[DESCRIPTION] [Title of Invention] IMAGE DECODING METHOD, IMAGE CODING METHOD,
IMAGE DECODING APPARATUS, IMAGE CODING APPARATUS, PROGRAM, 5 AND
INTEGRATED CIRCUIT [Technical Field] [0001] The present invention relates to an image
coding method for coding images or moving pictures included in multimedia data and an 10 image
decoding method BF deE38ihEWblied images or moving pictures. [Background Art] [0002] In
video compressignstféaptardseliteddPEG-1, MPEG-2, 15SMPEG-4, or MPEG-4 AVC, a compressed

picture is usually divi i ' led " rohlocks" ac iIsu efined as
a two-dimensionzgvl)ldl{g’cez"éj oﬁ%%ﬁ%pﬂs% ﬁmaggéa Ieéﬁng@é@ W\%ﬁ%ﬁé@piﬁi@%ﬁd a height
of 16 pixels for lUAfEEHEE NGMPIRBARAE Bémplidsion refyfoNthe ARKABNOLISIs PRESAEAMA by a
quantizationgcalg paranetet foreashonaeeptock. The quantization scale parameter determines the
level of quantizatﬁn %ﬁt‘ﬁ’ be ago lieEd o all the frequency coefficients. The quantization scale parameter is
usually coded as'a di EP&R \‘/%\IB from the quantization scale parameter of the previous macroblock
in 25 cording orde®J4d is stored in a compressed macroblock header. [0003] In new video standards

under development, for examplestha: High RicieneyaYideedSading e Vustandard by fhve MPEG

standardization bodies, it is suggested that dividin the_r%liture into 3 Iar@g_%%nlts can improve the

coding efficiency YIHAIERFFESSR RLE B EXARGSI&N Fer&tad Mg whtaHe ¢ iteFatferD)d @other
10 image decoding method for decoding coded images or moving
pictures.
[Background Art]
[0002]

In video compressions standards like MPEG-1, MPEG-2,
15 MPEG-4, or MPEG-4 AVC, a compressed picture is usually divided into
rectangle units called “macroblocks”. A macroblock is usually
defined as a two-dimensional block of image samples. The image
samples have a width of 16 pixels and a height of 16 pixels for
luminance samples. The compression ratio for the macroblock is
20 controlled by a quantization scale parameter for each macroblock.
The quantization scale parameter determines the level of
quantization to be applied to all the frequency coefficients. The
guantization scale parameter is usually coded as a difference value
from the quantization scale parameter of the previous macroblock in
25 cording order, and is stored in a compressed macroblock header.
[0003]
In new video standards under development, for example, the
High Efficiency Video Coding (HEVC) standard by the MPEG
standardization bodies, it is suggested that dividing the picture into
30 large units can improve the coding efficiency of the compressed
video (for example, refer to Non Patent Literature 1). In other
words, a picture can be divided into coding units (CU) where each
coding unit has a size that can be much larger than a macroblock.
For example, the coding unit size can be 128 pixels by 128 pixels for

35 luminance samples, which is approximately 64 times larger than a
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words, a picture can be divided into coding units (CU) where each coding unit has a size that can be
much larger than a macroblock. For example, the coding unit size can be 128 pixels by 128 pixels for
35 luminance samples, which is approximately 64 times larger than a macroblock. [0004] A large
coding unit can be sub-divided into smaller units (sub coding units) to achieve better coding efficiency.
Each coding unit@%ﬁ@fﬁ%ﬁing unit has three main components. The main components are a coding
unit header, a pr¢dgtian unit (PU), and a transform unit (TU). [0005] FIG. 1 is a diagram

showing the structure of compressed 10picture haying coding units. [0006 As shown in FIG. 1, a
picture D100 includes aﬁggﬁl%?(ﬁ%réﬂ%fgenﬁe gpre%de to %% p()rJ:c d?ee ﬁé%&gr)c’]ghadiSrbga)'/t.srvﬁ%u&cture
header includes paftif@teryielatedasiifypidigidqpicastengs firainecars) Waile thedodydnitudes

compressedsanplessoia RigHiieg MoreeVers dhe:hpsly inelHes E8HIRG HBHSSUCh Agcogdinginits D102
and D104, and some of the ﬁodin% unitsgxe dividﬁi‘into sub codin(ﬁ.units. For. e%%mgle, tkgze coding unit
D102 is divided it SBB LR UMNIE 5208 A 'ohd oF H5d s BRI SHIG IMs 166 B et %8 divided
into smaller sub &oaisd amnstMDE TPe coding unit D104 or sub coding unit D108 has three main
components. Moyggpegifically, the coding unit D104 includes a coding unit header D116, a prediction
unit D118, and a transfogn uniﬁOD_lzo as.the three Ignain coma%cl)nents. The sub cod}rwgygnit D108 has a
sub coding unit header 25 ®110,'8 Fedi@BF ThitB 1Y End REtr ShGHATSnit D LLATHY G35 fittee main
components0As BidwnerhEMN ¢, codamgformitsinit D120 is divided into small sub transform units D122,
and one of the syl frggsform units D122 is divided into smaller sub transform units D124. The smallest
transform units (sub transform units) D114 and 30 D124 includes the quantized coefficients of a block,

which requires a quantiZafiori e418 pHtakibter fbr tie RUdESq RAR B oeEsPoftR@ LBk icients.

[Citation List]  (hereinafter referred to as picture header) and a body. The picture

header includes parameters related to the picture (picture

15 parameters) while the body includes compressed samples of a
picture. Moreover, the body includes coding units such as coding
units D102 and D104, and some of the coding units are divided into
sub coding units. For example, the coding unit D102 is divided into
sub coding units D106, and one of the sub coding units 106 is further

20 divided into smaller sub coding units D108. The coding unit D104 or
sub coding unit D108 has three main components. More specifically,
the coding unit D104 includes a coding unit header D116, a
prediction unit D118, and a transform unit D120 as the three main
components. The sub coding unit D108 has a sub coding unit header

25 D110, a prediction unit D112, and a transform unit D114 as the three
main components. As shown in FIG. 1, a transform unit D120 is
divided into small sub transform units D122, and one of the sub
transform units D122 is divided into smaller sub transform units
D124. The smallest transform units (sub transform units) D114 and

30 D124 includes the quantized coefficients of a block, which requires a
quantization scale parameter for the inverse quantization process of
the coefficients.
[Citation List]
[Non Patent Literature]

35 [0007]



[Non Patent Literature] 35[0007] [NPL 1] "Test Model under Consideration” Joint Collaborative
Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 2nd Meeting:
Geneva, CH, 21-28 July, 2010, 5 Document: JCTVC-B205 [Summary of Invention] [Technical
Problem] [0008] However, in the image decoding method and the image coding 10 method according
to the above desENBéd!Non Patent Literature 1, there is a problem that image quality and coding
efficiency cannot be improwet idioat dlanadasl dngtheraniond$, kb pararoates suehhas Beguantization

scale parameter sapy.f di 1d,a coding ess | di icture helaéi@r h that the
parameter is 15 J{gid to ﬁu‘%(ﬁo@gégﬂs’ gf) th?ﬁic&ﬁ%&gﬁoc% %fjs%: re@uﬁllé) it iasr}r%pos& géfjg‘r image

quality to be adjusted fSCERNbEhE srABR pPbReEdIAg URRE S¥eh dsHihe 3Lb2&dlkyunit Oth@. prediction
unit, the sub9rediettanminits thectrargsiBo sinit, or the sub transform unit. Moreover, the amount of

coding is large w}t‘gn ram IS stored-20 for each of the processing units such that the parameter
is applied to eac oLf Eﬁﬁ%n&al%g%\r/gégéﬁrﬂg units. [0009] Therefore, the present invention is

conceived in view§ihei proiRiERP &R lan object of the present invention is to provide an 25 image
decoding method @ndsin image coding method for simultaneously improving image and coding
efficiency. [Solution to Pl-ri%t\).flveer%['??rlloghe image decoding method and the image coding
10 method according to the above described Non Patent Literature 1,
there is a problem that image quality and coding efficiency cannot be
improved simultaneously. In other words, a parameter such as a
guantization scale parameter necessary for coding and a coding
process is stored in a picture header such that the parameter is
15 applied to the whole body of the picture D100, As a result, it is
impossible for image quality to be adjusted for each of the small
processing units such as the sub coding unit, the prediction unit, the
sub prediction unit, the transform unit, or the sub transform unit.
Moreover, the amount of coding is large when a parameter is stored
20 for each of the processing units such that the parameter is applied to
each of the smallest processing units,
[0009]
Therefore, the present invention is conceived in view of the
problem, and an object of the present invention is to provide an
25 image decoding method and an image coding method for
simultaneously improving image and coding efficiency.
[Solution to Problem]
[0010]
In order to attain the above described goal, an image decoding
30 method according to an aspect of the present invention is an image
decoding method for decoding a coded stream which includes a
plurality of processing units and a header for the processing units,
the coded stream being generated by coding a moving picture, the
processing units including at least one processing unit layered to be
35 split into a plurality of smaller processing units, the image decoding
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In order to attain the above described goal, an image decoding 30 method according to an aspect of
the present invention is an image decoding method for decoding a coded stream which includes a
plurality of processing units and a header for the processing units, the coded stream being generated
by coding a moving picture, the processing units in&uﬁ%égéat least one groc,essin unit layered to be

35split into a plufal RAHAA Br8e R vl & O §addamy -3 GO TRERRRNYS specifying
a hierarchical layen ihaimg«m prbgessingmni_@tn&kaﬁeh%parammer dgcesﬁa[.y fier de@mﬁhg_bsf s_tored, by
parsing hieramhg) 9?&%5”“&%@9}'8%@:{8?69 therBRRRT AN H5GOING the, Prafessing ugi ysing the
parameter stored in the 5processing unit located at the specified hierarchical layer. [0011 With

this, the processMEFASitg niarHiRaRy A Erdd WWsHng p ik BRFI8GbrEd SHOE5EN %?ngﬂ‘?)rocessing
unit located &t a mweeh#rayonidal layetethesiiad ppacetisidghiaitsrcindae tdepaded by 10 applying a
different parameigat%ﬁach of the small processing units. As a result, image quality can be improved.
Moreover, since the hierarchical layer having a processing unit in which a parameter necessary for

decoding are stored is sSPEEiEA By (e Mg HisRhY DEJH Memnatdr ibid persiste ol irn
hierarchical layetg He setairlisast arkitr anydierasehigihldayee insteqd oftbeingt banitedatoothe fowest
hierarchical layer, . re,t ouynt of ing.for al m included in,a coded stream can
be reduced comgéggg Fy%hict Iehc% se'w pé‘rae %(Fﬁ%\rg%ﬁct%?e %sggltjio%re %‘%Ergeg&Hoﬁ %e%sgr%%ﬁ%éi _p%))r cessing
units locatePat tAE MViest RiefaterfcHll R§ER MekPESQifg 20HidiBAS RaH PEARRFTOVEH LWt this,

image quality angsaglingfficigney gandigainopreved simutianevesly. NibeeyebSireedsy gassing the
hierarchy depth information lerarchical layer having a .processing _unit.in which a parameter is
stored is specifieﬂi,gl{%%lggglgat\é r'étjqu?:\é't Bu%dﬁgr? 0 Sa{'?a ocuerfsfnst (?P sggr‘(': wwgatﬁeafga}grgeegsing unit
in which the pardreéegsartoied.de0eding axfordeves fisesdrieti ettem pa b nerdtsd L6 ding which

includes orthogopabtfansfmanthbayantizginssithe PseeeISnG: HaldS veregkiotberemaltesin a

direction frgm a higher, level to a.lower, 30 level, a coding unit.exists as a largest processing, unit at a
highest hie?gchiggl I:’gfeﬁ,r ah g‘ferglan% grlr%afr}{ﬁy’eex"is'tgségga pPéf% 4 % f%r%aﬁ?e?h?aﬁoms é:oding unit
at a lower hieraréripya@neperahatay eeeperlthanetas @igHést hieraohidal Rfyecoisparbametetlis a

quantization pargaesien appliedde thessansfarmgiild therBigFAredh be reduced compared
with the case where a parameter is stored for each of the smallest
processing units located at the lowest hierarchical layer, and coding
20 efficiency can be improved. With this, image quality and coding
efficiency can be improved simultaneously. Maoreover, since by
parsing the hierarchy depth information, a hierarchical layer having a
processing unit in which a parameter is stored is specified, it is
possible to reduce the burden of a process of searching the
25 processing unit in which the parameter is stored.
[0012]

Moreover, the coded stream is generated by coding which
includes orthogonal transform and quantization, the processing unit
is layered to be smaller in a direction from a higher level to a lower

30 level, a coding unit exists as a largest processing unit at a highest
hierarchical layer, and a transform unit exists as a processing unit
smaller than the coding unit at a lower hierarchical layer that is
deeper than the highest hierarchical layer, the parameter is a
quantization parameter applied to the transform unit, the hierarchy

35 depth information indicates a lower hierarchical layer that is deeper
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35depth information indicates a lower hierarchical layer that is deeper than the highest hierarchical
layer, and (i) a hierarchical layer indicated by the hierarchy depth information or (ii) a hierarchical layer
which is higher than the hierarchical layer and is other than the highest hierarchical layer is specified,
when specifying a hierarchical 5layer having a processing unit in which the quantization parameter is
stored. [0013]  hafvitReni8 ahe HokiBleTEhirRYd A RlityaR GuihtiZtBIERS & icahtiReRn
parameter and codiigafidiengcytinethe guamntizatiteapt parameteti inberdiniproe sirHtanesusly .
0014 More . ; igtur f icture including the progessing units,
gnd tge hierarchy%%tmﬁ%?ﬁ%%?% rr%a %@t@ﬁ%g‘ %%[%g%'c(o[ég ye%tf-ldgﬂ dlcﬁo%[eﬁ'ﬁr%% li‘/\%’?’[hethis, a
hierarchy having ' BR&&SSRigGRAIAMR iRANIROIEE ISaFREide he¥elsary RecHydbaimghtestiedieah be
identified as & coramanthierachigadayes fiog thaiwhole icteed QA 2oMoseoyerawhar the
processing unit is,5 leco ed, the quantization parameter located, within the processing unit, after a
transform coefficient generated by the orthogonal transform and quantization may be used. [0017]
25With this, sincé¥@d dliantization parameter is stored only when there are transform coefficients, the

quantization parameter ignet stosedbendbens areonadraadainutsfinienis andneding gfficiency

can be improvedq[?g%é]zation parameter and coding efficiency in the quantization

10 parameter to be improved simultaneousiy.

[0014]

Moreover, the header may be a picture header for a picture
including the processing units, and the hierarchy depth information
may be stored in the picture header.

15 [0015]

With this, a hierarchy having a processing unit in which a
parameter necessary for decoding is stored can be identified as a
common hierarchical layer for the whole picture.

[0016]

20 Moreover, when the processing unit is decoded, the
quantization parameter located, within the processing unit, after a
transform coefficient generated by the orthogonal transform and
guantization may be used,.

[0017]

25 With this, since the quantization parameter is stored only
when there are transform coefficients, the quantization parameter is
not stored when there are no transform coefficients and coding
efficiency can be improved.

[0018]

30 Moreover, in order to achieve the above mentioned goal, an
image coding method according to an aspect of the present invention
is an image coding method for generating, by coding a moving
picture, a coded stream which includes a plurality of processing units
and a header for the processing units, the processing units including

35 at least one processing unit layered to be split into a plurality of
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30Moreover, in order to achieve the above mentioned goal, an image coding method according to an
aspect of the present invention is an image coding method for generating, by coding a moving picture,
a coded stream which includes a plurality of processing units and a header for the processing units,
the processing units including 35at least one processing unit layered to be split into a plurality of -5-

smaller processingURItE tREIRFEGE COHIMG et HMAISHHAF 680G the ticvilepngureodiftng, into
the header, hierat¢hy depthiirformetionefor wpaeiyingiatbierarehiealdayer hawing @ IPYOCESBHY unit in
which a paramet f oding is stared; and Swriting the parameter into the processing
unit located at thzaﬁgﬁﬁ?% I%%/ﬂ% &éﬁ%éﬁ%% tﬁ]ei%igiggclﬁ)? Edg%\fﬁrﬁjoarmgt?oﬁ. fb@l@ﬁsgm%ith this,
when the processitigtufit i% RisFareh Rl TASEREdN 8 GRESMBIEOEal PO @ N Svisicd _ediffsrdnt for

each of the spall dbigragessing piitmthakare jaeated at pre lpwdiegarghigal | lgygrs gAs e reswlt, the

image decoding ratus. c ecode the process nits by applying a different parameter to each
of the small proczrggiagréhft%%{;frgd/ ﬁ{e?gf%%ﬁ??nq:g%é/ q%it:‘}'%éﬁ@ %%?g%gd.%r@cﬁﬁ?,rby writing, into
a header, the hieldt8iy? diepth information 15 for specifying the hierarchical layer having a processing

unit in which a parametegngeessarwnedagasipoiscsioned . dhgchierashicahlayencan begptified to the
image decoding a éaaratu . Therefore, an_ arbitrary hi I‘aI‘CEI, | layer can be set without limiting the
hierarchical Iayer'g) tREowest ﬂ{ér%%h‘ﬁ"c" ﬂisgerv.")éhceﬁe’r%r 'Cieer%y taﬁ%uﬁ%f‘c&giﬁa?oﬁ ge

parameterslificlude® it astodachstrctinalcandw redackdtdbrmpamne dhigita thbicaséawbese admmmeter is
stored for each of the,amaliest ipracrssing yRiHgcatesabiha lawest lietiehioak layerc ang £gding
efficiency can be im%rﬁov d. With this, imagﬁi%alitéand C%g}i?%ﬁdenc can be improved
simultaneously. 2%'] 2(%y IR e oftHOGERAY trBAS d FRia ioffard GerfoRAkd on the
moving picture wiknthesimayingnpgisturenid couet; fiheepiotegsing umiitis lagereddoibepsonadiér in a

direction from a highes de\e! 19,2UMRR {£VEIL & SORLEHURILEXISH &S RA98RH3R %‘P&?ﬁ?ﬁ@ﬂ)Hmt ata

highest hierarchical layer, and a transform unit exists as a processing unit smaller than the coding unit

at a lower hletarcHiaRGRMINE (188 GEPIAICRE RGHAPNIBIAR MEALRSHIN She B AmEiiths a
quantization parameteraapplied tethes sansfirmdett dhedghisratcne depheitfarraatinrcindisatas a

hierarchical layer 33thglis{gwRkinan the bighest bigiallraLIaysh A4 (e PFAMEIRTS -8y
arbitrary hierarchical layer can be set without limiting the
hierarchical layer to the lowest hierarchical layer. Therefore, the
20 amount of coding for all parameters included in a coded stream can
be reduced compared with the case where a parameter is stored for
each of the smallest processing unit located at the lowest hierarchical
layer, and coding efficiency can be improved. With this, image

quality and coding efficiency can be improved simultaneously,

25 [0020]

Moreover, orthogonal transform and quantization are
performed on the moving picture when the moving picture is coded,
the processing unit is layered to be smaller in a direction from a
higher level to a lower level, a coding unit exists as a largest
30 processing unit at a highest hierarchical layer, and a transform unit
exists as a processing unit smaller than the coding unit at a lower
hierarchical layer that is deeper than the highest hierarchical layer,
the parameter is a quantization parameter applied to the transform
unit, the hierarchy depth information indicates a hierarchical layer

35 thatis lower than the highest hierarchical iayer, and the parameter is
-6 -



written into a processing unit at (i) a hierarchical layer indicated by the hierarchy depth information or
(if) a hierarchical layer which is higher than the hierarchical layer and is other than the highest
hierarchical layer, when the quantization parameter is written. 5[0021] With this, it is possible for
image quality in quantization by a quantization parameter and coding efficiency in the quantization
parameter to be Wipredrdimaltanecessyn DOZ2T EdMbréovee s himaddeised pictice isshber for a

e pessa o IS e B e e

picture header when the hierarchy information is written. i is, a hierarchical layer
having a procesﬁh%nlﬁ{it ﬂ?%iéﬂ% Eg?éﬁ{é:?acr%c%%%%?y?&ddé od rs\gﬁﬁadtgh% Eéggb‘?ﬁrnonly set
for the whole pictiesd0024pMereorew vere brthecquanttizatiompaeaarerdes igritteiitére 20 quantization

parameter mgay ng_tlttjen within the processing unit, after a transform coefficient generated by the
orthogonal transform and guantization. [0025] With this, it is [rfossible for a quantization

parameter to be 25 writti Shiy"indh 8@ tFafiformagemitiaiity, Uhg LBaMgERGeR¥ean be
improved. [0026]quantizsttoutd pemaotexd ¢nabine predery irféition an etimeplgmemteth i the above

described imagedjachqq%m%hgg %%?@vié@gﬁﬁﬁﬁié‘rgélﬂ‘ég\w- It can also be implemented as an

apparatus for coding_or decoding an image, an integrated circuit, a program for decoding or coding an
image according[t% ﬂéjmethods, and a recording medium having the program stored thereon.
[Advantagddus Effects of timeenteionfhe header is a picture header for a picture including

the processing units, and the hierarchy depth information may be
written into the picture header when the hierarchy depth information
is written.

[0023]

15 With this, a hierarchical layer having a processing unitin which
a parameter necessary for decoding is stored can be commonly set
for the whole picture.

[0024]
Moreover, when the quantization parameter is written, the

20 quantization parameter may be written within the processing unit,
after a transform coefficient generated by the orthogonal transform
and gquantization,

[0025]
With this, it is possible for a quantization parameter to be

25 written only when there are transform coefficients, and coding
efficiency can be improved,.

[0026]
It should be noted that the present invention can be
implemented as the above described image decoding method and

30 image coding method. It can also be implemented as an apparatus
for coding or decoding an image, an integrated circuit, a program for
decoding or coding an image according to the methods, and a
recording medium having the program stored thereon.
[Advantageous Effects of Invention]

35 [0027]
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35 [0027] The image decoding method and the image coding method according to the present
invention can improve image quality and coding efficiency simultaneously. [Brief Description of
Drawings] 5 [0028] [Fig. 1] FIG. 1 is a diagram showing the configuration of a conventional coded
stream. [Fig. 2] 10FIG. 2 is a block diagram showing the configuration of an image coding apparatus
according to Embodiment'e of iggreteerhivantioatog. and therimages soslseg F?@ﬁﬁshowing

the configurationzafcardim gnege lecpeing apparaitsi aaceeingntp Foubogiaget & 0hthe piggent
invention. [Fig. Z%thn 4is IS-8n, |IIustratlond||€1%;nam fO{ describing a multi-hierarchical block structure.

20[Fig. 5] |aC[r%1rﬁ1cghSc5vn\;ﬁH he confi uratlon of a coded stream to be generated by
TMuC software. fﬁgieg,a@escrlptson of Drawmgs]
5 [0028]
[Fig. 1]

FIG. 1 is a diagram showing the configuration of a
conventional coded stream.

[Fig. 2]

10 FIG. 2 is a block diagram showing the configuration of an
image coding apparatus according to Embodiment 1 of the present
invention.

[Fig. 3]

FIG. 3 is a block diagram showing the configuration of an
15 image decoding apparatus according to Embodiment 1 of the present
invention.
[Fig. 4]
FIG. 4 is an illustration diagram for describing a
mulfti-hierarchical block structure.
20 [Fig. 5]
FIG. 5 is a diagram showing the configuration of a coded
stream to be generated by TMuC software.
[Fig. 6A]
FIG. 6A is a diagram showing the configuration of a coded
25 stream according to Embodiment 1 of the present invention.
[Fig. 6B]
FIG. 6B is a diagram showing the configuration of a coded
stream according to Embodiment 1 of the present invention.
[Fig. 6C]
30 FIG. 6C is a diagram showing the configuration of a coded
stream according to Embodiment 1 of the present invention.
[Fig. 7]
FIG. 7 is a diagram showing the configuration of another coded
stream according to Embodiment 1 of the present invention.
35 [Fig. 8A]
8-



FIG. 6A is a diagram showing the configuration of a coded 25 stream according to Embodiment 1 of
the present invention. [Fig. 6B] FIG. 6B is a diagram showing the configuration of a coded stream
according to Embodiment 1 of the present invention. [Fig. 6C] 30FIG. 6C is a diagram showing the

configuration of a coded stream according to Embodiment 1 of the present invention. [Fig. 7_} FIG.
7 is a diagram showing fR&cofffyuatdnGRehdiRef BOYEA StrEAR S6E0HAMGHPEMBOAMEHLIL of the

present inventiore 3&thig: 88ked striéarBAdsc eiaganosFonbigiihectanfigwatier ob eestéhanother
coded stream aCﬁQ\g I Embodiment 1 of the present invention. [Fig. 8B] 5FIG. 8B is a diagram
showing the configuration of a still another coded stream according to Embodiment 1 of the present
invention. [Fig. 9A]'9- 8BFIG. 9A is a diagram showing the storage position of 10

Max_quantizﬁ_tion_unit_hmarcgw_cbemh @;@@r_gi_;iﬁg gﬁ(ﬁmbgdim@ta@er@@r@@@ﬁnbmvgngjgn. [Fig. 9B]
A s TR e el e
invention.
[Fig. 9A]
FIG., 9A is a diagram showing the storage position of
10 Max_quantization_unit_hierarchy_depth according to Embodiment 1
of the present invention.
[Fig. 9B]
FIG. 9B is a diagram showing the storage position of
Max__quantization_unit_hierarchy_depth according to Embodiment 1
15 of the present invention.
[Fig. 10A]
FIG. 10A is a diagram showing a delta quantization scale
parameter according to Embodiment 1 of the present invention.
[Fig. 10B]
20 FIG. 10B is a diagram showing a quantization dead zone offset
parameter according to Embodiment 1 of the present invention.
[Fig. 10C]
FIG. 10C is a diagram showing an index according to
Embodiment 1 of the present invention.
25 [Fig. 10D]
FIG, 10D is a diagram showing a quantization offset parameter
according to Embodiment 1 of the present invention.
[Fig. 11]
FIG. 11 is a flowchart showing decoding of delta QP by the
30 image decoding apparatus according to Embodiment 1 of the present
invention.
[Fig. 12]
FIG. 12 is a flowchart showing computation of QP by the image
decoding apparatus according to Embodiment 1 of the present

35 invention.
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FIG. 10A is a diagram showing a delta quantization scale parameter according to Embodiment 1 of the
present invention. [Fig. 106] 20FIG. 106 is a diagram showing a quantization dead zone offset
parameter according to Embodiment 1 of the present invention. [Fig. 10C] FIG. 10C is a diagram
showing an index according to Embodiment 1 of the present invention. 25[Fig. 10D] FIG. 10D is a
diagram showing[ﬁﬁaualrﬁi}zation offset parameter according to Embodiment 1 of the present invention.

[Fig. 11] FIG. 11 ismsflovechagd sbowingrdeerding @bdaltaiQiy by thee30apoe Sesewing

apparatus according to.Embodiment .1 of the present inventian. [Eig. 1 . FIG, 12 js g flowchart
showing comput%tﬁ?nég?% b?/ct%%ri%ﬁg ett eco ?@H%%Qrgté a%:t:orEcm%ot%'EﬁB df‘mé’rﬁ f%)? the

present 35inventRiESfrig iABENLIOF|G. 13 is a flowchart showing decoding by the image decoding
apparatus aggordirg; tfoiMpdification 1 of Embodiment 1 of the present invention. 5[Fig. 14] FIG.

14 is a flowchart showing.coding by the.j di tus, accarding to Modification 1 of
Embodiment 1 of the prédSTt tietion. 16 154] T0PI 85408 4 oREnaIESHBAHG 880Uy by the

image apparatus according to Modification 1 of Embodiment 1 of the
present invention,
[Fig. 15A]
10 FIG. 15A is a flowchart showing decoding by the image

- decoding apparatus according to Modification 2 of Embodiment 1 of
the present invention.
[Fig. 15B]
FIG. 15B is a flowchart showing decoding by the image
15 decoding apparatus according to Modification 2 of Embodiment 1 of
the present invention.
[Fig. 16A]

FIG. 16A is a flowchart showing coding by the image coding

apparatus according to Modification 2 of Embodiment 1 of the
20 present invention.
[Fig. 16B]

FIG. 16B is a flowchart showing coding by the image coding
apparatus according to Modification 2 of Embodiment 1 of the
present invention.

25 [Fig. 17A]
FIG. 17A is a flowchart showing an image decoding method
according to the present invention.
[Fig. 17B]
FIG. 17B is a flowchart showing an image coding method
30 according to the present invention.
[Fig. 18A]
FIG. 18A is a diagram showing a syntax of sequence header
according to Embodiment 1 of the present invention.
[Fig. 18B]
35 FIG. 18B is a diagram showing a syntax of picture header
-10 -



decoding apparatus according to Modification 2 of Embodiment 1 of the present invention. [Fig. 158]
FIG. 158 is a flowchart showing decoding by the image 15 decoding apparatus according to
Modification 2 of Embodiment 1 of the present invention. [Fig. 16A] FIG. 16A is a flowchart
showing coding by the image coding apparatus according to Modification 2 of Embodiment 1 of the
20present inventifEIERN g6 Embpmimegy id £fidheriesrohity €6ding by the image coding
apparatus accordipgytoidadification 2 of Embodiment 1 of the present invention. 25[Fig. 17A]

FIG. 17A is a flowchart in image decoding method according.to the present jnvention. [Fig.
178] FIG. 178 iEE}I owc art'ghgwiﬁbagmrr{?agsb %\c')véf}}% nalet%\()rgtééac%fgréelllwge tohﬁaed&resent
invention. [Fig. 18AFordingido ke diaigtarh ehdivigrespmtbtrofertjosnce header according to
Embodimentsl offthg present invention. [Fig. 188] 35FIG. 188 is a diagram showing a syntax of picture

header -10- according tp,Embament 1 of B8 Pr e eI tax of coding unit (CU)

according to Embodiment 1 of the present invention.
[Fig. 19B]
FIG. 19B is a diagram showing a syntax of prediction unit {PU)
10 according to Embodiment 1 of the present invention.
[Fig. 19C]
FIG. 19C is a diagram showing a syntax of transform unit (TU)
according to Embodiment 1 of the present invention.
[Fig. 20]
15 FIG. 20 is an overall configuration of a content providing
system for implementing content distribution services.
[Fig. 21]
FIG. 21 shows an overall configuration of a digital
broadcasting system:. ‘
20 [Fig. 22]
FIG. 22 shows a block diagram illustrating an example of a
configuration of a television,
[Fig. 23]
FIG. 23 shows a block diagram illustrating an example of a
25 configuration of an information reproducing/recording unit that
reads and writes information from and on a recording medium that is
an optical disk.
[Fig. 24]
- FIG. 24 shows an example of a configuration of a recording
30 medium that is an optical disk.
[Fig. 25A]
FIG. 25A shows an example of a cellular phone.
[Fig. 25B]
FIG. 25B is a block diagram showing an example of a

35 configuration of a cellular phone.
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[Fig. 18C] FIG. 18C is a diagram showing a syntax of slice header according to Embodiment 1 of
the present invention. 5[Fig. 19A] FIG. 19A is a diagram showing a syntax of coding unit (CU)
according to Embodiment 1 of the present invention. [Fig. 19B] FIG. 19B is a diagram showing
a syntax of prediction unit (PU) 10 according to Embodiment 1 of the present invention. [Fig. 19C]
FIG. 19C is a dia§Fa#n Sfdwing a syntax of transform unit (TU) according to Embodiment 1 of the

present invention. [Fig. 20}d5FHGi QB isae overalt genfiguattion ofia eomtens prgviding system for
implementing co!ll nt d%s} ibution_services. [Fig. 21] FIG. 21 shoyvs an oyerall cpnfiguration of a
digital broadcastihg gys em. 20[Fig. 22] FIG. 22 shows a block diagram illustrating an example of
a configuration of a teleVidfon 2[ERE PR RIS Didyshioam v ledidy rane Blostrating balexamhple of a 25
configurationsof am ifepmratian gereeducing/recording unit that reads and writes information from and
on a recording mff-jfamztg?t is an optical disk.
FIG. 28 shows how a video stream is stored in a stream of PES
packets in more detail.
[Fig. 29]
10 FIG. 29 shows a structure of TS packets and source packets in
the multiplexed data.
[Fig. 30]
FIG. 30 shows a data structure of a PMT.
[Fig. 31]
15 FIG., 31 shows an internal structure of multiplexed data
information,
[Fig. 32]
FIG. 32 shows an internal structure of stream attribute
information.
20 [Fig. 33]
FIG. 33 shows steps for identifying video data.
[Fig. 34]
FIG. 34 shows an example of a configuration of an integrated
circuit for implementing the moving picture coding method and the
25 moving picture decoding method according to each of embodiments.
[Fig. 35]
FIG. 35 shows a configuration for switching between driving
frequencies.
[Fig. 36]
30 FIG. 36 shows steps for identifying video data and switching
between driving frequencies,
[Fig. 37]
FIG. 37 shows an example of a look-up table in which video
data standards are associated with driving frequencies.
35 [Fig. 38A]
-12 -



[Fig. 24] FIG. 24 shows an example of a configuration of a recording 30medium that is an
optical disk. [Fig. 25A] FIG. 25A shows an example of a cellular phone. [Fig. 25B] FIG. 258 is
a block diagram showing an example of a 35configuration of a cellular phone. -11- [Fig. 26] FIG. 26
illustrates a structure of multiplexed data. [Fig. 27] FIG. 27 schematically shows how each
stream is multiplexed in BhtultiBéxéd alatea gFegn28howin&16n 28xsimopis hofvwaosdéiq siredonis stored

in a stream of PE@ Pagkets | #p nore datai bf[F'gsaéﬁ]a]r%&e%%;ﬂH)Wﬁ @ structure of IS packets and
e

source packets i |n the multl xed data. [

FIG. 38B is a diagram showing another example of a
5 configuration for sharing a module of the signal processing unit.
[Description of Embodiments]
[0029]

Hereafter, the embodiments of the present invention will be

described with reference to the drawings.
10 [0030]
[Embodiment 1]

FIG. 2 Is a block diagram showing the configuration of an
image coding apparatus according to the present embodiment.
[0031]

15 An image coding apparatus 1000 includes a coding processing
unit 1100 and a coding control unit 1200,
[0032]

The coding processing unit 1100 generates a coded stream by

coding moving pictures on a block-by-block basis. The coding

20 processing unit 1100 includes a subtractor 1101, an orthogonal
transform unit 1102, a quantization unit 1103, an entropy coding
unit 1104, an inverse quantization unit 1105, an inverse orthogonal
transform unit 1106, an adder 1107, a deblocking filter 1108, a
memory 1109, an intra prediction unit 1110, a motion compensation

25 unit 1111, a motion estimation unit 1112, and a switch 1113.
[0033}

The subtractor 1101 obtains a moving picture and a prediction
image from the switch 1113, The subtractor 1101 subtracts the
prediction image from the current block to be coded included in the

30 moving picture, to generate a difference image.
[0034]

The orthogonal transform unit 1102 performs orthogonal
transform such as discrete cosine transform on the difference image
generated by the subtractor 1101, to transform the difference image

35 into a coefficient block comprising a plurality of frequency
-13 -



FIG. 30 shows a data structure of a PMT. [Fig. 31] 15FIG. 31 shows an internal structure of
multiplexed data information. [Fig. 32] FIG. 32 shows an internal structure of stream attribute
information. 20[Fig. 33] FIG. 33 shows steps for identifying video data. [Fig. 34] FIG. 34 shows an

example of a configuration of an integrated circuit for implementing the moving picture coding method
and the 25 movif@ Bi¢taierdécodihgametdatizzbring o leath b3 efbbtinentedcly. 86]the FIG. 35

shows a configuraidei tor gyiteeing:-Retvéernt drvénDifrauensiesi dRa s 3Ab3RMe . garshaws steps for
identifying video da%a %nd avx@%chgﬂgigertwbelen l((Jl‘riving frequencies. [F_ig. 37] _ FIG 37 shows an
example of a IooE—upr}atz)f:‘é in"Whicl video 0ata ‘standards are associated with driving frequencies.
35[Fig. 38A]  [0035]

5 The entropy coding unit 1104 generates a coded stream by
performing entropy coding (variable length coding) on the coefficient
block quantized by the quantization unit 1103 and a motion vector
estimated by the motion estimation unit 1112,

[0036]
10 The inverse quantization wunit 1105 performs inverse
guantization on the coefficient block quantized by the gquantization
unit 1103, The inverse orthogonal transform unit 1106 generates a
decoded difference image by performing inverse orthogonal
transform such as inverse discrete cosine transform on each of the
15 frequency coefficients included in the inversely quantized coefficient
biock.
[0037]

The adder 1107 generates a locally decoded image by

obtaining a prediction image from the switch 1113 and by adding the
20 prediction image and the decoded difference image which is

generated by the inverse orthogonal transform unit 1106.

[0038]

The deblocking filter 1108 removes block distortion of the
focally decoded image generated by the adder 1107 and stores the

25 locally decoded image in the memory 1109.
[0039]

The intra prediction unit 1110 generates a prediction image by
performing intra prediction on the current block to be coded using
the locally decoded image generated by the adder 1107.

30 [0040]

The motion estimation unit 1112 estimates a motion vector for
the current block to be coded included in the moving picture, and
outputs the estimated motion vector to the motion compensation
unit 1111 and the entropy coding unit 1104.

35 [0041]
- 14 -



FIG. 38A is a diagram showing an example of a configuration for sharing a module of a signal

processing unit. [Fig. 38B]

for sharing a module of the signal processing unit. [Description of Embodiments] [0029]
the embodiments of the present invention will be described with reference to the drawings. 10[0030]
[Embodiment 1] FIG. 2 i$ héblogkodiagraracshowimggttie configirativhidf amanagencodinmpaipparatus

according to the prgagi-RmReMRANtHE03 M- LPANLIMAagS §oding gRRAr s 4PAQ iRgludes a.coding
processing unit 1100 and a Coglr(lﬁg ontrol unit 1200, [0032] The coding processing unit 1100
|

generates a codé@?tgga?mﬁ?

OI

FIG. 38B is a diagram showing another example of a 5configuration

Hereatfter,

e A RS TR IR LTRSS PO HFIG 80

processing unit 160 inaltides ae;xﬂoﬂraeﬁcﬁir_ﬂm@edahsorthggmatitwnﬁsthnahipﬂzlﬂﬂ,ﬁa fuatization
unit 1103, asentieRy GAdNg AIni ok AN IYATsE fvantization ypit L1A3, ap.nverse githpgonal

transform unit 1106, an adder 1107, a deblocking filter 1108, a'memory 1109, an intra prediction unit

1110, a motion cOMPEEERAFOS B MR AR METaF B HiHAG S RFRE T P11 LAHALNiRIP €118, [0033]

10

15

20

25

30

35

be coded.
[0042]

When intra predictive coding is performed on the current block
to be coded, the switch 1113 outputs the prediction image generated
by the intra prediction unit 1110 to the subtractor 1101 and the
adder 1107. When inter predictive coding is performed on the
current block to be coded, the switch 1113 outputs the prediction
image generated by the motion compensation unit 1111 to the
subtractor 1101 and the adder 1107,

[0043]

The coding control unit 1200 controls the coding processing
unit 1100, More specifically, the coding control unit 1200
determines a processing unit in which a guantization parameter is
stored and hierarchy depth information for specifying the location of
the processing unit. The quantization parameter is a parameter
used for quantization by the quantization unit 1103 and inverse
quantization by the inverse quantization unit 1105. The processing
units according to the present embodiment are layered, and each of
the processing units at any layer corresponds to the above described
block. The hierarchy depth information is, for example, a parameter
for specifying the layer having a processing unit in which a
quantization parameter is stored. The coding control unit 1200
instructs the entropy coding unit 1104 to store a quantization
parameter in the above determined processing unit and to store the
hierarchy depth information in the header of the coded stream (for
example, sequence header or picture header).
f0o44]

FIG. 3 is a block diagram showing the configuration of an
image decoding apparatus according to the present embodiment.

-15.-



The subtractor 1101 obtains a moving picture and a prediction image from the switch 1113. The
subtractor 1101 subtracts the prediction image from the current block to be coded included in the 30
moving picture, to generate a difference image. [0034] The orthogonal transform unit 1102
performs orthogonal transform such as discrete cosine transform on the difference image generated
by the subtractor[££#45 to transform the difference image 35into a coefficient block comprising a

plurality of frequency - 18n cpefiigientse db@ Sganiizadianusit 200D qyaptizeseash bt frepuency
coefficients includ?d in thlencoeffg%i?gté)éock, 0] g(zner te a ?uantiz?d coeffi é)e(g]t block. [0035] 5The
entropy coding uRittoz geqnélr%te codélf'sfre ?ﬁoo@ B%r o?r'?ﬁﬁ% eLH?IJB oding (variable length
coding) on the cdéffidient block quantized by the quantization unit 1103 and a motion vector estimated

by the motiog estimationruaitdlk2 09 36b0TEM verse aerniization tait 1 1058 pedermsiwerse
quantization on the coefficient block %u n |z_egb the_ quantization upit - 03, The inverse grthogonal
transform unit 116% g%ﬁ%?zﬁé'&ga aec%acz%Adlﬁ FS%E% u‘ﬁ'&g@ b;gkleaforgﬁl#é?ﬁgerggﬂﬁhogg transform
such as inverse discaigngbgine teswmfagmion eadh of theld8fksgaeney boafficidatiticlgdedin the
inversely quantized gpefficient blade [Q03AtizatidRe Gfenl Yy ogReraiesadocaly, dgepded image
by obtaining a prediction Image fom s sunch 4382 9105 AU 0% ing filter 2105, a

10 memory 2106, an intra prediction unit 2107, a motion compensation
unit 2108, and a switch 2109,

[0047]

The entropy decoding unit 2101 obtains a coded stream and
performs entropy decoding (variable length decoding) on the coded

15 stream.

[0048]

The inverse quantization unit 2102 performs inverse
quantization on the quantized coefficient block generated by entropy
decoding by the entropy decoding unit 2101. The inverse

20 orthogonal transform unit 2103 generates a decoded difference
image by performing inverse orthogonal transform such as inverse
discrete cosine transform on each of the frequency coefficients
included in the inversely quantized coefficient block.

[0049]

25 The adder 2104 generates a decoded image by obtaining a
prediction image from the switch 2109 and by adding the prediction
image and the decoded difference image which is generated by the
inverse orthogonal transform unit 2103.

[0050]

30 The deblocking filter 2105 removes block distortion of the
decoded image generated by the adder 2104, stores the decoded
image in the memory 2106, and outputs the decoded image.
[0051]

The intra prediction unit 1110 generates a prediction image by

35 performing intra prediction on the current block to be decoded using
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20 prediction image and the decoded difference image which is generated by the inverse orthogonal
transform unit 1106. [0038] The deblocking filter 1108 removes block distortion of the locally
decoded image generated by the adder 1107 and stores the 25 locally decoded image in the memory
1109. [0039] The intra prediction unit 1110 generates a prediction image by performing intra
prediction on the'O\HrEREBRRR 1659 BoRiBBRISHIRY 1688115 @debsdetlfhage generated by the adder
1107. 30 [0040] [005DHe motion estimation unit 1112 estimates a motion vector for the current block
to be coded included in maQyli icture, ts th ti mation vector to the motion
compensation unit 11111@?1% tﬁ%%ﬁgpyégoﬁ%gg%%ﬁ%fmﬁ é?o%%% p?ﬁg Fnr%%on%cgﬁ%%nsation
unit 1111 perforri8 MBAHATIRTPENsEEBrcoR Rt RIPEkt IR €r56 ¢8d devbyeleferitg® the image

stored in theamenarg 169 asdi retererae inageanbbysusingfhe Malion ¥ygetenestimaiesd by the
motion estimation, unit 1112. 5 The motion co nsation.unit 1111 generates the motion
compensation, a%r%di‘gﬁ]gho ﬁné’&g v‘dﬁhﬁ%&‘&é@?@g jtﬁg C%Prgr%%oc%l? f%o Bsengogjé/dt%%b%ﬁ eh intra
predictive codingde§sEtoam&n oA 19 curfét BIeskeTocR be st othe! BIFiR-hOBL 48 teitpLeEs the
prediction image wWenpeated by thedptipepresicsion #pkddi@ierthmsuirascter Adédeand shegyadder
1107. When inter @(-?8‘0“‘6? C di{lég s pc)lgrformeeg on the current block to be coded, the switch 1113
outputs the predi% lon fﬁ%agga n rgt% b ?l‘ije rmotion compensation unit 1111 to the 15 subtractor
1101 and tA& add€0PBd7. [0043] The coding control unit 1200 controls the coding processing unit

1100i.M?'re specifically,Wgﬁpﬁiﬂgc?cgpgﬁl_dm =126\ ig%tgr?g}%?}péfgcgﬁsgﬂg EUW{%%TH%E'Q i
guantization parameter is 20 stored a ierarchy information for specifying the location of the
processing unit. TRe %aﬁﬁfé’t%%gpattgvﬁet%‘?’lgcg pgéﬁgeté’rq}%&‘cfortaﬁarﬁi%%%gﬁgBV tHg‘ﬁ‘@fntization
unit 1103 and inv&ese tpladtiZayiobhsy thériaverssl qiéemtizatioh W&ii0¥106. The prdcessiad Uhits
according to the pygaaNtARMOGANRRA pLedaYeretisapd #8eM el on the current block to be

15 decoded, the switch 2109 outputs the prediction image generated by

the motion compensation unit 2108 to the adder 2104.
[0054]
The decoding control unit 2200 controls the decoding
processing unit 2100. More specifically, the decoding control unit
20 2200 parses the hierarchy depth information stored in the header of
the coded stream (for example, sequence header or picture header),
based on the result of the entropy decoding by the entropy decoding
unit 2101, The decoding control unit 2200 identifies, based on the
hierarchy depth information, the hierarchical layer having a
25 processing unit in which a quantization parameter is stored and
parses the quantization parameter included in the processing unit in
the hierarchical layer. The decoding control unit 2200 instructs the
inverse quantization unit 2102 to perform inverse quantization using
the parsed quantization parameter.
30 [0055]
FiG. 4 is an ilustration diagram for describing layered
processing units (multi-hierarchical block structure).
[0056]
The coding processing unit 1100 performs coding on the

35 moving picture for each of the processing units, and the decoding
-17 -



25 the processing units at any layer corresponds to the above described block. The hierarchy depth
information is, for example, a parameter for specifying the layer having a processing unit in which a
guantization parameter is stored. The coding control unit 1200 instructs the entropy coding unit 1104
to store a quantization 30 parameter in the above determined processing unit and to store the
hierarchy depth iRFHRESFORIN YRdCheddt c1eise ¢etlethstréafiqtorsdkaniplel wedirtivedfietitfer or
picture header). [PPdédssing urfits. 3Tha Plpskaiagiann showing the gonfigurtion of essaximage
decoding appara&usigccg%dén&tg ghnq t_ﬂqes?nt emllnr%)diment. - 15 ] [é)045f]T11 ﬁ 'mag?e gz%co ing
apparatus 2000 indludes'a decoding progeggiﬁsgsun‘ﬂ ffbbgaﬁaeaa €68 6%8 '3l nit 29dE [0046]
5The decoding pfbéesshig! upip2€00igenerdtssia detiddetdnsaga ! Br decochsgiagoded strelim on a

block-by-blogk bagisdie decadingPrepgssingenit 24804nsludesi g eptiepydesading unik@101, an

inverse quantizaggn unit, 210 ,an inv,ersergrt ogonal transform unit 2103, an adder 2104, a
deblocking filter 2166% = TH-Alelfbfy) 208 AR It pPEARERA LRitSH6 £ ShotS i &sREE R ion unit
2108, and a swit¢hv2@01j0047E valudsdemntiopy tdecddang onliti2d 0 1etsains @ comled.strbam and

performs entropy deapdilg (WREiRRIeenehdecrginalOn Bircarded ha sieAR-iP48layer in
which the processing unit exists is shallow and is in high level and the
10 value showing the hierarchical layer is smaill.
[0057]

The processing unit includes a coding unit (CU), a prediction
unit (PU}, and a transform unit {TU). CuUis a block of maximum 128
X 128 pixels, and corresponds to the conventional macroblock. PU s

15 a basic unit for inter prediction. TU is a basic unit for orthogonal
transform, and the size of TU is the same as the size of the PU or is
smaller than the size of the PU by one hierarchical layer. CU is, for
example, divided into four sub CUs, and one of the sub CUs includes
the PU and the TU both having the same size as the sub CU (in this

20 case, PU and TU are overlapping with each other). For example, the
PU is further divided into four sub PUs, and TU is also further divided
into four sub TUs. It should be noted that when the processing unit
is divided into small processing units, the small processing unit is a
sub-processing unit. For example, when the processing unit is CU,

25 the sub-processing unitis a sub CU. When the processing unitis PU,
the sub-processing unitis a sub PU. When the processing unitis TU,
the sub-processing unit is a sub TU.

[0058]

The following will describe the detall.

30 [0059]

Pictures are divided into slices. A slice is a sequence of
largest coding units. The location of the largest coding unit is
specified by the largest coding unit address IcuAddr.

[0060]

35 Each coding unit including the largest coding unit is divided
-18 -



The inverse quantization unit 2102 performs inverse quantization on the quantized coefficient block
generated by entropy decoding by the entropy decoding unit 2101. The inverse 20 orthogonal
transform unit 2103 generates a decoded difference image by performing inverse orthogonal transform
such as inverse discrete cosine transform on each of the frequency coefficients included in the
inversely quantizedeoéfficieolliotk. [00R9] 26Thesadelor 2104 garmritesta decederlimddigechy

obtaining a predighign/a}age;fAna £ sVleh @%Q?n"i‘f‘d byhadeiieg s PEpdisHORJAIRGE Ad fhe

decoded difference’ image which is generated by the inverse orthogonal transform unit 2103. [0050]

30The deblockingPfief 0% Vet SR Sl 6K i de¥otied il HafeHRRE Biftte adder
2104, stores the sieegued{phagiedn toe fiieneor) 2106 @ getpiuts the gdecoded nhedger|005d |

The intra preglictign Hﬂito”&i(?\ generates a prediction image by 35 performing intra prediction on the
current block to be decoded using the decoded image generated by the adder 2104. [0052] The
motion compens&‘ﬁ@ﬁ ihit 2108 performs motion compensation on the current block to be decoded by
referring to the 5 image Stoced hetlhe diegaryi 2196 ais a lefesenee hmageignid by asimgdbesgiotion

vector generatec oy SR ARHAIIA BY SR Pe5die Hol R103, TheBaton dapensation

unit 2108 generates, € motion compensation, a prediction image réspect to the current block
to be decoded. 181608534 ICtiVheRihita PredittRe BYdHG i® RASHRED Wi tHe emretit Bigckto be
decoded, the swiighi 28 09neutppiscthegitedighon #ngagexgeneratack by dhnintra preeictiangsyt 2107 to

e om e B o eston it ston
adder 2104.  [0062]
The prediction unit may include muitiple partitions (prediction
unit partitions or sub PUs). The prediction unit partition is specified
15 by the prediction partition index puPartldx in which the upper-left
sample of the prediction unit is determined as an origin.
[0063]
The prediction unit may include multiple transform units. As
similarly to the coding unit, the transform unit may be split into four
20 small transform units {(sub transform units) recursively, This allows
quadtree segmentation of the residual signal. The location of the
transform unit is specified by the transform unit index tuldx in which
the upper-left sample of the prediction unit is determined as an
origin.
25 [0064]
Here, the definitions of the processing units are as follows.
[0065]
Coding tree block (CTB): A basic unit for specifying the
quadtree segmentation of the given square region. CTB has various
30 sizes of a square shape.
[0066]
Largest coding tree block (LTCB): Coding tree block of the
largest size allowed in the slice. A slice consists of non-overlapped
LCTBs.

35 [0067]
-19-



[0054] The decoding control unit 2200 controls the decoding processing unit 2100. More
specifically, the decoding control unit 20 2200 parses the hierarchy depth information stored in the
header of the coded stream (for example, sequence header or picture header), based on the result of

the entropy decoding by the entropy decoding unit 2101. The decoding control unit 2200 identifies,
based on the hierarchy §&peHliptsranditr e pidtachicaddyey:havifiina 2595 debsding fubittin which a

quantization paraneiekissioredansparses the qyadizatammpaigmaierdneludey i the Rigeessing unit
in the hierarchicailnléla/%rmTqugeC?Pging control unit 2200 instructs the inverse quantization unit 2102 to
perform inverse quantlzaﬁon using fhe parsed quantization parameter. 30[0055] FIG. 4 is an
illustration diagralfi @6€describing layered processing units (multi-hierarchical block structure). [0056]

The coding processing ik 4 0petfrrimeending wadhe 3h 1R YIRG SiGtYIR Jofirach of thg Jiyocessing
units, and the decoding - 17 - rocessnp l#‘lll 2100 decodes thacod d [_s]tre m for each of the
processing units PFREPrdcess g%ﬁﬁ i SB it 1%tS ?ngﬁ'ﬂ%caégi atu?l t§, Snd the Erlr(f I‘Br&@éssing

units are layeredairey #tht @dch siflihe spmalb proceBSintp artits spditlitribcorsmidligreppasessimgsunits. It 5
should be noted {hatMheie BIRCRISNIAIL 4P spRdlanHBpdisraighical IRygE i whish the;processing

unit exists is deeﬁtﬁr apd lower and the value showing the hierarchical layer is greater. In contrast,
when the procesSitig GRiisSgreats: SthdPidrarchical layer in which the processing unit exists is shallow
and is in higRl levEl@AE the 10value showing the hierarchical layer is small. [0057] The processing

unit includes a coding uRit{GL, APIRAICERD 1K a0 FANSIITIMETbh S 3 Rigek of

maximum 128 x 128 pixels, and corresponds to the conventional macroblock. PU is 15 a basic unit for
inter prediction. FY X5 HAERURTIGESFthogonal transform, and the size of TU is the same as the size
of the PU or is siiad&0than the size of the PU by one hierarchical layer. CU is, for example, divided

into four sub CUs, and O@&%gl%ﬁé{b{gg§:ir§mgségecg&ﬁ%qm%}i}] Ot%)ggh having the same size as
an er

the sub CU (in this 20 case, P are overlapping with €ach o . For example, the PU is
further divided int@ ®olk kub PUs, and TU is also further divided into four sub TUs. It should be noted
that when the processingamjtis dividied inioi sifiadipyocEssirgamits; daetsorall processinidRit is a

sub-processing Il:tgij/F example, when the processing unit is CU, 25 the sub-processing unit is a sub
CU. When the processing unit is PU, the sub-processing unit is a sub PU. When the processing unit is
TU, the sub-processing 8AIEYesEueCAiNg unit (SCU): Same as smallest coding tree

block.
20 [0073]
Moreover, the quantization parameters include one or more of
the following parameters: delta quantization scale parameter (delta
QP or QP delta), quantization offset parameter, an index (Qmatrix
select idc), and quantization dead zone offset parameter. It should
25 be noted that the index is to select a quantization scale matrix from
a plurality of gquantization scale matrixes.
[0074]
The delta quantization scale parameter (delta QP or QP delta)
is a difference between the quantization scale parameter to be
30 applied to transform coefficients and the quantization scale
parameter to be specified by sequence header or slice header (or the
previous quantization scale parameter in a Z-scan order).
f0075]
The quantization offset parameter is also called quantization

35 offset and is an adjustment value (offset value) for rounding a signal
“ 20 -



[0058] The following will describe the detail. 30[0059] Pictures are divided into slices. A slice is a
sequence of largest coding units. The location of the largest coding unit is specified by the largest
coding unit address IcuAddr. [0060] 35Each coding unit including the largest coding unit is divided into
four coding units recursively.lt results to the quadtree segmentation of the coding unit. The location of

the coding unit is"$peRIfi8d BY & B88inEF uREMBEX & dx il WRTERRHR ubper-iehagenfle ¢l or
coefficient) of thealapgest cedi@nitdsidetenvingchhar ani orighTf§ed6dhen gQaae theieediag unit is

o sloved o sl S TSRE S RSP SRSV oo seia e

location of the prediction unit is specified e predicti , .
sample (pixel or E8ERiEicAESTIRS TG e s &Rling UMER dERSniNEE 8s SRCOTINT [@PFF2tusThe

prediction ut may gwlpderontipleopasiitinns (Biadiation ani Pastiions ofsee RUsh Thedpgrdiction unit
partition is SpeCiffiqetfjantization is performed on the fransform coefficients.
[0076]
Index (Qmatrix select idc) is also called adaptive quantization
matrix and is an index indicating which quantization scaling matrix is
10 used from a plurality of the quantization scaling matrixes. Moreover,
Qmatrix select idc shows whether or not the quantization scaling
matrix is used when there is only one guantization scaling matrix. It
should be noted that the adaptive quantization matrix can be
controlled on a block-by-block basis (processing unit).
15 [0077]

The guantization dead zone offset parameter is also called
adoptive dead zone, and is contro! information for adaptively
changing the dead zone on a block-by-block basis. The dead zone is
a width in which the frequency coefficients become zero by

20 quantization (the previous width which becomes plus 1 or minus 1
after quantization).
[0078]

FIG. 5 is a diagram showing the configuration of a coded

stream to be generated by TMuC software.
25  [0079]

in a coded stream generated by software of Test Model Under
Consideration (TMuC), delta QP is stored in LCU. In other words, in
the coded stream, the same quantization parameter such as delta QP
is applied to all coefficients included in LCU that is a large processing

30 unit. As a result, the quantization parameter cannot be adjusted for
a detail of the image, and image quality is decreased.
[0080]

Therefore, in the coded stream generated by the image coding

apparatus 1000 and decoded by the image decoding apparatus 2000

35 according to the present embodiment, the quantization parameter is
S92



15by the prediction partition index puPartldx in which the upper-left sample of the prediction unit is
determined as an origin. [0063] The prediction unit may include multiple transform units. As
similarly to the coding unit, the transform unit may be split into four 20 small transform units (sub
transform units) recursively. This allows quadtree segmentation of the residual signal. The location of
the transform uniti8SpbdMicd ByaR_IFARSovMIuND iRBe) tinde s dmErPtHeWBPAYLAsR KeifiRé of the
prediction unit is @sterningdiasdaepagioh2h [00G64] Here, the definitions of the processing units are as
follows. [0065] GOSCi(?ding tree block (CTB): A basic unit for specifying the quadtree segmentation of
the given square[reglon. CTB has various 30 sizes of a square shape. [0066] Largest coding tree
block (LTCB): Coding tr&&®fockidt thé PargrtlsiZ& alfifed mrtedsicha arghte goavisigothe

non-overlapped lLehBgudaldoR 7] of Smallesticodingdrae hieek (§HEB)10ding treediagk of the

smallest size allogvngg(i)n ngeeﬁl-{ce' SCTB is not allowed to be split into smaller CTBs. [0068] S5Prediction
unit (PU): A basic unit f%r specifying the prediction process. The size of PU is the same as that of the
CU which is not af6\&&d to be split anymore. PU can be split into multiple partitions which may have

arbitrary shapes whereagsCbhig\aHowed ta be aplitinte oo prersBare dQ IR to the
present embodiment, LCU is split into four sub CUs, and delta QP to
10 be applied to each of the sub CUs is stored in the sub CU. In other
words, when LCU is the first hierarchical layer, delta QP is stored in
CU which is located lower by two hierarchical layers from LCU.
Moreover, in the sub CU, delta QP is disposed after all transform
coefficients included in the sub CU.
15 [0083]

Furthermore, in the coded stream according to the present
embodiment, hierarchy depth information which indicates the lowest
hierarchicat layer of the processing unit
(Max_quantization_unit_hierarchy_depth) in which delta QP is

20 stored is stored in the sequence header. For example,
Max_gquantization_unit_hierarchy_depth = 2.
[00841
The image coding apparatus 1000 generates and outputs the
coded stream. Meanwhile, the image decoding apparatus 2000
25 identifies the processing unit in which delta QP is stored (sub CU
located at the second hierarchical layer) by parsing the hierarchy
depth information (Max_quantization_unit_hierarchy_depth) stored
in the sequence header of the coded stream, and parses the delta QP
stored in the processing unit. Then, the image decoding apparatus
30 2000 performs inverse quantization on the delta QP by applying the
delta QP to each of the transform coefficients of the sub CU which
stores the delta QP.
[0085]
As shown in FIG. 6B, Qmatrix select idc may be stored instead

35 of delta QP. Furthermore, as shown in FIG. 6C, the quantization
S22



Transform unit (TU): A basic unit for specifying transform and quantization process. [0070] Coding unit
(CU): Same as coding tree block. 15[0071] Largest coding unit (LCU): Same as largest coding tree
block. [0072] Smallest coding unit (SCU): Same as smallest coding tree block. 20 [0073]

Moreover, the quantization parameters include one or more of the following parameters: delta

guantization scalePARREREr (FeHE 0P 8P BIEY GRinaLate s Sfsdt 54 ahatdre S Ai@sk (Qmatrix

select idc), and ouEpgigation dead zone offset parameter. It should 25 be noted that the index is to

select a quantization sc trix fram a plurality of quantizatiop scale matrixes. [0074 The delta
guantization scale pararﬁg??ré}(dé(léa%?)ggr %F?Béi?’e{?(]%%“%iﬁ&%ﬁ% 'ba(j:t'vcx)/ge% t%réog%aegtllz% i%ﬂ scale
parameter to be SbEPedd6araMREN EBEMEIRHES BifMAe ¢linRtization scale parameter to be

specified by seqyemgszheader or slice header (or the previous quantization scale parameter in a
AT IR RE vt b Sl ol
parameter is stored in the sub CU located at the second hierarchical
layer. However, as shown in FIG. 7, the quantization parameter may
be stored in the sub CU or the sub TU located at the deeper third

10 hierarchical layer (Max_qguantization_unit_hierarchy_depth = 3).
[0088]

FIG. 8A and 8B each are a diagram showing the configuration
of a still another coded stream according to the present embodiment.
[0089]

15 In the coded stream shown in FIG. 8A, the delta QP to be
applied to TU or sub TU is stored in the TU or the sub TU. Inthe TU
or the sub TU, the delta QP is disposed after all the transform
coefficients included in the TU or the sub TU.

[0090]

20 Moreover, as shown in FIG. 8B, the quantization parameter
other than delta QP and the gquantization parameter including delta
QP and Qmatrix select idc may be stored as a quantization unit.
[0091]

FIGS. 9A and 9B each are a diagram showing the storage

25 location of Max_quantization_unit_hierarchy_depth.

[0092]

Max__quantization_unit_hierarchy_depth D300 is stored in the
sequence header as shown in FIG. 9A. Moreover,
Max_quantization_unit_hierarchy_depth D302 is stored in the

30 picture header as shown in FIG. 9B. In other words, the image
coding apparatus 1000 writes hierarchy depth information into the
picture header for a picture comprising a plurality of processing units.
As a result, hierarchy depth information is stored in the picture
header.

35 [0093]
.23 .



when quantization is performed.Therefore, the image coding apparatus 1000 codes the quantization
offset when quantization is performed, and the image decoding apparatus 2000 decodes the coded
guantization offset. Then, the image decoding apparatus 5 2000 performs correction using the
quantization offset when inverse quantization is performed on the transform coefficients. [0076]
Index (Qmatrix select id&) feusb¥ic HoEpATE §35MtiZatbRarReRi ahd RSSH Hagxtrara®hg which
guantization scalmgantitretisd pasaedchieoara plurality of the quantization scaling matrixes. Moreover,
Qmatrix select id
quantization scaling matrix. It should be noted that the adaptive quantization matrix can be controlled
on a block-by-block basiR{Frodéasing e IBefsd79] duaPhiZgliamizEicnReRR, 785 bRY
parameter isslsacalesicadoptive desd zordu ded istdeniseldnferafation fof eaaptively shanging the

dead zone on a
become zero by

%

whether or not the quantization scaling matrix is used when there is only one

fishutlock bass. he doadapnegs A n bich e egsaecopifcents

quantization

evious width w becomes plus I orminus1 a

quantization). [007gleX PERE, 3 3ch GigriiFasHoWmMG IRk RarfgueaasPSi iBeodddssteatdeh #6 be
generated by TMugteaftmatedafi08 i tizalichoaeiad giseam aesenBrbbys sefiwarg pf st Model

nder Cormteraion MU Sl R S SBICH AT el i pp o, e

same quantization parame

as a i )i_CU that is a

iS appl

large proces8ing BH@F. As a result, the quantization parameter cannot be adjusted for a detail of the
image, and image qualityiig decrepsed f[0R&Malesaioigny Wecripd syearaensrated Bydthe image

coding

15

20

25

30

35

imaging decoding apparatus 2000.
[0096]

First, the image decoding apparatus 2000 decodes hierarchy
depth information (Max_quantization_unit_hierarchy_depth) stored
in the header (Step S1), and determines the smallest size of the
quantization processing unit (minimum guantization unit) (Step S2).
Next, the image decoding apparatus 2000 determines whether or not
the current CU to be decoded has the size (Step $3). Here, when it
is determined that the current CU to be decoded has the size of
minimum quantization unit (Yes in Step S$3), the image decoding
apparatus 2000 decodes delta QP stored in the CU (Step S$S4).
Meanwhile, when it is determined that the current CU to be decoded
does not have the size of minimum quantization unit (No in Step $3),
the image decoding apparatus 2000 further determines whether or
not the flag of the current CU to be decoded (split_coding_unit flag)
is zero and the size of the current CU to be decoded is larger than the
size of minimum quantization unit (Step $5). It should be noted
that when the above described split_coding_unit flag is zero, this
shows that the flag cannot be further split, When the above
described split_coding_unit flag is one, this shows that the flag can
split the CU further. In other words, the image decoding apparatus
2000, in Step S5, determines whether or not the current CU to be
decoded cannot be further split and the current CU to be decoded is

located higher than the hierarchical layer indicated by the hierarchy
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apparatus 1000 and decoded by the image decoding apparatus 2000 35 according to the present
embodiment, the quantization parameter is -21- stored in a processing unit which is located at a lower
hierarchical layer that is deeper than LCU. [0081] FIGS. 6A, 6B, and 6C each are a diagram
showing the 5 configuration of a coded stream according to the present embodiment. [0082] As
shown in FIG. 64 émthel cbelad atream dteoseding i® dwdpravecenitaddimerftaaCly isespliaimto four sub

CUs, and delta QI &0s1:her @pRliggie aRe0fdNsesHB G dsiStragkin vas sHizEd) dr9thprawords,
when LCU is the first hler%%hﬁfal layer, delta QP is stored in CU which is located lower by two

hierarchical layer§ s LG b2o%BP ‘—i'ﬁ%lé%sﬁ)oég, AERQ TS i98IEBoSHY SABFER tBnSRSm
coefficients includedriarth€suboCie: dBOOB3H (StE&urBErmore, in the coded stream according to the
present embedi @r@gbi}ararchy depth information which indicates the lowest hierarchical layer of the
processing unit (Max_quantization_unit_hierarchy depth) in which delta QP is 20 stored is_stored in
the sequence header.Fdr&arple’ Max_(REHIATor it RigrA2MP dEBPL 20fos8ate Qfrhe image
coding apparatug 4066 tieatmiescad @utmmnsabergooledistreiana dVteqnidubed the iapage-aiecoding
apparatus 2000 Z%ggntifies the processing unit in which delta QP is stored (sub CU located at the
second hierarchical layer) by parsing the hierarchy depth information

(Max_quantizatic{rﬁ)_ ]_hierarchy_depth) stored in the sequence header of the coded stream, and
parses the telta QP storgéidst theerocessingderib dihen aihp amage d2ooding epparaiuss 3002000

s o MR LRSS T SR A el 98 ‘et epslom
processing unit, whether or not the TU for Iluminance and
chrominance included in the current TU to be decoded is coded
(Steps S11 and S12). Itshould be noted that each of the TUs stores

15 the above described coded_block_flag that is a flag showing whether
or not it is a transform coefficient. Here, when it is determined the
TU is coded (Yes in Step S12), the image decoding apparatus 2000
decodes delta QP included in the TU (Step S14). Meanwhile, when it
is determined that the TU is not coded (No in Step $12), the image

20 decoding apparatus 2000 sets delta QP to zero (Step $13).
Furthermore, the image decoding apparatus 2000 determines QP of
the previous CU in a Z-scan order (Step $15), and computes QP of
the current CU to be decoded (Step $16).

[0099]

25 As described above, when the processing units are
hierarchically tayered, the image coding apparatus 1000 according to
the present embodiment can write a different parameter (for
example, quantization parameter) which is different for each of the
small processing units that are located at the lower hierarchical

30 layers. As aresult, the image decoding apparatus 2000 can decode
the processing units by applying a different parameter to each of the
small processing units, and therefore image quality can be improved.
Moreover, by writing, into a header, the hierarchy depth information
for specifying the hierarchical layer having a processing unit in which

35 a parameter necessary for decoding is stored, the hierarchical layer
_25 .



As shown in FIG. 6B, Qmatrix select idc may be stored instead 35 of delta QP. Furthermore, as shown
in FIG. 6C, the quantization - 22 - parameter including delta QP and Qmatrix select idc may be stored.
[0086] FIG. 7 is a diagram showing the configuration of another coded stream according to the
present embodiment. 5 [0087 In the coded stream shown in FIGS. 6A to 6C, the quantization
parameter is store@MnBe S ICD fechled gt fueseesrd inararpiialayet OdéwevEreasienewn in FIG.

7, the quantizatiam paragetertnay beysieredin e seib U4 thenstia I foepted @ikthe idoeper third

10 hierarchical layer,(Max,. quantization, .unit_hierar, depth = 3). [0088] . F|G. 8A and 8B each
are a diagram sh%o\'/\yirﬁal’?ﬁ(g %‘dg{f}g%?ét?on 5 %Tgﬁ]ﬁcé:’]no%rco%éaeszpe%ﬁ?tabégf"girnﬁ%queaﬁfFJSent
embodiment. [008DE18fA the £D8edswedh SHovadin g1E BA|theaderacdEr so e kisitiddito IU or sub

TU is storedsn thesBdr dhesud TelnlnbibierBerdhe sy Fkhdhe fela QR isdisposaskaftes all the
transform coefficients included in the Tl# or the(tﬁub 'I('SHS[OO%H 20Moreover, as shown in FIG. 8B, the

guantization paraDrﬁé?éP Gtiver 'r%éﬁ%&ﬁa PN tl?é: 25t J)%%éfﬁ?ﬁ%?%%l&ﬂﬁg'agﬁgeéP and
Qmatrix select idatimédelsterst abig cuahtigatiorpyeit, [@09d] coding REB.IOACNE2B ekeh are a

diagram showing the,sfokafle Aiacating of Maycadartiastion anib figtarekydanth. 0097
Max_quantization unit hlerarﬁ%}/ depth D300 Is stored in the sequence header as shown in FIG. 9A.

Moreover, Max_{UHHtZ4t0n > iﬂh?&%?&@fdep WESY W st518G 5 e 'mage decoding
10 apparatus 2000 identifies, by parsing the hierarchy depth

information, a hierarchical layer having a processing unit in which a
parameter is stored is specified, it is possible for the image decoding
apparatus 2000 to reduce the burden of a process of searching the
processing unit in which the parameter is stored and to appropriately

15 decode the coded stream generated by the image coding apparatus
1000. It should be noted that in the present embodiment,
guantization parameter is cited as an example of parameter.
However, any form of parameter is acceptable.

[0100]

20  [Modification 1]

FIG. 13 is a flowchart of decoding by an image decoding
apparatus 2000 according to Modification 1 of the present
embodiment.

[0101]

25 The image decoding apparatus 2000 first parses hierarchy
depth information (Max_quantization_unit_hierachy_depth) stored
in the picture header (Step $7000), and parses the flag of CU (Step
S702). Next, the image decoding apparatus 2000, based on the
parsed flag, splits the CU into smaller sub CUs (Step S704). Then,

30 the image decoding apparatus 2000 determines the hierarchical
tayer of the sub CU (Step S706) and determines whether or not the
determined hierarchical layer matches the hierarchical layer
indicated by Max_quantization_unit_hierarchy_depth (Step 5708).
[0102]

35 When it is determined that the determined layer matches the
-26 -



30 picture header as shown in FIG. 9B. In other words, the image coding apparatus 1000 writes
hierarchy depth information into the picture header for a picture comprising a plurality of processing
units. As a result, hierarchy depth information is stored in the picture header. 35 [0093] FIGS.
10A to 10D are each a diagram for describing types of quantization parameters. [0094] Quantization
parameter or qudtig#atiehiGait D600, as showd¥srin FIGS. 10A tosPeDifigcludes at least oley of delta

quantization scalm pRrafneieti 2A98n Quantizatian fead zenaAffssipRarameles P64 index RS06, and
guantization offset parameter D608. It shoul%i)se %Oéé that delta quantization scale parameter D602 is
idc (atapt

delta QP, and ind&EB806& & OHAHix HHRSLE epqatfaﬁﬁ?z%éﬂﬁ%&ﬁ%%o 85)€T FIG. 110s
a flowchart show#igstodinghof delta QR b hepmagiry) decutlinteapparattise2 GOk [(DY6DFirst, the

image decod§ng appasaiHfZI0Mhdesedesligrichyida d‘%ﬂtﬁhi”fﬁ}ﬁ'@agﬁ}sed quantization
(Max_quantization_unit hleraé?,\%{ de? h#?stored in the header (Step Si), and determines the smallest
size of the quant&@fﬁ)WBFSge Eu% ts‘( inimum quantization unit) (Step S2). Next, the image

decoding apparaEOQQQOO deter.mines whether or not the current Cu to be decodgd has t_hg size (Step
S3). Here, when it 20 is getgrRiRgd thatbg Gt dedrbrdacafed has tae size@fpinim

guantization unit (Yes in Steﬁ 53), the image decoding apparatus 2000 decodes delta QP stored in the

: 9 g ¢ . a
CU (Step 54). MESTRHTENGHEA TS Haft R d AL thE EunEHREE 63 HEtbEEF ESELNBY have the
size of minindum Meantpatiohi zaii §Noun iBtépes 3,2y thiemtage Necoding tpparsnEz3006Harther

determines whetfygrarenoldbsd|ag of s PuIRNUSeld o erdeconias (SpHGming, Nkt flagyi5 zero and

the size of the current CU to be décoded is larger than the size of minimum quantization unit (Step
S5). It should be RIS tHRE WHER B> RHEVB I GRMbET IR TG UniPREs & LR i P 3¥&hows that
the flag cannot bedathiersplita/iendheSabbye. dedenkedrapdih ¢odingl ateitritagds anes tthissshows that
the flag can split Cl fur er, the ima ecodi tus 2000, in. Step S5,
determines Whetﬁ%%r\)oréri]{)t %tr?fl %ér['er;é%c{?% e[: d%%glgeg%gnﬁgt bgeg?ﬁp'ﬁﬁ%ﬂ%ﬁf a%%%thgj%ﬁfeent CUto

be decoded & 351668 RigRBPHAT e ARYAcRREIQSTT ikBiRaliPEGIRB iSrER9 @dinNe
information. Herejdsis-tisternired thatithe Aagds zere and éhewsize 0f the egrant Y wmbe decoded is

'tirg: 8;‘2(;2 fi‘;[%e%%gt)ﬂ% INage Kiscoding APeRalR 220R Jesaren FE R Qi Lot & th current CU
the image decoding apparatus 2000 selects any one of the four
smaller sub CUs (Step 5716), and performs the processes from $706

20 on the selected sub CU.

[0104]

FIG. 14 is a flowchart of coding by an image coding apparatus
1000 according to Modification 1 of the present embodiment.
[0105]

25 First, the image coding apparatus 1000 writes hierarchy depth
information (Max_guantization_unit_hierarchy_depth) into the
picture header (Step S800), and determines the most appropriate
size for splitting the CU (Step S802). Next, the image coding
apparatus 1000 writes, into the CU, flag for splitting the CU into

30 processing units of the determined size (Step $804). Then, the
image coding apparatus 1000 determines the hierarchical layer of
the processing unit to be coded (CU or sub CU) (Step $S808), and
determines whether or not the determined hierarchical layer
matches the hierarchical layer indicated by

35 Max_quantization_unit_hierarchy_depth that is previously written
-27 -



5[0097] FIG. 12 is a flowchart showing computation of delta QP (quantization scale parameter) by
the imaging decoding apparatus 2000. [0098] 10First, the image decoding apparatus 2000 determines,
by summing coded_block_flag (CBF) in each TU in the quartered processing unit, whether or not the
TU for luminance and chrominance included in the current TU to be decoded is coded (Steps Sll and
S12). It should béH&EBABach of the TUs stores 15 the above described coded_block_flag that is a
flag showing whethepen not it is a transform coefficient. Here, when it is determined the TU is coded
(Yes in Step 512), the i e decoding apparatys 2000 decodes delta OP included in the TU (Step
S14). Meanwhile, Whenr?ﬁﬁsedne%r'r%iﬂgtdet%%f ?ﬁéfﬁqg%ﬁ\éo@g}?ﬂﬂ fﬁ%?eapccgfﬂ%ef \(r‘?\%ére\ 20
decoding apparafi€R086&8is déita QR a5 zevd (Slep IH13)aFusthelR0rey e snmegend ssddim

apparatus 2600 getesmiaes:QRtefithe previeysicy ima £:502p0Le (RIS S, s8dEpnpgtes QP of
the current CU tq be deCOdP?ﬁg éStep 516). @O%]@%ﬁs desgrlbed above, when the processing units are
hierarchically layeret? theSRHYE cAiRG Epparat 00 88&tdifidGo HIE pRESLAE erHBdkini¥nt can

write a different pegeineteinforesampleliquantiagorparamidten whiekn tézgitierem doe eaeteof the
small processing ity thagare) locatgd-ai dpg, over RigrancRicak3Qlyels- %f?@eﬁeasﬂﬂ% they e

decoding apparatus FOOO can decode the processing units by applying a different parameter to each
of the small procBE&IRS Urits AKE THerefRHERR Yliallty & b@%np%%@f?\/lof’étﬂ}é'ﬂz&p\ﬂlﬂting, into
a header, th@ hieparchy elepth infbenatierttier speeidymptheskieranchical $aper H8iAY.a processing unit
in which 35a paraggiennecessary for decoding is stored, the hierarchical layer - 25 - can be notified
to the image decoding ﬁﬁparatus 2000. Therefore, the hierarchical layer can be set at an arbitrary

hierarchical layer withod¥ RARIHG tFe MESRHdS AT RE hiestisRr2RAR AN M ¢hei€rore, the
amount of codingdr algiatametérsanchudechiera(®codiedteanrs 888 hetteduerd conpaned with the

case where a pargpeter{sStosbhiorach af de smallest \@&ﬁﬁﬁ&%yﬂg&ﬁ ggam&g GRoioest

hierarchical Iaye?, and codingh?ffiuency can be improved. IS, Image~quality and codin
efficiency can be HhgETePSinittafQslisAm IR E KR, Gitte 776 99 Rt e s8Ry BessFHRadis 2000
identifies, by paréiag thetaiprasensdepth irformation, & hierarehicahlayer hAWNG BPIOGBSEING uNit in

which a paramet red.is ified, it is pessible fo i ecqding.apparatus 2000 to
reduce the burdegngéaj gtgr%%esﬁ?gésrcﬁ”g t&s%ro&sé%%uﬁnf%icﬁﬁﬁe nggﬁﬁet%?éns?ored and
to appropriately £ Bt RESTRIANS gereraRay By diss wiiagE UdiRg &5patdsTooD. It should

be noted that in thecpresent emkodipentcguardization pareaateriie clierbas ar exawpie pkparameter.
However, %fOEWa%fa?éa%eée&E %%%e%tgbfjﬁi’ther split (No in Step $816), the image

coding apparatus 1000 selects any one of the four smaller sub CUs

(Step S818), and performs the processes from S806 on the selected

sub CU.

[0108]

25 [Modification 2]

FIGS. 15A and 15B are each a flowchart of decoding by an
image decoding apparatus 2000 according to Modification 2 of the
present embodiment.

[0109]

30 The image decoding apparatus 2000 first parses hierarchy
depth information (Max_quantization_unit_hierachy_depth) stored
in the picture header (Step 5900), and parses the flag of CU (Step
S902). Next, the image decoding apparatus 2000, based on the
parsed flags, splits the CU into smaller sub CUs (Step $904). Then,

35 the image decoding apparatus 2000 determines the hierarchical
28 -



[0100] 20[Modification 1] FIG. 13 is a flowchart of decoding by an image decoding apparatus
2000 according to Modification 1 of the present embodiment. [0101] 25The image decoding apparatus
2000 first parses hierarchy depth information (Max_quantization_unit_hierachy_depth) stored in the
picture header (Step 8700(?%and parses the flag of CU (Step S702). Next, the image decoding
apparatus 2000, BR&Ed%nt ?J‘épsgd"ﬂ%%t,%?)lﬁg B COIERERTANER B O &S §P645 ¢ hen, 30
the image decodimgfapparatds 2080ateteiraine ather hieraricticed |layee of hheraubh@ia ( Steyy &706) and

determines whetheg: t | ierarchi y ier I indicated
by Max_quantiza?%ﬁﬁgﬁﬂﬁa hﬁgrgﬁéﬁi/%%%ﬁ?(%gg %7%&%5%% 35 %ﬁﬁ?ﬁ géeﬁgprﬁn%?j/ at the

determined Iayer%é%s_the - 26 - hierarchicallayerspecifiedby
Max_quantiZation_unit_kéranchyisdeptie (s énl Shepr 3 08)rilae dmagerdeading lapparaisisr2000

parses qgant.izatigpeBar%@ﬁ ’st%e{ i e%gubggyogﬁx}o %ﬁlﬁ%% geczcgigﬁ t%%?%lg CL%P%

5performing inverse quantization with the parsed quantiZation parameter (Step S712). [01

Meanwhile, wherfiH 3 Hé@HAM&F 17 S5 768 rtﬁﬁt‘fhé%ﬁ#r‘?\iﬁéhQH&@?%@@@Q&W@%@EH@

hierarchical layersspegifiethdydecodes the sub CU by performing inverse quantization
with the parsed quantization parameter (Step $912).

10 [0111]

Meanwhile, when it is determined in Step $908 that they do
not match with each other (No in Step 5908), the image decoding
apparatus 2000 determines whether the sub CU cannot be further
split into four smaller sub CUs, based on the above described flag

15  (Step S914). When it is determined that the sub CU can be further
split (No in Step $914), the image decoding apparatus 2000 selects
any one of the four smaller sub CUs (Step $928) and performs the
processes from S906 on the selected sub CU.

[0112]

20 Meanwhile, when it is determined in Step 914 that the sub CU
cannot be further split (Yes in Step $914), the image decoding
apparatus 2000 parses transform split flag located within the TU of
the sub CU (Step 5916), and splits the TU into sub TUs that are
smaller processing units, based on the parsed transform split flag

25 (Step S918). Furthermore, the image decoding apparatus 2000
determines the hierarchical layer from LCU with respect to the sub TU
(Step S920) and determines whether or not the determined
hierarchical layer matches the hierarchical layer indicated by
Max_quantization_unit_hierarchy_depth (Step $922).

30 [0113]

When it is determined that they match with each other (Yes in
Step S$922), the image decoding apparatus 2000 performs the
processes from S$910 on the sub TU. Meanwhile, when it is
determined in Step 5922 that they do not match with each other (No

35 in Step S$%922), the image decoding apparatus 2000 determines
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10 Max_quantization_unit_hierarchy_depth (No in Step S708), the image decoding apparatus 2000
determines whether the sub CU cannot be further split into four smaller sub CUs, based on the above
described flag (Step S714). Here, when it is determined that the sub CU cannot be further split (Yes in

Step S714), the image 15 decoding apparatus 2000 performs the processes of the above described
Steps S710 and ®7ELerthessaBiCTY Maanwhine féhdr is dtdmbinéeltharisel enls GUTES be further

split (No in Step $3%4)} the Imageai%@@hrtge@epﬂf@éu&:?&o@rﬁeﬂﬁcwny Aa8 of shefoussy j”er sub
CUs (Step S716),,and p: rform the roce segti_gm 57 20 on the se }E‘cte sub CU. [010 FIG.

14 is a flowchart %rdl d‘cb R\ eﬁﬂ?ﬂfj@go A epﬁ% 1686 B&brEg o RIsd (M2EBP 1K the
present embodinfeRL D1 0BE2BFagE the dndigtgcadingrappar s A CoDavtites hieranechp tiépth

information (Waxsglyartizatien 4 Ngrarshypdep g%ﬁ@%@;@%ﬁb%%%(%&%@@@@%ﬁmd
determines the m é p riate ze for split the Step S802). Next, the image codi

apparatus 1000 \lé? §‘$ &%ﬁ hsg ﬁ)?‘%él‘(%ng%e&fl 486 m&@ggﬁﬁ‘%ﬁg%ﬁﬂﬁﬂgermmed
size (Step S804) C?Fhenttfhflnﬁag@‘lemdml dpHdestus 1600metdiinestthe Himagehidaldagarepf the
processing unit tq be soded G4 ar sepGdieP pROSIsand frigsniagwhether or not the

determined hierarchical_layer matches the hierarchical layer indicated by
35Max quantlzatug 4i‘llt_hlerarchy_depth that is previously written (Step 5808). [0106] When it
is determin&@ that they mBbES. Wiheact othBra¥esan!Stefl S80Q8)k the fmagenepding mpparatus 1000

writes quantlzat'%émaraaﬁs'@rraeﬁt%atpfaeéémlwat£8%ﬁﬂ%&wr@68§§%@ s ipage

coding apparatus 1000 codes the processing unit by performing quantization using the written
guantization para‘?ﬂ%t?é}d('ﬁ?é’ﬁ’%m) Furthermore, the image coding apparatus 1000 performs inverse
guantization usinpothe5qritten quantization 10 parameter to decode the coded processing unit (Step

5814). [0107] Meanp{Egg m@emtal g%t(%np]l %ﬂ)lgfgé%%dé?lﬁ]ﬁ@sﬂ\}v% ?F? éerr’p[%hr%atch W{ttq each

other (No in Step S808), the Image co ng appa at ocegsmg unit
cannot be @furtﬁg%ﬁ'l@‘#%‘ foutsialier 306 UL hadB of it Bove HiEfNbed *ﬂ‘é@; (Step S816).

Here, when it is qﬂtgmme@mmesseb @Lﬂaxanm tabei fugherspliter esdnmSier aBE6hpheimage
coding apparatus; 10( erg rms. ll;‘he %QEO E“hat he %ﬁﬁ?ﬁamn frg %t??tp (’5(?]%% g?nethe rocessing

unit. Meanwhile, w enl etermine be urt ér Sp 16), the
image coding apﬁ&%@lﬁ@@@bd@@l@cﬁ%‘?ﬁﬁoﬁ@’éﬁ tﬁéqoﬁpsrﬁﬁl@rfwbmlﬁqsﬂsﬁ@%l@y aﬁtpperforms

the processes frospdaQ& ey the selestath sUBEEEmined sizes (Step S1004). Then, the
20 image coding apparatus 1000 determines the hierarchical layer of
the processing unit to be coded (CU or sub CU) (Step S1006), and
determines whether or not the determined hierarchical layer
matches the hierarchical layer indicated by
Max_quantization_unit_hierarchy_depth that is previously written
25 (Step S1008).
[0116]
When it is determined that they match with each other (Yes in
Step S1008), the image coding apparatus 1000 writes quantization
parameter into the processing unit (CU or sub CU) {Step $1010), the
30 image coding apparatus 1000 codes the processing unit by
performing quantization using the written guantization parameters
(Step S1030). Furthermore, the image coding apparatus 1000
performs inverse quantization using the written quantization
parameter to decode the coded processing unit (Step $1012).
35 [0117]
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[0108] 25[Modification 2] FIGS. 15A and 15B are each a flowchart of decoding by an image
decoding apparatus 2000 according to Modification 2 of the present embodiment. [0109] 30The image
decoding apparatus 2000 first parses hierarchy depth information
(Max_quantization_unit_hierachy_depth) stored in the picture header (Step 5900), and parses the flag
of CU (Step S902). NexiMwniwiaije, detwding &pphataton 2090,ibaSeepof tiBatbed flagy, dplits the

CU into smaller %@t%%@%éﬂ%&&h%@h@? e dmagsdarasinehanpariatisRa9a d@é@ﬂgj”es the

hierarchical layer of the sub g(h)@é 6) and determines whether or not the détermin

hierarchical layerRBRIFRES th a‘fj&’if%%[‘"'lﬁﬂfe? iNAERRT N gEsiR iR s MekaPShy depth
(Step S908). [01I0BWhempiitisrdetéommech et teybriateh witheeboh othentasin StepisaDs), the

mage decoding SRRAELS 2000bRAFES G SHARTEURRARAMAICHSEAINDG 24b EL) (poessing

unit) (Step S910) and decodes the sub perf ormma inverse quantization with the parsed

quantization pardMeiBe{stepisdy9)! ﬁ(ﬁ@ﬁ&ﬁ 1 014 %Hﬁéa%é}? R SRARNTEH N1 SEP s908
that they do not reatehtwith eachraher (Nodn fStep 5808 cthesintageldeqmsling appaesys 2080

deseribed flag 15 Ty S S S e e b e bR, spit (Mo in Step
S914), the |mage[ é&iﬁng apparatus 2000 selects any one of the four smaller sub CUs (Step S928)
and perform® the procesges frami 200G werihe selaeted suh&dJifi@tle sub CU cannot be
further split in Step S1014 (Yes in Step $1014), the image coding
apparatus 1000 determines the most appropriate size for splitting
the TU within the processing unit (CU or sub CU) (Step $1016), and
writes, into the TU, flag {transform split flag) for splitting the TU into
15 processing units of the determined sizes (Step $1018), Next, the
image coding apparatus 1000 determines the hierarchical layer from
LCU with respect to the processing unit to be coded (TU or sub TU)
(Step $1020), and determines whether or not the determined
hierarchical layer matches the hierarchical layer indicated by
20 Max_guantization_unit_hierarchy_depth that is previously written
(Step $1022).
[0119]
When it is determined that they match with each other (Yes in
Step S1022), the image coding apparatus 1000 performs the
25 processes from Step S1010 on the processing unit (TU or sub TU)
(Step S1010). Meanwhile, when itis determined in Step 51022 that
they do not match with each other (No in Step $1022), the image
coding apparatus 1000 determines whether the processing unit (TU
or sub TU) cannot be further split into four smaller sub TUs, based on
30 the above described transform split flag (Step $1026). When it is
determined that the sub TU can be further split {(No in Step $1026),
the image coding apparatus 1000 selects any one of the four smaller
sub TUs (Step $1024) and performs the processes from $1020 on the
selected sub TU. When it is determined in Step $1026 that the sub

35 TU cannot be further split (Yes in Step $1026), the image coding
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20Meanwhile, when it is determined in Step 914 that the sub CU cannot be further split (Yes in Step
5914), the image decoding apparatus 2000 parses transform split flag located within the TU of the sub
CU (Step S916), and splits the TU into sub TUs that are smaller processing units, based on the parsed
transform split flag 25 (Step 5918). Furthermore, the image decoding apparatus 2000 determines the
hierarchical layerefdHaaeus e fespatattntesubrPoqsiep 89206t detedningbavhutigser not the

ﬁﬂetermined_ hie_rafﬁléiq_ﬂ&ﬁ@@tﬁ?ﬁ%%&b‘&é@%ﬁb@@' \}gyeégal@@m%won _pagamet_er mtﬁ )
ax_guantization, unit_hierarc epth.(Step en jt Is. determined that they
match with each %?ﬁePW%gsiﬁigge_ﬁ @%Ei),étl% ﬁﬁ’ﬁg% &c@%ﬁé ép]p%\f%l;%ﬁo%%%rﬁ? thé
processes from SPIRoaAte sUPP0. Mealashiléhwhenipradgsiegninediih Skep 5022fthanthay do not
match with egch gthar(NeREHN. Siep BR22)rihe imAss HRending aPRAMINE 2000 deteraings. whether

the sub TU canngt be further split into, four smallﬁr sub TUs, based on the abgve described transform

split flag (Step SOBS\WHER iFis HeteMRGE tHAEHRS sABRY 2Eind AthAR PR NG i 48E5%5926), the
image decoding apartitest 2000 Sielgdts @myrditerofthers fpatismalkeresub BU s ¢Step8824hand

performs the proggskes %Qé%@gfﬂm@fﬂ%g@l%-w- When it is determined that the sub TU
cannot be further _split (Yes in Step 5926), the image decoding apparatus 2000 performs the processes

from S910. [0111{]01 &S. 16A and 16B are each a flowchart of coding by an image coding apparatus
1000 accortlihg to Modifida¢iqr2oéthe pregaiteestiadiotent Okl b} &smshttheviemdgercedimg apparatus
1000 writes hieraighy,depth 15 information (Max_quantization_unit_hierarchy_depth) into the picture
header (Step S1000), and determines the most appropriate size for splitting the CU (Step S1002).
Next, the image (Egdi%é hpparatus 1000 writes, into the CU, flag for splitting the CU into processing
units of the determined Sizest{Gtiepyb1064)b ¥ hayiittie @G ipage coding dppaeatsdlofOudetermines the

hi hical | f >essl if. t U [
whether or ot 18 SLI e s el g ot hes e R ot e by

Max_quantizatioR AiAR fi&aie ff tdéptn 1TaS < BrEvIB N witehBtse @ 91veidn g eesize

of the picture is lost in the image coding apparatus since the size of
the coding unit is large. The quantization parameter includes at
least one of quantization scale parameter, quantization offset
parameter, and index. It should be noted that the index is to select
20 a quantization scale matrix from among a plurality of quantization
scale matrixes.
[0122]
For example, an important feature of coding and decoding of a
moving picture is that video device requiring low delay in
25 teleconference and security camera can adjust the maximum size of
a picture. With this, it is necessary for the quantization parameter
to be adjusted with the smallest unit of a picture. Meanwhile, the
other video devices do not require the above described feature, and
can improve coding efficiency by reducing an overhead for
30 transmitting the guantization parameters.
[0123]
Here, the coding unit, the prediction unit, and the transform
unit are basic units of the High Efficiency Video Coding (HEVC)
standard. QP that is a quantization scale parameter is a parameter

35 used for inverse scaling process on a difference value (delta value),
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When it is determined that they match with each other (Yes in Step S1008), the image coding
apparatus 1000 writes quantization parameter into the processing unit (CU or sub CU) (Step 51010),
the 30 image coding apparatus 1000 codes the processing unit by performing quantization using the
written quantization parameters (Step S1030). Furthermore, the image coding apparatus 1000
performs inverseapniéztion usititetieonritters qdbngizatidn pavameténtordetode deed dodddr

processing unit (SiopIIHINATL)  SHERMS, When isetermines i Sigp SI008 tha

they do not match with each other (No in Step S1008), the image coding apparatus 1000 determines

whether the procB85HY G cdhinBP be FRFER Ehficinto FRWSHaIer Sus EU¥2Faset6n #fitabove
described 5 flag (BteptsdfXidh Wheleit madeteahiaredghdtires subt€) can biedfurther spiit {he in Step

S1014), the i age [eleTol a C f th al b $1028)
and perform?:he roce{s%e%lg1‘r€lorEri’Ft g?goqg g%sét‘é?e é%%@%%uf‘u%'c@i%ﬁ%iioﬁ%%ﬁiﬁi% it is

determined that tHESBESE L LRRNBE Be/ SurtHersslit Hh &@prsioak gi8p 51619)Casinmage
coding apparatusih000sdetermingh ithenaestappsopfidte size fiob kptikt ngnttie/ Tl avikhimrthe processing
unit (CU or sub (%Ldb@]t.ep S$1016), and writes, into the TU, flag (transform split flag) for splitting the TU
into 15 processing units of the determined sizes (Step S1018). Next, the image coding apparatus
1000 determineslhé4ftdrarchical layer from LCU with respect to the processing unit to be coded (TU
or sub TU) {8tep 51020} randriatermites vketherertas theodeteriprebbierarchicahlayey satches the
hierarchical Iayer}cj{]ﬁfg@égd by 20 Max_quantization_unit_hierarchy_depth that is previously written
(Step S1022). [01 When it is determined that they match with each other (Yes in Step 51022),
the image codind 8pg&rhtus 1000 performs the 25 processes from Step 1010 on the processing unit

(TU or sub TU) (Step SigHhidvieanwiile, yiendt Baeieniaad 1aSiep ssHI22had theyesto got match
with each other (No.in.Step S1022), the image coding apparatus 1000, determines, whether the
processing unit (ﬁf orr%J 81%3? aﬁrr]lo e?Jaer %hetecfos(é)'ﬁ?%?o%?garegr%?‘alle?tsmﬁ%a, é&%‘ecd" En{% the
above descéribed tERSISHRY SEitTRIY 1StepvS IedBY. YUH it lig dleteiiinesl thaa dhessud LY tan be

further split (No iBSRPc$1E26) cth iy ageiepdinthappaeatus 400 seleeis anysens @ the daur smaller
sub TU.s (St_ep S}%%Oandfgerfo‘gm% thegrpr cesses friomsﬁ‘lotzo on_%he sglected sub TU. Whgn itis
determined in Step§ 38 thaflise ng 51 Egﬁ)ﬁ]ot be }&ePQpﬁ 5(5’ ‘?ﬁ%&%p@fﬂﬁ%ﬂ i image
coding -31 - information, and the quantization parameter can be transmitted only
with the largest CU. As a result, it is not possible for the
20 quantization parameter to be controlled by a smaller unit (processing
unit).
[0126]
Problem 2: when TU that is a transform unit is not coded, the
quantization parameter is not necessary. However, the current
25 technique checks when TU and PU are skipped. Since TU and PU are
separated, the transmission of QP delta only depends on TU,
Moreover, when there are no transform coefficients (coefficients
generated by quantization and orthogonal transform of an imagein a
space region), it is necessary for an unnecessary quantization
30 parameter with respect to the transform coefficients to be
transmitted. As a result, a coded stream which shows a coded
image becomes redundant,
[0127]
In order to solve the above described problems, a new method

35 is provided for transmitting quantization parameter for each
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apparatus 1000 performs the processes from S1010. In other words, the image coding apparatus 1000
writes quantization parameter into the processing unit (TU or sub TU) (Step 51010), the image coding
apparatus 1000 codes the processing unit by performing 5 quantization using the written quantization
parameters (Step 51030). Furthermore, the image coding apparatus 1000 performs inverse
quantization usin@ the WHitert gdémization pdfagnttentortesbele the doeedprestnty imigStep

51012). [0120] 1@pkenobismms afskthe seliten ig theveset inveniion e rnfodawsmOid1] In

th ds, b litti ictyre into,J [ its, codi ffici be i d . H ,
when the auan RGN PGS LSS § 15 e DN Re o FECEVE e o .

picture is lost in theenfage vodiag typperafinssihie twnsize opthe cbitng uaitds hhigie. Thdiggantization
parameter ingludggrgt lgasy one of quantization scale parameter, quantization offset parameter, and
index. It should b@n%tﬁi that the index is to select 20a quantization scale matrix from among a
plurality of quanti i cale matrixes. [0122] For example, an important feature of coding and
decoding of a moving pittiretissthat widexb dexite eepuadieg fown datdajoin 26 eddcOimferienite and security

camera can adjusf, FheXIfRlmy$i%R Of & RIRLUFS dYMIENdBIR dL IS RERSRERN oL the yatization

parameter to be a(iljusted with the smallest unit of a picture. Meanwhile, the other video devices do not
require the abov& HBEEH X aRAE2 BHF Rar Tnbtevea &Rt &fiiasey B réduéing! sh'66ethead for
30transmittirfyy thd efeanntizadion’ paraeteéerso®d23]of datiergthe codmgumit,ithresptgdistiontunit, and

the trgnsform unibpégé}gtsiﬁqugi{.ﬁ/obp?gﬁég@ Effigiengy }ﬂg%o W}g@éHilﬁ,‘va%)est&UgﬁE . Q'Péhat isa
guantization scale parameter is a parameter 35used for inverse scaling Process on a difference value
(delta value), - 380ded moving picture by combining uses of the largest coding unit
and the guantization parameter. What is also novel about the
present invention is the location of the quantization parameter in the
15 coding unit. Especially, in the conventional technique, the
quantization parameter is included in the header of the coding unit
such as macroblock. However, in the present invention, after the
prediction and difference information on the block is coded, the
gquantization parameter is coded at the end of the coding unit.
20 [0129]
In other words, there are solutions to the above described
Problems 1 and 2 (Solution 1 and Solution 2) as follows.
[0130]
Solution 1: In order to transmit delta QP at a small CU level,
25 hierarchy depth information is inserted into header (sequence
parameter set/picture parameter set/slice header). In other words,
the image coding apparatus stores the quantization parameter in a
small unit (processing unit) located deeper than the maximum CU,
and stores, in a header such as sequence header or picture header,
30  hierarchy depth information for specifying the hierarchical layer
(depth of the hierarchical layer) in which the processing unit exists.
The image decoding apparatus specifies the hierarchical layer by
parsing the hierarchy depth information (depth of the hierarchical
layer) in the header, and parses the quantization parameter stored in

35 the processing unit located in the specified hierarchical layer. Here,
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and is transmitted on a coding unit level. In Test Model Under Consideration (TMuC) of HEVC, the
delta quantization scale parameter is not transmitted. However, in software, the delta quantization
scale parameter is transmitted to the end of the 5 quantization of the largest coding unit. However,
when PU that is the prediction unit is skipped, the depth of the CU that is the coding unit is zero. This
means that Y bloEke Unifoekse Brdae pidckrdier rstéoted 41 2ad kaiteotier wWerhs; shelile westwo

problems (Problerm@a%eand Rleas felens. [B)eplin whidrbia® brHtecaiing deltasqyanizatien scale
parameter is restricted ong{ ona Iaraqg_[lst COdané unit level It%% be difficult for 15 video device having

low delay or conSHHATBIE PAHE ToPRjBE SL6Tt F eGP b thd g Imfts I IIREAA5 785 O Fuc
standard and TM@@@G&W&&W%S&@W\ lowieist drieherstbragie isositiomdf dafarthatiorthend the

quantization paramater & @Sﬁfﬁnﬁ%t??ﬁﬁja@m}ﬁ Wit tedaregstibh A peieRiHich is gL pasgible for
the 20 quantlzau% d arameter to be S}:\Qntro a smaller unit processwﬁﬁ%m%?g)l%] Problem
t n

2: when TU that Endtoti JREIdHRER: h@&ﬁénﬂ%{ld fiafie SRHEEHY.
However, the cuﬁnée]rtaﬁﬁhecahltmeachebkswhearﬂtkmﬁslétlaamgkmmem Sirioerfbkand Pldyare

separated, the trapsmiggigniaf; %Q@H%QWQ@P@P%%%WW%@QH? SN fgreae Qo ransform

coefficients (coefficients generated by quantization and orthogonal transform of an image in a space

region), it is neceS4 AR zi’nq}rl\r‘?éceé?éfﬁr@eﬁﬁémi?&ﬁowgbaﬁéﬁﬁ@té?\(lﬁfh(]feéﬁéﬁ%oﬁ?e thhsform
coefficientsitd beCGtangniitteds Asca resudtt datooded stteaine vanichi shbwsyargoded image becomes
redundant. [0127]44 131] In order to solve the above described problems, a new method 35 is

provided for transmitting_quantization parameter for each - 33 -
Solution 2: In order to skip the transmission of delta QP, a new

condition is introduced for checking TU coded block flag or a pattern.
Moreover, the image coding apparatus dispose the quantization
15 parameter at the end of the TU when transmitting the quantization
parameter. With this, the image decoding apparatus can determine
when the quantization parameter is not necessary (when there are
no transform coefficients). As a result, the image coding apparatus
does not have to transmit unnecessary quantization parameters, and
20 the amount of coding can be reduced.
[0132]

As described above, the image decoding method and the
image coding method according to the present invention have been
described with reference to the above described embodiments and

25 modifications. However, the presentinvention is not defined only by
these.
[0133]

For example, the processes such as Steps S3 and S5in FIG. 11

are included in the image decoding method according to Embodiment
30 1 and its modification. However, the prevent invention can generate

the above described effect without the processes.

[0134]

FIG. 17A is a flowchart showing an image decoding method
according to the present invention.

35 [0135]
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maximum coding unit. The transmission method allows the image coding apparatus to select a level
for a quantization parameter included in the coding unit to be transmitted in order to ensure both the
functionality of fine bit control of a block and high coding 5efficiency. [0128] What is novel about
the present invention is high flexibility or functionality for the image coding device in which the location
of the quantization parafiefer iM@@dargescedtmhg UHEbed pigkfernd t@ déerniimed Rsiebetér control

of data rate. The fueHeRality isMPRIgEENE b aMGPHEAE AT e 6 W Ry AvHiBRRgE-axility of a
coded moving pi%‘éﬁ%é’%’ cognbmirngqigsegfofgggégrggstucg.gin uait nd trae quantization Et)arEameter.
What is also novél about thé preé<ent ihvertion i°the Yodatioh of 885'35 Zalio p%?g%eeté th the 15
coding unit. Espdé&igllyt @t #56 icehvgtitionth e cRkigd e tit@ quartizatias paratsster Ysandivded in the

header of the cogifg, it sHal AS. MarEeblogk Eipweva dn the prasenidivgniions aftes faedyediction

and difference informattign on the block is .coded, ]Ehe q an%za ion parameter js coded at the end of the

coding unit. 20 [OclL%] at‘ln%%éﬁ%?&ﬁﬂ?er@% e'2ofltiths o' a%&%‘ﬁ%é‘é\ﬁboedw Es 1 and 2
(Solution 1 and Sulatieas?hasuolisws. [0136 Svlagdendedadinigrmetiandmit deitab@matsisgmall CU

level, 25 hierarchy depthipfaepaHqR s iRseHEH KHo-eader{esqrsnes, RAMBISIR IBHPIGHER

parameter set/slice headez. In other words, the image coding aLl{) aratus stores th%?uantlzation
n )

parameter in a shalPASEYEFStelSing UG 1685te8 S&S5& MantAE b arilmh Gu,RHEREHES, in a
header suchlas seguessm hebulerderqudime eddes, 80teierasdiyldeptiNimkarmationsorgpaaifying the

hierarchical 'ayer?@ﬁaqﬂbfeéPh%tfai%%rcmcqsh'@vs%iae\g@iﬁa e ROGRSNBE WL existsp Egrimage
decoding apparatus specifies the hierarchical layer by parsing the hierarchy depth information (depth
of the hierarchicaﬁ'I%Sl%"rﬁfi‘h%b'ﬁﬁ&eﬁ‘&nafﬁ&%%%'ﬂ%Wédﬁz%&ﬁ%ﬁ%ﬁ%@? stdrddin 35the

processing unit I¢€dtdd jn the specified hierarchical layer. Here, -34- the hierarchy depth information

may indicate the deepe%&l%ﬁb Wﬁﬂﬁ%d)c ngrsl:%t&@ggg gasyg)rfi %ﬁ/ﬁﬁh g‘uleoqrogﬁas'@gd@it ﬁtqgng the

guantization éarameter can exist. In thiS case, the image deco apparatus specifies the lowest

|
hierarchicat yeﬂﬂﬁf&ﬁ@&%ﬂ?@g‘rﬁ@%\?&ﬁ?%@ﬁfﬁ%ﬁrﬁ%ﬁ&?B%@ﬁ'éqqécr‘"é}ﬁhi B PRHFVANER is
located higher than thenkiergtehigaldayes andisatlver ébaortbia highest dierarcbical tayartivoreover,

e o B TR ORI S e B RS R B
lowest hierarchicHIY&ygfpn can obtain the same effect as that obtained from
Embodiment 1 by including a constituent element which performs
20 each of the processes of Step S101 and Step S102. The other
constituent elements are not essential for the present invention., It
should be noted that in the image decoding apparatus 2000
according to Embodiment 1, the decoding control unit 2200 performs
the process of Step S101 and the decoding processing unit 2100
25 performs the process of Step S102.
[0137]

Moreover, the processes such as Step 5804 in FIG. 14 are
included in the image coding method according to Embodiment 1 and
its modification. However, the prevent invention can generate the

30 above described effect without the processes.
[0138]

FIG. 17B is a flowchart showing an image coding method
according to the present invention.
[0139]

35 The image decoding method according to the present
- 36 -



[0131] Solution 2: In order to skip the transmission of delta QP, a new condition is introduced for
checking TU coded block flag or a pattern. Moreover, the image coding apparatus dispose the
guantization 15 parameter at the end of the TU when transmitting the quantization parameter. With
this, the image decoding apparatus can determine when the quantization parameter is not necessary
(when there are novEitéeor s coeffitieats)dAsediasut) &b deidye cotitgatpparalnys deoesiact have to

transmit unnecessayyifgapiizalien) RaEseRiers: Aswh?Q fee /My ‘Efl GQQIWJFIC&” beotedusrd- [0132]
As described above, the [ decpding method and the i in od according to the
present inventioniHb2 Bég gdee’ fﬂ? \%ﬂ B (ERSRACE 18 t?gea%(seé B &8 Bbolifiéntdand
25modifications. leewevers the firesertdagemioruisi o slédiviedeshiuloy these L[01 38 cessrog example,
the processes sugh.@sﬂsn% Pr AR )i HG rldhain dncluded 43,108 irage derodiag metho

according to Embodjment 301 and its modification. However th%g\revent invention can enerate the

above described SHEGWIHE e ProtREULS RITBYUF 1S THiet G998 AHKRciart dhow §%n image
decoding methodhéecarding thethiehpiesentiatemiofn B35p&8Fying The itni@ge;dédodingamhod

according to the present mgea&egdmemmew @%999'9% %W&é@%&@%@g PrEdREL RN

including a pluraljty of processing units and a header with respect to the processmg units, the coded
stream being gererateaas Sotingtens! H*&/Hbepm@fee'i-l@éegt Rhione Bpfﬁgﬁi?%ﬁlﬁ&%mts is
layered sudithaptiheapretessiig unit isedividetointche plpraktyssfi smalletiprdeessiag unitsthethe image

mescliieey [ b R A
[0140]
By performing the processes of Steps S111 and $113, it is
15 possible to obtain the same effect as that obtained from Embodiment
1. The other processes are not requisite for the present invention.
Moreover, the image decoding apparatus according to the present
invention can obtain the same effect as that obtained from
Embodiment 1 by including a processing unit which performs each of
20 the processes of Step S111 to Step S113. The other constituent
elements are not essential for the present invention. It should be
noted that in the image coding apparatus 1000 according to
Embodiment 1, the entropy coding unit 1104 performs the processes
of Steps S111 to S113, based on the control by the coding control
25 unit 1200.
[0141]

It should be noted a syntax of the header related to the
present invention are shown in FIGS. 18A to 18C. The syntaxes of
the processing units related to the present invention (CU, PU, and

30 TU) are shown in FIGS. 19A to 19C.
[0142]

FIG. 18A is a diagram showing the syntax of the sequence
header. 1In the sequence header, for example, the number of
maximum reference frames that can be referred

35 (max_num_ref_frames) and the size of the picture
37 -



10 necessary for decoding exists (Step 5101). Next, by using the parameter stored in the processing
unit located at the specified hierarchical layer, the processing unit is decoded (Step S102). [0136] By
performing the processes of Steps 5101 and S102, it is 15 possible to obtain the same effect as that
obtained from Embodiment 1. The other processes are not essential for the present invention.
Moreover, the im&igi decating hppar@usaodoeting toithehprigdenti nviention samebesih thersame
effect as that obtgiggd &m Embodiment 1 by including a constituent element which performs 20 each
of the processes P‘{[P@ 5101 and Step S102. The other constituent elements are not essential for the
present invention: 1t'should be noted that in the image decoding apparatus 2000 according to
Embodiment 1, the decb&iinglédhiobutiie 2000 sdrfomingthieeprycesscaffStep Al @nt ¢ad elecoding

processing ualit 2800125 PREGFIS &R BroaessHf wEmMOE: L3 flihe s MRIBOVEL R RIBEESSES

such as Step S804 in FIG. 14 are included in the image codin% method accordlné; to Embodiment 1

and its modificati8h "BISHEVEE {RE SFETeTR ASHISh OAFGERerSIE thE %D A65E ABLIMEF Effect
without the procedsestjon38ind bRIGKW TSRS diflestobiajt $howafinartimage cadinghimathofRaccording

to the present inveiion dPLib Tl Ao \nags aceriaosBaifn arreidntiodss peserhap. invention

is an image decoding method for generating, by codihg a moving picture, a coded stream including a
plurality of proce Sihgthits and a header with respect to the processing units. Here, at least one of the
processingimits is layeretiGuth that the iprocassisigding iskspltyintaa pfuthktys 0t smallafgrocessing

units. In the Imageodadmehert:a BoXREpite 3 [ s0dPana!en k). Nlednplgiaiehy depth

information for specifying the hierarchical layer having a processing unit in' which a parameter
§oé?

necessary for de€88ind e idte P sMPRER iftoa R RYSIER S SIERES ITESE el iseimitsise k0 Eparameter
is written into thehratessingeunivotitea fio thedukerarphical layes spetified byithe hierawhydepth

information (Stepsﬁyv\?’%'in another part d3 of the syntax, defines the difference value
15 of QP from the initial QP which is defined by the above described
picture header.
[0145]

FIG. 19A is a diagram showing the syntax of CU. Inthe CU, as

shown in parts d4 and d5 of the syntax, PU and TU with respect to the
20 CU are defined.
f0146]

FIG. 19B is a diagram showing the syntax of PU. The PU has,
as shown in parts d6 and d8 of the syntax, a reference index for each
reference direction, and has, as shown in other parts d7 and d9 of the

25 syntax, adaptive motion vector resolution switch flag (mvres) for
each reference direction.
[0147]
FIG. 19C is a diagram showing the syntax of TU. The TU has,
as shown in part d10 of the syntax, coefficients (transform
30 coefficients) in which orthogonal transform and quantization are
performed on the difference image.
[0148]
[Embodiment 2]
The processing described in each of embodiments can be

35 simply implemented in an independent computer system, by
3% .



[0140] By performing the processes of Steps S111 and 5113, it is 15 possible to obtain the same effect
as that obtained from Embodiment 1. The other processes are not requisite for the present invention.
Moreover, the image decoding apparatus according to the present invention can obtain the same
effect as that obtained from Embodiment 1 by including a processing unit which performs each of 20
the processes of 'Stepr §irid, tohSte pesSo18irTtherathiéy ronstifuary relements ra eoterssegtiah tor the

present inventiore dt$hawd e oted that iR Ve a0 GPEIRG ARRGTALESHHPQ i%sal@ies&%

Embodiment 1, the entrgjpy coding unit 1104 performs the processes of Steps S1171 to S113, based on

the control by thé"20HM &ﬁ%ﬁf&ﬂ?@i’é@@.?@‘iﬁﬁ"}e deqpdligaIdie hBtbd Tapfad <L Header
related to the preseritindgntienaié stiownaadhiGE. 48 tal I8EnThe shntaxes ofdhegproee8aing units

related to the prasery WYGIHPRAEd ot ARAD IS AE S0QHE mﬁbﬁ%nl%t%%cé%%%l, FIG.

18A is a diagram showing the syntax of the sequence header. In'the’sequence header, for example,
the number of maXRLASEERGRREHmEskh A caR HedkfiREd 3gnagnetic optical disk, an
(max_num_ref_fiaines)ydndthesiz aefthiepiotipe tad7m gpicrwidth_in_luma_samples,
pic_height_iniumfg_fgg\joles) are defined. [0143] FIG. 18B is a diagram showing the syntax of the
picture header. 5'In the picture header, as shown in part dl of the syntax, the number of reference
indexes to be held for edtR fiftREife dECRIPHSATERD HifsttiBeamad4 bW RIS dirsctidtf iR%Yefined,

and an initiaDQP rfmetrnberr obtaded bydubtractitigod froma the inikied @RY ideaiined dodd44inPFIG. 18C
is a diagram ShOWJQQRQ‘a fYt‘?@é@%@&%%ﬁ% Dﬁ%‘é%‘d) described in each of embodiments
and systems using thereof will be described.
[0150]
FIG. 20 illustrates an overall configuration of a content
15 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, ex108,
ex109, and ex110 which are fixed wireless stations are placed in each
of the cells.
20 [0151]
The content providing system ex100 is connected to devices,
such as a computer ex111, a personal digital assistant (PDA) ex112,
a camera ex113, a cellular phone ex114 and a game machine ex115,
via the Internet ex101, an Internet service provider ex102, a
25 telephone network ex104, as well as the base stations ex106 to
ex110, respectively.
[0152]
However, the configuration of the content providing system
ex100 is not limited to the configuration shown in FIG. 20, and a
30 combination in which any of the elements are connected is
acceptable. In addition, each device may be directly connected to
the telephone network ex104, rather than via the base stations
ex106 to ex110 which are the fixed wireless stations. Furthermore,
the devices may be interconnected to each other via a short distance

35 wireless communication and cothers.
-39



The slice header, as shown in part d2 of the syntax, is configured such that the number of the above
described reference indexes to be held can be rewritten for each slice. Moreover, the slice header, as
shown in another part d3 of the syntax, defines the difference value 15 of QP from the initial QP which
is defined by the above described picture header. [0145] FIG. 19A is a diagram showing the
syntax of CU. In 8888l as shown in parts d4 and d5 of the syntax, PU and TU with respect to the 20

CU are defined. [0146] The keln & P8 &2 tiaciarhshowing dhe: sYRtRcO SiHe e P Y A3 @S shown

in parts d6 and d8 _of theHFntax a reference index for each reference direction, and has, as shown in

other parts d7 antf FPEFHAEEYTES: adhSRE Bt YERtoSHEbIAROR méﬁ'ﬂﬁa r(i’r‘?\?raesjsfor each
reference directicapeb4yof cai@ingd it didgranmagoninylthédyntax-of The rierel thes, as

shown in pa d104f ine-SyRke @af&@%w%éwﬂ@rmoﬁp&ﬁmse@ ére\vvtam%r@l%gmal&@nsfmm

and quantization are performed on the difference ima 0148] [Embodlment Zj
processing descﬁHé&P A%GiARR YRS ERts"iah i % B A pleRte kR éﬂeﬂtféﬁéﬁﬁent
computer systentrby e3& rkiecOrdiiegDirv & irexe dvilifig e dinoe s (rogrdm)foniele srentiDgdbe

configurations of e EBKNaLRIsBIee £ecka mathog pdedioging metoghanshine FRoviag picture
decoding method (image decodlngg< method) described in each of embodiments. T ¢ording media
High Speed Packet Access (HSPA). Alternatively, the cellular phone

10 ex114 may be a Personal Handyphone System (PHS).
[0154]

In the content providing system ex100, a streaming server
ex103 is connected to the camera ex113 and others via the telephone
network ex104 and the base station ex109, which enables

15 distribution of images of a live show and others. In such a
distribution, a content (for example, video of a music live show)
captured by the user using the camera ex113 is coded as described
above in each of embodiments (i.e., the camera functions as the
image coding apparatus according to an aspect of the present

20 invention), and the coded content is transmitted to the streaming
server ex103. On the other hand, the streaming server ex103
carries out stream distribution of the transmitted content data to the
clients upon their requests. The clients include the computer ex111,
the PDA ex112, the camera ex113, the cellular phone ex114, and the

25 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
aspect of the present invention).

30 [0155]

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

35 decoded by the clients or the streaming server ex103, or the
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5 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. [0149] Hereinafter, the
applications to the moving picture coding 10 method (image coding method) and the moving picture
decoding method (image decoding method) described in each of embodiments and systems using
thereof will be de3efABEHJOPIOICRRE 20 MastresHrPoveraNaionsigrdivh efiatiententdlsoviding

system ex100 fO%H&HﬂWﬁQ“@Qr@@ﬂ@%M“WWM@?& Threaper 406 PEAWARG| GeRYYHLBICcation
services is d|V|ded| eIIs of desire S|ze nd b e stations exlg(?53 §107 ex]{i%S ex109, and

ex110 which are ?lx OY WlFe(1esasD tilio ? 51% 3&% %ééﬁ“o‘? "REE 6‘[5? %%%’ﬁlt%m providing
system ex100 is eshiécted tddcisas3iithdtoat benspraereixid s cavsarsoridl igital wssishent (PDA)

ex112, acamerac%&%t@rc@MquphOﬁﬁ@&H@@%Wmve@ fyiniBe Ipipet ex101,

an Internet service rowder x102 a 25 tele hone network ex104, as well as the base stations ex106
to ex110, respet O‘::”Lﬁi Wﬁo‘é&’évé’ YhE ‘cl:%fgr&urgf oWsttﬁreé’éﬂ‘[Qﬁt%‘?B\’/ﬁﬁ@‘%em ex100
is not limited to tlees sd)m‘rg@rammsbotmem FIG. 20, and a 30 combination in which any of the elements
are connected is fg@&able In addition, each device may be directly connected to the telephone
network ex104, rather than via the base stations ex106 to ex110 which are the fixed wireless stations.

Furthermore, the deviceSHE}bEREEcdiIfectod 3L ARDUNGAAE R enHiefisesRe may be
10 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
medium (such as a CD-ROM, a flexible disk, and a hard disk) that is
15 readable by the computer ex11l and others, and the coding and
decoding processes may be performed using the software.
Furthermore, when the cellular phone ex114 is equipped with a
camera, the video data obtained by the camera may be transmitted.
The video data is data coded by the LSI ex500 included in the cellular
20 phone ex114,
[0157]

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.

25 [0158]

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

30 providing system ex100, so that the user who does not have any
particular right and equipment can implement personal
broadcasting.

[0159]
Aside from the example of the content providing system ex100,

35 at least one of the moving picture coding apparatus (image coding
4] -



35 wireless communication and others. -39- [0153] The camera ex113, such as a digital video
camera, is capable of capturing video. A camera ex116, such as a digital camera, is capable of
capturing both still images and video. Furthermore, the 5 cellular phone ex114 may be the one that
meets any of the standards such as Global System for Mobile Communications (GSM) (registered
trademark), Cod& Pidsish Muliple ACeess@DHMA)R WiHedaneCude Division Milsplé Xuees

oo LONGEEITIRYobAR iF) Aaciahesdnd K copeRmsdniaRak i el 1o
celiular p one ) eX ma e.a rersona n one siem . : n e conten
i sratem S50 & Lol CURIE? R e RS A S b SAALT L HE260 Sonre via
the telephone nefdGrk2ex10¥ and sine bdsenstatiarPexd 092 athitla Bnables218 dismibationcetémages of a

live show ang othgrsy |9 suchire distribufiomA cealenrt (for example.dddee of & BIeic Ivesow)
captured by the user using the camera ex113 is coded as described ahove in each of embodiments
(.0 the camera RHEIBIXES 192hAAGE GOARE MDA PACCREG 16 B d8b8 P Bt PRSSent 20

invention), and thentoddéd contetd is tfaresridted thtiae sHadmingsaivey ek@08.00mtheiatherhand, the
streaming server &0 cRUIRS Quttsa distribution oL e Yanauitied cantentidata j thgclients

upon their requests. The clients include the computer ex111, the PDA ex112, the camera ex113, the

cellular phone X' QP& 24 §InRPRAERTHE SCCHS Hhagate Glhaie eFu8ladifgRResent
above-mentibnedroosiedaalta. Eachbrof thealptices that havineleeteed thet djstributeddadaadtcodes

and reproduces the coded dataG-e. - functions asthe mqggsd?gpdgé%g%[?%g%wwc%@w o an

aspect of the present invention). 30[0155] The captured data may be code e camera ex113 or
the streaming seRRINEXEES tHf tRIHRAItS XK Gaty Bt tfe GRHRYBRoCRERBE FREY hECSKREBbetween
the camera ex118 andithe skteaing serveredid3vGiveitarly, lhexdistibuiedidatasmaly bes3% decoded

by the clients or %‘?eﬁﬁ‘é?&ﬂir@é@é}’\?ér%x&%’o% Eﬂ% a set top box (STB) ex217 decodes
15 the received multiplexed data, and reproduces the decoded data (i.e.,
functions as the image decoding apparatus according to an aspect of

the present invention).

[0160]

Furthermore, a reader/recorder ex218 (i) reads and decodes
20 the multiplexed data recorded on a recording medium ex215, such as
a DVD and a BD, or (i) codes video signals in the recording medium
ex215, and in some cases, writes data obtained by multiplexing an
audio signal on the coded data. The reader/recorder ex218 can
include the moving picture decoding apparatus or the moving picture
25 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.
It is also possible to implement the moving picture decoding
30 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
decoding apparatus may be implemented not in the set top box but in

35 the television ex300.
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decoding processes may be shared between the clients and the streaming server ex103. Furthermore,
the data of the still images and video captured by not only the camera ex113 but also the camera
ex116 may be transmitted to the streaming server ex103 through the 5 computer ex111. The coding
processes may be performed by the camera ex116, the computer ex111, or the streaming server
ex103, or shared[&h6Ad them. [0156] Furthermore, the coding and decoding processes may be 10

performed by an LSI ex§q¢; gezzerﬁuyéﬂ%e@gctHbe@@ié@fsﬁ%cg@egﬁ%%lélaw thedeidees. The
LSI ex500 may be configured of a single chip or %ﬂ#urallti of chips. Software for coding and decoding

video may be int&gfatl¥ HiFsBHEEHEBF i A LBRIAY M EsRAAES BISLRIGME &L AEUMe disk,
and a hard disk) that is0th deadeaibie dyithe gommiterrekbtilrard otherhantetles icddmgeaidd @ecoding

processes may be, perfrned ysingrthasofwere: (FUBRGHEoR: whah fae osllilapphae §x134 is

equipped with a camera, the video data obtained by the camera may be transmitted. The video data is
data coded by th8?'SIa%508¥nENHER iR tHOAKALP ArbRoRe & MYep B2 thEQHABNRRe, the

streaming serveraxi)taax b6 £ampbsedadf Iscewer 8 Hindtconipaterscantemayitecantealizeadata and

process the deC%%@B%qigﬂ%déﬁ?%%;gmgft &W%?e%@?@gﬂ'%mo&@%%?%%epe%gﬂy&i the

;
clients may receive and reproduce the coded data in the content providing system ex100. In other
words, the clientSHaltRIESHE HrfBelsd8RfbitRsESnd~iRsHHiBd By tHR 8@ dadd e pkedtse the

decoded data in segl ineaiio tiieidentenid38 pranidimgaysipdeexiits sthat theuseBobalgpes not

have any particulgg (gl AR AVNECR! 60 UVBIPMSIL PSISOUR! BIAUSANING I 80, ong ASide

from the example of the content providing system e at least one of the moving picture coding
apparatus (imagé e6ing 2ppLati8) HhBl Biemolfgpicilid d8hENg ‘é’pﬁj@r‘éﬂug{ﬁﬁgg@ﬂe@:oding
apparatus) descripgd an peetegkangpadimentsyaaybe tapemented in a digital broadcasting system
ex200 iIIustratedOi'IB ﬁﬁ 21. More specifically, a broadcast station ex201 communicates 5 or
transmits, via radio Wav]es to a broadcast satellite ex202, multiplexed data obtained by multiplexing

audio datahnd others onftevigdevisian The3Gilldy Hatarndnidtdesdedl B e Mg Pieeure doding
method describedsirs @ach ef emihgdimentsi(besi gata erded Hy ke image.coding apparatds according

to an aspect of ths?gprqg %r}tocessing unit ex305 that decode audioc data and video data
and code audio data and video data, respectively (which function as
the image coding apparatus and the image decoding apparatus
20 according to the aspects of the present invention); and an output
unit ex309 including a speaker ex307 that provides the decoded
audio signal, and a display unit ex308 that displays the decoded
video signal, such as a display. Furthermore, the television ex300
includes an interface unit ex317 including an operation input unit
25 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.
Other than the operation input unit ex312, the interface unit ex317
30 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
as a hard disk; and a modem ex316 to be connected to a telephone

35 network. Here, the recording medium ex216 can electrically record
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10 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 television (receiver) ex300 and a set top box (SIB)
ex217 decodes 15 the received multiplexed data, and reproduces the decoded data (i.e., functions as
the image decodiffppakitis 4&EBENify 04T v Fidtal M@ Pleseit Mmieamtidng {1 60ERPtYermore, a
reader/recorder exéH8dhtreaes apttfacodem0 thmptiltivlexed daianesosteehn aelecosring medium
ex215, such as aeI?(gBPagg aCB%hor q%fm:des video %%na}:lﬁ in th recording mediunLex215, and in
some cases, writé§ data obtained %§/ I i%lgflﬁg gr% E?glft%l oh THE EoLRAUA S The

reader/recorder eXPI83dan include the moving picture decoding apparatus or the moving picture 25

coding apparatus as shawpsin) eaehcehegheginents. iHhis eazerdhe iepseduced yider signals are
displayed on the mo itog exzélg and gban be r‘fggroduced b%/ another %ﬁvitﬁa or sgstem using the
S

recording mediurﬂﬁ'ég( P Iﬁéﬁatho ﬁﬂmﬁ xé?iraa?é% %%o%‘é%l‘.' ¢ I%oaﬁ' s8R & 6Iement
the moving picturandecdbies 3napparandunehetbet thprbdr dxd@dZacoideted ¢o thibeable Bx203 for a
cable television aig theapisnn? @x2olor saipllite apdier tspesiiial roadeaglings seas sedisplay

the video signals on the monitor_ex219 of the television ex300. The movin Eécture d_ecodin%

apparatus may b&IMPRHEnRASt iA Ie SER RS IR HUTH! SEEX IBAAS TN L ERIB* R 4]
22 illustrateslhe te{@dsion €receivers ex300thatrasds thexendvid g tpictdesrcndiing teeéthog ahe the
moving picture decgding MetNad sierfiiterbin eanh ehaipbodiipets-CEhe l5|eysiane X305, includes:

a tuner ex301 that obtains or provides multiplexed data gbtained by multiplexing audio data onto video

data, through the"EHienfaEh@0dNGI HHENGDIR e5F05, etcT HANRIEBRER a HiGadi4sica signal
modulation/demqaehdateninniteX8@2 Hist denndetates herradeipeexad tpldked aleda an dnddulates

data into multipleyAdia et csubplied At s d a pytolningRHIRIBANG yal §x303 that

demultiplexes the modulated multiplexed data into video data and audio tiplexes video
data and addio d4efodEdnNsy @ SiGFAGH SR BRY Gt E5EERE0 Mara(b100F e tBRVASION ex300
further includes: &sighal [reiesssing uait 23806 inchidingapaudio Rigea3VocessNgdesit exd04 and a
video signal procgssi it i (o] | d e aug ta and
video data, respegc%égf%eﬁvr\{i@gé%éﬁgé pa%ﬁ%%%r%%gde chdh?ﬁg%qé%ég;&agtUs%%Fgé:ﬁteﬁfﬁﬂgge ( e%éj ing
apparatus 20 acERRdfHf B iherdESects dmARVh RS Rl vEdeierdicdl an difpRitwiie%3993hcluding a
speaker ex307 thadeprigidess theadeeededrapdicasignal ardia displase vaieer3q8 it displays the
decoded video signal, h as a.display. Furthermore, the television ex300 includes an interface unit
ex17 ol S e e Tt R U TS S
Furthermore, the@8&VisiBBN&E300 ifthiReatdiftrol AR eX3leMisae BonB B erflbdach&hstituent

element of the telavision €x380 ard AdroweiosHply aneddadsexHd dilsupplifsmPewekte each of

the elements. Other tha{he QRS(A1 P! Ak e2F 13N NRTaC S B O L sk, an

FIG.

optical disk, and a SD card. Next, a configuration in which the
25 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 operation
through the remote controller ex220 and others, the audio signal
processing unit ex304 codes an audio signal, and the video signal
30 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/demulitiplexing unit ex303
multiplexes the coded video signal and audio signal, and provides the
resulting signal outside. When the multiplexing/demultiplexing unit

35 ex303 multiplexes the video signal and the audio signal, the signais
- 44 .



30 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 as a hard disk; and a modem

ex316 to be connected to a telephone 35network. Here, the recording medium ex216 can electrically
record - 43 - infoFHAXtIGF uEHip REABANVOIBERERDIAT L BENPAOHBIR LGP o) @8Rt forEiSrage. The

constituent elements0f the television exdiharetenneptertiocarhrothen thaigh & RymoRTeRous bus.

[0163] 5First, the_configuration in which the television 00 decodes iplexed data.obtained from
outside through t%aecgnggrbr%'exb&[%n gt%g(rafs%ihsd%gri(()%ugésg (tfr%e’ gé(glj%%’dacpac?aev)\ﬁ%e '"469cribed. In
the television ex360 PUBEH & BJbiLEpERERON Hirdligle aste Aitfe LotEolIdayx RROSART @thEist ke

multiplexinglemidtiplexing Wizt ex30s-temmuiiitexesste muliniexeedata demosiutatedsby the
modulation/dem(%gl%l iRg lénitt%xn?%ooz\,/éjrr}ger congol 0 tpﬁ control uagit ex31 inc(g)uctin gCPLé.
hAl e?n%Yt% ?(% audi é‘a@, and the

Furthermore, the audio sig processmgoLY‘ﬁi? 85304 decoues e
video signal processitgalnitreHBos eléetiiéethe demultiflexed vitkddb data, @sifg the débeding

method describeghin gataxeh gmRadimepiexihe tatewsm=Exg00e T hgputput unit ex309 provides the
decoded video si d audio signal outside, respectively. When the output unit ex309 provides the
sl

video signal and io signal, the signals may be temporarily stored in buffers ex318 and ex319,
20and othek8 so that the™ sitfiedsrame e ffoglte taviisioynex@Bz atien wWithlebela aiefi Furdidermore, the

television ex300 fpay seatvimylipteaed idpiainebihr gk & BiaReisass 2adalhRrsbut rom th, recording
media ex215 and ex216, such as a %afl_]g%rgtlc disk, angptlcal disk, and a SD card. Next, a

configuration in WRIEIF AL 95 T BH&NS] RO UES AP AR ERFRLHE &3 Bt &Y transmits

the data outside or writesaheidgtanat turegardihgmagdagmieniihbeotiéacnied dd amghe_mmm ex:_%OO, _
upon a user opefafioRIEOHI NS FIROLS FUBERIICRRIRAAANIRTRSSo 18 QUdiR RignaLRsOGeSSIng unit

ex304 codes an audio signal, and the video signal 30 processing unit ex305 codes a video signal,

al, ¢ . p € :
under controt of I cERFOTRNICEX 0TI G hERBAME MERABLY dERLFERdn 8GR B mRTiments.
The multiplexingfdenidtipkexing tshiteex8@8amudtiplexed then eodestiviceo sronal@ediaugdio sighal, and
provides the resgpggiaim‘&\loqﬁtﬁigg.ggpgp the multiplexing/demultiplexing unit 35ex303 multiplexes
the video signal ?B?érge] audio signal, the signals

Furthermore, when the reader/recorder ex218 reads or writes

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

[0166]

25 As an example, FIG. 23 iliustrates a configuration of an
information reproducing/recording unit ex400 when data is read or
written from or on an optical disk. The information
reproducing/recording unit ex400 includes constituent elements
ex401, ex402, ex403, ex404, ex405, ex406, and ex407 to be

30 described hereinafter. The optical head ex401 irradiates a laser
spot in a recording surface of the recording medium ex215 that is an
optical disk to write information, and detects reflected light from the
recording surface of the recording medium ex215 to read the
information. The modulation recording unit ex402 electrically

35 drives a semiconductor laser included in the optical head ex401, and
45 .



- 44 - 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
be plural as illustrated, or at least one buffer may be shared in the 5 television ex300. Furthermore,
data may be stored in a buffer so that the system overflow and underflow may be avoided between the
modulation/demddigidtertanit ER802 asrr thb ahiiltiples@rigideim ltiplexingrdisit exB03) for ekaenple.

[0164] 10Furtherpagyes dhie tRlevidienRRAR My ineludeasonfigragondar recebing @ndynput from
a microphone or g camera other than the configyration for,obtai mgg afl]:dl and video data from a
broadcast or a re%%%lgoﬁté%iﬂ , Er‘(d%ea%;%gg\fh S Hg‘?a. KthHo felLOIG o Ex300 can

code, multiplex, asdprévidesoutside datainalBhhéaddstrption itahaydskioaablepdfariy eeckiving,
decoding, angl prayigng oal;ﬁﬁd%Qaﬁa@Hme&,t%go@&o@m%wir&%ﬁaﬂ BQPVé@iBsr%tﬂtﬁigeadata-

[0165] Furthermore, when the reader/recorder ex218 reads or writes 20 multiplexed data from or on a

recording mediur G of MBRERGRIor €53TFInPthe RsadEREEHAEr EX8EE 4y dechaledr code the
multiplexed datarapdate teléhisior e300 andftherre bider/re dord ey eff2 I & reidshamertbeaddgoding or

coding. [0166] 2545 &0 @XIRRIE KB o? P URLr RS ARAN g ERIOR LR  INORTRRtIOR, ex215

reproducing/recording unit ex400 when data is read or written from or on an optical disk. The

! ] ! ptic
information reprotitiBingfelY iR HiNeX@BEARALLRIES (YRR FTEERIAENS BeAY e @Rl ex403,
ex404, ex408, exuds, distk exdtXs to edBG dei;atj@e(iheremaﬁaﬂjH@]}e(m@dnairhmemmmfadiates a

laser spot in a receidpa eyifacs oL e resadinamadium e 3 seatip anaptical ik leyurite

information, and detects reflected light from the recording surface of the recording medium ex215 to
read the informatsf 4R TYBERLIORYERGARTY LRt kDY @I86MEANIBS HRodLEEMBHYECtor laser
included in the opficdd dendiexdbicarst4@S5 so as to follow the laser spot. The system

control unit ex407 controls overall the information

15 reproducing/recording unit ex400. The reading and writing
processes can be implemented by the system control unit ex407
using various information stored in the buffer ex404 and generating
and adding new information as necessary, and by the modulation
recording unit ex402, the reproduction demodulating unit ex403, and

20 the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
manner. The system control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
execute a program for read and write,

25 [0167]

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

[0168]

30 FIG. 24 illustrates the recording medium ex215 that is the
optical disk. On the recording surface of the recording medium
ex215, gquide grooves are spirally formed, and an information track
ex230 records, in advance, address information indicating an
absolute position on the disk according to change in a shape of the

35 guide grooves. The address information includes information for
- 46 -



modulates the laser light according to recorded data.The reproduction demodulating unit ex403
amplifies a reproduction signal obtained by electrically detecting the reflected light from the recording
surface using a photo detector included in the optical head 5 ex401, and demodulates the reproduction
signal by separating a signal component recorded on the recording medium ex215 to reproduce the
necessary informagotr. e haiffer Sxiovstempecarityi holdd dlad snfordatiar td. ke eegoudét @ the

recording mediurpre@x2 -ANcibsinformagianiearsluagd frambihg JaeRiding mediynex2] sy 10 The

disk motor ex405 rotates the recording medium ex215. The servo control unit ex406 moves the optical

head ex401 to a pFr@GeRsniNe PRRSFRaHEH 4BR WATle' BoRRoMRE ThBtTakBRIIFFE S Lth&B”Kk motor
ex405 so as to fotkow tide: faserdspet. Jae systerrocdetret unit @X407 cdnitrelpowtralhtheoinfdrenation 15

reproducing/secording UniexAA% iEhe repding and YYting PLOCESSES faR Pe.implemenied by the

system control unit ex407 using various information stored in the buffer ex404 and generatlng and
adding new inforfR&tioA &S ﬁé%@%%dr?cﬁﬁ?if BY Peehsdidion FBcHIAR R EXABPSRSE répfdduction
demodulating unieX303 zamtl 20 thetsenioaontforemices408 thar Beicord A eddeednigrmation

g e aricatbsl ol N e R ORAERY A FANYTIE L IANNSELT TerREsifRaGono) unt

ex407 includes, for example, a microprocessor, and executes processing by causing acomputer to

execute a prograﬁfWW@ﬁ&%ﬁFV\ﬁﬁ@az@f@%]md AL G w.&eﬂ%@a@%%@@ ig¥didfes a laser
spot in the gescriptisn, at-eaiy pritorarhigh-slensity eFcardingiusing eeariehd light40168] BOFIG. 24
illustrates the regor ti k On the recordi surface f the
recording medium QH}Q:EEW u%@ﬁﬁi%/isg%giplragfggrég ar?é gﬁﬁﬁ%ﬁ;‘r%] tlEcl)&\ track ex?% records,

in advance, addr@Q@mﬂfﬁﬁﬁ%@)ﬁ%léﬁﬁﬁ@%m@@b@ﬁmmﬁﬁtﬁ’@&s%@ﬁ@ tydkRége in a
shape of the 35 giddedreaas, Theradrersdafarmation inghidenirfoamatianfosbtained by

multiplexing the coded audio and video data, from and on the data
15 recording area ex233 of the recording medium ex215,
[0169]

Although an optical disk having a layer, such as a DVD and a
BD is described as an example in the description, the optical disk is
not limited to such, and may be an optical disk having a muitilayer

20 structure and capable of being recorded on a part other than the
surface. Furthermore, the optical disk may have a structure for
multidimensional recording/reproduction, such as recording of
information using light of colors with different wavelengths in the
same portion of the optical disk and for recording information having

25 different layers from various angles.

[0170]

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

30 inthe 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. 22. The same will be true for the
configuration of the computer ex111, the cellular phone ex114, and

35 others.
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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
reproduces data can lead to determination of the positions of the 5 recording blocks. Furthermore, the
recording medium ex215 includes a data recording area ex233, an inner circumference area ex232,
and an outer circlitifélehce area ex234. The data recording area ex233 is an area for use in recording

the user data. The innerriiGupfrennesareacex282 ardithe oyabeiccumieraner firassex284e10 that
are inside and outsj the recording espectively are for specific use except for
recording the usﬁéﬁﬁ&rﬁzcﬁ]%%m?%% %pﬁj{gﬁﬁ%ﬁ%rm% urﬁi?%lgbgre%élgﬁd @v?i%gg coted audio,
coded video dataY Gt ARMipISET @8E oftaPetP By IMftisfexinglthe cerldd!atdih@ntviasd Hata, from
and on the dgta 1hdeensging aremexsiss ok irsEcrdingametiut 65219 d016&ivin Aliaaugh an
optical disk having a la suc a DVD and a BD is cribed as an ex le in-the description, the
optical disk is noV A BB B R e L S R A S SRS A <RSI
capable of being YéS@BEY Brta DM bthanf st ithérsagase. Fuetie dirred theroptioad BiIs el have a
structure for multigimengjonal ¢ecording/epnsgdustonspiishiag rerardingrLintprmatign g light of
colors with different waveleg%hs irB tqé sam(;goortion c%f th;eég tical disk and fB” cording information
having 25 differeHH%?eraPr ev% fou ffnfjlae e[Eﬁ'V(ﬁ' ©X£3 h%rrrﬁ%ﬁg,'\éega ¢ FHA Hg%n
antenna ex205 can Jeckivel gt glomah®kardiexdZoabdathecs, dad reprodiucd vite ool a display
device such as a;aaIavigaianceystamExdkl, Seh0dR 3% cas 2l 8idndl e gitah hreadsgsting

system ex200. Here, a configuration of the car navigation system ex211 will be a cqnfiguratjon, for
example, includiig S CESHEEERNG] (AR REIR HhO LMo HCH AL $1E 95 TRS Same will e
true for the configuwration ofathb @oenfetenext1df, thedldeldamsimoneyexbld eadd 35 othes:iffgl71]
FIG. 254 llustrategdharedl i anatie s iditiatuses e rapdng Rk )re sadac i etbesand the

moving picture decoding method described in embodiments. The cellular phone ex114 5 includes: an

antenna ex380 NSt §ShRI YeBe KRG atits WAUL S RTHIGH tha HAYS stiSheEi P R%amera
unit ex365 capabiesdd Tapitrmg Brdvingtandstiihimates andtd aisplaycomid exBb8siichmasatiquid

crystal display fogdisplayngthg data suplamdecrded.video caniveed by,the.camera unit ex3es or

received by the antenna 10 ex350. The cellular phone ex114 further includes: a main body unit
including an oper[é’[ijc)%zléley unit ex366; an audio output unit ex357 such as a speaker for output of
audio; an audio input uni ex85& suelx ama Imicsd phooerfiy inmti ofauvdidche memoryuphex3s7 for
storing capjysed vilep pr il pickiges. feeardagAydiarerded ar direodacklS dalpal thapgeived
video, the still pictures, e-mails, or others; and a slot unit ex364 that Is an interface unit for a recording

medium that storB8 3ea e Heé sdm@ ManFR B tHeMetia§ Usiegigped 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
synchronous bus ex370, to a power supply circuit unit ex361, an

25 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
muitipfexing/demultiplexing unit ex353, an audio signal processing
unit ex354, the slot unit ex364, and the memory unit ex367.

30 [0173]

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

35 [0174]
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[0172] Next, an example of a configuration of the cellular phone 20 ex114 will be described with
reference to FIG. 25B. In the cellular 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 synchronous bus ex370, to a power supply circuit unit ex361, an 25
operation input control ukit §x862! ulddepsigrealenbtdsding unitéx388 a camreradsitedacel Unit

ex363, a liquid crystad dispiay dHD)RonRlWniLiex3ng. @Mmodwatigy/derogulation uuit €362, a

muItiplexing/demultiéplexi,ng unit ex353, an audio s&a\al,grocessmg unit ex354, the slot unit ex364, and
the memory unit EX3687 SDYAI781CONVRITEN QM AR REG GH A RIFRIHE, SORARHTHE Y S user's
operation, the powgsttsop plfyttiecuibimiter86d supples3th ireshetitng aQiEwiROpbwar drBkM. battery

pack so as @ actiyale, the;gell RioRE RXd A1 8mBL{dbtion INie esliday phors gxlldhe gudio

signal processing unit ex354 converts the audio signals collected by the audio input unit ex356 in voice

conversation mod@ i+t ¢ilitaPARERS SIgFalstihdéF the EBHIERI oHE Maif 88D uRibEx36tRincluding
a CPU, ROM, and-&#evhibtiers thie neadildtign/demoduzbion peitfexd3t2 pegfoamsspreambgpectrum

processing on the digjtal.aydiq ﬁ&g@ﬁéﬁ@éwecgao_é%imgﬁq%@ﬁscc?é\égg y&iggxt%i?%rﬁﬂ@fﬂ{ms

digital-to-analog conversion and frequency conversion on the data, so as to transmit the resulting data
via the antenna XS50E &8 @ %%é{l’lﬁléﬁﬁm%%ﬁﬁé%e frErnhitiNG L5741 HAB BRI Enit ex351
amplifies thieDdate xdcelvedh byt the sitienimey exd80-kcedicegcamiereatia ned e lanespeitoasfrequency
conversion and (e anplag iy cigiie! caRKRIRIPNB NP fiRid oflien s madilafionipieniodyigtion uni
ex352 performs inverse spread spectrum processing on the data, and the I5audio signal processing
unit ex354 convePR AR afH8Y B0 SHEVAES a’E E0BHENRKIE HA S Hadies MBIt IgRit ex357.

[0175]  Furthernariee whabean e-Thaihin dade coraauiinalion Biade is Saosmilied, texbdata of the
e-mail inputted b é)r%%%ng' the 20 ogeratlgp L:l,<e¥ L%nlt ex366 and others Qg‘ﬁgedggln bo%y |Resent out to

the main control BNt ex via ?ﬁgeopgr'}ﬁ%n Wﬁ)u% comtral unit 8x362. The malt control ur%t €x360

causes the oddatiif/ceaorRiul B RARHLEX 382 o PeofmPIBaaLSpHCtin B proEBesingWH ehe text

data, and the traRsgHiiag apdEcesivwngpinittAz x5 pesferms sheigiialpianalag gonversion and
the frequency co\ﬁ%ﬁr ggn on the resulting data to transmit the data to the base station ex110 via the

antenna ex350. en an e-mail is received, processing that is approximately inverse to the
processing for transmittingrdh&-maids perfsinaed i iecaiverl carmanaditied i80resaliag ata is

provided to the displayrHnitex33@xP1dbta of the e-mail inputted by operating the
20 operation key unit ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit
ex362. The main controi unit ex360 causes the
modulation/demodulation unit ex352 to perform spread spectrum
processing on the text data, and the transmitting and receiving unit
25 ex351 performs the digital-to-analog conversion and the freguency
conversion on the resulting data to transmit the data to the base
station ex110 via the antenna ex350. When an e-mail is received,
processing that is approximately inverse to the processing for
transmitting an e-mail is performed on the received data, and the

30 resulting data is provided to the display unit ex358.

[0176]

When video, still images, or video and audio in data
communication mode is or are transmitted, the video signal
processing unit ex355 compresses and codes video signals supplied

35 from the camera unit ex365 using the moving picture coding method
- 49 .



When video, still images, or video and audio in data communication mode is or are transmitted, the
video signal processing unit ex355 compresses and codes video signals supplied 35 from the camera
unit ex365 using the moving picture coding method - 49 - shown in each of embodiments (i.e.,
functions as the image coding apparatus according to the aspect of the present invention), and
transmits the codgtiantedrdaecto eieambislexiagtdetindtipfaxitgionis @584n turgeasty diring when

the camera unit exsara¢artwesoidry Sl iMagasprnd Afherseths ausin sigoahrrepgssingunit
ex354 codes audjo si naflt%cgllected bé the audl%l_%)ut unét ex3580, and transmits the, coded audio data
I

to the multiplexing/3& RRGOREE4EE 0 1 A8 St E?i‘ﬁd‘fcﬁ@ﬁﬂﬁfﬂ@%@ thit 8x353
multiplexes the codéd ¥id8o dlata supphed festh thbvidgo gidntal ptbeessimyamit ex865aibthe coded

audio data syppliggfrareeiaudiostgNRhRI9SeSSIRG Wil &x35th Asing R RigdrierpEatk Bpthod.
Then, the modulation/demadulation unit (modulation/demodulation circuit 15 unit) ex352 performs

spread spectrum‘Pr8cdgsing o HE ABISX SRR L9 B San ittty aHE R EPINE Hhitex3s1
performs digital-texatafog cameersidnaarmafiesjueniby commisidn om thtdatadsdas tadranghnt the

resulting data viatha@pieanaey3rtulfb (8l NheR Besidng data of a video file which is linked to a

Web page and others in data communication mode or when receiving an e-mail with video and/or
audio attached, inbtderto decode the
10 The multiplexing/demultiplexing unit ex353 multiplexes the

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

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

[0178]

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

25 multiplexed data into a video data bit stream and an audio data bit
stream, and supplies the video signal processing unit ex355 with the
coded video data and the audio signal processing unit ex354 with the
coded audio data, through the synchronous bus ex370. The video
signal processing unit ex355 decodes the video signal using a moving

30 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
still images included in the video file linked to the Web page via the

35 LCD control unit ex359. Furthermore, the audio signal processing
~50-



multiplexed data received via theantenna ex350, the
multiplexing/demultiplexingunitex353demultiplexesthe 25 multiplexed data into a video data bit stream
and an audio data bit stream, and supplies the video signal processing unit ex355 with the coded
video data and the audio signal processing unit ex354 with the coded audio data, through the
synchronous bus-éX8 % -tk S5Es! SRyHAE e dba s @hitalx885 el estst esotheDyitied Bignad 2iding a
moving 30 picture tpgedipg meagisorresponding to the moving picture coding method shown in
each of embodirrrﬁﬁgéi e., functions as the image decoding apparatus according to the aspect of the
present invention), an %hen the display unit ex358 displays, for instance, the video and still images
included in the video fileAMK&® (DEeVEDPagEVia the 35l Dstontex 300, ex8sontuathewsiore, the

audio signal processing dﬂih%ﬁéﬁm@mim%wQWﬁak@@tv%éwqr%ﬁ% HRERXSR 7
X

provides the audio.r£l 179g Furthermore, similarly to the Re evision e % a terminal such 5 as the
cellular phone ex1 VA (F8b3HR HFavl lf)%%g d??ry‘np(?nge {ati6n YERHRIF ti69s ARG Shly (i) a
transmitting and kecaimyy fevbhiriniadioding both agcadingrapparans ane codéogdipgpapparatus, but

also (ii) a transmifipgyiguninglanehicing: enhga epRingearRaratia 82t (ha KrRfriyiag terainal including
only a decoding a%péjarﬁi s. 10 Although the digital broadcasting system ex200 receives and transmits
0

the multiplexed &t nBd 69 ThURBIEHY ARlid U Oildo HASGA RIS Sthe
multiplexed. 8ata Abtlychstatdrobtained Dy trddsleriignpt aydie catakittcharacevdata aeldted to

video onto videoqgtas @1esepy he netdTudiplexschdair hinaddsg trda ibalhdU8lo daths such,

the moving picture coding method and the movigrg%picture decoding method in éach of embodiments

can be used in aR{ Bt & B8AEE INFRGHETT HedeRndd eriUL iR X8dhiniGe 80 B&sEAbRd in each
of embodiments catidie ebtainedu fOp8ting nEtdheimare; dhegiresent iteerdmnisaiet dmited to

embodiments, ang yagios mafiicaligne-AngdHeviRign s, ¥ .BessRIR Witk denarting, ramdpe scope
of the pres?r%t |n\éeanttéo?€s%351£.0182]
[0180]

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

20 described in each of embodiments can be obtained.
[0181]

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

25 {0182]
[Embodiment 3]

Video data can be generated by switching, as necessary,
between (i) the moving picture coding method or the moving picture
coding apparatus shown in each of embodiments and (ii) a moving

30 picture coding method or a moving picture coding apparatus in
conformity with a different standard, such as MPEG-2, MPEG-4 AVC,
and VC-1.

[0183]
Here, when a plurality of video data that conforms to the

35 different standards is generated and is then decoded, the decoding
-5] -



[Embodiment 3] Video data can be generated by switching, as necessary, between (i) the moving
picture coding method or the moving picture coding apparatus shown in each of embodiments and (ii)
a moving 30 picture coding method or a moving picture coding apparatus in conformity with a different
standard, such as MPEG-2, MPEG-4 AVC, and VC-1. [0183] Here, when a plurality of video

data that confornig @&ithe 35 ifferenbstafdards dstgenerdiedans ishtheti Hecodbdtimeddedsding - 51 -

methods need torhg\elrated itaceorionm tenthe ifferentstandards, Hewavar: pinee i Whiskpstandard
each of the pluragt of the vidﬁ%%%gio ecoded conf%érrn cannot be detected, there is a problem
0

be
that an appropria?& fe&Sdiy SINEPHR LROR8Y 20785 <ted i raer B AR R roblem,
multiplexed data daainedanprmipiérintg aadio gatecdhddthersiohtbeidetedatd has a structure
including idegtifiqajipgdpformation indicating to which standard the video data conforms. The specific
structure of the multiplexedéi%a 10 including the video data generated in the moving picture coding

method and by the moviHy Bid&re oMY Sps 268 RKShm T WaH S eh B3k iR Rte Wb Kereinatter
described. The multitiexedidataiscicligits streamtinghe MREG-2dcadspertSteamtfoscate0185]

I5FIG. 26 illustrafes acAisuCiE PRI IPIRXGH HaiAR ISHRIEAD FIRcR %t mHlipiexed data

can be obtained by multiplexing at least one of a video stream, an audio stream, a presentation
graphics stream /P90 fRf &rf REPABH%e gl AShRRSGHEART FHE Wigedf Stheam YEpréssaE PafRary video
and secondary 20heidetirod at howeéddte dadio gireans(ks) epresents avphignary audio qedirand a
secondary audio pat ' ith imar [ t j raphics,stream
represents subtitiﬁg %rg%é;%rr%ﬁ el_ﬁ‘eéréﬂ%)ﬁ{eﬁi)%zgrtﬁ b%ggﬁnéﬂglg\ﬁ%%%g%@ﬁgﬁa% o(?ﬁ;l screen,
and the secondaRfVRRH BEFEME RENGI GRS ERT £ 85 hRARr wiiHOW I tiRd§rRdafp iAdiso.
Furthermore, theantiégéciivetgeaphics shiearPe@resanimap ditemeiasarende, be generated by
arranging the GL{I onents on a screen. The video stream is coded in the moving picture coding
method or by the %%ture coding apparatus shown in each of embodiments, or in a moving 30
hod o

picture cod#r) met -ahfoVvlifitppieiae coditig'appeiakis theoRTorkRIEXRH HedAvertional
standard, such agi\VEtEsIed MREGEL AXE, and \roltiphexalddia steearans sedemb i aee@raance with a

standard, such ag, BRI AGRE RORERIOIR 143 MLFaB] SePdaHDs angulingabel>o 0186l
presentation graphics stream (PG), and an interactive graphics
stream. The video stream represents primary video and secondary

20 video of a movie, the audio stream (IG) represents a primary audio
part and a secondary audio part to be mixed with the primary audio
part, and the presentation graphics stream represents subtitles of
the movie. Here, the primary video is normal video to be displayed
on a screen, and the secondary video is video to be displayed on a

25 smaller 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
coding apparatus shown in each of embodiments, or in a moving

30 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,
and linear PCM.

35 [0186]
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Each stream included in the multiplexed data is identified by PID. For example, Ox1011 is allocated to
the video stream to be used for video of a movie, Ox1100 to Ox111F are allocated to the audio
streams, 0x1200 to Ox121F are allocated to the presentation 5 graphics streams, 0x1400 to Ox141F
are allocated to the interactive graphics streams, Ox1B00 to Ox1B1F are allocated to the video
streams to be used for seeohdsirgeddedrafl thiehdviéhenthOl1pIes al Getall ade atidtadedyto the

audio streams to dgyuseehfordhgsesendary udiodosne fixed withithe priansawtin, 1Q [@L87]

FIG. 27 schematically illustrates how data is multiplexed. First, a video stream ex235 composed of

] mul
video frames and'SA %&b ¥en ¥x338'ipolEd bPButho SatlekFanr & AHiosahed iHotRtream of
PES packets ex236cancsarstaeasy OPRES paokeisiexd3e rand [idchiréter inth @ $ pecketa 8yd37 and TS

packets ex240, resppetive!y iaviklyp dtee %%%?f@i@iia?egw&%%gérp%“%ﬁé%ﬁézejg&%a of an

interactive graphics stream ex244 are transformed into a stream of PES packets ex and a stream
of PES packets X2 1584 TErERIMoCrS BAtkdR dRoUBHRars pitRert @42k, FBgpadaesly. These
20 TS packets arg rsaltipdeced éintss adtfensetmokbiaig widtplexethdata®x24 & 1a188] A00 kiG. 28

lustrates how a (PR Fea I HREeHdn a8 eRD of [l RAFKSIR 1 POBIell T firsfgar in FIG.

28 shows a video 25 frame stream in a video stream second bar shows the stream of PES

packets. As indic3#68 By Yo HeriRRLadi¥e 4 yoithyEhamr ety medios, the video stream is

divided intalpictufeq 83 ] pictures, B pictures, and P pictures each of which is a video presentation unit,

§ckets has
|

and the pictures are storgg-in g pa I%g 0 f PES packets. Each of the PES

a PES header, aréd t%e E&%hgaidﬁ storeé%?fegeﬁ& |0E13ﬁ'|grie- étigga(gaféf inﬂiig{%%)éi Splay time
of the picture, antll 8DedAGOTRHEBRRY {BT SPMdesnty & dé Gjammesof tk picawei90189]
35FIG. 29 illustradersea dormat 0BT Sdragkrisdodre dnally wrilteres 53re anrdhe rprttiplexed slata. Each of
the TS packets i -b ixed lepgth pa including a 4-byt header having information,
such as a PID fosrs%égﬁf'y%ftg% aE étPeaaan%%r?d8 g%%ﬁ%{/}t(g g3 E)%?/fga%ﬁ‘gr%tgr?ﬁ %%‘Cta?%egPég ackets

are dividedl@ind E¢6E8@ InitHE TES5RREHGAE S ¥dshe @valy. SVheake BDEROHis nesutk Gach vf the IS

packets is given gifninge ,Padedrar Hegeese Hius iaswitas mnckostbyiasaurse packetaathg source
packets are written on.the rewltiglexed data. The TP Eﬁg{g Header stgres information such as an
S

Arrival_Time_StaMp (ATSSTH PO LS PAN TP AP TORRUMET dRER 6f ThESPE! packets is
to be transferred @b RESI D ditiee ! Fiex 86dree gackbrs aime off RIDG arhivkitis rax Ripfexeddituathe shown at

the bottom of FIGn 29 THe perereinsiemendnpdroadihecbead0fs, respectively. These

20 TS packets are multiplexed into a stream to obtain multiplexed data
exz247.
f0188]

FIG. 28 illustrates how a video stream is stored in a stream of

PES packets in more detail. The first bar in FIG. 28 shows a video

25 frame stream in a video stream. The second bar shows the stream

of PES packets. As indicated by arrows denoted as yy1, yy2, yy3,

and yy4 in FIG. 28, the video stream is divided into pictures as I

pictures, B pictures, and P pictures each of which is a video

presentation unit, and the pictures are stored in a payload of each of

30 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.

[0189]

35 FIG. 29 illustrates a format of TS packets to be finally written
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the multiplexed data are called source packet numbers (SPNs). [0190] 15Each of the TS packets
included in the multiplexed data includes not only streams of audio, video, subtitles and others, but
also a Program Association Table (PAT), a Program Map Table (PMT), and a Program Clock

Reference (PCR). The PAT shows what a PID in a PMT used in the multiplexed data indicates, and a
PID of the PAT 201tsBf i HebiRtEI&f 32 éro. FREIPRITERES PASKBEIHE Strb8fTd Bt SitiEs audio,
subtitles and othéss inelysteckist thecroditijexed- date, agchatyriute mfonmationraf dhe styearis
corresponding to_the_PlDs. vayi escriptor ating to.the tiplexed data. The
descriptors have?rgfoarm@tiﬁof %ﬁc%ﬁ@?@@%tr%ﬁ%ﬁﬁmgﬁén 3533%1%&2%6&;%}1%%’0%%& nggcr)f the

multiplexed data$§Qér@ittEddr ndh THEESCReSIRES ITE HivedBfbrniatbrs Eoressponkiey t&an ATS

showing when theRAdR packelds danséeyed wohr degoger, Rawvres t@ sshieve synehrenization
between an Arrival ;:I'il'(mg Clock (ATC) that js,a tim i%{ AT A acrgdran t%)(lsterpeTm}enCIo?k (STC)
% EfG - B0ilstrates the data structure of the PMT

that is a time 30 8%iS of PTSs ahd DTSS. [%?L@i ©
in detail. A PMT Béddérisdiposes] aetkelsp of the BMITCEhe PRIEeader BeddEhes thdéngth of

gata incl]'udgtjl1 in @@Eiﬁ%g@d %t@@a(;s ﬁr%éw_qﬁm% gﬂw@@@t@l@&%ﬁeir_th;ﬂaawﬂ_i@@éﬁ%gatabisd _
isposed - 54 - after the headgr.Inform such as copy control infarmation is. described in
the descriptors. @ﬁe‘f\fﬁévaesilrpﬂt%r‘ggg maréﬁﬁ;%}f'piec%% %T}Ijgr%%ﬂ)wc\‘lﬁfgr%@ﬁgger'é Et?n% fénfﬁze streams
included intRe mafitipleidd exth io UisposEDl. Eadepletk tof SirebransiafoadatioriRdoéE eream
descriptors each-flesiRingdiarRationsush-an fei AR &/PRSRI JIeREl IAgHa GRNIAERSIAT codec of

t , ast PID, and st ibute jnf ] uch f t t ratio). Th
Crearm descriplefESHROSEHA M ibetlo (PP BT Sy BERCA D W TALE ARRORIOL0Z]

When the multipléxedrdatapnsrecdrdetizon e reatedingometiuprakdiothemsbitiis (EdONded together with
multiplexed dataﬂ'@fpgr@jition H les.

15 Each of the TS packets included in the multiplexed data
includes not only streams of audio, video, subtitles and others, but
also a Program Association Table {PAT), a Program Map Table (PMT),
and a Program Clock Reference (PCR). The PAT shows what a PID in
a PMT used in the mulitiplexed data indicates, and a PID of the PAT

20 itself is registered as zero. The PMT stores PIDs of the streams of
video, audio, subtitles and others included in the multiplexed data,
and attribute information of the streams corresponding to the PIDs.
The PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information

25 showing whether copying of the multiplexed data is permitted or not.
The PCR stores STC time information corresponding to an ATS
showing when the PCR packet is transferred to a decoder, in order to
achieve synchronization between an Arrival Time Clock (ATC) that is
a time axis of ATSs, and an System Time Clock {(STC) that is a time

30 axis of PTSs and DTSs.

[0191]

FIG. 30 illustrates the data structure of the PMT in detail. A
PMT header is disposed at the top of the PMT. The PMT header
describes the length of data included in the PMT and others. A

35 plurality of descriptors relating to the multiplexed data is disposed
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[0193] 15Each of the multiplexed data information files is management information of the multiplexed
data as shown in FIG. 31. The multiplexed data information files are in one to one correspondence
with the multiplexed data, and each of the files includes multiplexed data information, stream attribute
information, and an entry map. 20[0194] As illustrated in FIG. 31, the multiplexed data information
includes a systerfigte, EepFofilictiastart timE) EHdane prodiition @hd e CPRY sysiBkidhte

indicates the maxirsimtasias rats akiwbich gysteas tarpebeecodgesp bedasedbrat drier dransfers
the 25 multiplexe daﬂc}tto a.PID filter. T e{?ger\r/zglilsmq_f the ATSs incfg%edi the multiplexed data are

set to not higher thah®a s efr'rPthCeeisl'hoe reszpro GLtidh SANIME inGicteda PTS 17 3 Video frame at

the head of the mitiplésed rldtae AnUHignes of il frameishasdst toEaPT P iacevidedt frame at the

end of the muiltip|gxge-date anddheiBd Stieseh bt Hisrsrrredeslign Rimbineided9elation/s shown
in FIG. 32, a piece obattribute Egormatéon IS gislgé?ﬁgi% the stream attribute inforrgation for each PID
|

of each stream inclided n the %ﬂfﬁle fdfy. B Haratt R ESHI Mt ?\ch%c dfifferent
information depesidiagron wisétieanth® 1€orsdosidieg st s teviddorstrabion s acdiesteeam, a

presentation graphics Straeine Plaandaissactiv GRphisstearn nEach Bigseort ideqgligammattribute
information carries inf rmatlo’{hmcludl what kind of compression codec is u§ed for compressing the

5 video stream, HY M€ FED DA t Aid ARETAMHE PRk THIERNRRY 8PbRture data that is

included inltRe vitlebStleam. Each piece of audio stream attribute information carries information

including what kind of cquyERSHFOMGE IS, U IRLGRPRERTHIRE bis JudiesHirag oy RRNY

channels are included in the audio stream, 10 which language the audio stream supports, and how
high the sampling e QE8AEY it ¥hESHAEEaG LA ERRbUE hiaERbatidAEAltR A attribute

information are usezbfor initialization of a decoder before the player plays back the information. [0196]
15In the present iment, the multiplexed data to be used is of a stream type included in the PMT.
Furthermore, when the multiplexed data is recorded on a recording medium, the video stream attribute

informationtifcluded in tha UM piBLT HAER RrerRh AR i fest Ao EphesifitaNg NRESHNANY picture
coding 20 methoihés theaphoningf pidierencading epparatatad escridteshim eachRIEmMPodimEhts includes

astep or a unit fop ﬁl‘éﬁ%%@&ﬂ@éﬁeﬁ% ! E‘?Qri”ﬁ'i‘é@t‘é‘:geviﬂ%rfea&a%%%&ré%‘??’e‘% gHpying picture
podlng mgthod or the oving Icture co mg apparatus in each of embodiments, tothe stream type
included in the PMEDERERdEiplexed data, and each of the files includes multiplexed
data information, stream attribute information, and an entry map.
20 [0194]
As illustrated in FIG. 31, the multipiexed data information
includes a system rate, a reproduction start time, and a reproduction
end time. The system rate indicates the maximum transfer rate at
which a system target decoder to be described later transfers the
25 multiplexed data to a PID filter. The intervals of the ATSs included in
the multiplexed data are set to not higher than a system rate. The
reproduction start time indicates a PTS in a video frame at the head
of the multiplexed data. An interval of one frame is added to a PTS
in a video frame at the end of the multiplexed data, and the PTS is set
30 to the reproduction end time.
{0195]
As shown in FIG. 32, a piece of attribute information is
registered in the stream attribute information, for each PID of each
stream included in the multiplexed data. Each piece of attribute

35 information has different information depending on whether the
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25 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. [0197] 30Furthermore, FIG. 33
illustrates steps of the moving picture decoding method according to the present embodiment. In Step
exS100, the streamygrpivcilided isk tiee PMTsoraherideeo stteemmyttrioutesimébrmatioadne)uded in the

multiplexed data gyfeaationds optaipat fom bgmultiplexed datea Next E%m%%%é% 35

determined whether or not the stream type or the video stream attribute iriformation indicates that the
multiplexed data PGB By e M SUIRG BicRlie | Batim g HRIMRE GMtHE MR i BRI ding
apparatus in eaclinafl edibgdinhentki itefcit s deterttined that thesstrddiortypenqrtiss videdhatream

atrioute 5 informin iadieaies AL RIS ol 0eRermied s meyigRigtye coding

method or the moving picture coding apparatus in each of embodiments, in Step e decoding is

performed by theftivfig Hichire dEcE@HR) Fethdd inshttest dmbBainNERes miFe@fnorEaifen the
stream type or theivideo oI0 streéiam stitehute inforibatieniinthcatesiconfesmaeee tatbensativentional

standards, such (5 - . =110 _Step 0 ing.is performed by a
moving picture dzfzgﬂ%ﬁ%i&ﬁgg%ﬁéénﬁ%@ngﬁ\é%h(}ehc%%%ggﬁ%ﬁéles afndFaEr%% Et%%égi ri%ﬁgesuch,
allocating a new GHigiR VdR@To thevtRamLFSEaNEIS AiRdwHEdRdiiibhe avidimatioreenables

determination whethieihor|aatiheguoving pictdre deeeding maleses the maovirgwpiciga daeeding
apparatus that is i e f embodimen n perform decqding. Eyen when multiplexed
data that conforms t‘cl%))'$ al(51 ﬁ%@rﬁ@tﬁn{gérﬁ? §1 Jﬁ?%%n%ﬁ%?o%réﬁ%%e%%%i'rqg _Omrr_e%%lt?graarb%aratus
can be selected. fHus bR S8 pasEibm 6 doteie dfermatn sAthdot dnifiaieatemtieérmore, the

moving picture ceféiag deethedrcapnanstysepring/ 10wWor pidunerdesastinghmethod or apparatus in
the present embct(airiqu} can be used in the devices 25 and systems described above. [0199]

15 In the present embodiment, the multiplexed data to be used is
of a stream type included in the PMT. Furthermore, when the
multiplexed data is recorded on a recording medium, the video
stream attribute information included in the multiplexed data
information is used. More specifically, the moving picture coding

20 method or the moving picture coding apparatus described in each of
embodiments includes a step or a unit for allocating unigue
information indicating video data generated by the moving picture
coding method or the moving picture coding apparatus in each of
embodiments, {o the stream type included in the PMT or the video

25 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.
[0197]

30 Furthermore, FIG. 33 illustrates steps of the moving picture
decoding method according to the present embodiment. In Step
ex5100, the stream type included in the PMT or the video stream
attribute information included in the multiplexed data information is
obtained from the multiplexed data. Next, in Step exS101, it is

35 determined whether or not the stream type or the video stream
- %6 -



[Embodiment 4] Each of the moving picture coding method, the moving picture coding apparatus,
the moving picture decoding method, and the 30 moving picture decoding apparatus in each of
embodiments is typically achieved in the form of an integrated circuit or a Large Scale Integrated (LSI)
circuit. As an example of the LSI, FIG. 34 illustrates a configuration of the LSI ex500 that is made into
one chip. The LSHéxBod inclinlss slatents iexb0atex50h ak508eexb04 38 @x505, @x506,ex507,

ex508, and ex5084q be;degciijed helawe and-Sdictthe elsernts aregasnested i eachyether through
a bus ex510. The g)ower Sué@l‘)é circuit unit ex505 is ac%ated b[%gggﬂﬁ)%lgg each of the elements with

power when the BSWHF SuSBi Bfc APRAT 05 % €AY 8h. § ¥or exaRpie, WHEn coding
is performed, thedleS¢ exB0@ dedbinbstine At sigmal fropeaanictbphotidaax 147 e canaétaibxid 3, and

others through agAy- 40 %30 HRdaContol oha GRNIGH LK SR INEUGING-ALCEY 6¥5%% a

memory controller ex503, a stream 10 controller ex504, and a driving frequency control unit ex512.

The received AVBQKEI % tRHiPOFErily SHRG iM&h3nPdl nfBfoP R¥EAY | RIERHAE af EBRAM. Under
control of the corgpp ardt ex501, ¢he istared:dava & segmentad Bite pladéx PaiDnsdaccatthing t© the

processing amoysy AgSRSeip b aRsaRg B2I00AAR DISRESTREMLR0 ey the signal

processing unit ex507 codes an audio signal and/or a video signal. Here, the codin% of the video signal

is the coding deseITRRAHERRE of HBHIRHEREE FUMRERNERE Hé 2RgRal PR RGIRG TNt €%807
sometimeslultiplexesithe gtdésl.aadio détarandi the codeid widgo dadafancha2O=stream 10ex506

provides the mulyplese aja,puisiia.The Agef mpliploxed st sRpEMed fochp hse satior

ex107, or written on the recording medium’ex hen data sets are multi ta should be

temporarily storeaiRRNSUHE? e S50 45 h4f tRE AL RBES Bde ByMEH LIz BHChIFEcd8RAHRY. 25[0201]
Although the mermehexbid vaneiemenivauiside therh BIraxb08! ktapy dedinicluded in the LS| ex500.
The buffer ex50 &% imited to one buffer, but may be composed of buffers. Furthermore, the LSI
ex500 may be madeintd one chip or a plurality of chips. 30 [0202] Furthermore, although the
control unitléx501 includts HEOPE)IeRBOM dhad Moty iSoifrfdy X08N thelsraamtodareler ex504,

the driving frequeney carteel Uthexpd 2 dheieeitgurariomes thecosirgbunit exebdrisnaddipnted to
such. For examplg, (e 819031 B3 PIRE SRS INI L R E MR e nelid a7 e NSliRiog of - 58 -
picture decoding apparatus that is described in each of embodiments
can perform decoding. Even when multiplexed data that conforms
20 to a different standard is input, an appropriate decoding method or
apparatus can be selected. Thus, it becomes possible to decode
information without any error. Furthermore, the moving picture
coding method or apparatus, or the moving picture decoding method
or apparatus in the present embodiment can be used in the devices
25 and systems described above,
[0199]
[Embodiment 4]
Each of the moving picture coding method, the moving picture
coding apparatus, the moving picture decoding method, and the
30 moving picture decoding apparatus in each of embodiments is
typically achieved in the form of an integrated circuit or a Large Scale
Integrated (LSI) circuit. As an example of the LSI, FIG. 34
illustrates a configuration of the LSI ex500 that is made into one chip.
The LSI ex500 includes elements exb01, ex502, ex503, ex504,

35 ex505, ex506, ex507, ex508, and ex509 to be described below, and
-57 -



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, and,
for example, may include an audio signal processing unit. In 5 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. [0203he elerThsisanre ased teredd ¢ Siabltat eyt Alsougd calbeds 1€ SYStemThELSI, super

LSI, or ultra LS| depesding $he degresaf ntegration 0204k 4 by MeFsAVERg\BYSHpAchieve

integration are not limited to the LSI, and a special circuit or a general purpose processor and so forth
can also achieveTHEHRE alOH! K BrolRERnt Q5P ERIBTATAP ALY (EBEAY HattcsX BB drisgrammed

after manufacturing b.8ts @n a reconfigurable processor that allows re-configuration of the connection
or configuration %@r@)b | can be used for the same purpose. [0205] 20In the future, with advancement
in semiconductor technology, a brand-new technology may replace LSI. The functional blocks can be

integrated using such a {EEhriXGY) Pifre PEXEMIIR? fE Rigat The FEEUTTRRentidR id-appifeeP°
biotechnology. [02@6]i 26{EmBFodsngné Birom S\ineorvipkordatexgererated mndhe enaving picture coding

method o by the,iRa R Car Ay A Rtedunderaactin Fach of ephedimenis Isgeoded

compared to when video data that conforms to a conventional standar PEG-4

AVC, 30 and VCAG&EEREde, HDrE&edsing antB&T BrobabN el X PRds, the $SEBRB00 needs
to be set to1@ driviagtfreteency Slighes than thaitvoh thereBlkex502 dafre usedtwhenivideordata in

conformity with the sanyetionalisiandiard i stesqdor Ko yer, NSR ARG ATing fplusaghs so
higher, there is a problem that tHe power 35 consumption increases.
such as an SDRAM. Under control of the control unit ex501, the
stored data is segmented intoc data portions according to the
processing amount and speed to be transmitted to a signal
15 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
multiplexes the coded audio data and the coded video data, and a
20 stream IO ex506 provides the multiplexed data outside. The
provided multiplexed data is transmitted to the base station ex107,
or written on the recording medium ex215. When data sets are
multiplexed, the data should be temporarily stored in the buffer
ex508 so that the data sets are synchronized with each other.
25 [0201]

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

30 [0202]

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

35 processing unit ex507 may further include a CPU. Inclusion of
- 58 -



[0207] In order to solve the problem, the moving picture decoding apparatus, such as the
television ex300 and the LSI ex500 is configured to determine to which standard the video data
conforms, 5 and switch between the driving frequencies according to the determined standard. FIG. 35
illustrates a configuration ex800 in the present embodiment. A driving frequency switching unit ex803
sets a driving fregoetibgtoGPhigherithevisig frefuencg sdieg vided datals gemerategrby ¢héhmoving
picture coding mgthod 9&iths rapwpg 10 RigiFR:FRAING apRaratysgescrined i gach 9f egpgdiments.

Then, the driving frequency switching unit ex803 instructs a decoding processing unit ex801 that

executes the mobing HcHIRY FddE S REtREPHRRENBESNT SABRDF BIREESH MY Fetaié the video
data. When the \idel) datasomioptss tovtine toriveistienabstdialaid the dfodeesig drequéncyswitching

unit exB03 sets & eying Freguenpeta awenariving Beausnay than that efdhe Visien data generated

by the moving picture coding method or the moving picture coding apparatus described in each of
embodiments. THEHE @ iﬂ@’ﬂ‘\ﬁqggﬁ%ﬁ’émﬁmﬁﬁﬂﬂﬁ‘@x@d}oﬁﬁ% HRE R BBE AREESRiBEssing 20
unit ex802 that canforexssdhe conventional standard to decode the video data. [0208] More
specifically, the d’,\ﬁ'r@%jrequency switching unit ex803 includes the CPU ex502 and the driving
frequency control unit €x512 25 in FIG. 34. Here, each of the decoding processing unit ex801 that
executes the moving pictihe HREHRIMEEHNRR I§dsetbRutiH sasy é’ﬁé?n%dﬁﬁ“ﬁﬂs?ﬁné‘tﬁée@écoding
processinginit exSN2sthpteardarnas tolthe caiveatienali sgnsiarcheodespends’ ththe signal.
processing unit eﬁﬁ?&ﬂ@ FIG. 34. The CPU ex502 determines to which standard 30 the video data
conforms. Then, the driving frequency control unit ex512 determines a driving frequency based on a
signal from the CPU ex®02r §Rit@feritidrs {ife 3fGHEVBrotEasira] gt ak&0TodedbrEsdHO ViDL data

based on the signsl framdthespREl €x602 ufos exagepler e idgniifie it kfopnatiensdessriped in
Embodiment 3 is_probably 35used for identifying_the video. data_The identification information is - 60 -
not limited to the one éalesséén Cel#(]f n rr%ggd%er%% o fna;l% (E& agg?r%g?méﬂgﬁqéas%#ge a@q R
informationlindic&té¥a6 WwhlthtstedblaRPther pide aea Confoemsieoreedatipls svHdn svhich 8tandard

vigeo gata f:onfozﬁfonc@{lnlra@j@te;ﬁmBg_eiﬁﬁse@rgt grhﬂétﬁfglal r%ge@hfﬁg @@ﬁtﬂ{misfggt&hét tf;e
video data Is used for a television or a.dis fc., t ete ation ay be e sed On such an
) 0585 Gt s Tt b ey R or

external signal. f&rﬂ%%‘ub?g, fhe EPY 'St ggle% A4 g?Fé}q %c%}soea on, for %ﬁmﬁple, a

look-up table in WiERARE-standards of the video data are associated with the driving frequencies as
shown in FIG. 37.ghEhe driving frequency can be selected by storing the look-up table in the buffer
ex508 andi an internaim mo% of an LS], and with reference to the Iook-ucpg table by the CPU ex502.

[0209] FIG=36 illustrates' Steps F%&%’cmi%a RS e BragRHEonductor technology,

a brand-new technology may replace LSI. The functional blocks can
be integrated using such a technology. The possibility is that the
present invention is applied to biotechnology.
[0206]

25 [Embodiment 5]

When video data generated in the moving picture coding
method or by the moving picture coding apparatus described in each
of embodiments is decoded, compared to when video data that
conforms to a conventional standard, such as MPEG-2, MPEG-4 AVC,

30 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
driving frequency is set higher, there is a problem that the power

35 consumption increases,
-50 -



15 embodiment. First, in Step exS200, the signal processing unit ex507 obtains identification
information from the multiplexed data. Next, in Step exS201, the CPU ex502 determines whether or
not the video data is generated by the coding method and the coding apparatus described in each of
embodiments, based on the 20 identification information. When the video data is generated by the
moving picture c@8ih@hethod and the moving picture coding apparatus described in each of
embodiments, in Step ex5202q #etGPAd SR &ranYBitsa, Signal o5 sriting ithe, csiviag figgigency to a
higher driving frequency to the driving frequency, control unit ex512. 25 Then, the driving frequency
control unit ex51g %@@%ﬁ@%ﬂ\ﬁt‘f&\(ﬁe%ﬁeﬂaﬁ t&%/h%vﬁ?é‘ﬁ%r §inG freGderttys Orth&BHEY hisnd, when
the identification ifofrgatien inelidates that¢hies wdeie It stz oalfodnidh ¢ovthiecodwtativraicstarsdard, such

as MPEG-2, MPEGH AYGANhYErkdR Stak X203 dhe CRUAG02 rapsalits Agsigpal AL setting
30 the driving fre uenc%Hto a lower driving frge{%lée(%%_to the driving frequency control unit ex512. Then,
[

the driving frequ BEAURRREA S set HY RER&SCs (6L BTat @Ry §RYBncy than
that .in thg case Whgreﬁhemﬁdmatadimtera&djb@uthg m«ﬂjng psturey dadimgy netitoskand the
moving pieture cading SappRartAeRednLaslipl eapeiiBeRie iRl whdiiyigugore

along with the switching of the rivmc% frequencies, the power conservation effect can be improved by
changing the vol @ R AFHFREITPIENSTEREDE Bi ' EpsaHNE B #hBREIAG the MS1ERS00. For
example, when thécdtivingdigueapy s set todes cthipamtagesichbefapplicddntke tsS| er80,0r the

e uono e i EXTROIB AR BN RERing (ROS RN RELITRLD HeigRaniacte e

driving frequency is set high ) 10Furthermore, when the processing amount for decading is
larger, the drivind®fiRERRHEY My & $8PHigHERL aprRvHERStHE Brbeyd Mg AeSURE feegechathg is
smaller, the drivingdtagdetiey dnaebe saidewearfasthe aietkocd forsediogdbe Hevngdsegaency. Thus,
the setting methqgl is. pot limi t e ] bgve. For 15 example,,when the processing
amount for deco in%sé\ﬁdéﬂég;ﬁgj %)c%%!%é:m%ﬁvﬁ)&%li%%%\fé is Far}g'eor_ Fﬁans %ﬁg%%gésgﬁ'ﬁg amount
for decodingided HAREgERErAEEE BySIHE FRoVEh G Piktar Bstirrf matisty Bl freameniely icture coding

apparatus descripggdn eachrad erebediments dhecaEying fragueney igauokaiy aaldn Wyerse order 20

to the setting desn(%r(i)t\)}?d abovgtL[g)ZlZ in Furq;lréiplrggrebtrhe Wethod f\plrn settingtthte drivirgg nfrequency
is not limited to the nethod XSt se?tingqge riving frequency I%vx(fer.rﬁgr ex%m%i ,\}vﬁenc identification

information indic&teBanat4he PSSGiibE data 1S aehePhtadBOHEIENRg piotere, cbdingifethod and the
moving picture cegiganparatustdrRsHbad in eag of erokqrlirenks the voliaue 19-beaplgd to the
LSI ex500 gr the ag.gara%hi%r]%ugigg r% erLSI gx%go is Hpr\gba?%sehhi%h%. When the i entglcation
information |Rdicgt S S Vided aé’c@rﬁc’f o PRSI EE6MR2 ﬁB £ ?fa%&%r ?58 ﬁé ef\/IPEG-Z,
MPEG-4 AVC, anid¢g-datige voltage to be applied to the LSI ex500 or the apparatus including the LSI

ex500 is probablysgg tpwer. As another example, when the identification information indicates that the

video data is generate the movj icture coding. method and the moving picture codin
g :a%re spec}?i%gllf, ﬁ‘ne griging reguency switch?npg unit ex80%

includes the CPU ex502 and the driving frequency control unit ex512

25 in FIG. 34. 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
unit ex507 in FIG. 34. The CPU ex502 determines to which standard

30 the video data conforms. Then, the driving frequency control unit
ex512 determines a driving frequency based on a signal from the CPU
ex502. Furthermore, the signai processing unit ex507 decodes the
video data based on the signal from the CPU ex502. For example,
the identification information described in Embodiment 3 is probably

35 used for identifying the video data. The identification information is
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35 apparatus described in each of embodiments, the driving of the CPU - 62 - ex502 does not
probably have to be suspended.When the identification information indicates that the video data
conforms to the conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, the driving of the
CPU ex502 is probably suspended at a given time 5 because the CPU ex502 has extra processing
capacity. Even wheh the iishtificdienanforargioniadidatids iz dhe eife 3 datd is'genbeatediy the

moving picture cogfagriatied 20ddhe raeving NiskdieAdiNg ARPREAES deseibed inrgaah f
embodiments, in tEe cagse Wge{e the QPU ex502 has extraiprocizsin%@a aciﬁ/, t%e ofli\']ivin 10 of the
CPU ex502 is prcg ng)'/ %%pe%é‘eaoﬁ S‘a?\“/%n tintd. FX 80§ c & = endlihgi é’\gg%?obably set
shorter than that ## theccafe Wwhereowisen bisedesatifidatish hefeetiatior hdisbess thati thevitivo data

conforms to the cpanaptanalstandaide 3488 a3 MBESE MREC4 AYG s G 1 dR[Q413]
Accordingly, the %%weiﬂchnse_rvatl_on effect g)an be improved by switching between the drivin

C g
frequencies in actbfddREETHA I EARAN Pfo WAdH RESFTe8 uaH CormBring ittt bR when the
LSI ex500 or the Apgamtosane)uding Tt LS BRB08ddiiven dsining Z0batenys thédadryriife can be

extended with the powercpnsetyalign-effeckd2141IRmRadimens Bl Thee e, cagrioyhere,a plurality

of video data that conforms 25 to different standards, is provided to the devices and systems, such as

a television and & CRIBRISHBIRS 1N HieNE SHABIBULESGHEIRESIFAIS OMYNLE dai& thaf conforms
to the differedt stihdatdsyithe Signaleprogessingeinitiexsdd bitiséd S exb@0loekdsdaabddrm to the

different standarq!ﬁ.eHBWﬁ\é@r,etjggd)éoglﬁg]%)f é’?ﬂﬁf’%@?ﬁ%ﬁhﬁ g%aﬁleoqf QT? E’gciuitaq{&h% iltﬁl ex500

and increase in the cost arise with the individual use of the signal processing units ex507 that conform
to the respective’éefg‘?fc?é?ag.to the look-up table by the CPU ex502.

[0209]
FIG. 36 illustrates steps for executing a method in the present
15 embodiment. First, in Step exS200, the signal processing unit
ex507 obtains identification information from the multiplexed data.
Next, in Step ex5201, the CPU ex502 determines whether or not the
video data is generated by the coding method and the coding
apparatus described in each of embodiments, based on the
20 identification information. When the video data is generated by the
moving picture coding method and the moving picture coding
apparatus described in each of embodiments, in Step ex$202, the
CPU ex502 transmits a signal for setting the driving frequency to a
higher driving frequency to the driving frequency control unit ex512.
25 Then, the driving frequency control unit ex512 sets the driving
frequency to the higher driving freqguency. On the other hand, when
the identification information indicates that the video data conforms
to the conventional standard, such as MPEG-2, MPEG-4 AVC, and
VC-1, in Step exS5203, the CPU ex502 transmits a signal for setting
30 the driving frequency to a lower driving frequency to the driving
frequency control unit ex512. Then, the driving frequency control
unit ex512 sets the driving frequency to the lower driving frequency
than that in the case where the video data is generated by the
moving picture coding method and the moving picture coding

35 apparatus described in each of embodiment.
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[0215] In order to solve the problem, what is conceived is a 35 configuration in which the
decoding processing unit for implementing - 63 - the moving picture decoding method described in
each of embodiments and the decoding processing unit that conforms to the conventional standard,
such as MPEG-2, MPEG-4 AVC, and VC-1 are partly shared. Ex900 in FIG. 38A shows an example of
the 5 configuratiob? #bf éxample, the moving picture decoding method described in each of

embodiments and the mpving, picktececaring Mesher thakconipaaiogMRIEG thAVG have, partly in
common, the det?ils ofé)rocessin%, such as entropy coding, inverse quantization, deblocking filtering,

and motion comperSHIES pietiichion. PREEH JRAREDY DHoLLsEHETH K& Bh&®d BI8baBRntitide use of
a decoding procesBingding ékeoRatiageotiobastopMEE &4 A GS Inecdiitast; a dedigatent decoding

processing ugit ex901, i pEabablysyseesien Othes PEREESHNY, YIS tRAR 39RATFPL SR RIS SNt
invention. The decodlr#%proc ssing unit for mﬁplementmg the moving picture 15 decoding 'method

described in eact’ 5F &ABTdiRENYS IR DEsRERARIEHE D bELShto BR Shidfe 2RRE Lledicated
decoding processimg udinma de. Sdezk Db Priccessinghlpiged tomthay oftE G AMEB 2[0206)

Furthermore, ex1000:{n %g%e%ﬁﬁe%@%aaﬂmﬁ{ge¥?éw$ri%@9&@%&%?8%%!“9 's partly shared. This

example uses a configuration including a dedicated decoding processing unit ex1001 that supports the
processing uniqu 6 aspect of the present invention, a dedicated decoding processing unit ex1002
that supporisithe processingluaiquert®, andtber cheventiaralsstandatth and dgtecnsing 2y processing

unit ex;003 that §;gp§)gir’ts ﬁgcgﬁ\iﬁg %(.) tt?% %egﬁa%bgﬁgge% gwesg{o%@%%gu%%%ec\ggin‘g rir]%hod
according to the aspect of the present invention and the‘conventional movihg picture (?ecodlng
method. Here, th® REsI8g @EeoHiny ProdessiA antssexabet 4ha exnog &Fe HeeNE¥esaarily

specialized for the @rocessingrafsadeontisgHodh® aspeecinef trepieseAyinveqimand the psocessing
of the conventio t r tively | the ones capable of implementing general
processing. Furtﬁ%kr;éngrgﬁhdg co%?i%%ar};z%ﬁ %?%@?){;%%itrﬁ%erﬁn ggi?nsgﬁte e&h Bgcllj)rr?ggr\{”l%hte%oﬂy the LSI
ex500. 35 [6217]&XaMpdSuEH) eBALRMPHRCSE8IE f Aeiretifof Aot rMdesingate tost are

possible by sharing tiierdergdiighororessingrut forihgar erasstne torbe shareg Hefweanrke moving
e e B e MR A e
and the moving picture coding apparatus described in each of
embodiments, the driving frequency is probably set in reverse order
20 to the setting described above.
[0212]
Furthermore, the method for setting the driving frequency is
not limited to the method for setting the driving frequency lower.
For example, when the identification information indicates that the
25 video data is generated by the moving picture coding method and the
moving picture coding apparatus described in each of embodiments,
the voitage to be applied to the LSI ex500 or the apparatus including
the LSI ex500 is probably set higher. When the identification
information indicates that the video data conforms to the
30 conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1, the
voltage to be applied to the LSI ex500 or the apparatus including the
LSI ex500 is probably set lower. As another example, when the
identification information indicates that the video data is generated
by the moving picture coding method and the moving picture coding

35 apparatus described in each of embodiments, the driving of the CPU
=62 -



[0218] The image decoding method and the image coding method 10 according to the present
invention obtain an effect of improving both image quality and coding efficiency, and can be applied to
a video camera, a mobile phone having functions of capturing moving pictures and reproducing
moving pictures, a personal computer, or a recording and reproducing apparatus. 15[Reference Signs
List] [0219] 1000¢x2ge cading apphratustEldy Chding frocdssinguspieddied Subtidctor 201402

Orthogonal transfgep yfitdh R HaRH7aHEeR YRk LR SaH Py radingd i AL0% herse gygntization
unit 1106 Inverse orthogonal transform unit 251107 Adder 1108 Deb ocking filter 1109 Memory 1110

Intra prediction uFfiteL£% W&Yb?]n@drﬁ@ﬁgﬁﬁgn Y as MPEG-2, MPEG-4 AVC, and VC-1
the driving of the CPU ex502 is probably suspended at a given time

5 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
case where the CPU ex502 has extra processing capacity, the driving

10  of the CPU ex502 is probably suspended at a given time. In such a
case, the suspending time is probably set shorter than that in the
case where when the identification information indicates that the
video data conforms to the conventional standard, such as MPEG-2,
MPEG-4 AVC, and VC-1.

15 [0213]

Accordingly, the power conservation effect can be improved by
switching between the driving frequencies in accordance with the
standard to which the video data conforms. Furthermore, when the
LSI ex500 or the apparatus including the LSI ex500 is driven using a

20 battery, the battery life can be extended with the power conservation
effect.

[0214]
[Embodiment 6]

There are cases where a plurality of video data that conforms

25 to different standards, is provided to the devices and systems, such
as a television and a cellular phone. In orderto enable 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
the different standards. However, the problems of increase in the

30 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.

[0215]
In order to solve the problem, what is conceived is a

35 configuration in which the decoding processing unit for implementing
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301112 Motion estimation unit 1113 Switch 1200 Coding control unit 2000 Image decoding apparatus
2100 Coding processing unit 352101 Entropy decoding unit - 65 - 2102 Inverse quantization unit 2103
Inverse orthogonal transform unit 2104 Adder 2105 Deblocking filter 52106 Memory 2107 Intra

prediction unit 2108 Motion compensation unit 2109 Switch 2200 Decoding control unit [CLAIMS]
the moving picture decoding method described in each of

embodiments and the decoding processing unit that conforms to the
conventional standard, such as MPEG-2, MPEG-4 AVC, and VC-1 are
partly shared. ExS800 in FIG. 3BA shows an example of the
5 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,
deblocking filtering, and motion compensated prediction. The
10 details of processing to be shared probably include use of a decoding
processing unit ex902 that conforms to MPEG-4 AVC. 1In contrast, a
dedicated decoding processing unit ex901 is probably used for other
processing unigue to an aspect of the present invention. The
decoding processing unit for implementing the moving picture
15 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.
[0216]
Furthermore, ex1000 in FIG, 38B shows another example in
20 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
dedicated decoding processing unit ex1002 that supports the
processing unique to another conventional standard, and a decoding
25 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
30 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.
35 [0217]
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[Claim 1] An image decoding method for decoding a coded stream which 5 includes a plurality of
processing units and a header for the processing units, the coded stream being generated by coding a
moving picture, the processing units including at least one processing unit layered to be split into a
plurality of smaller processing units, the image decoding method comprising: 10 specifying a

hierarchical layer having\a procEssifgautitg wihieh scpieambtéhfecérzially f darodirly Bnstored, by

parsing hierarchy siapiyigfarieatioisisrecibabie heaget aiidng trieersioaii Bm%f%ﬂng?qnit;]s;nhg
e parame er storedq | rocessing uni cale e p clre lerarcnical layer. alm e
st e S 1 e s e b Gt

k?y coding
which includes ofthogdiad trassforth andaygantization) 2Gthp erocesding pnitsstdydred téibe smaller in
a direction from g higherdeneh {aglopietigrelda cading UREEXIRIS @5 adRaRsh RIPGRASINgHAIt at a

highest hierarchical layer, and a transform unit exists as a processing unit smaller than the coding unit
at a lower hierar(‘,:ﬁiez{fgl'ayé)ﬂﬂhls@agéﬁgr than the highest hierarchical layer, 25the parameter is a
guantization paraibmetes tppligtbtol thettidnsform unit, the hierarchy depth information indicates a
lower hierarchicegd@ieg" that is deeper than the highest hierarchical layer, and (i) a hierarchical layer
indicated by the ierarc_lgldepth 30 information or (ii) a hierarchical layer which is higher than the

hierarchical layer and is 'Gtfiet THAAGhEGHGAGRE NBRH AR A R € sPREBRICOHES sPEiRATY a
hierarchical {ayerhaviragprodgssinges it tn nvdctiithe ojoiantizathoafparameter ps stonedb 88iClaim 3]

image quality and coding efficiency, and can be applied to a video
camera, a mobile phone having functions of capturing moving
pictures and reproducing moving pictures, a personal computer, or a
recording and reproducing apparatus.
15 [Reference Signs List]
[0219]
1000 Image coding apparatus
1100 Coding processing unit
1101 Subtractor
20 1102 Orthogonal transform unit
1103 Quantization unit
1104 Entropy coding unit
1105 Inverse quantization unit
1106 Inverse orthogonal transform unit
25 1107 Adder
1108 Deblocking filter
1109 Memory
1110 Intra prediction unit
1111 Motion compensation unit
30 1112 Motion estimation unit
1113 Switch
1200 Coding control unit
2000 Image decoding apparatus
2100 Coding processing unit

35 2101 Entropy decoding unit
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The image decoding method according to one of Claims 1 and 2, wherein the header is a picture
header for a picture including the processing units, and the hierarchy depth information is stored in 5
the picture header. [Claim 4] The image decoding method according to Claim 2, wherein when the
processing unit is decoded, the quantization 10 parameter located, within the processing unit, after a
transform coefficient gereried yarkeoftmagbaatirdnsfoitn and quantization is used. [Claim 5] 15An
image coding method fop geReratieg s BYFoHhgon MavRgspictiey aigoded stream which includes a
plurality of processing uEii %nlgg header for the processing units, the processing units including at
least one processing un Z%/ € cE(?rbe split into a plurality of smaller processing units, the image
coding method comprisidd:020Euttgakien by picture; writing, into the header, hierarchy depth
information fgr specifying fagerpephingl layer having a processing unit in which a parameter necessary
for decoding is stored; an% writing the parameter into the processing unit located at the
25hierarchical layer spe€ifidd {7 thd Rict }EH)?EeLb%tinformation. [Claim 6] The image coding method
according to Claim 5, widréip brthibgoral irarsfeatiemd gitantization are performed 30 on the moving
picture when the movingpiglire,jsceded, the processing unit is layered to be smaller in a
direction from a higher level to a lower level, a coding unit exists as a largest processing unit at a
highest hierarchical layef.25t B8 ARk 8%idlihs a processing unit smaller than the coding unit
at a lower
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35hierarchical layer that is deeper than the highest hierarchical layer, - 68 - the parameter is a
guantization parameter applied to the transform unit, the hierarchy depth information indicates a
hierarchical layer that is lower than the highest hierarchical layer, and 5the parameter is written into a
processing unit at ig]a hierarchical layer indicated by the hierarchy depth information or (ii) a
hierarchical layerlfvhfth1§ higher than the hierarchical layer and is other than the highest hierarchical
layer, when the quantization parameter is written. 10 [Claim 7] The image coding method according
to one of Claimsﬁ n'd 6, \i/jherein the header is a picture header for a picture including the processing
units, and 15the hierarchy depth information is written into the picture header when the hierarchy
depth information is writfeh. A& &} THE e d5€ Corin mé e recrding €6 Gtama @, etvdherein,
when the qugntizaiondeay agetgiisa\veijteos theradastizasion par@mater ig WHEgA &yt thgrrocessing
unit, after a transform coeﬁicient.gen%rﬁted bg tge grtho%orgl fransform ar1cd u%ntizati n. 25[Claim 9]
An image decodi%ogﬁggl'gﬁjs%h &h decod8S &coalidtle ﬁ'ﬁﬁﬂgin%%ﬂgri §(§e &chal 'é’?ngthod

according to anyoy ofClalintur e 4the processing units including at least one
processing unit layered to be split into a plurality of smaller

processing units, the image decoding method comprising:

10 specifying a hierarchical layer having a processing unit in
which a parameter necessary for decoding is stored, by parsing
hierarchy depth information stored in the header; and

decoding the processing unit using the parameter stored in the
processing unit located at the specified hierarchical layer.

15

[Claim 2]

The image decoding method according to Claim 1,

wherein the coded stream is generated by coding which
includes orthogonal transform and quantization,

20 the processing unit is layered to be smaller in a direction from
a higher level to a lower level, a coding unit exists as a largest
processing unit at a highest hierarchical layer, and a transform unit
exists as a processing unit smaller than the coding unit at a lower
hierarchical layer that is deeper than the highest hierarchical layer,

25 the parameter is a quantization parameter applied to the

trapsform unit,

the hierarchy depth information indicates a lower hierarchical
layer that is deeper than the highest hierarchical layer, and

(i) a hierarchical layer indicated by the hierarchy depth

30 information or (ii) a hierarchical layer which is higher than the

hierarchical layer and is other than the highest hierarchical layer is
specified, when specifying a hierarchical layer having a processing
unit in which the guantization parameter is stored.

35 [Claim 3]
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30[Claim 10] An image coding apparatus which codes a moving picture using the image coding
method according to any one of Claims 5 to 8. [Claim 11] 35A program for causing a computer to
decode a coded stream - 69 - using the image decoding method according to any one of Claims 1 to
4. [Claim 12] 5A program for causing a computer to code a moving picture using the image coding
method according to any b BfCRIARCE 8! [CElifPE33 ccordinghantarsraréd-biricoR WOl decodes
a coded stream ysing the 10 image decoding method according to any one of Claims 1 to 4. [Claim 14]

An integrated circuit which codes a moving picture using the image coding method according to an
one of glaims 510 8 wq-»ere?n ﬁwe ea%gr nts a p?ct re heac?er or agptcture mcﬁucﬂng y

the processing units, and the hierarchy depth information is stored in
5 the picture header.

[Claim 4]
The image decoding method according to Claim 2,
wherein when the processing unit is decoded, the quantization
10 parameter located, within the processing unit, after a transform
coefficient generated by the orthogonal transform and gquantization
is used.

[Claim 5]

15 An image coding method for generating, by coding a moving
picture, a coded stream which includes a plurality of processing units
and a header for the processing units, the processing units including
at least one processing unit layered to he split into a plurality of
smaller processing units, the image coding method comprising:

20 coding the moving picture;

writing, into the header, hierarchy depth information for
specifying a hierarchical layer having a processing unit in which a
parameter necessary for decoding is stored; and
writing the parameter into the processing unit located at the
25 hierarchical layer specified by the hierarchy depth information.

[Claim 6]

The image coding method according to Claim 5,

wherein orthogonal transform and quantization are performed

30 on the moving picture when the moving picture is coded,

the processing unit is layered to be smaller in a direction from
a higher level to a lower level, a coding unit exists as a largest
processing unit at a highest hierarchical layer, and a transform unit
exists as a processing unit smaller than the coding unit at a lower

35 hierarchical layer that is deeper than the highest hierarchical layer,
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20
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30

35

the parameter is a quantization parameter applied to the
transform unit,

the hierarchy depth information indicates a hierarchical layer
that is lower than the highest hierarchical layer, and

the parameter is written into a processing unit at (i) a
hierarchical layer indicated by the hierarchy depth information or (ii)
a hierarchical layer which is higher than the hierarchical layer and is
other than the highest hierarchical layer, when the quantization
parameter is written.

[Claim 7]

The image coding method according to one of Claims 5 and 6,

wherein the header is a picture header for a picture including
the processing units, and

the hierarchy depth information is written into the picture
header when the hierarchy depth information is written.

[Claim 8]

The image coding method according to Claim 6,

wherein, when the quantization parameter is written, the
quantization parameter is written within the processing unit, after a
transform coefficient generated by the orthogonal transform and
quantization.

[Claim 9]
An image decoding apparatus which decodes a coded stream

using the image decoding method according to any one of Claims 1 to
4,

[Claim 10]
An image coding apparatus which codes a moving picture
using the image coding method according to any one of Claims 5 to 8.

[Claim 11]
A program for causing a computer to decode a coded stream
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using the image decoding method according to any one of Claims 1 to
4,

[Claim 12]
A program for causing a computer to code a moving picture
using the image coding method according to any one of Claims 5 to 8.

[Claim 13]
An integrated circuit which decodes a coded stream using the
image decoding method according to any one of Claims 1 to 4.

[Claim 14]

An integrated circuit which codes a moving picture using the
image coding method according to any one of Claims 5 to 8.
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