second coding for arithmetically coding the second signal using a fixed
15 probability when the binary signal includes the second signal,
wherein in the first coding, a binary symbol at a last bit position of the
first signal is arithmetically coded using a context exclusive to the last bit
position, when the first signal has the predetermined maximum length.

20 [Claim 2]
The image coding method according to Claim 1,
wherein in the first coding, each of binary symbols at two or more bit
positions other than the last bit position of the first signal is arithmetically coded
using a context common to the two or more bit positions.

25
[Claim 3]
The image coding method according to Claim 1 or Claim 2,
wherein the binarizing includes varying the predetermined maximum
length according to a size of the current block.
30

[Claim 4]
The image coding method according to Claim 1, further comprising:
switching a coding process to either a first coding process compliant
with a first standard or a second coding process compliant with a second

35 standard; and
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smaller than or equal to a predetermined maximum length; and a second decoding unit configured
to, when the binary signal of the last position information includes a second signal, arithmetically
decode the second signal using a fixed probability, Swherein the first decoding unit is configured to
arithmetically decode a binary symbol at a last bit position of the first signal using a context exclusive
to the last bit positiGaidivigantthe fipdt sigaatmaidtrdificetiorerinfocohatidniodidetigth etibi@idine 11] An
image codingand ferading sREUSIUR GUPIRIRG IRA AR ERdIRIARIHASR GG S1aim 5
and the image decoding apparatus according to Claim 10.
is compliant,
wherein when the coding process is switched to the first coding process,
5 the binarizing, the first coding, and the second coding are performed as the first

coding process.

[Claim 5]

An image coding apparatus that codes last position information

10 indicating a position of a last non-zero coefficient in a predetermined order in a
current block to be coded, the image coding apparatus comprising:

a binarizing unit configured to binarize the last position information to
generate (i) a binary signal which includes a first signal having a length smaller
than or equal to a predetermined maximum length and does not include a

15 second signal or (ii) a binary signal which includes the first signal having the
predetermined maximum length and the second signal;

a first coding unit configured to arithmetically code each of binary
symbols included in the first signal using a context switched among a plurality
of contexts according to a bit position of the binary symbol; and

20 a second coding unit configured to arithmetically code the second signal
using a fixed probability when the binary signal includes the second signal,

wherein the first coding unit is configured to arithmetically code a binary
symbol at a last bit position of the first signal using a context exclusive to the
last bit position, when the first signal has the predetermined maximum length.

25
[Claim 6]

An image decoding method for decoding last position information
indicating a position of a last non-zero coefficient in a predetermined order in a
current block to be decoded, the image decoding method comprising:

30 first decoding for arithmetically decoding each of binary symbols
included in a first signal using a context switched among a plurality of contexts
according to a bit position of the binary symbol, the first signal being included in
a binary signal of the last position information and having a length smaller than
or equal to a predetermined maximum length; and

35 second decoding for, when the binary signal of the last position
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information includes a second signal, arithmetically decoding the second signal
using a fixed probability,

wherein in the first deceding, a binary symbol at a last bit position of the
first signal is arithmetically decoded using a context exclusive to the last bit
position, when the first signal has the predetermined maximum length.

[Claim 7]

The image decoding method according to Claim 6,

wherein in the first decoding, each of binary symbols at two or more bit
positions other than the last bit position of the first signal is arithmetically
decoded using a context common to the two or more bit positions.

[Claim 8]

The image decoding method according to Claim 6 or Claim 7,

wherein the predetermined maximum length varies according to a size
of the current block.

[Claim 9]

The image decoding method according to Claim 6, further comprising

switching a decoding process to either a first decoding process
compliant with a first standard or a second decoding process compliant with a
second standard, according to identification information which is added to a bit
stream and indicates either the first standard or the second standard,

wherein when the decoding process is switched to the first decoding
process, the first decoding and the second decoding are performed as the first
decoding process.

[Claim 10]

An image decoding apparatus that decodes last position information
indicating a position of a last non-zero coefficient in a predetermined order in a
current block to be decoded, the image decoding apparatus comprising:

a first decoding unit configured to arithmetically decode each of binary
symbols included in a first signal using a context switched among a plurality of
contexts according to a bit position of the binary symbol, the first signal being

included in a binary signal of the last position information and having a length
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smaller than or equal to a predetermined maximum length; and

a second decoding unit configured to, when the binary signal of the last
position information includes a second signal, arithmetically decode the second
signai using a fixed probability,

wherein the first decoding unit is configured to arithmetically decode a
binary symbol at a last bit position of the first signal using a context exclusive to
the last bit position, when the first signal has the predetermined maximum
length.

[Claim 11]
An image coding and decoding apparatus comprising:
the image coding apparatus according to Claim 5; and
the image decoding apparatus according to Claim 10.
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