[DESCRIPTION] [Title of Invention] IMAGE CODING METHOD, IMAGE DECODING METHOD,
IMAGE CODING APPARATUS, IMAGE DECODING APPARATUS, AND IMAGE 5 CODING AND
DECODING APPARATUS [Technical Field] [0001] The present disclosure relates to image
coding methods of 10 coding images to generate a coded stream, and image decoding methods of
decoding |mages[ﬂc§§(f€'ﬂﬁﬁ &)l}led stream. [Background Art] [0002] 15In the H.264 standard (see
Non-Patent Literfitniei &) ofrgedmtioaifg video) coding typically comprises mtra coding using spatial

prediction metho por redicti [ rediction
may be performe %afgar@ag nu&%!g?@ﬁmm inter- coﬂg%(% %%%ch as Inter 16)?&9 %#tgr 16x8,
Inter 8x16, inter &BDHNEP SREPHBA NS arddihtek 450F ﬂ’é‘g tPaﬁ’BPefﬂ?&iéﬁrméfﬂ Be E)@r‘f‘&'ﬁled for a

number of ingra-codingNp® ANEPEeE GOCH RS IRtre ABrH8, g1tra 8x8 and Intra 4x4. Intra Pulse Code
Modulation 25(IPCM) blocks are one kind of intra coding blocks. [0004] IPCM blocks are blocks of

uncompressed image samples where raw luma and chroma samples are signaled in the coded
stream. They arelilpicmjicabdiekd case when the entropy coder produces 30 more bits compared
to raw data bits vylgriigepgling a block of image samples. In general, IPCM blocks are coded as

uncompressed data in tljl%co%?gsset:%etarg s[qg%ttﬂ?‘ré Lrl‘setﬂates to image coding methods of

10 coding images to generate a coded stream, and image decoding
methods of decoding images included in the coded stream,.

[Background Art]
[0002]

15 In the H.264 standard (see Non-Patent Literature 1), image
(including video) coding typically comprises intra coding using spatial
prediction methods, and inter coding using temporal prediction
methods.

[0003]

20 Temporal prediction may be performed for a number of different
inter-coding block types, such as Inter 16x16, Inter 16x8, Inter 8x16,
inter 8x8, inter 8x4, inter 4x8 and Inter 4x4, while spatial prediction
may be performed for a number of intra-coding block types, such as
Intra 16x16, Intra 8x8 and Intra 4x4. Intra Pulse Code Modulation

25 (IPCM) blocks are one kind of intra coding blocks.

[0004]

IPCM blocks are blocks of uncompressed image samples where
raw luma and chroma samples are signaled in the coded stream.
They are typically used in the case when the entropy coder produces

30 more bits compared to raw data bits when coding a block of image
samples. In general, IPCM blocks are coded as uncompressed data in
the coded stream.

[Citation List]
35 [Non Patent Literature]



35 [Non Patent Literature] [0005] [NPL 1] ITU-T H.264 03/2010 [Summary of Invention] 5 [Technical
Problem] [0006] However, there is a situation where IPCM blocks prohibit improvement of coding
efficiency. A data amount of an IPCM block depends on a size of luma and chroma bit-depth. As a
bit-depth is 10 greater, a data amount of an uncompressed IPCM block is larger. Therefore, in the
above situation, Bibcks prohibit improvement of coding efficiency. [0007] In order to address the
above, one non-Ijinitrhg Bhd ExERTplAr 45 8mbbelirent provides an image coding method and an
image decoding method by which coding efficiency can be improved by using an adaptive bit-depth.
[Solution to Problem] 20 [0008] In one general aspect of the present disclosure for solving the
above problem, theHRAWRE AR VRBEEPEBHINg method of coding images to generate a coded
stream, the imagpTaeding: owkicbibtdsing: writing a first parameter into a sequence parameter set in
25 the coded stri) 36 generated, the first parameter representing a first bit-depth that is a
bit-depth of a reconstructed sample in the images; and writing a second parameter different from the
first parameter into the RYWEYES parBficielSsed e d8ELNY ﬂﬁFH%ﬁ%teﬁPtEB\’e%ﬂﬁH@ PEeEORY

bit-depth that is arhitdspinefirandntéa Rulgedn GodeyVogulatieon @REMhsasnpie inragirmagas. [0009]
depends on a size of luma and chroma bit-depth. As a bit-depth is
10 greater, a data amount of an uncompressed IPCM block is larger.
Therefore, in the above situation, IPCM btlocks prohibit improvement
of coding efficiency.
[0007]
In order to address the above, one non-limiting and exemplary
15 embodiment provides an image coding method and an image decoding
method by which coding efficiency can be improved by using an
adaptive bit-depth.

[Solution to Problem]
20 [0008]

In one general aspect of the present disclosure for solving the
above problem, there is provided an image coding method of coding
images to generate a coded stream, the image coding method
including: writing a first parameter into a seqguence parameter set in

25 the coded stream to be generated, the first parameter representing a
first bit-depth that is a bit-depth of a reconstructed sample in the
images; and writing a second parameter different from the first
parameter into the sequence parameter set, the second parameter
representing a second bit-depth that is a bit-depth of an Intra Pulse

30 Code Modulation (IPCM) sample in the images.

[0009]

Thereby, it is possible to set the bit-depth for IPCM samples
separately and independently from the bit-depth for reconstructed
samples. Therefore, redundant data of the IPCM samples can be

35 reduced. As a result, coding efficiency can be improved.
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Thereby, it is possible to set the bit-depth for IPCM samples separately and independently from the
bit-depth for reconstructed samples. Therefore, redundant data of the IPCM samples can be
35reduced. As a result, coding efficiency can be improved. [0010] Furthermore, the image coding
method may include writing the IPCM sample into the coded stream at the second bit-depth. [0011]
Thereby, IPCM s&%?é%]are written into the coded stream at the bit-depth set for IPCM samples which
is different from the bit-dapttheetrfeeconstivcied saupes mist aoesulh cotingdifigianieygceancbe
improved. [0012],i0StHl fur the ] e codj further inglude r tructing a sample
at the first bit-degﬁéﬁi%%a c@%e sgnrﬁﬁee {fr? %gﬁn%eéggﬁj s%](?;ht‘%l) %ée%%?agtg) {Eec% C(r)}rﬁ'structed sample.
[0013] Thereby, 1e8Akducted samples are generated at the bit-depth 15 set for reconstructed

samples whigh is different&egbihel pitdentmeet fos tRGIVi samples Asadesul, étreaeriualityecan be

improved. [0014]_.. il further, i writing of the second parameter, the second. parameter
et I B il ST i o et e s

[0015] Therdilt foé bROEPIROFHC R SapDles 1§ $at ttae bgualdtnar effigileneyasaRetisit-depth
for reconstructed; sasnplasd Therefore, redundant data of the IPCM samples can be reduced. 25 [0016]
Still further, the i Q@;in% ding method may further include converting the IPCM sample at the second

bit-depth into the ructed sample at the first bit-depth.
10 Still further, the image coding method may further include

reconstructing a sample at the first bit-depth from a coded sampie in
the images, so as to generate the reconstructed sample.
[0013]

Thereby, reconstructed samples are generated at the bit-depth

15 set for reconstructed samples which is different from the bit-depth set
for IPCM samples. As a result, image quality can be improved.
[0014]

Still further, in the writing of the second parameter, the second
parameter representing the second bit-depth that may be equal to or

20 smaller than the first bit-depth is written.

[GO15]

Thereby, the bit-depth for IPCM samples is set to be equal to or
smaller than the bit-depth for reconstructed samples. Therefore,
redundant data of the IPCM samples can be reduced.

25 [0016]

Still further, the image coding method may further include
converting the IPCM sample at the second bit-depth into the
reconstructed sample at the first bit-depth.

[0017]

30 Thereby, even if the bit-depth for IPCM samples is different
from the bit-depth for reconstructed samples, IPCM samples can be
used as reconstructed samples.

[Co18]

Still further, in the writing of the second parameter, the second

35 parameter representing the second bit-depth that may be smaller than
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[0017] 30Thereby, even if the bit-depth for IPCM samples is different from the bit-depth for
reconstructed samples, IPCM samples can be used as reconstructed samples. [0018] Still
further, in the writing of the second parameter, the second 35 parameter representing the second
bit-depth that may be smaller than a third bit-depth is written, the third bit-depth being a bit-depth of an
original sample if tHEifhBfes! epidh tHe WhER e ddiRd MEtBH TSP HirfPRINEUBE @rRERMIAG IR
grigoilnal r?amfplﬁ %ﬁf@ﬁﬁbilrdséiﬁ'dﬂﬁthdnt%@ s&m@éhsa}t medsm@drblﬁ@t@mdmgasﬁ@mﬂﬂeb asgyihe "
it-depth 5of the P sample corresponding to, the original sample. [Q . Ther it is possible
1 recuce redund it 6 BFIEN SN AL BT SL IR b SHLT samies e HEfE g
efficiency can belfiprdvadnPE[edAble secstifl fithee PEthe witing sfaheemise ShamiEtsie AB first

parameter represgniing the firsinindrptivihat pewdie dareerHbag:-aythigd bifrelpsh is written, the third
bit-depth being m(ate%h of an original sample in the images, and the image coding method may 15
c

further include the original sample at the third bit-depth into a sample at the first bit-depth,
S0 as to increase the bitidepthiof thid résonsisatée samplecdsareespshanitd théadeginbl 58Gile.

[0021] _ Th%SHVpliEBS ROIFID I eT§asE _%@iBi‘i’i@?pﬁhﬂfn;5@@9!1_5”,@@"99 e sam "%\%ding_
corresponding to ?rl_ inal sam I(Z}s). As a result, image quality can be improved. [0022 Still
further, the imagg ﬁ@% 9 ﬁé@%?&veerqnclude writing a coded sample coded using the

reconstructed sapfpde2&lthe 25first bit-depth into the coded stream. [0023] Thereby, coded
samples coded using regenstricierbsamples at the diffepthdos recraskucipd saipplesare wtitten to
the coded stream. ) ) )
parameter representing the first bit-depth that may be larger than a
third bit-depth is written, the third bit-depth being a bit-depth of an
original sample in the images, and the image coding method may
15 further include converting the original sample at the third bit-depth
into a sample at the first bit-depth, so as to increase the bit-depth of
the reconstructed sample corresponding to the original sample.
[0021]
Thereby, it is possible to increase the bit-depth of reconstructed
20 samples corresponding to original samples. As a result, image
quality can be improved.
[00622]

Still further, the image coding method may further include

writing a coded sample coded using the reconstructed sample at the
25 first bit-depth into the coded stream.
[0023]

Thereby, coded samples coded using reconstructed samples at
the bit-depth for reconstructed samples are written to the coded
stream.

30 [0024]

in another aspect of the present disclosure, there is provided an
image decoding method of decoding images in a coded stream, the
image decoding method including: obtaining a first parameter from a
sequence parameter set in the coded stream, the first parameter

35 representing a first bit-depth that is a bit-depth of a reconstructed
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30 [0024] In another aspect of the present disclosure, there is provided an image decoding
method of decoding images in a coded stream, the image decoding method including: obtaining a first
parameter from a sequence parameter set in the coded stream, the first parameter 35representing a
first bit-depth that is a bit-depth of a reconstructed sample in the images; and obtaining a second
parameter differ&iftBif the fifst pErasRSer dth GRE3EH06nce TRFEMGIORSEINBEEEcbhE Baameter

representing a see@ﬁdthléd&@waaérﬁ@t@ﬁﬂ@ﬁhtﬂfeagew@rw%%bée@daume(l&&w@ample In
the images. 5 [002 ’_]?]m% Thereb |t |s OSSIb|e to S%Ilgl bjt ?Rth foEIPCM s%rr%p f arately and

independently fr&R tter f for recongtrucﬁga samplesd‘lz'ﬁere Ore, rédtindant d the IPCM
samples can be fediRets A &%@IM@déﬂr@@i@ﬂlcﬁéﬂ@Méaﬁb@ﬁfﬁpﬁ@\ﬁé@ 10 30626] Furthermore,
the image decodjgpaethod may further include obtaining the IPCM sample from the coded stream at

the second bit-depth. [O The eb IPC les obtal fr strea at the
bitdopth setfor 1bCM SRS it e BHISHETE Hometio EXCEI S or g Rt Bifbles. As
a result, coding eféipierrtietanatve irpievsd) jeo2b] Zostill mma;wumagweCSdmgstm may

further include r%rggtmm@,g@mlgeat tBe firi i denih friom soded magmieyethe dRages, so as
to generate the rec&nstrﬁcted sample. 029 There , reconstructed samgles re generated at the

bit-depth 25 set {5t HHESAstreted 55 Itésc\ﬁﬁ'&g@ LeEHOMRE BIRAERHELet for IPCM samples.
As a result,limagE0fi6ty can be improved. [0030]

Furthermore, the image decoding method may further include
obtaining the IPCM sample from the coded stream at the second
bit-depth.

[0027]

15 Thereby, IPCM samples are obtained from the coded stream at
the bit-depth set for IPCM samples which is different from the
bit-depth set for reconstructed samples. As a result, coding
efficiency can be improved.

[0028]

20 Still further, the image decoding method may further include
reconstructing a sample at the first bit-depth from a coded sample in
the images, so as to generate the reconstructed sampie.

[0029]

Thereby, reconstructed samples are generated at the bit-depth

256 set for reconstructed samples which is different from the bit-depth set
for IPCM samples. As a result, image quality can be improved.
[0030] _

Stifl further, in the obtaining of the second parameter, the
second parameter representing the second bit-depth that may be

30 equal to or smaller than the first bit-depth is obtained.

[6031]

Thereby, the bit-depth for IPCM samples is set to be equal or
smaller than the bit-depth for reconstructed samples. Therefore,
redundant data of the IPCM samples can be reduced.

35 [0032]



Still further, in the obtaining of the second parameter, the second parameter representing the second
bit-depth that may be 30equal to or smaller than the first bit-depth is obtained. [0031] Thereby,
the bit-depth for IPCM samples is set to be equal or smaller than the bit-depth for reconstructed

samples. Therefore, redundant data of the IPCM samples can be reduced. 35 [0032]  Sitill further,
the image decoding mefbd M AgthemiBciTiRIOFRGBHT G TREN daple B iHecseHOHY BR-depth

to the reconstructeshsantpig atthe firstdit-deptim JRO33} 5 Therebye eyen if the bsteptitfor tREM
samples is different fron% the bit-de?oth gor r%ct(hr]lst ucrtegf_ag'ueﬁﬁﬁ, IPCM samples can be used as

reconstructed sa’fr?ﬁl%g.s 5855?%?“ ﬂ}Rh%r? in the c')B?alnlng of'the’second parameter, the 10 second

parameter repreddH¥ig§ Ihe second bit-depth that may be smaller than the first bit-depth is obtained,
and the image decodingrmeteed may dwthert iielude gepyarting thed PCYhsamele at tnersesand

e B S e BN S B P R e
reconstructed sakfisidsa PEvosETplesashs de D&% as reconstructed samples. [0036] 20Still further, in
the obtaining of t[lg@geﬂﬂd parameter, the s_econd parameter representing th_e second bit-depth that
may be smallr than & (41g o 1eREy = PPIANE b SRS TG A IERE Begha Clienel an griina

10 second parameter representing the second bit-depth that may be
smaller than the first bit-depth is obtained, and the image decoding
method may further include converting the IPCM sample at the second
bit-depth into a sample at the first bit-depth, so as to increase the
bit-depth of the IPCM sample.

15 [0035]

Thereby, even if the bit-depth for IPCM samples is different
from the bit-depth for reconstructed samples, IPCM samples can be
used as reconstructed samples.

[0036]

20 Still further, in the obtaining of the second parameter, the
second parameter representing the second bit-depth that may be
smaller than a third bit-depth is obtained, the third bit-depth being a
bit-depth of an original sample in the images.

[06037]

25 Thereby, it is possible to appropriately obtain IPCM samples
from which redundant data is reduced. As a result, coding efficiency
can be improved.

[0038]

Still further, in the obtaining of the first parameter, the first

30 parameter representing the first bit-depth that may be larger than a
third bit-depth is obtained, the third bit-depth being a bit-depth of an
original sample in the images.

[C039]

Thereby, it is possible to increase the bit-depth of reconstructed

35 samples. As a result, image guality can be improved.
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25Thereby, it is possible to appropriately obtain IPCM samples from which redundant data is reduced.
As a result, coding efficiency can be improved. [0038] Still further, in the obtaining of the first
parameter, the first 30 parameter representing the first bit-depth that may be larger than a third
bit-depth is obtained, the third bit-depth being a bit-depth of an original sample in the images. [0039]
Thereby, it is pos@cﬁéﬂﬂincrease the bit-depth of reconstructed 35samples. As a result, image quality

can be improved. [004Q3tili fGHtHerhenethenmpgeidecading methtimay juriheniaclute oftaining a
coded sample toObDetdecoded using the reconlstrL%%te(? sar%ole d’;\é &he first bl%hdepth from. the coded

stream. 5 [0041] alrrh'gr%bef/, ft95 %gségm?oedeco eeccgl &d samp 64 Obtained from. té%%&ed

stream, by usingJeeurisrattdiesHirgs|ds adertbittoemtiie festripliceadsamples. [0042] 10In still
another aspect of §pgorgsent disclosure, there is provided an image coding apparatus that codes

images to generate a cagded stream, the image, coding apparatus including; a first writing pnit
configured to write a firs gFgﬁ%\été into’s %%%)JSnté)e %%?Férsf%tgf’égtdi:nsﬁ{ggc%cfea%s‘i?éaﬁgtgrggq
generated, the fildiacgaetet 6 Mephesoaiing el bitdeinh $rimiple binldEpenbot « aigdnberucted

sample in the imagesnhand 2:2ecae-wIiing unit configured to write a second parameter different from

the first parameter intg the sequence parameter set, the second parameter representing a second
bit-depth that is & Bit

th of an Intra Pulse Code Modulation (IPCM) sample in 20 the images.
10 In still another aspect of the present disclosure, there is

provided an image coding apparatus that codes images to generate a
coded stream, the image coding apparatus including: a first writing
unit configured to write a first parameter into a sequence parameter
set in the coded stream to be generated, the first parameter

15 representing a first bit-depth that is a bit-depth of a reconstructed
sample in the images; and a second writing unit configured to write a
second parameter different from the first parameter into the sequence
parameter set, the second parameter representing a second bit-depth
that is a bit-depth of an Intra Pulse Code Modulation (IPCM) sample in

20 the images.

[0043]

Thereby, the image coding method is implemented as the image
coding apparatus.
[0044]

25 In still another aspect of the present disclosure, there is
provided an image decoding apparatus that decodes images in a coded
stream, the image decoding apparatus inciuding: a first obtaining unit
configured to obtain a first parameter from a sequence parameter set
in the coded stream, the first parameter representing a first bit-depth

30 that is a bit-depth of a reconstructed sample in the images; and a
second obtaining unit configured to obtain a second parameter
different from the first parameter from the sequence parameter set,
the second parameter representing a second bit-depth that is a
bit-depth of an Intra Pulse Code Modulation (IPCM) sample in the

35 images.



[0043] Thereby, the image coding method is implemented as the image coding apparatus. [0044]
25In still another aspect of the present disclosure, there is provided an image decoding apparatus that
decodes images in a coded stream, the image decoding apparatus including: a first obtaining unit
configured to obtain a first parameter from a sequence parameter set in the coded stream, the first
parameter reprei@ﬁﬁé& first bit-depth 30 that is a bit-depth of a reconstructed sample in the images;

and a second obtaining wnéaigures tmelkfainiasesong pasameaterdiffaiseifiondae sisst parameter
from the sequence garametergslet the secq:nd parameter representing a second bit-depth that is a

bit-depth of an Intra Igl?ls%ef)% g g&ﬁgtﬁgnﬁPCM) sample in the 35images. [0045] Thereby, the

image decoding @8 Js implemented as the image decoding apparatus. [0046] 5In still another
aspect of thespresent digglogeng, Hiesere prevwgedanimeage coing anddleersingeaprakates iicluding

an image coding unit configured to code images to generate a coded stream, wherein the image
coding unit inclu&gg:vé‘gﬁgev ifina ﬁﬁitcgém?é?u?&iﬂg %rﬂg?g?irgf) BgFaE’ %%eirqﬁit%éigg(]auneh?ea‘ Bg%ameter
set in the coded o stieany tdtbecgdherird, iheCtice paraneteteegridertiiy a et Bi-¢épeathat is a

bit-depth of a recqngiFuctecheamie i dhailmAdas: ANd @Racondviing WMHGCORfigemtipuneie a
second parameter different fF,om the first étparar_n ter into the sequen rameter.set, the s%% nd
dTHAE S

Sarametor ropredSntitiEe SodbHHRRLATAGRATES £ 15 G ABGH 7 N Sra P L fion
(IPCM) samiple irstheamades tancoednadigd cdding Arst deevdimg tpparapure s@mtisrdncludirgtan

image decoding Wit gapfiguies s AR EpRREs R & SOJRELPUEANR YAIRINE 1AG HBgRdRE0dINg unit

includes: a first obtajning unit configured to obtain a first parameter from a se%uence Z%arameter set

in the coded stre@RF tAe RSP aAEER Febiaile ARG G HIrEColt bt that ISSE BRALT S er
reconstructed sadipferanthe ioragéisgafidsa gecand elstainitg whie copdigareckt@ abtamacsesohd

parameter differgntdram the firglnararpeler op) e SEALENEe RAUFME; &l SeraRdgatameter
representing a second bit-depth 25 that is a bit-depth of an IPCM sample in the images. [0047]
15 bit-depth of an Intra Pulse Code Modulation (IPCM) sample in the
images, and the image coding and decoding apparatus further
including an image decoding unit configured to decode images in a
coded stream, wherein the image decoding unit includes: a first
obtaining unit configured to obtain a first parameter from a sequence
20 parameter set in the coded stream, the first parameter representing a
first bit-depth that is a bit-depth of a reconstructed sample in the
images; and a second obtaining unit configured to obtain a second
parameter different from the first parameter from the sequence
parameter set, the second parameter representing a second bit-depth
25 that is a bit-depth of an IPCM sample in the images.
[06047]

Thereby, the image coding apparatus and the image decoding
apparatus are implemented as the image coding and decoding
apparatus.

30
[Advantageous Effects of Invention]
[0048]

According to the present disclosure, it is possible to set a

bit-depth for IPCM samples separately and independently from a
35  bit-depth for reconstructed samples. Therefore, redundant data of
- R



Thereby, the image coding apparatus and the image decoding apparatus are implemented as the
image coding and decoding apparatus. 30 [Advantageous Effects of Invention] [0048] According to the
present disclosure, it is possible to set a bit-depth for IPCM samples separately and independently
from a 35 bit-depth for reconstructed samples. Therefore, redundant data of the IPCM samples can
be reduced. As &P&sLR EOSHAG SRSy BEnBE HABfoveds[Bricidéschplbttor HHieiRings]%910049]
FIG. 1 is a syntaydiagnavetich shows the location of a field parameter in a coded stream. FIG. 2
is a flowchart which shows a sequence of operations of an image decoding method H.264, Section
7.3.5. FIG. 3 is a block diagram which shows a structure of an image coding apparatus according
to Embodiment 1L Birief frescnigtinss gt Draviegsls a syntax diagram which shows of 8-bit-depth
conversion agcondyigpgg Fmbodiment 1. 15FIG. 5 is a flowchart which shows a sequence of operations

Iihich shows two eid POt I 2 oAb AR LB D ER BB OF ST fs o
block diagram wisighashewsrd steucraie dfsdneatage 20 decoding apparatus according to Embodiment
2 of the present disclosyfs, 2 is a flowchart which shows a sequence of operations of an

image decoding method H.264, Section 7.3.5.

10 FIG. 3 is a block diagram which shows a structure of an image
coding apparatus according to Embodiment 1 of the present
disclosure.

FIG. 4 is a syntax diagram which shows of 8-bit-depth
conversion according to Embodiment 1.
15 FIG. 5 is a flowchart which shows a seguence of operations
performed by an image coding apparatus according to Embodiment 1.
FIG. 6 is a syntax diagram which shows two field parameters in
a coded stream according to Embodiment 1.
FIG. 7 is a block diagram which shows a structure of an image

20 decoding apparatus according to Embodiment 2 of the present
disclosure.

FIG. 8 is a flowchart which shows a sequence of operations
performed by the image decoding apparatus according to Embodiment
2;

25 FIG. 9 is a flowchart which shows a coding method of coding an

image bitstream according to Embodiment 3 of the present disclosure.

FIG. 10A is a block diagram which shows a structure of an image
coding apparatus according to Embodiment 4 of the present
disclosure.

30 FIG. 10B is a flowchart which shows operations performed by an
image coding apparatus according to Embodiment 4,

FIG. 11Ais a block diagram which shows a structure of an image
decoding apparatus according to Embodiment 4.
FIG. 11B is a flowchart which shows operations performed by

35 the image decoding apparatus according to Embodiment 4.

9.



FIG. 8 is a flowchart which shows a sequence of operations performed by the image decoding
apparatus according to Embodiment 2; 25FIG. 9 is a flowchart which shows a coding method of coding
an image bitstream according to Embodiment 3 of the present disclosure. FIG. 10A is a block
diagram which shows a structure of an image coding apparatus according to Embodiment 4 of the
present disclosure. 30F G GLORissad SlsHad whicHsMoNS b séraricns persiHed oY an image coding

apparatus accordingikyEmnbediment4. accordind 1Ads &hledaiiagram whigh shews grgteueitre of an
image decoding ﬁﬁgﬁratus according to Embodiment 4. FIG. 11B is a flowchart which shows

operations perfo WHEE the i image decoding apparatus according to Embodiment 4. FIG. 12
is a block diagram whchfEEovl@ asstrueaws ot envith e Koding appaddtas acsrdingedBmbadiment 5

of the present digglagii&0ding ablardus aflayrehad Whieh-snyysmenerations performed by an 5
image coding apparatus cordmgp%iﬁg%dment 5. FIG, 14 is a block dlag WhICh shows a

structure of an image dé g&aﬂflﬂ@t&' BB GRS SErUCEHES £ RM, 08RRart
which shows opetationsmedomacd oy thednraljegléocoding apparatbissaccording to Embodiment 5.

10FIG. 16 shows an OV‘?f?él C@@ﬂgugaﬂem,eﬁgﬁmm@h%ﬂwwe%%mw BapigMeRENg FoRient

distribution services. FIG. 17 shows an overall conflguratlon of a digital broadcasting system.

FIG. 18 shows a'BIGEEIR A ML SFRRIG HieRShPIR BB TS%BPP@%Q{%?] ot a television. FIG. 19
shows a blaek diagram HiGtratdg anwxamplevefra itardigiitatictioran informatient providing

reproduclng/rec:ogg}:}glc%,J.H'nlftotpthBpéjr?1 @Hﬁ%‘ﬁ"@éd?@‘?{mﬁé‘%ﬂ frapm.and Qo2 Lecording medium that is

an optical disk.
P FIG. 17 shows an overall configuration of a digital broadcasting

system.
FIG. 18 shows a block diagram illustrating an example of a
15 configuration of a television.

FIG. 19 shows a block diagram illustrating an example of a
configuration of an information reproducing/recording unit that reads
and writes information from and on a recording medium that is an
optical disk.

20 FIG. 20 shows an example of a configuration of a recording
medium that is an optical disk.

FIG. 21A shows an example of a cellular phone.

FIG. 21B is a block diagram showing an example of a
configuration of a cellular phone.

25 FIG. 22 illustrates a structure of multiplexed data.

FIG. 23 schematically shows how each stream is multiplexed in
multiplexed data.

FIG. 24 shows how a video stream is stored in a stream of PES
packets in more detail.

30 FIG. 25 shows a structure of TS packets and source packets in
the muitiplexed data.

FIG. 26 shows a data structure of a PMT.

FIG. 27 shows an internal structure of multiplexed data
information.

35 FIG. 28 shows an internal structure of stream attribute
- 10-



20FIG. 20 shows an example of a configuration of a recording medium that is an optical disk. FIG. 21A

shows an example of a cellular phone. FIG. 21B is a block diagram showing an example of a
configuration of a cellular phone. 25FIG. 22 illustrates a structure of multiplexed data. FIG. 23
schematically shows how each stream is multiplexed in multiplexed data. FIG. 24 shows how a

video stream is stofedhivatigtream of PES packets in more detail. 30FIG. 25 shows a structure of TS

packets and source packets ip thenpyiniexed dgtaiddfiriRA shangadaiastructure of a PMT.
FIG. 27 shows an interng| structure of multiplexed data i n. 35FIG. 28 shows an ir{ternal

structure of stream attribuf@’ infd Y&ﬁ.Eiﬂ(f%&/%@%?ﬁfﬁ%‘éﬁﬁ@ﬁgoviago* z? e eci:IG. 30
shows an examptérof & denfiguraiton of indntégrateeveirguit forineplecndéng ng: #ié atbwving gioture
coding methgd apghiia g BleviNg RiCiEe HRF NG NERQDL PEREIIR0 48 8% mRROFHBRRIS.
FIG. 31 shows a configuration_for switching between driving frequencies. .
FIG. 31 shows & configuration for switching between driving
frequencies.
FIG. 32 shows steps for identifying video data and switching
between driving frequencies.
10 FIG. 33 shows an example of a look-up table in which video data
standards are associated with driving frequencies.
FIG. 34A is a diagram showing an example of a configuration for
sharing a module of a signal processing unit.
FIG. 34B is a diagram showing another example of a

15 configuration for sharing a module of the signal processing unit.

[Detailed Description]
[0050]
The following describes embodiments according to the present
20 disclosure in detail with reference to the drawings. It should be noted
that all the embodiments described below are specific examples of the
present disclosure. Numerical values, shapes, materials, constituent
elements, arrangement positions and the connection configuration of
the constituent elements, steps, the order of the steps, and the like
256 described in the following embodiments are merely examples, and are
not intended to limit the present disclosure. The present disclosureis
characterized by the appended claims. Therefore, among the
constituent elements in the following embodiments, constituent
elements that are not described in independent claims that show the
30 most generic concept of the present disclosure are described as
elements constituting more desirable configurations, although such
constituent elements are not necessarily required to achieve the
object of the present disclosure.
[0051]
35 (Introduction)
- 11 -



FIG. 32 shows steps for identifying video data and switching between driving frequencies. FIG. 33
shows an example of a look-up table in which video data standards are associated with driving
frequencies. FIG. 34A is a diagram showing an example of a configuration for sharing a module of
a signal processing unit. FIG. 34B is a diagram showing another example of a 15configuration

for sharing a module of theBighti prreexsiviianit. fpetaged BEYEriptioH] [FOB0] Tie BoltifRE,

fleshcritizsbembOdémﬁ@é%ﬁlqﬁqmiagé?%an%@ent%ﬂagi?@mﬂhe@@gmmm@?aﬂ?ﬁgﬁe@éirawing&
t should be noted that all the embodiments described belo pecific,examples of the present
disclosure. Numé&tiédl \%TB&,béﬁh%%%?%a{}ﬁ%?s§8&¥§ﬁm8‘r¥¥*§§r§e ‘?s‘:,oadr’%n@%'f}né}{fjﬁ&%%ﬂse and the

connection config@enidim of afid e rmitigehivlegeats asidpd ithebitdee of thermggst anthiheoli@ 25

described in {he {gllowingRIPodimeaisAre merefexaales anf are fRlHiepded io initdhe present
disclosure. The present disclosure is characterized by the appended claims, Therefore, among the
constituent elemEREHH BTN EFbAATRALLC Bot ke HH AR LD PE R ESERb B in

independent chiin;sa‘Qat, @Uwhpaemmmgimdciwmpmf the @mn@ discigsiresaretdesdribed as
elements constity§ngqnore deirakis Py Qliensy plkwygh suchsonst lempgris,are not

necessarily required to achieve the object of the present disclosure. [0051] 35(Introduction) High
Efficiency Video Efb%ﬁ]ﬁ}HEVC) can support bit-depth increase in image decoding. This means that
even if the source imag€ is-aarg4hit bitkdepthameage sparcey a HEVE deceddritatestpporbthea

decoding of e sadedmans.as 3040s it deotimage Lodaye e eariog sffcieriTo

reduce the memory bandwidth requirément for integfredictlon whén decoding a 10 bits bit-depth
image, a light coftpFédBion HetbriE taH 5esEEa XoelBMBréss (R ot R BE N0 HIRALITHBHSRIRAge
samples for fasteyitnerdpty achessn 0002 us8) Gutenidydherecare avays docsigral dhe dityddpths of a

reconstructed imageda bR ARSI ROl madRbY sicaT N gt DB YRl

elements (bit_depth_Tuma_minus g epth_chroma_minus e sequence parameter set
specify the bit-detinabtverbRsalitesosiuRfasnt iahr &Rl datd vedp d&iveRI s anb it aIdy &f Hrofiles
such as High projitefiégh 18qwrofite anehdigh4id @ity of profiles in H.264, the syntax
elements (bit_depth_luma_minus8 and bit_depth_chroma_minus8)
are not present in the coded image bit stream, and the bit-depths of
reconstructed image data is inferred to be equal to 8.
20 [0053]

However, one problem is that the signaled bit-depth can be
greater than the original image bit-depth before coding process, by
increase of the bit-depth. For an IPCM block, coding the raw luma
and chroma samples at a bit-depth larger than the original image

25 samples is inefficient and reduces coding efficiency.
[0054]

If the bit-depth of the reconstructed images is greater than the
bit-depth of the original images, a light compression scheme may be
used to reduce memory bandwidth. However, an IPCM block

30 containing the original image samples cannot be stored directly into
the memory at a lower bit-depth as there is a problem differentiating
an IPCM reconstructed block and a lightly compressed block in
memory. This typically results in error in the inter prediction if a
wrong decompression scheme is used for the IPCM constructed image

35  block.
- 12 -



profile. For yet other plurality of profiles in H.264, the syntax elements (bit_depth_luma_minus8 and
bit_depth_chroma_minus8) are not present in the coded image bit stream, and the bit-depths of
reconstructed image data is inferred to be equal to 8. 20 [0053] However, one problem is that the
signaled bit-depth can be greater than the original image bit-depth before coding process, by increase
of the bit-depth. E&GEBIPCM block, coding the raw luma and chroma samples at a bit-depth larger

than the original image 2pgamplgsdsspatisientand redveescedipa sligiensyal00r4r a fillithe
bit-depth of the reconstructed images |s§reatert an the ﬂlt_d?ﬁth of the orlglr%]al ima
|

! S, a light
compression scHh8 HaFbe Used- ARG e Fidory D hH6WRver ah P Ibc?(P3
containing the originahimabgye isateitis gahmaidre stordd dliseathy [rto tie degrhiofyi atre éowot bitdepth

as there is a problengdiffeientatng,an f26M recensieed Hock aiea-iahtly Commassedipck in

memory. This typic?'l‘lé results in error in the inter prediction if a vyron? decompression scheme is used
for the IPCM con<HIMEIS Gy dBBioak. PI6B8ETS: SUeis a8 R RIGHHIE dagraf WA SHdws'the
location of a fieldylaeasietesioha patdedsstreanp.rse showarnieFIGE §)if asfieldi & raf, a parainétae

indicating "reconstyclea samplashit-depthy' s Brefentsh SusIPLed NANGANSE Of SAEHEPERLOT @

bitstream. A bitstream comprises a series of pictures, such as a picture P1 ..., a picture Pi ..., wherein
each picture confplf&es & s BRGE&dOere, the picture P1 comprises a slice Si and a slice S2,
wherein a macrope 61Bi of the slice Si is an IPCM block. 10 [0056] In FIG. 1, header
information Is stored in e fiaggier £f seayg0re rihiteliran Whsrel e hraderdalpemagen
comprises the field Fl of a parameter indicating reconstructed samples bit-depth. In the scenario of

FIG. 1, whether SSStQRESRACEBBIGIKSVBRE ar S rBE vhsI Stk HRY fiekP ETGHHRS B8 REMRA

parameter indicating Rdrd-Hepih ispaerhfer seqpastalsionpaese it dgcadents ebroden:{0057]
FIG. 2 is a flowchart which shows a gauenge of ations of an.image _decaodin od H.264,
Section 7.3.5. 2(.;i ﬁ)&g& >een E@nt?il un|t'd%fe¥vnﬁ§§iev5h%§hg?%rtﬁ; inr%%rg%% oé(;:%ngg?a Igm ftype) is

|_PCM (IPCH¥ bldBOMSkdpcs20t) eHéedd i the tddewiversd thendiitrdla b tRERFniHES #hiEtgha
macroblock type istngt htRGM (NedFStar b3} r theinagrablnskds agessad tsing etirler) .

[0057]

FIG. 2 is a flowchart which shows a sequence of operations of an

image decoding method H.264, Section 7.3.5.
20 [0058]

A control unit determines whether or not a macroblock type
(mb_type) is 1_PCM (IPCM block) (Step $202). Here, in the case
where the control unit determines that the macroblock type is not
I_PCM (No in Step $S202), the macroblock is processed using other

25 methods for other mb_type values (Step $52086).
f0059]

On the other hand, in the case where the control unit
determines the mb_type is I_PCM (Yes in Step S$202), a byte
alignment operation (byte_alignment) is executed on the IPCM

30 macroblock (Step S5204). Next, the Iluma sample values
(sample_luma) (for example, 8 bits) of total number of samples [0...
Num_of_samples] are read (Step $208).. In H. 264, ONLY one
parsing method is available for I_PCM block of size 16x16 {(macroblock
size).

35 [0060]

- 13-



25 methods for other mb_type values (Step S206). [0059] On the other hand, in the case where
the control unit determines the mb_type is |_PCM (Yes in Step S202), a byte alignment operation (byte
alignment) is executed on the IPCM 30 macroblock (Step S204). Next, the luma sample values
(sample_luma) (for example, 8 bits) of total number of samples [0... Num_of samples] are read (Step
S208).. In H. 264, ONLY bre, gdrelfgaxniatnd Resaiiable foetROM hibsk bf site! 1 6R1E¢Maroblock

size). 35 [0060] ang dbHsdiheramdgiesansed fend raginadantapeaiaius far sasinthandrdecoding
images using appro&n te bit-depth mfog;naélog). he enégodlmer};ls described bel%w Rffer tﬁ_chnlques by
which coding oHEBRGF EAFBESOGeIP 59 USRI Ah QA EBRASBHA S OGETICh  (HBLAd be
noted that an IP@RKibleck ys Gabldok inthudivig dPSMisamgpkes. dtisidivg diso Bepidted that a IPCM

block is treatgd 1k]'nd of a prediction unit in HEVC. Therefore, an IPCM block is sometimes
called an IPCM prediction unit block or an IPCM PU block. 10 [0062] (Embodiment 1 FIG. 3isa

block diagram which shév& Qa8 Bkt thlgabdahl éﬁﬁﬁ}%\fﬁsaaé&%iﬁaﬁwE'ﬁhgo](ﬁmélnt 1 of

the. present discl_eamml dhe iMasjemddiregsapparatqseﬁommcmvhﬁﬁrﬁlﬁioxis Earte@@mdtgs fond5coding
an input image bitistieay gn g hlagkRysblogk basisa.es to gRaREISa codediprtputiisiream. [0063]

As shown in FIG. 3, the image coding apparatus 300 includes two N-bit-depth conversion units 302A
and 302B, a subfAEI6E S04 P/ &R 2dubF SHBr eHiEhebMAticHAfit 206 T itz HtiBIPakit 308, an

inverse quantizafl@®ei(310, an inverse transformation unit 312, an inter/intra prediction unit 314, two
multiplexers (MUX units%@%%ﬂ&;@@ a memory 318, a filter unit 319, an entropy coding unit 320,
proce

a control unit 322, and an optiona sing unit 324. 25 [0064] .
FIG. 3 is a block diagram which shows a structure of an image

coding apparatus according to Embodiment 1 of the present disclosure,

The image coding apparatus 300 shown in FIG. 3 is an apparatus for
15 coding an input image bit stream on a block-hy-block basis so as to

generate a coded output bitstream.

[0063]

As shown in FIG. 3, the image coding apparatus 300 includes

two N-bit-depth conversion units 302A and 302B, a subtractor 304A,
20 an adder 304B, a transformation unit 306, a quantization unit 308, an
inverse quantization unit 310, an inverse transformation unit 312, an
inter/intra prediction unit 314, two multiplexers (MUX units) 316A and
316B, a memory 318, a filter unit 319, an entropy coding unit 320, a
control unit 322, and an optional processing unit 324.
25 [0064]

Input images are inputted to the N-bit-depth conversion unit
302A and the optional processing unit 324, After the input image bit
stream Is inputted to the N-bit-depth conversion unit 302A, the
N-bit-depth conversion unit 302A invokes an N-bit-depth conversion

30 on the input images in accordance with a notification determined by
the control unit 322, and outputs the resulting N-bit-depth converted
values to the subtractor 304A.

[0065]

A subtractor 304A subtracts, from the N-bit-depth values

35 outputted from the N-bit-depth conversion unit 302A, the predicted
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Input images are inputted to the N-bit-depth conversion unit 302A and the optional processing unit
324. After the input image bit stream is inputted to the N-bit-depth conversion unit 302A, the
N-bit-depth conversion unit 302A invokes an N-bit-depth conversion 30 on the input images in
accordance with a notification determined by the control unit 322, and outputs the resulting N-bit-depth
converted valuesitoabie s(ditrastondo4at§008%m the intentiméotop BOdia abtracts, Jioin thed
N-bit-depth values 33 Qegputted-Eemthe Nyhit-dapth,CoR¥e s ioR4BitA8RAHhg Mitedised -Treimage
values outputted from the inter/intra prediction unit 314, and outputs the resulting values to the
transformation urtitZ3b% Of MPHENsHiHh AtHSh AR 3% TntSries tE PEsHRiNG %é%é’sfﬁﬂg%?éhﬁ}’ency
coefficients, and ougftits ¢mdsesuitihg frepuien ) eosfficients tdribe Lopranti zatieffiaen36 8t dT libe
quantization ynit 308 quantizes theiinpiied fraguency soaticients. and outsts e gsulting,guantized

values to the inverse quantization unit 310 and the entropy coding unit 320. [0066] ioThe entropy
coding unit 320 € St fAHATRY SRARIES SRERnta8 frdtH TR TGuEREZ58Rn tiRe F043RUEeErdance
with the notificatioe |detetmittes iy thra eanteol 1in#t322 Larid dutpatsdhb sesutting waluestp dinét
multiplexer 316BsHgre, the entropy coding unit 320 may perform variable length coding on parameters
and the 15like. [0067 The inverse quantization unit 310 inversely quantizes the quantized valued
outputted from the fidzation unit 308, and outputs the resulting inversely-quantized values to the
inverse 20 transformationhmiedt2o ghedovérse tansfGdiationcanitsleertprmstineersedregeency
transform on the fr coeffici S ransform the frequenc icients into. s le
values of the bit sj)tlﬁe m, agréd %ﬁ%ﬁjg&;\e gﬁﬁ%@%@xﬁgmﬁeﬁo ?ﬁegacﬁzjrggﬁfé #ﬂgh aﬁé% 304B

adds the sample VARBSTIRPULERL BioH RS ind¥r b 05 4RAHERIratiEn i 382 b Biel prédicid& image
values outputted fegini thegnieninisateredistionuinsi3k4rand Riputsdhe, reselting asised values to the

multiplexer 316A thr the filter unit 319. %006 The filter unit 319 performs filtering, such as
deblocking 30fi|tean'g or remO\yir%elg ock did 5ft?(5§r]1?otr? "Ef%: l’r}ega i'r;?gg added’ \%IWeeéegg r?encdes%e?ry.
15  like.
[0067]

The inverse quantization unit 310 inversely quantizes the
quantized valued outputted from the quantization unit 308, and
outputs the resulting inversely-quantized values to the inverse

20 transformation unit 312, The Iinverse transformation unit 312
performs inverse frequency transform on the frequency coefficients so
as to transform the frequency coefficients into sample values of the bit
stream, and outputs the resulting sample values to the adder 304B.
The adder 304B adds the sample values outputted from the inverse

25  transformation unit 312 to the predicted image values outputted from
the inter/intra prediction unit 314, and outputs the resulting added
values to the multiplexer 316A through the filter unit 319.

[0068]

The filter unit 319 performs filtering, such as deblocking

30 filtering for removing block distortion, on the resulting added values,
as necessary.

[8069]

The multiplexer 316A selects values from either the values
outputted from the filter unit 319 or the values outputted from the

35 N-bit-depth conversion unit 302B in accordance with the notification
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[0069] The multiplexer 316A selects values from either the values outputted from the filter unit
319 or the values outputted from the 35N-bit-depth conversion unit 30Th in accordance with the
notification - 15- determined by the control unit 322, and outputs the resulting values to the memory
318 for further prediction. The inter/intra prediction unit 314 searches within reconstructed images
stored in the memery 318) amd e $tim aestanlinaigesardaankichuitpeisy thestesmitan govihkigpie Simage

for prediction. [007Q]m e m FHFBHNEILFHHENBPYAEAZES Are IRUURLY theransianakerosessing unit

324. The optional processing unit 324 manipulates image bit streams such as sharpening, smoothing
as well as debloglimdg HHeLrREMY ERIBCIE TaR LG RAJIR A5 EaRAIEE (ha BIERYIHK Sifbcm
samples), and output tienesakirg seterted yadze wdrihe Nsbit-deptivsbrsiension toit362B pTihe
N-bit-depth %onv%%%ip ?Q%@EE‘:YBH‘?S an N-bit-depth conversion on the raw image samples and
outputs the resulting values to the multiplexer 316A in 15 accordance with the notification determined
by the control un[t%%z.aﬂhe optional processing unit 324 also outputs the resulting value to the
multiplexer 316B. [007 1 irsheuld becnoted thaptte dptarral roeeasing tatt 384 rhe 20pdascabed

above, selects Uy LINe enpInmace FAETHIGH B8 PRI PN SamRIGs et specically

the optional processing unit’ 324 adjusts the bit-dept e Input images to the bit-de or IPCM. For
example, the optiBHa# ProBHsshtga 324 HeltredSeSHE BRUBSh STTHOHPMIMA§et8!the?Bit-depth

for IPCM. 2&[00d2blockThe Biultiplexen 8leBieansseinct fiaked drpgniiniensadiees nugputted frem the

entropy coding unjt 3 t tputted f ional pr. ' i , tput
resulting values i%’gc%%r)ﬁénggIvﬁh%%egr%o%%c%goé ?e%&nﬁggg%@%%%%ﬁrﬁlrﬁ%ﬁs gggé(g(()} %@leé output
bitstream of the §fuftitteNebB1dBAsHO ByGEa BRisHBENS BB is sHASVN t&XEr M SATAR ERRfPam in
FIG. 6.[0073] unitThmeentiahynt 323 determinarepitotiieatien dasmobying therblrbitiéeil
conversion units 302A and_30 % L\%%%tpser o not to knvoke %Ig?g{-}dwth cor]\t/Eeprﬁlon o%%eAm'Rut

images. The contral ik 328! the resulting va e multipfexer
15 accordance with the notification determined by the control unit 322.

The optional processing unit 324 also outputs the resulting value to
the multiplexer 316B.
{0071}
It should be noted that the optional processing unit 324, as
20 described above, selects the raw fixed-length image samples at a
bit-depth of IPCM samples. More specifically, the optional processing
unit 324 adjusts the bit-depth of the input images to the bit-depth for
IPCM. For example, the optional processing unit 324 decreases the
bit-depth of the input images to the bit-depth for IPCM.
25 [0072]

The multiplexer 316B can select values from the values
outputted from the entropy coding unit 320, or the values outputted
from the optional processing unit 324, and output resulting values in
accordance with the notification determined by the control unit 322.

30 The output bitstream of the multiplexer 316B is the coded bitstream
and is shown later in the syntax diagram in FIG. 6.
[CO73]

The control unit 322 determines a notification for notifying the

N-bit-depth conversion units 302A and 302B whether or not to invoke
35 N-bit-depth conversion on the input images. The control unit 322
-16-



-16- also determines a notification for notifying the multiplexer 316A to select values either outputted
from the filter unit 319 or outputted from the N-bit-depth conversion unit 320B. Likewise, the control
unit 322 also determines a notification for notifying the multiplexer 316B 5to select values either
outputted from the optional processing unit 324 or outputted from the entropy coding unit 320. [0074]
For example, theatentbt Uritr822sain nedifi rbideteforineotEstiemdice roamgdang the fudnber of

coded bits produggrk by (e, je<eaiFeRy-c9ding Maik3AQ Withae UEIDEH9f itsobiaw firssHerath

samples from the optional processing unit 324. If coded bits are fewer than bits of raw fixed-length

samples, the corfroMinl 32 RibafES e AMMTIRIT 060 LiecHULiNES SutBEHER oM Witentropy
coding unit 320; Bthernise, deteconira Laitr83A2fhwiifies the- Ibotififiplexen 816Btipdebert ElGEs

outputted from the, QpYapALRTOCESSIRA N ALY Blom +1B%EOFR| UNibE22 NG AUEYS two

parameters (1) a bit-depth of IPCM samples and (2) a bit-depth of reconstructed 20" samples to the
entropy coding ufit 3¥ORMAIGHVIFRER HEERBEIPMEREIE thidtHettRput bitstream. [0076] As
described above[ @AM Bit-depth conversion is converting original NI-bit data to N-bit data by e.g.

inserting padding into the >QiaipAb i fthdata Aerbeieiei b Y-e AR &0 M Bitelrteerrgressing
the original NI-bit data into N-bit data. {0077]
scheme, i.e. comparing the number of coded bits produced by the
10 entropy coding unit 320 with the number of bits of raw fixed-length
samples from the optional processing unit 324. If coded bits are
fewer than bits of raw fixed-length samples, the control unit 322
notifies the multiplexer 316B to select values outputted from the
entropy coding unit 320; otherwise, the control unit 322 notifies the
15 multiplexer 316B to select values outputted from the optional
processing unit 324.
[0075]
The control unit 322 further outputs two parameters (1) a
bit-depth of IPCM samples and (2) a bit-depth of reconstructed
20 samples to the entropy coding unit 320 which writes the two
parameters into the output bitstream.
[0076]
As described above, the N-bit-depth conversion is converting
original M-bit data to N-bit data by e.g. inserting padding into the
25 original M-bit data and extending M-bit data to N-bit data or
compressing the original M-bit data into N-bit data.
[0077]
If M=N, then each of the N-bit-depth conversion units 302A and
302B directly outputs M-bit data as the N-bit-depth conversion
30 resulting values. In case that the bits of the input data M > N, then
each of the N-bit-depth conversion units 302A and 302B may
compress M-bit data into N-bit data and outputs compressed N-bit
data. Otherwise, if the bits of the input data M < N, then each of the
N-bit-depth conversion units 302A and 302B may insert padding, for
35 example, [0, 0..0] or [1, 0...0] (in totai (M - N) bits) in the beginning
-17 -



If M=N, then each of the N-bit-depth conversion units 302A and 302B directly outputs M-bit data as the
N-bit-depth conversion 30 resulting values. In case that the bits of the input data M > N, then each of
the N-bit-depth conversion units 302A and 302B may compress NI-bit data into N-bit data and outputs
compressed N-bit data. Otherwise, if the bits of the input data M < N, then each of the N-bit-depth
conversion units @02Acandi 3078 MapihsErtpaddiigiier 8Bekarnples [0r@imng]loM[ 0. deftéinaotal (Ni -

N) bits) in the begisyag: rl.7h b g REgALM-Bi data REas the erd widhsseriainak Mshit diaia, or
between the orlgénal l\/l-lil'[ data, and outputs the padded N-bit data. [0078] FIG. 4 is a syntax
diagram which s 804 8 8-bit-depth 5 conversion according to Embodiment 1. [0079] In FIG. 4 (a),

both a bit-depth for lum& Eeampbnént ef thgreapnstragethimages (402) ang a bit-depiifdephroma
component f thgégmi;mqtgggmqgﬁg @P4)3ee 8; hitsn O8 the other hand, both a io bit-depth for

luma component of original IPCM blocks (406) and a bit-depth for chroma component of original IPCM
blocks (408) are B! hus, the bit-depths of the reconstructed images (8 bits) for both luma
component and chromalcorfip@neft éz¢,equahtostheibitdepthsfof onigmal deEM dahecks (8 bitsg for both

juma componentrgémm@g@;mgg%?@bé?n%%sy'b BeBBE PIFIRGIRRSMAC i JRERSE S

j
needed for 8-bit-depth conversion. 4 (b), both a bit-depth for luma component of the

| A
reconstructed imHYes{420F Hitf tesil AR TdrdtoREe: rhb@nen@&f%tﬁé%ﬁmﬂfc%%ges
(412) are 8 hits. Oin-ihemthefdrahgnzottoaritdepth & b campDENbod okiginaldeCMridoeks (414)

d a bit-depth fqr f oriqi I ' [ th
g? ch récoﬁgtruc%gﬁl%:ggq % %@E&ﬁ%ﬂ%tﬁ[ﬂﬁg%gﬁ%ﬁgnﬁéé tﬁ%ﬁnﬁaﬁéﬁ%n %lftb%?t:%rglla Ieeir?[hasn

the 25 bit-depth@%ﬁoridﬂ?&lﬂP@M Hlokidepid it Hr HIRIORR CeripEnENRERE dfroRiESediRponent.
The IPCM blocks;yerengena deereaseniarit-degthdpriben ievebegpahiorthedit-depihof the the

e o SR e S e R BRP AL RO AP L SRpARCe
15 and chroma component. As a result, neither bit-increase nor
bit-decrease is needed for 8-bit-depth conversion.
[0080]

In FIG. 4 (b), both a bit-depth for luma component of the

reconstructed images (410} and a bit-depth for chroma component of

20 the reconstructed images (412) are 8 bits. On the other hand, both a
bit-depth for luma component of original IPCM blocks (414) and a
bit-depth for chroma component of original IPCM blocks (416) are 10
bits. Thus, the bit-depths of the reconstructed image (8 bits) for both
luma component and chroma component are smaller than the

25  bit-depths of original IPCM blocks (10 bits) for both luma component
and chroma component. The IPCM blocks underge a decrease in
bit-depth to the level equal to the bit-depth of the reconstructed
images by means of, for example, compressing 10-bit data into 8-bit
data.

30 [0081}]

In FIG. 4 (c), both a bit-depth for fuma component of the
reconstructed images (418) and a bit-depth for chroma component of
the reconstructed images (420) are 10 bits. On the other hand, both
a bit-depth for luma component of original IPCM blocks (422) and a

35  bit-depth for chroma component of original IPCM blocks (424) are 8
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reconstructed images (418) and a bit-depth for chroma component of the reconstructed images (420)
are 10 bits. On the other hand, both a bit-depth for luma component of original IPCM blocks (422) and
a 35 bit-depth for chroma component of original IPCM blocks (424) are 8 -18- bits. Thus, the
bit-depths of the reconstructed image (10 bits) for both luma component and chroma component are
greater than the bit:slepthisiof otigmalitPCdp thiecks (B bitse fomisbtia tdipth torgenein aridsghfoma

component. The W36M;blocks URREEIRAR INGLERSH Y3 RIGARRER Iing levelegual tofhe hit-depth of

the reconstructed images by means of, for example, inserting 2-bit padding into the IPCM blocks.
[0082] NEXE§ GRS piRioR iERAIN 1A thie BlvereBors F it iRRGE MEadrRyHppaRats 300
as mentioned abawel. [(0831ha céiteh disre flowelart Ranthbshoks asegugace ofiopeeationgn

performed by the g, 0 ARERIEY 00 26PN RIBONITEgE 1,5 [A0RAL  ALStep

S502, a signal (p‘ara%%%eg‘;lgRec In ng a bit-depth of reconstructed samples and a signal
(parameter) SigPEM #RACRNGE BRHh GINPCRNaRplé8 SREtitttte Mo REE Hiewtdr b igﬁﬁge
(video) stream. AlPSiEpHbe#sIPCM PU block is written using the bit-depth 20 indicated in the signal
sigPcm, e.g. 10 rilfgsO%B n, the IPCM PU block is reconstructed by converting the bit-depth indicated in
the signal sigPcm to the bit-depth indicated in the signal sigRec, e.g. from 10 bits to 8 bits (Step S506).
[0085] 25FIG. 6 is a syntsdiagraBsaAiel SRowsIve Tidlg pardfiretereinhl ebdedl stheahi®@drding to

Embodimentyl. coding apparatus 300 as mentioned above.
[0083]

FIG. 5 is a flowchart which shows a sequence of operations
performed by the Iimage coding apparatus 300 according to
Embodiment 1.

15 [0084]

AL Step S502, a signal (parameter) sigRec indicating a bit-depth
of reconstructed samples and a signal (parameter) SigPcm indicating a
bit-depth of IPCM samples are written into the header of image (video)
stream. At Step 5504, IPCM PU block is written using the bit-depth

20 indicated in the signal sigPcm, e.g. 10 bits. Then, the IPCM PU block
is reconstructed by converting the bit-depth indicated in the signal
sigPcm to the bit-depth indicated in the signal sigRec, e.g. from 10 bits
to 8 bits (Step S506).

[0085]

25 FIG. 6 is a syntax diagram which shows two field parameters in

a coded stream according to Embodiment 1.
[0086]

As shown in FIG. 6, if a filed 1 for a parameter indicating
“bit-depth  of reconstructed samples” (e.g. denoted as

30 bit_depth_luma_minus8 and bit_depth_chroma_minus8 shown in FIG.
4) and a filed F2 for a parameter indicating “bit-depth of IPCM
samples” (e.g. denoted as pcm_bit_depth_luma_minusl and
pcm_bit_depth_chroma_minusl shown in FIG. 4), are present, they
are stored in a header of sequence of a series of pictures. In FIG. 6,

35 a coded bitstream comprises a series of pictures, such as a picture P1
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[0086] As shown in FIG. 6, if a filed 1 for a parameter indicating "bit-depth of reconstructed
samples” (e.g. denoted as 30 bit_depth_luma_minus8 and bit_depth_chroma_minus8 shown in FIG.
4) and a filed F2 for a parameter indicating "bit-depth of IPCM samples” (e.g. denoted as
pcm_bit_depth_luma_minusl and pcm_bit_depth_chroma_minusl shown in FIG. 4), are present, they
are stored in a header pfcsegaehice .ofweands afqibturetUreFIG ) 1356 codet Iisitspéaatiagsmprises a
series of pictures, seh a5ea Pictuie At -1 mprR PICIa Re--s YVHSIEIN cachePistre fIPPISgs &
series of slices. Here, the picture P1 comprises a slice Si and a slice S2, wherein a block Bi of the slice

Siis an IPCM bI(S?JIQ.CB@(?éﬁ%m%@?%‘? RreatfePbrmEiBiAhtiudes parameters such as a sequence

header (sequencEdiBaeter set), a picture header (picture parameter set), a slice header, SEI

(supplemental enhancemengjafognatan) AL (GRMQTE ADRIAGUL 163 BI6t&1088lch aLhg header

information is stored in the header of image stream, wherein the sequence header comprises the field
FI for the parametBR HRACRIRG RIS (BB SINCSr PAEGMRE LRI AT RGTESR R8BSR EMER F2 for
the parameter ingigadirrg: 1€:bit Ebit-depthi afd PEds dample & (SiglPemirieRl@] 6ethireablosknBhis an

IPCM block, so mgjl'ﬁgga ?rﬂﬁ(‘Et?ﬁ &*mﬁﬂ é%%(ggg[%rg%g%ﬁequor block Bi reconstruction

rather than the bit-de rameter in‘the field F e effect of the present
embodiment is cé&f §f}iciency 20 improvement of IPCM data in a coded image bitstream. Using the
present emboediment, IPCM datads cosied aidtsampoptpiessed thitedepthe mblichangy diffesfrom the

smaller than that S e e e S e S o | et e B cancy
in coding the excéss titd O P thetothEr HEREN AT ERE BitdelRH RN |fRcolfiedeet aRathbes is
larger than that ofi¢he reconsiructed spanasetie preseAtefgbodiment prvidespristruetureder
faithfully keeping fhe, uncompeessed Bi-dqRIHPEM gata yihpuilosing,Bit fEegisigls 42 18390
15 bit-depth parameter in the field F2 (sigPcm) is used for block Bi
reconstruction rather than the bit-depth parameter in the field F1
(sigRec).
[0089]
The effect of the present embodiment is coding efficiency
20 improvement of IPCM data in a coded image bitstream. Using the
present embodiment, IPCM data is coded at its uncompressed
bit-depths, which may differ from the bit-depths of the reconstructed
image samples. When the bit-depth of uncompressed samples is
smaller than that of the reconstructed samples, the present
25 embodiment removes the redundancy in coding the excess bits. On
the other hand, when the bit-depth of the uncompressed samples is
larger than that of the reconstructed samples, the present
embodiment provides a structure for faithfully keeping the
uncompressed bit-depth in IPCM data without losing bit precision.
30 [0090]

(Embodiment 2)

FIG. 7 is a block diagram which shows a structure of an image
decoding apparatus according to Embodiment 2 of the present
disclosure. The image decoding apparatus 700 shown in FIG. 7 is an

35 apparatus for decoding an input coded bitstream on a block-by-block
-0 -



(Embodiment 2) FIG. 7 is a block diagram which shows a structure of an image decoding apparatus
according to Embodiment 2 of the present disclosure. The image decoding apparatus 700 shown in
FIG. 7 is an 35 apparatus for decoding an input coded bitstream on a block-by-block -20- basis and
outputting images. [0091] The image decoding apparatus 700 includes as shown in FIG. 7, a
demultiplexer (DE&HUX asmit)oA0DALLE mguitiplexes (MUX unit) 702B, an 5 entropy decoding unit 704, an
adder 706, an inygyg® gyantization unit 708, an inverse transformation unit 710, a memory 712, an

intra/inter prediction unit 714, a control unit 716, a IPCM blgck parsing unit 718, a filter unit 719, and
an N-bit-depth conversidi GAR PSS W’Mﬁqﬁﬁﬁ?%ﬂg@gitﬁﬁﬁaﬁﬁ Foew tb'thE Wenfultiplexer

702A, and the deimxébiplﬂxaj_ﬁé&%(dummhmie}sﬂlﬁﬂg,\_/aluwiWhthrtﬁﬂhB(eMﬁbpy@Iéeoding unit _
704 or the IRCM Black pising, 74 Asacdanes with aaolficatinn deterainadydbie antrol uni

716. [0093] 15After the input coded bitstream is inputted to the entropy decoding unit 704, the entropy
decoding unit 704 $Rc88eS HsE LRI S{IRRRE o et fipfeRd 72X, 2hér SIPOEE MEd8Eoded
values to the invenrssdgt@aotizationandt, 208 amgh thes pontrobynit IFGVHe ta; Kheaesitrepy eiecping unit

704 may perform,va{iadle lepajh decoding 2R O PY BRI S AN NS ke 10934
[0092]

10 An input coded bitstream is inputted to the demultiplexer 702A,
and the demultiplexer 702A outputs the resulting values whether to
the entropy decoding unit 704 or the IPCM block parsing unit 718 in
accordance with a notification determined by the control unit 716.
[0093}]

15 After the input coded bitstream is inputted to the entropy
decoding unit 704, the entropy decoding unit 704 decodes the values
outputted from demultiplexer 702A, and outputs the decoded values
to the inverse quantization unit 708 and the control unit 716. Here,
the entropy decoding unit 704 may perform variable length decoding

20 on parameters and the like.

[0094]

The inverse quantization unit 708 inversely quantizes the input
values and outputs the resulting inversely-quantized values to the
inverse transformation unit 710. The inverse transformation unit 710

25 performs inverse frequency transform on frequency coefficients to
transform the frequency coefficients into sample values, and outputs
the resulting pixel values to the adder 706. The adder 706 adds the
sample values outputted from the inverse transformation unit 710 to
the predicted image values outputted from the inter/intra prediction

30 unit 714, and outputs the resuiting values to the mulitiplexer 702B
through the filter unit 719.

[0095]

The filter unit 719 performs filtering such as deblocking filtering

for removing block distortion, as necessary.

35 [0096]
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The inverse quantization unit 708 inversely quantizes the input values and outputs the resulting
inversely-quantized values to the inverse transformation unit 710. The inverse transformation unit 710
25 performs inverse frequency transform on frequency coefficients to transform the frequency
coefficients into sample values, and outputs the resulting pixel values to the adder 706. The adder 706
adds the sample valuesTutputied ifpbax dre H2Eses trersformaities ufib 7l Odidtiee [reelictediesage

values outputted fram, A Interantrapredician 31%'1'!%“ 716 3 gutpuss thesesuliingvallies i the

multiplexer 702B through the filter unit 719. [009 i The filter unit 719 performs filtering such as
deblocking filterinty BIFTRARAINEABI¥EKURToiBH, 42 Aelbstet9rdanesoriith thend AtiitksEkst 70Th
selects values frorateitheiniae valties ooutiedfiom 1be dlieranipl® oydhevalvesgordpuiie ddrom

N-bit-depth ' it 7204 ith Hicati t j ] t it 716,
At outputs (e TESURG US55 (o mGreaRy 702 U Rer i T dLR Al kg

' for further prediction. The deco images are
outputted to dispRiytREEeHe FerfbtpBY2. TRoAaditbR, tREemerintralgrediclitn adk EiNsedfthes
within images stored ipitheanereenytda, andeptimaies amusageraieaiwhigk is €.0r&a0sh simdar to the

decoded images,for prediclion. 191009 o ReNGAE e IPEM Blogk pysingupiL il gnd the
N-bit-depth conversion uhi , the parsing and converting processes rely ontwo parameters
"bit-depth of IPCK® SAAples pslgPdima anel Fait-BEpEHGi?Beonstructed samples (sigRec)". The two

parameters;35 "Hipéepty of IPCM samples (sigPcm)” and "bit-depth of reconstructed samples

(sigRec)" are obtained frpm the. entr codi it 704 from the header .of the input bitstream.
[0098] The input coded E‘?stti‘rlérélrﬁ%n hﬁ%nﬁ%é@c%‘i&%. %%lréé[ﬁﬁg 50 '%O t?i?s%nogtrﬁ%ttéé from the
control unit 716 dfelHpdesedno te/BrEN oK pat Sint Entar £8) Gusd thed POMINEL R FFSFfE Nt 718

outputs t_he risulﬁgg, p@.{]sqq,giyg,samgt_@;M-bi_bﬂeﬁgbgﬁanp@Mlngtgzgg{ %’g;e(ydfcqube@v_ersion
25 an using the SATSAERAILE dURpHLSH HoF e TPENRD SRRl L9 18/ ARPoA Gt
resulting cohvertedivadepto theIMGNpieep R Bs[@PO9])” and “bit-depth of reconstructed
samples (sigRec)” are obtained from the entropy decoding unit 704
from the header of the input bitstream.
f0098]
The input coded bitstream and the signal sigPcm (e.g. indicating
20 10 bits) outputted from the control unit 716 are inputted to the IPCM
block parsing unit 718, and the IPCM block parsing unit 718 outputs
the resulting parsed values to the N-bit-depth conversion unit 720.
The N-bit-depth conversion unit 720 invokes an N-bit-depth
conversion using the signal sigRec obtained from the control unit 716
25 and using the parsed value outputted from the IPCM block parsing unit
718, and outputs the resulting converted value to the multiplexer
702B.
[0099]
The multiplexer 702B can select values from either the value
30 outputted form the filter unit 719 or the values outputted from the
N-bit-depth conversion unit 720 in accordance with the notification
determined by the control unit 716.
[0100]
The control unit 716 determines a notification for notifying the
35 demultiplexer 702A to output whether to the entropy decoding unit
-22 -



The multiplexer 702B can select values from either the value 30 outputted form the filter unit 719 or the
values outputted from the N-bit-depth conversion unit 720 in accordance with the notification
determined by the control unit 716. [0100] The control unit 716 determines a notification for
notifying the 35 demultiplexer 702A to output whether to the entropy decoding unit - 22 - 704 or to the
IPCM block parsingdunit 74 8HENEPCOMttobakitpdl e iadgousheterrhihes Bhrotificatioh dovi h @tif§irdgstne

multiplexer 7025&8@?‘%%\5%'%%38%%%% the-valueauiputied omihe flprynta/ 19 okfbgvalues

outputted from the N-bit-depth conversion unit 720.In 5addition, the control unit 716 further provides

with two signal siP&RIEQ “Ioeb‘iféﬁ %ﬁ’ﬂ%‘@éﬁ%&l‘&@ﬁ@@ﬁ\lﬂfﬁt@) Keenlieraiius dlipeMmBock
parsing unit 718 aatLiesthe N gaitceptiireonvetsioniaitt /e prgspestivelys (10 LH1ONEXE. a stcrlption

s gven as g the gngratana o e et Abcsding aRaras 10-as anined o

FIG. 8 is a flowchart w WS a sequence of operation rforme e image dec d|n
apparatus 700 a&@oﬁjlﬁgotd)it@)Eﬁ%dﬂﬁ?eﬁt@ﬂbﬁSfec (N bsts) as mput values to IPC

block parsing unit 718 and to the N-bit-depth conversion unit 720,
respectively.
[0101]
10 Next, a description is given as to the operations of the image
decoding apparatus 700 as mentioned above.
[0102]
FIG. 8 is a flowchart which shows a sequence of operations
performed by the image decoding apparatus 700 according to
15 Embodiment 2.
[0103]
At Step $802, a determination is made whether or not the
PU_type (prediction unit type) is I_PCM. When the PU_type is not
I_PCM, as a result of this determination (No in Step S802), the other
20  methods for other PU_type values are used to decode the block (Step
$804).
[0104]
On the other hand, when the PU_type is I_PCM, as a result of
this determination (Yes in Step $802), the control unit 716 obtains the
25 signal sigRec and the signal sigPcm from the header of image stream
(Step S806). Next, the I_PCM PU block are read using bit-depth of
raw fixed-length samples indicated in the sigPcm, e.g. 10 bits (Step
S808). Then, it is determined whether or not the bit-depth indicated
in the signal sigRec and the bit-depth indicated in the signal sigPcm
30 are different (Step S810). When the bit-depth indicated in the signal
sigRec is different from the bit-depth indicated in the signal sigPcm
(Yes in Step $810), an N-bit-depth conversion is invoked using the
signal sigRec, e.g. from 10 bits to 8 bits (Step S812).
[0105]
35 As described above, a parameter “bit-depth of IPCM samples” in
-23 -



At Step 5802, a determination is made whether or not the PU_type (prediction unit type) is |_PCM.
When the PU_type is not |_PCM, as a result of this determination (No in Step 5802), the other 20
methods for other PU_type values are used to decode the block (Step S804). [0104] On the other
hand, when the PU_type is |_PCM, as a result of this determination (Yes in Step 5802), the control unit
716 obtains the 2btsigridisigRac ianddhessignahsigitem frorndbe headen offindgetstretap (Step S806).

Next, the |_PCM | r ing, bit- ixed:-lengt s indi int

sigPcm, e.g. 10 gll%'l g@%gg%Sg?%%?%iSgg%%g%ﬁ%m%tﬁ%ﬁ)ﬁgﬁagﬂgd%@p?ih%%ﬁ%;%eﬁn the
signal sigRec anfdafk bRUEPEnLHIBaEINE Bk 2yABRIyPIRSIS0 are different (Step S810). When the
bit-depth indicatebin ¢f@]signal sigRec is different from the bit-depth indicated in the signal sigPcm

(Yes in Step 5810), an N-bitzdepth conversign is,invoked using.the signal sigRec, e.q. from 1Q bits to 8
bits (Step 88)12). [OlOS%Eirs]edngcsn g\éaa gb/{e:‘, g%a?%ﬁc\{er%e{r}r%%cl -Se}f)%%ﬁlt%l\%ggem g’ggl]?l -133 - a
header of an imageegéglienee18dig be tRaA t&Gertify dedbit-deipthPé YP OV Blscl@rs® thatidldecoder

kr:lowrs] hgwdmany@sw Bey Wﬁéﬁs!‘a@&hlif@d.:f%@h@op@éﬁﬂgr@”&&tb‘rl]%QMﬁbJ%%Kg{Q%r@]@] fimacj@ik?le ckase
that the bit-dept t nstructed i es is greater. (smaller n the bit-depth, of IPCM. blocks
el 2 gt mem e B e P e, et AT bl
would undergo afhiacleust ¢gecrbdseltie bidaisthtio tetlbeer eguakbtoultasitidepaton itk the

reconstructeg imagmangihe dd-spres dight §@H&W§Wﬁ$§hﬁé“@p\ﬁﬂ@@ feanrpliedip MedReM block
as well to maintaianﬁnsistenc in the decorg}%)ressionﬁo?ss for inter prediction. Whlg ight

I
memory comprodlfilh [ LA OLMCOTASEANGE Fhath SE o RSSO ERP ARSI dOSR the
bit-depth conversivaginicess. 18 {@Er03]light The resffest of theeresiom EmbsotimENE 14 &ronalisle the

decoding of a coged vigeaala whiki{S cosled i the dum ol roding effieiensy imeroyRmef IPCM
data. When the bit-depth of uncompressed samples is smaller than that of the reconstructed samples,
the present 20 efmbodrhe tdthdbEs%he redundancy in coding the excess bits. On the other hand,

when the bit#dep{lddf@i¥g uncompressed samples is larger than that of the reconstructed samples, the

present embodiment proyifles @dpears fr fILAUHY KaepiG therneoraressing RitdieribdailfCM data
without losing bit precision. 25 [0108 o ) ) .
of a coded video data which is coded in the form of coding efficiency

improvement of IPCM data. When the bit-depth of uncompressed
samples is smaller than that of the reconstructed samples, the present

20  embodiment removes the redundancy in coding the excess bits. On
the other hand, when the bit-depth of the uncompressed samples is
targer than that of the reconstructed samples, the present
embodiment provides a means for faithfully keeping the
uncompressed bit-depth in IPCM data without losing bit precision.

25 [0108]

Even if bit-depths of IPCM data and non-IPCM data are different,
decoding can be appropriately by using the parameter in the coded
video data which indicates a bit-depth of IPCM data.

[0109]
30 (Embodiment 3)

In Embodiment 3, a description is given for characteristic
operations performed by the image coding apparatus 300 described in
Embodiment 1.

[0110]
35 FIG. 9 is a flowchart which shows a coding method of coding an
w24 .



Even if bit-depths of IPCM data and non-IPCM data are different, decoding can be appropriately by
using the parameter in the coded video data which indicates a bit-depth of IPCM data. [0109]
30(Embodiment 3) In Embodiment 3, a description is given for characteristic operations performed
by the image coding apparatus 300 described in Embodiment 1. [0110] 35FIG. 9 is a flowchart which
shows a coding et it sodiagraacca4dirim ageEbitstyd amested rd fintdy o febeciindést I3 i the present

disclosure. At ste SA0Z, adiybpaamelar [epresenting adil-depity ol 2y iieddepg samalgs

signaled within the image bit stream is written into a header of the image (video) bit stream. At step 5
S904, a second ParafERN 9EPreSMiRtE bRLEBEIS B redbhgrutisd 81R9I8s Rfim SHESRgdhit
stream is writtenvntittbe heademohbe deagss bitwirean.git Stepi 5806L & sshgranmp. of Aawsfised-length
samples is writte its per s into i its the firgt pe er. At Step
S908, the su%gro%%él% of rgaw %Ee%%eﬁ t sé%gg% _regggs%t?gﬁ%\%ﬂergn tﬁzpr?&%ruct%g
includes convertiiRFRBHtSH SPME RHETEND BT A HER Mhali eample MrbitemdHetth&ameter

to the second parasaeter. §¥1ikd 1b{(Egwedimantdn. Abeimageameing appayeduspaseatsing to
Embodiment 4 includes, the characteristic.constituent elements in the i e codli r 300
described i EmEBhac AL e S e T R U AR e 4
includes the 20 cHarRtari8RE eEnstitibst BrshersamntamagbtdetedifPashathfi$ b0 GedBribed in
Embodimen2. [8¥123]aw  fiedl0éng ihbleckeRarmmiwhich shevis actedcturg 9é Heedimage coding
apparatus according to Embadiment 4 of the present .25 disclgsure, The image coding apparatus 1000
choan in FIG. 108 CO0E T B G e A RIS HHR At ey 2 asheus 1000
includes a first wriing kg d 0@ att s seeptebwiremg hie 1002t Ty firseltting ubitel 68rand the
second writing ugi 19R7=M@inly corresponds to the entropy coding unit 320 according to

[0111]
15 (Embodiment 4)

The image coding apparatus according to Embodiment 4
includes the characteristic constituent elements in the image coding
apparatus 300 described in Embodiment 1. Furthermore, the image
decoding apparatus according to Embodiment 4 includes the

20 characteristic constituent elements in the image decoding apparatus
700 described in Embodiment 2.
[0112]

FIG. 10A is a block diagram which shows a structure of the

image coding apparatus according to Embodiment 4 of the present
25 disclosure. The image coding apparatus 1000 shown in FIG. 10A

codes images to generate a coded stream. Then, the image coding

apparatus 1000 includes a first writing unit 1001 and a second writing

unit 1002. The first writing unit 1001 and the second writing unit

1002 mainly corresponds to the entropy coding unit 320 according to
30 Embodiment 1.

[0113]

FIG. 10B is a flowchart which shows operations performed by

the image coding apparatus 1000 shown in FIG. 10A.
[0114]
35 As shown in FIG. 10B, the first writing unit 1001 writes the first
-25-



30 Embodiment 1. [0113] FIG. 10B is a flowchart which shows operations performed by the
image coding apparatus 1000 shown in FIG. 10A. [0114] 35As shown in FIG. 10B, the first writing unit
1001 writes the first parameter representing the first bit-depth that is a bit-depth of reconstructed
samples of image, into a sequence parameter set in a coded stream to be generated (51001). The
second writing upié 1902 reitescdheesecdantgp ataendiest whichdeprasehtstthie secaiith bamiepthS that is

a bitdepth of IPCH spmples bdruanga0d Breferset fom e lishapianeier findpe seqlieqee

parameter set (S1002). [0115] ereby, it IS possibleto sef a bit h of IPCM sam
separately and if®RhaERR M %%ﬁ%ﬁtSQrééé%ﬂktedTB@séﬁ?ﬁég PREFBRHIE e Qﬁaant data
of IPCM samplewmbetr@ueedn@swamu@teaﬂlw@ej‘fﬁct@myeganﬂsetnmpmcﬂoﬂlﬂt@hepthFlG

L1A is a blogk dﬁé%“f‘s"\éhl%@ g‘é’g\éﬁ %?tfHEtMr lﬁl%gﬂ Wi 82;,@% R é‘%% ﬁé‘?ﬂi"@h@

Embodiment'4. The image 1 ding appara e images
included in the cédel @ﬁé%?ﬂeﬁ‘hren' e Fﬁ%@@ﬁé@@&rﬁ@éﬁéﬁ?ﬁﬁ% BRSO ﬁé%éé a flrst obtaining unit
1101 and a secopg@ p#ining unit 1102. The first obtaining unit 1101 and the second obtaining unit
1102 mainly correspon o the entro(py decodlné]E un#t 704 ccordlp%to lQa Emkgqurp‘ent 2. 117]

in

FIG. 11B is a flowchart which bP(dws oper%?ons per ormet byt eima ede g appara §1100
shown in FIG. 113®Mq@1agjly and independently from a bit-depth of reconstructed

10 samples. Therefore, redundant data of IPCM samples can be reduced.

As a result, coding efficiency can be improved.
[0116]

FIG. 11A is a block diagram which shows a structure of the
image decoding apparatus according to Embodiment 4. The image

15 decoding apparatus 1100 shown in FIG. 11A decodes the images
included in the coded stream. Then, the image decoding apparatus
1100 includes a first obtaining unit 1101 and a second obtaining unit
1102. The first obtaining unit 1101 and the second obtaining unit
1102 mainly correspond to the entropy decoding unit 704 according to

20  Embodiment 2.

[C117]

FIG. 11B is a flowchart which shows operations performed by
the image decoding apparatus 1100 shown in FIG. 11A.
[0118]

25 As shown in FIG. 11B, the first obtaining unit 1101 obtains the
first parameter representing the first bit-depth that is a bit-depth of
reconstructed samples of image, from the sequence parameter set in
the coded stream (S1101). The second obtaining unit 1102 obtains
the second parameter, which represents the second bit-depth thatis a

30 bit-depth of IPCM samples in image and is different from the first
parameter, from the sequence parameter set (51002).

{0119]
Therefore, it is possible to obtain the bit-depth of IPCM samples
separately and independently from the bit-depth of reconstructed

35 samples. Therefore, redundant data of IPCM samples can be reduced.
-26 -



25As shown in FIG. 11B, the first obtaining unit 1101 obtains the first parameter representing the first
bit-depth that is a bit-depth of reconstructed samples of image, from the sequence parameter set in the
coded stream (51101). The second obtaining unit 1102 obtains the second parameter, which
represents the second bit-depth that is a 30 bit-depth of IPCM samples in image and is different from
the first parameteys frore shetsequanee druaets seh(54002prD1d8)] Therefore, it is possible to obtain
the bit-depth of IR ples separately and independently from the bit-depth of reconstructed 35
samples. Therefdre; redundant data of IPCM samples can be reduced. - 26 - As a result, coding
efficiency can be improvédMnprdonE&HhBodiment 5) The image coding apparatus according to

Embodiment 5 of the 5 presemidisclastiiednehisias eharagteyistie §anstivai @leaants iprtiedmage

coding apparatus 300 described in Embodiment 1. Furthermare, the image decoding apparatus
SR e s RN N Lo Lot Sl i il L U G

apparatus 700 dégwrded inEHmpdirmenezaitshouddBe id astetbtat, iIMEmbotieeinsnt 1.

arbitrariIy-addablmfaﬂ%w@%?laﬁ@emﬁa@r@ @@§68h¢§| i{bé@‘i‘gi@%?%% r‘éﬁﬂ@ti%%%@%&t
described in Em d_|rrgjgé%%[01ié] FIG. 12 is a block dla?%[am which shows a structure of the image
n

15 coding apparatus d B thE R Lo ditiet AL im&GE &g Yppar&ud™386 shown
in FIG. 12 includ€s adfiist gvritingpuatu2 70 & sesamtbedting enittkdin erthirdl. writinghumit d 208, a

fourth writingyunit, 204,18 5@CORSEHEIAN MR 12035, 3 RPRVAISIQR 41 4 206 @kl dartidaerpase unit
1207, and a bit-depth increase unjt 1208. 2050122 The first ertlng unit 1201 and the second

writing unit 1202 &ré HESINE Lot iAEHE Bnéh i Es B R HitinG it dREHESEcEhd
writing unit 1002 kmthe diimagetcdding apparatus 1000, respectively. The other constituent elements are

additional [0121]
FIG. 12 is a block diagram which shows a structure of the image
15 coding apparatus according to the present embodiment. The image
coding apparatus 1200 shown in FIG. 12 includes a first writing unit
1201, a second writing unit 1202, a third writi'ng unit 1203, a fourth
writing unit 1204, a reconstruction unit 1205, a conversion unit 1206,
a bit-depth decrease unit 1207, and a bit-depth increase unit 1208.
20 [0122]

The first writing unit 1201 and the second writing unit 1202 are
the same constituent elements as the first writing unit 1001 and the
second writing unit 1002 in the image coding apparatus 1000,
respectively. The other constituent elements are additional

25 constituent elements, a part or all of which is arbitrarily added.
[0123]

The third writing unit 1203 mainly corresponds to the
multiplexer 316B according to Embodiment 1. The fourth writing unit
1204 mainly corresponds to the entropy coding unit 320 according to

30  Embodiment 1. The conversion unit 1206 mainly corresponds to the
N-bit-depth conversion unit 302 B according to Embodiment 1. The
bit-depth decrease unit 1207 mainly corresponds to the optional
processing unit 324 according to Embodiment 1. The bit-depth
increase unit 1208 mainly corresponds to the N-bit-depth conversion

35 unit 302A according to Embodiment 1.

27



25constituent elements, a part or all of which is arbitrarily added. [0123] The third writing unit 1203
mainly corresponds to the multiplexer 316B according to Embodiment 1. The fourth writing unit 1204
mainly corresponds to the entropy coding unit 320 according to 30 Embodiment 1. The conversion unit
1206 mainly corresponds to the N-bit-depth conversion unit 302 B according to Embodiment 1. The
bit-depth decreag®@ ad#}207 mainly corresponds to the optional processing unit 324 according to

Embodiment 1. The bit- ﬁ‘%@t*}%ﬁ%ﬁﬁi%?129&9‘%516\50%%%@\9%%%&?%%9 tedeih copygrsion 35

unit 302A according to Embodiment he reconstruction unit 1205 mainly
corresponds to tﬁ’é}ﬁgd%?%‘U&B%&Bréi’i‘iﬁ’ﬂf’lfﬁﬁﬁfdﬂ‘nenT'leTﬁéCP@é&ﬁ%ﬁﬂef’oH’Uﬁlt@ﬂ%rﬁ%\ﬁ/ include
the inverse quantizatior Wwhit 300.cfesinnessei rarisiororatahiBynih3d1a) Teesfdteramit 349,aanshthe

merinwra predicgn e 14 accalEina g ESbecmgptd Ol 1o 816, 3R R penarunich

shows operations p er ormed by the image coding apparatus As shown in FIG.
10 13, the first Wﬁﬁﬁ@"@rﬁﬂglielff\m%@tﬁ@f}%tlparameter representing the first bit-depth that is a
bit-depth of recopgtnugtef samples of image, to a sequence parameter set in a coded stream to be

generated (S1301). [01 %1 3{(9 secorﬁi erthnaq,gnlt 12‘£\A rltes tgeesreacc(?gg arar O@te k%
represents the second bi atisa bl\{vgepth 6'}’% sam edih image ahd is d| eren trom the

first parameter, iBfetHE %@Qd@fﬁé%@ﬁﬁ%@?%ﬂ(&@@ﬁpw@r@ W&call?, thé%émr\/\iﬁtlﬁ%mt 1202
writes the sggond paraEatesrapFasapting the second RObitrdepifs thak is Rask to @F sBalierigan the

firstbit-depth, o first bit-depth that is a bit-depth of reconstructed samples of
image, to a sequence parameter set in a coded stream to be generated
(S1301).
[0126]

15 The second writing unit 1201 writes the second parameter,
which represents the second bit-depth that is a bit-depth of IPCM
samples in image and is different from the first parameter, into the
sequence parameter set (51302). Here, typically, the second writing
unit 1202 writes the second parameter representing the second

20  bit-depth that is egual to or smaller than the first bit-depth.

[0127]

The first writing unit 1201 may write the first parameter
representing the first bit-depth that is larger than the third bit-depth
that is a bit-depth of original samples of image. In this case, the

25 bit-depth increase unit 1208 converts the original samples at the third
bit-depth into samples at the first bit-depth, so as to increase the
bit-depth of reconstructed samples corresponding to the original
samples (S1303).

[0128]

30 The second writing unit 1202 may write the second parameter
representing the second bit-depth that is smaller than the third
bit-depth that is a bit-depth of original samples of image. Inthis case,
the bit-depth decrease unit 1207 converts the original samples at the
third bit-depth into samples at the second bit-depth, so as to decrease

35 the bit-depth of IPCM samples corresponding to the original samples
-28 .



[0127] The first writing unit 1201 may write the first parameter representing the first bit-depth that
is larger than the third bit-depth that is a bit-depth of original samples of image. In this case, the 25
bit-depth increase unit 1208 converts the original samples at the third bit-depth into samples at the first
bit-depth, so as to increase the bit-depth of reconstructed samples corresponding to the original
samples (51303); $a284 30The second writing unit 1202 may write the second parameter representing
the second bit-digti[hg@é is smaller than the third bit-depth that is a bit-depth of original samples of
image. In this case, the bit-depth decrease unit 1207 converts the original samples at the third
bit-depth into samples af fife REymst BRCEEPthY 8 ab4B W d@ediet BeCHe HitR(h ef IFeMisaples
corresponding tOHilledh"iﬂirl:!aWSaﬂ‘tl)p'%ﬁe Zﬁdéalmg(%@%f ;Imﬂa_;?ecewsayclj@n gaitrads
reconstructs samples at the first bit-de ro e mples, of ima 0 as to generate 5
reconstructed sarr%[gl%gs(gfifégf[ I—Isearg,1 ﬁ\%sco e?irgi%%ﬂplesﬁeer%éngﬁgteg %@épaerf%?%ﬁgegt 12ast a part
of coding procesSiggEo the Grigivel Mg of iagé. T ive Co Vet SidH anit "PEEE Thvivéats the IPCM

samples at the sgepiid Hit-slapth bodeqansyactedisaraples astion fitsi itiganth S4-366)s ieHe130]
The third writing uﬁ%]# 203 Writ_es the P(_:M gadrﬁglﬁs géth% sec ndrbit-degth intt:o f%he co%?éjsstrteam
(S1307). The fo nﬁﬁB“B ft°1904 \rites &3 %‘Peg,w 1 58 Lot te é?ﬁé reconstructed
samples at the fikstebiHddplit ideptie Cotid@siream 15(51308). [0131] Therefore, the image
coding appatatug ¢4&hegan apprqpriately perform image processing by using the bit-depth of
reconstructed samples and the Bitdept of LGN SIS S RTPBM S pies 2t the
second bit-depth into the coded stream (51307). The fourth writing
unit 1204 writes coded samples, which are coded using the
reconstructed samples at the first bit-depth, into the coded stream
15  {(51308).
f0131]

Therefore, the image coding apparatus 1200 can appropriately
perform image processing by using the bit-depth of reconstructed
samples and the bit-depth of IPCM samples. For example, a large

20 bit-depth is used for reconstructed samples, and a small bit-depth is
used for IPCM samples. Therefore, both image guality improvement
and coding efficiency improvement can be achieved.

[0132]

It should be noted that an order of steps is not limited to the

25 order shown in FIG. 13, but may be changed. It should also be noted
that it is possible to eliminate a part or all of steps, in particular, steps
surrounded by a broken line. It should also be noted that the image
coding apparatus 1200 may further incilude a coding processing unit
that codes original samples using reconstructed samples. The coding

30 processing unit mainly corresponds to the inter/intra prediction unit
314, the subtractor 304A, the entropy coding unit 320, the
quantization unit 308, the conversion unit 306, and the like according
to Embodiment 1.

[0133]
35 FIG. 14A is a block diagram which shows a structure of the
- 24 .



20 bit-depth is used for reconstructed samples, and a small bit-depth is used for IPCM samples.
Therefore, both image quality improvement and coding efficiency improvement can be achieved.
[0132] It should be noted that an order of steps is not limited to the 25 order shown in FIG. 13, but may
be changed. It should also be noted that it is possible to eliminate a part or all of steps, in particular,

steps surrounded iy gdraked ding llagdpuidialso becaetrd dhabthehinage sedineampesate 200 may
further include a ¢oding processing, unit that codes i%’{bal amples usi onstructed s?mfﬁles. The
coding 30 procegglﬁg'%%9%5%@0%6?%58€ﬁ%%at0u%0g in erﬁﬁt?é{\%ré%ﬁgg lr}%%t Ié\filu e sau_b"gifactor
304A, the entropg 2&aiind anitrB20L 4184 g FaABERTEh 0REB08) $hie itEnvé fonauiiti 806 Rk tHdlike

falfz_cordintfl]I to Edmwmm; @1&3@}@56&3&%@8 @ﬁb@k@%gﬁ%d/%@&@h%& %ﬁvg{@m ofthe - 29
- image decoding apparatus according to the present.embodiment. The | coding apparatus
1400 shown o FI TG A e ok ERgE o SREB AR SIS GAt 140 & third
obtaining unit 14@9,33fédrth obtaining unit 1404, a reconstruction unit 1405, a conversion unit 1406,

and a bit-depth increaseyitiidQ7% 403 34h g unthe 4ifst abl@ifrgsweib AdQUhbaacthiRg sarendigbtaining
unit 1402 are the same constituent elements as the first ob%lnln_g uncl) 1101 and the iﬁ@?nd obtaining
e

unit 1102 in the iffayE GetBOig-PFAHGE L SR SRR HD&Y! ERePESR ARt &6 ARt are
additional constittieatselearehts; @ pain @ualitol Whithnisraehitnariy ddded.i fa1aFparatiiseithRa,

obtaining unjij 149é§}aéwmwtespzﬁﬂato5@@&PC%W%%M@n%wmgéﬁsacs%dins&aaﬁmmdiment

2. The fourth 15 obtaining unit 1404 mainly corresponds to the entropy decoding unit 704 according to
Embodiment 2. TH'SSHEGRIoR GAYCT466 ARK Srispindd tohHe RIBILERBIN &tR&fsion unit 720
according to Em{@tira&¥ 2. The bit-depth increase unit 1407 mainly corresponds to the N-bit-depth

conversion unit 720 accqidingJn EROAIMERL 820 {0130]m ain NG SPFOBSBHEHORHEH I 4Be gainly

corresponds to the adder 706 according to Embodiment 2. The réconstruction unit 1405 may include
the inverse quani®86bn RRIET08, # inveh8e REFRIGINGLHEA JRTH 26! M Titet unit®, it tHe
inter/intra pnedictisintanit 74 4.25taceoutlingato iymjaodavpoiidls to the entropy decoding unit

704 according to Embodiment 2. The conversion unit 1406 mainly
corresponds to the N-bit-depth conversion unit 720 according to
Embodiment 2. The bit-depth increase unit 1407 mainly corresponds
to the N-bit-depth conversion unit 720 according to Embodiment 2.
20 [0136]
The reconstruction unit 1405 mainly corresponds to the adder
706 according to Embodiment 2. The reconstruction unit 1405 may
inciude the inverse quantization unit 708, the inverse transformation
unit 710, the filter unit 719, and the inter/intra prediction unit 714
25 according to Embodiment 2.
f0137]
FIG. 15 is a flowchart which shows operations performed by the
image decoding apparatus 1400 shown in FIG. 14. As shown in FIG.
15, the first obtaining unit 1401 obtains the first parameter
30 representing the first bit-depth that is a bit-depth of reconstructed
samples of image, from the sequence parameter set in the coded
stream (S1501).
[0138]
The second obtaining unit 1402 obtains the second parameter,
35  which represents the second bit-depth that is a bit-depth of IPCM
~ 30 -



[0137] FIG. 15 is a flowchart which shows operations performed by the image decoding
apparatus 1400 shown in FIG. 14. As shown in FIG. 15, the first obtaining unit 1401 obtains the first
parameter 30 representing the first bit-depth that is a bit-depth of reconstructed samples of image,
from the sequence parameter set in the coded stream (S1501). [0138] The second obtaining
unit 1402 obtaing thaskesond patgeeterd 3swdiikia reptefients the seaandaikdepibrthatdsnathie-depth of
IPCM - 30 - sa in.imag is. different fr irst p etey, e e ameter
set (51502). He?gé%’%écha y, t 36}35808% P(;b %inﬁrﬁﬁjoz oﬁgﬁé tﬁ"rg gle?é%ll]%’ pﬁgéjne%g??%ﬁesenting
the second bit-déitbetianE bl G BF spiffdnthaR ehasref it R &L RI1 80P reseniingeEBbRd

obtaining unit 1492d0AY CtACIBENSEFONIEPAERIBEIRS EBDECRBITBIAG it Sace T bitisie pife frat is smaller
than the first5bit-<t%o‘{lg,d:j)r example, the second obtaining unit 1402 obtains the second parameter
representingthe 'second-bit-depth that is 10 smaller than the third bit-depth that is a bit-depth of
original samples of imaget¥osegampled tHa iirst @btaitiing L2 40180bt&iREAHE fiREpaneadr

e o e DETHCIeR Tare IR IR JEe e I Sepih Ab I8 Sindarn e
Samp es o |mag . \ e 10 optalni u (0] INS, COaed saim ecode
ool 11 T R Tt i e L
obtaining unit 1403co&idtHe PRCVNSIRIDI ¢S Preise 3Eoghd big-deptie rdbitiedsitiéd strehnis(51504).
The reconstiyictiap)it-A05 FeerasiuciSsRTaRIBerAE e fisss 2biidianiiem dhesasiad saples of

image, so as to generate recanstructed samples (51505), [0141 ] the second obtaining unit
1403 obtains the o LEAA v B ABALSerbity HET<RBAT EHEPth AR Yo Sl B B frs
bit-depth, the bit-plepiiriatesasspoatctt7conedis tIFHEMbamplés &t théaggmonthbin-dbpthihing
samples at the fiﬁftbé!géﬁ@t%%q 38 1o icrgaperheri-ASRY AlREM samplies 4e1506) The

transformation unit 14 onverts the IPCM samples at'the second bit-depth into reconstructed
samples at the filrsqmlgépth (51507).
15 The fourth obtaining unit 1404 obtains coded samples to be

decoded using the reconstructed samples at the first bit-depth, from

the coded stream (S1503). The third obtaining unit 1403 obtains the

IPCM samples at the second bit-depth from the coded stream ($1504).

The reconstruction unit 1405 reconstructs samples at the first
20 bit-depth from the coded sampies of image, so as to generate

reconstructed samples (S1505).

[0141]

When the second obtaining unit 1402 obtains the second

parameter representing the second bit-depth that is smaller than the
26  first bit-depth, the bit-depth increase unit 1407 converts IPCM

samples at the second bit-depth into samples at the first bit-depth, so

as to increase the bit-depth of IPCM samples (S1506) The

transformation unit 1406 converts the IPCM samples at the second

bit-depth into reconstructed samples at the first bit-depth (S1507).
30 [0142]

Therefore, the image decoding apparatus 1400 can
appropriately perform image processing by using the bit-depth of
reconstructed samples and the bit-depth of IPCM samples. For
example, a large bit-depth is used for reconstructed samples, and a

35 small bit-depth is used for IPCM samples. Therefore, both image
- 31 -



30 [0142] Therefore, the image decoding apparatus 1400 can appropriately perform image
processing by using the bit-depth of reconstructed samples and the bit-depth of IPCM samples. For
example, a large bit-depth is used for reconstructed samples, and a 35 small bit-depth is used for
IPCM samples. Therefore, both image -31- quality improvement and coding efficiency improvement

can be achieved.dQ##8} It sheuld beepfeddhat abarder dsiersisnolipackie i 5 @idendhown in

FIG. 15, but may be changed. It should also be noted that it is possible to eliminate a part or all of
steps, in particulﬁ'(,: {855 urrounded by a broken line. It should also be noted that the image decoding
apparatus 1400 @ ftdther include a decoding processing unit that decodes coded samples by using

reco_ns_tructec_l samples. ig -E'P.%QF&P%”S&@?%@%%E:rB%;iP%CQf@?Q%‘%tP ﬁhﬁiﬁ@&f@@t%e
prediction unit 714@%‘? adder 706, the entrogﬁ)h{ decodll%g qut 704, the inverse uantlz%gon unit 708,
the inverse ttansRITEHRRAMR 615 d ekt REcHREnG B R Bodifeti oM 1D BAAP BBARREEGN the
image coding appbﬁtﬁsianrbﬁxébﬂna’qeeﬁm@dht@ appgratus adcofdingpto, the;:prreis'euwfrsdbsus.e have
been described with fgfRraReeH9 & BVERLY ofRmbadiments @ abeye Historessat disclosiygds not

limited to these embodiments. Those skilled in the art will be rea?g%/ appreciated that various

modifications and! 96X IMBIRRRML b tné tBAsRA¥Nn WiEARN B ErSoesifs AT IRE RIGRpRIYPI
embodiments. Sugshiimbitcatmmsdand coddainationsiate bigoiarimipdisents tolitte presanbdésclosure.

(0145] For expmelgo2 aieh t0he BARLTSHOVA RPRAITR RIOLERNBGRINE By be Rertaraned by

different processing unit. It sholld_be noted that an order of executing steps may be changed, or a
plurality of steps mgﬁggl%gméyﬂﬂ%%gég[@qﬁg]oa the entropy decoding unit 704, the

inverse quantization unit 708, the inverse transformation unit 710,
and the like according to Embodiment 2.
[C144]

15 Although the image coding apparatus and the image decoding
apparatus according to the present disclosure have been described
with reference to a plurality of embodiments as above, the present
disclosure is not limited to these embodiments. Those skilled in the
art will be readily appreciated that various modifications and

20 combinations of the constituent elements are possible in the
exemplary embodiments. Such modifications and combinations are
also embodiments of the present disclosure.

[0145]
For example, a step to be performed by a specific processing

25 unit may be performed by a different processing unit. It should be
noted that an order of executing steps may be changed, or a plurality
of steps may be executed in parallel.

[0146]
It should also be noted that the image coding apparatus and the

30 image decoding apparatus according to the embodiments of the
present disclosure may be implemented as an image coding/decoding
apparatus that is a combination of arbitral constituent elements
included in the mage coding apparatus and the image decoding
apparatus. For example, the image coding/decoding apparatus

35 according to an embodiment of the present disclosure includes: an

-32 -



It should also be noted that the image coding apparatus and the 30 image decoding apparatus
according to the embodiments of the present disclosure may be implemented as an image
coding/decoding apparatus that is a combination of arbitral constituent elements included in the mage
coding apparatus and the image decoding apparatus. For example, the image coding/decoding
apparatus 35 acoeraing cta@rmgmhad'tm&m@fmei pregent sivelgsuse dreltdesican ~didg irvageecoding

unit that is the mbagc %ogln {%&?‘g aﬁ% gﬁgr rge'éo R'E%Osf %esgpébogﬁrgeﬁs 9{8;% gg(ggmrgésclosure;

and an image deco ing uni he image eco Ing apparatus accordlng o]
embodiments of #étpidsdni TisbIB siife B [GHEFYding |adtivia i 8odfe AHbAGhER tRE Présetite

disclosure may havmplememes pptpelyassbetimagesadiag apparatus and the image decoding
apparatus, but rfagfi ethods including steps performed by the processing units in the image coding
apparatus and t image 10 decoding apparatus. For example, these steps are executed by a
computer. Furthermore Imélp@éédntaéﬁ@@ﬁmém & ahplementessy adiesipant eatkiy &8Eomputer

to execute the Stﬁﬁ§ iaplegaddn rm wethogs tMereavese thsm%%ﬁﬁ@@@wgmaw imalemented
as a non- tranS|tor uter read ble recg dg\ﬁ medmgn a 15 C ROM n whic é‘u the
f% it Pso

program is recora Agf PPk é'%’o'ﬁg ereMi& H‘ijrinntﬁes 25& S hg'& rPa¥atus and
the image decodihg apperaassmgay rbésmpléﬂnemt&t&mo@p@ar@ Sepky ditegration (R SIjwaRd is an

integrated Gicuity 20cHIRSE &PB%H%@ clemenisiayhe infegiatad sspasielk@icaralt gyal of them
may be integrated into a smg e ch%Here the mtegrated circuit is referred t s a LS, but th

integrated circuit' @R Bt Ealed M HEE T e EHT 5 1551 ¥ EIF l.ﬂ?laay ﬁmg‘?\ heir
degrees of integestianp 26040t a usihghRooithheutetetitieatehe e dhvdipie ps meg:étedj icirtiog is not

limited to the LS| and ifaay R, implrmeniedas sdlpdicalsgciicinan AQenrFLRYRRER Rrogessor. It

is also possible to use a Field Programmable Gate Array (FPGA) that can be programmed after 30

manufacturing th'éol_rSFréPé*F@&o’nﬂ@%’F&B@%’fcﬁ%@gapfﬁ WhRGP EBHHR BRI setfiNg B Afcuft cells
inside the LS| cailbeR@dbniigureldid0 5@ prograrfugtherooons df. due to the progress of
semiconductor BF@ngﬁlogies or their derivations, new technologies for integrated
The constituent elements included in the image coding
apparatus and the image decoding apparatus may be implemented
into a Large Scale Integration (LSI) which is an integrated circuit.
20 These constituent elements may be integrated separately, or a part or
all of them may be integrated into a single chip. Here, the integrated
circuit is referred to as a LSI, but the integrated circuit can be cailed an
IC, a system LSI, a super LSI or an ultra LSI depending on their
degrees of integration.
25 [0149]
It should be noted that the technique of integrated circuit is not
limited to the LSI, and it may be implemented as a dedicated circuit or
a general-purpose processor. It is also possible to use a Field
Programmable Gate Array (FPGA) that can be programmed after
30  manufacturing the LSI, or a reconfigurable processor in which
connection and setting of circuit cells inside the LSI can be
reconfigured.
[0150]
Furthermore, if due to the progress of semiconductor
35 technologies or their derivations, new technologies for integrated
-33 -



- 33 - circuits appear to be replaced with the LSIs, it is, of course, possible to use such technologies to
implement the constituent elements included in the image coding apparatus and the image decoding
apparatus as an integrated circuit. 5 [0151] (Embodiment 6) The processing described in each of
Embodiments can be simply implemented in an independent computer system, by recording, in a

reCOfding mediU’EEréLHE@%éﬁ'efQF tHRIEREPING: NG RINHIGUIEY 981S; 01 40 e IYBY PGk £qding
method (image codin

method) and the movjng picture decoding method (image decodin thod)
described 1 oacHe EHOURARE CRES BEARTHE EQia Ty BE g RO SR LGRS as the
program can be raectingensgeh escinpagpptcatisk, andptieal wisk.cadnagreto cptivat alisk, an IC
card, and a 15 Sgﬂi@ﬁ{@g%@ém%m@@{t[0152] Hereinafter, the applications to the moving picture
coding method (image coding method) and the moving picture decoding method (image decoding
method) deseribd®h¥hth of Embodiments 20 and systems using thereof will be described. The
system has a feature of {favihg@imrigraigé coding and decoding apparatus that includes an image

encoding apparatus using ihe igage, eneadiog [BEMAM and Ay BAge derding anpRrRWIS Ysipg the

image decoding method. Other configurations in the system can be changed as 25 appropriate
depending on théBR4EE$H168] In s areNG&PiEe BIPHIEFaf ¥ Hurak ot 60 54 BAeit Froviding
system ex100 forgupleiimanting diamtenk distytbutronfeervicpss rhize tireg {beprovitlimgracromiiCation

em ex100 for goplemating antsns st _ ation
o010 which are T s S 0 DRI 1 R e ey o) e T

providing systen"BRYOWGiPESHHECRRCRANRYIFB8IRSE (N a8 & 28RMIRY SXRINPHIreSS4r Gt
assistant (PDA) exdakaefBBmbodiments. The recording media may be any recording

media as long as the program can be recorded, such as a magnetic

disk, an optical disk, a magnetic optical disk, an IC card, and a
15 semiconductor memory.

[0152]

Hereinafter, the applications to the moving picture coding
method (image coding method) and the moving picture decoding
method {(image decoding method) described in each of Embodiments

20  and systems using thereof will be described. The system has a
feature of having an image coding and decoding apparatus that
includes an image encoding apparatus using the image encoding
method and an image decoding apparatus using the image decoding
method. Other configurations in the system can be changed as

25 appropriate depending on the cases.

[0153]

FIG. 16 illustrates an overall configuration of a content
providing system ex100 for implementing content distribution
services. The area for providing communication services is divided

30 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.

[0154]

The content providing system ex100 is connected to devices,

35 such as a computer ex111, a personal digital assistant (PDA) ex112, a

- 34 -



camera ex113, a cellular phone ex114 and a game machine ex115, via the Internet ex101, an Internet
service provider ex102, a telephone network ex104, as well as the base stations ex106 to ex110,
respectively. 5 [0155] However, the configuration of the content providing system ex100 is not
limited to the configuration shown in FIG. 16, and a combination in which any of the elements are

connected is acceptable. &% @Q@i,tigrbélﬁ% P'%‘H@% 8gy besdigatly saﬁm@%ﬂcm rﬁléeetﬁieﬁ‘,oﬁl%% network
ex104, rather thatn vi? the base stat(it)ons exJLO to e>%10 which are the fixed \é/ eless Ttat'ons.

Furthermore, the &v é&?ﬂ? l?é‘iln (—!fr'cgr?n &GS ggﬁvdﬁ?eP\E;%\védﬁ{o% h@et\ﬁ ISR
communication amekothers. §8196], 1 5khevoalinera eild 3psusch &$atidigital eaddibcaimera 1sl6apable of
capturing video. A.g @&r@gmm, such as a digital video camera, is capable of capturing both still
images and videq. Furthermore, the cellular phone ex114 may be the one that meets any of the
standards suth aP3RBdl System for Mobile Communications (GSM), Code 20 Division Multiple
Access (CDMA), WidebHrdv€vde Divisian Midtipletiotest QveCbiviAgnitopgohedim BEveltiem(LTE),

and High Speed Baghl iCGasS (fARPLY- AllRMateht (it SABHAERBARE BXIArmasbesd personal
Handyphone System (PHS). [0157] 25In the content providing system ex100, a streaming server

ex103 is connece IO tREEamEr Y EXE DRIV tHR Al RITFE t8IBPR AR RERTEFk [§,ATF BAaRIF base
station ex109, wiiicla ddéites, distabutionioé immege of ditvet Shawanacother rheuoh epdistridution, a

content (for.exa [ f usic. i sg?pgy) t e - LS| # 113is
coded as deiz’crig?é%ﬁgéoﬂ/ioﬁg égg;i jfglglrlh\%o |men'§§ |.g@h%i%ﬁﬁ@?o%g%éﬁﬁﬁgg%%ding

apparatus of the YF§Ene fifvERBidivS S8t e @871 883Nt if HEPI MG %o the StRM4RRRJ R er
ex103. On the other hatekdbenected to each other via a short distance wireless

communication and others.
[0156]

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

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

[06157]

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

30 the camera ex113 is coded as described above in each of
Embodiments (i.e., the camera functions as the image coding
apparatus of the present 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

36 transmitted content data to the clients upon their requests. The
-35.



streaming server ex103 carries out stream distribution of the 35 transmitted content data to the clients
upon their requests. The - 35 - clients include the computer ex111, the PDA ex112, the camera
ex113, the cellular phone ex114, and the game machine ex115 that are capable of decoding the
above-mentioned coded data. Each of the devices that have received the distributed data decodes

an eproduces Bpciadan deiadie WgveESRLh T ERORLR i 1R Sesprle pperss of

e present invention). e captyr ata may be code he camera ex or the
streaming serve&&ﬁ&ﬁ@?ha%gﬂﬂg tﬁép jdi?eat Sﬁﬁetg%iﬂa%%m&%em%%sﬁéfgd Petween
the camera ex118arabiike sstrdanidigreeiiee exX103e Simaitdrlynthe distiéiclidatdata baai bef déeoded by
the clients or the sEeRBINGRVEheX D3, OF dnGAECORING PIATASSESINAYRE ShAregRatweer the

clients and the streaming server ex103. Furthermore, the data of the still images and video 15
captured by Aot Jr?lgrtﬂ@?t%erﬁem ©xX39295Ut%748 the Tant8 881 B5Ra§ B ARG §5 thie
streaming serveriexd§8 throoghthe ppraprites exflilie The seding podessgs may be performed by the
camera ex116, theyg ter ex111, or the streaming server ex103, or shared among them. 20 [0159]
Furthermore, the coding’and decoding processes may be performed by an LS| ex500 generally

included in each of the cHRSpGRREXEFT SHP R RECOTRE 158 ERSORME Beedrityfreditt a single
chip or a pluralitysof €hips §ofterarerfoe gaGiRg @t decmdimgividem 25 dwy pedntagratashifitggsome
type of a recqrdi um ( as.a CD- : ihle disk, a d di at.is readable by
the computggexﬁﬁ%%g(ﬁ%}eﬁ%n} t%e %ﬁggyl ar]Bé ( e%@inlﬁﬁeroggs@egsﬁéma%%% E?er oﬁ%e@qugsing the
software. Furtherphtf@ MiA&N B5& @Mufarithone é&@'l‘hairébqtﬁb%eg*\ﬁﬁfhbd—'éﬁﬁﬁefﬁéfcﬁwé‘ﬁﬁég@%ata 30

obtained by the aaweeenay e &rangmittes: The videordata is«latarceded bydheHStexpsathigcluded
in the cellular ph 114 [ ] Eurthermor e streami erver.exl103 may be. composed
of servers and cﬁrﬁ%gters, San%‘%%yb ecsehn ?aglge%aﬁg%én% é%ofece@%ﬁg%g _edce)t;ﬁFallsir{;rg ?Jlglgfgecord, or
distribute data. - S8LVRILE6K103. A HELRADE® BboVB et ERehfs thaySidbeieadfs raprddi€€ the coded

data in the ganteakpraviging gyatemoenOth én @i s noeds, 1he isliendsseanreceivp ang dgeade
information transnn%%t\?dbbé/tr%rl{g%tted to the streaming server ex103 through the
computer ex111l. The coding processes may be performed by the
camera ex116, the computer ex111, or the streaming server ex103,
or shared among them.
20 [0159]

Furthermore, the coding and decoding processes may be
performed by an LSI ex500 generally included in each of the computer
ex1l1l and the devices. The LSI ex500 may be configured of a single
chip or a plurality of chips. Software for coding and decoding video

25 may be integrated into some type of a recording medium (such as a
CD-ROM, a flexible disk, and a hard disk) that is readable by the
computer ex111 and others, and the coding and decoding processes
may be performed using the software., Furthermore, when the
cellular phone ex114 is equipped with a camera, the image data

30 obtained by the camera may be transmitted. The video data is data
coded by the LSI ex500 included in the cellular phone ex114.
f0160]

Furthermore, the streaming server ex103 may be composed of
servers and computers, and may decentralize data and process the

35 decentralized data, record, or distribute data.
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5 and reproduce the decoded data in real time in the content providing system ex100, so that the user
who does not have any particular right and equipment can implement personal broadcasting. [0162]
Aside from the example of the content providing system ex100, 10 at least one of the moving picture
coding apparatus (image coding apparatus) and the moving picture decoding apparatus (image
decoding apparafigs) gggcribed in each of Embodiments may be implemented in a digital broadcasting

system ex200 iIIustratedAin FIG. 12). Mor. S\Pec'fiqcallcy a tggoadé:asrte sétation ex201 com %Qiﬁﬁtes or 15
transmits, via radio waves tgeaS B%a%dcaas Bl eeex%?, mmtlﬁ’lexe(? date”Otain (rzlobyumu |p(?exing
audio data and otiesrechaietaidacttiats oThenideroaatans datatestazkBy the ol iceedsoding

et o o EREAS CeMGALENeD Bl ciala Satash e e AR Aol AP us ey
present invenuon). Ypon recel 0 e ultipiexea, aata, € Droa St satellite ex ransmits
P wavee o B B e A S Al LAl i LT L Aot 1B Bortion
function receivesstes ezwlio xid/@ss dlekg tatteviceesueh as acelpoisivaveczeiv e B30 ang Atset top
box (STB) ex217,deerdes Shedieceiyrd milipleaed siataoAat Brerasiuses fge 25 decoded data (i.e.,

the device functigns asqﬁﬁe image coding apparatus of the present invention). [0163] Furthermore,
a reader/recordepg%ﬁ%](i) reads and decodes the multiplexed data recorded on a recording media
ex215, such as a 30 DVBEsanhel far BD tore( cooes @idéorsigonaid én thermddidiog petdinmer X205, and in

some caseswritgs fiajaoBiained by EniiIRKing an aslieaiongl 9B adored: iRl BB aIng

reader/recorder ex218 can include the movingpicture decodingg apparatus or the moving picture
8E0HNE 35 ARRBERIAEY \iHBE $fgnals are

coding apparatu@BB2FWEIn Bach &P EmMBUIMEhtL IFH R ¢
displayed on the drawitin gx2ith arat e d2éerlseepnodaeeeth by fardthbo daviee r Systembesing the

recording meo”“ﬁ‘?n?ﬁ%ﬁe%%‘@%ﬁhaﬂb‘?gmﬁtﬂﬁ%%c%%éﬁ@ r%%@%e%%@'%ﬁ’&%ﬁ@ﬁ 9 iFplement

the moving picture decoding apparatu e set top boxex21/ connected to the cable ex203 for a
cable television Sof to tABEnteRE B%204. for iteRREaFdAraERBsEF BlosduasIHG) SBtas t8Mdisplay
the video signalstearibemonitny exaikd whihestetewisieoax306: Jing: moviag ictyne dacptingd

apparatus may bg Implamented ’B‘% @g@ﬁﬁ?%%ﬂ{o b&éé%t&é{%eaﬁﬁé?‘@%oé}%%% [A4ed d9FIC- 18
illustrates the television (receiver) ex at uses the
The video data is data coded by the moving picture coding method
described in each of Embodiments (i.e., data coded by the image
coding apparatus of the present invention). Upon receipt of the
20 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 (STB)
ex217 decodes the received multiplexed data, and reproduces the
25 decoded data (i.e., the device functions as the image coding
apparatus of the present invention).
[0163]
Furthermore, a reader/recorder ex218 (i) reads and decodes
the multiplexed data recorded on a recording media ex215, such as a
36 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
coding apparatus as shown in each of Embodiments. In this case, the

356 reproduced video signals are displayed on the monitor ex219, and can
_37 .



moving picture coding method and the moving picture decoding method described in each of
Embodiments. The television ex300 includes: a tuner ex301 that obtains or provides multiplexed data
obtained by multiplexing audio data onto video data, through the 15 antenna ex204 or the cable
ex203, etc. that receives a broadcast; a modulation/demodulation unit ex302 that demodulates the

b ime e B R e g .
multiplexing/demultiplexing unit ex a ultiplexes the modulated multiplexed data into video
e 20 e R B B S S S BT e o £ ey ety
ex306 into data. [dB8PpThéteiavidion exB00 urtherimglpdet: esitprd progessivry ahitsek306 including
an audio signal pEeeasngiN £x394-8Rd crideq 25isiorabRICeSEING SN @5308 teakdrgere audio

data and video data and code audio data and video dgt,a, (which function as th%é_ma e codin
t >?§5%Cﬁ1%ti

apparatus ard thirfadE HEtVRRG & ditidP rerelibRIEiH® Bl Sutpt (i ng a

speaker ex307 that previtesdheptiecotes audirosigiataandandigpiayrunitiexB808xBatdisflaysthe 30
decoded video signal, RYGR asa HisPlaynBURNRIAY S itk IRley sl O ipaiudes am injedace unit

ex317 including an operation input unit ex312 that receives an input of a user operation. Furthermore,
the television ex30WPITCRBRESS CRtrbl GAiE SER PR ToMMGId %E@%IF@%%BﬁsﬁﬁﬂPelement of the

television ex300, [antiéddower supply 35 circuit unit ex311 that supplies power to each of the elements.
Other - 38 10 FIG. 18 illustrates the television (receiver) ex300 that uses the
moving picture coding method and the moving picture decoding
method described in each of Embodiments. The television ex300
includes: a tuner ex301 that obtains or provides multiplexed data
obtained by multiplexing audio data onto video data, through the
15 antenna ex204 or the cable ex203, etc. that receives a broadcast; a
modulation/demodulation unit ex302 that demodulates the received
multiplexed data or modulates data into multiplexed data to be
supplied outside; and a multiplexing/demultiplexing unit ex303 that
demultiplexes the modulated multiplexed data into video data and
20 audio data, or multiplexes video data and audio data coded by a signal
processing unit ex306 into data.
[0165]
The television ex300 further includes: a signal processing unit
ex306 including an audio signal processing unit ex304 and a video
25  signal processing unit ex305 that decode audio data and video data
and code audio data and video data, (which function as the image
coding apparatus and the image decoding apparatus), respectively;
and an output unit ex309 including a speaker ex307 that provides the
decoded audio signal, and a display unit ex308 that displays the
30 decoded video signal, such as a display. Furthermore, the television
ex300 includes an interface unit ex317 including an operation input
unit ex312 that receives an input of a user operation. Furthermore,
the television ex300 includes a control unit ex310 that controls overall
each constituent element of the television ex300, and a power supply
35 circuit unit ex311 that supplies power to each of the elements. Other
- 3% .



than the operation input unit ex312, the interface unit ex317 may include: a bridge ex313 that is
connected to an external device, such as the reader/recorder ex218; a slot unit ex314 for enabling
attachment of the recording medium ex216, such as an SD card; a 5 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 netwogk gliets cthep@eaiding ARdiunhex2lG ¢an elestiisadyrereordrinfasmadionHeipg a
non-volatile/volatile Femipon uctor me lement for storage, The constituept elements of the
television 10 exd0 M4 oRrRHt Eacn ST (Rro0BN 2y ok Porbde Bl Fofio CC” SHEL, the
configuration in whichhhe telavisidnas@0@ tdeesddSmuniplehadd datd obwdidd from emsiléntirough

the antenna ex2@4:apf IBRES gneHeredyces heflasriaddaia avilshe Keseriteds it EapdS delevision

ex300, upon a user oﬁPeration hro%gh a remote controller ex220§nd others, the
multiplexingiﬂenﬁ'ﬂh éxﬁﬁ:}BL]I & &Cgé}ﬂﬁﬁﬁﬁ WEY %mﬁiﬁ? J&B%ES‘&‘%&&&{Q&@F&%
modulation/demedutatior dniti £k 362} dirden cdatrolaaIhé dontrel anitrexGleiriolualing apbRUE

Furthermore, theugljg §ignalarecegsingezd Hivh §x34itlesrdss e demulipieded ifydiodatp, and

the video signal processing unit ex305 decodes the demultiplexed video data, using the decoding

method described R ERANBNEHBEY M EN S 97 MR RIEGEYSH A 5005 $REERBHELRT X8 Prévides the
decoded video sigeahand dodiossmra) @utsitles respesdtiveyn Whamtlee outpat tUnd 2% ex30®provides

the video signal agd fhe andipcrignakdhe signaln DavdhesmRgiRYesRERT IR bylfass £x318 and

ex319, and others so that the signals are reproduced in synchronization with each other. Furthermore,
the television exiﬁ&?‘ﬁﬁgﬂ read multiplexed data not through a broadcast and others but from the
recording media ex215 Bi-sidtex? t6 nslnhrasi armiagmdiic disk.eatedplicabaiskx 0@ al8bpcaxl. Next, a

configuration in whisl e elgvision ex390.c0d9s A ayrio sional A viec,siacah and sggsmits the

data outside or writes data on a recording medium will be described. In the television ex300, upon
a user operation3MGOGH e PEATRPESSHSIRS i@ deaadad drkary) thesdarssiBREr prétddsing unit
ex304 codeg;an g&ldioisidh-esigoal, and the \idee sigpahpiecassiog giniterxdfmeodasandtes signal,

under control of t tral unit usipg th I ' ' ch of E iments.
The multiplexing%izr%ﬂip%&#lg%ﬁf;‘l (%(305')9 rﬁum@%ﬁﬁﬁ g?ﬁe%%/ﬁg%igém%ngﬁad%%%rgl, and 5
provides the res@gnyBigakE ¥Rgsidd &/ he R IRIaN S XxingRIEM USRI RiEEX30BYMUlfiPRXes the
video signal and iheaudinsigarinibe signls ey ) Sonpeadbr stereddn dherutier ex32hiand

ex321, and others at the signals repraduced in synchronization with each other. Here, the
bufers 10 ex318 51305 BSGo0 dn koL iy BOBILE B 1t B ot KB SMEB may be
shared in tH televisiorxexBb 0. crgdirerticrd caatd timdg trdstord tpifl at Buffadsd g di dife Sjgiemh

overflow and unggdlexs Siay hendvided Hedwesn daermodiaton/damedylativad b ex3Qa gl the

multiplexing/demultiplexing ynit ex303, for example. 15[0167 Furthermaqre, the televisjon ex300
may include a co%?gu%ﬁfé%#&gre%% %daﬁf(ﬁ?fﬁ%éﬂg)ﬂw & %ﬁigro fhor‘Enrg %? ‘%‘?Hgﬁa o'tﬂeﬁﬁan the
configuration for ishtaishgraedidthd videoa:taifionn i leroddOapt ov idl escurding: awstighy, dad may
code the obtainegidaia. ABOGHi0siae HlBvision £x300rat krdg, MuHRIEX: AN DERViEe Attside

data in the description, it may be capable of only receiving, decoding, and providing outside data but
ot the codi, TRHRDIGEIG A6 G B A ae the audiosgnal Bhe Sighals iay

be temporarily stored in buffers ex318 and ex319, and others so that
the signals are reproduced in synchronization with each other
Furthermore, the television ex300 may read multiplexed data not
through a broadcast and others but from the recording media ex215
30 and ex216, such as a magnetic disk, an optical disk, and a SD card.
Next, a configuration in which the television ex300 codes an audio
signal and a video signal, and transmits the data outside or writes the
data on a recording medium will be described. In the television
ex300; upon a user operation through the remote controller ex220

35 and others, the audio signal processing unit ex304 codes an audio
-36 -



[0168] 25Furthermore, when the reader/recorder ex218 reads or writes multiplexed data from or on a
recording medium, one of the television ex300 and the reader/recorder ex218 may decode or code the
multiplexed data, and the television ex300 and the reader/recorder ex218 may share the decoding or
coding. 30 [0169] As an example, FIG. 19 illustrates a configuration of an information

reproducing/recafing UnihexA00 yhen drR s FRad LRI 95 97 sHLQPHGAISKs iha,
information reproducing/recardi ggnl ex400 includes constituent elements 35 ex401, exéoz, ex403,
b

ex404, ex405, et arPBkEY B b € 460N HQLcHORY fisraffhrtd? e BpticAHELd Plradiates
a laser spot in a dE=andingds infaee bf ¢ re bordimg: mesdiurhtex24.6 | thate s isig Obéioal digk es iwdte

information, and gtedls sefteciediight fram e secrrdingdsustass oiithe seserdipaaediim RY215 o

read the information. The modulation recording unit ex402 electrically drives a semiconductor laser

included in the opfieXifiRSd exdtf, antEsiddliGtes tAERRE lightstiding to rel?88d datderhe
reproduction demodiiigtiaginif eéx403 Apiphkfieg airdpreddctidnrsighial ebtaindd:byidliectisoaiiyidetecting

the reflected ligh ram e 40 egording, puRsesing & phato detesianindylsddpshesopiical read

ex401, and demodulates the reproduction signal by separating a signal component recorded on the
recording mediuf&keis té*éﬁr%dﬁé@th%’ﬁ&céssﬁﬂfjinf%m%%n?fThé"tiFffem@x@@f@ﬁJoF‘éﬁly holds
the information tedyercetardedion shye cecording roadinmiexeddhlscand the indoemation tepitatyced from
the recordi me?igg’ﬂ X e di 0 rot ther in i 15 servo
control unitq§x40 mo&%s%t%% %Bliceglé%%g]d gﬁﬁ)@%ﬁ)@%&[&%}i%ﬁ%ﬁgn‘fogﬁjnnéﬁ[%%{?raa%ﬁ Wr%égc%ontrolling
the rotation drivel &8 #ie 8RIPHGES BB & RAfINSHAIE Ia¥EY 8pgt X PRE sydieithermore,

20controlunitex4g@4egntrasovssalitheiatbrmation (psedesinglErcariing yriie ax400e fiheweadiag and
writing processes can he implemented by th tem control unit ex407 using varigus. information
Stored i the burieh B It B e e B el B T R R
modulation 25 ree¥fdiRgaitt Exaon utieptepioaveson diatrrindngnihie s3803, aidekarséiso control
unit ex406 that rgepi& and reproduce information through the optical head ex401 while being operated

in a coordinated manner. The system coptrql unit.ex407 i es, for ex le, a microprocessor, and
executes processing by%:%ﬁtsﬁﬁgn&%’bemgﬁ ecr%?gI Sé)?gcﬁfgg gﬂgrc%?grﬁnfcoﬁ%%c? a%ocpvﬁﬁtgﬁ&ffb]
Although the optical heeel euD B trdMaltep & |Agemnspotiit it Heseription, demey patben biginidensity

recording using Rear figit it 88 f08flbbtaining audio and video data from a broadcast
or a recording medium, and may code the obtained data. Aithough

20 the television ex300 can code, multiplex, and provide outside data in
the description, it may be capable of only receiving, decoding, and
providing outside data but not the coding, muitiplexing, and providing
outside data.

[0168]

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

30 [0169]

As an example, FIG. 19 illustrates a configuration of an
information reproducing/recording unit ex400 when data is read or
written from or on an optical disk. The information
reproducing/recording unit ex400 includes constituent elements

35 ex401, ex402, ex403, ex404, ex405, ex406, and ex407 to be
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FIG. 20 illustrates the recording medium ex215 that is the optical disk. On the recording surface of the
recording medium ex215, guide grooves are spirally formed, and an information track ex230 records,

in advance, address information indicating an absolute 5 position on the disk according to change in a
shape of the guide grooves. The address information includes information for determining positions of

recording blocks a2 4a! Aee & gt {3 reppeci faten Begradueing e plmation diack 230 and

reading the address information in an apparatus that records and reproduces_data can lead to
determination of the?d$ORL BNBYEESRIRY HI0BKS SERFHEEhSRE $HéPe&dihg MiRhiulh &215
includes a data repardingiaseatexz3dcamfiomes Litouwmiarende e ex?ii; tand! ayhoUtermirdumference
area ex234. The di exz233s.a for use.i rdj r The.inner 15
circumference ar&ggfﬁ?ﬁan%gtﬁé%%tﬁ ci?cﬁlj%mf%%rﬁfg ﬁ%a%é%%at%@ﬁsﬁg aﬂ%é%rutg?fi\% of the
data recordirfy al848xD88 Aespdctifeiyoste R SPLERie HE exéa{st e Re ARt thal lsEr s, The
information reproglugingfieseatliagamit A8 raadsanrdiwries sedes giddio, tedead yidedidatan ar
multiplexed data ghtai b ulti ing. cqode iQ and vi fr nd o data
recording area eé%ghgg %ee%i%o%in%oér%)eédial SXZ%BC(%(?#}%? Qg_ Aﬁﬁ(g%%%%dn cc)%;{)%q%dl disk agving a
layer, such as a DRIDGHCA 8D feaeedHhtidnE ARl bRNABR AMIBE descipaenCthechiit &l 8k is not 25

limited to such, aggraiaeBe ay oplisat fisk havingradnulflaypestiigiaa and capable-ehbetrgrecorded

on a part other than the surface_ Furthermore, the optical disk may, have, a structure, for
ulitimendinal SO e Bk P A e o ol Cea LS HEHES aead i
different wavelergpdih, tH30 d&me gotasasoftihe osteaidiskiand s8 redoRing @ffaraiatién daving

different _Iayedrs fr%@ﬁ@ﬂwlgleéﬂ{ggzé%]oaded Emthgg@op%cc? g@irn@(Z%Hgym% eggl_ap%m@ ex205h
can receive data from the sagaE ite ex202 and.others, an rep[[c:q u e%zgeo or%@ isp a)é evice suc
a - §
Cc

as a car navigati5ﬁpsr>%C?é‘1%ee _’ﬂ”&ﬁ%ﬁﬁﬂ(@ycg} 053 é?(alo,i the digital By egﬁ'r?é) E'tlé’m
ex200.Here, a canfigisratieni of elienedi oravig dto nesystdades 2 1thwilidwe adtoafiadiiom, frdkample,

including a GPS geEIVIG 11T FFAEIBR GIFIBHaten IHHSHAIGMLINEGrdiBgT iteeAA Vel Pedrue for

the 5 configurati%m%f '[é’le computer ex111, the cellular phone ex114, and others.

isk motor ex405 rotates thpe recor&mg mef?ium ex215. The
servo control unit ex406 moves the optical head ex401 to a
predetermined information track while controlling the rotation drive of
the disk motor ex405 so as to follow the laser spot. The system
20 control unit ex407 controls overall the information
reproducing/recording unit ex400. The reading and writing
processes can be implemented by the system control unit ex407 using
various information stored in the buffer ex404 and generating and
adding new information as necessary, and by the modulation
25 recording unit ex402, the reproduction demodulating unit ex403, and
the servo control unit ex406 that record and reproduce information
through the optical head ex401 while being operated in a coordinated
manner. The system control unit ex407 includes, for example, a
microprocessor, and executes processing by causing a computer to
30 execute a program for read and write.
[0170]

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

35 [0171]
4] -



[0174] FIG. 21A illustrates the cellular phone ex114 that uses the moving picture coding method
and the moving picture decoding 10 method described in Embodiments. The cellular phone ex114
includes: an antenna ex350 for transmitting and receiving radio waves through the base station ex110;
a camera unit ex365 capable of capturing moving and still images; and a display unit ex358 such as a

liquid crystal display for gigplayin; e Aaife3ueh as-decPdasVideodlamariadbyHhe ¢amgea unit

ex365 or received by the antenna ex350. The cellular phone 'ex114 further includes: a main body unit
including an opeRPRISAHef! it ex366; 15 alffe tiet eHi 8%85 PEUCas & OpE e BRBIHBuL of
audio; an audio iepatinhitexidfb guchvassaariceypheie forrimad,0b addir dmiemoayionittexd&7 for

storing 20 capturgdyidep.p, sill DiRIUgS, H‘%‘égrg% Adienforied abAarered dataof Miskgewed

video, the still pictures, e-mails, or others; and a slot unit ex364 that is an interface unit for a recording
medium that%tore8 UH@NnGAe Eind itanferUS the hentSi9 R 23875 [tAPS) 251R%t, 2 ékample of
a configuration otittoe geBular piitree exditi4endl berdessrinedrwithrrefecsrice tafblG 2&18n In toe cellular

hone ex114, a maj n ' igne 0 r it of the mai
P 114 p’Efé"c’éﬁ%uHﬁ%@gﬁég’;‘ﬁeﬁﬂé%?%cd&%ﬁm%‘%%?)é% aékg ' koL fae nain bedy

including the display unit ex as the operation key unit ex366 is connected mutually, via a
synchronous 30 8§ B8, fRESpowdr R Eireait Uit eXSeI Mt jerdtidRknfit£dRtr@dNthit ex362,
a video signal preeassing uné exd8he escamieraintesiaoe uai exde3ratliguichenystat display{LCD)
control unit ex359, a modulation/demadulation unit ex352, a multiplexi e iplexi it. ex353, an
audio signaf{é)(rocreeé)s'ircl)éj9 3 e&ni?ég(%ﬁ? 't’hfe S c()gt %%itai%éi? an t?llg r%)g?]%gy ?#%@)%ég : _P4'}§ﬁ_8 [0176]

When a call-end KeSO6E HYBowWBPRES is turdfiett ONTB Fusdin€ operaBitdi nEe PosfErstppi ikeuit unit

ex361 supplies thediesrectyeidpis with Rawer drem aPatery Hc se Axifcactyare Hae cetephone
5ex114. [0177] é hone ex114, the audio si ex354 converts the

he cellular ignal eSSJﬂ' g.u it
audio signals colfet (Iegd’E bya the gﬂdﬁ%ultr%uf'ﬂﬁl @f@é%%ev&{:eegacgﬁ(\%grgaﬂon mo%aetﬁ]qtgeﬁﬁftqglneﬂjdio

signals under theait8oBdBaf ihe@mainasohaolUstt iExB800ndingdirid & cres, M, aht RAMEThen, the

modulation/gemodiatinrvBi X35 REHQIMTS SPRRAUIRPESIIIN RIPEERSRgON the figital,aushio
signals, and the transmitting. and receivi [

fequoncy comvel18h i e BSEC a5 58 1 b G ARSI e oo Jarea - ex38)
respectively are for specific use except for recording the user data.
The information reproducing/recording unit 400 reads and writes
coded audio, coded video data, or multiplexed data obtained by
20 multiplexing the coded audio and video data, from and on the data
recording area ex233 of the recording medium ex215.
[0172]
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
25 limited to such, and may be an optical disk having a multilayer
structure and capable of being recorded on a part other than the
surface. Furthermore, the optical disk may have a structure for
multidimensional recording/reproduction, such as recording of
information using light of colors with different wavelengths in the
30 same portion of the optical disk and for recording information having
different layers from various angles.
[0173]
Furthermore, a car ex210 having an antenna ex205 can receive
data from the satellite ex202 and others, and reproduce video on a

35 display device such as a car navigation system ex211 set in the car
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15 via the antenna ex350. Also, in the cellular phone ex114, the transmitting and receiving unit ex351
amplifies the data received by the antenna ex350 in voice conversation mode and performs frequency
conversion and the analog-to-digital conversion on the data. Then, the modulation/demodulation unit
ex352 performs inverse 20 spread spectrum processing on the data, and the audio signal processing

unit ex354 convegtsyit ifito qgalgg@ygi@ ﬁgpalg@g@éat&_mgp%;@gghyiaé;gg@gdio OpfpHE Uni ex357.
[0178] Furthermore, when an e-ma}ll in data communication mode is 25 tran%rgltted,, ?xtbdata of the
e-mail inputted b§0d’b¥(§9éﬁ ﬁ’é’ﬁﬂa o?)eraﬁ%% k%?runﬁ%& ‘2 (ﬁﬁg}g OF tHe* Fh b8 Yy is Senfout to

the main control anitféx868tida thipopexation limpin cordioburit @RS6 2¢ Thiey nginiedhtiod tmithex360

causes the modylgfierideaiasiyIafiQe alterIAZARPEHRIM SPreachBRECHHM MEOERSSIFG ORrbe text
data, and 30 the transmitting and receiving unit ex351 performs the di |tal-to-ana[£o%r(1:onver3|c{?n and

the frequency cohPBFEEH BH R e LOBPTARYES b it e §at2 'AE BASS&&Toh &x138%ia the

antenna ex350. Witezrain e-mail is received, processing that is approximately inverse to the
processing for trztrbs_{ryr,gwg an e-mail is 35performed on the received data, and the resulting data is
provided to - 44 - the diSplay unit ex358. [0179 When video, still images, or video and audio in

) ]
data communication modEis oridie ke, Hie kY &graP8 o g thitelsss ditipresses
and coc_ies video @igmmslmpﬂienhframcmmm[b%%esingomm gavingupetuteaotlimg method
shown in eagh o BRAAMEALs (ifedfUNctions 35 iRpoe cosina apanialys BhbkPresant
invention), and transmits the coded video data to the multiplexing/demultiplexing unit ex353. In
contrast, io durinf'WHER e B RNMGIEsEBE LRAPHIRES UIdEIN etANmhAGES YR HaER A% S Udio
signal processingtriLex3Sh eotes austiatsignadsccalectad dyntiee AudintinpuBenit expa6) anf
transmits the code | to the muliiplexi ultj [ nit . ]
muItipIexing/dem%??Fpgg%ﬁ ﬁﬁl%tvggsgﬁwr#uggb@)@%/?ggzcéé%%é/%%? | 3@5 ﬁﬁgﬁ%ﬁ gos]rrt?(fweg\?igeo signal

processing unit dx88Blaftyfia cedeel avidie fdsig Rispied themdntrat  srf 4l §ree8skivif 8Ait ex354,

using a predsteréad ragthgd: e nike anoditl atigggesmadidationiusit {meduedonsles®salation
circuit unit) 20 ex392 perfor %Sp?ég%deipff&r pdiren it he nr%‘g.‘HPt'J%Xaef SfﬁFE‘q%‘E‘H; Mo
transmitting and receiving unit'ex performs digital-to-analog conversion and frequency conversion
on the data so a$fo GBASAIOINKRSUITNG B4B0Ha B aReihg ek38b.unit ex357 such as a

speaker for output of audio; an audio input unit ex356 such as a
microphone for input of audio; a memory unit ex367 for storing

20 captured video or still pictures, recorded audio, coded or decoded data
of the received video, the still pictures, e-mails, or others; and a slot
unit ex364 that is an interface unit for a recording medium that stores
data in the same manner as the memory unit ex367.

[0175]

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

30 bus ex370, to a power supply circuit unit ex361, an operation input
control unit ex362, a video signal processing unit ex355, a camera
interface unit ex363, a liquid crystal display (LCD) control unit ex359,
a modulation/demodulation unit ex352, a
multiplexing/demultiplexing unit ex353, an audio signal processing

35 unit ex354, the slot unit ex364, and the memory unit ex367.
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[0181] 25When 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 datareceivedviatheantennaex350,the
multiplexing/demultiplexingunitex353demultiplexesthe 30 multiplexed data into a video data bit stream
and an audio dat 't;sg]eam, and supplies the video signal processing unit ex355 with the coded

video data and the audig signal processing unit ex354 with the coded audio data, through the
synchronous bus ex370\.’V§T%envi%lé:@ i"gq{éﬂi &Sgeggir?g RIAY &% d'éc&ﬂ'é%etﬂe%@d/ s?g%'&leurs?ng a
moving 35 picture ety rrethooveerrespoehdinig ¢o ithe mibeigooicturepd oding) € 48 s padtived shown

in each of Embodjmeats, e » pcHiaps Aseads decraipg-apRatalus g dheRresenbinysation),

and then the display unit ex358 displays, for instance, the video and still images included in the video
file linked to the \Wé]olp“age via the LCD control unit ex359. 5 Furthermore, the audio signal processing
unit ex354 decodasi@& qudio signal, and the audio output unit ex357 provides the audio. [0182]

Furthermore, similarly to ﬁh({:ﬁglec\gﬁi %?)ﬁggné tggym seh Qéc}n? g&!l%qry%gwﬂﬂﬁ@bably

have 3 types of implementation configurations including not only (i) a transmitting and réceiving
terminal including bdffta IHiieg Epparake HAd HHeRBairg b arhtY, bUe afiAi® AtPiisititing
terminal including pRBGa; sodingeappataitisaansh(ii adre cetdny ¢etalinaldnelsiding ienlyna éecbding

spparatus. Aough P i ieAcasion AT eXEaDereeR a0 16 TRETIS e gytpieced

data obtained by multiplexing ata onto video data in the ription, the multi ata may
be data obtained EMulthiIExiAtPAsH atigo/damBELtA R e HtaSsied RATIEHEntSRAi88E data,

and may be not rapligiexedslaiadst vifen daia dasfa 28 1183 gnal A sucth he-amvingtpiciure
coding method and the moving picture d ing. method in. each of E ' ) ed in any
of the devices an%ns{gys'}%?ﬁaslv er'(r’ cﬁigé%.eﬁ'uejﬁgs?tﬁ%%? van agge%% gs%%ilfge%%%ggggﬁﬁf%r%t?ﬁdﬁ’e%ts can
be obtained. 25 [E84]eNcy FORMEfTIOR othd heedair irfRAGorPiSHOSTHdS CorEmMBEMthERIS and

various modgiicatigns el revisians aesBaesibleariouhdeparting fiaay thsheeapecsithe prasent

Invention. transmitting and receiving unit ex351 amplifies the data received by
the antenna ex350 in voice conversation mode and performs
frequency conversion and the analog-to-digital conversion on the data.
Then, the modulation/demodulation unit ex352 performs inverse
20 spread spectrum processing on the data, and the audio signal
processing unit ex354 converts it into analog audio signals, so as to

output them via the audio output unit ex357.

[0178]

Furthermore, when an e-mail in data communication mode is
25 transmitted, text data of the e-mail inputted by operating the
operation key unit ex366 and others of the main body is sent out to
the main control unit ex360 via the operation input control unit ex362.
The main control unit ex360 causes the modulation/demodulation unit
ex352 to perform spread spectrum processing on the text data, and
30 the transmitting and receiving unit ex351 performs the
digital-to-analog conversion and the frequency conversion on the
resulting data to transmit the data to the base station ex110 via the
antenna ex350. When an e-mail is received, processing that is
approximately inverse to the processing for transmitting an e-mail is

35 performed on the received data, and the resulting data is provided to
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[0185] 30 (Embodiment 7) 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 picture coding method or a moving picture coding apparatus in 35 conformity with a
different standard, such as MPEG-2, MPEG4-AVC, - 46 - and VC-1. [0186] Here, when a
plurality of video g@éaoqﬁl,q gg)n@%rp%%g@ different standards is generated and is then decoded, the
decoding 5 methods need to be selected to conform to the different standards. However, since to
which standard 8 6Pdhe plurality of the video data to be decoded conform cannot be detected,
there is a problem that aN lappropitde destiding methesg cannot eselected. fAldB0] in  khadeder to

solve the problerp, mliplssed data aligined bugultiplexing Audin dlaga apdkoteg.gnta ep data

has a structure including identification information indicating to which standard the video data
conforms. THe sPESRESHSUHBIEFHE AruIGPIOREE 288 IADHCRIG 8% Vides §58R §En&MRBY Fithe
moving picture cécing 15ameihos-andhby &S s®\ispictueereedimgapicatat s shidwgm i eheibof

e e T R SR Ty R
apparatus of the present invention), and transmits the coded video
data to the multiplexing/demultiplexing unit ex353. In contrast,

10 during when the camera unit ex365 captures video, still images, and
others, the audio signal processing unit ex354 codes audio signhals
collected by the audio input unit ex356, and transmits the coded audio
data to the multiplexing/demulitiplexing unit ex353.

[0180]

15 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, wusing a predetermined method. Then, the
modulation/demodulation unit (modulation/demodulation circuit unit)

20 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.

[0181]

25 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 demultiplexes the

30 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

35 picture decoding method corresponding to the moving picture coding
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20 illustrated in FIG. 22, the multiplexed data can be obtained by multiplexing at least one of a video
stream, an audio stream, a presentation graphics stream (PG), and an interactive graphics stream.
The video stream represents primary video and secondary video of a movie, the audio stream (IG)
represents a primary audio 25 part and a secondary audio part to be mixed with the primary audio

part, and the presegtalion SHBNINCRSUSR SPAERSEDLS Aot oL e mevintiere. e Rrgey video s

normal video to be displayed on a screen, and the secondary V|deo is video to be displayedon a
smaller window |Fi@ﬁ@‘E)'r”rﬂaW9@%Lﬁuﬂﬁéﬁﬁo%’%%%té?é%%wpﬁlﬁg 3hstred reSents an
interactive screem tothexgSerditedl by arfangingtthecoUlrcomprerisdB il streege $ ha slidéedtream is

coded in the moying, plCiiie. 6AXRY; A& g%‘{% B o’g% EQ/PACEHEGL??B'@Q ARRRIGRIE elewa in each

of Embodiments, or in a moving pictur ing met y a moving picture coding apparatus in
conformity 35 with& BAIEnaFREarkAtD sti@nal PISIEEss NP EOE- LY 54nd S40des 4 The

audio stream is codemigiaecardangetwihoa stansiard usuchias BBy -Ave 3 daelby Oigital lus, MLP,
DTS, DTS-HD, a é PCM. [0189] Each stream included in the multiplexed data is identified by 5
x1

PID. For exampl 1 is allocated to the video stream to be used for video of a movie, Ox1100 to
Ox111F are allocated toitHe AEA &teeass) BHIR00 {heX e Fisienafdehfe foleiprakation

graphics streams; OxA408:10. Q1 46 Reecalioratgddpdbeyiniaractyveypaphiesaipeamentatt BRO to
Ox1B1F are allocate to th . video, Stﬁ s to bet 10 used for second Ty \éldeo of the movie and
e

OX1A00 to OXk1ATE & ocaf'ed {0 the“aldio stredfd to Be us.ecla {5t the se%ondaryr\ﬁﬁeo { $e mixed

with the primary é@mtr[@llgm}lpm;ngméhearm@wg RIDP@AEdS HAW datal Readilngl@rrR FESS 15 a

video stream exaiﬁtcé}@tp?ﬁ?%qr‘éiﬁ§@1fl&@m99t@ﬂﬁa Ak AHEIORITBRND BKZ 38cerMie sshat-atgho frames
are transformed into,a stream of PES packets ex236 agg a streargyof P ?S Eackets ex239, and further
a

into TS packets 55%7( Hd K] %%\%'Iyéfye 34@' p&? (ik/nglr% Iy g’ﬁre%%%?a{t%H draphics
stream ex241 andldataughantimeerabgieap0 praplics stiram syctearareetdAsfornese ivies a stidam of

PES packet§;  transmits the multiplexed data obtained by multiplexing audio data
onto video data in the description, the multiplexed data may be data
obtained by multiplexing not audio data but character data related to
video onto video data, and may be not mulitiplexed data but video data
itself.

20 [0183]

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

25 [0184]

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

[0185]
30 (Embodiment 7)

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

35 conformity with a different standard, such as MPEG-2, MPEG4-AVC,
w dG o



ex242 and a stream of PES packets ex245, and further into TS packets ex243 and TS packets ex246,
respectively. These TS packets are multiplexed into a stream to obtain multiplexed data ex247. [0191]
25FIG. 24 illustrates how a video stream is stored in a stream of PES packets in more detail. The first
bar in FIG. 24 shows a video frame stream in a video stream. The second bar shows the stream of
PES packets. As Hgm@t_eq by arrows denoted as yyl, yy2, yy3, and yy4 in FIG. 24, the video stream is
divided into plctures as I pictures, 30 B pictures, and P pictures each of which is a video presentation
unit, and the plctﬁ%w stored in a payload of each of the PES packets. Each of the PES packets
has a PES header, and therBESvheader sores i Presentaltian dime-StammpdbHiis)indicatinga display

ti f the pict ti d t
oo e B R e T8 s, e b e e R
Each of the 7S pEtKE19 &5 aESS iR |8 AERA ﬁé’c!@@ﬂﬁ%mﬂlﬁa 5*@&:9@‘%%&@%@%

information, sucma@aé?l%fﬁtmatm“i@@ sﬂmmc&e&%bﬁa&%m&ulwp dorigteringidata. The

PES packets aredd \tllded 8 tore in the ;ror axloadstrgspgc% n k2! BD Rgl\/(ljbﬁg ed, each
C

of the TS packets is'givena T4 bﬁe ESHE Mhus FeSi Fﬁcg |en 1 e'ssoau e pac ets The

source packets dieakrate® BRMARMAGRISIERed e TEiBAD W@(‘tréel-ﬁﬁéét%res information such
as an Arrival_Tinye 1583p (ATS) The ATS shows a transfer start time at which each of the TS
packets is to be transferfed to fllte hge’]sourc ackets af & rran%eg in the ngultlplg gd data as
shown at th&’bottom of FIG° 5 ﬁ'he n?f?nY)% Ackam n%ng flom theRead 8 e muﬁlp &xed Hata are
15 called source fp)&dkéﬂﬁum@eml(@m\@tﬁ)m otheEacoOthedES phtliet dncridddunihes

multiplexed data 'ﬁ&lﬁ@@ﬁ&@&@ﬂ'&fﬁ@@% pirRudiatidetn aubiitlag ard WHiers. fuhdlspd fegram
Association Table I%Eq a Progqgm Map T_'gahble (PM-? and a 20 Prog %Clock Refere éPCR)
itlS ¢

The PAT shows WK% FIFit 8 BRI fsed R ShePRiflSictet Fatefi IR BB AaE pAT
itself is registeredraduxditng TtieeP MIT atords Rl Dseofahet stieam < o€ vithen, i agdip] cwlstitle ditigothers

included In i MWIUBIRKSY e, kAU Al e asamR oURSANH e PIDS

The 25 PMT also_has various descrlptors rela to the multiplexed data. The descriptors have

information such BE RO BRIt bﬁﬁﬁ%‘r?% ﬁ@fﬁ%?@opf R o7 WE PERfeSBEAISA is
permitted or not. dikétBICR istarasi 8 EE i@ hfarMediospaot sSperamdaomaatATS showing when the
PCR packet is trasfeyger to a decoder, in order to achieve 30 synchronization between an Arrival

Time Clock (ATC) that Is a time axis of ATSs, and an System Time Clock (STC) that is a time axis of
PTSs and DTSs. FIG. 22 illustrates a structure of the multiplexed data. As

20 illustrated in FIG. 22, the multipiexed data can be obtained by
multiplexing at least one of a video stream, an audio stream, a
presentation graphics stream (PG), and an interactive graphics
stream. The video stream represents primary video and secondary
video of a movie, the audio stream (IG) represents a primary audio

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

30 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 picture
coding method or by a moving picture coding apparatus in conformity

35 with a conventional standard, such as MPEG-2, MPEG4-AV(C, and VC-1.
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[0194] FIG. 26 illustrates the data structure of the PMT in detail. A 35 PMT header is disposed
at the top of the PMT. The PMT header - 49 - describes the length of data included in the PMT and
others. A plurality of descriptors relating to the multiplexed data is disposed after the PMT header.
Information such as the copy control information is described in the descriptors. After the descriptors, a

5 plurality of piecgsofsjipaminfosmation efatingto,he,sgARS NAKIgIdR.hePyltiplexeddata is

disposed. Each piece of stream information includes stream descriptors each describirig information,
such as a streanP§ Y iérGadntiARHYYaRisH B BLISn MidedbF 2 HEant! B BRI REB" ream

attribute informatf@a@8agh as a frame rate 10 or an aspect ratio). The stream descriptors are equal in

number to the number of siparn s DiIip*Ed datarO1Bleeq Wben e miilex sy data i

recorded on a recording medium an rs, it Is recorded together with multiplexed data information
15files. [0196]  PIDEachiost&@ MBlfIExed darésimtderalitm R aRAGEARTIRoRRRSFof the
multiplexed datafas shewa iofFEGnZoviEheomultipiexedalata mnfoemationddesaretin one touane

correspondence Sgpe\%jﬁ%thgﬂglgB'?{’ée&qaz‘d%%%a}@c%étgﬁgfg%%@ %Ip $& Hp'l'eéﬁ]g Eﬁ%&zz the

information, stream attribute information, and an eftry map. As illustrate _
multiplexed dataShchddBs aBybEdl riRe 0¥ daplo At 2EataINES 4h¢ 4 nEpraativfol el fiffe. The

25 system rate indieai@s<Ne MBAVUD TanHerraieal Niehadsysten: targebdegeden totestescribed

later transfer?s th% S%Lélti%?xsegc%antg go a@k.%@'te% ghhg Ejr%te\r’vgls z:?atz t >'%‘1T E&gn (I)u g(dlgu tEearpéJItiplexed
data are set fo ndt higher than' a sysfgm raté. The repro Letion Start timé indicates a ‘]‘ In a video
frame at the head@!b?¢Réatilitpieed B0 dfb oRAtbevakol6AE frameie aggedds & PTgan &ideo

frame at the end 19d the raditiplexadhdatei Aaghihe RS is set to the reproduction end time. [0198]
As shown in FIG{a%gad?'iece of attribute information is
FIG. 23 schematically illustrates how data is multiplexed. First,

15 a video stream ex235 composed of video frames and an audio stream
ex238 composed of audio frames are transformed into a stream of PES
packets ex236 and a stream of PES packets ex239, and furtherinto TS
packets ex237 and TS packets ex240, respectively. Similarly, data of
a presentation graphics stream ex241 and data of an interactive

20 graphics stream ex244 are transformed into a stream of PES packets
ex242 and a stream of PES packets ex245, and further into TS packets
ex243 and TS packets ex246, respectively., These TS packets are
multiplexed into a stream to obtain multiplexed data ex247.

[0191]

25 FIG. 24 illustrates how a video stream is stored in a stream of
PES packets in more detail. The first bar in FIG. 24 shows a video
frame stream in a video stream. The second bar shows the stream of
PES packets. As indicated by arrows denoted as yyl, yy2, yy3, and
yy4 in FIG. 24, the video stream is divided into pictures as I pictures,

30 B pictures, and P pictures each of which is a video presentation unit,
and the pictures are stored in a payload of each of the PES packets.
Each of the PES packets has a PES header, and the PES header stores
a Presentation Time-Stamp (PTS) indicating a display time of the
picture, and a Decoding Time-Stamp (DTS) indicating a decoding time

35 of the picture.
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35registered in the stream attribute information, for each PID of each -50- stream included in the
multiplexed data. Each piece of attribute information has different information depending on whether
the corresponding stream is a video stream, an audio stream, a presentation graphics stream, or an
interactive graphics stream. 5 Each piece of video stream attribute information carries information
including what king ggeompression codec is used for compressing the video stream, and the

resolution, aspect ratio frame rate of the pjeces of picture data that is included in the video stream.
Each plece of audio stas amtlGP A AR KA I AR AR I8 L her ot
compression cod&miwséﬂdtﬁ)@ﬂnpmmﬁammmmﬁeﬁﬁ,mker_hani)s chahﬁé@arlreirfbh&dfbd jn the
audio stream, whighden theudlio e BYPROFLS SR Bigh theFaPARERR FrequeRcy is.

The video stream attribuie information arr?g the audio stream attribute information are used for

initialization 8f a B8EHLY T86&H5RYHE PREF BEF TR the toRmtsidm RAOSPY MONSRE Plesent
embodiment, thedatstipleiee 8&ia paud esed e of i steehnatypesinciadeh intike TEMTa Horkisymore,

when the multiplexed data, i Fecjfled-0n apegeiding @%%féjy@%&heowi@ﬁe FEeam 0 ALIpIEn

information included in the multiplexed data information is used. More specifically, the moving picture
coding method of tetMBRinG-picthie-d8R{CAp PAKSIS HESEBER th%a & Bf ERIHSRMRAEStSTtludes a
step or a unit for aHecatmgrusiqpe drisirsnadion indicading vitletrdatarge nigrateddydbeamovinigepicture

coding methgd O‘rH‘eEQﬁ]Hé‘EMiEQd@?“é"t% PQQ?E%@HH%@B%%Eh‘éﬂCQs(’%ﬁ"A?PﬁJH]e‘ﬁ%@ BesRligam type

included in the PMT or the video stream attribute information. With the configuration, the video data
generated by thelbvihg ditir Tcodig Wiethdarorstfd mrihd Reund ¥0uiRG 8pparausTfed&ibed in
each of Embodimeittsaani ber distinguishsie fren video Bdatadhat Torfarmate anethertstandard.

[0200] Furthermare, FIG. 29 il e h ving.pi d ' ording to
the present emb%élrlj}r?lg t.ﬁl%t@%)’ﬁ“{%t %Egr%éé)gné téﬁgﬁéﬁgeggg;gfﬁe%%qﬁr% Vi é?qé:fream
35attribute infornTatf i iSoREAM SAFE A End aIfiNexdd edraaN ok, e sultigiex es STESE, /NS

determined yhetbgr et nl ihesstsaarety pe arsBesvdgasiieam attribute information indicates that the
multiplexed dataﬁ%gmated by the moving picture coding method or the moving picture coding
0

apparatus in eac odiments. When it is
Each of the TS packets included in the multiplexed data includes

not only streams of audio, video, subtities and others, but also a
Program Association Table (PAT), a Program Map Table (PMT), and a
20 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 itself is
registered as zero. The PMT stores PIDs of the streams of video,
audio, subtities and others included in the multiplexed data, and
attribute information of the streams corresponding to the PIDs. The
25 PMT also has various descriptors relating to the multiplexed data.
The descriptors have information such as copy control information
showing whether copying of the multiplexed data is permitted or not.
The PCR stores STC time information corresponding to an ATS showing
when the PCR packet is transferred to a decoder, in order to achieve
30 synchronization between an Arrival Time Clock (ATC) that is a time
axis of ATSs, and an System Time Clock (STC) that is a time axis of
PTSs and DTSs.
[0194]
FIG. 26 illustrates the data structure of the PMT in detail. A

35 PMT header is disposed at the top of the PMT. The PMT header
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5 determined that the stream type or the video stream attribute information indicates that the
multiplexed data is generated by the moving picture coding method or the moving picture coding
apparatus in each of Embodiments, in Step exS102, decoding is performed by the moving picture
decoding method in each of Embodiments. Furthermore, when the stream type or the video stream

attribute information indicates,conformance to the conventional stapdar, uch as MPEG-2,
VPEGAAVC, and T e S8 dSBE Lo, NSl A0S deving Dot SCsoatity method
in conformity withPive @b éritieparstaneerdee BsifpRdr the meiiplexfigcdtig aneisRARRASE value

to the stream type @etherMidep strean atfdbute iHesmatierpanahles deferminatien ywhethaitesnot the
moving picture decgéiiigg method qr the.mogiqg ;]céu(r:!%deco in ap&‘af%?tu that,is described in each of

Embodiments can’ pe?f%?nq ('Jlseco%?ﬁé'. ven when mtﬂﬁﬁ'l@x% Yatd that %ﬁfgrﬁgrtgj Oditfefent

standard, an‘appripriatdieebdganetdd sirggparaife oaebesermdnghis, ifbectinespsssible to

decode informatigRApitheytiany-RITAE UG PRSIEW @ RS fnaviRg Riciure £oENg iBetheg of RpAratus, or
the moving picture decoding method,or apparatus in 25 thegoresent embodjment c?n be used in the

. bod :
devices and systé Qrqaat} 6”5&5893.5[ 6"2?’8%688%&% %)eéﬁl?hdoefstﬁ@ %giﬁ@ Bf-cfpu%'%ding
method, the movisigcpictare S0 eadiny apdaraids nthty mgvingaritiues depodingenethad tanarthe

moving picture deceging APpaRatys i 76l of ErpRpdimeni istwrically achieuedinths oraaf an
integrated circuit or a Large Scale Integrated (LSI%%%CUH. As an example of the LSI, FIG. 30 illustrates

a configuratidn ofth& T SPREB0 AP mAGE IRtETHE RSCTRETS) 355886F QLA BEMEhts
ex501, ex502, exB03 rexbd®4rexb85r &x506jR 5he mnBOPDiex8A8dahal. ex509 to be described below,
and the element @f§g§nected to each other through a bus ex510. The power supply circuit unit

ex505 is activated by supplying each of the elements with power when the power supply circuit unit
ex505 is turned on. 5 [0 g]en the multiplexed data is recorded on a recording medium

and others, it is recorded together with multiplexed data information
15 files.
[0i586]

Each of the multiplexed data information files is management
information of the multiplexed data as shown in FIG. 27. The
multiplexed data information files are in one to one correspondence

20 with the multiplexed data, and each of the files includes multiplexed
data information, stream attribute information, and an entry map.
[0197]
As illustrated in FIG. 27, the multiplexed data includes a system
rate, a reproduction start time, and a reproduction end time. The
25  system rate indicates the maximum transfer rate at which a system
target decoder to be described later transfers the multiplexed data to
a PID filter. The intervals of the ATSs included in the multiplexed
data are set to not higher than a system rate. The reproduction start
time indicates a PTS in a video frame at the head of the multiplexed
30 data. An interval of one frame is added to a PTS in a video frame at
the end of the multiplexed data, and the PTS is set to the reproduction
end time.
[0198]
As shown in FIG. 28, a piece of attribute information is
35 registered in the stream attribute information, for each PID of each
-50-



For example, when coding is performed, the LSI ex500 receives an AV signal from a microphone
ex117, a camera ex113, and others through an AV JO ex509 under control of a control unit ex501
including a CPU ex502, a memory controller ex503, a stream controller ex504, io and a driving

frequency control unit ex512. The received AV signal is temporarily stored in an external memory

ex511, such as afSRRAM: dingles contrpkofia Gansel 4l a0l ctherstpreddala isrspgmented into
data portions according to the R{ocesgsg&%gerﬁﬁuint nd speed to be trapsmitted to Fﬂl) ?Sti,ﬁnal ocessing
it

unit ex507. Then','}FFér @ﬁ@ﬂ'lS Sﬁ)c BHT ESRIY 59188&& Egi%n&rbn‘ﬂ Yide gignal.
Here, the coding@fities pidiedisignaitisthe cdding desdabedsimeach okBEmbodimertsréamher@more, the

signal processing Lexa@bRogRiBIREMUliRexes e earled audieiata nepiie.coderbiigeo data,

and a stream 10 ex506 provides the multiplexed data outside, The 20provided multiplexed data is

transmitted 6 th&BRPLERRREX189 0P WAREN BH IHRMSSAHINALE] S5 evIdR RS are
multiplexed, the dat&ushogldvbe tatmporafityostareelsisi time dndfer exbB8 dddhatahedats isedd hre

synchronized witp;gachaiher- {020 2RathauibihemsTaexsil is 28 element uisidete LS|

ex500, it may be included in the LS| ex500. The buffer ex508 is not limited to one buffer, but may be
composed of buffiRSFurthRIRBrE, B a Shakbo 4y B Hdhe MteshateRPBr a pRFEIRESE Chips.
[0205] 30Furtherofoea; @ilthatgbative sointitol teit efdoh anohudes thie € R exaQi2) dve memarygontroller

ex503, the sieary Gontglel £¥508 e iving rgauency goBtioldniL Xl dof,

go%igug%tj]qg of the
control unit ex501 Is not limited to such. For example, unit €x507 may further

e, the signal processing y
include a CPU. IGEN§a8N dt@otRanPErEDaRRs!the Sy p §§irfé‘9rﬁ’~lég@0$t58ﬁ%dﬂé\}éﬁhe
processing speethn@dage the audio stream supports, and how high the sampling

frequency is. The video stream attribute information and the audio

stream attribute information are used for initialization of a decoder
15 before the player plays back the information.

[o199]

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

20 attribute information included in the multiplexed data information is
used. More specifically, the moving picture coding method or the
moving picture coding apparatus described in each of Embodiments
includes a step or a unit for allocating unique information indicating
video data generated by the moving picture coding method or the

25 moving picture coding apparatus in each of Embodiments, to the

stream type included in the PMT or the video stream attribute
information. With the configuration, the video data generated by the
moving picture coding method or the moving picture coding apparatus
described in each of Embodiments can be distinguished from video
30 data that conforms to another standard.
[0200]

Furthermore, FIG. 29 illustrates steps of the moving picture
decoding method according to the present embodiment. In Step
exS100, the stream type included in the PMT or the video stream

35 attribute information is obtained from the multiplexed data. Next, in
- 51 -



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 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. [0206] The name used here is LSI, but it may also be called IC, system

LSI, super LSI, ogltsad.a dependingieRdis fraies b RO RIAR (028 dtre aMOEGRED M@XS 1O
achieve integration are not limited to the LSI, and a special circuit or a %E}nera@ﬁﬁé)ésg égﬁ)cessor and

so forth can also‘48GigvE thaThgrahghe ﬁ%ﬂﬁﬁ@%%‘:ﬂﬁbﬁéféa@% P ata
programmed aftés mEmdagterdnd y Sisorrasecegfigirtble prodésgontieahaliows rereonfiguiation of the

connection or copfigyratiop afian Lah ande dised fanihe seme Rupasaelfad8] whdR the future, with

advancement in semiconductor fechnology, a brand-new technology may replace LSI. The functional

blocks can b2 inte§F&fei0&Ag Qith SNECHIERRART. T Poiblifg is iR ths Y6 BschtifPstfon is
applied to biotechnaogya {@209h (Frabeslinrertt e mN¥hee vide ol dedaigeneratest axitheynbeng
picture coding m . Ving pict i i j

Embodiments is g&%ﬁﬁc@%@% _ tlo'g %ﬁe%ﬁ%@?ggﬁ@%iﬁﬁgﬁn?@ggg ggﬁ\?gr%i%%a gf[cgr?dard,
such as MPEG-2NVEREB RARMRAR Vet Ss HocobRR &Ke bHooe8SRYHRDUAt PROHABRSACRYases.
Thus, the LS| exb0@ needs it besetiea daving frequeatkddgher tharithas Of tire KoRihex5E2 to be
used when yide iIn.conformj it t ' tandard s de, H hen the
driving frquﬁéncﬁ?@t&h@ ég% thvgﬁgﬁs %%Qrogfé;éngmla? th!l%@%vévg rR gor@é%%t%%%i?ei%&é%&%]

In order to solve HRECHFBBISAT tHechealing siefiey trdethd 85taspaanYe Hiends #id télaiffon ex300

and the LSI ex5(igir 84 v pedfigyrethlecietainuine iiwhich standargs the i, deéa 6anigries, and
switch between the rlvmgér%g/uenmes accordlr%%o the d?}ermme%ﬁtoaé\dard. FI‘_G. 31.illustrates a

configuration ex80U in the pre Erit Ehibod&ht ri(\j/FanO rt'-:-ra%enr?gy swﬂc'ﬁlmfgol?m %rp(éHB Sets5a

driving frequency:i¢ £ higren daviag Fiegderiels when video data is generated by the moving picture
coding methgd of §egugving picture coding apparatus described in each of Embodiments. Then, the

driving frequency switch-nsgslér%i eﬁ%% (_iﬂr%?rt]ru%tsn% \,‘i',e&?{j‘ﬂ% %@%%S?En lénfi’ %gpnl tthate exegutes the
moving picture decodiné& ! g g vp

video stream attribute information enables determination whether or
not the moving picture decoding method or the moving picture
decoding apparatus that is described in each of Embodiments can
20 perform decoding. Even when multiplexed data that conforms to a
different standard, 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
25 the present embodiment can be used in the devices and systems
described above.
[0202]
{(Embodiment 8)
Each of the moving picture coding method, the moving picture
30 coding apparatus, the moving picture decoding method, and the
moving picture decoding apparatus in each of Embodiments is
typically achieved in the form of an integrated circuit or a Large Scale
Integrated (LSI) circuit. As an example of the LSI, FIG. 30 illustrates
a configuration of the LSI ex500 that is made into one chip. The LSI
35  ex500 includes elements ex501, ex502, ex503, ex504, ex505, ex506,
52



10 method described in each of Embodiments to decode the video data. When the video data
conforms to the conventional standard, the driving frequency switching unit ex803 sets a driving
frequency to a lower driving frequency than that of the video data generated by the moving picture
coding method or the moving picture coding apparatus 15 described in each of Embodiments. Then,
the driving freque itching.uni lnsfruct lEPe odi rocessing.uni Xr% 2 that conforms
to the convention%])lgg%sz\\{dggdggg cﬁler]':]<E1c1(3cj1I)(e(g t géj r\(}/’icggo8 a ae.S %%f]d &?g?g%\%e%ﬁﬁ |cqél 3, %r'?% %\r}iﬁsg%f';%quency
switching unit ex808 28GH{Ldes $F& I P& B2 ek the dBviRgeréduiency BEnBBIfiit 8XBEYin FIG.

30. Here, each otthe deceding-mosessing wait ex801 shatpyacytes thegnening Ristdre ge¢raing

method described ir‘1N earlch I%)ge rl;r{}pé)dimﬁg}s ahnd tlhe q?g&%i%&r%cxe?@ggsugit %802 that conforms to

the conventional REaNdard correspoﬁ)gs {0 tRe %nga? processing uni sksd7 mCHES‘.'so. The CPU

ex502 deterrhineE@@RRith standard the video data conforms. Then, the driving frequency control unit

ex512 determines a driving fse@uepry, hased €8 & snalieer theddPLhexod? ckydberarigsdbe signal

processing unit eXSOA}pecodeﬁ }he video data hased on he7si nal from the ﬁP%J ex502. For example,
info 17 i % i

the 30 identificatidf rrhation d85ribdl ofeling is r38%ﬁfﬁs d&f fﬁﬁaetﬁ% video
data. The identifithtion difermaiiclOis Kb Oimitedao che o dbsctibed i Enibedmidnthidimay be any

information as lopgcas fhedafrmatiae iRgisatesia-yiichesiandard YiesadrQ-gataaeafoEse or

example, when Whi?ﬁi'?ndard ¥ideo data 35 conforms to can be determined based on an external
r

signal for - 38 - S&tEFhNY DRETHBYAISY GRRTLLLEH F67 ifevidiOfF SFATNERS &, Sighal is
determination mdy tnepnvadd hasedazh isueh anxextoaiatsignal y-arbéinenes thesCRUSIBA2Mselects a

driving frequency pased &ﬂwg%i%ﬁme@(ﬂﬁWHHﬁa@%iﬁl"mﬁg e slandards okigdeq.data are 5

associated with the driving frequencies as shown in FIG. 33. The driving frequency can be selected by
storing the look-UPtaI1& A fR Hafs &8 iR R HRGREATSSHEAGT B B8 SRGSHHERrence to
the look-up tabletiog tisen@Petiexb02. [6212]1 10FiGe8i Higstiates skfis/for eXeentingha nwéthad in the

present embodi irst, i 0 ignal processi i btains.identification
information 2romn2t)$£)tcn§ 5@&@?&%@%2&%&%@%@@ , t%‘ g&:‘%‘IPPUé Egggg ge@%ﬁe@%@her or

not the video datd & §efBraffbyaIRS EBGINGIRBtRIRNGNISHE R SRAY SPEr&IE 4% TesaReafin each
of Embodiments Hrased! on éheddentifioatioarimforamatitne Wdign the pidekdatads generaied dy the

mbodiments grased on dhesdentiiaatioerinforeatiure 1 dssediiads ge
Embodments, i SILk BL205, hd L e e E e e e e e aney o

higher driving fre@l€ngys2088thd @riaRPReBlR\ELSoHN® | TIMttREPE T ekt fe EFidiRg fréBBency
control unit 8x513 seisdbe diivitg feequrnaydadhedtighentsying fraguaneystae theathehand, when

the identification inf tion_indicates that the video data conf St e conyentional standard, such
as MPEG-2, MPI’:%%% C’ggnﬁﬁ lrelﬁ%fgépﬁ%xgﬂ(? ,135 ﬁ%‘;g% e%&f{}anégﬁﬁs g%EanaEﬁ%r setting
the driving frequéneytie & xsfertbavilR) Frefaehe e thBramving irsfasaeyi edhed uffie e BB 8rhen, the

driving frequencysgofiEN URE exiblszats the drvied fefidency fenthe lawetskiving frequency than that
in the case wher 6@ video data is generated by the moving picture coding method and 30 the moving

picture coding apparatus’described in each of Embodiment.
25 Although the memory ex511 is an element outside the LSI

ex500, it may be included in the LSI ex500. The buffer ex508 is not
[imited to one buffer, but may be composed of buffers. Furthermore,
the LSI ex500 may be made into one chip or a plurality of chips.
[0205]

30 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 processing
unit ex507 may further include a CPU. Inclusion of another CPU in

35 the signal processing unit ex507 can improve the processing speed.
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[0213] Furthermore, along with the switching of the driving frequencies, the power conservation effect
can be improved by 35 changing the voltage to be applied to the LSI ex500 or an apparatus - 56 -
including the LSI ex500. For example, when the driving frequency is set lower, the voltage to be
applied to the LSI ex500 or the apparatus including the LSI ex500 is probably set to a voltage lower

than that in the cagewBeredhe, divingdraavancyrispset bigherpb [0R84b mayFyehRsmere Ween the

[ tford ing is | the driving f be, set higher, and when th
Processing amouMAEF Heot RHFANEF e Al RenaSa) i de S8l BNEF A fre Htho for

setting the drivingrfeéadienpy. Jindiy Figthe! gpttinggsietbodns notlimdtechtctioe shebdeseritiediabove.

For example, whep the,preqessingrraouat dns dacoring videg datg ierniasmitanip MBEG-AVC is
larger than the processing amount for decoding video data generated by the moving picture coding

method and the HVIHY PREABHIR T aFRHGE BESCABEH BALh S¥ 187 Embodiments, the driving
frequency is proddb®0se] in reverse order to the setting described above. [0215] Furthermore, the

method for setting the dryjggquencyisBeL ited 16 e mathod fos seiting he griving figguency

lower. For 20 examé[)le, when the identification information indicates that the video data is generated by

the moving pictute>CodiHg #hetFdd ShdtHE hovints BRISHE ol § 2 P afes RIsEHISR AT '@Ach of
Embodiments, the0a0dde to be applied to the LSI ex500 or the apparatus including the LSI ex500 is

babl igher. W ' IficAti [ ion indicat he vi t
fhe convertinal standand Suah G MU 5 P A AV SRV e Uales & hecanehed o the

LS| ex500 or the Hpparaifls fhelueiffg'the [ 51 8856035 PHIRARG S065%H° A8 BAGALCEXARBIR, when
the identification inteymatisviadicatas thatdtie widepi d alaPisogeaenatertb by dwetenaving 3FpEUre coding
method and the ing pigture codi r ' ' odi . iving of the
CPU ex502 doesrar%% p#%%zi)%ﬁ rllp(a)éél %&b@%%?éﬁ%ﬁ?}wgﬁ%%ﬁ e%&ge{?oéjm %?rpr?gé(l% g|irg)gll‘|écates
that the video dafl 866f5®is t6hRE cah\Rhtiontd tandiad atieR asNPERe2, MprReatiove, and VC-1,

the driving afsthe @nEBUraxR? is priobady-suspendedrarargivendinedpoagsedhe CPU - 57 -
[06208]
In the future, with advancement in semiconductor technology,
a brand-new technology may replace LSI. The functional blocks can
be integrated using such a technoiogy. The possibility is that the
20 present invention is applied to biotechnology.
[0209]
(Embodiment 9)
When video data generated in the moving picture coding
method or by the moving picture coding apparatus described in each
25 of Embodiments is decoded, compared to when video data that
conforms to a conventional standard, such as MPEG-2, MPEG4-AVC,
and VC-1 is decoded, the processing amount probably increases.
Thus, the LSI ex500 needs to be set to a driving frequency higher than
that of the CPU ex502 to be used when video data in conformity with
30 the conventional standard is decoded. However, when the driving
frequency is set higher, there is a problem that the power
consumption increases.
[0210]
In order to solve the problem, the moving picture decoding
35 apparatus, such as the television ex300 and the LSI ex500 is
.54 .



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 5 has extra processing
capacity, the driving of the CPU ex502 is probably suspended at a given time. In such a case, the

suspending time i3 prRNakIY S sheEemthan thak i dhesasriwhere,whan e ddeptifisationirformation
indicates that the video data conforms to the conventional standard, such as MPEG-2, MPEG4-AVC,

and VC-1. 10 [Oﬂ Swﬁ&ﬁgoraﬁ‘aﬁ}?‘?ﬁe 6B\ﬁerd&5¥|g§va [GPEREL Ean B&%Hﬁ#&%dt& S ﬁ’ching
between the drivihetfremieadiesamdacdrdahbé with ithesstartidard t whghr tHéovidedddtarconéorms.

Furthermore, whepdbed:S| @508 A/dAe. PR RS NeIDR 1S Ll eRANIS divern 45113 & 15

battery, the battery life can be extended with the power conservation effect, [0217] (Embodiment 10)

There are cases WAERS APIIEREFUAED ARLMHEE NG TE Pocférdit Stakiftasd A frbided to
the devices and gystemst,eslitly dba televismpiandre mobilecphortdndd orddrdoemalnlg gédndiag the

plurality of video g {hatconforms todbe differentstandardse the,SianalpiogessIng L exRa? of the

LSI ex500 needs to conform to the different standards. However, the problems of increase in the scale
25 of the circuit dtTHaNE| EGBBEMYinFRALE N the €BY: afePRith tHStRdGhdual ust SRR Gignal
processing units gxdfysthacaniarme k@ the tespectivecstiorslarids. [B218hin pidante stdee thegroblem,
what is conceived.i iguration i [ i essi it far | ing the
moving pict?ﬁe dgzzlé)t |R§Or§§%%%8£iiﬁb%%\%ﬁ gg&?%ﬁ%‘%ﬁeﬁsﬁ%gt e gfa%o%%%éés‘sing unit
that conforms to B RBntRAtiNHE StafRftdCeBERTRIVBEEDE, MPEEMARTE | afERVERT GretPartly

shared. Ex900 indrlGindgdA-ehows @n sxarople ofthe 3 euHigwaliend Fer ey aimpi@dheynaviag picture
decoding method - 58 - g in each of i nd.the i Ictur. dipg method
that conforms tohﬁé&f@%ﬁi@%&%ﬁt@%@gﬂﬁrﬁ%ﬁ %ﬁ??j%etgageo%np%@cge%s% r%%geﬁgﬁcégg eEﬁt?opy
coding, inverse qUAMiZ&tBITtHEBI6EIHYSfiTER D hAd HistEHP ¥dRthBHEaER Fretaion PRnatdstails 5 of

processing i@ be &bareid prohablydrelude use BbaidaeeEing praeessitigeunit eX892 thag genfeyms to

MPEGA-AVC. In coniast, 2 dedicaleg deceding processing unl 2xo0L s probably used ot alher
processing unique to e&resen Invention. Since the present invention’s charatterize ypulse code

modulation in paktiéflag fdp exenipld e« dedRati @ sdaing Pid desspeodttidooideusaddor pulse
code modulation; @theqvyise, the decoding processing unit is probably shared for one of the entropy

coding, inverse quantizatjon, deblocking, filtering, and motion compensation, qr all of the processing.
The decoding processing Uit Fo'?erﬁfﬁ'é% nti}(\'&gth "RiGVh r&%?ﬁcy switching SRS
20 includes the CPU ex502 and the driving frequency control unit ex512

in FIG. 30. 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
25 ex507 in FIG. 30. The CPU ex502 determines to which standard the
video data conforms. Then, the driving frequency control unit ex512
determines a driving frequency based on a signal from the CPU ex502.
Furthermore, the signal processing unit ex507 decodes the video data
based on the signal from the CPU ex502. For example, the
30 identification information described in Embodiment 7 is probably used
for identifying the video data. The identification information is not
limited to the one described in Embodiment 7 but may be any
information as long as the information indicates to which standard the
video data conforms. For example, when which standard video data
35 conforms to can be determined based on an external signal for
- 55 .



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 unique to that of
MPEG4-AVC. [0219] Furthermore, ex1000 in FIG. 34B shows another example in 20 that processing
is partly shared. This example uses a configuration including a dedicated decoding processing unit

ex1001 that S“ppooéE%Pﬂ‘?iRL&;&W&@%HQW&&& s pie QéH‘YSPEOPeE%\%?%ﬁgfgdS&%“ Qprocessing

unit ex1002 that supports the processing unique to another conventional stan and a decoding
processing unit 25 Exd668r R 8LSELIR BHrobBsENTE B BBSHAE HatfRemRXNRIIAY piseée

decoding methodrinr-the prasent ineaken &mithe spnentianal mavingdquents decadingnmeshod.
Here, the dedicated ding,pracessing, units ex1001 and €x1002 are ec ri jalized for
the processing of fﬁaé%g ggérr%?ilﬁe%n |§n?§r?li_ietﬁg 3 ioc%ctz‘rs%f%’ %F?ﬁéggo%rt%?\ |o%?§8§a%%€§98
respectively, mandapegdhetafe v casalsle vt lafeiidafedsra protessingl Furthermohe the
cogfiguratir?n of the; Wﬁg%@@@bﬁf@? NEHH GHE b@ij&ﬁﬁé@'lﬁil%bﬁhﬂwﬂ@l@d@% [la@@@b l ﬁ5ﬁ5e§uh0h,
reducing the scale qf the circyit of an LSI and reducing - 59 - the cost.are possi aring the
decoding proceslng?gF%%ﬁ or%t%eaﬂr%égs%?nign%oegéas‘:h%%@ %re\fvx?ge%qhﬁe% ?ﬂo?/%rggs Vr\ﬂb(t:ﬁuFeg f(%é@&ﬁ%g
method in the préseréniariioratrbiitebiovieg@rdiuea Bl@éoding method in conformity with the
conventional stag@mq. [Industrial Applicability] [0221] The image coding method and the image

decoding method according ta the present disclosure can be lied to various kinds of lo myltimedia
data to imprive coding SHienty KT ERUFRpTS A RinGE ST Eiel RS fhe Ttk SElbeling
method accordingnubihei presént digulosireSaes usehATO;, ivbiéas Bphiomess DUDHppaahises,
personal computgtsyARd e ke da [Referenss s Bt 0#almultiplexed 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
15 described in each of Embodiments, based on the identification
information. When the video data is generated by the moving picture
coding method and the moving picture coding apparatus described in
each of Embodiments, in Step exS$202, the CPU ex502 transmits a
signal for setting the driving frequency to a higher driving frequency
20 to the driving frequency control unit ex512. Then, the driving
frequency control unit ex512 sets the driving frequency to the higher
driving frequency. On the other hand, when the identification
information indicates that the video data conforms to the conventional
standard, such as MPEG-2, MPEG4-AVC, and VC-1, in Step ex5203,
256 the CPU ex502 transmits a signal for setting the driving frequency to
a lower driving frequency to the driving frequency control unit ex512.
Then, the 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
30 the moving picture coding apparatus described in each of
Embodiment.
[0213]
Furthermore, along with the switching of the driving
frequencies, the power conservation effect can be improved by
35 changing the voltage to be applied to the LSI ex500 or an apparatus
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300, 1000, 1200 image coding device 302A, 302B, 720 N-bit-depth conversion unit 304Asubtractor 20
304B, 706adder 306transformation unit 308quantization unit 310, 708inverse quantization unit 312,
710inverse transformation unit 25314, 714inter/intra prediction unit 316A, 316B, 702B multiplexer
(MUX unit) memory filter unit entropy coding unit control unit optional processing unit image decoding

unit demultiplexey (DEMUX 4#f) eRtiopyfecoging MUREM Block RALIBE WAL -#8¢uency s
set lower, the voltage to be applied to the LSI ex500 or the apparatus
including the LSI ex500 is probably set to a voltage lower than that in
the case where the driving frequency is set higher.

5 [0214]

Furthermore, when the processing amount for decoding is
larger, the driving frequency may be set higher, and when the
processing amount for decoding is smaller, the driving frequency may
be set lower as the method for setting the driving frequency. Thus,

10 the setting method is not limited to the ones described above. For
example, when the processing amount for decoding video data in
conformity with MPEG+ «AVC is larger than the processing amount for
decoding video data generated by the moving picture coding method
and the moving picture coding apparatus described in each of

15  Embodiments, the driving frequency is probably set in reverse order
to the setting described above.

[C215]

Furthermore, the method for setting the driving frequency is
not limited to the method for setting the driving frequency lower. For

20 example, when the identification information indicates that the video
data is generated by the moving picture coding method and the
moving picture coding apparatus described in each of Embodiments,
the voltage to be applied to the LSI ex500 or the apparatus including
the LSI ex500 is probably set higher. When the identification

25 information indicates that the video data conforms to the conventional
standard, such as MPEG-2, MPEG4-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

36 picture coding method and the moving picture coding apparatus
described in each of Embodiments, the driving of the CPU ex502 does
not probably have to be suspended. When the identification
information indicates that the video data conforms to the conventional
standard, such as MPEG-2, MPEG4-AVC, and VC-1, the driving of the

35 CPU exb02 is probably suspended at a given time because the CPU
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1001, 1201first writing unit 1002, 1201second writing unit 1101, 1401first obtaining unit 1102,
1402second obtaining unit 51203third writing unit 1204fourth writing unit 1205, 1405reconstruction unit
1206, 1406conversion unit 1207bit-depth decrease unit 101208, 1407bit-depth increase unit 1403third
obtaining unit 1404fourth obtaining unit [CLAIMS] 1. An image coding method of coding images to

generate a COde%?%%”hé“é‘%ﬁ%g@P&E’é@%ﬁ‘&tﬁ%&?’ﬁg’”%\%ﬁ%%‘@g LSt REFRARIR UHo a

sequence parameter set in the stream to be generated, the first parameter representing a first
bit-depth that is dHeEERHGF dneisHarutied §Qﬁ1ﬂl@ﬁﬂﬁ1@ﬁ%a\§e&e%@ted by the moving

picture coding method and the moving picture coding apparatus
described in each of Embodiments, in the case where the CPU ex502

Tt

has extra processing capacity, the driving of the CPU ex502 is
probably suspended at a given time. 1In such a case, the suspending
time is probably setl 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, MPEG4-AVC, and VC-1.
10 [0216]

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

15 battery, the battery life can be extended with the power conservation
effect.
[06217]
(Embodiment 10)
There are cases where a pluraiity of video data that conforms to
20 different standards, is provided to the devices and systems, such as a
television and a mobile phone. In order to enable decoding the
piurality of video data that conforms to the different standards, the
signal processing unit ex507 of the LSI ex500 needs to conform to the
different standards. However, the problems of increase in the scale
25  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.
[0218]
In order to solve the problem, what is conceived is a
30 configuration in which the decoding processing unit for impiementing
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, MPEG4-AVC, and VC-1 are
partly shared. Ex900 in FIG. 34A shows an example of the

35 configuration. For example, the moving picture decoding method
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writing a second parameter different from the first parameter into the to sequence parameter set, the
second parameter representing a second bit-depth that is a bit-depth of an Infra Pulse Code
Modulation (IPCM) sample in the images. 2. The image coding method according to Claim 1, further
15comprising writing the IPCM sample into the coded stream at the second bit-depth. 3. The

image coding method according to an e of Claims 1 and further comprisin reconstructing
2 sample at the (SO DR S ReD B oA (e iagBe. TR b tes 8 hatructes

sample. 4. The iM&jeeddihgmeanda ansotdink k& ardy BHE of @IgimBalrtty3in26aphatern, Haid
writing of the secgreEPRIANqiLs R REFORY PRIANUREFERILIVHIRG the $eroadbikAapHtibat is equal

to or smaller than the first bit-depth is written. 5. The image coding method according to .any one of
Claimo 1 to.4, SRR MG S 2 EB R e TE I SETE Blon S SRR o the
reconstructed sanfple Etehedirsy blteddyth sita Mg ipragEadoding eletodusecoeding td eeyding of

Claims 1 to 5, 35uhsreis HySaidiveling of thg Seeerd Matameiaptiasaeend 162oRraseeter
representing the gogrcond bi -oéeﬁpth hat is smaller than a third bit-depth %ertten, th§d;h|rd bit-depth

being a bit-depth A AefindFs8 Eﬁ\g iﬂ%‘éeﬁﬁ%%s"f%ﬁd%%ﬁg ?rﬂég%rg (ﬂﬂb\/n‘r@tﬁ ?ﬁrﬁ]{g}e{omprises

processing unique to the present invention. Since the present
invention is characterized by pulse code modulation in particular, for
10  example, the dedicated decoding processing unit ex901 is used for
pulse code modulation. Otherwise, the decoding processing unit is
probably shared for one of the entropy coding, inverse quantization,
deblocking filtering, and motion compensation, or all of the processing.
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 unique to that of MPEG4-AVC.
[0219]
Furthermore, ex1000 in FIG. 34B shows another example in
20 that processing is partly shared. This example uses a configuration
including a dedicated decoding processing unit exi001 that supports
the processing unigue to the present invention, a dedicated decoding
processing unit ex1002 that supports the processing unique to
another conventional standard, and a decoding processing unit
25 ex1003 that supports processing to be shared between the moving
picture decoding method in the present invention and the
conventional moving picture decoding method. Here, the dedicated
decoding processing units ex1001 and ex1002 are not necessarily
specialized for the processing of the present invention and the
30 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.
[0220]
35 As such, reducing the scale of the circuit of an LSI and reducing
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5converting the original sample at the third bit-depth into a sample at the second bit-depth, so as to
decrease the bit-depth of the IPCM sample corresponding to the original sample. 7. The image
coding method according to any one of Claims 1 to 6, wherein, in said writing of the first
parameter, the first parameter representing the first bit-depth that is larger than a third bit-depth is
written, the third bjt-d j itidepth,Q ginal s le.in.the | i | e coding
method further cc?r&%ﬁg%bieg%%r?{/%%ﬂg t&hé gﬁéﬁﬁa{#gsg%pgég? tﬁéw%téﬁr%%ggﬁg{ﬁaﬂ%ﬁ? sgélrrrgﬁfgé at the
first bit-depth, so RECELFTRGLE PR Hradepth BFUREREBRSROMEISAIAHBIECERESHHNGIMEIT &1 original

sample. 8. The image eosiag enethodeaceordingdanayeoeialGlaimseré @etoifvtiheetooprising
writing a coded S@H}HJ& ggdﬁwqﬁ%f Je \?Q?ﬁtc%crt;%g g@a@%gr%l_the first bit-depth into the coded

stream. 9. An‘image decoding method of decoding images in a coded 25 stream, said image
decoding method comprising: obtaining a first parameter from a sequence parameter set in the
coded stream, thefiset pstaraetaypespitiag p first bit-depth that is a bit-depth of a reconstructed
sample in the im ?}ef zit d obtaining a second parameter different from the first parameter 30 from the
sequence parameter Sét; the second parameter representing a second bit-depth that is a bit-depth of
an Intra Pulse Code Modtilgtiér gapeMpsantpleiatirednigésthe 1D.aDige ieagd idecodint@éthod

according to Claigt-8e fithg 3 00 BrsHIht di<iiainiRg ¢he IRCNbearerledroRTibaLededsyeam at

the second bi-depiy L1 The mage deoogingmenog Accoin fo.any one o CAMS B, 1

image coding method and the image decoding method according to the
present disclosure are useful for mobile telephones, DVD apparatuses,

personal computers, and the like.

15 [Reference Signs List]
[0222]
300, 1000, 1200 image coding device
302A, 302B, 720 N-bit-depth conversion unit

304A subtractor
20 304B, 706 adder
306 transformation unit
308 guantization unit
310, 708 inverse gquantization unit
312, 710 inverse transformation unit
25 314, 714 inter/intra prediction unit
316A, 316B, 702B multiplexer (MUX unit)
318, 712 memory
319, 719 filter unit
320 entropy coding unit
30 322, 716 control unit
324 optional processing unit
700, 1100, 1400 image decoding unit
702A demuitiplexer (DEMUX unit)
704 entropy decoding unit
35 718 IPCM block parsing unit
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5and 10, further comprising reconstructing a sample at the first bit-depth from a coded sample in
the images, so as to generate the reconstructed sample. 12. The image decoding method according to
any one of Claims 9 to 1011, wherein, in said obtaining of the second parameter, the second
parameter representing the second bit-depth that is equal to or smaller than the first bit-depth is
obtained. 1513.Thg ima coding method according.to any one of Claims 9 to 12, further
comprising éfc?nd\r/;[]e’rt?r%gtﬁe IPCM s@ﬁ%l\g ﬁf't?lg gg&%nd bit-depth to the reconstructed sample at
the first bit-depth18024 1Helimage deéédmigdntiiodhstviiding to any one of Claims 9 to 13,
wherein, in said abtginingf the secongd Rarametefidhesaeond parameter representing the second
bit-depth that is sg%%gr ghzia#%the first bit-decf)t IS obtained, ang 25said image decoding method further
comprising CONverti e IPCM sgﬁwcp & t("[H aé@b%%dlﬂilt-depth into a sample at the first bit-depth,
so as to incréaselthédit-depth of the IRGTIs@mpleg 30n115. The image decoding method according to
any one of Claimg £t 14, whereig, (pepald R NING of the second parameter, the second
parameter represlgléigg he %econd bit-depth that is smaller than a third bit-depth is obtained, the third
-ge

bit-depth being a 8fPan 350rid‘iﬁ8f’§§ﬁwlfétiﬂrfh%r?ljﬁages.

1206, 1406 conversion unit

1207 bit-depth decrease unit
10 1208, 1407 bit-depth increase unit

1403 third obtaining unit

1404 fourth obtaining unit
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16. The image decoding method according to any one of Claims 9 to 15, wherein, in said obtaining of
the first parameter, the first 5 parameter representing the first bit-depth that is larger than a third
bit-depth is obtained, the third bit-depth being a bit-depth of an original sample in the images. 17. The
image decoding method according to any one of Claims 9 to im16, further comprising obtaining a
coded sample to using the reconstructed sample at the first bit-depth from the coded
stream. 18. An image cOding apparatus that codes images to generate a 15 coded stream, said
image coding apparatus comprising: a first writing unit configured to write a first parameter into a

sequence paramegter sehin theaceded gitneam doririgehetaiaty the disstspesageeter sepresanding a first
bit-depth that is g hit-depth of a. S S | [ les. and 20a second writing unit
configured to wr%ﬁj aL‘ gﬁf’o%% rﬁ@r%gt%ggﬁ@%nt %‘ﬁrﬁé t&é:égi?ggﬁa%g%éter into the sequence parameter
set, the secohd paramettFifépeedefifing BAHECHRABItLAEDtH F0 18 H-BapATo&h Fita'PLISE Code

Modulation (IPCM) sampteda the dntrggendh at8d Athagstdesastingrapnaptes éhatrigeotiestimages
in a coded strearg, s3idimage dacoding ApDArAE SHMPURING, ot & ILsh SRIaNIRg DI ganligured to
obtain a first parametertfrom a sequence parameter set in the coded stream, the first parameter

30representing a@fy8t bit-depth that is a bit-depth of a reconstructed sample in the images; and a

second obtaininghnit egnfigecerhi® phkaimateacarteparaniesen diferans froariadist parameter from
the sequence parameter set, the second parameter representing a second bit-depth that is a 35
BRrAmEEL (ERieRenin g i g

bit-depth of An Intra Balde Code M&dtilatio € CsoampPeafr1a G cPresenting a secon
bit-depth that is a bit-depth of an Intra Pulse Code Modulation (IPCM)

sample in the images.

2. The image coding method according to Claim 1, further

15 comprising
writing the IPCM sample into the coded stream at the second

bit-depth.

3. The image coding method according to any one of Claims 1 and
20 2, further comprising
reconstructing a sample at the first bit-depth from a coded
sample in the images, s0 as to generate the reconstructed sample.

4. The image coding method according to any one of Claims 1 to 3,

25 wherein, in said writing of the second parameter, the second
parameter representing the second bit-depth that is equal to or
smaller than the first bit-depth is written.

5. The image coding method according to any one of Claims 1 to 4,
30 further comprising
converting the IPCM sample at the second bit-depth into the
reconstructed sample at the first bit-depth.

6. The image coding method according to any one of Claims 1 to 5,
35 wherein, in said writing of the second parameter, the second
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images. 20.An image coding and decoding apparatus comprising an image coding unit
configured to code images to generate a 5 coded stream, wherein said image coding unit includes:
a first writing unit configured to write a first parameter into a sequence parameter set in the coded
stream to be generated, the first parameter representing a first bit-depth that is a bit-depth of a

ioreconstructed sample i dhe- IRAgesth the A3REANH WHLAGIRIL Eomfigurertia wpitea segond

parameter different from the first parameter into the sequence parameter set, the second parameter
representing a seB&TH Bit-AsRANHS YE IRCARR SPHH IRia Berdd EsirMpRifaisREPEMI Rample in
the 15 images, aod ginabaigntpégeércetimgrand elecaditig apparatus further comprising an image

decoding unit configuregé%d%%%eeig@g%igrg%ﬁgglggfépﬂ%p,a%rﬁ%qj%égid image decoding unit

includes: 20a first obtaining unit ‘conflk%‘l:erfed to ¢ irst parameter from a sequence parameter set
in the codedStream, thePfiftY PEIAAtEEreDrHERINGTIREE bRIAEPE (REETE &IBrCGaSth oREP 2
reconstructed sagaptepire the imagesoardis seeartth pbtamintpuiicenfigured toiphiaith secbrd

parameter 25 difflgem fsrgm rﬂg %E%tﬁggéﬁﬂ%tﬁgr%n@ee &?g%g%%%% %%[élk%eter set, the second

parameter representing a secon IS a bit-dep ‘sample in the images.
7. The image coding method according to any one of Claims 1 to 6,
10 wherein, in said writing of the first parameter, the first

parameter representing the first bit-depth that is larger than a third
bit-depth is written, the third bit-depth being a bit-depth of an original
sample in the images, and
said image coding method further comprising
15 converting the original sample at the third bit-depth into a
sample at the first bit-depth, so as to increase the bit-depth of the
reconstructed sample corresponding to the original sample.

8. The image coding method according to any one of Claims 1 to 7,
20 further comprising
writing a coded sample coded using the reconstructed sample at
the first bit-depth into the coded stream.

9. An image decoding method of decoding images in a coded
25 stream, said image decoding method comprising:
obtaining a first parameter from a sequence parameter set in
the coded stream, the first parameter representing a first bit-depth
that is a bit-depth of a reconstructed sample in the images; and
obtaining a second parameter different from the first parameter
30 from the sequence parameter set, the second parameter representing
a second bit-depth that is a bit-depth of an Intra Pulse Code
Modulation (IPCM) sample in the images.

10. The image decoding method according to Claim 9, further
35  comprising
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obtaining the IPCM sample from the coded stream at the second
bit-depth.

11, The image decoding method according to any one of Claims 9
and 10, further comprising

reconstructing a sample at the first bit-depth from a coded
sampile in the images, so as to generate the reconstructed sample.

12. Theimage decoding method according to any one of Claims 9 to
i1,

wherein, in said obtaining of the second parameter, the second
parameter representing the second bit-depth that is equal to or
smaller than the first bit-depth is obtained.

13. Theimage decoding method according to any one of Claims ¢ to
12, further comprising

converting the IPCM sample at the second bit-depth to the
reconstructed sample at the first bit-depth.

14. The image decoding method according to any one of Claims 9 to
13,

wherein, in said obtaining of the second parameter, the second
parameter representing the second bit-depth that is smaller than the
first bit-depth is obtained, and

said image decoding method further comprising

converting the IPCM sample at the second bit-depth into a
sample at the first bit-depth, so as to increase the bit-depth of the
IPCM sample.

15,  The image decoding method according to any one of Claims ¢ to

14,

wherein, in said obtaining of the second parameter, the second
parameter representing the second bit-depth that is smaller than a
third bit-depth is obtained, the third bit-depth being a bit-depth of an
original sample in the images.
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16. The image decoding method according to any one of Claims 9 to
15,

wherein, in said obtaining of the first parameter, the first
parameter representing the first bit-depth that is farger than a third
bit-depth is obtained, the third bit-depth being a bit-depth of an
original sample in the images.

17. The image decoding method according to any one of Claims 9 to
16, further comprising

obtaining a coded sample to be decoded using the reconstructed
sample at the first bit-depth from the coded stream.

18. An image coding apparatus that codes images to generate a
coded stream, said image coding apparatus comprising:

a first writing unit configured to write a first parameter into a
sequence parameter set in the coded stream to be generated, the first
parameter representing a first bit-depth that is a bit-depth of a
reconstructed sample in the images; and

a second writing unit configured to write a second parameter

different from the first parameter into the sequence parameter set,
the second parameter representing a second bit-depth that is a
bit-depth of an Intra Pulse Code Modulation (IPCM) sample in the
images.

19. An image decoding apparatus that decodes images in a coded
stream, said image decoding apparatus comprising:

a first obtaining unit configured to obtain a first parameter from
a seguence parameter set in the coded stream, the first parameter
representing a first bit-depth that is a bit-depth of a reconstructed
sample in the images; and

a second obtaining unit configured to obtain a second parameter
different from the first parameter from the sequence parameter set,
the second parameter representing a second bit-depth that is a

bit-depth of an Intra Pulse Code Modulation (IPCM) sample in the
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images.

20. An image coding and decoding apparatus comprising

an image coding unit configured to code images to generate a
coded stream,

wherein said image coding unit includes:

a first writing unit configured to write a first parameter into a
sequence parameter set in the coded stream to be generated, the first
parameter representing a first bit-depth that is a bit-depth of a
reconstructed sample in the images; and

a second writing unit configured to write a second parameter
different from the first parameter into the sequence parameter set,
the second parameter representing a second bit-depth that is a
bit-depth of an Intra Pulse Code Modulation (IPCM) sample in the
images, and

said image coding and decoding apparatus further comprising
an image decoding unit configured to decode images in a coded
stream,

wherein said image decoding unit includes:

a first obtaining unit configured to obtain a first parameter from
a sequence parameter set in the coded stream, the first parameter
representing a first bit~-depth that is a bit-depth of a reconstructed
sample in the images; and

a second obtaining unit configured to obtain a second parameter
different from the first parameter from the sequence parameter set,
the second parameter representing a second bit-depth that is a
bit-depth of an IPCM sample in the images.
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