[DESCRIPTION] [Title of Invention] IMAGE CODING METHOD, IMAGE DECODING METHOD,
IMAGE CODING APPARATUS, IMAGE DECODING APPARATUS, AND IMAGE 5 CODING AND
DECODING APPARATUS [Technical Field] [0001] The present invention relates to image
coding methods of coding an image on a per block basis and image decoding methods of 10decoding
an image on @@gr@lquﬁ@@ [Background Art] [0002] Non-Patent Literature (NPL) 1 discloses a
technique reliatlng to an |mage coding method of coding an image (including a moving 15picture) on a
per block bakid HRddnliRfetéetdding method of decoding an image on a per block basis. [Citation

List] [Patent fargtare 0003 20 MR AldB0/ 1B A¢496 38 PR E PRritbfidrances Xideo

Coding" [Sugumar Invent ian] [Technical Problemgooo owever, some conventlonal

image codin %de{:‘g&r@zmgtﬁ &%&@dﬁﬁ&ﬂ&éﬁt%&c&@&

CODING AND DECODING APPARATUS
[Technical Field]
[0001]

The present invention relates to image coding methods of

coding an image on a per block basis and image decoding methods of
10 decoding an image on a per block basis.

[Background Art]

[0002]

Non-Patent Literature (NPL} 1 discloses a technique relating to

an image coding method of coding an image (including a moving
15 picture) on a per block basis and an image decoding method of

decoding an image on a per block basis.

[Citation List]

[Patent Literature]

[0003]
20  [NPL 1] ISO/IEC 14496-10 "MPEG-4 Part10 Advanced Video Coding”

[Summary of Invention]

[Technical Problem]

[0004]

However, some conventional image coding methods and image

25 decoding methods include inefficient processes.

(0005]

Thus, the present invention provides an image coding method
of efficiently coding an image, and an image decoding method of
efficiently decoding an image.

30  [Solution to Problem]
[0006]

The image coding method of coding an image on a per coding
unit basis according to cne embodiment of the present invention
includes: applying a frequency transform to luminance data and

35 chrominance data of transform units in the coding unit inciuding
w1



[0005] Thus, the present invention provides an image coding method of efficiently coding an
image, and an image decoding method of efficiently decoding an image. 30[Solution to Problem]
[0006] The image coding method of coding an image on a per coding unit basis according to one
embodiment of the present invention includes: applying a frequency transform to luminance data and

350““°'Bi‘1§d‘§?e‘?%‘ﬁr?é838%9{g%“Q%%WtPSr‘%%%‘ %H%‘gcc'jt’gi”&q@eoq?tﬁ%%ed??'%. each
corresponding to one or more of the transform units; and coding the luminance data andthe
chromifaAcs tatatewhish aedfre@diehgyt fransformm Aas Bskt appliddttvegeheeatd aditsteam in which

the lumipgpge daimped hrectiequiance €Al Spse areed 8.2 REGREdelsTEINed blpck basis

[0007] These general and specific aspects may be implemented using a system, an apparatus, an

integrated¢hetie aBoRpite! ProfP&m Lo RdH-B afgite P Eshiife R e dahle ree8rdiA§amedium such

as 5 1045B-RM percayrcanhinatipadd /isieTne.epRarauses gnethods, integrated circuits, computer
programﬁy mputer-readable recording media. [Advantageous Effects of Invention] [0008] 15The

image ethod and the image decoding method according to the present invention provide a

method of efficiehtis eoglingeondenoding @nifinagepkBrief Descriatiom of Eraainegs] (0009
a system, an apparatus, an integrated circuit, a computer program,
or a non-transitory computer-readable recording medium such as a

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

[Advantageous Effects of Invention]
[0008]

15 The image coding method and the image decoding method
according to the present invention provide a method of efficiently
coding or decoding an image.

[Brief Description of Drawings]
[000S]
20 [FIG. 1]
FIG. 1 illustrates a conventional bitstream.
[FIG. 2]
FIG. 2 is a block diagram illustrating a configuration of the
image coding apparatus according to the first embodiment,

25 [FIG. 3]

FIG. 3 illustrates the bitstream according to the first
embodiment.
[FIG. 4]

FIG. 4 is a flow chart illustrating the coding operation

30 according to the first embodiment.

[FIG. 5]

FIG. 5 iflustrates the bitstream according to a variation of the
first embodiment,
[FIG. 6]

35 FIG. 6 is a flow chart illustrating the coding operation
ST



20[FIG. 1] FIG. 1 illustrates a conventional bitstream. [FIG. 2] FIG. 2 is a block diagram illustrating
a configuration of the image coding apparatus according to the first embodiment. 25[FIG. 3] FIG.
3 illustrates the bitstream according to the first embodiment. [FIG. 4] FIG. 4 is a flow chart
illustrating the coding operation 30according to the first embodiment. [FIG. 5] FIG. 5 illustrates the

bits ream accg@gg&%%v%laétl%pfé%ﬂr%fe diment. 1HIG @JTgeﬁijG 6 is a flow chart illustrating

the coding operatlon according to a variation of the first embo ment FIG. 7] FIG. 7 is a block
diagram illust 5&@ a7&onf|gurat|on of the image coding apparatus according to the second

embodiment. 5[FIG. 8fG. ¥l &illiriates 88 hisireansarsedin o bR $geeRd i BMbaFiImest.
image coding apparatus according to the second embodiment.
5 [FIG. 8]

FIG. 8 illustrates the bitstream according to the second
embodiment.
[FIG. 9]

FIG. 9 is a fiow chart illustrating the coding operation

10 according to the second embodiment.

[FIG. 10]

FiG. 10 illustrates the division and allocation of processing for
the multiple computing units according to the second embodiment.
[FIG. 11]

15 FIG. 11 is a block diagram illustrating a configuration of the
image decoding apparatus according to the third embodiment.
[FIG. 12]

FIG. 12 is a flow chart illustrating the decoding operation
according to the third embodiment.

20  [FIG. 13]

FIG. 13 is a block diagram illustrating a configuration of the
image decoding apparatus according to the fourth embodiment.
[FIG. 14]

FIG. 14 is a flow chart illustrating the decoding operation

25 according to the fourth embodiment.

[FIG. 15A]

FIG. 15A is a biock diagram illustrating a configuration of the
image coding apparatus according to the fifth embodiment.
[FIG. 15B]

30 FIG. 15B is a flow chart illustrating the coding operation
according to the fifth embodiment.
[FIG. 16A]

FIG. 16A is a block diagram iliustrating a configuration of the
image decoding apparatus according to the fifth embodiment.

35 [FIG. 16B]



[FIG. 9] FIG. 9 is a flow chart illustrating the coding operation 10according to the second
embodiment. [FIG. 10] FIG. 10 illustrates the division and allocation of processing for the multiple
computing units according to the second embodiment. [FIG. 11] 15FIG. 11 is a block diagram
illustrating a configuration of the image decoding apparatus according to the third embodiment. [FIG.

12] FIG. 121 affew chas ilusizafina, e erocing.apssalien aseoring i e d erppggiment.

20[FIG. 13] FIG. 13 is a block diagram illustrating a configuration of the image decoding apparatus
according toAhedbdifriiekRbbarERt M begiment. F1G. 14 is a flow chart illustrating the decoding
operation 25 pggording to the fourth embodiment. [FIG. 15A] FIG. 15A is a block diagram

illustrating a configuration of the image coding apparatus according to the fifth embodiment. [FIG. 156]
30FIG. 156 is & flowShaR GG VIS UEANG bpefatbrt SELGmG EHE e cHB5BMErETFIG.

16A] FI&. 164 sl arHeek idiggeam tibustraiing i canfigusatiencefdhe
[FIG. 18]

An overall configuration of a digital broadcasting system.
[FIG. 19]

A block diagram illustrating an example of a configuration of a

10 television.
[FIG. 20]

A block diagram illustrating an example of a configuration of
an information reproducing/recording unit that reads and writes
information from and on a recording medium that is an optical disk.

15  [FIG. 21]
An example of a configuration of a recording medium that is an
optical disk.
[FIG. 22A]
An exampie of a cellular phone.
20 [FIG. 22B]
A block diagram showing an example of a configuration of a
cellular phone.
[FIG. 231
A structure of mulitiplexed data.
25 [FIG. 24}

How to multiplex each stream in multiplexed data.
[FIG. 257

How to store a video stream in a stream of PES packets in more
detail.

30 [FIG. 26}
A structure of TS packets and source packets in the
multiplexed data.
[FIG. 27]
A data structure of a PMT.
35  [FIG. 28]



image decoding apparatus according to the fifth embodiment. 35[FIG. 166] FIG. 16B is a flow
chart illustrating the decoding operation according to the fifth embodiment. [FIG. 17] An overall
configuration of a content providing system for 5implementing content distribution services. [FIG. 18]
An overall configuration of a digital broadcasting system. [FIG. 19] A block diagram illustrating an

example of a configiNation. of 3 LOelevsiee.- iy AQ] A dIck diagsam lysiating,an example of a

configuration of an information reproducing/recording unit that reads and writes information from and
ona recorcﬁﬁé@ne@l%}n that is an optical disk. 15[FIG. 21] An example of a configuration of a recording

medium that s an opicaliskal structure of stream attribute information.
[FIG. 30]
5 Steps for identifying video data.
[FIG. 317
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.
10 [FIG. 321
A configuration for switching between driving frequencies.
[FIG. 33]
Steps for identifying video data and switching between driving
frequencies.
15 [FIG. 34]
An example of a look-up table in which video data standards
are associated with driving frequencies.
[FIG. 35A]
A diagram showing an example of a configuration for sharing a
20  module of a signal processing unit.
[FIG. 358B]
A diagram showing another example of a configuration for
sharing a module of the signal processing unit,
[Description of Embodiments]
25 [00107
(Underlying Knowledge Forming Basis of the Present
Invention)
In refation to the technique relating to an image coding
apparatus for coding an image on a per block basis and an image
30 decoding apparatus for decoding an image on a per block basis
disclosed in the Background section, the inventors have found the
following problem:
[0011]
Recent years have seen rapid advancement in digital video

35 equipment technology. The ability to compress a video signal (a
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[FIG. 22A] An example of a cellular phone. 20[FIG. 22B] A block diagram showing an example of
a configuration of a cellular phone. [FIG. 23] A structure of multiplexed data. 25[FIG. 24] How to
multiplex each stream in multiplexed data. [FIG. 25] How to store a video stream in a stream of PES
packets in more detail. 30[FIG. 26] A structure of IS packets and source packets in the

multiplexed dataaliRG. & ]ﬁl\&@,t,aegtrgg:tg.gﬁ 58 AN 395G sEBles) ifYLIPIRBRA) STUGHYE HF
multiplexed data information. [l
camera or a te evnsmn tuner and store the compressed signal on a

recordable medium such as a DVD or hard disk has become
commonplace.
5 [0012]

When a video signal is coded, image data is generally
demultiplexed into luminance information (Y), first chrominance
information (U), and second chrominance information (V). A
frequency transform is applied to each of these, and the coefficient

10 wvalue obtained as a result is coded using a coding technigue such as
variable length coding or arithmetic coding.
[0013]
Even more specifically, a single image is partitioned into
coding units (hereinafter referred tc as CU), a CU is further
15 partitioned into transform units (hereinafter referred to as TU), then
a frequency transform is applied to each of the Y, U, and Vina TU. A
bitstream is then generated by combining the Y, U, and V coding
results. Moreover, in the decoding, the coefficient value of each of
the Y, U, and V is decoded from the bitstream, and image information
20 for each of the Y, U, and V is obtained from the coefficient values by
inverse transformation.
[0014]

It is to be noted that a CU is a unit of data for coding an image

which corresponds to a macroblock according to the video coding
25 standards H.264/AVC and MPEG-4 AVC (see NPL 1). The CU is

included in a picture or in a slice within a picture. A largest coding

unit {(hereinafter referred to as LCU) is a square of a predetermined

fixed size. The CU is a square smaller than the predetermined fixed

size. Two CUs in the same picture or in the same slice may be
30 squares of different sizes.

[0015]

For example, each of the four blocks defined by partitioning a
square of a predetermined fixed size in a picture or siice into four
parts may be designated as the CU. Moreover, among a plurality of

35 hierarchical btocks defined by partitioning a square of a
B -



An internal structure of stream attribute information. [FIG. 30] 5Steps for identifying video data. [FIG.
31] 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. 10[FIG.
32] A configuration for switching between driving frequencies. [FIG. 33] Steps for identifying

video data aditcyg RENERD VG Semencien LIBIG3h mAFXATRIeELa lagfsup table
in which video data standards are associated with driving frequencies. [FIG. 35A] A diagram

showing an &X@@ple Bi%r 86RMdERAtIBHBK sAArgRE2GIREHAMEERE sihdRo&ddsind Rk TFIG. 35B]
A diagram shgying-apptheirexamplewireeonfigaiion fior sharpgraimedule ol dbersigna Hresessing
unit. [Description of Embodiments] 25[0010] (Underlying Knowledge Forming Basis of the Present
venion) Ntk TcthB o B AL AMTE do o CRG Sl 3aF AU fof Bk in image
on a pef block basis iandat nagstream is generated in accordance with the above
described designations.
[(0016]
In the conventional example shown in FIG. 1, for each CU,
each of the Y, U, and V are arranged in sequence and a bitstream is
10 generated. In FIG. 1, ¥Yn is Y information for TUn, Un is U
information for TUn, and Vn is V information for TUn. Moreover, FIG.
1 is an example of a 4:2:0 format, meaning the number of pixels in
U and V are one-forth that of Y.
[0017]
15 However, in the conventional bitstream structure, since the U
and V bitstreams cannot be outputted until every Y in the CU is coded
and outputted in a bitstream, even if the situation allowed for a
bitstream of U or V to be outputted ahead of a portion of Y in the CU,
it would not be possible to do so. In other words, buffering is
20  required. Using (C)in FIG. 1 to explain, the bitstream for U0 cannot
be outputted until the bitstream for Y9 is outputted, requiring the
information on UQ to be placed in the buffer memory or register. For
this reason, a problem arises in which a larger buffer memory or
register is required.
25 [0018]
Mgoreover, in decoding as well, while video cannot be cutputted
until ¥, U, and V are decoded, U and V cannot be decoded until every
Y in the CU is decoded. This means that buffering the Y decoding
result is necessary. Using (C) in FIG. 1 to explain, the TO block
30 cannot be outputted to video until VO is decoded, requiring YO to Y9
and UO to U9 to be placed in the buffer memory or register.
[0019]
in order to solve the above described probliem, the image
coding method of coding an image on a per coding unit basis

35 according to one embodiment of the present invention includes:
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30 decoding apparatus for decoding an image on a per block basis disclosed in the Background
section, the inventors have found the following problem: [0011] plurality of pictures arranged in a time
series) input from a video camera or a television tuner and store the compressed signal on a
recordable medium such as a DVD or hard disk has become commonplace. 5[0012] When a

video signal is,endedy image datads gensradbodemudinierad ivte duminange INfopPaLoME A cfirst

chrominance information (U), and second chrominance information (V). A frequency transform is
applied to e&t 8r fesE? RAREAFRE cHBMS et 1HRIGe HRtdinedihd & 08 dt §IRgaN@fdling
technique sugliy ar yaraiedengilk sedinther esitbmets ¢ading dP8A3] tran Hvenmeretgpesifigally, a
single image is partitioned, into. coding units (herejnafter referred to as CU), a CU is fu,réppe:]r i‘S
partitioned iﬁt%cﬁgr%f A I ﬂ?e'?&i%aﬁ@?:?elae?r(iatatbeag DMRAC el Acy A& 1 Spplied to
each offhe Y;ddy@addy inteaRUf dy hitstragnbis dhera genierdted by enmbiningahe iYs tdeand Migoding
results. Mor(;fuop{%hlr%ﬁiéeﬂ%%ci)gén%g\% é:ggfflc%?walu%of each of the Y, U, and V is decf%ded from the

bitstream, and image information Z0for each of the E%(,(iJ,rz(a}n [ ?&88&%%&8 ffom He Eoetici?ht values

by inverse trangformato®tfordned biids kotbesheted that a CU is a unit of data for coding an image
which corre 6ls 10 @ macroblock according to the video coding 25 standards H.264/AVC and
MPEG-4 AVC (see NPL 1). The CU is included in a picture or in a slice within a picture. A largest
coding unit (hereinaléit Feféried Yordsd_E ) is & 8 giageCarn e t@riitRd axansieiometdg is a

squarg gmaligk dhapiheregeterpingd fixed size Tng Gidy i the sams RipluresRs indhe sapie slice
may be 30squares of different sizes. [0015] .
eliminating the need to buffer U and V and allowing for a reduced
buffer memory or register.
[0021]
For example, each of the predetermined blocks may
15 correspond to transform units in a block of a predetermined size, or
to a transform unit of a size greater than or equal to the
predetermined size, and in the coding, the luminance data and the
chrominance data may be coded to generate the bitstream in which
the luminance data and the chrominance data are grouped on a per
20 predetermined block basis.
[0022]

With this, the Y, U, and V are arranged in a bitstream on a per
appropriate data unit basis, resulting in increased processing
efficiency.

25  [0023]

Moreover, for example, in the applying: the freguency
transform may be applied to the luminance data on a per transform
unit basis; when a total number of pixels of the chrominance data
and a total number of pixels of the luminance data are equal, the

30 frequency transform may be applied to the chrominance data on a
per transform unit basis; and when the total number of pixels of the
chrominance data is less than the total number of pixels of the
luminance data, the frequency transform may be applied to the
chrominance data on a per predetermined block basis.

35  [0024]
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For example, each of the four blocks defined by partitioning a square of a predetermined fixed size in a
picture or slice into four parts may be designated as the CU. Moreover, among a plurality of
35hierarchical blocks defined by partitioning a square of a predetermined fixed size into four parts in
multiple stages, the lowest hierarchical block may be designated as the CU. When a square of a

predetermined fixed iz ignat nariinned into PURRESHMRLGLhMaY B designaledias heiCU. An

image is coded on a per 5 CU basis and a bitstream is generated in accordance with the above

described désighatierid) fod1b) andyiHd Eohdeationtl BRaRDIR SREF M FRD P aBI E3kh U, each of

the Y, U, anghV: afe afranged iniseqsiencesandra Hitsiregrs i1 grnermtiede K IGh drelfde .

information fﬁ?r TUn, Un is U information for TUn, and Vn is V information for TUn. Moreover, FIG. 1 is

an example q .r;:o format, meaning the number of pixels in U and V are one-forth that of Y. [0017]

15Howgver, in the adavertiongl Hitstreawa strokéyre nsineeethe ph apich iy, bitsseams reanmgt he eutputted

until every Y |n the CU is code gnd o] t%%[ted %'n a bi%stream even if the %tuation llowed foga
I

bitstream of U' b kg%récc?utpu?te% ahead'df a p%arﬁosnoogi‘rq inutﬂ'e %U',r}t V\Foﬁd Gt 'g%os%m)' to do so.

In other Word_b,rblwff'e_m'mgcig ZGaEqu'r_tsédt:tasils@c(OﬁinLE?Gs1it®_@<dbdmc_§th®bit8trsm fahd© cannot be
outputted undh 40 DISYEAM o9 s CUPYIEC (eGP lon g UG Io i pigced n the

buffer memory or register. For this reason, a problem arises in whic r uffer memory or

register is redjuffedZ5[G02 8} € N CofEa Ve Gri e ctiting dx2walb Wilg videotdsneobe bintpdtted until

Y, U, and V are derorads &) @aeLVinapnet bederoded wpiheyenyy. in the CU is decoded. This means
that bufferinc? the Y decoding result is necessary. Using (C) in FIG. 1 to explain, the TO block 30cannot

be outputte #Pd8do until VU is decoded, requiring YO to Y9 and UO to U9 to be placed in the buffer
memory or register \[d@k9this, tHeOigrFo solverthe ahowsrdestsibietpeekienk the frage aeding

method of coding an image on a per coding unit basis 35according to one embodiment of the present
invention in g&é%r:nmg 00 smgﬁ. Asa resu_?]t, it is not Recessary to provide a
small transform circuit. Moreover, in contrast to a case in which Y

15 had to be made larger than the smallest TU size in an effort to keep
U or V from being smaller than the smallest TU, with this
configuration, Y can be made to be the smallest TU size, resulting in
increased coding efficiency.

[0027]

20 Moreover, for example, in the applying, when a size of one of
the transform units is a predetermined smallest size and in the
transform unit a total number of pixels of chrominance data is less
than a total number of pixels of luminance data, from among the
chrominance data of the transform units in the coding unit,

25 chrominance data of transform units in a block including the
transform unit may be combined, and the frequency transform may
be applied to the combined chrominance data in one frequency
transform.

[00628]

30 With this, even when the TU size is the smaliest TU size and
the number of pixels in U or V is less than the number of pixels in Y,
as isthecaseina 4:2:0 or 4:2:2 format, neither U nor V are smaller
than the smallest TU size. As a result, it is not necessary to provide
a transform circuit that is smaller than the smallest TU. Moreover, in

35 contrastto a case in which Y had to be made larger than the smaliest
-9



applying a frequency transform to luminance data and chrominance data of transform units in the
coding unit including predetermined blocks each corresponding to one or more of the transform units;
and coding the luminance data and the chrominance data to which the 5 frequency transform has
been applied to generate a bitstream in which the luminance data and the chrominance data are

grouped oR-§ pefRredetanmingd, bjogk basis [ 0928L Withethis, U and g%: e@ﬁgﬂ@m%ﬁ%b% Qutputted

even before the 10 b tstreams for every Y in the CU have been outpu ereby eliminating the need

to buffer UHR@ Nesidialowilty fotia rnited palfiimenta) GrardgmeR. o0zt herexsmisiet each of

the predetermigpsbblogks; m%%%m@d%%@ﬁfgr@meh@ﬂ%@ block of a predetermined size, or
to a transform unit of a size greater than or equal to the predetermined size, and in the coding, the

luminance d&t£&Ad the chrominance data may be coded to generate the bitstream in which the
lumingnce data ansl the chreminance data are greupgtkor edierg? Opredetermieed Blagk dagis. [0022]

With this, the Y, U, and V are arranged in a_bitstream on a per appropriate data, unit basis, resulting in
increased 55)%%@5&% %?T?ci&?c@? [(%ﬁjsmrrmo[f‘g&/%rf?op&ﬁn?&et, T the %ﬁﬁgﬁﬁéjﬁiﬁ‘@ ffequency
transform rnbyclie appligd be theoldedndnceydatararia pératransfamamit basishiwtien atotad mumber of

pives of g cryamibAe SPiA and kel puimhes ShPICis o e i e o eyl the 20

frequency transform may e chrominance data on a per trans asis; and when
the total ndmiberst phxelswhtrackreninhacel dath ib fessanshanststal beimber of pixels of the
luminance éf]e frequency transform may be applied to the chrominance data on a per
predetermined block basis. 35[0024] With this, a frequency transform is applied on a per data

unit basis to the Y WitBneNG thd @dtd uhif BERY o daB @it dpHropHARI6r themambari deixels. As a
result, progessing&fiigienpy iacreaseaedB92aly to take into consideration switching

this sequence. Consequently, it is possible to reduce the complexity
of the image processing.
15 [0031]

Moreover, for example, each of the predetermined blocks may
correspond to transform units in a block of a predetermined size, or
to a transform unit of a size greater than or equal to the
predetermined size, in the applying, the frequency transform may be

20 applied to the luminance data and the chrominance data on a per
transform unit basis, and in the coding, the luminance data and the
chrominance data may be coded to generate the bitstream in which
the fuminance data and the chrominance data are grouped on a per
predetermined block basis.

25 [0032]

With this, it is possible to combine and processes the Y, U, and
V into respective muitiple blocks and to input the input images in
nearly one batch for each of the Y, U and V, thereby increasing data
transfer efficiency. Moreover, variation in the number of pixels in a

30 YUV set can be suppressed, and the computing unit operating rate
can be increased when paraltel processing YUV data units with
multiple computing units.

[0033]
Moreover, for example, each of the predetermined blocks may

35 correspond to a different one of the transform units, in the apptying,
- 10 -



5Moreover, for example, in the applying, from among the chrominance data of the transform units in
the coding unit, chrominance data of transform units in a block of a size that is smaller than or equal to
the predetermined size may be combined, and the frequency transform may be applied to the
combined 10 chrominance data in one frequency transform. [0026] With this, the data unit for

transformatipn£an e KepE {ram-bRIIAINGHOR STall, A8 Adgsull.dhis noRNeRessany i Rravide a small

transform circuit. Moreover, in contrast to a case in which Y 15 had to be made larger than the
smallest TUI1£eGR e eekE8s U ¥ REMUBaRe eraIentdhanis smatks thewaring .

configurationi ¥ CRIMPR BREE e Heathg smallest TRreiaeasENg Bt incraasedeodipg efficiency.
[0027] 20Moreover, for e amphe_%ln the applying, when a size of one of the transform units is a
predetermin88 3fdligst ﬁ%@ ARt ERE FanSforr Uit a (018 nlABE 3P pixeld dfEhoffhahts data is

less thefh a totalowirhen of pixals eflenjinanee data froprameng dhiechraminabge idata of the
transform uxi{f:@igj'lf coding unit, 25 chrominance data of transform units in a block including the
transform unit may be combined, and the frequency transform may be applied to the combined
chrominance data ifaie freguieticy transfamd (002683 30Withahis, i everbwsénahenTid sizen sl the

llest TU sj - fpixels in U IS | han t or of pixels i IS th
case 42 D TN e U RAFY ol il T (i SRS SRS & el i

not necessakyd6e8i8@ide a transform circuit that is smaller than the smallest TU. Moreover, in
35confr@gst tpgnease in which Y had to be made larger than the smallest TU size in an effort to keep U
or V from being smaller than the smallest TU, with this configuration, Y can be made to be the smallest

TU size, resulting inMfRirea¥&d c60fd EREEnEE (0620 PsMEdtver FbrdsephRgimthd BHaR,

luminance data @ather coding unit basis according to one embodiment of the
present invention may include: decoding luminance data and
chrominance data of transform units in the coding unit including
15 predetermined blocks each corresponding to one or more of the
transform units, the decoding including cbtaining a bitstream, and
the luminance data and the chrominance data being data to which a
frequency transform has been applied and which has been coded and
grouped in the bitstream on a per predetermined block basis; and
20 applying an inverse frequency transform to the decoded luminance
data and the decoded chrominance data.
[0036]
With this, U and V can be decoded even before every Y in the
CU has been decoded, thereby eliminating the need to buffer the U
25 and V decoding result and ailowing for a reduced buffer memory or
register.
[0037]
For example, each of the predetermined biocks may
correspond to transform units in a block of a predetermined size, or
30 to a transform unit of a size greater than or equal to the
predetermined size, and in the decoding, the bitstream in which the
luminance data and the chrominance data are grouped on a per
predetermined block basis may be obtained, and the luminance data
and the chrominance data are decoded.

35  [0038]
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chrominance data of transform units in one of the predetermined blocks may be coded to generate the
bitstream in which, in the predetermined block, the chrominance data of all the transform units follows
the luminance data of all the transform units. 10[0030] With this, U and V follow Y, and this
sequence is maintained. As a result, it is not necessary to take into consideration switching this

sequence. Consequeptly, itfisossifie tpdsevas the:romplexity of themags RIosessinge 4519031]

Moreover, for example, each of the predetermined blocks may Correspond to transform-units in a block
of a predeterPRREQ BIZ8 L6 €5 EtrHAESIIT uHiEst-a of¥e §rEBRt thaRrOEGTaN® fHdipiedet¥rifined
size, in the applyiwgsthe, frequency transform may be 20 applied to the luminance data and the
chrominance g t a per transform unit basis, and in the coding, the luminance data and the
chrominance[ ggﬂay be coded to generate the bitstream in which the luminance data and the
chromingnce data ane greupes ofoa peraoresieieimineed Rpgk pasis. 2900328 rse Métnthisciy is
possible to combing and processes.the, Y, U, and V into respective multiple blocks.and tq.input the
ot imagea 1 HSL) b B G R ar e S U e e e A
efficiency. Mureibvbig Siariationsn thetadmbetohpigeloin pi 36 ¥ UV ddtearhive supgressed| aad the

computing unit. aperati iner, rallel: [ Uy, data yni multiple
computing u%ibsg [(%Oasggﬂ]t%fﬁe rgzggri)%frﬁ%m%rﬁgh%i glp%ﬁh;{? ﬁ? t%?ea %t\réin%rf%etg c?g‘t'éit E{r\:gﬂtqﬁe
chrominance 46 88 & parRitefobi? DAfASABISNaYd e the RUGIRG e RuRTiQNoe dets Qrftbt

chromingncesgata prayihe cefied-to paenasate: thehiistiearin mbichithedyminance data and dhe 5

chrominance data are grouped on a(ger transform unit basis. [0034] With this, the Y, U, and V are

arranged in & BRsEREMTINSAPR 4R proprat dtatiifitd 0A8 lanEslR Srdtfesiing effiiets is

increased. 10[083%h nce Menepvendhginaage deeediag methethefdesoding,amn énage iee@ per coding
unit basis acgﬁrﬁdinﬁ to one emboaiment of the rgresent invention may include: decoding luminance

d
data and chr LB YA O ra ﬁfﬁrﬁ)ﬂnﬁsq the" &Umi UBir?gclde atfetermined blocks

each correspgdn@igito one or more of the transform units, the decoding including obtaining a

bitstream, and the luminange.data and the chrominance data_being data to which a frequen
e e beon S R e R PR Taca g Pet R
predeterminethibtosk Bagiy, dhd 0chppliirg antinversé requentyiniasiorih aptheogataded tuminance

data and theglecodgd chrogynanesdatan s 5 result, processing efficiency is increased.
[0041]
Moreover, for example, in the applying, the inverse frequency

20 transform may be applied to, from among the chrominance data of
the transform units in the coding unit, chrominance data of transform
units in a block of a size that is smaller than or equal to the
predetermined size in one inverse frequency transform.

[0042]

25 With this, the data unit for transformation becoming toco small
can be avoided. As a result, it is not necessary to provide a small
inverse transform circuit. Moreover, in contrast to a case in which Y
had to be made larger than the smallest TU size in an effort to keep
U or V from being smaller than the smallest TU, with this

30 configuration, Y can be made to be the smallest TU size, resulting in
increased coding efficiency.

[0043]
Moreover, for exampie, in the applying, when a size of one of
the transform units is a predetermined smallest size and in the

35 transform unit a total number of pixels of the chrominance data is
- 12 .



[0036] With this, U and V can be decoded even before every Y in the Cu has been decoded,
thereby eliminating the need to buffer the U 25 and V decoding result and allowing for a reduced buffer
memory or register. [0037] For example, each of the predetermined blocks may correspond to
transform units in a block of a predetermined size, or 30 to a transform unit of a size greater than or

equal to the predeieqrined 5ize. and indhe fecedind, he-itsream.n whigh he lymingges. data and

the chrominance data are grouped on a per predetermined block basis may be obtained, and the
luminance dHIGHAE Y ChAdHE it 0 ata Rifede bBE B5[00BBE MO NQ\ithais re Bitst@aein which

the Y, U, and ¥ are ArARIEFhINSTBRFAP IR Slaka tnisds yisegl- Mis & repybraracassingigficigney is
increased. [0039] SMoreover, for exanIe, in thrﬁ (%pplying: the inverse frequency transform may be

applied to the RIFSiHAHEe WAtES I 2 pR It rn SRS URIBbE SR LifHEH 8 1Btal RtindBef BEIRMS T¢he

chromirancédaja andya tetah stonber of pixels of the luminance data are equal, the inverse frequency
transform m&ggﬁ)&‘ﬁ)plied to the chrominance data 10on a per transform unit basis; and when the total
number of pixels ofthe chrominance data is less than the total number of pixels of the luminance data,
the inverse frequendy ttansfaan magyrbevdpphiethte thie chiremisatice datea te stpetipsédeterntined block

basis. 10040} RS apnyerse Rcenexranstan s APRied Rardaim Uy ga e Lyand v

the data unit being a data unit'appropriate for the number o a result, processing efficiency is
increased. [G0¥1 Mureoves, for @xample,an theldgplang) e MedRefidguency are smaller

10 than the smallest TU size. As a result, it is not necessary to provide
an inverse transform circuit that is smaller than the smallest TU.
Moreover, in contrast to a case in which Y had to be made larger than
the smallest TU size in an effort to keep U or V from being smatller
than the smallest TU, with this configuration, Y can be made to be the

15 smallest TU size, resulting in increased coding efficiency.

[0045]

Moreover, for example, in the decoding, the bitstream may be
obtained in which, in one of the predetermined blocks, chrominance
data of ali transform units follows luminance data of all the transform

20 units, and the luminance data and the chrominance data of the
transform units in the predetermined block may be decoded.
[0046]

With this, U and V follow Y, and this sequence is maintained.
As a result, it is not necessary to take into consideration switching

25 this sequence. Consequently, it is possible to reduce the complexity
of the image processing.

[0047]

For example, each of the predetermined blocks may
correspond to transform units in a block of a predetermined size, or

30 to a transform unit of a size greater than or eqgual to the
predetermined size, in the decoding, the bitstream in which the
fuminance data and the chrominance data are grouped on a per
predetermined block basis may be obtained, and the luminance data
and the chrominance data are decoded, and in the applying, the

35 inverse frequency transform may be applied to the luminance data

- 13-



20 transform may be applied to, from among the chrominance data of the transform units in the coding
unit, chrominance data of transform units in a block of a size that is smaller than or equal to the
predetermined size in one inverse frequency transform. [0042] 25With this, the data unit for
transformation becoming too small can be avoided. As a result, it is not necessary to provide a small
inverse trangfopm FIECYIL MRIEONB, in £ontragt tq %%sggh\gmqlﬁ,ymg tg hg made larger than the
smallest TU size in an effort to keep U or V from being smaller than the smallest TU, with this
3Oconfiguraﬁgﬁ,4\8&an be made to be the smallest TU size, resulting in increased coding efficiency.

[0043] Moreover, fopaxample, intthe eRYIPG: Wheh 78 OEPNRE §f o ce iR randoymunisis a

predetermined smallest size and in

a total number of pixels of the chrominance

gre, 35transform un& _
Hata s 12. Jolathds SHB G HEnBEY BP DB oS AP TR Bath, e RUBRFEREERS, Tansform

may besapphiehtoyfroneabiiugtiiecewntinance data of hedtreansiearaumjtsrin the coting bod,

chrominanc

transform. [ 6@{2]sfer

data. of tr%aﬁsform units m a block including,the trart]rﬁform un&%in onfe inverse 5frequency

ith'tHis; Yeven Wheh té T(7 515 R The smaést TU slz8

aﬁ&ﬁésnmn%er of

pixels in U of Wisdedsahan itiee aupther of epikelsrin Yohes ottmepcdse gn @rd 2 parrdi@ 12dorantat, neither

U nor V are
transform ci

sgalere 10 han e prigliest TSRS A LBl 115 ol gecgssa o fiovidagn inverse

rcuit that is smaller than the smallest oreover, in contrast to a case in whic

Y had to

be made larged tHaheHeOsHRANEE! T W BiS in an effort to keep U or V from being smaller than the
smallgsy TUp with s configuration, Y can be made to be the 15smallest TU size, resulting in
increased coding efficiency.

15

20

25

30

35

Moreover, for example, each of the predetermined blocks may
correspond to a different one of the transform units, in the decoding,
the bitstream in which the luminance data and the chrominance data
are grouped on a per transform unit basis may be obtained, and the
luminance data and the chrominance data may be decoded, and in
the applying, the inverse frequency transform may be applied to the
fuminance data and the chrominance data on a per transform unit
basis.

{0050]

With this, a bitstream in which the Y, U, and V are arranged in
simple and appropriate data units is used. As a result, processing
efficiency is increased.

[0051]

It is to be noted that these general and specific aspects may be
tmpiemented using a system, an apparatus, an integrated circuit, a
computer program, or a non-transitory computer-readable recording
medium such as a CD-ROM, or any combination of systems,
apparatuses, methods, integrated circuits, computer programs, or
computer-readable recording media.

[0052]

Hereinafter, certain exemplary embodiments are described in
greater detail with reference to the accompanying Drawings. Each
of the exemplary embodiments described below shows a general or
specific example. The numerical values, shapes, materials,

structural elements, the arrangement and connection of the
- 14 -



[0045] Moreover, for example, in the decoding, the bitstream may be obtained in which, in one of
the predetermined blocks, chrominance data of all transform units follows luminance data of all the
transform 20units, and the luminance data and the chrominance data of the transform units in the
predetermined block may be decoded. [0046] With this, U and V follow Y, and this sequence is

maintained. &s @ esHel Ibie APk ABSeSSAN Lo take infopconsidsrationsitehing, 25this sequepce.
Consequently, it is possible to reduce the complexity of the image processing. [0047] For
example, eath O thd HrtRtEPMMEH IS JRKS MA) T rEEPERE B RIHSIGHE UM R §HI0ERRS/

predetermingd gize.cate A0+t0 @drapsfonmiunihef areize greaioeian Ar equabie faedredefgrmgned size,
in the decodg{’ , the bitstream il which the.lumﬂggnge data and the chrominance data are grouped on

a per predetelimed B BasisGHAG Ve obtai N N SR BRRIAY afdtHE SRR &nce data

are decbded;tand i the applyingtthe Sinvernsedraguencysiiansfothmamayibe appliett te thaheminance

data and the chrgm nance data on a per tran forrp uni} bzilsis. 0048] With this, it is possible to
e desc r 5{0 rucryral e

combine an(‘i’“brocessersl € \ﬁle?aP] @fr%osrespec ive mu?tpﬁlerb 8tks and to output the output

images in 5 he@dpdne batch for each of the Y, U and V, thereby increasing data transfer efficiency.
Moreover, vgrllﬁ@g&@rwg ltwniber of pixels in a YUV set can be suppressed, and the computing unit
operating rate can be increased when parallel processing YUV data units with multiple computing
units. 10[004§jonfiguration)

10 FIG. 2 shows a configuration of the image coding apparatus
according to the first embodiment. The image coding apparatus
partitions the input images into CUs and TUs, performs a transform
process on and codes the VY, U, and V, then outputs a bitstream
thereof. The image coding apparatus includes a CU partitioning unit

15 101, & TU partitioning unit 102, a YUV demultiplexing unit 103, an
adjacent block combining unit 104, a Y transforming unit 105, a U
transforming unit 106, a V transforming unit 107, a coder 108, and a
YUV switching unit 109.
f0054}

20 The CU partitioning unit 101 inputs an image and partitions
the image according to a specified CU size. The TU partitioning unit
102 partitions the CU according to a specified TU size. The YUV
demultiplexing unit 103 demultiplexes the TU into Y, U, and V
components. In this embodiment, the image format is 4:2:0. In

25 this format, the size of the U component and the V component are
one-~-fourth the size of the Y component.
f0055]

The adjacent biock combining unit 104 combines adjacent U
blocks and combines adjacent V blocks according to TU size and the

30 smallest TU size. The Y transforming unit 105, the U transforming
unit 106, and the V transforming unit 107 each perform a transform
process on Y, U, and V, respectively. The coder 108 codes the
transformed data and outputs a bitstream of the transformed data.
The YUV switching unit 109 switches input to the coder 108 according

35 to the TU size.

-15-



Moreover, for example, each of the predetermined blocks may correspond to a different one of the
transform units, in the decoding, the bitstream in which the luminance data and the chrominance data
are grouped on a per transform unit basis may be obtained, and the 15 luminance data and the
chrominance data may be decoded, and in the applying, the inverse frequency transform may be
applied to t d%rgipance data and the chrominance data on a per transform unit basis. [0050] 20With
this, a bitstream in"which the Y, U, and V are arranged in simple and appropriate data units is used. As
a result, processing Efficiéne) duAcRsases [004¢] afistdbeshttedhat Mesegeneral dndigpecific

aspects mayrbe gedMplprapied USiRg A SYFHEM AN RPRARIUR; &N dntearatedhcircy, aromputer

program, or a non-transitory computer-readable recording medium such as a CD-ROM, or any
combinatioh®? S QRS 2ApRXARIRE., AIet¥Bs, thiddiated cirbiits, WHRPuldtdrddtamigeor's
Comptﬂer-@ﬁ@b@rfiﬁ@ﬁiiﬂ@ﬁ@%@ S00B3] th ;sH@r@krﬂaéﬁ%nwﬁ@imem@ﬂ@@f?v@mb@ﬂmelnts are
described in greater detail with refere to the accompanying Drawings. Each of the exemplary
embodimefts Y&He :H)bgwlé%%ﬁaﬁsrg%e%eﬁala&%éz ifieyérbge?m‘{) 11%(? &%51%&[]55 hapes,
materials, 33structiyrab elé meatsrtherarrarigémentiand connectibre aof thes sfuctgiakelaments, steps,
the processin he. steps.etc. wn in the following exemplary, embodiments are mere
examples,%n t{g:%f?):g c')%o%?mii tﬁsg%rége 'ﬁv‘gﬁ |m9&ﬂgfe#c%?£')a§m@hg (éﬁe gHﬁaUrafl}%lements in
the followirld eXeaiaanenithotivhénes; B3tauctusanh sléarehitsinot necikedan anly dhe Tke independent

claimspare gigscribed agiabilay Aokl Rlsmantsn PP B EOROFIMeRs 1 Hanfielrsiai
TU3 are combined, and transformation and coding is performed on
the combined blocks, whereby a bitstream is generated.
[0057]
(Operation)

15 Next, the coding flow will be described with reference to FIG.
4. First, the CU partitioning unit 101 partitions the input image
according to the specified CU size, generates the CU, and outputs the
CU to the TU partitioning unit 102 (S101). The TU partitioning unit
102 partitions the CU according to a specified TU size, and outputs

20 the result to the YUV demultiplexing unit 103 (S102). It is to be
noted that the image coding apparatus repeats the CU processes
(S102 to 5116) a number of times that there are CUs in a single
image since the processes are performed on all CUs within a single
image.

25 [0058]

Next, the YUV demultiplexing unit 103 demultiplexes the TU
into Y, U, and V components (5103). In this embodiment, the image
formatis 4:2:0. In this format, the size of the U component and the
V component are one-fourth the size of the Y component. The

30 demuitipiexed Y components are outputted to the Y transforming unit
105, and the U components and V components are outputted to the
adjacent block combining unit 104. It is to be noted that the image
coding apparatus repeats the TU processes (5103 to $116) a number
of times that there are TUs in a single CU since the processes are

35 performed on all TUs within a single CU.
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10FIG. 2 shows a configuration of the image coding apparatus according to the first embodiment. The
image coding apparatus partitions the input images into CUs and TUs, performs a transform process
on and codes the Y, U, and V, then outputs a bitstream thereof. The image coding apparatus includes
a CU patrtitioning unit 15 101, a TU partitioning unit 102, a YUV demultiplexing unit 103, an adjacent
block combipw%ﬂt 104, a Y transforming unit 105, a U transforming unit 106, a V transforming unit
107, a coder 108, and a YUV switching unit 109. [0054] 20The CU partitioning unit 101 inputs an
image and partitionSi@stimbige aceordiy fsaisgeciidd AU Sizavitsd e pRRitiGHNG Ut 1o
partitions the Cibaceorgling tga sRactigdsil sizerTbie, YHY dampiplexingunit 463 gﬁlwyﬁip!exes the

TU into Y, U, and V companents. In this embodiment, the image format is 4:2:0. In 25this format, the

size of the UT&ﬁn\ﬁoWé?fﬁ%mfﬁér\g cHbohEm BBERET MR the SIS ER AR P @RSSShét. [0055]
The adgcend hloak agrbiningaunitd04feormiinesesliacent WHdoeksiand romineadjacenh¥ blocks
according to TU siz d the 30 smallest TU size. Y transforming unit 105, the U transforming
it 106, anGRSY RSl U 167 A Beron: & PAnSIHR bocbol HHELTaRg Te
respectivelycdtie dodgralD8&pdes the transformed data and outputs a bitstream of the transformed
data. The TNEN jtching unit 109 switches input to the coder 108 according 35to the TU size. [0056]

FIG. 3 shows an example of a bitstream. When the CU size and the TU size are the same as in (A)
this is the same as iN &xd cobiventiothi exampld Shiswadm G D dbut witenl é TdedieerziBemaller

than the CU,ag 4 () this is different frem, the Gonyventianal @xamble i dhis,crse ¥ laleanr, V1 in the
TU1 are coded after the YO, UO, and VO in the TUO. Moreover, when the TU size is the smallest TU

size as is TUOTHER theMdimans W20, AsHoak the Wrldcksthndely blegks Breadi@évthan the
smallest TU &z bl @ thistease dhe sespestiveldBleskmand ¥ -plogksdn FHQ: Jdék, fdl2¢pad TU3

are combined, and transformation and coding is performed on the combined blocks, whereby a
bitstream isﬂemé?ﬁf%@;nd the V block (S108 to S116) are skipped. If the U bloc{
is not already combined with another U block (no in S107), the next
15 process (5108) is performed.
[0061]
Specifically, when the U block is not already combined with
another U block (noin 5107}, the adjacent block combining unit 104
determines whether the size of the U in the TU is smaller than the
20 smallest TU size (S108). If the size of the U is smaller than the
smallest TU size (yes in $S108), the U block combining process is
performed (5109). If the size of the U is not smaller than the
smallest TU size (no in $108), the adjacent block combining unit 104
outputs the current U block and the current V biock to be transformed
25 and coded to the U transforming unit 106 and the V transforming unit
107, respectively. A YUV switching process (S111) is then
performed.
[0062]
If the size of the U is smaller than the smallest TU size (yes in
30 $5108), the adjacent block combining unit 104 combines the current U
block to be transformed and coded with three U blocks that are to the
right, bottom, and bottom-right thereof, and generates and cutputs
a four-block combined U block to the U transforming unit 106 (5109).
The adjacent block combining unit 104 then combines the current V

35 block to be transformed and coded with three V blocks that are to the
- 17 -



[0057] (Operation) 15Next, the coding flow will be described with reference to FIG. 4.First, the CU
partitioning unit 101 partitions the input image according to the specified CU size, generates the CU,
and outputs the CU to the TU partitioning unit 102 (5101). The TU partitioning unit 102 partitions the
CU according to a specified TU size, and outputs 20 the result to the YUV demultiplexing unit 103

(5102). Itis 19 ecngied hal the{Mane CORING ARRAAAIEPEaIsd eﬁalémgg%gﬁ(é [32116) a

number of timés that there are CUs in a single image since the prodesses are performed on all CUs
within a singfelPiHg®.! 25(0G98T binerektd the K EA e EAIahg it 1D 8 AEniulibleRdsl TU into
Y, U, and V cgmpanents (5103). In this embodiment, the image format is 4:2:0. In this format, the size
of the U component and the V component are one-fourth the size of the Y component. The 30

demultiplexed Y corfsoffentd&re"6lifp&itedc8 the Y idnstSriny Gl €65 LBRd AR YS cbtndbfents and

V comp®nents @ee ouitted e the edjacgnitblork sgembininghefl #084n i is tatbe netedsthatithe image
coding apparatus,re eatsihe TU processes (§103 tg 5116) nulinber ?f times that there are TUs in a
single CU si éetlliJe E’F@Qg 9@%@3%@&0}% dPSH EAPUS Widhi r&’Qiﬁg%'BLPEQ%e-STOQ% ' Next,

the_ YUV switchihg ubjt 109 Bmmtckf_eampmmﬂhewodm 10& t@ bd ¢ine G Sof 118} Y trithgforming
ransiommed 15001 6 1 SoAR 10 TS 08) TP Codo 105 Code ettt Y otiptts &
bitstream of ¢l egdéd (6 (51.86).
10 [0064]
Next, the YUV switching unit 109 switches the input to the
coder 108 to be the output of the V transforming unit 107 (S114).
The V transforming unit 107 performs the transform process on V,
and outputs the transformed result to the coder 108 (S115). The
15 coder 108 codes the transformed V and outputs a bitstream of the
coded V ($116).
[0065]
(Result)
According to the first embodiment, U and V bitstreams can be
20 outputted even before the bitstreams for every Y in the CU have been
outputted, thereby eliminating the need to buffer U and V and
allowing for a reduced buffer memory or register.
[0066]
Moreover, even when the TU size is the smallest TU size and
25 the number of pixels in U or V is less than the number of pixels inY,
asisthecaseina 4:2:0 or 4:2:2 format, neither U nor V are smaller
than the smallest TU size. As a result, it is not necessary to provide
a transform circuit that is smalier than the smallest TU. Moreover, in
contrast to a case in which Y had to be made iarger than the smatlest
30  TU size in an effort to keep U or V from being smaller than the
smattest TU, with this configuration, Y can be made to be the smallest
TU size, resulting in increased coding efficiency.
[0067]
It is to be noted that in the first embodiment a 4:2:0 format is

35 used, but a 4:2:2, 4:4:4, or different format may be used.
S s



[0060] Next, the adjacent block combining unit 104 determines 10 whether the current U block to be
transformed and coded is already combined with another U block (5107). If the U block is already
combined with another U block (yes in 3107), the processes for the U block and the V block (5108 to
5116) are skipped. If the U block is not already combined with another U block (no in 5107), the next
15process @@gé performed. [0061] Specifically, when the U block is not already combined
with another U block (no in 5107), the adjacent block combining unit 104 determines whether the size
of the U in the TU i¢'gihafetethaim theedorshamesodisigs {s108) Gbtsézszand tHeauTis) sthafier than

the smallesh F&Jigige (e 1B 8. the YRInck Combinipg praress iseriapisd (SHPIyH 1Bg size of

the U is not smaller than the smallest TU size (no in 5108), the adjacent block combining unit 104

outputs the [SurFGNB 116k 4h R EHRHN bk 16 Be IfgnFoFREINY af cbhed &i4Re of

transfosmingnunitib(6 andathes¥ transforming naitl 0 tespentipelyaA¥UV switching process (S111)
is then perfgg;gg(c%[OOGZ] If the size of the U is smaller than the smallest TU size (yes in 30 3108), the
adjacent bl bining unit 104 combines the current U block to be transformed and coded with

three U blocks that re-tothe might thettbims madtimtidimegitt theredfi aad generdtes andioutguts a

four-block j formi i . Fh ' lock ini i
104 then comBIREtthd Lo AT AT B s B St i SR L YL Wt are o
the right, bbltern pererbsférinridhe therabf nad fencrates anhomguts aJourivslessmbihed V block
0 they ¥ aGsIAfENG NS MY (R1A 9BGSUNDE I YLIY STl J08 8Yshes e nout

the 5 coder 108 to be the output of the U transforming unit 106 (S111). The U transforming unit 106
performs thBit@isiaim Podd §rod thsd 13 tRENELPARRIBME e Ut iethe Buieradd B112). The

coder 108 codesibe HamsfrrmedsU and eutpuis:a bitstream 0k fheiseded Balis)F1810064%
Next, the {UV switching unit 109 switches the input to the coder 108 to be the output of the V

transformin§ '@ 16¢ (5 £\ HRVIAASIGRAVG UM T3 ptolRis B ffaRSorm process on V, and
outputs the teematprmed result to the coder 108 (5115). The

15 Specifically, as is shown in FIG. 6, when the size of the U in the
TU is larger than or equal to the smallest TU size (no in $108), the U
and V blocks are processed as is (S111 to $116).

[0071]

When the size of the U in the TU is smaller than the smallest TU

20 size {yesin S108) and the TU to be processed is the fourth TU (yes in
$120), the U block combining process (5109) and the V block
combining process (S110) are performed. Here, the fourth TU
corresponds to the fourth TU to be processed among the four
smallest TUs, such as TU3 or TU9 in FIG. 5.

25 [0072]

In the U block combining process (5109}, the adjacent block
combining unit 104 combines the U block to be processed with the
three U blocks that are to the left, top, and top-left thereof, and
generates a four-block combined U block. Moreover, in the U block

30 combining process (5110), the adjacent biock combining unit 104
combines the V block to be processed with the three V blocks that are
to the left, top, and top-left thereof, and generates a four-block
combined V block. The U and V blocks are then processed (S111 to
5116).

35 [0073]



15 coder 108 codes the transformed V and outputs a bitstream of the coded V (5116). [0065] (Result)
According to the first embodiment, U and V bitstreams can be 20 outputted even before the bitstreams
for every Y in the CU have been outputted, thereby eliminating the need to buffer U and V and
allowing for a reduced buffer memory or register. [0066] Moreover, even when the TU size is the

smallest TU size angY ﬁ? tl'vh‘gh%uglmggr lﬁ e ;p} lghoeg ¥\‘i(:i ?g%gﬂ%m%m% g[rpg%sspﬁj as is the

caseina 4:2:0 or 4:2:2 format, neither U nor V are smaller than the sma size. As a result, it is
not necessafy28 pitRadd SitdHsjormditbEt thht & Bfmalechssatd smalldsta (o umsreder o contrast

to a case in yhich ¥ drad indemadedarger Hragbe gmaliasty 39 fLsizedn g1 effprstpfgend) or V

from being smaller than the smallest TU, with this configuration, Y can be made to be the Smallest TU

size, resultirffiPPRRasCd ESdiRPSHiREREE BOBANE Sam@ RdBeTR1EA eADINANE Hirst 4-
embodiment;a 4129 {papatise3busadebithashdidndid #10r. different fermat may beisegs 1= [0068]

Moreover, in the first empodiment, tgee CU size and the TU size are input externally. However, an
optimum sizgf?l%)?ﬁ'é)[]s & WHidA' R &ﬁ uted by calculating the coding efficiency of the size of
S5multiple or gll(pa#érns internally in the apparatus. [0069]

In FIG. 5, U and V follow Y, and this sequence is maintained.
As a result, it is not necessary to take into consideration switching

10 the sequence of Y, U, and V. Consequently, it is possible to reduce
the complexity of the image processing. In FIG. 6, it is determined
whether or not the TU to be processed is the fourth TU, but it may be
determined whether or not the TU to be processed is the last TU to be
combined. When the TU to be processed is the last TU to be

15 combined, the combining processes (5109 and S$S110) may be
performed.

[0075]
Moreover, in the first embodiment, four blocks are combined,
but it is acceptable if two blocks are combined in a 4:2:2 format.

20  For example, two blocks horizontally adjacent to each other may be
combined. Then, among the two blocks, it is acceptable if the
combining process is performed on the first or second block to be
processed.

[0076]

25 Furthermore, the processing performed in the first
embodiment may be executed with software. The software may be
distributed via downloading. Moreogver, the software may be stored
on a storage medium such as a CD-ROM and distributed. It is to be
noted that this appiies to all other embodiments throughout the

30 Description as well.

[0077]
Embodiment 2
(Configuration)
FIG. 7 shows a configuration of the image coding apparatus

35 according to the second embodiment. Here, only the YUV switching
- 20 -



Moreover, in the first embodiment, combined U and combined V blocks are placed directly after the
bitstream for the Y of the TU to the upper-left in the combined TU, as shown in FIG. 3. However, the
10 combined U and combined V blocks may be placed directly after the bitstream for the Y of the TU
to the bottom-right in the combined TU, as shown in FIG. 5. In this case, the operation shown in FIG. 4

is modified t tjo F for.ex %9 7 Specijfically, as own n FIG. 6,
when the S|zl(])er§2‘;e tgﬂ%"’?é tﬁg%ﬁg adrgger ?anggrgeem to th 3 %%Jﬁgl !ﬁ% g‘lagl)eéﬁ (r?% é'gl%éint e U and
V blocks ard proeedsed das isgsi1adosené). [0071] When the size of the U in the TU is smaller than

the smallest Elé;zg ize (yes in 5108) and the TU to be processed is the fourth TU (yes in S120), the U

block comblnlng process\(t 109) and the V block combining process (5110) are performed. Here, the
fourth TU correspontdd&o the/fotitH iU R b o dddBed WFong thEouk dahest Todesudids TU3 or

TU9 in B1G. 5: 510043l to Imthe & hdock semhining pracessl® 10 thr-adiaggpiRlock gambining
unit 104 combines the U block to be Yprocessed with the three U blocks that are to the left, top, and

top-left thereth S Gerératdea YUY- 58tk CBHBINEE G iBck. MEFEORS, I fhd TE}f)k?)’ll:)cko3E)hc§bmb|n|ng
process (510} memiiaoana eckdzomhining huniti 4 G4 w@mﬁerthe V plock/tabe groegssed with the
three V bIOL!ﬁS Ihat the |Eftcb 0 rﬁ}oeg left there and g ? our-block om ined V
block. The gn'?jg\/ 8c AT§&"tHen Proc dz(%ﬂ[fqo fléfn ? \% OCK \Rffén th nSIE of the U
in the TU is sa@aliedthamthedimetie st Tﬂﬂelzsr(wmmmtﬂ&)cand;me Tiv ta herpueessadisamt the

fourth 'IaJ (nﬂxjéhélglg)e tpﬁé)%rqgersas,l %pftw%]uéq,%d é/ﬁ;%a%gt( 116) is skippeel. Other

operatlons are the same as those stiown'in IS way, he itstream shown in FIG. 5 is
output as a (&UDf the operation being modified. [0074] In FIG. 5, U and V follow Y, and this

sequence is maintainpg. AsaheRWtalh I8 PQIAERETSAY f0ake KitQ coRfiderntinn switching ¢
not smaller than the smallest block size such as in (A) or (B), the
bitstream is the same as the first embodiment, but when the TU size
15 is smaller than the smallest block size such as in (C), this is different
from the first embodiment. Here, for TUO through TU3, first UD
through U3 and VO through V3 are coded after YO through Y3,
followed by Y4, U4, and V4 of TU4.
[0080]
20 (Operation)
Next, the coding flow is described with reference to FIG. 9.
First, the CU partitioning unit 101 partitions the input image
according to the specified CU size, generates the CU, and outputs the
CU to the TU partitioning unit 102 ($201). The TU partitioning unit
25 102 partitions the CU according to a specified TU size, and cutputs
the result to the YUV demultiplexing unit 103 (5202). It is to be
noted that the image coding apparatus repeats the CU processes
(5202 to S222) a number of times that there are CUs in a single
image since the processes are performed on all CUs within a single
30 image.
[0081]
Next, the YUV switching unit 109 determines whether the TU
size is smaller than the smallest block size (S263). If the TU size is
smaller than the smallest block size (yes in $203), a coding

35 determination process (5213) is performed. If the TU size is not
0% .



10 the sequence of Y, U, and V. Consequently, it is possible to reduce the complexity of the image
processing. In FIG. 6, it is determined whether or not the TU to be processed is the fourth TU, but it
may be determined whether or not the TU to be processed is the last TU to be combined. When the
TU to be processed is the last TU to be 15 combined, the combining processes (5109 and 5110) may

be performed) Q0Z8] 1, Meseoehd s sst epnbosimgny fopchiapks ase eambingrh duf e

acceptable it two blocks are combined in a 4:2:2 format. 20 For example, two blocks horizontally

adjacent to BAEIE DBtet PPy bel drRtiitedNThen, Aivisrig the MRL B §ti5 adtepadIeatiHeg
combining pseeassis perfamed ontihe firsk g5 sreanskalock sgbe proeessed. [DG78h2BEvthermore,

the processing performed in the first embodiment may be executed with software. The software may

be distributdd VizdWAb g EMBFEoVEY s Grviii@ Ray-be SioYed S HORIRSHREILA Such as a

CD-ROM ansbeiziripused olt i1 10 De satedthatdhisrepiliesyo all other embodiments throughout the
30Descripti%rg$%£gll. [0077] Embodiment 2 (Configuration) FIG. 7 shows a configuration of
|

the image ¢ paratus 35according to the second embodiment. Here, only the YUV switching
unit 109 is describetf siheeThe syt iswitchinganiet S isrdiffezemtriedhe shebficst lemizedinentn[0078]

The YUV switcRing unit 1 [ ' tg th r cqrding to TU,siz d_the specified
smallest blz)%kfgiggf sﬂéeeci ica |y5%§§$§}ﬂ?}%ﬁé 11Tan%%ggr?its %g%&%ﬁé@éﬁg ?n%%tt?% %?c&%? %8 ona
per data unit B&sigtdBetéither N puU L ov (V4 hise Yda st daindalaiy ek ®F the 204size drivethé smallest

block size. I {1es$8¢ARMhEMAAHMERE thesralinst Rioek size g mredsieaioedsn v, and
outputs the transformed result to the coder 108 (S205). The coder
108 codes the transformed Y and outputs a bitstream of the coded Y
(5206).
(0083}
15 Next, the YUV switching unit 109 switches the input to the
coder 108 to be the output of the U transforming unit 106 (5208).
The U transforming unit 106 performs the transform process on U,
and outputs the transformed result to the coder 108 (5208). The
coder 108 codes the transformed U and outputs a bitstream of the
20  coded U (5209).
[00841
Next, the YUV switching unit 109 switches the input to the
coder 108 to be the output of the V transforming unit 107 (S210).
The V transforming unit 107 performs the transform process on V,
25 and outputs the transformed result to the coder 108 (5211). The
coder 108 codes the transformed V and outputs a bitstream of the
coded V (5212).
[0085]
If the TU size is smaller than the smallest block size (yes in
30 $203), the YUV switching unit 109 determines whether the current Y
block, U block, and V block to be transformed and coded are already
coded (5213). If already coded (yes in 5213), the processes for the
TU (S214 to S222) are skipped. If not already coded (noc in S213),
a YUV switching process (5214) is performed.
35 [0086]



10fixed size that is larger than the smallest TU size. [0079] FIG. 8 shows an example of a
bitstream. When the TU size is not smaller than the smallest block size such as in (A) or (B), the
bitstream is the same as the first embodiment, but when the TU size 15 is smaller than the smallest
block size such as in (C), this is different from the first embodiment. Here, for TUO through TU3, first

UO through U3 ands\éLé mf%t[\/v:ﬁfqrﬁech@ agg,ﬁ(g ﬁﬁg@g%&(ﬁdﬁ!{o&?g é)é{ Yéogl(%oag V4 of

TUA4. [0080] 20(Operation) Next, the ¢oding reference to irst, the
CU partitioniRguhlt 301t partifid¥s IMe iapisk magét abeSrding ol the specifiatit Ucsies gepdfites the

CU, and outpyis e & dRdheulyd LE’@%SiFig'ﬁiQQW b 6230 g ThR itY ?@rtﬁé’?}’@m unitPRd 42

partitions the CU according to a specified TU size, and outputs the result to the YUV demultiplexing

unit 103 (526N R B8'Hehdtet thaPthe AR Boelid BppER ABETdPe AEIRE LU Pocksst8 {5202 to

5222) snurahapeftimesthas theterare: @ Us du i sipote énagesinge thepracesses arie peyfeened on all
CUs within a s%nﬁgle ?ﬁ?irgi?ﬁ [0081] Next, the YUV switching unit 10 deﬁrmines whether the TU
n

size is smalle? festHBEEsiZ8 é@@3)§ﬂ@ﬁé'altlﬁ'§izreei A had o SrahieStolock size
(yes in 5203)$ 2 tHding S3d€iermination prooéss (523 e peatienmaed r the I Ursizesavidle2t- smaller

than the smallest block size (no in 5203),.a YUV switchi rocess (5204) is performed. It is to be
noted that tr%(?r%%gg 'ggc‘ﬁnztg%pgr%%g %g’p%esatg ﬁ?e ‘P% rpﬂ%c%gsags iézoag i:ro EZ)MQ%mbétrlh St times
that there aremTa)édataldingle CU incw therpiéddssedand Bpdrfamséd on adl TUsrwithiv psihgle CU.

[0082] 5  If thek.size isMpt én&%@é@a}n(tgg §r§11)alllest block size (no in 5203), the YUV switching
unit 109 switches the input to the coder 108 to be the output of the Y transforming unit 105 (5204). The

% [0087]
Next, the YUV switching unit 109 switches the input to the
coder 108 to be the output of the U transforming unit 106 (5217).
The U transforming unit 106 performs the transform process on U,
15 and outputs the transformed result to the coder 108 (S218). Itisto
be noted that the image coding apparatus repeats the U processes
(S218 to S219) a number of times that there are TUs in a smallest
block since the processes are performed on all TUs within the
smallest block. The coder 108 codes the transformed U and outputs
20 a bitstream of the coded U (5219).
[0088]
Next, the YUV switching unit 109 switches the input to the
coder 108 to be the output of the V transforming unit 107 (5220).
The V transforming unit 107 performs the transform process on V,
25 and outputs the transformed result to the coder 108 (S221). Itisto
be noted that the image coding apparatus repeats the V processes
(S221 to S222) a number of times that there are TUs in a smatllest
block since the processes are performed on all TUs within the
smaliest block. The coder 108 codes the transformed V and outputs
30 a bitstream of the coded V (5222).
[0089]
(Resuit)
With the second embodiment, it is possible to combine and
processes the Y, U, and V into respective multiple blocks and to input
35 the input images in nearly one batch for each of the Y, U and V,
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10 transforming unit 105 performs the transform process on Y, and outputs the transformed result to
the coder 108 (5205). The coder 108 codes the transformed Y and outputs a bitstream of the coded Y
(S206). [0083] 15Next, the YUV switching unit 109 switches the input to the coder 108 to be the output
of the U transforming unit 106 (5208). The U transforming unit 106 performs the transform process on

and outpute B aar B B SodbhiD oB0 ba L ENekh, e VOV SR iaiTos
switches theefiipgttgehiicadey 10810 Wé the cipat bfahe speassioraiing ynis 1ol 32103chise V

transformin i p I , n o 1 esult to
the coder 18%?&52%?[ ! %ﬂ%fgrgle%%%%ls hpgstr%a?rfg‘%r%%d\/ @aﬁjdqéiﬁdﬁ%%g?gaér% ic%f?hgeg coded V

(5212). [0085] B héMOTGYE 8 SivallEr BRGTRRATRIRG Blbek 3128 (yeld fT 80 ¥203Y AREVIOV

switchimg uni 199%detarmines wheihes the gugrent X/blagk, &4 Rlagk, ane Mrlesk 4o herdfrangfarmed and
coded are already coded (5213). If already coded (yes in 5213), the processes for the TU (5214 to

5222) are sKiBPeAUFAG: atBEay LWAEARGin BBE3) B Y URSWIRATAG DRSte L4851 45 & Belfdrmed.
35[0086] prospesiiieglly UfthtaYa Wsreind Witleckauarmpnetaireardytcodedr(ng in R EPetheiy UV

switching unit 109 S}’éit%}? l:t)he irggut to tht%co%dgerrlog to Ee }_l'liesousjl%ﬂ of the Y transforming unit 105
(5214). The Y f5HE ormlng onit1d5 BeWér {Thetrdheforh process’on Y, and 5 outputs the
transformed{ (888 o the coder 108 (5215). It is to be noted that the image coding apparatus repeats

the Y processes (5 to b1 r.of.ti there are TUS | t ince the
procegggs are perfgeirr?;ed gﬁ]]all S W%?ir? t% srr%{re?s‘t% b of&ﬁi%%gégﬁ%@%lﬁi‘sp %ﬁgggﬁgformed Y
and outputsUBRchitsirdHia &t $he doeled W 52a6) YOGS HEIN thReXl/ hesebVSviishtgdingnd9

switches the;inpuk iR e §04aR108 13 BEAGOUIRKOT he b Barsiorming WIS (a2 h() +hize U
o g When the YUV Bhe consiatently arranged by TU size such
as in {A), the processing load required of the computing unit C and
15 the computing unit D is small compared to that of the computing unit
A and the computing unit B. Consequently, the operating rate of the
computing unit C and the computing unit D decreases. However, by
arranging the YUV per data unit of the larger of the smallest block
size and the TU size such as in the second embodiment, the
20 processing load is equal for each of the computing units A through D,
thereby increasing the operating rate of the computing unit C and the
computing unit D,
[0091]
Embodiment 3
25 (Configuration)

FIG. 11 shows a configuration of the image decoding
apparatus according to the third embodiment. The image decoding
apparatus is used when decoding the bitstream coded by the image
coding apparatus described in the first embodiment. The image

30 decoding apparatus includes a decoder 301, a Y inverse transforming
unit 302, a U inverse transforming unit 303, a V inverse transforming
unit 304, a YUV combining unit 305, a TU combining unit 306, a CU
combining unit 307, a YUV switching unit 308, and an adiacent block
partitioning unit 309.

35 [0092]



15 and outputs the transformed result to the coder 108 (5218). It is to be noted that the image coding
apparatus repeats the U processes (5218 to 5219) a number of times that there are TUs in a smallest
block since the processes are performed on all TUs within the smallest block. The coder 108 codes
the transformed U and outputs 20a bitstream of the coded U (5219). [0088] Next, the YUV

switching unit 109 swifche nput tofhe ?:Pé]!ﬁf tq,ba.t of the V tr i nit 107
(5220). The V trans%ﬁr%?ng é%%%éj pgggrms the (t}rg%s%rn?o E@%E%%tg%{n \?E@S én%t‘f]%%ntsq ?P\gé
transformedtiesuii@rfeodeM o Er21Y es'td besige d tiRa thermaye cotihg 8gpatit@siepeats

the V processe (2221 19ha2 i RgmMbsrobimesihat %fp\%e\/aﬁ%wﬁsd@ gremaligshbiack sinpe the

processes are performed on all TUs within the smallest block. The coder 108 codes thé transformed V

and outputs 384 bRSFEaRSFREBoAEY \NEDES. (0660 (B E8uIDRARRe Q- cdnd'emBEHmYnt, it is
possiblg to cempisetandly. Precessey enbihiard Vhinta tespestive Audtipteeblocks anehtasinput

35the input images in nearly one batch for each of the t U and V, - 23 - thereby increasing data
transfer effic‘f@ﬁ&??ﬂig%%sm{baﬁp 'éffgéﬁ\?eo 91' Q’?ﬁ'ﬁerﬁ idH @9&s fr%ﬁ‘:@ﬁeé% fhénglry subh as
cache memahyissiftatlag capability doqfrates <Y aar i poo ivein tseque ndesl eadsoten go ivaproveraent in
cache memary h_i%al}i%hl\/ﬁ{gog%revggi%p'onY5 in.the num er of pixels in a YUV set can be suppressed,

and the compuﬁng unit operating rate cahbé increased when parallel processing YUV data units with

multiple conptitiag Linits. A specific example will be given with reference to FIG. 10.

10 The TU combining unit 306 combines the TU in the CU
according to a specified TU size, and generates the CU. The CU
combining unit 307 combines the CU in an image according to a
specified CU size and generates the image. The YUV switching unit
308 switches the output destination of the decoder 301 according to

15 the TU size. The adjacent block partitioning unit 309 partitions the
inverse transforming result for each of the U and V four ways
according to the TU size and the smallest TU size.

[0094]
{(Operation)

20 Next, the decoding flow will be described with reference to FIG.
12. First, the YUV switching unit 308 switches the output
destination of the decoder 301 to be the Y inverse transforming unit
302 (S301). It is to be noted that the image decoding apparatus
repeats the TU processes {(S301 to $314) a number of times that

25 there are TUs in a single CU since the processes are performed on all
TUs within a single CU. Moreover, the image decoding apparatus
repeats the CU processes (S301 to S315) a number of times that
there are CUs in a single image since the processes are performed on
all CUs within a single image.

30 [0095]

Next, the decoder 301 decodes and outputs a bitstream to the
Y inverse transforming unit 302 (S302). The Y inverse transforming
unit 302 performs an inverse transform process on Y, and cutputs the
inverse transformed result to the YUV combining unit 305 (S303).

35 [0096]
- 25



[0090] 10FIG. 10 illustrates a system in which four computing units are used to process the '{UV set
wherein the YUV set is divided and allocated to the computing units A through D in order from the
beginning. When the YUV are consistently arranged by TU size such as in (A), the processing load
required of the computing unit C and 15 the computing unit D is small compared to that of the

computing urit A s comauig 4ol GaRsAYETy e RErANG a6 61 e compying unit

and the computing unit decreas owever, nglng the ata uni

smallest blodkhs£8 andite U A dddplas Kntm@@dﬁ@ém@mﬁeaﬁdZE%Océgﬁﬁ@ fodd is
equal for eagh 9hie COMRRYINGURjESA Wé%uah@a Ehf"r@@& W@@@é@@&hﬁ%gefﬁt@g Gas, O{H}ée

computing unit C and the computln%unlt D. [0091] Embodiment 3 25(Con |3uratlon

shows a corfiiRF&ESE o e g %ﬁlﬁ@%ﬁﬁé‘ré{@@&‘oﬁéﬁ@ fbttﬁestﬁ & érﬁb@cﬁfﬁ&ﬁeﬁhe image
decoding apFafaitisiisaieay ween deepdny fhediiisigam eoded Ry AR HRAGE GOS0 @PRAIAIUS

described in the fir r?t embodiment. The image 30 decoding apparatus includes a decoder 301, a 'Y
inverse trané?oprﬁir 8 WF%Z a U inverse transforming unit 303, a V inverse transforming unit 304, a
YUV combirio@ @it 305, a TU combining unit 306, a CU combining unit 307, a YUV switching unit

308, and an adjacent bloc |t| it 0092 code ecodes a bitstream
and outputs the tranzform gc? Q ?a%g el'r}’{ Eg\?Oﬁv saestrr};m'él‘%i bR g\ﬁ% tFﬁ%qﬁp e(r’gg
transformindsiiid303,handl thé smimniehnse gramsfoBBiB g unitc30setdoh cpetfprm aﬁhhmemdmjwform

procesgg,on ¥ li angy uﬁé%%p&ftﬂ %VUTH%P{%% ‘EPS]%‘EW@?Q@ E%‘Eﬁ“ fthe'\%wtv

components n this embodiment t e Image format Is rmat, th SIZG Co’mponent

and the V cém@dﬁl@ﬁﬂé@’oﬁ@—io@rﬂﬁ?ﬂféeﬁzéfhﬂ the! Yedmporidihs Looos) toTHeeTU dévvBirfieg unit
306 combingsdRe Bl Hif (il 128ensdirg 9 SPetHied T sikes AndgRe/ e e ik 3hg CU

combining unit 307 combines the CU in an image according to a specified CU sizé and generates the

image. The VBN QUMENTY UWEIOE SFRTRER AL BIAGRFeSihRioh st P dedeush 801 ¥&¢6Rling to 15
the TU size.rFap sdjagesat bleek prrtitigning aini 3P9qeartitiens the ipvetse ganstorming resgly for each

of thelLéan ¥§%u; ways according to the TU size and the smallest TU size.
{0098]
Next, the YUV switching unit 308 switches the output
destination of the decoder 301 to be the V inverse transforming unit
304 ($308). The decoder 301 then decodes and outputs a bitstream
20 to the V inverse transforming unit 304 (S309). The V inverse
transforming unit 304 performs an inverse transform process on Vv,
and outputs the inverse transformed result to the adjacent block
partitioning unit 309 ($310).
[0099]
25 Next, the adjacent block partitioning unit 309 determines
whether the size of the U within the TU is smaller than the smallest
TU size (S311). If the size of the U is smaller than the smallest TU
size (yes in S311), a U block partitioning process is performed
(S312). If the size of the U is not smalier than the smaliest TU size
30 (noin $311), the inverse transformed result of the input U and V are
output to the YUV combining unit 305 as is, and a YUV combining
process is performed ($314).
[0100]
If the size of the U is smaller than the smallest TU size (yes in
35 S$311), the adjacent block partitioning unit 309 partitions the inverse
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[0094] (Operation) 20Next, the decoding flow will be described with reference to FIG. 12.First, the YUV
switching unit 308 switches the output destination of the decoder 301 to be the Y inverse transforming
unit 302 (5301). It is to be noted that the image decoding apparatus repeats the TU processes (5301
to 5314) a number of times that 25 there are TUs in a single CU since the processes are performed on

all TUs within a single CU, Moregver, the i e decoding apparatus repeats the ClJ processes (S301
to 5315) a ngﬁgég%F fpn?éjs aBt(? %ﬁre' gl’% g %'%%stihwgtﬁe%lrﬁoige%ng{?tﬁ%'f)?ogg%le%gr% f)%r?ormed on
all CUs withfo asipglet image.Be[aoes] and Nexp tis démdes80l tedddesy ahd ootpuisrdrbiis ream

to the Y inv trapsforan nit ( Y i nsfarmj i ; n inverse
transform p%i@%?gr? 3%gr%gzglutpjtqslgﬁwg%ﬂéé:rgéfrg%%\gﬁrﬁg&ﬁ%gﬁ?ﬁﬂ%%%/%%ﬁgrﬁ%% 3’}% 305
(5303). 35[0098] invengext the Hateatblock pakitiohig tinft 8hdetisminesiwigaBéhtivéssurrent U

block tasbe decorethasialieady Peernderndied (R34, Hﬁ%e&&%%%%%@m bgamdeppded (ves in

5304), the processes for the U block and the V block '(5305 to are skipped. 5If not already
decoded (n&RBBH2ING YNE sdfkenimydréeess (5305) is performed. [0097] Specifically, if the U
block has nqiced@agly been decoded (no in 5304), the YUV switching unit 308 switches the output of

decodes and outputl S ehShnt & B L eldd harilormiAG U 356 (B506): The UARSbrse
transforming-unit (308 gretforms én geesa tenstorit gropésalon/dl wad BIBL4S the imvasseT U
transfcf%nedggﬁygiligiahge 89jz%c%t6blc9&kn%aquig r%l{qg |=!Lnl_iit t?’no%he CU and generates the CU
{$315). The CU combining unit 307 combines the CU in an image
and generates the image (5316).
[0102]
(Resulit)
15 With the third embodiment, it is possible to decode U and V
even before every Y in the CU has been decoded, thereby eliminating
the need to buffer the U and V decoding result and allowing for a
reduced buffer memory or register.
[0103]
20 Moreover, even when the TU size is the smallest TU size and
the number of pixels in U or V is less than the number of pixels in Y,
as isthecaseina 4:2:0 or 4:2:2 format, neither U nor V are smaller
than the smallest TU size. As a result, it is not necessary to provide
an inverse transform circuit that is smaller than the smallest TU.
25 Moreover, in contrast to a case in which Y had to be made larger than
the smallest TU size in an effort to keep U or V from being smaller
than the smallest TU, with this configuration, Y can be made to be the
smallest TU size, resulting in increased coding efficiency.
[0104]
30 It is to be noted that in the third embodiment a 4:2:0 format
is used, buta 4:2:2, 4:4:4, or different format may be used. When
a 4:2:2 format is used, the adjacent block partitioning unit 309 may
partition the U and V blocks heightwise into two parts instead of
partitioning the U and V blocks into four parts ($312 and S313 in FIG.

35 12).
7



15(S307). [0098] Next, the YUV switching unit 308 switches the output destination of the decoder
301 to be the V inverse transforming unit 304 (5308). The decoder 301 then decodes and outputs a
bitstream 20 to the V inverse transforming unit 304 (5309). The V inverse transforming unit 304
performs an inverse transform process on V, and outputs the inverse transformed result to the
adjacent blo\mg réijioning unit 309 (5310). [0099] 25Next, the adjacent block partitioning unit 309

determines whether the size of the U within the TU is smaller than the smallest TU size (5311). If the
size of the U is smalléptignviae smelestiocksize yed imsst1 ) el hlosiz partitibhing Plocdgs is

performed (5312} /hihe sizgphtp ) isinghalierdhande spallesyTy, size, 30 (o jg 5314 the

inverse transformed result of the input U and V are output to the YUV combining unit 305°as is, and a

YUV combinti§pfitesy isiarféhfe® (B318P10100] he decpaias s lofihe U desindifer digh the

smallest TU sizeslyes e 35033 hethe adidgrent blagkgartitioning unit 309 partitions the inverse -26-
transformed U block in half heightwise and lengthwise resulting in a four partitioned parts, and outputs

the result to He- 90V combining unit 305 (5312). The adjacent block partitioning unit 309 partitions the
inverse transformedMdreck ixhalfheightnésenaind tergthvwine aiesiiting @ afoly partiipned @arts,

and outputs th .reseulttt %e YU\éigto ginin unir%. 0 6 313)..[010 %r . The YUV, comg%rgn% unit 305
combines thgé,aﬁ, ahd c%lfhﬁoneﬁ?% emg%e‘ﬁeétgs gm%}xé%é u@(%ﬁﬁ%@?[)
block to be processed is present or not instead of determining
10 whether the U block has already been decoded or not {S304 in FIG.
12). If the U block to be processed is not present, the image
decoding apparatus may skip the U and V processes (S305to S314 in
FIG. 12). With this, the image decoding apparatus can decode the
bitstream shown in FIG. 5 just as it can the bitstream shown in FIG.
15 3.
[(0107]
Embodiment 4
(Configuration)
FIG. 13 shows a configuration of the image decoding
20 apparatus according to the fourth embodiment. The image
decoding apparatus is used when decoding the bitstream coded by
the image coding apparatus described in the second embodiment.
Here, only the YUV switching unit 308 is described since the YUV
switching unit 308 is different from the third embodiment.
25 [0108]

The YUV switching unit 308 switches the ocutput destination of
the decoder 301 according to the TU size and the specified smallest
block size. Specifically, the YUV switching unit switches the output
of the decoder 301 on a per data unit basis to the Y inverse

30 transforming unit 302, the U inverse transforming unit 303, or the V
inverse transforming unit 304. Here, the data unit is the larger of
the TU size and the smallest block size.

[0109]
(Operation)
35 Next, the decoding flow will be described with reference to FIG.
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10 combining unit 306 combines the TU in the CU and generates the CU (5315). The CU combining
unit 307 combines the CU in an image and generates the image (5316). [0102] (Result) 15With the
third embodiment, it is possible to decode U and V even before every Y in the CU has been decoded,
thereby eliminating the need to buffer the U and V decoding result and allowing for a reduced buffer

memory or register.[010 r.eve th Size is the smallest TU sSi nd-the
number of pﬁ%ls inF LE%I’ f}l%ﬁ(’i‘g &Oe%n%ﬁ\té:\ﬁm@nggﬁ%? p%xé% |¢1%$é Séénltsqﬁ% (%ﬁs% Frf? g§4: :% ocl‘ 2:2
format, neitisez &) isos M aresribiar te e siedle S Ttksie AT @St it fstiot Métergary o provide

an inverse tignsfinun ciicyil thatds smalles tham (e smaliest L 25Motepyar in LoRAS] 4o case in

which Y had to be made larger than the smallest TU size in an effort to keep’U or V from beifg smaller
than the smaRETUNFHARISLESFRRFatiof M ¢alf bRSRERIEHSE Be thE sthallest T8 &§zd Sré@iiting in

increassd cegding rificienay- {AE04h3RI1ds 1018 aeted- ati the Bid embadimantatz:Afegmat is
used, but a 4:2:2, 4:4:4, or different format may be used. When a 4:2:2 format is used, the adjacent

block partitidHiRgTmmt 6o6 fra) SaRfEPIIB €Hand V blocks heightwise into two parts instead of
partitioning {reetd @id V blocks into four parts (5312 and 5313 in FIG. 3512). [0105] Moreover, in

he third embodi , the CU si d ' [ ally. he CU si d th
TG size may be prebHP Rt ol (1 LL AR 205 0] HecBBE A1 B BAC0 Size

and the TU sixe. TU processes (S401 to S421) a number of times that there are
10 TUs in a single CU since the processes are performed on all TUs
within a single CU. Moreover, the image decoding apparatus repeats
the CU processes (5401 to S422) a number of times that there are
CUs in a single image since the processes are performed on all CUs
within a single image.
15 [0111]

After a determination has been made, when the TU size is not
smaliler than the smallest block size (no in $401), the YUV switching
unit 308 switches the output destination of the decoder 301 to be the
Y inverse transforming unit 302 (5402). Next, the decoder 301

20 decodes and outputs a bitstream to the Y inverse transforming unit
302 (5403). The Y inverse transforming unit 302 performs an
inverse transform process on Y, and outputs the inverse transformed
result to the YUV combining unit 305 (5404).

[(0112]

25 Next, the YUV switching unit 308 switches the output
destination of the decoder 301 to be the U inverse transforming unit
303 (5405). The decoder 301 decodes and outputs a bitstream to
the U inverse transforming unit 303 (5406). The U inverse
transforming unit 303 performs an inverse transform process on U,

30 and outputs the inverse transformed result to the YUV combining unit
305 (5407).

[0113]

Next, the YUV switching unit 308 switches the output

destination of the decoder 301 to be the V inverse transforming unit

35 304 (5408). The decoder 301 then decodes and outputs a bitstream
S TeON



[0106] Moreover, when the bitstream shown in FIG. 5 is used, the adjacent block partitioning unit
309 may determine whether the U block to be processed is present or not instead of determining
10whether the U block has already been decoded or not (5304 in FIG. 12). If the U block to be
processed is not present, the image decoding apparatus may skip the U and V processes (5305 to

5314 in FIG, 12), With this, the image decoding apparatus can the hitstregm shown in FIG. 5
just as it CSI’? th%(gn ﬁts%eéwgﬁgﬁnﬁ%ﬁ%fg{%ﬁ&% @m%ggimg%Q%%bnﬁgbr%t?c\?n)EEI&? "Tf shows a
configuratidnafsiieimage decddingLPapparans avcordiags® tra fouioh mnbockiment.ofhe/image
decoding agparaleds psef whepelecodiag e Pisigam.ended by o age asing. apparalus
described in the sec%nd embo%?ment. Here, %}rﬁﬂﬁe YU\/Ssvgtc%ling unit 308'1s gjesc;ri e(?si!r?ce the
YUV switchiftpub®48bB )s different from the third embodiment. 25[0108] The YUV switching unit

308 swjtcheg theqoutput destination of the decoder 301 according to the TU size and the specified
smallest block size, Specifically, the YUV switchigg unit switches the output of the decoder 301 on a

per data unit basis b 1€ YTiHv&12& 36 FARSHRMILE 2RitBE2 s lisatepde tarifginiing &irif 303, or
the V inverseigansiemaingunits30dcHere, iheidatni ie thedanesy ofiilke T4t sireand thergmallest

Plock size. LYY {ORsagt) Tl S PESUY B 4Lt Be 85°pERs Y™ fRTRrenes S 1C- - 28 -

has already been decoded (yes in S411), a YUV combining process

10 (S421) is performed. If not already decoded (no in 5411}, a YUV
switching process (5412) is performed.
(0115}

Specifically, when the block has not yet been decoded (no in

S411}, the YUV switching unit 308 switches the output destination of

15 the decoder 301 to be the Y inverse transforming unit 302 (5412).
Next, the decoder 301 decodes and outputs a bitstream to the Y
inverse transforming unit 302 (S413). It is to be noted that the
image decoding apparatus repeats the Y processes (5413 to 5414) a
number of times that there are TUs in a smallest block since the

20 processes are performed on all TUs within the smallest block. TheY
inverse transforming unit 302 performs an inverse transform process
on Y, and outputs the inverse transformed result to the YUV
combining unit 305 (5414).
[0116]

25 Next, the YUV switching unit 308 switches the output
destination of the decoder 301 to be the U inverse transforming unit
303 {S415). The decoder 301 decodes and outputs a bitstream to
the U inverse transforming unit 303 (S416). It is to be noted that
the image decoding apparatus repeats the U processes (S416 to

30 S5417) a number of times that there are TUs in a smallest block since
the processes are performed on all TUs within the smallest block.
The U inverse transforming unit 303 performs an inverse transform
process on U, and outputs the inverse transformed result to the YUV
combining unit 305 (5417).

35 [0117]



14. First, the YUV switching unit 308 determines whether the TU size is smaller than the smallest
block size (5401). If the TU size is smaller than the smallest block size (yes in 5401), a decoding
determination process (5411) is performed. If the TU size is not 5smaller than the smallest block size
(no in 5401), a YUV switching process (5402) is performed. [0110] It is to be noted that the image

decoding apparatusepeats the T cesses (5401 to 5421 umber of times that there are 10 TUs
in a single CU sincef\%%(g&droctgs%seg a@?p%ﬁf@rﬁé&“ Gh all ’%JAEJS évﬁén g‘ﬁfr%gf“egéu %reg\}"egr?f#e image
decoding appasitisitepeaty theeCdasodessas (5101be 522 dmveriser bfainsds thatnketendte CUs in
a single image, sineest rocesse e all Gy ithi '_ ' :

After a detergrr%ﬁarﬁi?gari1 Egs)o begre%§ rgngdiggw %Fn%rﬁygﬁzg IS not%gﬁ%ﬁear?rgagr? %Elegasgmq%'“%g? t%aloc size (no

in 5401), thet & GRsWitergg it 0BsERTaHES NG Butit dSsfiddtion ditthe debstarsed bt the Y
inverse srangfoEmjRgait 302 - Nedath decedpi3@l 20decodes apd auputsshittrgam to the

Y inverse transforming unit 302 (5403). The Y inverse transforming unit 302 performs an inverse

transform proéesS bA ¥ HRE 8L e TnVerde han&éinted Yasi f IRea Y cBINsKiRg U 305
(5404). [01124 @5plextctbeesUy rawiieiftgr umi BSrswitchag shey nutputdestinationeafitheideqoder 301

tne 0 inversd TanUOnN G At 05 (SA0RT P U LA QIAPIY NS08 BB, A Tverse
transform prpcessoen Un30and dutpuis e tverseveassfdnmmed fesutted thes\ilh\toorhlainifig\init 305
(5407)1'0 combining unit 305 (S420).
(0118}
After the processes have been performed on each of the Y, U,
and V, the YUV combining unit 305 combines the Y, U, and V
components and dgenerates a TU pixel value (S421). The TU

15 combining unit 306 combines the TU in the CU and generates the CU
(S422). The CU combining unit 307 combines the CU in an image
and generates the image (5423).

[0119]
{Result)

20 With the fourth embodiment, it is possible to combine and
processes the Y, U, and V into respective multiple blocks and to
output the output images in nearly one batch for each of the Y, U and
V, thereby increasing data transfer efficiency. Moreover, variation in
the number of pixels in a YUV set can be suppressed, and the

25 computing unit operating rate can be increased when parallel
processing YUV data units with multipie computing units.

[0120]
Embodiment 5
In the fifth embodiment, the characteristic configurations and

30 procedures of the first through fourth embaodiments are described for
confirmation purposes. The configurations and procedures
according to the fifth embodiment correspond to the configuration
and procedures described in the first through fourth embodiments.
That is, the concepts described in the first through fourth

35 embodiments include the configurations and procedures according to
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[0113] Next, the YUV switching unit 308 switches the output destination of the decoder 301 to be
the V inverse transforming unit 35304 (5408). The decoder 301 then decodes and outputs a bitstream
_29 - to the V inverse transforming unit 304 (5409). The V inverse transforming unit 304 performs an
inverse transform process on V, and outputs the inverse transformed result to the YUV combining unit
305 (5410). ﬁ{%lé%h emIEtcbgiT% ige is smaller than the smallest block size (yes in 5401), the YUV
switching unit 308 determines Whether the current block to be decoded has already been decoded
(5411). If thé Blotk has already been decoded (yes in 5411), a YUV combining process 10 (5421) is

performed. If not alfpady daceclecifa . AR YV UK Bracess (3432) ey (0115

Specifically, when the block yet been decoded (no in 541_?, the '{UV switching unit 30
switches thé D@6t deslimdionRP 219 the dec6asr Bua thpd e Hivers® Bafsfmiihg udihgo2

(5412).Nexirthe,decaden 301 iecrsesand QURR A BHSEE@M 16 fhe Julbvesse irapsferayng unit 302
(5413). It is to be noted that the image decoding apparatus repeats the Y processes (5413 to 5414) a

number of tiffEs GRA tR8re B¢ AIS|R-a HMRNBSMsocK BRIEIRE 6 PrIBSERRFEHHorrfe on all
TUs within thecsmnadestbleckq Tike ¥yinyesses iensfoming g0t 3G gerforasdart irverse tramgform
process on ?(f and outputs the ipverse transg) med result to the YUV ¢ mbinin%lé?f’t 305 (54\1{4). [0116]
25Next, the VBV EWHRing TR S08 switthes the SRPUR HREMRIIP o {RAE §E308 S01 18'Bethe U

inverse transfemdhgronitd0(i415) 0 bhe desodert3ah dboodes and oittpud &4, bidstebanhto thie U

inversedransfQrmi it 30 tis.to ed that the image decoding apparatus repeats the U
proc;sfgtes (S&%ﬁggﬁ&%% '(ﬁﬁt@gleﬁ% tclzr%eé)sg (tgéa{?‘tr?grge glrreS?L% iﬁ%ggr%gllgeegﬁ @IS(&' %}ﬁ“@g the
processes alé petfoided 6r 0T URSRItIA sheosnhaledk blogkleThHae invdese TaRstssimgbadt 303

performs an jnyerse-fransformproress A dRekitputs the inverse transformed result to the YUV
combining unit 305 (S417).
(01221
FIG. 15B is a flowchart which illustrates the operations of the
15 image coding apparatus 500 shown in FIG. 15A.
[0123]

First, the frequency transform unit 501 applies a frequency
transform to the luminance data and the chrominance data of the
plurality of transform units in a coding unit {(S501). The coding unit

20 includes a plurality of predetermined blocks. Each of the
predetermined blocks corresponds to one or more transform units.
[0124]

Next, the coder 502 codes the frequency transformed

luminance data and the frequency transformed chrominance data,
25 and outputs a bitstream thereof (5502). This bitstream is a

bitstream of the luminance data and the chrominance data combined

on a per predetermined block basis.

[0125]

With this, the memory or register for buffering the data of the

30 plurality of transform units can be reduced. That is, am image is

efficiently coded.

[0126]

FIG. 16A is a block diagram illustrating a configuration of the
image decoding apparatus according to the fifth embodiment. The

35 image decoding apparatus 600 shown in FIG. 16A decodes an image
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35[0117] Next, the YUV switching unit 308 switches the output destination of the decoder 301 to
be the V inverse transforming unit 304 (5418). The decoder 301 then decodes and outputs a bitstream
to the V inverse transforming unit 304 (5419). It is to be noted that 5 the image decoding apparatus

repeats the V processes (5419 to 5420) a number of times that there are TUs in a smallest block since

the processes are performed on Us within the smallest block. The V inverse transforming unit 304
portorms an e B bR DLy, M S W e A G e B & e UV
10combinindp (it iBA3Y 84305 [0adasfier 6Afte? titk provesses hdve deen perfoameficomeachi bf the Y,

U and V. 106 o CPMRIBgd i 308 LoBPsh BIRdG th 3 Leampacaitand deneiates A T

pixel value (5421). The TU 15 combining unit 3 e TU in thé CU and generafesthe CU

(5422). The @eseptaBiAING Unft 807 EoRibiney thecrtbindimmabe ahtl §énerites tHe fvrR(B423).
[0119] @Resyity RAWithihe fourtl @@bQQW%E&H% posgiblede camping and preeesseshertel, and V

into respective multiple blocks and to out%utt e output images in nearly one batch for each of the Y, U

and V, thereB7 IhefeE8HG YatA tanBfer ERRiChED VRBIEOVESARATON B i h A RBer 3P FixdI€in a YUV

set can be svppressesk and Hieraderuengpulinig Bapgraitngate can Bedneraaged whriparallel
processing YUV daﬁta unit%with multiple computing units. [0120] Embodiment 5 In the fifth

embodimenfmg% HPAcferistic configurations and 30 procedures of the first through fourth
embodimen{gldrg described for confirmation purposes. The configurations and procedures according

to the fifth embodimgnt.cofrespaond tg the confi i nd procedures descrihed in the first through
fourth {ea?nbodiments.gﬁl%at{é%h!esnc%na:éﬁg d@@@ﬁ ﬂ%’ #srfzl t er%)utg efc%j th 3 1eor%?bsogifgnt}nefs include
the configuratichg@anteprotetitirappacafdiagte0 shown in FIG. 16A.

[0128]

First, the decoder 601 obtains a bitstream and decodes the
luminance data and the chrominance data (S601). This bitstream is

15 a bitstream of combined (per predetermined block), frequency
transformed, and coded luminance data and chrominance data of the
plurality of transform units in a coding unit. Moreover, the coding
unit includes a plurality of predetermined blocks. Each of the
predetermined blocks corresponds to one or more transform units.

20 [0129]

Next, the inverse frequency transform unit 602 applies an
inverse freguency transform to the decoded luminance data and the
decoded chrominance data (5602).

[0130]

25 With this, the memory or register for buffering the data of the
piurality of transform units can be reduced. That is, am image is
efficiently decoded.

[0131]

It is to be noted that, for example, each of the predetermined

30 Dblocks may correspond to a transform unit. Moreover, for example,
each of the predetermined blocks may correspond to a plurality of
transform units in a block of a predetermined size, or to a transform
unit of a size larger than or equal to the predetermined size. The
predetermined size may be two times or four times the size of a

35 predetermined smallest size of the transform unit. The

~ 33 .



-31- the fifth embodiment. [0121] FIG. 15A is a block diagram illustrating a configuration of the
image coding apparatus according to the fifth embodiment. The 5 image coding apparatus 500 shown
in FIG. 15A codes an image on a per coding unit basis. Moreover, the image coding apparatus 500
includes a frequency transform unit 501 and a coder 502. The frequency transform unit 501

correspond o% r.example, the Y transforming unit 1 E%he transforming unit.106, and the V 10
transforminzjtﬁl %B%r e's%%ges fiv tﬁ@%i"(s?? or %géﬂ@ egm %a?me{r)ltf.} 1ghéE c'@%rgfoﬁocrcmgstponds to, for
example, thétbder]108 described in the first or second embodiment. [0122] FIG. 153 is a

flowchart which illuqq?lieesoppg rgp?5q1iog§%la§e15ima%§égo 'qgs@pé)gmtusi ﬁooeﬁ*&%"‘”bif‘ th@e 15A.

[0123] First, the frequency transform unit 501 applies a frequency transform to the luminance
data and thd EREBRARIEINGE @ataldPHESpIUFRIRy bi FFANSBAR uARSIN &GdingeunitiEB0aE $hécoding

unit 20igcludes: agiuralityn{ Bradstepained Hlagks/Eashof e RredsigANed Biackspariesponds to

one or more transform units. [0124] Next, the coder 502 codes the frequency transformed

luminance dATEHEGHe R quitHy PRI BbASHChISIRRREe daReH%and oltBURCY Bistréam thereof
(5502). Thisehitstrasim, ism bitstreartebthe: luminanee pataancdhesthy arirangedatacambited on a

Itoheer predetertwér}]es c?lr%(‘]:kubm ig, E[sg)laz%redet(\e/\:!g’?i%hésci ttrJ]Foc err&?arwoééegigggagégug%gl gPF data of
luminance data from a plurality of transform units in a predetermined

10 block. Moreover, for example, in the bitstream, the luminance data
and the chrominance data of a second predetermined block may be
arranged after the luminance data and the chrominance data of a
first predetermined block.

[0133]

15 Moreover, for example, the frequency transform unit 501 may
apply a frequency transform to the luminance data and the
chrominance data on a per transform unit basis, and the inverse
frequency transform unit 602 may apply an inverse freguency
transform to the luminance data and the chrominance data on a per

20 transform unit basis. Moreover, for example, when the number of
pixels in the chrominance data is fewer than the number of pixels in
the luminance data, the frequency transform unit 501 may apply a
frequency transform to the chrominance data on a per predetermined
biock basis, and the inverse frequency transform unit 602 may apply

25 an inverse frequency transform to the chrominance data on a per
predetermined block basis.

[0134]
Moreover, for example, the frequency transform unit 501 may
combine the chrominance data from a plurality of transform units in

30 a block that is smaller than or equal to a predetermined size, and
may apply a frequency transform to the combined chrominance data
at once. The frequency transform unit 501 may perform these kinds
of processes when the size of the transform unit is the predetermined
smallest size and the number of pixels in the chrominance data in the

35  transform unit is fewer than the number of pixels in the luminance
-34 .



30plurality of transform units can be reduced. That is, am image is efficiently coded. [0126] FIG.
16A is a block diagram illustrating a configuration of the image decoding apparatus according to the
fifth embodiment. The 35image decoding apparatus 600 shown in FIG. 16A decodes an image on a
per coding unit basis. Moreover, the image decoding apparatus 600 includes a decoder 601 and an

inverse frequency transform unit 602. The decader 601 correspands to, for e amprﬁ}ége decoder 301
descrinec L8 ircLLF LR b THE T CRTD S P A P Gb fresponds
to, for exanpla Ltthe ¥ inverde niagsfoniting hudib 302 thénd sniteese ransforminoeuni 303ramd the V

inverse transformi [ ibed i third or fourth embodiment. [0127] 10FIG. 16B is a
forunan unib Qg fiesaied infhe

flowchart which i es the operations of the image decoding apparatus 600 shown in FIG. 16A.
[0128]  [Pitst>the decoder 601 obtains a bitstream and decodes the luminance data and the

chrominance data (3604} Vs Rifsteeammin S, a Rkt art eECArBRINes (et PredetsrRINGH fplock),

frequency transformed, and coded luminance data and chrominance data of the plurality of transform

units in a c8%Rg UMY MEle RBE GneHoRING BRit IRYBAIES afFRAKIRY6Y pre@dtefRiRd Hode Each of

the predeterminediblesks:coresponds ta ongerimprefransham units ME0RY blocNeMiahe inverse
frequency transform, unit rti%102 applies an inv%se frelgruen% transform to the deg!:%ded_ luminance data

and the detddel HISMiRARE $taT8862). B130] i hementSry or rBGisterEf Bhiffering the

data of thefrequency transform unit 602 may perform this kind of process when
10 the size of the transform unit is the predetermined smallest size and
the number of pixels in the chrominance data in the transform unit is
fewer than the number of pixels in the luminance data in the
transform unit. The image decoding apparatus 600 may include a
partitioning unit which partitions the chrominance data.
15 [0136]

Moreover, for example, the image coding and decoding
apparatus may include the image coding apparatus 500 and the
image decoding apparatus 600. Moreover, the structural elements
described in other embodiments may be added to the image coding

20 apparatus 500 or the image decoding apparatus 600.
[0137]

In each of the foregoing embodiments, each of the function
blocks can usually be realized by means of MPU or memory, for
example. Moreover, processing for each of the function blocks can

25 usually be realized by means of software (program) stored on a
storage medium such as ROM. The software may be distributed via
downloading, or distributed on a storage medium such as a CD-ROM,
It is to be noted that each function block can also be realized by
means of hardware {(dedicated circuit).

30 [0138]

Moreover, the processing described in each of the
embodiments may be realized by means of integrated processing
using a single apparatus (system), or realized by means of
decentralized processing using a piurality of apparatuses. Moreover,

35 the computer which executes the foregoing program may be a single
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plurality of transform units can be reduced. That is, am image is efficiently decoded. [0131] It is to be
noted that, for example, each of the predetermined 30 blocks may correspond to a transform unit.
Moreover, for example, each of the predetermined blocks may correspond to a plurality of transform
units in a block of a predetermined size, or to a transform unit of a size larger than or equal to the
predetermlng% rs?llze. The(g)l[ggetqrmlqiréj size r(poa%be waQ tim noro%ueg}lmes the S|z<=‘E of a

35predetermine %%tgli'est size ot the trénsfori Untt. eerspre eterminedvgi%drﬁay;B e&a‘?rl\%ee based

on the imag® fomests [0432] deciurepvesdop exaagsien ih the pitseraaenf oveaet .of the predetermined
blocks, the Ilfl@'ir?@rie data may be arranged in 5 succession and grouped together, and the
chrominance data may be arranged in succession and grouped together. Moreover, for example, in
the bitstream, all chron@inaREe8TRit4 frofY & pliedlity 16 transforvUibRe in @prébéterfined ®ioek may be

arrangeg! afteqal d4ninanee datariyorg sgauralivhef jranstoym ynitea rgdRieEmingd 49 kigek.

Moreover, for example, in the bitstream, the luminance data and the chrominance data of a second

predeterminBHBISdE #E e AFanGEFGRER HE 1 iHiIHaREE dalg antiHe ERGnfiRgm& @tatbrea first

predetermingdddecic [((H33hiaMorepvar, dx=enampleathe-ieguenex ranstadnbynib 50 reayrapply a
frequency transform to the luminance ﬂ?ta and the chr minanv(fgata on a per transform unjt basis,
Eﬁﬁ)l

and the invefdé® ﬁgaﬁ%%y T@ﬁsfm%yu tefs(?le%%\';}' dnth 5 b @ft%aﬁeﬂw GRS e
luminance dbta@euMbe chromitbrce Uateean & pardOttienpiayoedsitbasih Morenvee doraxdmple,

when nu lé ixels in th %r inance data. is_fewer than the numbper of pixels in the luminance
data, tiue fre§?1 i@%ﬁgﬁ)ﬁh E'uo\?ﬁt% é) mf}]/%e?bp% } f?eegﬁjegr%égy {Par?s%?nﬂletg the chrominance data on a
per predeternfidddblock basis, and the inverse frequency transform unit 602 may apply 25 an inverse

frequency transformgdg thethvaminance dpla ancaeh RgAcLelHNGA plack basis. iH34lih e

Moreover, for example, the frequency transform unit 501 may combine the chrominance data from a
plurality of traAERSHA THRLR 300 AbIdEK ki IGHARSE then 6P equdltea prledterminetisives and may

apply a frequenentansiosmiibe cepbingd, cieminancecdnta gt engec 1he fequensy: fiangform unit
501 may perform these kinds of processes when the size of the transform unit is the predetermined

smallelst siz& BRE TRENHIBEPSE JiREIS T tRETEHrbriRbALE &R n tHedCh Of the structural

elements may be realized by means of a program executing unit,
such as a CPU and a processor, reading and executing the software
program recorded on a recording medium such as a hard disk or a
semiconductor memory. Here, the software program for realizing
20 the image coding apparatus according to each of the embodiments is
a program described below
[01417
That is, the program causes the computer to execute the
image coding method of coding an image on a per coding unit basis
25 that includes: appiying a frequency transform to luminance data and
chrominance data of transform units in the coding unit including
predetermined blocks each corresponding to one or more of the
transform units; and coding the luminance data and the chrominance
data to which the frequency transform has been applied to generate
30 a bitstream in which the luminance data and the chrominance data
are grouped on a per predetermined block basis.
[0142]
Moreover, the program may cause the computier to execute the
image decoding method of decoding an image on a per coding unit

35 basis that inciudes: decoding luminance data and chrominance data
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35transform unit is fewer than the number of pixels in the luminance - 34 - data in the transform unit.
The image coding apparatus 500 may include a combining unit which combines the chrominance data
from a plurality of transform units. [0135] 5Moreover, for example, the inverse frequency transform unit
602 may, at once, apply an inverse frequency transform to the chrominance data from a plurality of
transform uni%s in asbilock that i% sma I%r than or e%gl to a etermine qﬁfrequency

ieiptt st eh el el

transform ufi éb%nma?/rpnér%rm it
predetermirsgicdmakestesiz® andrthe huntee of pixele e thd ctiremimamcd data inv thiegtramsfonm unit is

fewer than ‘ pixels | lymin data nsfqr ' ' e decoding
apparatus &%ﬁ@?ﬁlﬁdeﬁ%%%t%ﬁnqgwurﬁ% |cf?ﬁ§%ﬁ%%ﬁsg ﬁ’IGF rfc [ﬁgmb\%%%ed%%g? 1%%5%@]
Moreover, foi BXARAPIES the dfrage 86dind a8 tdeasdifg siidara@eemarmdiige thenimage®ding

apparatyis S9RAN eriiiAGE deeadinaARRAsats B0, Motipier e SHuekdl elemenisysscrived in

other embodiments may be added to the image coding 20 apparatus 500 or the image decoding
apparatus 6087817 tqn &8 of BePBR oiHY BB MerfiS teack BFthd RfhctRINEEE can
usually be realized ipyameansafaVIPU or memory, for example. Moreover, processing for each of the
function blocﬁbig'gb% usually be realized by means of software (program) stored on a storage
medium su S M. The software may be distributed via downloading, or distributed on a storage
medium such as a CBeR@Mbk fis te ehroleddba eachi functiosthlodk sanl alsodapar eddizatiby gneans

embostmenie rehy BeSarSaiIS) e dieof ool o RGCLOEg LTS 4 SHaIC dba il {Bfctem),
or realized Iy mesathsTof desentrelizdd propessiag Using amdlivalityof apparatosesd Moredversas the
computer whieh exfedias e f/SaINS RIPIARDAY RE IR eff5odiments as well as
embodiments resulting from combinations of constituent elements of
the different embodiments that may be conceived by those skilled in

15 the art are intended to be included within the scope of the one or more
aspect as long as these do not depart from the essence of the present
invention.

[0144]
Embodiment 6

20 The processing described in each of embodiments can be
simply implemented in an independent computer system, by
recording, in a recording medium, a program for implementing the
configurations of the moving picture coding method (image coding
method) and the moving picture decoding method (image decoding

25 method) described in each of embodiments. The recording media
may be any recording media as long as the program can be recorded,
such as a magnetic disk, an optical disk, a magnetic optical disk, an
IC card, and a semiconductor memory.

[0145]

30 Hereinafter, the applications to the moving picture coding
method (image coding method) and the moving picture decoding
method (image decoding method) described in each of embodiments
and systems using thereof will be described. The system has a
feature of having an image coding and decoding apparatus that

35 includes an image coding apparatus using the image coding method
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computer or a plurality of computers. In other words, integrated processing or decentralized
processing may be performed. [0139] The present invention is not limited to the foregoing 5
embodiments. It goes without saying that various types of modifications are acceptable and are also
included scope of the present invention. For example, a process executed by a certain processing unit

b ted by a diff t i it. M er, the order of tion of the process ma
e thanged 1ch A0 AR BF BFO L AR IEG W A iket HATARS JOLRSINS TEath O e

structural elémerts roedohofdboalboire-tdeeckyat @embodimerisanay he doafigaraskinvheaferm of an

exclusive haa%\g%rﬁ éw uchJLE %@%%?8 gealized by executing a software 15 program suitable for the
structural elemént. Each of the structural elements may be realized by means of a program executing

unit, such ad @ CHJ and a processor, reading and executing the software program recorded on a

recordig medium syigh as 2 isk 2 STHICORALICINN TSR, HAV ihe. softyare pragram for

realizing 20 the image coding apparatus according to each of the embodiments is a program described
below [0141PToVighagis snetsioyrai E8Gsedahe toYRPRITBEILEXBCUES THE Magdi ebdy Hthod of

coding an image pea pererdingdnifhasiso¢pdhad inglHdes; arplYiat astieguensy fransipyayto
luminance data and chrominance data of transform units in the coding unit including predetermined

blocks each!@ReSETdMY HESHES fiéfe of L RAFGRFEIIRS aRY EBAInFthtddmifanke&ata and

the chrominanceOdata tivwhidh thevregneney fraasfoun Bassbean tipplied te gaaerde d0adutstream in
which t@le Iun?r&nce d?ta and the chrominance data are grouped on a per predetermined block basis.
ver,

[0142]1 ore (§'gram may cause the computer to execute the image decoding method of
decoding anfibiagé Jon a per coding unit

The content providing system ex100 is connected to devices,
such as a computer ex111, a personal digital assistant (PDA) ex112,
a camera ex113, a cellular phone ex114 and a game machine ex115,
15 via the Internet ex101, an Internet service provider ex102, a
telephone network ex104, as well as the base stations ex106 to
ex110, respectively.
[0148]
However, the configuration of the content providing system
20 ex100 is not 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,
25 the devices may be interconnected to each other via a short distance
wireless communication and others.
[0149]
The camera ex113, such as a digital video camera, is capable
of capturing video. A camera ex116, such as a digital camera, is
30 capable of capturing both still images and video. Furthermore, the
celiular phone ex114 may be the one that meets any of the standards
such as Global System for Mobile Communications (GSM) (registered
trademark), Code Division Multiple Access (CDMA), Wideband-Code
Division Multiple Access (W-CDMA), Long Term Evolution (LTE), and

35 High Speed Packet Access (HSPA). Alternatively, the cellular phone
- 38 .



35basis that includes: decoding luminance data and chrominance data -36- of transform units in the
coding unit including predetermined blocks each corresponding to one or more of the transform units
upon obtaining a bitstream in which frequency transformed and coded luminance data and
chrominance data are grouped on a per 5 predetermined block basis; and applying an inverse

frequency transform to thegeco d luminance data and the decoded %]E inance data. [0143]
Hereinbefore@tﬁfé irrrlw']aaqeaé’o i%game?ﬁéa %%%qﬁrﬁggeygg'c%a%zs%é%r%&héd %gdrding to one or more
aspect was ddstifed based on the embodiments, but the present invention is not limited to these

embodiments. Varioys madfieatigasef e sippdrigusas wsllasembodinentsresulion rom
combinations of constituent elements of the different embodiments that may be conceived by those

skilled in 15 @ PGare FRen® &5l iltR cadVElfrehe s3cnebptieshe i fited akpRBRdong as
these dg;not depgit fromdhe gasengeof hapresentingnlionn 0144 Egbodiment 6 28R es

processing described in each of embodiments can be simply implemented in an independent computer
system, by réUStditR}! P& re@brd M@ AL, £ prdYfant it ipiéiAertiiytie configuiiths 6 the
moving pictura sadingtiaethod (Hvagecodingrmeihna)and thrigeVEg RicHIBsdecedingmethod
(image decodin§ 25m tgod described in, eac&of embodiments. The recordigg media may be any
recording metid B4 I6AgRS HEEpYSSram TAPvE e cRHRa Ruch b INdgeGe disk S optiaFdisk, a
magnetic optidab disk|j and&ctardf agoha sdmmoentkicioraneniosy doib B0Heretnaner, dlse Epplications

to the Tgvingnr%icture co(%inrg method r(ianggge caodin methc&d and the movin%PicttP}:ee decoginrgtmethod
: y

(image ecodlna%eetf%) 'deschbeEd in'each B embodiments and sayss?eer% using eréof will be

described. Thewystenmasaniéatbe obldaving antiaTayescddmyssnét tedoting apparatusthiag
35includes agdmage cadingsappasafugiising: e image £oding methoding server ex103
carries out stream distribution of the transmitted content data to the
clients upon their requests. The clients include the computer ex111,
15 the PDAexl112, 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 decoding apparatus according to an
20 aspect of the present invention).
f0151]

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

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

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

[0152]

35 Furthermore, the coding and decoding processes may be
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and an image decoding apparatus using the image decoding method. Other configurations in the
system can be changed as appropriate depending on the cases. [0146] 5FIG. 17 illustrates an overall
configuration of a content providing system ex100 for implementing content distribution services. The
area for providing communication services is divided into cells of desired size, and base stations
ex106, ex107, £x108 ex109, Eg?.eé(%js% hich are fixed wwaeazé §tat|ons ar%pI%%ecyS‘n each 10of

C

&¢

the cells. [(5)1@4IL ]Ofmél%e%%ntaerr}lt providifig sy tef-ex1G0 i conn

to'rdev(?@es, such

A computer

ex111, a persoral bﬁgitakds‘sistanﬂ(ﬁmﬁewm.a cﬁh@@féx&k&&ﬂc&il&barb@non@ﬁ)@um&nd a game
machine eE15, 1MG Mot X0, AN et feRdce Reafet pEIf: a elaphnenetwork
ely. [0148] However, the

ex104, as well as the base stations ex106 to ex110, respectiv

configurati€h® 60 thé Boniste Proviih Py ste ke 204D 4 ot i dtiPBe dorfigii &8GIE Bh@Wn in FIG.
17, angl a GopRiRatondn vhish any Blie plerReNiS@EeLoRBRCIgH B é%PEﬁ*ai?sQ?] afditqa, each

device may be directly connected to the telephone network ex104, rather than via t

e base stations

ex106 to ek§ 26 APlen Bre HREfikaMAHIBSs Stakibhs 2RHIIMT®, 2Kk HegiceRHRY pand
interconnegteddaieash ethe yisashor distance wieless rammupicaiion ane otkersware.

10

15

20

25

30

35

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

[0153]

Furthermore, the streaming server ex103 may be composed of
servers and computers, and may decentralize data and process the
decentralized data, record, or distribute data.

[0154]

As described above, the clients may receive and reproduce the
coded data in the content providing system ex100. In other words,
the clients can receive and decode information transmitted by the
user, and reproduce the decoded data in real time in the content
providing system ex100, so that the user who does not have any
particular right and equipment can implement personal
broadcasting.

[0155]

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 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
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[0149] The camera ex113, such as a digital video camera, is capable of capturing video. A camera
ex116, such as a digital camera, is 30 capable of capturing both still images and video. Furthermore,
the cellular phone ex114 may be the one that meets any of the standards such as Global System for
Mobile Communications (GSM) (registered trademark), Code Division Multiple Access (CDMA),
VVideband-Code I.VISIS)I’] Mgltl%le Access EW-EE%!}{IA)h,ITg%Ferm @f/glu{glon QﬁTE)b and 5H|%h Speed

Packet Access ff Alterna \r}elyr/?ﬁ% Relldfar pﬁzone : LK rﬁ‘aﬁ? be 2 Perssia ?—?ég’ndyphone

System (PHSRt[OHBE ex2 (R theaontertproviting wystem ér100raatieantimygservEnhexd03is

connected tq.the.cam %}g@ o) yia eleph netwo d ation
ex109, Whicﬁgﬁ%le%‘gé;trlbqtloﬁ in%;%ie%sxpf g@ fﬁlyé seé)ovg %?1%? g%wygrsgﬁg)és%%%%tedig&t}%% %?1?%; content
(for examplef WitddST aifGsSiyRre $hew)éapRiraidyahe usbiudingahal€atifeta 8XtiB ig<oded as

described ahQye igaeh (TRBRPGINNS (& athg %a'%;]@fat QRS @sriRg 1) mageyerdipg.apparatus

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

server ex103NE T #1Ebsst Rakt e shd kg 2Rk 8R16S ks Heafedisiabaibth &f the
transmitted gonieriaiatado e Glianls dRRICheineaHesisathe clients nelgdethe costnuterex111, 15

the PDA ex112, the camera ex113, the cellular phone ex114, and the game machine ex115 that are
capable of d& édﬂ{geﬁweenéb‘&/\é@ﬁgﬁt ed coded data. Each of the devices that have received the
distributed daai decpdes and reproduces the coded data (i.e., functions as the image decoding

apparatys according:to an 20aspect of the present invention), ] The captured data may be
codeda}b{gj/ the came?g Lé;(%ﬂ%r(r)% ﬁee St%earm?ngegﬁ\?e(:rogﬁ 3 ﬁ)%(aﬁ]rgrigr%i{s@ %Besdgt[g&og Ceegged?ng
processes ndyebien shtireld: ketivdent anwcamees exi 18 rarbttt rzb steshimingeset ey, exuad. Similarly,

the distributed ggfp Maybe gegodqd by thesdienfrardhg gHS?é“iﬂgtﬁ%Vﬁé{%%&% efigeRding

processes may be shared between the clients and the streaming server ex103. Furthermore, the data
of the still imdyed andided caStITEAIREREL O tRE chbard Bka InashitlsothE EHeia 1BO ex116

may be trangmided © fe:$UEATIAG Sebee xRt dhroughdhecompytar &vddr Tdexpdinggprocesses
may be performed by the camera ex116, the computer ex111, or the streaming server ex 103, or
shared moh@CiHéﬁir? the moving picture decoding apparatus or the moving picture
coding apparatus as shown in each of embodiments, In this case,
the reproduced video signals are displayed on the monitor ex219,
and can be reproduced by another device or system using the
recording medium ex215 on which the multiplexed data is recorded.
20 It is also possible to implement the moving picture decoding
apparatus in the set top box ex217 connected to the cable ex203 for
a cable television or to the antenna ex204 for satellite and/or
terrestrial broadcasting, so as to display the video signals on the
monitor ex219 of the television ex300. The moving picture
25 decoding apparatus may be implemented not in the set top box butin
the television ex300.
f0157]
FIG. 19 illustrates the television (receiver) ex300 that uses
the moving picture coding method and the moving picture decoding
30 method described in each of embodiments. The television ex300
includes: a tuner ex301 that obtains or provides multiplexed data
obtained by multiplexing audio data onto video data, through the
antenna ex204 or the cable ex203, etc. that receives a broadcast; a
modulation/demodulation unit ex302 that demodulates the received
35 multiplexed data or modulates data into muitipiexed data to be
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[0152] 35Furthermore, the coding and decoding processes may be performed by an LSI ex500
generally included in each of the computer ex111 and the devices. The LSI ex500 may be configured
of a single chip or a plurality of chips. Software for coding and decoding video may be integrated into
some type of a recording 5 medium (such as a CD-ROM, a flexible disk, and a hard disk) that is

dable by th 11 and,others, th ' decodi ] b
poriormed (U e QOHIAIE ARG Rra IS 110 SRR U BASAIS G ThoRd witf G camera,
the vidgo date qmatmpmmmemammm&ytbei tmmdmnma@Td&taidmdamdedqtmmadedx dy the LSI
ex500 includedin the.gellulay %gﬂ?iﬁj(é‘%ég[%%?o datd L%EWS”Q%%% thﬁaséaea{B'HgéeB"\,?rae“":*

compu nd may

may be composed of serfers an puters, a ecentralize data and processthe
15decentralfZ&d dath | escid| o8 distitbateddbal fd05dpta. As described above, the clients may
receivezand [r@a@r;pgﬂjce the coded data in the content providing system ex100. In other words, the

clients can receive and decode information transmitted by the 20 user, and reproduce the decoded
data in real time in thE@SRIEM BIEVIdP S tEm Q007 SBthastha 58P #hB RsesSaoD Bave dny

particular right 20d eaWiRMeRECam implemesipessonah BEaaderstingit[QLosh 45Asidefromythe example
of the content rovidirégtﬁ%stem ex100, at least one of the moving picture cod[:%g apparatus (image

coding appar-t(1d) dEPHESREVhY BiktGre e ddiid AR S ®toang Aipaatddtdescribed

in each of embddimeats maybedmplementeddn aldigitarbadcasting Systeimexdo@ tiiusirated in 30
FIG. Jl% MO{R specifically, #_i)uaroadcast statigg ex201 c%ﬁ:municates %L trangsmits, via radigwaves to a
a

broadcast sate(?lit'ené%;(?z, fl?)%xg& gais ?air?erbdby %Itfﬁ%@(ﬁ% oS HALP a AP BREPS Yhito video
data. The videowatang datattatespy the nedvirgepicterescodimg/method desorithealnin @ach wof

embodiments (i, dataoded Ry Agng 11308 cAIng ARPAT AR ARCYJIAR L ANASPEELYdhe present

audio signal, and a display unit ex308 that displays the decoded
video signal, such as a display. Furthermore, the tetevision ex300

15 includes an interface unit ex317 including an operation input unit
ex312 that receives an input of a user operation. Furthermore, the
television ex300 includes a control unit ex310 that controls overall
each constituent element of the television ex300, and a power supply
circuit unit ex311 that supplies power to each of the elements.

20 Other than the operation input unit ex312, the interface unit ex317
may include: a bridge ex313 that is connected to an external device,
such as the reader/recorder ex218; a slot unit ex314 for enabling
attachment of the recording medium ex216, such as an SD card; a
driver ex315 to be connected to an external recording medium, such

25 as a hard disk; and a modem ex316 to be connected to a telephone
network. Here, the recording medium ex216 can electrically record
information using a non-volatile/volatile semiconductor memory
element for storage. The constituent elements of the television
ex300 are connected to each other through a synchronous bus.

30 [0159]

First, the configuration in which the television ex300 decodes
muitiplexed data obtained from outside through the antenna ex204
and others and reproduces the decoded data will be described. In
the television ex300, upon a user operation through a remote

35 controller ex220 and others, the multiplexing/demultiplexing unit
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- 40 - invention). Upon receipt of the multiplexed 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 5 television (receiver) ex300 and a set top box
(STB) ex217 decodes the received multiplexed data, and reproduces the decoded data (i.e., functions

as the image. d in p s acco to an. aspect ft esent inv: 56]
10Furthermore§§qr%a(ger reié der ex2 gke)grea m%ae d& codgg fﬁe efnpcigf(egq%e)? éXorH@ﬁ ona
recording metiuan 842 05,/slem ad alBYDrandratBBx 80@), codetevideordignhls fntthe recortting medium
ex215, and rAemie 3935 WLeH ARt OHARILEY MusipieMing AgALAIG sIng pf e gafled data.

The reader/recorder ex218 can 15 in e the moving picture decoding apparatus or themoving

picture codiy @ppardils He shewalrt etrpsiesrtvaiarms ! 1iptex edsey the @piaduted didieo signals
are dis@ayegl,gg@gi?ﬁggtcg@@%;w &ﬁ?ct@%@@@q}@@é’&%@aﬂﬁ’@%@\%ﬂﬂggﬂ%%@?%H%‘Sg the

recording medium ex215 on which the multiplexed data is recorded. 20 Itis also possible to

implement th& Fiovity DEtiE dRERHG ﬁdi%"’élﬁ%q (ffeSdb R Hb)‘?@?@l‘?fcgﬁ?@@l‘éﬂ@fh‘@ cable

ex203 for a pablertelevisienierda thexatenna exge4 toigateallitg mitd/exteogstiabliierdcastig, so as
television,ex300. The moving picture 25

to display the vid th t 219 of th
oo A R A B B e B USIE I SRE RV o S T
FIG. 19 illustiates the tedevision X206iverp ek3686 tiet wsde theimowingrpictire eading siethad, and the

moving pictyr 3 etho r|b d n each of emb d| ents. T IeV| 0
mcludggpattﬁer eﬁﬂ)%%ha%% tg]nsd[c!)gr prf%w aF exed da &g?ngé%e#r%u exw%%%dm data
onto video datH] thkbegh te T‘e{mérﬁirsee&macbs tae&ableremo:ﬁ @t thah r:évewez@tm@adoabt a

modulatlon/g:%reﬂdulgpﬁ)@runlt eﬁggtﬂ@]trq%rpgdulﬂgé thg [%qgg/%%@yg@@xe%g%ta qrergadulates

data into multiplexed data to be -41- supplied dutside; and a multiplexing/démultiplexing unit ex303

that demultipfexeésrtxmaddried mitilered fath S dRIea Baksh @ BhEis datd SF pidItiéxes video
data and augio-data 9deddryia signak Brogassing onitex308 te data. Sl9E%8tic disk, an

15 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
will be described. In the television ex300, upon a user coperation
through the remote controller ex220 and others, the audio signal

20 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
multiplexes the coded video signal and audio signal, and provides the

25 resulting signal outside. When the multiplexing/demultiplexing unit
ex303 multiplexes the video signal and the audio signal, the signals
may be temporarily stored in the buffers ex320 and ex321, and
others so that the signals are reproduced in synchronization with
each other. Here, the buffers ex318, ex319, ex320, and ex321 may

30 be plural as illustrated, or at least one buffer may be shared in the
television ex300. Furthermore, data may be stored in a buffer so
that the system overflow and underflow may be avoided between the
modulation/demodulation unit ex302 and the
multiplexing/demultiplexing unit ex303, for example.

35 [0160]
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The television ex300 further includes: a signal processing unit ex306 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 10 the image coding apparatus

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

unit ex309 includin% a&e eaker eXB%%thﬁ%frovides thegg oded audicl') signal, and.a dis éa unit ex308
cod :

that displays the de \;ime%rsig 3 SGhEs %)His%)f Jﬂﬁé/rrlr%créf? eFStVISI'E 15
includes anfimtertaoei uititgex31 AWdinidiny o operationnopitamit ex34 2 tHata egeieseantinpat of a user

operation. RyIhExTRIE. % IEeYSIoR Ay Icliian & SRIURLUNILEXAI0 b conisl pvergl each

constituent element of'the television ex d a power supply circuitunit e supplies power
to each of thé @lerRents] ZHOMRE than, ke 6parationdnisut hriteixBaiz) eke dattataclibit@exg 7 may

includes a bridge 13 At iscOMIRSIRCionD SR Asvish Systasdiedsrderogarder x218; a

slot unit ex314 for enabling attachment of the recording medium ex216, such as an SD card; a driver

ex315 to bef BEnAESEH B3 Q7 exferiel YePSriA® ATYEILA, Q0K I8 ER1H INSd HRROSHE B nfsiém ex316

to be conngsied 1gia telephesieretwatls Heies theotecerdingdnadiim exzdfi Gar gleerically gecord
information usin non-volatile/vglatile semiconductor memory element for storage. The constituent

elements oftHREIAURiIGHEX D 4R Bonnected to each other through a synchronous bus. 30[0159]
First, the caifiggration in which the television ex300 decodes multiplexed data obtained from outside

throu_gBthe antennf”_x&z%oeélr%]d other% and.te roduges he dec(ﬂded d tiélvl” be described. In the

television ex300, upon a user 86%ra\f\|lonef?1r%u K SFemdte SsEShtolidr ek 26 glg&; o%evr"s{' e
multiplexingfuehigitiplexihgdmie- 426 nex303 demultiptexes the guitigldxeddatamemotulated by the

modulationiamodylation ke 302  adet soatoL of e ooy exi g ncyding A CRIL

Furthermore, the audio signal processing unit ex decodes the demultiplexed audio da

video signalpfocedsi§i DHre@osdrbddesané debiidtipleréeMikiod datx 38Ry thgdecotliy method
described in &3gh of @PBPdimenis: istha Selevisinr &R0 JheBRHIPWYRE 81399 provides the

decoded video signal and audio signal outside, respectively. Whenthe output unit ex309 provides the
videoisé'?gna[gl?lugJ audio signal, 10 the signals may be temporarily stored in buffers ex318 and

ex319, and others ggsthahthe signglsearepreproduged jn syplrenizatemyigh.eaeibethers Fyphermore,
the televisian ex300 may read multi Iexefj data not througgh a br@@dc st and others but from the

recording AR BX31S AntERISIAL LR A€ SR BLMSIE KA US CPRCR ekt BOSH i, Next, a
configuration it ehich theytelevision ex300 godescast adio sifip&l and a Video sigmak @t framsmits the

data outside or wrifes the data on,a recording medjum will be described.. In the television ex300, upon
a user oper?a%gmﬁtr{f)ﬁié}gﬁéa (r:é)rﬁc(j){g ontrol er’“mf-:?)((g;?q aﬁacoaﬁe?ss, tk?eogt?(g%{‘[sai}gnn%al Ebeﬁpo%% 'Ssing unit
ex304 Godexatldudie sigtal, and #iB3videa 4ighal proéBssing urid 6x3@61cbdes 4liidetosidral, under
contro) of thecantobinhexdiaisiag thersacing medjod describerdd epel glambodimente, The
multiplexing/demultiplexing unit ex303 multiplexes the coded video signal and audio signal, and
provides thé R8tréBitihg SigAANSuidéa Yeneh the metipiekmg/aeaslikiplering Libit BRE0S Mdltiplexes

the video sigpal anddhacaysia signah thersigeals may be inppasarily, stored indhe bHFRRs @320 and

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

buffers ex318°8%81989ex8pT 345 324" MayRePHE Blaralas fikshatge 2ok at fast 8AE bi& may be

sharezhin the televisien @x300T Furthemenies dat@ nay-bedtoedun a buffersp thatihe-rystpm
overflow and underflow ma be@oideci between th% mdodula]g,ion/demo lation unit %x302 and the
multiplexind’demaltipeRking Y 165Eaipleded In the optical head ex401, and

modulates the laser light according to recorded data. The
reproduction demodulating unit ex403 amplifies a reproduction
signal obtained by electrically detecting the reflected light from the
30 recording surface using a photo detector included in the optical head
ex401, and demodulates the reproduction signal by separating a
signal component recorded on the recording medium ex215 to
reproduce the necessary information. The buffer ex404 temporarily
holds the information to be recorded on the recording medium ex215

35 and the information reproduced from the recording medium ex215.
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35[0160] Furthermore, the television ex300 may include a configuration for receiving an AV
input from a microphone or a camera other than the configuration for obtaining audio and video data
from a broadcast or a recording medium, and may code the obtained data. Although 5 the television
ex300 can code, multiplex, and provide outside data in the description, it may be capable of only

receiving, decoding, and providin ide data but,not the coding, multiplexin rovbjd'n outside
data. [0161]‘9‘?8) urt ’S(grmr{)ﬁ%g%hg% %jetgre%%ear r%scéﬂ%cri\eer &xot8 g Rds %’rev'#lye@ r%u)fi%fee’?(ed é{g from or
on a recording miediamn brel ofuthé telexdtidn exgddeandtthe rearecaécdrdedex218 tnay teceade or

code the myliplged daim, 20 8 fRle¥iion #4100 gadine teadeifecordet A1 maY e the

decoding or coding. 15[0162 As an example, F ustrates aconfiguration of an information

reproducing@ECHIRiNYSnIERED0 HEA Haa i8 T trhatdhfolass opr@toptithldsKSTaE
informagion reptRAYEING/iesArdinganiigex400 inglupsconstiyen iplemente 20 GxABLex 407, ex403,

ex404, ex405, ex406, and ex407 to be described hereinafter. The optical head ex401 irradiates a laser

spot in a redGAIMRANFHEG B8 % FRBG diNg Hedfifft 82215 thilf & ahSRit® disktd wiis Fifd8mation,
and detects getieeteddight Fanbtbe; ragodingrititace pfthe reqerding mediti lexZ1id te xeagithe 25

information. The modulation I,rﬁgordinggunit ex402 Iectricallg dgfves a semjconductor laser included in

the optical HAaH'ExJE1! Q1T MSQHREE tHE FHSHARREaeEaiRY T EEsidedstad PREFEHBiction
demodulatingruhitbeididRjampliies fonepratuctionssigealesitained dy el éctricaly detedtingtibareflected
light from the 30 recording surfa sipg. a photo detector included in the optical he x401, and
oot e L B R B S e R TR S 703 velbing
medium ex2¥5ts eaprodies the! nesdssars fotmatiors civel baiffdr exgoddempdraliy trodscthe

information b6 gEpisied Ak s koring mediym A8 ARppd the iaformalion feraduced from the

recording medium ex215. disk motor ex405 rotates the récording medium ex215. The servo
control unit X406 foves B 6iGESIMeaa XD tha pRadbtefnimed ItsrmEgibnesadiwhile €ontrolling

the rotation give 9hhr diskgnoton §x408a s0ras 1 fellave Kis daser SRRIsTRS Y8 puter to

5controlunitex407controlsoveralltheinformation reproducing/recording unit ex400. The reading and
writind proc&e€es!tidh BPIRSERTENES b§ &tk §§?§feW1réB?'nrol unit ex407 using various information

stored in the buffsy x404 and generating and adding new information as necessary, and by the
Uit ex405 that recoh AL B bR RIBATER b iHE SRE o dd € LRl B Rfoperate
perated
in a coordinatedanigrimen , THe rsystemecdntrol umitex4shisidy des: fordéxampiena mietopriieddsor, and
executes pr%%eééing by causing a computer to
20 [0164]

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

25 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 data. Reproducing the information track ex230 and
reading the address information in an apparatus that records and

30 reproduces data can lead to determination of the positions of the
recording blocks. Furthermore, the recording medium ex215
includes a data recording area ex233, an inner circumference area
ex232, and an outer circumference area ex234. The data recording
area ex233 is an area for use in recording the user data. The inner

35 circumference area ex232 and the outer circumference area ex234
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15execute a program for read and write. [0163] Although the optical head ex401 irradiates a laser
spot in the description, it may perform high-density recording using near field light. 20[0164] FIG.
21 illustrates the recording medium ex215 that is the optical disk. On the recording surface of the
recording medium ex215, guide grooves are spirally formed, and an information track ex230 records,
in advance,‘ﬁdc%ress information ind'cating an 25 iabgﬁlute pgsition on the disk accor%i?r%%r% change in
a shape of t eaguiaéegrb%\slé ETRE Qddte E'E%?on%ati einc(?@ &s irn%r%gﬁ% fot 'deterfif SSpositions
of recording-bkizks Bx23¢ thee dieraspacioraecoedergedaia. flRepredocihion the firfoumatioddiack ex230
and readorhe g M AoR BANAREDAILS (R Leoords e Qepedusgs dajaeap lead to

determination of the positions of the recor loc ermore, the recording medium ex215

includes a da&8 eskoidifiiPara20exaB3Y Hitiandiadifcumferendé alex ed23 indodr alerctiledmference
area ex234Th (HERRLP IR0 SRR 8233119 Al eR IR 4ISeJD eePEding thg Wserfialag Zhe inner 35

circumference area ex232 and the outer circumference area ex234 - 43 - that are inside and outside
of the data FECSEHG Areax 2382 i3 flchilélyr &erH )b diie dideBx@EBter recording the user data.
The informgtgpggproducing/recording unit 400 reads and writes coded audio, coded video data, or
multiplexed data obtained by 5Smultiplexing the coded audio and video data, from_and on the data
recording area ex233:0¥H Fb@d?dﬂﬁtm@gi HE b3 T6L65]2Y ETARMEUGIR arcoptite @8having a
layer, such 8®ai DR sndizBlnis deseriuat pcamexample da thettescriptom pheaptical idisk is 10
not limjted to such. and may be an optical disk having a multilayer structure and cap E)I of being
recorded on'a %g‘rrt‘nc?t%zech %/ns%ﬁce suﬁggg%}/th%?m%%e? é%%ti a’%i&arﬁéﬂ}%aavemauz u%%?é for
multidimensionat tecerdimyrapmpedidiom fstielag reeordidg df imfoemation usihe tight afcdloes with

different wayglengths iInde-hRsame-Roripnoline opficg diskRnd R treoLding Infarnatiq paving

multidimensional recording/reproduction, such as recording of

information using light of colors with different wavelengths in the
15 same portion of the optical disk and for recording information having
different layers from variocus angles.
[0166]
Furthermore, a car ex210 having an antenna ex205 can
receive data from the sateliite ex202 and others, and reproduce
20 video on a display device such as a car navigation system ex211 set
in the car ex210, in the digital broadcasting system ex200. Here, a
configuration of the car navigation system ex211 will be a
configuration, for example, including a GPS receiving unit from the
configuration illustrated in FIG. 19. The same will be true for the
25 configuration of the computer ex111, the cellular phone ex114, and
others.
[0167]
FIG. 22A iltustrates the cellular phone ex114 that uses the
moving picture coding method and the moving picture decoding
30 method described in embodiments. The celiular phone ex114
includes: an antenna ex350 for transmitting and receiving radio
waves through the base station ex110; a camera unit ex365 capable
of capturing moving and still images; and a display unit ex358 such
as a liquid crystal display for displaying the data such as decoded

35 video captured by the camera unit ex365 or received by the antenna
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different layers from various angles. [0166] Furthermore, a car ex210 having an antenna ex205
can receive data from the satellite ex202 and others, and reproduce 20 video on a display device such
as a car navigation system ex211 set in the car ex210, in the digital broadcasting system ex200. Here,
a configuration of the car navigation system ex211 will be a configuration, for example, including a

GPS receivin it from the configuration illustrated,in FIG. 19. The same will be true for the.
2500nfiguraﬁgr$ gfgthe gr%p%?iﬂue%fﬂb%%ecglﬁjgbﬁ%ﬁgfmﬁlé{ Bth@r@ﬁjf69fdy 'ff'l“t‘st 22A
illustrates thiexcélldliargphioneo@drBt that kegs thre mexihf pjctune xoding methad and thex3d/ihg picture

decoding 3 t [ ' ' .The cel e 4 includes: nienna
ex350 for trgr%grﬁ iﬁ#gga%%cégggdimg@éﬁg%g\%?s %Er]igh%h %ﬁ%%b%a@ees@é% euxpﬁo‘?%éc%]negr%%ﬂit ex365
capable of captarimgnering and etill images! anddlaaisplayaumio ex358isuch 74 fiuisteistgl display

for dispiayinga{he flala Syiebas dpoadad Ryidro-capturerdhy he nameradinit 3% Tegeiyed by the

antenna - 46 - ex350. The cellulaégcghone ex114 further includes: a main body unit including an
operation kélAiRitEx8BE; HRCAIMRFOMIBRININE S5 IshéRtHs @Sspaled Hr SUtpiiit? Brididnan audio

input unit ex3afcaugh RS REIopTNesfain YL of At nd e eyt 838 I BI@HNE Paptured
video or still pictures, recorded audio, coded or decoded data of the received video, the still pictures,

e-mails, or otheF§:5aAd Wbt tRf SPIELIRRPRU imeriite THYTR? & rédidfgHRedium that stores

data in the daime Bipnner as the memory unit ex367. [0168] 10Next, an example of a configuration of

the cellylar phone ex114 will be described with reference to FIG. 22B. In the cellular phgne ex114, a
maine(l:gintrol unit exgéed( d’es?gnne%)ica) rt}:qog?ﬁef)oI(‘)o%vearaltf%Q&Chc-]lﬁJ g 'f)'fotﬂe ?Ealkrh Eocﬁ??l]%#&d' ianﬂ?enc?isplay

unit ex358 as4ieldasviihle op etatianm keydumit §x366 ¢ eonretted MUtualig . viala the celiular
phone ex114, a main control unit ex360 designed to control overall
each unit of the main body including the display unit ex358 as well as
the operation key unit ex366 is connected mutually, via a
15 synchronous bus ex370, to a power supply circuit unit ex361, an
operation input control unit ex362, a video signai processing unit
ex355, a camera interface unit ex363, a liquid crystal display (LCD)
control unit ex359, a modulation/demodulation unit ex352, a
multipiexing/demultiplexing unit ex353, an audio signal processing
20 unit ex354, the slot unit ex364, and the memory unit ex367.
[0169]

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

25 cell phone ex114.
[0170]

In the celiular 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

30  control of the main control unit ex360 including a CPU, ROM, and RAM.
Then, the modulation/demodulation unit ex352 performs spread
spectrum processing on the digital audio signals, and the
transmitting and receiving unit ex351 performs digital-to-anaiog
conversion and frequency conversion on the data, so as to transmit

35 theresulting data via the antenna ex350. Also, in the cellular phone
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15 synchronous bus ex370, to a power supply circuit unit ex361, an operation input control unit ex362,
a video signal processing unit ex355, a camera interface unit ex363, a liquid crystal display (LCD)
control unit ex359, a modulation/demodulation unit ex352, a multiplexing/demultiplexing unit ex353, an
audio signal processing 20unit ex354, the slot unit ex364, and the memory unit ex367. [0169]

When a call-end key gr a power key is turned ON by a user's operation, the power supply circuit unit
ex361 supplids't é? ’ré%p%c%%‘ﬁﬂ?t%@ﬂﬁ p?d:%gerr ﬁSﬁ'ﬁl‘ésﬁgttBPf%gﬁgs%?aéfBgﬁégv e#ﬁg 55281 phone
ex114. [0176¢ceiviedhé gelthlar pimdee axl 12ty Bielaudiowsignal monessing tioit ex354d eonvedts the
audio signal t (o} it @x356 inyoice conyersation mode into digital audio
signals undeérétﬁel?%? goﬁ%%o%%ﬁﬁgwm%gﬁ#ﬁﬁn%tﬁeé@g(% n%cﬁll%éleé] §%§1f9| nﬁogﬁl iﬂl@l‘.}Then,
the modulat@h/d@ﬁﬁbdd_l@ti@n unff"émz rbhﬁqrﬂi@%rbﬁd@pé@&qmﬁtﬂ@s'smg onthe eigi&laudio
signalssand BertspAseniting AN ERRATLBIeKE) RREIELS (ORI OrARRIg AN e AN
frequency conversion on the data, so as to transmit 35the resulting data via the antenna ex350. Also,
in the cellul@{HGheslarral ex1age asereandmittify 89dtre<t@iify thit exX3BD afipifies tidi

received by ¢herantenaa ex339 i veingrconuarsaiion modeand pRIfYms frequenaygonversion and
the analog-;%-%;jli?;tjeall:conversion on the data. Then, the modulation/demodulation unit ex352 5 performs

inverse spr trum processing on the data, and the audio signal processing unit ex354 converts
it into analog audio Bigridi r3a @sctp witput them viadhei audio:auipihu il X351 ol 1Ak drartbermore,

h -mail ind jcatj is 10 vjtted, d f the e-mail i db
operatil the BESIBor Ay (R ovdeb b oth RS of I el B0y TS S obPLS e At Bontrol it
ex360 vi_a the;:@erbjtdnp kmu_twmittr@kﬁrﬁﬁex&@?ofhe maaif ¢coretroh anit éxBﬁ,O_ cagsasttait to
modulation/gemoglstion nit S1352 1o Rerioi Spread pesiiy 15 Rragessing on s eyl data, and

the transmitting and receiving unit ex351 performs igital-to-analog conversion and the frequency
conversion 6 #fedresulting d&t@ to traRdMmit thedstattb the/babe stabdbex11Esiaghe antéfiea ex350.

When an e-majlis re6eiMed RrRsgasingshat s aPRrpsimately ipuerse Iq the AIgePSSNAdq m
20transmitting an e-mail is performed on the received data, and the
15 processing on the text data, and the transmitting and receiving unit
ex351 performs the digital-to-analog conversion and the frequency
conversion on the resulting data to transmit the data to the base
station ex110 via the antenna ex350. When an e-mail is received,
processing that is approximately inverse to the processing for
20  transmitting an e-mail is performed on the received data, and the
resulting data is provided to the display unit ex358.
[0172]
When video, still images, or video and audio in data
communication mode is or are transmitted, the video signal
25 processing unit ex355 compresses and codes video signals supplied
from the camera unit ex365 using the moving 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
30  unit ex353. In contrast, during when the camera unit ex365
captures video, still images, and others, the audio signal processing
unit ex354 codes audio signals collected by the audio input unit
ex356, and transmits the coded audio data to the
multiplexing/demultiplexing unit ex353.

35 [0173]
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resulting data is provided to the display unit ex358. [0172] When video, still images, or video and
audio in data communication mode is or are transmitted, the video signal 25 processing unit ex355
compresses and codes video signals supplied from the camera unit ex365 using the moving picture
coding method shown in each of embodiments (i.e., functions as the image coding apparatus
according to the aspﬁit of th%

tprqsent in gntiona1 and transmits the ¢ %ggvide data to the
ultiplexing/demultiry 45 S840 CUN RLE g W He s GanfBH) HRICK885 iptures
video, still imagbsd anddeberdatize augip iseghaf processinginitex354 tatgsraudiesiggalsi cdilected by
the audio in te wand t its the .co udio to the multiplex ng/demultiplexing unit
ex353. \’:’»S[O%L‘Jl'gﬁ%]g éﬁ%ﬁetrﬁ%ltiéﬁe@%%/da&rﬁdﬁipdéxﬁ%g %Hl?@%&g r%tﬂﬁéle‘x%g té1e'9 %%%eat\%g)é data
supplied frorinﬂhé&&@é@@igﬁ‘dtpﬁ)@é&éﬁnglﬁhﬁt@x%%@_m@ﬂﬁﬁ codetaoid dath supplied, frohethe
audio signal,piogessing MERE, Hsing 2 PRdeterpings mathad, JOeh A ion  circyit

modulation/demodulation unit (modulation/demodulation circuit unit) ex352 performs spread spectrum
processing oHie ftdipteREN RtE) 2@ (6 & SRAGHINGRAIEESTIRG Uit BXETT pHiBHrsed

digital-to-anglggLONYRESIOFHNC S AYBAREIFRIVEISION QA (G Sthae te iransmipierarsHiting data
via the antenna,exiso.n%%?q When rece|V|2Fg data of a video file which is linked to a Web page
and others iff EH{@ EOARIHCERORIRSEE TORNHRATESITING HreSRAY Hit UiH8E dhd st atRiv attached,

in order to daeotle tiha muutiiglaxed cata raeejvea viadhe anterna et dke 36,
muItiprEIegingiqﬁag?ﬂ iplexing unit ex353 demultiplexes the multiplexed data into a video data bit stream
data

and an audi it stream, and supplies the video signal processing unit ex355 with the coded
video data and the atlthie sigraleprocessirg ainitfea3%4iwith fihe cotedhaislio dated thooug ke

synchronous,fyus ex70, Te widso 30 siopgl praceesing Ut a5 decprss ihe.videp signglusing a

moving picture decoding method corresponding to the moving picture coding od shown in each of

embodimen®-(ea} fundtibng Ekchedmage devoding appaebtad adcordittto fite dssaut of teepresent
invention), and #hes headisplay unit 358 displayg;dor ipgiance, the yidep.and.25 8| images

included in the video file linked to the Web page via the LCD control unit ex359. Furthérmore, the
audio 5Rynal’PreldeRifg taitEx3B4 HedBdb3dne auBis sigriaf andl thedtis SiRpaKESit ex88¢ provides

the audio. [Oh4H} A0EwEhemALe. isifpilarly fadbedaleyigion ©R00nadermingl sueh asithecelvlar
phone ex114ﬁ_robably have 3 types of implementation configurations including_not only (i) a

transmitting 3@ FECeidiAg teHRIRHARAGiINY Doth H $BainG “Hgaratiid ana s BEcotny SdpaFdus, but
also (i) a transthitting terminat inelnding endy: d ieoding: appatates Shandi (i} @ xreivingtierchiaal

including Onle/o%ggcg%iggoa%%@,tuﬁﬁmugh the synchronous bus ex370. The video

20  signal processing unit ex355 decodes the video signal using a moving
picture decoding method corresponding to the moving picture coding
method shown in each of embodiments (i.e., functions as the image
decoding apparatus according to the aspect of the present invention),
and then the display unit ex358 displays, for instance, the video and

25  still images included in the video file linked to the Web page via the
LCD controt unit ex359. Furthermore, the audio signal processing
unit ex354 decodes the audio signal, and the audio ocutput unit ex357
provides the audio.

[0175]

30 Furthermore, similarly to the television ex300, a terminal such
as the cellular phone ex114 probably have 3 types of implementation
configurations including not only (i) a transmitting and receiving
terminal including both a coding apparatus and a decoding apparatus,
but also (ii) a transmitting terminal including only a coding apparatus

35 and (iii) a receiving terminal including only a decoding apparatus.
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Although the digital broadcasting system ex200 receives and transmits the multiplexed data obtained
by multiplexing audio data onto video data in the description, the multiplexed data may be data
obtained by multiplexing not audio data but character data related to 5 video onto video data, and may
be not multiplexed data but video data itself. [0176] As such, the moving picture coding method
and the movi icture decodin methodgin each of embodiments can sed in any 10 of the
covices and S EHE Geu Bed HHIE, 18 MR AREAE GectHTh dRh ) erhBORIVERts 28 be
obtained. [0I7&hsmitButthermark) thepraseiattiavehtiomis adt Yinmtedtip enmbodimants; adatearious
modification VIS re possipl ' eparting from t 0 f resent.invention.
10178] Embou oot 0 e Geiaa b G orsan by B Rine S8 Naesi e BE A e
moving pictu?® todieg ragthad b rfexiteing bietudén2d abrling apparacsshowhan ebehest to

embodigients;ag, (i MG PIEtHEs Coing MENYOr3 MAYING BIRWELMARY aPParafus i

conformity with a different standard, such as MPEG-2, MPEG-4 AVC, and VC-1. [0179] 25Here, when
a plurality ofdfdéo 1§88 fthat conforms to the different standards is generated and is then decoded, the
decoding methogssneed to be selected to conform to the different standards. However, since to which

standard each of the pIuraI&i of the video_data to be decoded conform cannot be detected, there is a
problem 30that an appréptiate dBEodIHY I AT hs bRk dtegtnod and the moving

picture decoding method in each of embodiments can be used in any

10 of the devices and systems described. Thus, the advantages

described in each of embodiments can be obtained.
{0177]

Furthermore, the present invention is not limited to
embodiments, and various modifications and revisions are possible

15 without departing from the scope of the present invention.

[0178]
Embodiment 7

Video data can be generated by switching, as necessary,
between (i) the moving picture coding method or the moving picture

20 coding apparatus shown in each of embodiments and (ii) a moving
picture coding method or a moving picture coding apparatus in
conformity with a different standard, such as MPEG-2, MPEG-4 AV(C,
and VC-1.

[0179]

25 Here, when a plurality of video data that conforms to the
different standards is generated and is then decoded, the decoding
methods need to be selected to conform to the different standards.
However, since to which standard each of the plurality of the video
data to be decoded conform cannot be detected, there is a problem

30 that an appropriate decoding method cannot be selected,.

{0180]

In order to solve the problem, multiplexed data obtained by
multiplexing audic data and others onto video data has a structure
including identification information indicating to which standard the

35 video data conforms. The specific structure of the multiplexed data
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[0180] In order to solve the problem, multiplexed data obtained by multiplexing audio data and
others onto video data has a structure including identification information indicating to which standard
the 35video data conforms. The specific structure of the multiplexed data including the video data
generated in the moving picture coding method and by the moving picture coding apparatus shown in
each of embodiments will be hereinafter described. The multiplexed data is a ,di?ital stream in the

MPEG-2 Trah§pdft'EReaRronitt 50287 JENFietes iiflistafed RUNIEURIBFHE nfiiHit%ed data.
As illustratedrie f16d 28; thb yniHtiplexed data it be obtHingdipypentdtiplexing atrieaseerehoh & video
stream, an aydig sieam, PigseRiaon araplics sigam (G), and,an ieraclive drppflics 1 stream.
The video stfeam’represents primary video and Secondary video of a'movie, the audio stream (IG)
represents a@péirgarg lasitlie dert iandhestfontar aodivspart toe evired with #ie primary audio part,
and thegpre %tipp graphics stream represents subtitles of the movie. Here, the primary video is
normal video to be displayed 15 on a screen, and the secondary video is video to be displayed on a

smaller window in tHe frinvady VigedT EtRthenorel 8ie istepdctiDe graphics lsietn dagresentS an

interac_tive Sﬁ[@%fﬂ_rt@tléj%i g@rﬁ‘eﬁt_@d b)’:%rr%ﬂgingr{hﬁ%lkgﬁeﬂ‘p&?@@ﬁt%a §_§re§Bt3h¢éﬂthre?m is
coded in the moving picture coding method or by the movmg( picture 20 coding apparatus shown in

each of emHBHHERNEXE! th 3 mRARS pRiAGePoding HEREERBY R nidVing SitQur EB@iRYy apparatus
in conformity, ndthem catiantionalistandattreunt ag MPE Gz MREG-th fMG cangV Grh ghreaudio
stream is coded in acc%%%ce%vith atstandard such as Dolbg/-AC-B, Dolb _ Dig?éijtal Plus, MLP, DTS,
DTS-HO, 258 Idar PN (0185) 51 S Heh Sl dih HieI A A the Pl BV X8 R GeHtiied by
PID. For exarmptesy Ok ds aedlptatedatodhe videa strddiM torbe usedrfos vadeoiof arpowied @x1100 to

Ox111F are all t iQ Stre t re allocated. esentation
graphics str arg{s:%toﬁgll%§1 %%%?ﬁy;ﬁg ﬁ@?%?e@lgogsﬁeg irﬁg}(a%jlp\/@ grgéﬁlléss%ﬁér@ %)L('Jiﬁgo to
Ox1B1F arefdlldcattdotihe \ides streaiistoda psedFos gevonddiynidse of she whgvieeandfOx1A00
to Ox1A1F giealioegted ;0 - udRSiERama o Bedised oh thersergndany adigiiphe yed wih

the primary audio. [0183 iG. 24 schematically illustrates how data is multiplexed. First, a video
strear ex235cAMPILRLIof Fiddo g ECHA wudidPrdany K88t Borp dsEP 61 wabidfames are

transformeddmi@Ber window in the primary video. Furthermore, the interactive
graphics stream represents an interactive screen to be generated by
arranging the GUI components on a screen. The video stream is
coded in the moving picture coding method or by the moving picture
20 coding apparatus shown in each of embodiments, or in a moving
picture coding method or by a moving picture coding apparatus in
conformity with a conventional standard, such as MPEG-2, MPEG-4
AVC, and VC-1. The audio stream is coded in accordance with a
standard, such as Dolby-AC-3, Dolby Digital Plus, MLP, DTS, DTS-HD,

25 and linear PCM.

[0182]

Each stream included in the multiplexed data is identified by
PID. For example, 0x1011 is allocated to the video stream to be
used for video of a movie, 0x1100 to Ox111F are allocated to the
30 audio streams, 0x1200 to O0x121F are allocated to the presentation
graphics streams, 0x1400 to Ox141F are allocated to the interactive
graphics streams, Ox1B00 to Ox1B1F are aliccated to the video
streams to be used for secondary video of the movie, and Ox1AQ00 to
Ox1A1F are allocated to the audio streams to be used for the

35 secondary audio to be mixed with the primary audio.
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5 stream of PES packets ex236 and a stream of PES packets ex239, and further into TS packets
ex237 and TS packets ex240, respectively. Similarly, data of a presentation graphics stream ex241
and data of an interactive graphics stream ex244 are transformed into a stream of PES packets ex242
and a stream of PES packets ex245, and further 10 into TS packets ex243 and TS packets ex246,
respectively éh IS packets are multiplexed into a stream to obtain multiplexed data ex247. [0184]
FIG. 25 iIIusE Ee% w a video stream is stored in a stream of 15 PES packets in more detail. The first
bar in FIG. 25 showBGvid2d fraotesstrasinaii @ Videetsteeam. Abevsetarul bar shavsphexsteam of
PES packets.. As indicated by .arrows de d as yvl, yy2 ,and yy4 in FIG, 25, the videp stream is
divided into Eic Ztr’esgI as Elje%%té%éggﬁp%ﬁ%gs% é%’# Sé%uqeé%\é@:eg g\ﬁ%gﬁeiss & \i’}lge%l’béi [L)Jrggsaentation
unit, and thespictares arelst8redoma pagidad of @adhoofftiieRES paekéts IBEdcirofebe PES packets

has & PES headsfnpoi Bedh hesder sireep Bresaniadin Jime BN RTS) ndieating a display

time of the picture, and a Decoding Time-Stamp (DTS) indicating a decoding time of the' picture.

25[0185] fUHEE RaNfGstiateB aeRifatof S/packétd fo Ba kel irkshbnthenedtiieked data.
Each of the &3 pagkets i ackBdouig fixed fangth RagksbiRrtuding @Arbde 33 headar having f

information, such as a PID for identifying a stream and a 184-byte TS payload for 30 storing data. The

PES packeté BriGRIASE YR PERPENSH B 73 Bayidddy? raspediRRRf ANR&Ha BEY RONI€8i8&d, each
of the TS pasketE $s ginsiteadyrel TRy Rxtra seaden BTUBFSSPHiIDR4nsIEZ- by soncenaekets. The
source packets are written on the multjplexed_data. The TP Ex eader stoyes information such as
San Mval Thite SRR-HERE) SHIEATS hols 4 B Eler S Hhto: Sa0 St ead GFe 1S
packets is td'Be ranistarsedrto enRID Flexsalicd packdtseans droandediin tine: titiplexdddiata as
shown at th tiom of FIG. 26. The numbers incrementing from the head of the multiplexed data are

called sourcé’packet numbers (SPNs). 5[0186] Each of the TS packets included in the multiplexed
data includesXidd dhly streams of audio, video, subtitles and others, but also a Program Association

Table (PAT), a Progeapm Map Tialle- (RMI ), apd 2 Program Clack Retarencg (RCR)+ RS RAJrshows

what a PID in_10 a PMT used in the multiplexed data indicates, and a PID of the PAT itself is
registéred a8 Berd AHeEMMstBiREPISS 8t the Eirealis bfladet! didio, dabfitleyshdotiéRAncluded

in the multipfexededatacane afriguedaioratationef theratrerrps sarespaingda the BiRsa the PMT

also has variqus descriptors relating to the multiplexed data.
of PES packets. AS indicated by arrows denoted as yy1, yy2, 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

20 presentation unit, and the pictures are stored in a payioad 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 the picture, and a Decoding Time-Stamp (DTS)
indicating a decoding time of the picture.

25 [0185]

FIG. 26 illustrates a format of TS packets to be finally written
on the multiplexed data. Each of the TS packets is a2 188-byte fixed
iength packet including a 4-byte TS header having information, such
as a PID for identifying a stream and a 184-byte TS payload for

30 storing data. The PES packets are divided, and stored in the TS
payloads, respectively. When a BD ROM is used, each of the TS
packets is given a 4-byte TP_Extra_Header, thus resulting in
192-byte source packets. The source packets are written on the
multiplexed data. The TP_Extra_Header stores information such as

35 an Arrival_Time_Stamp {ATS). The ATS shows a transfer start time
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15 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 20 a time axis of ATSs, and an System Time Clock (STC)

that is a time axis, of PTSs and DTSs. [0187 FIG. 27 i|lustrates the data struc of the PMT in
detal A PR OGN A Sl St B EAtoR SRS I TE TR PRV BIEE S G A Re thERfength o
data includethire the P& aad otterark porality ofl desthiptonsitelatiogdd the trawtpidxedvdate is
disposed g ing BT hesder nformation sueh g Ihe, dopy.caniral iformation js.dgscribegtin the
descriptors. Afterthe aescriptors,‘a plurality of pieces of stream in Srmation rerPatlng t0 the streams 30
included in thieemuiltipléréexddads tisposedab ach pivoe of saekatinformaton iffcRides stream

descriptors %@cll*g%cribing information, such as a stream type for identifying a compression codec of
a stream, a stream PID, and stream attribute information (such as a frame rate or an aspect ratio). The

stream descriptors &8 €uafintdshuhtbeP frtietAuiibdrdiadredingd rethemiitiiexed datatass -

[0188]  VMbendBe mukiRieXgddatnimeceardarion ayrropding BEHIEm ARd APRES 4! i{pcorded
together with gﬁ\lxlexed data information files. 5 01894‘5% Each of the multiplexed data information

files is manad RSO OF AETH QTSR F et b sRdWiR BT 28 B3 PTIHRMRIGPEYE data
information fasg areriroene ta aie cerreskardencd MR jhe mukipiareditatas and sashpfhpfiles

includ Iti d 10data inf iof,. [ inf ' d : A
strak0d I B8 LIS G S TR A Fr M8 e Sy 128 L rerotbodistart
time, and a iepedtiustionggntitimad. Fhezgystem Tate iBHiTaEs thes nPdXimuwn taastdreaderat 15 which a

system targef. decod . pe ri I tr muyltiplexed, data. ID filter intervals
of the ATSs%gl%%éc? i(ﬁ)he’ rr%?’l%%fgé% %ﬁaa g}{e}% sézisstggn%t%qgéﬁe%hg?%%ggﬁ é%feg.&erﬁegpésriroduction
start time indicgte3tArFTS fh @ {ineo #tame af thechsltesfihe aultipixed didtg. X ihteridlds one

frame is addeddopiTH QIR fViFen fiang & dhg.eppof thsmitiplexsd dalfcand thePlsis set
15 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
20 a time axis of ATSs, and an System Time Clock (STC) that is a time
axis of PTSs and DTSs.
10187]
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
25 describes the length of data included in the PMT and others. A
plurality of descriptors relating to the multiplexed data is disposed
after the PMT header. Information such as the copy control
information is described in the descriptors. After the descriptors, a
plurality of pieces of stream information relating to the streams
30 included in the multiplexed data is disposed. Each piece of stream
information includes stream descriptors each describing information,
such as a stream type for identifying a compression codec of a
stream, a stream PID, and stream attribute information (such as a
frame rate or an aspect ratio). The stream descriptors are equal in

35 number to the number of streams in the multiplexed data.
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to the reproduction end time. [0191] As shown in FIG. 29, a piece of attribute information is
registered in the stream attribute information, for each PID of each 25 stream included in the
multiplexed 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 g ﬁ’o#% stream. Each piece of video stream attribute information carries information 30
including what kind-of compression codec is used for compressing the video stream, and the
resolution, aspect rafidamndtfihame mtépdEtheddees of pretureddataotha issnoldiedginilesi video stream.
Each piece of gydjp.rean aurfhuis ipformalipncarrics omatigndodudngahatiind gho, -
compression codec is used for compressing the 35audio stream, how many channels are mc?uded in
the audio strét#f; - 54 - which language the audio stream supports, and how high the sampling
frequengy is; 4@ yideo stream attribute information and the audio stream attribute information are
used for initialization of a decoder before the player plays back the information. 5[0192] In the

present embodimenEaRE RliIfPR B dabd 85 Be GsEdidHid SFddAT Pl éfudedna gAML

Furthermorensbemthg shultglexed data s peeisied @ata recordingmediumr e, vidgo stregm attribute
information incl d_ectérfw(th ultiplexed data 10 '[lformation is used. More specifically, the moving
picture codil] HEBER SRR BRBR b BpSrANE BB LRGN GAe T EBaRntS
includes a stepthr ethenihiort gl beatingdmigueaintbrmaation fndieating vided ddtesgenetdted: Ry the
moving&ictu&gtcgqin p{gg}o% or tf%(_ar‘ranaor\}/,}iné:jt ELcI ur%é:(?gifnc?[%)gﬁga%us ig acg of r5 embodiments, to
the stream type indllded i tifﬁerbl\ﬁ GFthe Video stréam attfibate Ihfofmaticn. Wit t%er%gﬁ)ﬁguration,
the video daf& §j@hdrated by the moving picture coding method or the moving picture coding apparatus

described in each OfA%“HRQWé&aﬂ»bg?%iiﬁgiS%”% VJF’@%QS@ t@é%&??ﬁ?@?jgé%@!ﬂﬂther

standard. 20[0193] Furthermore, FI sfrat(_-:-s steps of the moving picture oding method
according to' fHé Yrsse At EYF6ATIEHE InfStep ex®10D AR EREaRMTYPe anduddid b theé MNID Br the

video stream giripigainforration dneluded ia thednulinlexed.daig infAtmatian i5s A oaingg from the

multiplexed data. Next, in Step exS101, it is determined whether or not the stream type or the video

streant attribiit! ftoAnaYSRERAICAESShat BICRBIIPRXRE dHRS 5S IGsifbriRba by RB MBUhd BRture
coding methel 0fithe maying Rictdre cading lapparalueingach gfepmatiments; Whendidg i30
determined %hat the ﬁﬁie?m t%ﬁle or.the video stream at ribtﬁs information indicates that th% multiplexed
data is gene gfécﬂ)fl B gdBiE?u?Jféo g%éﬂ%d P Hgapi%YLﬁEeéBdfﬁé%pparQﬁs in each

of embodimeatsrd:r_dﬁtetpcex&l@a?t déecodingds-pedormdul By iMneanW‘diﬂ_g pretume decodimghmethod in
each of 35 emiqdiments, EHINEIMPIe, Whell g SUSAM P L e MIdeO: Jdded to a PTS

20 in avideo frame at the end of the multiplexed data, and the PTS is set

to the reproduction end time.
[0191]
As shown in FIG. 29, a piece of atiribute information is
registered in the stream attribute information, for each PID of each
25 stream included in the multiplexed 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
30  including what kind of compression codec is used for compressing the
video stream, and the resolution, aspect ratic and frame rate of the
pieces of picture data that is included in the video stream. Each
piece of audio stream attribute information carries information
including what kind of compression codec is used for compressing the

35 audio stream, how many channels are included in the audic stream,
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stream attribute information indicates conformance to the conventional standards, such as MPEG-2,
MPEG-4 AVC, and VC-1, in Step ex5103, decoding is performed by a moving picture decoding
method in conformity with the conventional standards. 5[0194] As such, allocating a new unigue
value to the stream type or the video stream attribute information enables determination whether or not

the moving picture decoding methpd or the. moving picture decodjng apparatus that is desgribed in
each of emt?\cl)ﬁéi’r%ﬁntgaf@ 8agr98ech8reran &élc%@ngsf%gﬁn wh‘cé{ﬁprgglﬂ%féxegcﬁ glaté that cﬁollgﬂformt ta
different standang Isigplte anappropsiate deeodidg metived or agpaidatie canf beselectedabus, it

becomes pasalbie g decodepiomaion Wity AR FAUIEUBHTE: e Mavag RIF e goding
method or apparatus, or the moving picture decoding method 15 or apparatus in the present
embodimentl€&® BE USRS 4T thérvday hdP&y¥erna deddrbea o tjo1p5] Embodiment 8 Each of
the moying P'@:ﬂgg ]:oding method, the moving picture 20 coding apparatus, the moving picture
decoding method, and the moving picture decoding}agparatus in each of embodiments is typically

9

achieved in the form o 8% iRfF S iR G g Argd st itieyraed @sipdrbie Ns&H Eample of

the LSI, FIG 8laillystrates a sppliguration etthe L Shex590 that is made ifte e8e ¢hipe g5 tie LSI
ex500 includes %I.errFents e?fOl, ex502, ex?g%i, ex504, ex505, (3606, ex507, ex50§, and §x509 to be
described bg?cH/{/, '8 ﬁﬁﬁge AléntSars e (EeoofB e%cﬁe&ﬂé {Hr%uahe il ex516. M %‘Bwer

supply circugttunid ex56H fisiacthatad byrsopplging éachuafetie étemerds with pgwex atiendthespower
supply gircuit yni is 30turned on, [0196 Far_example, when.cading is performed, the LSI
ox500 Doai bR R R oo st e, O AR R SR i v 1
ex509 underceiuot of a Yoatrolawiin gxs0lt 36ihcladimyiaa@RE 302 da srentory congralidr ex503, a

stream - 56 & RUAIRERYI04-ANE Aekiving Liequengy contyl ynitexS1a, Jhetaeeivad Ay signal is

temporarily stored in an external memory ex511, such as an SDRAM. Under control of the control unit
ex501, the dibrebaatd o sEymeRtéaInte d8@ Partpraeitesrding tBhehe moving picture

coding method or the moving picture coding apparatus in each of
15 embodiments, to the stream type included in the PMT or the video

stream attribute information. With the configuration, the video data

generated by the moving picture coding method or the moving

picture coding apparatus described in each of embodiments can be

distinguished from video data that conforms to another standard.
20 [0193]

Furthermore, FIG. 30 illustrates steps of the moving picture
decoding method according to the present embodiment. In Step
ex5S100, the stream type included in the PMT or the video stream
attribute information included in the multiplexed data information is

25 obtained from the muitiplexed data. Next, in Step exS5101, 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 each of embodiments. When it is

30 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 exS5102, decoding is
performed by the moving picture decoding method in each of

35 embodiments. Furthermore, when the stream type or the video
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5 processing amount and speed to be transmitted to a signal processing unit ex507. Then, the signal
processing unit ex507 codes an audio signal and/or a video signal. Here, the coding of the video signal
is the coding described in each of embodiments. Furthermore, the signal processing unit ex507
sometimes 10 multiplexes the coded audio data and the coded video data, and a stream JO ex506

provides the {nulti lexed ga? utside. ThFﬁnpr%vided mlgiti(é)l(—:fxed data i§ transmitted to the base station
ex107, or whttert tth il s m’&fﬁﬂ 375 WHEN B3t Bets"&ra %mﬂﬁl'é%d,t R datdShould be
temporarily storee@ irt the hufees A Bexsls swthatthevthflsels MeBimehmwdizedwithwedeh other. [0197]

Although th m 1 leme &doe 00, it n ﬁe included in the LSI ex500.
The buffer é%xg%% ig%)%?)ﬁrr%teg%ag%%g{@u%% L%E dﬂ%@%ﬁﬁﬁ‘%ﬁ é(r:g&ll—:%rt grrr?orleq Sothe [ST
ex500 may Beeftaee iritoceny enip iby avpitifalifeot oige o198} stapdandsmore, although the control
unit exg01 ipglyggs] the CPU ex502, the memory controller ex503, the stream controller ex504, the

driving frequency control unit ex512, the configuration of the 25control unit ex501 is not limited to such.

For example, the si§fafBiotessinfakitéxks07 &yyliteeivalide ATHLE InHGa6n 57 afoer CPU in
the signal pracessingainit exRdd reanditpreye éhejpresess fhspees foldbermate AsiARAReY
example, the CPU ex502 may serve as or be a part of the signal processing unit ex507, 30 and, for
example, mﬁ’yﬁﬁﬁﬁe ah Qﬁgi/&réffgr{glop\w&@s?i' it 47 SOCAEC AR LA SHtrbl B EX6B Bincludes
the signal processiagieit €x50 a@heaEBY exa02<dnbiuding a par ekhible sifyaahprogesséeunit
ex507.[0199] 35The.name used here is LSI, but it may alsg be called IC, system LSI, super LSI, or
a8 deGRRAMG DS IR BBneely Lt BZ T CTE RIS UeP Shay 18 mERBUE bration
are not limitaal to ¢Hé 8¢ randta spevidl crenip ok A genepal prpposEepdmesdon gnoh sed iarth ob can also

achieve hedBarIIOR Fialf Hogcmieably Sag duay (EGAMIAL sspdenegBTmed Aler
manufacturl_ng LSIs Olf a recqn igura le processort at allows re-contfi uration of the connection or
configuratiot 6¢ & ESiccanvbid lised féntme S&Me pufpogdianiogoa] the moving picture

coding method or apparatus, or the moving picture decoding method
15 or apparatus in the present embodiment can be used in the devices

and systems described above.

10195]

Embodiment 8

Each of the moving picture coding method, the moving picture

20 coding apparatus, the moving picture decoding method, and the

moving picture decoding apparatus in each of embodiments is

typically achieved in the form of an integrated circuit or a Large Scale

Integrated (LSI) circuit. As an exampie of the LSI, FIG. 31

illustrates a configuration of the LSI ex500 that is made into one chip.
25 The LSI ex500 includes elements ex501, ex502, ex503, ex504,

ex505, ex506, ex507, ex508, and ex509 to be described befow, and

the elements are connected to each other through a bus ex510. The

power supply circuit unit ex505 is activated by supplying each of the

elements with power when the power supply circuit unit ex505 is
30 turned on.

[0196]

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 10 ex509 under control of a control unit ex501

35 including a CPU ex502, a memory controller ex503, a stream
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In the future, with advancement in semiconductor technology, a brand-new technology may replace
[Si. The functional blocks can be integrated using such a technology. The possibility is that the present
invention is applied to biotechnology. 15[0202] Embodiment 9 When video data generated in the
moving picture coding method or by the moving picture coding apparatus described in each of

embodiments is. d odecg pared to. when videq data that 20 conforms to.a co tional standard,
uch as MPELY MIPEC SR, S8 VICHL 1L e aUEd AFE rocoue AUint srobably | dases.
Thus, the LBtexb0ethastsitosd set &amrivang fredoeadyi higheettizaT thedt wfeheaCip & 8RE0R, to be

used when yidep data i cansaraily Wit e conyertionalisandaid i flseared Bwger when the

25driving frequency is set higher, there Is a pro at the power consumption increases. [0203]
In order to SHIVESHe FrdkiemsS theaaVRiy Bietuit decdding appakks sass asdtidelEQisibheex300

and the; LS|igx004isi 39 capfigered te defergpne i which,standarddhe vigdgo data sondopmsgiand
switch between the driving frequencies according to the determined standard. FIG. 32 illustrates a

configuratioR "SEFIR the PréseRt aMbodinhR A diVing HRRENRYASREHING Uil ExgD3¥e6s a driving
frequency te @dighen diivinie feeguencyrnernt \ddeei 3odata s generated by the daprigoasictiee coding
method or the moving - 58 - .Eicgﬁre codiaﬁjag'pp ratus.described in e ctsﬁ?f embodia]ents. Then, the
driving freqﬁféﬂa? sﬁ%@ﬁiﬂgb drit eX§0F M Rts Bodédd p'l%cees% it é%f@@lo UP&E S tes the
moving pictéirertieeoding aethbldedessriped!in gachcefsaimupdinerits toeddtdde tie wickeo whata. 5 When
the vidgo d f t ventional. st d,t iving f e witching unit,ex803 sets
a driv?ngg freque(frﬁ)@))/%}paeS ?o%vg?eder%%]%e@regqﬂuaéﬁc% ﬁé?o%ée %?éaée%]é:jgg%z}né% eQd t')éyr} e)émoving
picture codifty 8@thod Or th& Mibving jsistire Tobire appdiafisdescridatan esthidicambobiingents.

Then, the dyving; 4@ freaugecy sWiehipg unikexBO3JRSirUCts thedreqing RIpSERFING YRIHGXBO02 that

conforms to the conventional standard to decode the video data. [0204LMore specifically, the driving
frequency sWitchiFigi@nt exgdde recording medium ex215. When data sets are

multiplexed, the data should be temporarily stored in the buffer
15 ex508 so that the data sets are synchronized with each other.
{0197]

Although the memory ex511 is an element outside the LSI
ex500, it may be included in the LSI ex500. The buffer ex508 is not
limited to one buffer, but may be composed of buffers. Furthermore,

20 the LSI ex500 may be made into one chip or a plurality of chips.
10198]

Furthermore, although the control unit ex501 includes the CPU
ex502, the memory controller ex503, the stream controller ex504,
the driving frequency control unit ex512, the configuration of the

25 control unit ex501 is not limited to such. For example, the signal
processing unit ex507 may further include a CPU. Inclusion of
another CPU in the signal processing unit ex507 can improve the
processing speed. Furthermore, as another example, the CPU
ex502 may serve as or be a part of the signal processing unit ex507,

30 and, for example, may include an audio signal processing unit. In
such a case, the control unit ex501 includes the signal processing
unit ex507 or the CPU ex502 including a part of the signal processing
unit ex507.
r0199]

35 The name used here is LSI, but it may also be called IC, system
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15 includes 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 to the signal processing 20 unit ex507 in FIG. 31. The CPU ex502 determines to which

standard the, videq.data copforms. Then,ﬁlﬁﬁd iving frequency gontrol unit ex512 determjnes a driving
fequency basl o B Clon Sl o H CRb Db el e o LA AR So7
decodes the[Wldéddata based on the signal from the CPU ex502. For example, 25 the identification

nformaton describe) ) EARINIEA 5 PAebABl SR ArAEDNANG teyYden 2. T

identification information is not limited to the one described in Embodiment 7 but may be any
information &S>lon@ 2@ thé RAGIMaBTi ii8iS4tEsT6 Weiich BIANRIAFEtRE LRSS B4t RErFeNTRI Tor

example, whepwhiahstandard videe 3 6at serermsen ANt getarmined| Baseskan Apraxternal

signal for determining that the video data is used for a television or a disk, etc., the determination may

be made ba$é&f GA\dulhi 8h SAEMBFSIGHTAYERRHERDIE v OO RYEDStELIEs & afi%ing freuency
based on, forexanma, ealonk-up taklegpavhickhae standards ofdheoridegudale gharexdissepiated with
the driving frequencies as shown iE_FIG. 3.4. Th drivirr:%r q?uenc%/é‘%:an be eﬁectecig)% storiné; the
look-up tablé iH & Dufter SisGE AP 8N iterRal fHé }e of A L, S it Tertlncaddthe
look-up tablechy plies €EPU ex502. [0205] 5FIG. 33 illustrates steps for executing a method in the
preseritgemtgﬁg'ﬁqei t.First, in Step exS200, the signal processing unit ex507 obtains identification

ation from th

information multiplexed data. Next, in Step exS201, the CPU ex502 determines whether or
not the video data isi jefifetatedwiethe tdding vaehethand tire soaingoridapiaratiecteseiibad, in each

of embodimenis. hased o e idpRificatiandgiounatiop. Vien the viden dalayis ggnRipled by the

moving picture coding method and the moving picture coding apparatus described in each of
embodimentR&in BEE B2 B TPULK5D 2 GaRSRIRHY sigrdl foPssfing tHe digviHyafegliéncy to a

15 higher driying Eagueneyqie die drivipg fregueney seaiehumi @x512. Then, the driving frequency
control unit ex512 sets the driving frequency to the higher driving frequency. On the other hand, when

the idé’rﬁifica[t%%qgf&)rmation indicates that the video data conforms to the conventional standard, such
as MPEG-2 BB ocd M\énand 20 VC-1, in Step ex5203, the CPU ex502 transmits a signal for setting

the driving frequenc a lower driving frequency tq the driving frequency control unit ex512. Then, the
driving frequency cowgo?ﬁniygﬁi(%ﬁz ggttsath i%r?gﬁgqﬁgncaﬁ?o 16t @ro‘?i\ﬁ%‘drﬁeqﬁ%ﬂl&}%an that
in the case wheté the: 9idey déta is1generpted byrthe 88mmayiag patate: sotiasyr metwbd rarehttie moving

picture coding appagatus desgibed iy eacleMPOAINEMLy to when video data that

20 conforms to a conventional standard, such as MPEG-2, MPEG-4 AVC,

and VC-1 is decoded, the processing amount probably increases.

Thus, the LSI ex500 needs to be set to a driving frequency higher

than that of the CPU ex502 to be used when video data in conformity

with the conventional standard is decoded. However, when the

25 driving frequency is set higher, there is a problem that the power
consumption increases.

[0203]

In order to solve the problem, the moving picture decoding

apparatus, such as the television ex300 and the LSI ex500 is

30 configured to determine to which standard the video data conforms,

and switch between the driving frequencies according to the

determined standard. FIG. 32 illustrates a configuration ex800 in

the present embodiment. A driving frequency switching unit ex803

sets a driving frequency to a higher driving frequency when video

35 datais generated by the moving picture coding method or the moving
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[0206] Furthermore, along with the switching of the driving frequencies, the power conservation
effect can be improved by 30 changing the voltage to be applied to the LSI ex500 or an apparatus
including the LSI ex500. For example, when the driving frequency is set lower, the voltage to be
applied to the LSI ex500 or the apparatus including the LSI ex500 is probably set to a voltage lower

than that in the case where the driving frequency is set hi h:—%r. 3 %OZ%Q . Furthermore, when the
processing? grﬁ%ﬂ%tcfg 8808#%8%?&% r, eca?ﬁﬁ}r% We&%g c;? W gé%?dhtér, amﬁ'en the
processir:lg tamoﬂlﬁmgjebmﬂmﬁancsxnalb&it¢hémiVMQifrdequ@m:& maytbe st I@Nefeamthm@etzod for
setting the driving fr _ t ttin is not limjted t es.described above.
For exam p[iir,évdv%%%l?&%ﬁé@ﬁmgﬁﬁéxﬁgﬁd‘? r?g Eﬁﬁo@é?aﬁ% c%)rﬁ?grur%%y 9%&9\#&%4 AVC is
larger thariiigd pestessitgiamdum for e codiig Viddoraani§diedesd By thesmoieg pititire coding
methed ang the-mayind pirtye£oding sRPgFaMLs deseribed iheash oS d9embodimgnls. the driving

frequency is probably set in reverse order to the setting described above. [0208] Furthermore, the

method of SEHIBHERRNRIGIYeqUERER 18 Biot hiREdE thePhetRod oF KeaintaRE |RGNd B equency

lower. For|dvexanmlangher feddentifisatopiaiorpnatian indisates thahibg videe daty isrgenerated by
the moving picture coding method and the moving picture coding apparatus described in each of

embodiment8 v oRATE {E b2 tRENET exBoobianhd ARY A AuLHdHEMg HRARY ex500 is
probably sep bighetuWhessthe identificatien RO affarmasioni mdieates them the, vides datascagforms to
the i@ve@ygnﬁlesg}%nd%r%,i,cs(lzjr(l:hnas IL\J/IPi G'ZSMEEG:&;AV% atrhd V -1d the voltage to be applied to the
LS| &X500 OF the apr}ératus |nc|ué}ing He ESFexsob'i pFoCoa%bly et IGWaT AL aRdther 834 le, when
the identificatiore kérehation inditatesthdrthe ¥iden datatio geherated 35dbyeheanodergtpieture coding
method ar‘{p1 nao(%/ﬂ'gg picture coding apparatus described in each of embodiments, the driving of the
CPU ex502 does not probably have to be suspended. When the identification information indicates
that the vid@& 84t conforms to the conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1,

30 the driving of the{rBU 8307 is RrpbaRly 8%@61”!?%‘#3@(% adivap UMe brAYSE e 6R8hex502 has
cation in

extra processing capacity. Even when the identification information indicatesthat the video data is
genérgtedla;%@%owﬁ’g Rt inG RibiHoR ARty tRE MRAERIEYIeCEHdiRG WP Parfatas described in

each of embpadi@ents, in the Bbcasp-where the GELLEXRE2 hras@dEariogessiag gapadity the driving
of the CPU eXSOi is probably suspended at a?given time. In such a case, the suspending time is

probably et §hd Srstﬁgrf? tRAPIA B BASEAMAE @%%W@] i f?i@a &1 it {iBnSAdiBafds that the
video dataecnbforins tnthe eodventionatstandardrsuel s M REG-2X3BEGHbAG ndod ve-1.

to the conventional standard corresponds to the signal processing
20  unitex507 in FIG. 31. The CPU ex502 determines to which standard
the video data conforms. Then, the driving frequency control unit
ex512 determines a driving frequency based on a signail from the CPU
ex502. Furthermore, the signal processing unit ex507 decodes the
video data based on the signal from the CPU ex502. For example,
25 the identification information described in Embodiment 7 is probably
used for identifying the video data. The identification information is
not limited to the one described in Embodiment 7 but may be any
information as tong as the information indicates to which standard
the video data conforms. For example, when which standard video
30 data conforms to can be determined based on an external signai for
determining that the video data is used for a television or a disk, etc,,
the determination may be made based on such an external signal.
Furthermore, the CPU ex502 selects a driving frequency based on,
for example, a loock-up table in which the standards of the video data

35 are associated with the driving frequencies as shown in FIG. 34.
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[0209] Accordingly, the power conservation effect can be increased by switching between the
driving frequencies in accordance with the standard to which the video data conforms. Furthermore,
when the 10 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. [0210] Embodiment 10 15There are cases

where a pIurﬁ%%/ 8f video rtiata that conforms to di er%nt Fgg)amdards, IS ghovi ed to the dﬁgices and
systems, su s4 't%lg\ﬂsﬁﬁaaﬁﬁ%Cgeﬁélﬂr%b%c?’r? h-6fuéo E%Qlﬁg &o R&fﬁ’eop*fﬁ’ ||‘?y‘61f video
data that cohfoemzuéfthe diffetesht ateshdiards nthien segymed processiny uoit exd0ZSF, therldd|ei&O0 needs

to conform tp&?S% r@ﬁ%ﬁ%eﬂ% 8t gﬁg 'EJQWFeVEf{ the grgglﬁnésngd&crease in the scale of the circuit
e cost ith t '

of the LSI ex and increase in arise w e individual Use of the signal processing units
ex507 that ddi¥dhnlto the respective standards. [0211] 25In order to solve the problem, what is

conceived s a configygatien if waigh, o daeading pragessing unit ferdmplementing theJngyipg picture

decoding method described in each of embodiments and the décoding processing unit that conforms

to the conveRTHABALASIHrd, slitfehs MPEGER MPEE A% VEN an8 19t apé Boas&tshEEd. Ex900

in FIG. 35A shawsapexampledd iheenfionration - s €sanplenthen@oyingtpinkie degeging method
described ir;gach of embodiments and the moviné;g‘{)icture decodin%%method that conforms to MPEG-4

AVC have, partifin' BortaBre aild 6t roteEIing S (G S5 BBy ERRILE nvErR@ hliatization,
35deblockingifiltasing aand notipmearapedsaigd predictiomiibe né2h sigtadls 9f processingrig be

shared probably include use of a decoding processing unit ex9Q2 that confarms tga MPEG-4 AVC. In
contraqs , a Gae%eg g Scr'geg(;si*nrg u‘%ﬁ%@(ﬂ is% eggt%mggg?()r %ﬁlgre@roc%gsin Snique to

catéadecs ing proc
an aspect of dwprEseri inveénfiontSihtethe Bdsprdtiaf thiel preseritane gioreisstleardryetized by
entropy decoding in.particular, fo le,.t ic di ssin it ex901. s used for
entropy decgg?r}g.%thaéﬁvglysﬁr@iheé§§cp inzﬂpgrgg%i%in%%%islﬁj gro@gﬁ{/{qgﬁarséﬁéﬁr%ne)&o f!l}j nverse
quantization2 BeBIbekiT flesaighadd moisa topipensish oe alisof the Saproeussiiy THE eecoding

processing it ok impiementingthesmovingRistese deqoding rethed despribed insaan b o
embodiments may be shared for the processing to be shared, and a dedicated decoding processing

unit mby be LEHIFbI5IYEBS NG BHIGDE Yot thah6f MbEaUIAS@ ency control unit ex512.

Then, the driving frequency control unit ex512 sets the driving
frequency to the higher driving frequency. On the other hand, when
the identification information indicates that the videc data conforms
to the conventional standard, such as MPEG-2, MPEG-4 AVC, and
20  VC-1, in Step ex5203, the CPU ex502 transmits a signal for setting
the driving frequency to a lower driving freguency to the driving
frequency control unit ex512. Then, the driving frequency control
unit ex512 sets the driving frequency to the lower driving frequency
than that in the case where the video data is generated by the
25 moving picture coding method and the moving picture coding
apparatus described in each of embodiment.
(0206]
Furthermore, atong with the switching of the driving
frequencies, the power conservation effect can be improved by
30 changing the voltage to be applied to the LSI ex500 or an apparatus
including the LST 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.
35 [0207]
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15[0212] Furthermore, ex1000 in FIG. 35B shows another example in that processing is partly
shared. This example uses a configuration including a dedicated decoding processing unit ex1001 that
supports the processing unique to an aspect of the present invention, a 20 dedicated decoding
processing unit ex1002 that supports the processing unique to another conventional standard, and a

decoding processin un'thex1003 that su Rort rocessing to be shared eiwee the (gmvin% ﬁicture
decoding method acc%féln%rt'g%réaas‘ﬁ%bgoft e pr‘%ggﬁﬁﬁv&ﬁioﬂgﬁﬁfﬁ BhvEtiohal by g picture
25 decodinglatathod. there ditie ideglidateguoetodingyprp cbssinge inksatx@ 60 laantt ext@d? ateenot
necessarily iali 0 i j aspect.o ) in [ nd the
Proceseing LG oo e g o, B e e A g

general prode8siet. RumBemsors ahe @Df‘mffgljrét&irﬁiéfgﬁé!_@ré@%&@nﬁ'&ﬁr@éﬁt@am befitnplemented
by the L3l e%ﬁ%%@_%ﬂ«?»&ﬁ SHEB GAUGHI IR isele of the cyplt @ d-pl @fd; o yeduciag,the cost

are possible by sharing the decoding processing 35unit for the processing to be shared between the
moving pictuf& 2 B Cdeddtitl FRinhBHAeRBRIHY PIHHEpdS oFReGHERBNYIRMLIER Bhd the

g]g\zli {12 pictt&@h $RAGAING WMethos ﬁ@;ﬁo»gvﬁy with ﬁb@dﬁ@n\g?nﬁﬁ@a%hs%‘@@éﬂa ] W&ﬁ{ ﬁﬂnﬁca{bilityl
e Image coding metnod an € Image decoding method accordin 0O the presen
o romiion ard SOl T o A oL Y LR ot o ARG ARt 2

video camerascetinkar phonasgvithi canmrerasoR\ i regpistersrand thievisiors] fon1Qexamptls:

[Referiaace %'%rbc’ol‘dsigw[&c:)r%%ss,] %R% %%i@?é‘&;“??é” %n:%tcy is probably set in reverse order
to the setting described above,

[0208]

Furthermore, the method of setting the driving frequency is

not limited to the method of setting the driving frequency lower. For

15  example, when the identification information indicates that the video

data is generated by the moving picture coding method and the

moving picture coding apparatus described in each of embodiments,

the voltage to be applied to the LSI ex500 or the apparatus including

the LSI ex500 is probably set higher. When the identification

20 information indicates that the video data conforms to the

conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, the

voitage to be applied to the LSI ex500 or the apparatus inciuding the

LSI ex500 is probably set lower. As another example, when the

identification information indicates that the video data is generated

25 by the moving picture coding method and the moving picture coding

apparatus described in each of embodiments, the driving of the CPU

ex502 does not probably have tc be suspended. When the

identification information indicates that the video data conforms to

the conventional standard, such as MPEG-2, MPEG-4 AV(, and VC-1,

30 the driving of the CPU ex502 is probably suspended at a given time

because the CPU ex502 has extra processing capacity. Even when

the identification information indicates that the video data is

generated by the moving picture coding method and the moving

picture coding apparatus described in each of embodiments, in the

35 case where the CPU ex502 has extra processing capacity, the driving
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102 TU partitioning unit 15103 YUV demultiplexing unit 104 Adjacent block combing unit 105 Y
transforming unit 106 U transforming unit 107 V transforming unit 20 108, 502 Coder 109, 308 YUV
switching unit 301, 601 Decoder 302 Y inverse transforming unit 303 U inverse transforming unit
25304 V inverse transforming unit 305 YUV combining unit 306 TU combining unit 307 CU combining

it 309 Adjacent block partitioning unit 30 500 Image coding apparatus 501 Frequency transform unit
un Jo? the (Q,E’Upexl'g82li lf)rogably susgemﬂedgatlogJ given time, q In S)t/.lch 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,
5 MPEG-4 AVC, and VC-1.

[0209]

Accordingly, the power conservation effect can be increased by
switching between the driving frequencies in accordance with the
standard to which the video data conforms. Furthermore, when the

10 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.

{0210]
Embodiment 10

15 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 enablie decoding the
plurality of video data that conforms to the different standards, the
signal processing unit ex507 of the LSI ex500 needs to conform to

20 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.

[0211]

25 In crder 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
conventionai standard, such as MPEG-2, MPEG-4 AVC, and VC-1 are

30 partly shared. Ex900 in FIG. 35A shows an example of the
configuration. For example, the moving picture decoding method
described in each of embodiments and the moving picture decoding
method that conforms to MPEG-4 AVC have, partly in common, the
details of processing, such as entropy coding, inverse quantization,

35 deblocking fiitering, and motion compensated prediction. The
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600 Image decoding apparatus 602 Inverse frequency transform unit [CLAIMS] [Claim 1]

image coding method of coding an image on a per coding unit basis, the method comprising:

5applying a frequency transform to luminance data and chrominance data of transform units in the

coding unit including predetermined blocks each corresponding to one or more of the transform units;

and coding the luminance data and the chrominance data to, which io he frequency,transform has
SR e SRR

been applie

0 g?efnsepateD it R i which thE Tinfnané’d4 Fre"Ehron

An

iﬁ’aﬂ&g A5t 4re

grouped on @perpedetgrained bR Wasis. Chiinr 2} 150hd FE&fetcAding mithod reiocasding to

Claim 1,

predetermined size, or to a trans

d H?é‘éi{b%a%%mﬁ)%g‘?‘éﬂgﬁ?ﬁ ?Jﬂ?#%%bef%%so@#@ S[RIILUAL | ﬂ%ﬂ

unit of a size greater than or'equa ?he predetermine

and in the coRliifg; @R iAANGH A1a A A66 ERfoRTINAIREAREPS aRy Eadano gSiertethe
bitstreany in waishdhe jupipageedaia AnddRe ShIOMINRBES AR ALY HOUPRE M ? PRIRIAGRIermined

block basis.

10

15

20

25

36

35

[Claim 3] 25The image coding method according to Claim 1 or 2, wherein in the ap
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 the inverse quantization,
deblocking filtering, and motion compensation, or all of the
processing. The decoding processing unit for implementing the
moving picture decoding method described in each of embodiments
may be shared for the processing to be shared, and a dedicated
decoding processing unit may be used for processing unigue to that
of MPEG-4 AVC.

[0212]

Furthermore, ex1000 in FIG. 35B shows another example in
that processing is partly shared. This example uses a configuration
including a dedicated decoding processing unit ex1001 that supports
the processing unique toc an aspect of the present invention, a
dedicated decoding processing unit ex1002 that supports the
processing unique to another conventional standard, and a decoding
processing unit ex1003 that supports processing to be shared
between the moving picture decoding method according to the
aspect of the present invention and the conventional moving picture
decoding method. Here, the dedicated decoding processing units
ex1001 and ex1002 are not necessarily specialized for the processing
according to the aspect of the present invention and the processing
of the conventional standard, respectively, and may be the ones
capable of implementing general processing. Furthermore, the
configuration of the present embodiment can be implemented by the
LST ex500.

[0213]

As such, reducing the scale of the circuit of an LSI and

reducing the cost are possible by sharing the decoding processing

unit for the processing to be shared between the moving picture

- 63 -

ck of a

size,

plying:



the frequency transform is applied to the luminance data on a per transform unit basis; when a total
number of pixels of the chrominance data and a 30 total number of pixels of the luminance data are
equal, the frequency transform is applied to the chrominance data on a per transform unit basis; and
when the total number of pixels of the chrominance data is less than the total number of pixels of the
luminance d@tad the fre uer{ﬁ/ 35 transform is appljed to the chroEninance data on a per
predetermin®d B8 loRFAER (B 4] HHet 555 B éthod' Sckditiity o BhYINE ¥R Claims 1
to 53, winefeirhia thecapplyingidtamearieng the ghromihantei datecoffibertransformtunitsan the
coding unif[, ggﬁqmigﬁr&%eai%gao érgp form units in a block of a size that‘ is smaller than.or equal to the
predeterminéd size iS combined, and the frequency transform is 10 applied to the combined
chrominancélata stoaé frequsiayitiansform. [Claim 5] The image coding method according to any
one of glain@ﬂgr}m, wherein in the applying, when a size of one of the transform units is a
predetermined smallest size and in the transform unit a total number of pixels of chrominance data is
less than a total nunhBé&r f s 6P Rimthametbad, Ao dMenyiRoen@afirshod 200¢tawd the

transform unjs: i eoeinehen - eRiORHNANES dRlA ofranstarm it in ulosk derduding the
transform unit is combined, and the frequency transform is applied to the combined chrominance data
in one frequ@ﬁ&?frﬁﬁéﬁﬁﬁ?”d image decoding apparatuses such as video cameras,
cellular phones with cameras, DVD recorders, and televisions, for
10  example.
[Reference Signs List]
f0215]
101 CU partitioning unit
102 TU partitioning unit
15 103 YUV demultiplexing unit
104 Adjacent block combing unit
105 Y transforming unit
106 U transforming unit
107 V transforming unit
20 108, 502 Coder
109, 308 YUV switching unit
301, 601 Decoder
302 Y inverse transforming unit
303 U inverse transforming unit
25 304 V inverse transforming unit
305 YUV combining unit
306 TU combining unit
307 CU combining unit
309 Adjacent block partitioning unit
30 500 Image coding apparatus
501 Fregquency transform unit
600 Image decoding apparatus
602 Inverse frequency transform unit
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25[Claim 6] The image coding method according to any one of Claims 1 to 5, wherein in the
coding, luminance data and chrominance data of transform units in one of the predetermined blocks
are coded to 30 generate the bitstream in which, in the predetermined block, the chrominance data of
all the transform units follows the luminance data of all the transform units. [Claim 7] 35The image
coding methfg aé%iyg to Claim 1 or 2, - 66 - wherein each of the predetermined blocks
corresponds't Lt sfoFm units in a block of a predetermined size, or to a transform unit of a size
greater than [df laqoal 19 the predetermined size, in the applying, the frequency transform is applied to

the 5 luminance dat n(h; e chrominanc % n g per transform unit basis, and in,the coding,
the luminance data z‘n% t e%&%rognqrﬁénaé; a g%g)ré 83%88‘%56” r?e?a&@qt?}%%i?s?reaar%% v%l%gcjk'lntﬁe
luminance dataifritbtdis clifteninaitedatwane groinged on a per predetermined block 10basis. [Claim

8] The igage codingmelodaceordgdo CIRIN Transforhe(sn GG 08 e Pradatermined blocks

corresponds to a 15different one of the transform units, applying, the frequency transform is
applied to theimManes eataland (hé drrnsiiTe HaDn A séaraesiong usitibalis; lanting

predetermined blocks each corresponding to one or more of the
transform units; and
coding the luminance data and the chrominance data to which
10 the frequency transform has been applied to generate a bitstream in
which the luminance data and the chrominance data are grouped on
a per predetermined block basis.

[Claim 2]
15 The image coding method according to Claim 1,
wherein each of the predetermined blocks corresponds fo
transform units in a block of a predetermined size, or to a transform
unit of a size greater than or equal to the predetermined size, and
in the coding, the luminance data and the chrominance data
20 are coded to generate the bitstream in which the luminance data and
the chrominance data are grouped on a per predetermined block
basis.

iClaim 3]
25 The image coding method accerding to Claim 1 or 2,
wherein in the applying:
the frequency transform is applied to the luminance data on a
per transform unit basis;
when a total number of pixels of the chrominance data and a
30 total number of pixels of the luminance data are equal, the frequency
transform is applied to the chrominance data on a per transform unit
basis; and
when the total number of pixels of the chrominance data is less
than the total number of pixels of the luminance data, the frequency

35 transform is applied to the chrominance data on a per predetermined
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in the coding, the luminance data and the chrominance data 20 are coded to generate the bitstream in
which the luminance data and the chrominance data are grouped on a per transform unit basis. [Claim
9] An image decoding method of decoding an image on a per 25coding unit basis, the method
comprising: decoding luminance data and chrominance data of transform units in the coding unit
including pr T% rmined blocks each corresponding to one or more of the transform units, the
decoding inE ' %%?é%ing a bitstream, and the luminance data and the 30 chrominance data being
data to which a frequency transform has been applied and which has been coded and grouped in the
bitstream o&eig?wrgfetermined block basis; and applying an inverse frequency transform to the
decoded lumihance data and the decoded chrominance data. 35 [Claim 10] The image decoding
method according td Gtaimage carhegimedtiodf #we predeteriviretybmoksabféspords toctransform
units inza bleck of a predetermined size, or to a transform 5unit of a size greater than or equal to the
predetermined size, and in the decoding, the bitstream in which the luminance data and the
chrominance data af§riciifet ot & pep phededermimey HIOEK BatikEsbsrinéda ane tHe hantifance

data and the;chraminanse dafa ke dagpded A IGlaim 14 1he: image decading: methad geprding to

Claim 9 or 10, wherein in the applying: the inverse frequency transform is applied to the
luminance 153 R adeP Psrsidtin enfig&sighat is smaller than or equal to the

predetermined size is combined, and the frequency transform is
10 applied to the combined chrominance data in one frequency
transform.

[Claim 5]
The image coding method according to any one of Claims 1 to
15 4,
wherein in the applying, when a size of one of the transform
units is a predetermined smallest size and in the transform unit a
total number of pixels of chrominance data is less than a total
number of pixels of luminance data, from among the chrominance
20 data of the transform units in the coding unit, chrominance data of
transform units in a block including the transform unit is combined,
and the frequency transform is applied to the combined chrominance

data in one frequency transform.

25 [Claim 6]
The image coding method according to any one of Claims 1 to
5,
wherein in the coding, luminance data and chrominance data
of transform units in one of the predetermined blocks are coded to
30 generate the bitstream in which, in the predetermined block, the
chrominance data of all the transform units follows the luminance
data of all the transform units.

[Claim 7]
35 The image coding method according to Claim 1 or 2,
- 66 -



when a total number of pixels of the chrominance data and a total number of pixels of the luminance
data are equal, the inverse frequency transform is applied to the chrominance data on a per transform
unit basis; and 20when the total number of pixels of the chrom nance data is less than the total
number of pixels of the luminance data, the inverse frequency transform is applied to the chrominance

data on a per predetermined block basi Claim 12] The ima: coding method according to any
one of Claims 9 to 1\?[',H1ereWhe$8fﬁ n?ﬁeﬁé@lyﬁ{ge, éé‘?ﬁ@éf@@%fe%ﬁ%ﬁ% tranEroTH %”é%?)ligg to, from
among the chramafamce dat# ofithe thnsforof units e20sitethe coeling inkit, chrominane e siadarof

transform unjts. i lock: i tJ ller than,or equal to t termi ize in one
inverse frequﬁeﬁlc%/%gr%s or?n%a?élé%ﬁg Sﬁg[;lpr?é‘?rﬁ%jeg éégo%ﬁ%ﬁrgﬁég%%%ﬁg%%%ghy one of
Claims 9 - 68 - to 12t the \apgrbinrg th&epplyRguanen alsiesdbone o tentpattsforn® ubite is a

predeterningd smalestsize AACHA dneEANIOBRIAY Alata) sumBer of pixels of the shromipance data

is less than a total 5 number of pixels of the luminance data, the inverse frequency transform is
applied to, fré@SAfmoRf the chrominance data of the transform units in the coding unit, chrominance

data of transform unitg it blerk Higluding therransfesnd ibinene inversefseauessy-faagigrm. 10
[Claim 14] The imagg daacoding method %cc%r,din%to any one of Claims 9

are coded to generate the bitstream in which the luminance data and

the chrominance data are grouped on a per predetermined block

10 basis.

[Ciaim 8]
The image coding method according to Claim 1,
wherein each of the predetermined blocks corresponds to a
15 different one of the transform units,
in the applying, the frequency transform is applied to the
fuminance data and the chrominance data on a per transform unit
basis, and
in the coding, the luminance data and the chrominance data
20 are coded to generate the bitstream in which the luminance data and

the chrominance data are grouped on a per transform unit basis.

[Claim 9]
An image decoding method of decoding an image on a per
25 coding unit basis, the method comprising:
decoding luminance data and chrominance data of transform
units in the coding unit including predetermined blocks each
corresponding tc one or more of the transform units, the decoding
including obtaining a bitstream, and the luminance data and the
30 chrominance data being data to which a frequency transform has
been applied and which has been coded and grouped in the bitstream
on a per predetermined block basis; and
applying an inverse frequency transform to the decoded
luminance data and the decoded chrominance data.
35
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to 13, wherein in the decoding, the bitstream is obtained in which, in 15 one of the predetermined
blocks, chrominance data of all transform units follows luminance data of all the transform units, and
the luminance data and the chrominance data of the transform units in the predetermined block are
decoded. 20[Claim 15] The image decoding method according to Claim 9 or 10, wherein each of
the predetem#pepmblgﬂgs corresponds to transform units in a block of a predetermined size, or to a
transform unitof & size greater than or equal to the predetermined size, 25 in the decoding, the
bitstream in which tHékiritinagee datdhdgheetifominance dhagte gtdapad Dn a per predetermined

block basis is obtangehaad e bpnagce data.gad the splgants deta as fecodadhand, I
the applying, the inverse frequency transform is applied to 30the luminance data and the chrominance
data on a peir #BSSRIM WHit Basis JAIIEKL6T Bhe ihdgeaistbar methodrateoiding fe Glamm 9,

35whergin eaghobthe Bredetamaned PCKSHOREBSRANGS 18 198 (ditierentang qf ske tiapsform

units, in the decoding, the bitstream in which the luminance data and the chrominance data are

grouped on a per trdRFBATGEHPEEEE i BBtAites aRM e WHRRIEEdRINaNRE drémmaAce data

are 5 decodedeagfirominance data are grouped on a per predetermined block
basis is obtained, and the luminance data and the chrominance data
are decoded.
10
[Claim 11]
The image decoding method according to Claim 9 or 10,
wherein in the applying:
the inverse frequency transform is applied to the tuminance
15 data on a per transform unit basis;
when a total number of pixels of the chrominance data and a
total number of pixels of the luminance data are equal, the inverse
frequency transform is applied to the chrominance data on a per
transform unit basis; and
20 when the total number of pixels of the chrominance data is less
than the total number of pixels of the luminance data, the inverse
frequency transform is applied to the chrominance data on a per
predetermined block basis.

25  [Claim 12]
The image decoding method according to any one of Claims 9
to 11,
wherein in the applying, the inverse frequency transform is
applied to, from among the chrominance data of the transform units
30 in the coding unit, chrominance data of transform units in a block of
a size that is smaller than or equal to the predetermined size in one
inverse frequency transform.

[Claim 13]

35 The image decoding method according to any one of Claims 9
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in the applying, the inverse frequency transform is applied to the luminance data and the chrominance
data on a per transform unit basis. 10[Claim 17] An image coding apparatus which codes an
image on a per coding unit basis, the image coding apparatus comprising: a frequency transform
unit configured to apply a frequency transform to luminance data and chrominance data of transform
15units in the c?ging unit including predetermined blocks each corresponding to one or more of the
transform u ffs; rid a coder which codes the luminance data and the chrominance data to which
the frequency transfeime treis)bieehfapEipg tpi genevatea Httreanvin avidch thehlkemranctodata and the

chrom nancg g(a 70 239%%‘&%4% ARerhredeLaimined hlock ?%S{?xé ARl 4 dimg‘ge

decoding apparatus w ecodes an image on a per coding unit basis, the image decoding

apparatus copplisingiBa adcodse whith () obthirera bistreand it @ HieH &%) udrivy wahsformed and
coded lymingigeaia and SOTINGNce A aie, AR08 paprodlfarued g, and ()

decodes the luminance data and the chrominance data of transtorm units in the coding unit including

predetermind@ BRIKTRalh 8B dding/t® 80 678 @F thdfecorhearamfstusiatand’ then

inverse frequeneyrsansfermwnitrcaigured te aPpv an dnveyae freadeneystransforrsiadhsrdgcoded
luminance data and the ec?fc'ie hr _minggce data. ESSr[CIaim 19] Animage coding and decoding
u

d 19
apparatus cBmrisiAg? °'° %%if L38ihg agparri S VRt R O88 iRYGE BR H BE-ETdMG unit

basis; and transémrimage decoding apparatus which decodes an image a per
10
[Claim 14]
The image decoding method according to any one of Claims 9
to 13,
wherein in the decoding, the bitstream is obtained in which, in
15 one of the predetermined blocks, chrominance data of all transform
units follows luminance data of all the transform units, and the
luminance data and the chrominance data of the transform units in
the predetermined block are decoded.

20 [Claim 15]

The image decoding method according to Claim 9 or 10,

wherein each of the predetermined blocks corresponds to
transform units in a block of a predetermined size, or to a transform
unit of a size greater than or equal to the predetermined size,

25 in the decoding, the bitstream in which the luminance data and
the chrominance data are grouped on a per predetermined block
basis is obtained, and the luminance data and the chrominance data
are decoded, and

in the applving, the inverse frequency transform is applied to

30 theluminance data and the chrominance data on a per transform unit

basis.

[Claim 16]
The image decoding method according to Claim 9,

35 wherein each of the predetermined blocks corresponds to a
- 60 .



5coding unit basis, wherein the image coding apparatus includes: a frequency transform unit
configured to apply a frequency transform to luminance data and chrominance data of transform units
in the coding unit including predetermined blocks each 10 corresponding to one or more of the
transform units; and a coder which codes the luminance data and the chrommance data to which
the frequen nsform has n applied to generate a bitstream in which the luminance data and the
chrominanc%e%cf}g%%rr% grré%p%%e@?leagfgr% grfIéJ e erLr'nnnEltEesd block basis, and 15the image decoding
apparatus includes:in tha desmaginghith ¢ipotshnesabistréambintivhithriregaeceydatsfanded and

coded luminanee. daipAngitemiaades Aatg e geauingd ansparairdRprnInEdblggk pasts, and ()

decodes the luminance data and the chrominance data of tra m units in the 20coding unit
including prédéinfided otkEeach Botraspendigt®d citdothrré brene ifaivterndlats;adifd an
inversesfreqyepeyisanstarm unit configured to apply an inverse frequency transform to the decoded

luminance data and the decoded chrominance data. ) )
in the applying, the inverse frequency transform is applied to

the luminance data and the chrominance data on a per transform unit
basis.

10 [Claim 17]
An image coding apparatus which codes an image on a per
coding unit basis, the image coding apparatus comprising:
a frequency transform unit configured to apply a frequency
transform to luminance data and chrominance data of transform
15 units in the coding unit including predetermined blocks each
corresponding to one or more of the transform units; and
a coder which codes the luminance data and the chrominance
data to which the frequency transform has been applied to generate
a bitstream in which the luminance data and the chrominance data
20 are grouped on a per predetermined block basis.

[Claim 18]
An image decoding apparatus which decodes an image on a
per coding unit basis, the image decoding apparatus comprising:
25 a decoder which (i) obtains a bitstream in which frequency
transformed and coded luminance data and chrominance data are
grouped on a per predetermined block basis, and (ii} decodes the
fuminance data and the chrominance data of transform units in the
coding unit including predetermined blocks each corresponding to
30  one or more of the transform units; and
an inverse frequency transform unit configured to apply an
inverse frequency transform to the decoded iuminance data and the
decoded chrominance data.

35 [Claim 19]
270 -



10

15

20

An image coding and decoding apparatus comprising:

an image coding apparatus which codes an image on a per
coding unit basis; and

an image decoding apparatus which decodes an image a per
coding unit basis,

wherein the image coding apparatus includes:

a frequency transform unit configured to apply a freguency
transform to luminance data and chrominance data of transform
units in the coding unit including predetermined blocks each
corresponding to one or more of the transform units; and

a coder which codes the luminance data and the chrominance
data to which the frequency transform has been applied to generate
a bitstream in which the luminance data and the chrominance data
are grouped on a per predetermined block basis, and

the image decoding apparatus includes:

a decoder which (i) obtains a hitstream in which frequency
transformed and coded luminance data and chrominance data are
grouped on a per predetermined block basis, and (ii) decodes the
fuminance data and the chrominance data of transform units in the
coding unit including predetermined blocks each corresponding to
one or more of the transform units; and

an inverse frequency transform unit configured to apply an
inverse frequency transform to the decoded luminance data and the
decoded chrominance data.
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