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A video codec including ITU-T H.261, ISO/IEC MPEG-1 Visual, ITU-T
H.262(1SO/IEC MPEG-2 Visual), ITU-T H.264, ISO/IEC MPEG-4 Visual and ITU-T
15 H.264(ISO/IEC MPEG-4 AVC) performs prediction encoding on a macroblock via inter
prediction or intra prediction, generates a bitstream containing encoded image data
according to a predetermined format defined by each video codec, and outputs the

bitstream.

20 DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM
The present invention defines a new type of an intra picture for random access

reproduction, and provides a method and apparatus for identifying a normal
reproduction status and a random access reproduction status by hardware or software

25 related to a decoding apparatus.

TECHNICAL SOLUTION
According to embodiments of the present invention, a reproduction status of an

intra picture may be identified via syntax included in predetermined transmission data.

30
ADVANTAGEOUS EFFECTS
According to embodiments of the present invention, a normal reproduction status

and a random access reproduction status may be identified by hardware or software
related to a decoding apparatus, so that it is possible to save a system resource that is

35 used to decode pictures that are not required to be decoded.



ADVANTAGEQUS EFFECTS According to enbodi nents of the present

I nvention, a normal reproduction status and a random access
reproduction status may be identified by hardware or software rel ated
to a decodi ng apparatus, so that it is possible to save a system
resource that is 35used to decode pictures that are not required to
be decoded. DESCRI PTI ON GESTURHPDRAMOEIHE DRAWINGS 1 is a bl ock
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I nvent sibodiment of the prggéﬁt ivdntioa, b! ock di agram of an image encoder

based on coding units according 10 to an enbodi nent of the present
i nvention. FIG. 3 is &diagramifer desdtrihitg dicageapt off caaling it adeardingrtolsss ed

on codin nit ording.to an enbodi nent of the present invention.
FI G GGﬁngoé'r@l‘?'itgcﬁg_ﬁ?ipf?ﬁéktll%\ﬁnﬁ'andeeper coding units according to
dept hs, andri@r4 istd amkaﬁﬁgﬁm 8ar fndde BABSELBIBIYedUn E6Wng UARS Bkcording
invention. 15FIG 7 is a diagramfor describing a relationship

betiweele an eaodiment of thadresenidnwntigni on units, according to an
S odi ment i - \ I \ 2 _
oo ent i 4SS BHER P s Bl LB o

n respon

coded wegt bmbadiment ofgdhe preserdnipastitishnt of the present invention.
FIG 9 is a_di %;_ram of deeper coding units accordi ng to depths,
accordi ng t6lG @@éiﬂsmd@ﬂﬁtraémgm@pﬁr £3ding ynifsancPeting to depthgpand

Ly ¢ B Sodbenied ShpRentEi R predaipeaabp Detyeen, cofino
entsodi ment  BIG.this mdhageém fondesdribimg a relationship between a coding unit and
transformation units, according to an embodiment of the present invention.

FIG. 8 is a diagram for describing encoding information of coding units
corresponding to a coded depth, according to an embodiment of the present invention.

FIG. 9 is a diagram of deeper coding units according to depths, according to an

20 embodiment of the present invention.

FIGS. 10 through 12 are diagrams for describing a relationship between coding
units, prediction units, and transformation units, according to an embodiment of the
present invention.

FIG. 13 is a diagram for describing a relationship between a coding unit, a

25  prediction unit or a partition, and a transformation unit, according to encoding mode
information of Table 1.

FIGS. 14A and 14B illustrate a decoding process of a clean random access
(CRA) picture in normal reproduction and a random access, according to an
embodiment of the present invention.

30 FIG. 15 illustrates a structure of a video data multiplexing apparatus, according to
an embodiment of the present invention.

FIG. 16 illustrates a structure of a network abstraction layer (NAL) unit, according
to an embodiment of the present invention.

FIGS. 17A and 17B illustrate a decoding process of a CRA picture in normal
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FIG 13 is a diagramfor describing a relationship between a coding
unit, a 25prediction unit or a partition, and a transformation unit,
according to encodi ng node information of Table 1. FI GS. 14A

d 14B il | ustrat decodi .of I d CRA
oot or GBI S BRSSP BB AT
enbodi poBhtied. the present invention. 30FIG 15 illustrates a

structure of a video data multiplexing apparatus, according to an
embodi ment bIG.t Heisga tewehart af/amétbad of multiplering.vide® dataugceerding t@ an

struct ur f netywork abstract.ion |ayer (NAL) unit, according to an
enbod!#@ﬁ?gwgqtﬁgtﬂﬁ? 85%5%"?%\’\?8 PP'O_n. FIGS. 17A and 17B illustrate a

decodi ng prpIEsSH HlsttateBA thidtuteeofl Avides Malta ifvePserifiidlexing 2@paratus

random access, according to another enbodi nent of the present

i nvent 1Y), according I an emgpadimgnt pbikerrieserfingemfiimod of nul tipl exi ng
AL e U R e L e e

5FIG 19 illustrates a stru rse-nu

appar atousn édoddimentasfthegrésermimwentiodi nent of the present invention.
FIG 20 is a flowhart of a nethod of inverse-mnultiplexing video
data, according to an enbodi nent of the present invention. 10BEST
MJQE According to an aspect of th&8ESEMODE nvention, there is
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reproduction o or a random acces I ng predeterm ne
syrt axenapdedalatai Sgin@ detodintpapparatus,idetqrmeningwhetherthei teansneissisad

D e BRI AR5 Bl AR AR R e AR5 bl
Pi Ct UrsrebBtetmifsts SPhtaD t@ fraREmiAIPUA B8t 18 rAukiBRX dn intra picture used in the
random access and having leading pictures that precede the intra picture in a display
order but ére encoded after the intra picture in an encoding order, according to a result
20 of the determining, wherein the predetermined syntax indicates which request from
among a request via the normal reproduction and a request via the random access is
related to the intra picture.
According to another aspect of the present invention, there is provided an
apparatus for multiplexing video data so as to identify a reproduction status of the video
25 data, the apparatus including a video encoder for encoding pictures forming the video
data based on data units having a hierarchical structure; a reproduction status identifier
for, in response to a transmission request for the encoded data from a decoding
apparatus, determining whether the transmission request is according to normal
reproduction or is for a random access; and a multiplexer for adding predetermined
30  syntax to transmission unit data to multiplex an intra picture used in the random access
and having leading pictures that precede the intra picture in a display order but are
encoded after the intra picture in an encoding order, according to a result of the
determining, wherein the predetermined syntax indicates which request from among a

request via the normal reproduction and a request via the random access is related to
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20 of the determ ning, wherein the predeterm ned syntax indicates

whi ch request from anong a request via the normal reproduction and a
request via the random access is related to the intra picture.
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MODE OF THE INVENTION
Hereinafter, the present invention will be described in detail by explaining

exemplary embodiments of the invention with reference to the attached drawings.

30  Throughout the specification, an image may include a still image and a moving picture
and may be referred to as video. Also, throughout the specification, an image frame
may be referred to as a picture.

FIG. 1 is a block diagram of a video encoding apparatus 100, according to an

embodiment of the present invention.



encoded after the intra picture in a decoding order, wherein the
predeterm ned syntax indicates whether the intra picture is decoded
according to a nornmal reproduction status or according to a random

access stat and a reproduction tu ' entlfler for,identi
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25invention is split according dept hs e image data of a spati al
dfai dnvertiands gpiihaegssding to depths the |mage data of a spatlal domain included in the
maximum coding unit may be hierarchically classified according to depths.

A maximum depth and a maximum size of a coding unit, which limit the total
number of times a height and a width of the maximum coding unit are hierarchically split
may be predetermined.

30 The coding unit determiner 120 encodes at least one split region obtained by
splitting a region of the maximum coding unit according to depths, and determines a
depth to output a finally encoded image data according to the at least one split region.
In other words, the coding unit determiner 120 determines a coded depth by encoding

the image data in the deeper coding units according to depths, according to the
5
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all deeper coding units inc he maxi mim codi ng unit. A codi ng
urdst dfeexstrdetdee m@b{dledrfaﬁhgmawraum eodinaunit. d&hereadieg uate bavingg tree

e b L T S
corresponding to a depth determined to be the coded depth, from among all deeper
coding units included in the maximum coding unit. A coding unit of a coded depth may
be hierarchically determined according to depths in the same region of the maximum

30 coding unit, and may be independently determined in different regions. Similarly, a
coded depth in a current region may be independently determined from a coded depth
in another region.

A maximum depth according to an embodiment of the present invention is an

index related to the number of splitting times from a maximum coding unit to a minimum
6



coded depth in a current region may be independently determ ned from
a coded depth in another region. A maxi num dept h according to
an enbodi nent of the present invention is an index related to the
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Lo encode ek TRgRulRcR or 9BEEALLANS, RS hoASa AL Ehi R (RO H9Sl i

transfornmation entr are orrre and

time, d¢duingant isigplit acsotdimpio bepthsednécm’ n@lriclmﬂl@g e plfwlclroncbrfdodi‘rgﬁnd
-data units #é/f be. used for each oEera or exanp

vi¥eo BRIGNSHYMARRIaPgsommed pral &l tBedasper 5ﬂwgalrtﬁt§cﬂewer=aiﬁﬂtasdb¢&epth
encodi gk rﬁe[h% | RYRoA Renbybr a%ia S?‘ ﬂaﬁ% pHekctigh n%&ﬁxgé PiRet he

coding u so as to performt i ction enco e I mage
dat a itrandferncatiimgillumaw be described basedien a codieg fuortruf @raaoraritidepth, in a
encodi ng in the nmaxi num coding unit, the prediction encoding may be
perforrﬁgﬁnﬁé{gé’&dm rTtlodi ng unit corresponding to a coded depth,

Lo(rar esggz Sﬂg&‘vi@eé%ﬁc%ld@‘éﬁpéraﬁls 100 mayveReaslysiddt o S1z& 8A5RSpe!Bf & Yata
25  unit for encoding the image data. In order to encode the image data, operations, such
as prediction encoding, transformation, and entropy encoding, are performed, and at
this time, the same data unit may be used for all operations or different data units may
be used for each operation.
For example, the video encoding apparatus 100 may select not only a coding unit
30 for encoding the image data, but also a data unit different from the coding unit so as to
perform the prediction encoding on the image data in the coding unit.
In order to perform prediction encoding in the maximum coding unit, the
prediction encoding may be performed based on a coding unit corresponding to a coded

depth, i.e., based on a coding unit that is no longer split to coding units corresponding to
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a |l ower depth. Hereinafter, the coding unit that is no |onger split
and becorres a basis unit for prediction encoding will now be referred
to as a "prediction unit'. A partition obtained by spllttlng t he

pr edi ctlon unit, m dictiopn unit or a obt ai

1
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the coding unit In order to mthetran ormation in
codu ngperformed ove the pardition mﬁQNxﬁNrﬁNxbb N)@I\f or idiN.basled, tve skiplatcdeumay

I di t, F I
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base of the transformation will now be referred’to as a

' t r anstfingaileast@iicodingeneransf or mati on dept h i ndi cating the nunber

¢ | . : i
pei gnt and eV RES e ERERRGRAIu OE GV PRt ind alfiothbic oh e
t r ansfipragetdata inlaidodifguniekased Aot dnlydrcthercaaingoit fig entotingf thhbnalye
a transformation depth é/ be Q0 when the size of a transformation

urd%  idatay R aisg PRSCAoRE daia unitihah issdifierest ToRLthesQsing HRB wi dt h of
the current, gélnﬁ) OEHeS ] ﬁ*\estpéﬁéfogﬂé it iHhE ?Inﬁ@ﬁlﬁ Yhe I@h@%olr%aﬁ% inhay

into 4’\1trans ormation units e size o ransftormation
unit ite pGMrmeaMOnmydata ®|WM@ac§12e)$maher thangilteqanadtoMIﬂtdodlrIg unit.

the c rent cqdin tofour equal art t ot S|It

i nto 6 oAt rirtof el fananafILmgs Toaius biite sPides n T

is t hqﬁoa{g %ﬁava’zdatlgqym%aggl,ﬁtermé ransformation unit may be set

according to a hierarchical tree structure, in which a transformation

urgst of an Aippta unit used as a base of the transformation will now be referred to as a
‘transformation unit’. A transformation depth indicating the number of splitting times to
reach the transformation unit by splitting the height and width of the coding unit may
also be set in the transformation unit. For example, in a current coding unit of 2Nx2N,
a transformation depth may be 0 when the size of a transformation unit is also 2Nx2N,

30 may be 1 when each of the height and width of the current coding unit is split into two

equal parts, totally split into 471 transformation units, and the size of the transformation
unit is thus NxN, and may be 2 when each of the height and width of the current coding
unit is split into four equal parts, totally split into 42 transformation units and the size of

the transformation unit is thus N/2xN/2. For example, the transformation unit may be
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transformation depth is split into four transformation units of a
| ower transformation depth according to the hierarchical
characteristics of a transformation depth. Simlarly to the coding

unit, the trapsformation uynit in the codi ng, uni be .5recyrsi vel
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In the coding unit ma I VI according to the transftformation
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for tripasdformaiormadepthBCodi ng units according to a tree structure in a

maxi mum coding unit and a nethod of determning a partition,
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in detajl, i F r i '
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Optim zation based on 20Lagrangi an nultipliers. The, ouf put .

uni t m%ﬁfsﬁieémm?é@ﬁaé dspth kavinga Ina i SARRAESRTRY GH @',Sovefﬁt%rmngsa
encod t 3 i nSsd ' i ;

codi ng LA HpR e eMcrlgfAmi, Akt BI o R dp P E M S eNon Dfits, and a
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be obtained by. di i.dual, dat a .of i . The .
T Por et i orCOSIICME SCORIaR I3 s iR Py Gt b it Ag @
i ncl udﬁefHUdcwfrzﬁtéMnmPahmns:aé&ﬁdﬁ@%fbm@mmenwsf PRl prebeRintamfon,

in the prediction unit, the prediction node, and the size of the
t r ansfWitl lagx deseribad in dgtarHatarvyity resgnenne 40 1St Béhrovgbd Zdept h may be

defi ned by ' SRt | naf i r di ns, [

mcl cat e, vt ARG el e iR 20 sRAEAeE R0 7 sHERING ol of Bpepes
dept h donitiganitobceording terdepdiep bl usirg Rae-Distereoh Qlstiphikatidn bhAsed unr ent
coding unit is the coded depth, inmage data in the current coding unit

i $20en anelnd newtipligrs. and thus the split information may be defined
not to splifhd &St URRABORADNE tHEithab@ d3td 81k Maximum coding unit, which is

encoded based on the at least one coded depth determined by the coding unit
determiner 120, and information about the encoding mode according to the coded depth,
in bitstreams.

25 The encoded image data may be obtained by encoding residual data of an
image.

The information about the encoding mode according to coded depth may include
information about the coded depth, about the partition type in the prediction unit, the
prediction mode, and the size of the transformation unit.

30 The information about the coded depth may be defined by using split information
according to depths, which indicates whether encoding is performed on coding units of
a lower depth instead of a current depth. If the current depth of the current coding unit
is the coded depth, image data in the current coding unit is encoded and output, and

thus the split information may be defined not to split the current coding unit to a lower
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depth. Alternatively, if the current depth of the current coding unit
is not the coded depth, the encoding is performed on the coding unit
of the lower depth, and thus the split information nay be defined to

lit th t nit t th di f, the |
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lnf or neid e éndaliflg Modeutly bBese? eritHe image dhdd may be classified into
encodi ng information according to coding units, and encoding

i nf or mat i orAGRFdiNglynéhe @uf;shuéunttﬂﬁeﬁn@hasggnﬁﬁ@oétﬁ!@daiqn@aﬂﬁm @ubﬁb!t fon
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i nf or redicionaunity dndi@ rhimirnbm mlemcwdednnuhe rsaxiraym codinglendo
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net ho the intra mati o out a maxi mum si Ze
t he cdawagnasi depdk biyrde dindovay dberagrrtamrpurmrec@w,gu@ndaéa unisthad@ray band

i nf ormat,i qn about X|.mum dep ser into a header of a
bi t ot nBahaea 18l or e G TS B BB ot SR wps R A St Stor
codi ngyritdiihcldat e intHiemakturiUodasPame to video coding layers that

determ ne a reference frane of each of inage franmes form ng an i nage

sejuence by @ep@eINe riferandodingisfarmatiooroupid thsaudhnthesytiewisnit 630 may be

and orntanech B85 pRedAg MHRRG S T RICRRAS RIS Inke) FENRBAY Fhampton

Al so, g@govdihg t®ereticir ltm’—ids | &ty enddting fnmhation 4ccb3@ingae the xodiay units
(max_dec frane bufferin by a unit of a network abstraction | ayer

( NAL) raaY inghude tenefol loa ayious thecpigdiction mode and about the size of the
partitions. The encoding information according to the prediction units may include

30 information about an estimated direction of an inter mode, about a reference image
index of the inter mode, about a motion vector, about a chroma component of an intra
mode, and about an interpolation method of the intra mode. Also, information about a
maximum size of the coding unit defined according to pictures, slices, or GOPs, and

information about a maximum depth may be inserted into a header of a bitstream.
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wherein the syntax indicates a maxi num size of a buffer required for
a decoder to decode the inmage frames, syntax (numreorder franes)
I ndi cating the nunber of image 10 franes required to be reordered,
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the size ofAlsxanwibbeidescird laksn theutpot unibd 30 samprsyiax (Bex ¢ec_frame
| |
e RN 927 B 8o e YRR AR, BPEARS Bind B L oesie

uni t s \Wiagiehgthrnsyanax Mdicatbapemaxichumn siet dfralbufférzeqlived ésrehdseydearion
coding unit, based gn the size of the npaxi mum codi ng unit and the
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unit by g any one of various’pre
tr anSfIDfCITHta'tIOFISJ,f aanmagei frame emmidthstgergldatelsasilffeeemm leetwieradhn encoding

consi der,i n har.act er i t cS codi n nit of vario )
P Dos Gl Sn SiSSaY ordéy A ot e Rom A g e beddel AniredpmAtdBe dmpge

amuntsdeppeoded in a conventlonal macr obl ock, a nunber of

macr obl ocks per picture excessively increases. 30 Accordingly, a

nunber of dnébes'idﬂo enrqsling sppratio i Odtthe degpaecadiod unirmawnbk a coding
macr obl o Lncr and,th It . t to.,transmt

conpr euBECPER SRR iRLA et o iy i Pt e deelE ahich is
Howevesne Ryeb &b, thjetwe. dan oeisrasbrae, WRBARE YEeldiQne cHBIBG NGRS TuR@nt
effici enc%ge g% be i ncreased since a codi ng unit is adjusted while

consi 2blcthersise PEheosoding upi 9é thihlowerideptieissN. a Nﬁi?b(ﬂ’r*ﬁjﬁﬁ)dmg
SIZ€ it <9ffth c%?r(e'n?geg{ﬁ \Wﬁb I’?egl Q%‘f RixoR gy?ﬁcﬁﬁdé)baéﬂﬁalg]@gf’the

FI G 'S I'ock dr'a eco ng’ appar at u
accorobddrjng anitof tedlodiereleptof the present |nvent|on The video
decodi ng ap&?r at us, 200 includes a receiver 210, an i mage data an

secodi ng I HRENe YR @NSPIgRPRaRatusH (0 Rg¥ famm éh%%aemﬁg@avmg
Def i nithk QR Qfucture by determining coding units having an optimum shape and an

optimum size for each maximum coding unit, based on the size of the maximum coding
unit and the maximum depth determined considering characteristics of the current
picture. Also, since encoding may be performed on each maximum coding unit by
25 using any one of various prediction modes and transformations, an optimum encoding
mode may be determined considering characteristics of the coding unit of various image
sizes.
Thus, if an image having high resolution or large data amount is encoded in a
conventional macroblock, a number of macroblocks per picture excessively increases.
30 Accordingly, a number of pieces of compressed information generated for each
macroblock increases, and thus it is difficult to transmit the compressed information and
data compression efficiency decreases. However, by using the video encoding
apparatus 100, image compression efficiency may be increased since a coding unit is

adjusted while considering characteristics of an image while increasing a maximum size
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various terms, such as a coding unit, a depth, a prediction unit, a
transformation unit, and information about various encodi ng nodes,
for various operations of the video decodi ng apparatus 200 are

identical tog those d&s}cri b d_V\/ith_refeLence to FIG 1 and the video
encodiﬂéaﬁﬁg'é‘ga{{rﬁ%wﬁ congiqeing 8 size/the imapecei ves and parses a
bitstream o i dhe: 'ega(%; ﬁm' ;
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str uctw@@%apgamé 206 aed idEmCaE thesk B8scHbdd with efetdifcetarmed 1 and
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i nformati1 on about a“partition type o cofrespondi ng codi ng unit

cor r estpahdiimgge aatd decodkrd230e pt he nege dataparetiéndadimg indolen atiomdedragitare

O SRS et R & b P 555 e e

The | nfomRhéaderadtRii thdBureresiclp@bR syl the encodi ng node according
to each maxi mum codi ng unit extracted by the i mage data and encodi ng

i nf or mat i onAlset trecimagexdataiand erfending infermaiiont exiractereRextactainformmation

encodct o apdid foh it efEB TR G odk Bt M ERG A S gt Wilellle
per f orgacoeding do Rach Mhaddtin degingrurio ffoRttnendrsed eRsHead. t Thedsidated
according to each maxi mum codi ng unit. Accordi ngl y, the video
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t he m nimum encodi ng error. Ince“encodi ng 1 nformati on about e
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) dete d e
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include information about a partition type of a corresponding coding unit corresponding
to the coded depth, about a prediction mode, and a size of a transformation unit. Also,
splitting information according to depths may be extracted as the information about the

30 coded depth.
The information about the coded depth and the encoding mode according to
each maximum coding unit extracted by the image data and encoding information
extractor 220 is information about a coded depth and an encoding mode determined to

generate a minimum encoding error when an encoder, such as the video encoding
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The i mage data decoder 230 restores the current picture by decodi ng
the image data in each maxi mum codi ng unit based on the information
about the coded depth and the encodi ng node according to the nmaxi num

coc i, L SRR HRCeASR £ S5 SO R A B Rpprono o
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t r ansf or mat SpizerBcoEMgPiAfdraatiBl Al SedddPdamthig Bk ditvaiemode may
orthogonal transformation or inverse integer transformation.
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may peRFIrHNOHQ dhe BreiRRH IR shsiats HNs o oF o REpdeterapad dakm yniss ieawhish the
Yo iy |t . C , i
P ¢ Srhp reRbfich HBbietBpRRd bk enl P LRECUA] MR s A Bafibe
S0 as interpst fodverthtehdatanuetssecitded & trensdrne madmondcodjing ainitaxi mum

codi ng units. 30The i e dat ecoder 230 may deternj ne at | east . one
coded dept hT4? Ragt ARG JScrger 2o oo (i P9y RIS PY geppding the image
| nf or r@dthGR eBER Ph&MiMENt EodiRg UMk bdsedtditthenhidmiafibRTBBLL fHe ¢AHHLAEMA and
that image data is no longer split in the current depth, the current

dept h the encedingdmade taccoming taithegnaximung dogingeunits. a ldethrrevorasothesignage

decode C 0 I t. one.cqding unit,correspondi tq the
ol QAIFREB0eR2 niiv Mook B Inile BiepASed RRAE ISR < ne

i nf or nafdraTatishebout tres ﬁ@titibh&m,&w@grﬁicﬁd}ﬁm@%%ﬁd tetrdAsformatién unit for
predi ction nmpde, and the size of the transformation unit for each

codi ngeafi ¢oding LBk fon PMYNIdherredingenitBaving the ree stpgture irclugrgyid each
ot _ . . . Cls da e e

Cont ai e KRLoUTR Wi AWRE6AHb oS mal InBhgc ordifolMdiding intra

i nf or redimtion@mndraotiot bempenbatiohsdvaminveree eacsfdimagtiomf dnoatseon set

assigned for the predeterp ned data unit fromanopng the coding unit,
t W prt@mf?rmw'%'?@,ydb&rﬁer?]wmﬁ Apaaisingrio metdRd of vm?%% REPEoRdt a
uni t's {PRYIGEnARISOHARYERliRtd}Rr MARsRALYAI t to be decoded by the

i mge data decoder 230 in the sanme encodi ng node. 10Al so, the
recei ver 2I1Thaimlagédaianderodea2d0amay pedfortnmjra pfedictinn enmetiom act or

put 1 oA TP ACRT 00 AR HRBTN) 3 BrPTROR oS SPoCR oA TR a0 4T based

decodedn tHe iARFAERIohER@RIt tHeapBSitioh YW ¥nd METhFREA mbiaBe e prediction unit
i ndi cating the nunber of inmage franes required to be reordered, and

sy#it aoftheepdingnsyit aenardingdy codedslepihy | at ency i nformation of an 15

order and 2 avaipedfeskaErd SRE0TRLAS) b aRfamE Ry R AT decoraing
f or m g exehi tragforpestitPnatt inrthe Vodaignesit, fvaseda Pineshfop@atien dbalethe size of
output to the i mage data decoder 230. The vi deo decodi ng

appar dhadranséormaiiopnl of thaceding yihaetssdingde qodsdidepites, seATY ReTTArm
that gRESHRIES t%@?p@@%ﬁ@?&%@@fwm%%ﬂﬁm%h Ofifgli ng 1S

recursively or ea maxX! mum uni't, and nay use

t e i nf or melheimage detacdcddee 260rmayntietarciing at lehst otdesdedddpth dfte
codi ng units having the treﬁqstr_uctur_e, etermned tQ be the opti.nu

m
Codi U PAMBEEFOHEL AR RVCHIng g iinformajio @caerclna b doplys;  iriee splt
maxi MyfctngtioR indi@ste8 dhatthadeSd A8 i€ hBIESErEPIBINARE dlgrehE BB, kIR Rt
depth is a coded depth. Accordingly, the image data decoder 230 may decode

encoded data of at least one coding unit corresponding to the each coded depth in the
13



25Accordingly, even if image data has high resolution and a | arge

anount of data, the inmage data may be efficiently decoded and

restored by using a size of a coding unit and an encodi ng node, which
determ ned according to characteris

d i vel h
dat o GO g RGO GBUE NS SIPROAEHERRAtIBS PodLIorCyp Rae
(1 om agyoBRagin, AOMBIARH RogdC I FILBg P B BBl SR fbrddchoe

structure, pred on unit, a tran ormation unit, accor

an enbmﬂun@umt@brrebponpdlegéotthe nmdaed depth, and loutmw the irdage dabedf tlmetdurrent
referencetog?gs hrough 13. FIG 3 is a diagramfor
descr i BEEUNEOINGYNGF coding units according to an embodi ment of

t he presentThaMgndatanits contalmﬁgsthé %n@&dlﬁgQ%wﬂgtlﬁmﬁchﬁmﬁ%% same spllt
expressed in wi dth x height, be 64x64, 32x32, 16x16, and 8

A codi lngbrumtlpncmaﬁbg@@tmmd iy efpgearyingibe epaodlng mm‘m;rnaﬂomssgtsass@m&)r the

32x64, n nt Q
o @Rttt 80 QAR SndAb ind bodiRy 1R e BB RBOD L Bfd s 1 6
nmay bemfrmhum uhit, %rﬂﬁlﬁel dtheedodatd @nie maL B8 BonSiiéhed @ bS¥Re daidl udit to be
codi ng unit of 8x8 e split into partitions of 8x8, 8x4, 4x8, or

4x4. decodeﬂrbwth@éma@&t%at@ cogderr 23Qinthegiame engodiRg Mede.a naxi num
i f
o o SRRk bE ot ncf e e TRrE BHRohRodoye Rt R Et?

64, ameRperinmamN&pdecoding. prb@ess |dEWh|dlaByn&&QmaX dec efsametbufiering)
352x288, . a .maxi mum si ze of a % unit is 16, and a naxi num depth
is 1. 'Wﬂ@aﬂﬁgﬁrﬁ]ﬁ%"ﬂw‘ﬂ §i w’ith erFfeGU'eré%fn%ij%O rttetdamplgrlm@geé mes,

it
splitsg nﬁ%rﬂlnﬁ'%b@ﬁpgﬁgor Zr’:ﬂ%&gl hé HUn%éP-BT‘H%@@qHPﬁ’eé‘Fé ired to be

If ar lonmis mount is |arge, maxi mum si ze
a codinegrdered, amy spatak4mgex_ I:aberaxsy ﬂmreas;e)ondl;catlm@ma%/ mfwcrdatlng of an

tf [ sq t flect 1bcharact eri st
" ridge TRGEJRINR NSt s B ik st o DemBSaoa AGaning oBterans §Piseley
data TeRard #t igomnamiong theanabeTRFRsidrAing BRinble shdefdalar 330

may be 64. Si nce the maxi num depth of the video data 310 is 2,
codi nghiained e advitstieany pae adecatml ¢o te/imags dale deceder #dth codi ng

oizes of o d0nd kBt At S0 EREN IR oS PnbTo b 3bb s 858 € ©
spl i t tgonkng beit mng@m&rméltm miRiniurh \@neadintBarowhen efcddifg iR cupeivaym
depth of the video data 330 is 1, codlﬁ(g units 335 of the video data

330 w@ﬁﬁ%@%@raa%m%ﬁvwmmgwmtta Wiaguse thenpfosmadionito degpda ghe
and cqgj, %t%ﬂtlgﬁ h%'o%r%fagg @é&{lﬁ%ﬁﬁlté’ha& ng'tﬂg?regeéﬁd&ul%roeetermmed

deepened t ayer by spli unit
to be the optimum coding units in each maximum coding unit may be decoded. Also,

the maximum size of coding unit is determined considering resolution and an amount of
image data.

25 Accordingly, even if image data has high resolution and a large amount of data,
the image data may be efficiently decoded and restored by using a size of a coding unit
and an encoding mode, which are adaptively determined according to characteristics of
the image data, by using information about an optimum encoding mode received from
an encoder.

30 A method of determining coding units having a tree structure, a prediction unit,
and a transformation unit, according to an embodiment of the present invention, will now
be described with reference to FIGS. 3 through 13.

FIG. 3 is a diagram for describing a concept of coding units according to an

embodiment of the present invention.
14



Since the maxi num depth of the video data 320 is 3, coding units 325
of the 25 video data 320 may include a maxi num codi ng unit having a
| ong axi s S|ze of 64, and coding units having |ong axis S|zes of 32,

16, and 8 nce t ths . are deepened to 3 ing e
8 e e R BB B SRR ) iy B
i nf or ngg,{ 3 16RY6 PENPBRE] SAIbdMEPuREsESUx64 may be split Ht@paﬂntl&s%f@&@h
di agram of 'an i mage encoder 400 based on coding units, 30 accordi ng

to an @4»6’&;!6&564 of 32482, pndseending veitof 32x37 ey be gplitdntoopsrtitiammof 32x32,

per for ons f the c d|n u term ner Q of..the wvi

encodi %@gg ’u%r Hu Rg(ll)é ﬂi %S@{tﬂi‘f’ Rﬁ&‘t&’@s Ogln&igﬁpr a
predi c1eus, 4k96P6F 858, Ehd @b@@m@r@ﬁh ¢Ttax8man b@%bllﬂmt@bbhﬁlohﬁ ORBXxBNEXA 4x8,
node, from anong a current frame 405, and a notion estinator 420 and

a not i Ofxbnpensat or 425 performs 15 inter estimation and motion
conpensat i [ I

frans 205 of (def S & 3l ol tols 183Bk1 685 LaRMARTHE 604 chibdiicis

Dat a og4,@Hd é haRrihbm dejthds R0 edih oided dbta 320ha resdlution Bs1920x1080420,
and the nption cont?ensat or 425 is output as a quantized

t r ansfHPXER{BIPIZeE # FediBatuntis SdgAnd amaximum slapth iss30 landdep data 330, a
fq
q“f’%)”t "%%lu%ﬂ is ’éﬁﬁx 'H l'n%&ﬁ'm?] aéJfg%}Bf HRbay GRESMeCRlt h%gﬁ%hgfega‘ri]h is 1.

data I'n pat |a domal n t an I nverse quaht|zer
| nver skhe nmmﬁunn@epthwpmnd RlGe 3rdsstobesed totat aumbet bespljiafroal achaamdmuim

is out as he referen g frame 495 after being post-processed
throug‘FP NGHBY 6%?.'1%@"1]% opsslingyni loop filtering unit 490. The
quanti zed tjf anekOILIBA iLRighAR TS dstaithoimyis ergBUA Wéxn%%mﬁs@éfoﬁarc%ﬂdlﬁﬁlt

10 through an entropy encoder 450. In particul ar, the entropy encoder
450 nayaye latga saas deootiealyfinereese ehted lhggﬁf&q:amaxb@t@lao teacduratady reflect

i ot Siafshanhadg ol T P HEDT 5 ofinl oxbling Pl r e

bUf f erjidgd datd8t@bag ﬁOﬂ@VlrﬁthﬁeSh@ﬁeplfes@ILhid)hftﬁén tiesl ided di® 338 may be 64.
decoder to decode inmage franes, nunber-of-reorder-franes syntax 15

(num r eor de$mﬁeéh%g)an"ﬁurrb@@mh@fﬁmvw@wa@ﬂotlﬁa Faging unitg 34§ of the vide
requir %gél S%am%'nﬁ*liga.hgum Vaer\;lrigagﬁo@é'a%?élze of 64, a d codlng

(MaxLa ency cating a naxi erence va

bet weamlarheemg)tdmggam dieesafid2ardi t®bmgeaaithis arfe didepansaige tWoaaysers by
formng an i e uenc or .naxi rum /| ate i.ncrease syntax

(x| “étmgythﬁ?{e H@@}'CP ingdinit twick: tMea Bﬁ ‘F%ﬁ'%'@?x%ﬂ%é'% of the
synta

ooy ATaoH atERsy T £ king DoREBES SFUR vidbo ARl SO e FRERAE e Aimum
frane dm;dﬁrﬁgaunm@asmtaabongrmoxs gize df é&pand wbflng unjls mawtng:atlmmg;aalsrmze ofldn
size of a huffer reguired.for a, dec decode .i nage f,rames
unberainge A Sare FRaheged yhpad K Torenulihe PR RO Rarld ibonets
nunber of t$°iﬁce A i mAlRSdésA \f 'ﬂ‘?éi videolfats 820de Beéodlﬁg@n‘itb %26&3fltﬁé' m
25 latency increase syntax (max_| atenc% _increase) to determne

med¢i mMidedatecd2G mayensiide ameanixunat Aikbaving A lesgéxig sike of 64 and

o or tetnsh U FEAHGI0To, RS AR S8t Bh0, SR I ogPBe S degpene o 3

I mage |gpsrga)csplitting ied@axintum tcodingagetees tifrss. 4 4 depth ddapensddetailed

t he vi deo encodi ng apparatus 30100, all elenents of the imge encoder
400, iintermatine May ba PreEslesPressed. t he m)tl on estimator 420, the

not i on cor’rqq % 'g@oﬁa?he Jbﬁahr&”’bﬂ 5! t4'@)% tﬂéé%ﬂtdfgédlﬁé%mtghe

entr opy enco verse qua IZGI’ I nverse

t ransfaucoeding 10 antdneboltivient bf thg pnelstentﬂfiaoenmm the | oop filteri ng uni t
490 perform ger ations based on_each codi n& upit fromanp

g
uni ts havi n'Eh Ipage.erseqar 4B0P&IFRMS QRRIATIQ pﬁ@etqgglng unit d%termlner 120 of

the video encoding apparatus 100 to encode image data. In other words, an intra
predictor 410 performs intra prediction on coding units in an intra mode, from among a

current frame 405, and a motion estimator 420 and a motion compensator 425 performs
15



maxi mum dept h of each maxi num codi ng unit. Specifically, the
intra predictor 410, the notion estinmator 420, and the notion
conpensator 425 determ nes partitions and a prediction node of each

codi ng. uni t froma he codln nltshvln a tree structure while
consi deIeTEs IR iRteh SETIARTSE PR &N RRH AL AT PN BRETMBRF DM among

Maxi MR ré?ﬂ fr‘érr‘r'té 409'59 l}sm“g ﬂ’{]eaélfrréﬂt’f%mé@@? dgﬁc?é%fe‘?én%e‘ﬁaﬁf AfQEPf
the transformation unit in coding unit from anon eco
uni ts havi ngata outpat t’romrtheumtea predrctor 4FFDGheﬂnot;oraeblrmetoreﬁ2é)gaadttbe an

decoder 500 b t t nbodi
of ¢ neBPE8 CRIRERS AR i o LU A<t AUt Pir o Bty g, Wkt &

be decesiegdornsr 434 Qhﬂ%tqtfﬁhtébpuho engREigd@nti %ﬁ%réﬁﬁofrﬁétr&?@@é’ﬂnai@nt [som
a bitstream505. In particular, the parser 510 obtai ns maxi nmum

decodergstarag@sudata dén arS@aﬁylrrtmamrthmuwcam rraneeseaquamirzrengﬁoramt aainversea

an cosBhnirafnel 47 i e dhS&kd B B 3PARal FHAn b AL b ER oo

( num_r fegreero st afeareasaing dele\’fobégsé&tHrb@?Hﬂ Hrddlodking hmt 1480%dfef REBFiltering
required to be reordered, and naxinum 1 atency increase syntax

(max_| WiieA99. | Foe aaelizadtrarsfermatien gorhfﬂﬁlieﬁtrmayaheaﬂ@tput pd A itsiiearK455
ol dan T aF Shicphy eEbogel A" JABAAG G R knor BhoS Ut in I ap

are sepaxintmelezodat sﬁram@baﬁ@ﬁng syretar tnaknden tfravhe bofering)dsy dainit ofrad

t he obt nrren of each item nt ax i nfor t|on 20 reIa ed to the
encodeNXL §t"é?y %”%fﬁteaﬁg'tﬁﬁtg%‘r M@@“Eﬂ?t fEFNLaT degqy!

i npl e r

encoded t“ge R B el b AR ARe Ao RER sz ol e £
ent r oppquired fiera B2Coderdoalecode émsge draames, zrmmmeqf-rancuetrﬁeammeymmx
quantl ed data is restor .0 1.8 ial donmin h ough
A B TR el Ba A8 Plimierf s Erd saBesaprurateld B s o
predi clebfikred, Maginemugichsy *fﬂén?e”‘syrﬁtbk%I\/Fé&dﬁté#cwrarnﬁfé)ﬂﬁ@katlﬁg bhfakirRes
data in the spatl al domain, and a notion co&gnsat or 560 perforns

not i onvatwpéa@a‘ferenceNaweohetrgeamansenqedm P randtﬁjelsataytmdﬁgohthe image

* e ouglerine g 8 mbeR s ReBeo o R el fRShERLlesy 550" ay
be posimdx ¢ dmeﬁeyednctr’eeeeptm déterrdmleltheknabgrrmm laterldy faadlenay be out put

to a decoded p| cture buffer (DPB) 580. The DPB 580 stores a reference
f riéne, SV@F%??(U@( a emcyﬁraemebr derp C‘t'@fe therapkEopy aReader 449 ageordisgdadhe
rest 0;&@ ifdudcs e rﬂﬁklmdntde%ohg@%rﬁé B Sring' tB?B 580
store e restore I mage franes sets a nmaxi mum si zZe a buffer
requi r(athX deooframiel t}uftdaemgaimdm&mgl aapximaquspe ef albuffes rwrteltdefonaﬂemder

d ded buf d f buf f d
e AR AR N A R R I g
V"h' ch |h§|CQH£H§e AlABEF BEtHRAhRRfe f?énﬂe@rre(ﬁlm?eoet?att'ié’Féer@r‘é?jd‘éthtRQmaxrmum

Al so, the may determne whether or not to output a reference
| nge lateney lmdtease sylmtaa\(nmlatemmeaeetdostetberednemye osExigurhlatency

nunberTahe SHata A AR R E bR AP TR L O BiriS 1R & sedlinER o aRPlT et
| at enqQBHAS)ahSEIs el fofmEtian IAER[AIMG InfSrHRARM) reldted &3 eﬁé@drﬁ? oRthe entire

maxi mum | at ency frame syntax (MaxLatencyFrane). A process o
image sequence.

In order for the image encoder 400 to be applied in the video encoding apparatus
30 100, all elements of the image encoder 400, i.e., the intra predictor 410, the motion
estimator 420, the motion compensator 425, the transformer 430, the quantizer 440, the
entropy encoder 450, the inverse quantizer 460, the inverse transformer 470, the
deblocking unit 480, and the loop filtering unit 490 perform operations based on each

coding unit from among coding units having a tree structure while considering the
16



o outputting the reference image franme stored in the DPB 580 will be
described in detail later. In order to decode the inmage data in the
I mge data decoder 230 of the video decodi ng apparatus 200, the inmage

decoder 500 m;il perform(és)er_ations that are perfornmed after the
par ser MexENuURiepta of each Hiaximem crAjed ¥8koder 500 to be applied in the

vi deo dec°d§p8ciﬁ8@%ﬂ%é{‘ﬁté‘)&ed%‘t6r @ﬂ@@ﬁé‘bﬁg% éét?@eétﬁﬂﬁo,m%rméﬁ&n

i.e., the palser e entropy decode I nverse quanti zer
530, tboempensatee4lb aetdrorines paditions hadianprediglioadnode of B&EH codiegnariti foom
conpensat or ,560, .t he debl ocki ng unit 570, d the loop, filtering unit
580" g MpRREe RPHbSauTRg e Ao st BIF ot e e AR ] sipe and
tree siHoUpbiinfurh Hepfrbha UKt MAXINT@A dHding Lihit, 2PRER &b neri4Bd

intra prediction 550 and the notion conpensator 560 nmay determ ne
parti tdetesmines the sizeddicthie dransfarmation urilch esfchtdesingdiib foomamenpdbé ng
a tree_st.ruct e invFrse transfornmer 540 may determne a

d th
si ze of°dnY Pgﬂéﬁéyﬁgﬁ ﬁﬁeL?Fﬂ“F W%r each codi ng unit. FI G

6 is a di agr@ns il aiBlocRididgrafeenst infask B8codurisnoasasdbmeodingdfitshs,
and 25partitions, according to an enbodi nrent of the present
i nvent aeaprding to an erpbodi oéthwprasgnhppyanti®is 100 and the vi deo

degodi ng appay é’r%ﬁf&ar‘éﬁgfe c&48Y ﬁHé&é‘haPaofH B‘&d&ﬁé&éﬁﬁ’d fHtofBation about
consi der characteristics of an i nage: maxi rmum nei ght, a maxi mum

w dt h, ercudlirg requinednfod dptdding froat aritstreabs50®y Ingarticular, e parser 510
determ ned according to the characteristics of the imge, or my bhe .
diff er‘éW?lrkﬁ rgaxingym slegaded Samesputtaring SH&%&’PE‘(‘,@%‘P%%W bk‘ﬁﬁﬁ'&@r'ﬂﬁj‘ﬁatmg
to dep. ] M : ' ; ' [ ;
2o of TrRERUTE 8 of SRR ColGRAY ) Qb Bt afet HAlldinea OBy deibhia
codi ngelemiens jn a SHIimonber-afrreendaredrareas spntaki{pupr esender ifranees )iindicating

T

ver ti GakreaseSsydtax@nak Natehtfrinbeiseflo §éteHRlne & nBlinum BertYfrang sgntax
wi dth of the eng;r coding unit are each split. Also, a prediction

uni t aiMepatenayFsame) flenta bitstreamsangd odiputs themta an eptropyidegoder s2%h In

i or arit cate Patrer R0 b Pe S usbadgl 520 %E sefiiele Hart S Howgver
mexi Mufecdainghent iof thainidige ateraid-thiecsitapimant iofieach@em shejaxirformation
depth is 0 and a siz a height by width, is 64x64. The depth

e, i.e., y
de¥penslaipd g thaenengadad imagesiata, whikh arequafaimediy theJmrrer P H maxbge

of 32x ' i ing a size of 16x16
and ax'ﬁﬁ’;%?ﬁgﬁdg{%a&‘é%?%efﬁf’%%@%P%g@er@e of 8x8 and a depth
of 3, and aTlwdnhogdetintag0atads ioutput asiineesk guahtized dath throegh theodntdopy

exi st The, coding uni t 650 haviing 105 S35 Ohdxd andhihg f5Pih 2o,
to image data in a spatial domain through an inverse transformer 540.

25 An intra predictor 550 performs intra prediction on coding units in an intra mode
with respect to the image data in the spatial domain, and a motion compensator 560
performs motion compensation on coding units in an inter mode by using a reference
frame 585.

The image frames that are restored while passing through the intra predictor 550

30 and the motion compensator 560 may be post-processed through the deblocking unit
570 and may be output to a decoded picture buffer (DPB) 580. The DPB 580 stores a
reference frame, changes a display order of the image frames, and stores the restored
image frames so as to output the image frames. The DPB 580 stores the restored

image frames, and sets a maximum size of a buffer required to normally decode the
17



The prediction unit and the partitions of a coding unit are arranged
al ong the horizontal axis according to each depth. In other words, if
the coding unit 610 having the size of 64x64 and the depth of O is a

di ct t di ct t t 15 nt tit
el udinade tefuenseody HgmaHhe g geoiie raia RS Saling o of ze
of 64XGfax RRJL fr‘ahf&‘@uf?@r%d)ﬁ‘{dleﬁlr{d‘ﬁe%éﬂnﬂjm pacsad th@%ruﬁ‘ﬂeF retitreRrlit

havi ng the si ze of 32x64, partltions 616 having the size of 32x32.
Siml ad¢qqdeath|snmagetframesm~mlcbﬂs oukput ramileupdrsec210 hathenentrory décasler
of 32x%$%and the depth of 1 may be split into partitions included in
the co g unit 620, i.e. a partition 620 20having a size of 32x32,

parsitions R@3, fvDP8 58(55!%%2 dftePAing AvhdRER bt et o@%t"&aﬁéfé\@néefiﬂnége

of 16x32, and partitions having a size of 16x16. Simlarly, a
pr edi cframe that | rzs nseviphely sisepdgd @ndisiered, hywising theaumber-effreosiergrames

L ¢ cayte o FebrRe RS o b MRRer b ides s (0488 tobe
codi ngredrddred38nd Eee tridkironm I6&8Achanirags@ sphtag (m‘axzmém@ ineasd) tons
634 having a size of 8x16, and partitions 636 having sl ze of 8x8.

Si i | sHterminehedneXime [HPRCIaMeSYRkN (MAXLAtEnGATaRE): nf RrABeSS ol
of , 8x8, gttﬁwgqug%?eﬁée ﬁ)é?%vfrgﬁesé%ﬂeh ihhe Eﬂﬁé &b 'vﬂln?)eéi%%kl nC(ijlr{ Hetail

the co rtirtion having a sirze o uded
in thda&ndlng unit 640, partitions 642 haV|ng a size of 8x4,

artitions 644 having a size of 4 art| |on ize
D s o TReTEBaIa sk e Smaag At it T S Hesoder 2o of heyidess
4 15 tageoi ARG 260 A imE dboBaGk 6D iy SpQ%orhhs o RNBRERE are

depth. A prediction unit of thé coding unit O 1s only assigned to a
par t i tpesforhed afteraheipasserf51k4. In order to determine the at | east

onf °S%e" O Reglontd Sk BBet S 80 B ST A P raus
appar g0 an(mem@hfsoéﬁmewggdld&oﬁef 5@@dleﬂ9th@rpér§elc5>m Qﬁ@@n&bag db@oder
each g‘fpﬁih i ncl uded in_the naxi mum codi ng unit 610 unbe

of de the invesseAvaRtizes 5304 theyinversediansfoinen 4. tbe u‘dtaapraﬁhqtﬁ@%%be
four *Baflod CErmREaRs 88, ! ARG Y S7EF Bh BE TRY o8y PRy

cover mafant détodisg bpetatided based s mﬁmglgnm@ hbvmgrar eepstrdctuge for each
depth of 1. Accordingly, in _order to npar e encodi ngﬁresults of the

sa@?e dB?é'nHHE&oglqggu'?'b O%Qﬁ‘}‘fﬁca"yh@edaﬂﬁr%e@ﬁt'?n e8P RBE BAMAHIPN 0 t he
depth 9 of 586 nRUAEHRE TarERALERP AT rBGickioh MYRieBPEAcRbf ther €

each encod
coding unlts having a tree structure, and the inverse transformer 540 may determine a

size of a transformation unit for each coding unit.
FIG. 6 is a diagram illustrating deeper coding units according to depths, and
25  partitions, according to an embodiment of the present invention.

The video encoding apparatus 100 and the video decoding apparatus 200 use
hierarchical coding units so as to consider characteristics of an image. A maximum
height, a maximum width, and a maximum depth of coding units may be adaptively
determined according to the characteristics of the image, or may be differently set by a

30 user. Sizes of deeper coding units according to depths may be determined according
to the predetermined maximum size of the coding unit.

In a hierarchical structure 600 of coding units, according to an embodiment of the
present invention, the maximum height and the maximum width of the coding units are

each 64, and the maximum depth is 4. Since a depth deepens along a vertical axis of
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“In order to performencoding for a current depth from anong the
depths, a least 10 encoding error may be selected for the current
depth by perform ng encoding for each prediction unit in the coding
units corresponding to the current depth, alo the horizontal axis

of 1 nethe prenicebatrustiredi @ hant 204 avidfh Jafis deener hodingyit are sach
encodi ggjiter ARK BRSAINRPR S S, GATBREIIGad g1 RS A
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structél(ﬁpe 600. A depth and a partition having the m ni num encodi ng
error Tnthe coding unit 610 may be selected as the coded depth and a
pargition tmasthef wbP@s@éBd?ﬂ? URIt©616%8 a maximum kEb&ing/udisinahdihfstadRidA"
descri blurg a relationship between a coding unit 710 and

7
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sel ect @4 baved aovizasl Bx@anda derih % andia cerige UNIIRHY Raving ASHsPIbHY
508, "o eplrgP SRR K bkt ST aBG R Spe MR IS oAl of

per f orarednibyurnsoding dat.t r ansf or mati on units 720 having a size of
32x32. Alsa,., data, of the coding unit 710 having the size of 64x64 nay
be encoded Hje BERSicHan Wt ?H‘g"ﬂ aﬁglﬁ'epﬁe??cﬁqdm Wt Arefrapged along the

t r ansf i } i e of ; ; ;
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f d i bi. dj inf ti . di i t di t
oo R ST BB PR o A SR RO B3 ©
The owpe4, }éah_ttiohB,QﬂQf hé\}nﬂ%tﬁéjﬁﬁe o 6@5@32‘,&)@%@%@6% hé@iﬂg"tﬁé! s&'é?éf@xm,
and transmt information 800 about a partition type, information 810

about @ paTHions 616 havine thasizs offa@&t i on 820 about a size of a

t ransf or natg; i L for. £ i j I alell .

dept b, a1 Sitield: & sreigfaf Unfi SERcoting (FREBIRNY 1, dige Bp2888and the
i ndi cadegsth iofifl anapbeplitinte paditiohes pecladediirpietdodirmueip 620 niesl Dpartition 620
splitting a prediction unit of a current coding unit, wherein the

pat®t i thaHNG 8 sizeel 3w Partiions Ged Ravinh asisel #axioh Pagifionsfizadeainga
uni t. éf?épfi‘@{ﬁﬁ,%n &Hﬁéﬁ‘é‘?zéﬂgwﬁ d'8izb ogg’g%é‘.av' ng a size of 2Nx2N

may be split 1nto any one of a partitron having a size of 2Nx2N,
a partiti orSigtkarigaaipnediatian aeit of tHa\Nxdding up#1630thavin@B e $ize oh¢6x16 ane the

f Nx2N, titi, 808 .havi r i f X N. th .
1t or FAARtB Y 230BRkE S IEMA ParPYR MRgS i b8 oG uph B0 Baatien
the padiind 8Ri00f ferfenficliasiat R cdiBlunties0atidne a0y bigklor

size of NX2N, and the partition 808 having a size of NxN
i n#Sor eixBo pagitionis fididdzavirg a sigecai &t andukstiidnscGhhpdngia sioe of Bid.

Cxar e AT BB ol o nBla RS B gog e

i.e., dupthof Banapee plifintapaititibAs inlddeBikdthe@oding unit 640, i.e. a partition
having a size of 8x8 included in the coding unit 640, partitions 642 having a size of 8x4,
partitions 644 having a size of 4x8, and partitions 646 having a size of 4x4.

30 The coding unit 650 having the size of 4x4 and the depth of 4 is the minimum
coding unit and a coding unit of the lowermost depth. A prediction unit of the coding
unit 650 is only assigned to a partition having a size of 4x4.

In order to determine the at least one coded depth of the coding units constituting

the maximum coding unit 610, the coding unit determiner 120 of the video encoding
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15a skip node 816. The information 820 indicates a
transformation unit to be based on when transformation is perforned
on a current coding unit. For exanple, the transformation unit may be

afirst intra nsf.ormati on,.unit 82 a second intra transfqrnation
ni t sseparali HAFPRIRERS pRSRRG fonaahi fnft capsspaidit Id eamdendlded
transfigrABihA0midi Eodid8-unitd®oThe i mage data and encoding information
extractor 220 of the video decodi ng apparatus 200 may extract and use
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914 having a size of 2N OxN 0, a _partition tyﬁe 916 having a size of
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obihi re P eEAEEREL e BFkclebicTol WA TR dephiPbYipsribimiY Gy for gach
parti tpredictippeinitinitioe cbdimgtuedtstdoerespondimgdotthe cpeaent depthsalohgtthe
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partition having a size o | | 0, two partitions having a size
2N_OxNoyoperfoumnipg encodimgfohaacih deathsas theodepth @lezReos atong thewertical axis of

tit hawvi. ' fr NLO(N O i tQ. h Lt 5,
Cobe. RETRPRACEH TEbfE i0ng A HohE a7 B debaEne ARl Bhoupo
be perdsrRdn®Boding Wl 610 mRIYhd8dlebredt Axethel dredadeptN afdZ\nitition type of
N_Ox2N 0, 2N OxN 0, and N_OxN_O. The prediction encoding in a skip

node itBegoding wrii64&! y on the partition having the size of 2N _Ox2N 0.
Cypes 912 o e RS s pRicr it fig BOath o boltiy B3 114 ofE

are conp encodi ng error

i s dettearsforechtiomoungtd 720, mcbrding to tis @esbodimeat obtheqstesgntainventiors
smal l est in_one of the partition types 912 through 916, the .

préédi ct i onnUPﬁ Y'd§9(?'}?9§‘ﬁ\%€t‘pﬁ?éa§1§| Yq% PeQ) 8”?‘6@?&” qfles animagg t e
encodi rQkq | i {4 : I $hi
Change pRURGo BB FETIAVIRY B SR Lidr SRSd B et B PgR
and erfoodadymaximapecodiog ynit5 paresafiehstornaidinngitsfor Badgormatiomduang
depth of 2.and a,size of N OxN O to sear or a._.mni num encaodin .
e Fo Shoodint R g deRien trnet ugAtpais el e i bbb RS oen g
unit QYJimpuhig a depth of 1 and a size of 2N_1x2N_1 (=N_OxN_O may
include partitions of a partition type 942 having a size of n
2Nes1x2N_ 1, Rorgexampleoin the pyidemeancoding gpaarsatus: 109 op R0PxKalsizerof the coding

Do AL B bAoA e S By P R b e
the par2o hawng bydige 8A82x3R.depth is changed from1l to 2 to split the

partition type 948 in operation 950, and encodi n% is repeatedly
per formed dMSeodrtapfihe cadioganitfi & having éhe sizemib4sb4 mayhe gnspded by

N—ZXN—;?erfo‘?ming the transformation on each of the transformation units having the size of
30 32x32, 16x16, 8x8, and 4x4, which are smaller than 64x64, and then a transformation
unit having the least coding error may be selected.
FIG. 8 is a diagram for describing encoding information of coding units
corresponding to a coded depth, according to an embodiment of the present invention.

The output unit 130 of the video encoding apparatus 100 may encode and
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25 search for a m ni num encodi ng error. When a maxi mum depth is
d, split operation according to each depth nmay be perforned up to
when a depth becones d-1, and split information may be encoded as up
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through 998 to search for a partition type having a 5m ni mrum encodi ng
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coding unit 980 by 4. By performng the encoding repeatedly, the
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f t t di ' it
Spl it 1 om HCASHEH GROGHE 5" ACeBREto-ap EAlts BBt des ini Grcpatin o ar
t he cc@rﬁgogﬁﬁgmdf%ég,testeﬁt Pwedfigh spl it information of depths

excluding the coded depth is set to 1.
25 Split information may be used to indicate a change of a depth. The spilt

information indicates whether a coding unit of a current depth is split into coding units of
a lower depth.

A prediction unit 910 for prediction encoding a coding unit 900 having a depth of
0 and a size of 2N_0x2N_0 may include partitions of a partition type 912 having a size

30 of 2N_0Ox2N_0, a partition type 914 having a size of 2N_0xN_0, a partition type 916

having a size of N_0x2N_0, and a partition type 918 having a size of N OxN_0. FIG. 9
only illustrates the partition types 912 through 918 which are obtained by symmetrically
splitting the prediction unit 910, but a partition type is not limited thereto, and the

partitions of the prediction unit 910 may include asymmetrical partitions, partitions
21



The i mage data and encoding information extractor 220 of the video
decodi ng apparatus 200 nmay extract and use the information about the
coded depth and the prediction unit of the coding unit 900 to decode
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25  search for a minimum encoding error.

When a maximum depth is d, split operation according to each depth may be
performed up to when a depth becomes d-1, and split information may be encoded as
up to when a depth is one of 0 to d-2. In other words, when encoding is performed up
to when the depth is d-1 after a coding unit corresponding to a depth of d-2 is split in

30 operation 970, a prediction unit 990 for prediction encoding a coding unit 980 having a
depth of d-1 and a size of 2N_(d-1)x2N_(d-1) may include partitions of a partition type
992 having a size of 2N_(d-1)x2N_(d-1), a partition type 994 having a size of
2N_(d-1)xN_(d-1), a partition type 996 having a size of N_(d-1)x2N_(d-1), and a
partition type 998 having a size of N_(d-1)xN_(d-1).
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30about a partition type, information about a prediction node, and
I nformati on about a size of a transformation unit. Table 1 shows the
encodi ng information that may be set by t he video encodi ng and

decodi ng appar atuses 100 and 200. Table 1 S | nf ormation, O
(Encodi ng oRresiel ehatyetsading BAvkS Epsat ﬁ%@?ﬂnsﬁ@n@ner@@mt@aﬁ@nmaﬁ'ze

11 S PSS BV e oo
of d+1lhavihga sine of NSkd p)>(m3h_l_(91 12N£cﬁmpartltlons havmg a size of N_(d 1)xN_(d 1) from
among the partition types 992 through 998 to search for a partition type having a

5 minimum encoding error.

Even when the partition type 998 has the minimum encoding error, since a
maximum depth is d, a coding unit CU_(d-1) having a depth of d-1 is no longer split to a
lower depth, and a coded depth for the coding units constituting a current maximum
coding unit 900 is determined to be d-1 and a patrtition type of the current maximum

10 coding unit 900 may be determined to be N_(d-1)xN_(d-1). Also, since the maximum
depth is d and a minimum coding unit 980 having a lowermost depth of d-1 is no longer
split to a lower depth, split information for the minimum coding unit 980 is not set.

A data unit 999 may be a ‘minimum unit’ for the current maximum coding unit. A
minimum unit according to an embodiment of the present invention may be a

15 rectangular data unit obtained by splitting a minimum coding unit 980 by 4. By
performing the encoding repeatedly, the video encoding apparatus 100 may select a
depth having the least encoding error by comparing encoding errors according to
depths of the coding unit 900 to determine a coded depth, and set a corresponding
partition type and a prediction mode as an encoding mode of the coded depth.

20 As such, the minimum encoding errors according to depths are compared in all of
the depths of 1 through d, and a depth having the least encoding error may be
determined as a coded depth. The coded depth, the partition type of the prediction unit,
and the prediction mode may be encoded and transmitted as information about an
encoding mode. Also, since a coding unit is split from a depth of 0 to a coded depth,

25 only split information of the coded depth is set to 0, and split information of depths
excluding the coded depth is set to 1.

The image data and encoding information extractor 220 of the video decoding
apparatus 200 may extract and use the information about the coded depth and the
prediction unit of the coding unit 900 to decode the partition 912. The video decoding

30 apparatus 200 may determine a depth, in which split information is 0, as a coded depth
by using split information according to depths, and use information about an encoding
mode of the corresponding depth for decoding.

FIGS. 10 through 12 are diagrams for describing a relationship between coding

units 1010, prediction units 1060, and transformation units 1070, according to an
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Symmetrical Partition Type Asymetrical Partition Type Split
Information O of Transformation Unit Split Information 1 of
Transformation Unit 2NX2N 2NXN Nx2N NxXN 2NxnU 2NxnD nLx2N nRx2N

10

15

20

25

30

embodiment of the present invention.

The coding units 1010 are coding units having a tree structure, corresponding to
coded depths determined by the video encoding apparatus 100, in a maximum coding
unit. The prediction units 1060 are partitions of prediction units of each of the coding
units 1010, and the transformation units 1070 are transformation units of each of the
coding units 1010.

When a depth of a maximum coding unit is 0 in the coding units 1010, depths of
coding units 1012 and 1054 are 1, depths of coding units 1014, 1016, 1018, 1028, 1050,
and 1052 are 2, depths of coding units 1020, 1022, 1024, 1026, 1030, 1032, and 1048
are 3, and depths of coding units 1040, 1042, 1044, and 1046 are 4.

In the prediction units 1060, some encoding units 1014, 1016, 1022, 1032, 1048,
1050, 1052, and 1054 are obtained by splitting the coding units in the encoding units
1010. In other words, partition types in the coding units 1014, 1022, 1050, and 1054
have a size of 2NxN, partition types in the coding units 1016, 1048, and 1052 have a
size of Nx2N, and a partition type of the coding unit 1032 has a size of NxN. Prediction
units and partitions of the coding units 1010 are smaller than or equal to each coding
unit.

Transformation or inverse transformation is performed on image data of the
coding unit 1052 in the transformation units 1070 in a data unit that is smaller than the
coding unit 1052. Also, the coding units 1014, 1016, 1022, 1032, 1048, 1050, and
1052 in the transformation units 1070 are different from those in the prediction units
1060 in terms of sizes and shapes. [n other words, the video encoding and decoding
apparatuses 100 and 200 may perform intra prediction, motion estimation, motion
compensation, transformation, and inverse transformation individually on a data unit in
the same coding unit.

Accordingly, encoding is recursively performed on each of coding units having a
hierarchical structure in each region of a maximum coding unit to determine an optimum
coding unit, and thus coding units having a recursive tree structure may be obtained.
Encoding information may include split information about a coding unit, information
about a partition type, information about a prediction mode, and information about a size
of a transformation unit. Table 1 shows the encoding information that may be set by

the video encoding and decoding apparatuses 100 and 200.

Table 1
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2Nx2N Type) NxN (Symmetrical N 2xN 2 (Asymmetrical Type) The out put
unit 130 of the video encodi ng apparatus 100 may out put the encodi ng
I nformati on about the coding units having a tree structure, and the
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and encoding information extractor 220 of the video decoding apparatus 200 may
extract the encoding information about the coding units having a tree structure from a
received bitstream.

Split information indicates whether a current coding unit is split into coding units
of a lower depth. [f split information of a current depth d is 0, a depth, in which a
current coding unit is no longer split into a lower depth, is a coded depth, and thus
information about a partition type, prediction mode, and a size of a transformation unit
may be defined for the coded depth. If the current coding unit is further split according
to the split information, encoding is independently performed on four split coding units of
a lower depth.

A prediction mode may be one of an intra mode, an inter mode, and a skip mode.
The intra mode and the inter mode may be defined in all partition types, and the skip
mode is defined only in a partition type having a size of 2Nx2N.

The information about the partition type may indicate symmetrical partition types
having sizes of 2Nx2N, 2NxN, Nx2N, and NxN, which are obtained by symmetrically
splitting a height or a width of a prediction unit, and asymmetrical partition types having
sizes of 2NxnU, 2NxnD, nLx2N, and nRx2N, which are obtained by asymmetrically
splitting the height or width of the prediction unit. The asymmetrical partition types
having the sizes of 2NxnU and 2NxnD may be respectively obtained by splitting the
height of the prediction unit in 1:3 and 3:1, and the asymmetrical partition types having
the sizes of nLx2N and nRx2N may be respectively obtained by splitting the width of the
prediction unit in 1:3 and 3:1
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25  referred for predicting the current coding unit.

FIG. 13 is a diagram for describing a relationship between a coding unit, a
prediction unit or a partition, and a transformation unit, according to encoding mode
information of Table 1.

A maximum coding unit 1300 includes coding units 1302, 1304, 1306, 1312,

30 1314, 1316, and 1318 of coded depths. Here, since the coding unit 1318 is a coding
unit of a coded depth, split information may be setto 0. Information about a partition
type of the coding unit 1318 having a size of 2Nx2N may be set to be one of a partition
type 1322 having a size of 2Nx2N, a partition type 1324 having a size of 2NxN, a

partition type 1326 having a size of Nx2N, a partition type 1328 having a size of NxN, a
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unit of a coded depth, split information may be set to 0. Information
about a partition type of the coding unit 1318 having a size of 2Nx2N
may be set to be one of a partition type 1322 havi ng a size of 2Nx2N
apartltlontype 1324 having a size of partition type 1
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P tﬁe fagt%ackevard manner, a reference picture, i.e., an | picture in every predetermined

period is selected and reproduced in a forward or backward manner according to a
reproduction speed. According to the random access manner, reproduction is
performed with a skip to a key picture, i.e., an | picture at a predetermined position.

30  According to the H.264 standard, an instantaneous decoder refresh (IDR) picture is
used as the key picture for the random access manner. The IDR picture is an intra
picture to refresh a decoding apparatus when a corresponding picture is decoded. In
more detail, when the IDR picture is decoded, a DPB marks a picture other than the IDR

picture, which is previously decoded, as a non-reference picture, and a picture order
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count (POC) is also initialized. Also, a picture that is decoded
after the IDR picture may al ways be behind the IDR picture in a
di spl ay order and may be decoded while not referring to a prcture
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In FIGS. 14A and 14B, Bi and bi are Bi-predictive pictures that are predicted by
using LO prediction and L1 prediction, in which i indicates a display order, i.e., a POC.
Also, Bi having a capital letter ‘B’ indicates a picture that is used as a reference picture

30  of another picture, and bi having a small letter ‘b’ indicates a picture that is not used as
a reference picture of another picture.
Referring to FIG. 14A, in the normal reproduction, i.e., when all pictures are
decoded and reproduced, leading pictures 1420 that are decoded after a CRA,4 picture

1410 may be normally decoded by referring to a reference picture that is previously
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decoded by referring to the CRA24 picture 1410 and the B18 picture
1401 which are 5 previously decoded and stored in a DPB 1430.
Referring to FIG 14B, in a case where the CRA24 picture 1410 is
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decoded via the random access or is decoded in the normal reproduction.
25 Thus, the embodiments of the present invention provide multiplexing and
de-multiplexing methods by which syntax for identification of a reproduction status of a
CRA picture is added to data in a predetermined transmission unit, wherein the data is
obtained by multiplexing the CRA picture that is encoded to be identified whether the
CRA picture is encoded according to a random access or is encoded according to
30 normal reproduction.
First, a video data multiplexing apparatus and method thereof will be described.
FIG. 15 illustrates a structure of a video data multiplexing apparatus 1500,
according to an embodiment of the present invention.

Referring to FIG. 15, the video data multiplexing apparatus 1500 includes a video
29
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Referring to FIG. 16, the NAL unit 1600 is formed of an NAL header 1610 and a
raw byte sequence payload (RBSP) 1620. A RBSP filling bit 1630 is a length
adjustment bit attached to an end of the RBSP 1620 so as to express a length of the
RBSP 1620 as an 8-bit multiple. The RBSP filling bit 1630 has a pattern such as

30 “100..." that starts with 1" and continues with sequential ‘0’ determined according to the
length of the RBSP 1620. In this regard, by searching for ‘1’ that is an initial bit value,
a position of a last bit of the RBSP 1620 which is right before the initial bit value may be
determined.

The NAL header 1610 includes a forbidden_zero_bit 1611 having a value of 0, a
30



The status identification syntax 1612 to identify a reproduction
status of the CRA picture may be included in an identifier (nal unit
type) indicating a type of the NAL unit 1600. That is, an NAL unit

e o R S A Thi P2l O G0 15 o B G eterence
type) bielrel Sndtrd Ifl%(eerEh"l‘tpaﬁ't)’d?,fii‘arf fHRTNAL HetRRy b 8'actBRlin fBihetFYr%@énPf

an NAL unit' that is used to decode a CRA picture provi accord
to a rembedimantincludes diatusidentiication syntahb €2 ihdicating wlylpbsreqmestﬁmm

r di f
V5[ Taon o3 aveRUaR, Vo FipBriabetilti At aTets e kiRor B e Rifhted

slige RINERA priurBARat iSHadeltd the NALT sit 2606 IAdRidihy irforhatich gbdbtAhe
picture slice other than TFD 4,5 Slice of CRA picture 6,7 Slice of

BLA pi €Rérpicgire.
The status identification syntax 1612 to identify a reproduction status of the CRA

picture may be included in an identifier (nal unit type) indicating a type of the NAL unit
1600. That is, an NAL unit that is used to decode a CRA picture provided according to

10  arequest via normal reproduction may have an identifier (nal unit type) that is a different
type from an identifier (nal unit type) of an NAL unit that is used to decode a CRA
picture provided according to a request via a random access.

Table 2 shows types of the NAL unit 1600 according to values of an identifier (nal

unit type).
15 [Table 2]
nal_unit_type Types of NAL unit
0 Unspecified
1 Picture slice other than RAP, TFD, TLA pictures
2 TFD picture slice
3 TLA picture slice other than TFD
4,5 Slice of CRA picture
6,7 Slice of BLA picture
8 Slice of IDR picture
9-24 Reserved for future extension
25 VPS
26 SPS
27 PPS
28 APS
29 Access Unit (AU) delimiter
30 Filler data
31 Supplemental Enhancement Information (SEI)
32-47 Reserved for future extension
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Slice of IDR picture 9-24 Reserved for future extension 25 VPS 26 SPS
27 PPS 28 APS 29 Access Unit (AU) delimter 30 Filler data 31
Suppl enent al Enhancenent Information (SElI) 32-47 Reserved for future

ext ensji—on

10

15

20

25

30

48-63 Unspecified

The multiplexer 1520 allocates different values of 4 and 5 in Table 2 above, as
an identifier (nal unit type), to the NAL unit that is used to decode the CRA picture
provided according to the request via the normal reproduction, and to the NAL unit that
is used to decode the CRA picture provided according to the request via the random
access. By doing so, the multiplexer 1520 may signal that an NAL unit including
information about a CRA picture is which one from among a CRA picture provided
according to normal reproduction and a CRA picture provided according to a random
access.

Also, the multiplexer 1520 may use a flag as syntax added to a header of the
NAL unit, wherein the flag is set to have one of different values of 0 and 1 with respect
to the NAL unit used to decode the CRA picture provided according to the request via
the normal reproduction, and the NAL unit used to decode the CRA picture provided
according to the request via the random access.

FIGS. 17A and 17B illustrate a decoding process of a CRA picture in normal
reproduction and a random access, according to another embodiment of the present
invention.

According to the current embodiment, the multiplexer 1520 adds type information,
which directly indicates the reproduction status of the CRA picture, to the NAL unit. In
another embodiment, the multiplexer 1520 may not directly signal a type of the
reproduction status of the CRA picture but may identify whether the CRA picture is
reproduced according to the normal reproduction or is reproduced according to the
random access, by using a counter of key pictures that are decoded before the CRA
picture, and by using information about a POC of a picture that is used as a reference
picture of leading pictures.

Referring to FIGS. 17A and 17B, a Bsg picture 1710 and a B4g picture 1720 are
pictures that are decoded before a CRA44 picture and that are referred to by by4, Bay,
and bys pictures that are leading pictures. The Bsg picture 1710 is referred to by the
B4o picture that is the leading picture, and the Byg picture 1720 is referred to by the B4
picture that is the leading picture. The Bsg picture 1710 and the By picture 1720 which
precede a CRA picture in a decoding order and are used as reference pictures of the
leading pictures are defined as a brother picture. The reason why the brother picture is
defined is that it is possible to identify whether the CRA picture is reproduced according

to normal reproduction or is reproduced according to a random access, by using a POC
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48- 63 Unspecified The nul ti pl exer 1520 all ocates different
values of 4 and 5 in Table 2 above, as an identifier (nal unit type),
to the NAL unit that is used to decode the CRA picture provided
accordi]p to the request via the normal reproduction, and to the NAL
unit tANeyotheEpiqteredecode the CRA picture provided according to the
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values of 0 and I wth réspect to the NAL unit used to deco
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reproduction, and L unit.,used to decode th | cLute
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FI'GS. {749 and titnof dddedlinpie GRAGEpidtUYE WatHO#RSBOCf ofahEBrotREE bidtitel N
normal 15reproducti on and a random access, according to anot her

enbogi inelydedtin theeslinechearteriol s GRfa picture ar_;‘tftrw@mag identifynwhether éhe
ai Rect (Al e e o BUReR! actrdCana oot LSk Ryelufloc o e

NAL uradcordingdo thdaormatregratiationt hSiroe! 4 reprededtickb@@entie. N@tecoding

directly signal a tyE:Ie of the 20reproduction status of the CRA )
pi ct ur‘_érdS[rtJU?ﬂH’? to dlas 'WMM%W%'P t_hﬂée@]f?ﬂ_u fien aﬁ@m@grtéﬁhﬁdﬁ'&w access, if
accor C&hg@é@ dffRe PRIGRS tﬁ&tpér%%‘é/?o%w%doﬁeﬁG‘a?{ooé’cHﬁa%din%ﬁE P A94b %t a

t he random access, by using a counter of key pictures that are
decoddimeeff deeotling tRECRAgtpictere dods byt matectywithftbe IROC arf td brdther BiCores,

O, BB bR B e A 5 L RSSO 818 i

pi ct urgckg30 are pictures that are decoded before a CRA44 picture and

that are referred to byl1341,1342, and b43 pictures that are |eadin

- pictures. THewBes, piareds also7a posgibititytbat the €©RAay pictire 13ap bpinisigiestified
he

that is | eadi,n jcture, and the 13 L ctur 720 i,s referred.to
byt nee tenpneffaf HRECR G Blclorels Yehidiufed Befofing 6 e tiaasmiactst 8 in 0
and t hepicttitepl adcafding 1@ the/\Rohal I8pRdec R, 1By GEAg RINGE iMfdrmdliod about the
decodllg(g order and are used as reference pictures of the |eading

pi ¥t urRYCpidhadrethed piedurasbr ot her picture. The reason why the brot her
R e L e
r epr ocdeededcagoeding td thearangiodoatcassesfter B usictuge 478#8Xs decoded, when the
CRA44 picture is decoded, a POC value of 40 of the By picture 1745 is stored in a DPB
1780, and a POC value of 40 of a brother picture stored in the slice header of the CRA44
25  picture is equal to the POC value of a previous picture stored in the DPB 1780, so that a
decoder may misidentify that the CRA44 picture is reproduced according to the normal
reproduction. As described above, a reproduction status of a CRA picture may not be
correctly identified by using only information about a POC of a brother picture. This is
because every time an IDR picture is decoded, a POC is reset, so that a reference
30  picture that is different from an actual reference picture to be referred to by brother
pictures in a random access may have the same POC as a POC of the brother pictures.
Thus, the multiplexer 1520 adds POC information of a brother picture to syntax of
transmission unit data of a CRA picture, obtains a count from a POC discontinuity

counter (PDC) that is a counter having a value increasing by 1 whenever a POC is reset
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of the brother picture. For exanple, referring to FIG 17A,
while pictures are sequentially decoded in a normal reproduction
st at us, mhen the CRA44 picture is decoded, the B38 picture 1710 and

t he B40 re 1720, t hat are eV|ousI ecode re.stored in B
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of 40 are brother pictures, are added
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t he random access or is reproduced according to the normal
r epr odenadded, aaalmmobthee@@ducnaa@aswdlewheme\ar tha IQRqudiung isoenkeaded, and

j unps Lo the 44 roducti on _accordin th
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and sté&xcept far the CHRRR pwtﬁiae Rierfcdded® Jhedrasigiexer 1 520 QA4 4hevaluerdt the
does not match with the POC of the brother pictures, 1b5there is a
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to the, nornal roductj on, using.only informati on about the 20PCC
of t hed#Hads H@F’O‘g&)t'@r g¥henever ¥h¢H?ReBl%IH£ﬁ 8, deﬁ@ﬁ'@ﬂ Ardige CRApistureds, i n
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decodeuictuae ROfEcalade ad?D@0vatde inchudetiOnghe headed TASD pthet toareinissioa UDRB

nederdan Bad b dhe Lttt anda PR Vit 35 o usfed Wi picdies

pi Ct UrfedeoBddiny thBRideBBel4@0all 30 that a decoder nay misidentify
that the CRA44 picture is re%roduced according to the normnal

repr oduct i dRefersngibaek fhkelds bt dn ascasepy edtandoonaeeessusnefiDR mrAre and
Bbout SPPRRARUTE BTHL AR o bh et pibs AEATE gy 1 R P
pi ct UrGRAg, gietrdesldetod¥atcort®getb ths eariduth aecesd,er PDOEVANPI17BBIS2,
that is different froman_actual reference pi cture to be referred to
by20br oMpigh is different from a PDC value having 3 and included in a header 1770 of
transmission unit data that is used to multiplex the CRA44 picture. Thus, based on the
mismatch between the PDC values, the decoder may determine that a current CRA
picture is reproduced according to the random access.
FIG. 18 is a flowchart of a method of multiplexing video data, according to an
25 embodiment of the present invention.
Referring to FIG. 18, in operation 1810, the video encoder 1510 encodes pictures
forming video data based on data units having a hierarchical structure. As described
'above, the video encoder 1510 determines tree-structure encoding units including
encoding units with encoding depths from among deeper encoding units according to
30 depths which are hierarchically formed according to depths indicating a spatial split
count of at least one maximum encoding unit obtained by splitting a picture forming
video by using a maximum size encoding unit, determines a partition for prediction
encoding for each of the encoding units with encoding depths, performs transformation

based on hierarchical-structure transformation units, and then determines tree-structure
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pictures in a random access nmay have the same POC as a POC of the
br ot her pictures. Thus, the nultiplexer 1520 adds PCC
information of a brother picture to syntax of transmission unit data

of a CRA picture, ai ns, a count from OC di sc y counter
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operation 1810, the video encoder 1510 encodes pictures form n? vi deo
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encodi ng units 1 ncl units wth enco
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FIG. 19 illustrates a structure of a video data inverse-multiplexing apparatus
1900, according to an embodiment of the present invention.
Referring to FIG. 19, the video data inverse-multiplexing apparatus 1900 includes

a video decoder 1910, an inverse-multiplexer 1920, and a reproduction status identifier
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As descri bed above, the decodi ng apparatus may collectively indicate
apparatuses for storing, reproducing, and editing encoded vi deo dat a,
and may include a client connected via a comuni cati on channel, an
appar a #%)nanaging a storage nedia, a video edition system a nedia
frame ;> and the |ike. 10l n operation 1830, the mnultiplexer 1520
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count from the PDC whenever an IDR picture or a CRA picture is decoded while

25  previous pictures are decoded, and determines a match between the count from the
PDC that is obtained from the header of the NAL unit at a time of decoding the current
CRA picture, and a PDC that counts in a decoding process. Also, the reproduction
status identifier 1930 determines a match between a POC value of the brother picture of
the CRA picture which is included in the header of the NAL unit, and a POC value of

30  previous pictures stored in a DPB at a time of decoding the current CRA picture. If any
one of the count from the PDC or the POC value does not match, the reproduction
status identifier 1930 determines that the current CRA picture is reproduced according
to the random access, and if both the count from the PDC and the POC value match,

the reproduction status identifier 1930 determines that the current CRA picture is
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The reproduction status identifier 1930 determ nes whether the CRA
picture is reproduced according to normal reproduction or according
to a random access, by using the obtained syntax. 110As descri bed
above, when an NAL unit that is used to multiplex a CRA picture
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process. e reproduction sta us identifier 1930 determ nes a
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amg paharepreduston statos identifier 1@3G ey recogmize a decoding status of a current
CRA picture by referring to a value of the identifier (nal unit type). If a flag having a
value of 0 or 1 is added to the header of the NAL unit, the reproduction status identifier
1930 may recognize the decoding status of the current CRA picture by referring to
information of the flag. Also, when a PDC and POC information of a brother picture

30 are included in the header of the NAL unit, the reproduction status identifier 1930 may

recognize the decoding status of the current CRA picture by determining a match
between a PDC obtained in a decoding process, and the PDC included in the header of
the NAL unit, and a match between a POC value of previous pictures stored in a DPB,

and a POC value of the brother picture.
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to encodi ng process, which are about encoding units used to generate
t he encoded i mage data, froman NAL unit, and perforns decodi ng.
FIG 20 is a flowhart of a nethod of inverse-multiplexing video

dat a, [ t nbodi he sent i tion. Ref [
to Fi G 20, Wreoh & dipERINSa 1051 hRc RABFGES MIPPIOLERBACEOIHNG &2 Eie oo
L5 anSiRGSR) SBebll loditidloARGs bPUTBLRAPLENE b bl RPIRBERFIAHEY P ot

encodi ng pictures form data based on

hi er ar Elguiret ts teuddandedd aacarding to e eabodintmds abthespresaet invention, the

transnjissi on, unit data be NAL unit data. I n _operatjon_.2020,

the | noBASRCHIP el kerroadest aBparrife by ReARNdomiacsern g an 2k Fenicesd

Pi cf ur@at thelred iBeres of e GRAapiBth"rérﬁ*af\/ RIS I HiPUS Lystem

according to a 20 random access status, from NAL unit data that” is

used tresouras ¢f thg desodiDBapiiacaiuwsanay be saved. operati on 2030, the

reproductiOf statu§ identifi%%;1950 iaentifies mhe&#gﬂ thg CRA t

picture is IRpIDENNEE R APiNTLTROAS A CYBBREh ATk 5Pz 8B AfqrgPuter
to a rpdapleesiding BRSTEMON TheecoMb @b Rshdapld Retordifg %@&ﬁﬂinh@%(r%&ﬁt&

when a header of an NAL unit signals a decoding status of the

pi ct urgoragadeviee thatinamnstore data whichunay beytheneaftes reatkby amostrider system.

St gt US| ifl Y, j i t ) rent

S pi EedlfBles, ' The bR G608 e d REAMTHALAR toacin® fitino

type) .(ROM3, ahdgrhaviess memary (RAM)OCD-ROMss malgiasicttapédefidppgdiskspf

the NAL unit, the reproduction status identifier 1930 may recogni ze

the dedRjifichdata storroesdeviers. &l ehite epmppierraadallp reeerding mgdium may also

i nfor R Wein ROGH i

br ot net® Seiael Sel hefhork LABple Lot tysdeins o nal (Y Fhp fier Pradabie

r epr odeorte isrsteredtarsd éxkoutéd irea dishduted yashdongni ze t he decodi ng st atus

f th t pi ct by det 1 nj t ch, het P
ot ned | BIEOS AV RGeS e He sRoPRC Hgeed e g atancs o
the NAbreRitdd ciibdinesfioeh 1eRIN the [iferstidi pindBefiofihaR) SibiPhe art

DPB, and a POC val ue of the brother picture. .
it is thet wangusechangss inferncrad sietailsrmay bermpde therein witheutdlangriing fram

and N8 2l Hnet SR B v n e e S N Rsantef o Bl Sl e R R <
of t hehpreespaiof ity Rivehaon is defirfddindti it thealdthifdd desdripibA @i eeslinvention but
accordln%‘to the random access may be identified, so that the

5
| 4di iy hiecarresslegiclaims, epd 3l ditfeieacaaviin theescppeouid dpesrnstigd as being
syste 4 i g apparatus may be saved. The
inven?b§§a§g¢qgrgém%%ﬁgﬂﬁgﬁﬁ%g as conputer readable codes on a
conput er readabl e recordi ng nmedium The conputer readable recording
mediumis any data storage device that nmay store data which may be
thereafter read by a conputer system to Exanples of the conputer
readabl e recordi ng nmedi um i ncl ude read-only nenory (ROV,
random access nenory (RAM, CD-ROVs, magnetic tapes, floppy disks,
optical data storage devices, etc. The conputer readabl e recording
medi um may al so be distributed over network coupled conmputer systens
so that the conputer readable code is stored and executed in a
distributed fashion. 15Wile this invention has been particularly
shown and described with reference to preferred enbodi nents thereof,
it will be understood by those of ordinary skill in the art that
various changes in formand details may be nade therein w thout
departing fromthe spirit and scope of the invention as defined by
t he appended clains. Therefore, the scope of the invention is defined
not by the detail ed description of the invention but
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20by the appended clains, and all differences within the scope wll
be construed as being included in the present invention. CLAI M

1. A nmethod of nultiplexing video data so as to identify a
reproduction status 5of the video data, the nethod conprising: :
encodi ng pictures form ng the video data based on data units having a
hi erarchi cal structure; in response to a transm ssion request
for the encoded data from a decodi ng apparatus, determ ni ng whet her
the transm ssion request is accordi g Aimor mal 10reproduction or is
for a random access; and addi ng predeterm ned syntax to

transm ssi opn uni t g : LRgr i . i

random acceg's an’g rﬁ%ﬁﬂgoqlﬂhélﬁgangﬁé% gg{at %oagé gci Lé%@ggﬁfg%é@gp&ion status
pi ot uref the videb dataatheométtiodedmprisingncoded after the intra picture in
an encodi ng order, according to a result of the determning, wherein

t he predet enFasing BIFHHIgR formeing dhe yidey dafa &@Sﬁétﬁ’@é@taﬁnﬁﬁh@w a

r equest; .M Ani . reproduction and a request via the random
accessﬁl{a}s/érre%ﬁﬁgtpsetﬁ‘%tg%f he intra picture. 2. The nethod of claim

1, wherein inhresporsesto s flaasmissidn reguest forithe anoeded dataafbsradécating
met.hod of cla in

layer (NAL) unit, 6 20 . 3...The i.m2, erein th
pr gdetéﬁ’ﬁﬁ"%w’ dgtarayning "‘éﬂ?“i‘%fetﬁ?ﬂfqr@m'%ﬂaﬂ r‘éﬂH?Stﬁ/B%‘)‘o"BhH@i t&’aﬂqrﬁ'g"?a
tyRe olepkdtfuchih 9 doerdaa%o%ﬂ., Nlbeddnphgt hat is used to multiplex an

intra picture provi according to the request via the nornal
r epr oduct i cadding paedéteeminietlisyntaxtal transinissipp enitdi=fté éo entltiglexandntra

identif.i l, . it t f i t hat | 25 dt ti,

o’ 1 nt gt bBaY Y Pl rriBE acestribhauRy feddi picdires s hreSedi s e
accesspicture in a displdyera@tthedrebncddddafter thBehteh Pictive iadM évicoriing bRler,
predeterm ned syntax conprises: 30adding a picture order count (POC)

of a LRGPORING P @t result ohthendetermining, seheyginifietpradeterminast eyntax ingicates

br ot her. oi . gt ) )
B, oS LB B A A i o bR DB, B e
PCC dirandoim actdsy is eelatesr to(tREAtravpizsirecount i ncreases whenever

2. The method of claim 1, wherein the transmission unit data is in a network
abstraction layer (NAL) unit.
20
3. The method of claim 2, wherein the predetermined syntax is an identifier
(nal unit type) indicating a type of the NAL unit, and an NAL unit that is used to multiplex
an intra picture provided according to the request via the normal reproduction has an
identifier (nal unit type) different from an identifier (nal unit type) of an NAL unit that is

25  used to multiplex an intra picture provided according to the request via the random

access.
4. The method of claim 1, wherein the adding of the predetermined syntax

comprises:
30 adding a picture order count (POC) of a brother picture to the transmission unit

data, wherein the brother picture precedes the intra picture in the encoding order and is
used as a reference picture of the leading pictures;

obtaining a POC discontinuity counter (PDC) whose count increases whenever
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the POC is reset or the intra picture is encoded while pictures
before the intra picture are encoded; and adding the PDC to the
transm ssion unit data. 55.The nethod of claim1, wherein the

encodi ng conprises determning tree-structure encoding units

conpri sing encoding units with encodi ng depths from anong deeper
encodi ng units according to depths which are hierarchically forned
accor dihedP©6 idepseioritheinia pigtura is pacoded wpile pictuestbeléresthelintis piadure
maxi num encodi ng_upit obtained by splitting a picture form ng the

vi deo %f&t%{‘cé’;?‘e@sr’"ﬁg a i omaxi mum si ze encoding unit, determning a
partition faddingeeé PDOR ieceahdigistion wficdataf the encoding units with
encodi ng depths, perform ng transformati on based on

hi erarchi cal -structure transformation units, and then determ ning
tree-structyre t EQn. uni ; r I

rrulesti pl exi n%‘ Vi dié@é]?a#éggy g%"ﬂg'i gﬁéﬁﬁgé%nrﬁggﬁg%)ﬁeis%sst atus of
the vi deo déétermirivey irppatraictite @Piepdingl urdts comprisin@ evcolding emitsath f or
encodi ng pi.ctures form ng the video data based on data units having a

hi er ar@Hading Q?Phht?tf[ﬂr@ ?_W%%@Wﬁncgﬁ"’@t yRitssaccpeding tp depthsywhich are
res porﬁi@rér@hi@ay %ﬁ%%&%iﬁ?%%&htﬁs%dfc%n&g s?é‘figfjgﬂit dBLAt & KTe4st one
us, ng nsn s I'S

decodi ng appar etermn ether the tr I on request
accor dnagintumremcodingr @yt olokadtadavy splittisg gictare fomehing thecddso datedby using a

a multiplexer for addj.ng predeterm ned syntax to transm ssion pnit
dalth, VBBKERAT SiaBeRPaing MR eGP BNt e @af e Pericireiedia i cach of
havi nghbeaHELRMhgUIGISNES chBEding RPANE PJelBriniHd Ramf6iMator PasedbsP! ay
order but are encoded after the intra picture in an 25encodi ng order,
accor dhiagrelical-stagiure toansfoematinreuniisiang, theh gdetgrmining tyaeesteucivre ned
synt ax_i ngi es which request from anong a request via the normnal
reproéﬁqﬁq%rﬁﬁ%m)@ létmtsequest via the random access is related to the
intra picture. 7. A nmethod of de-multiplexing video data so as to
identify a reproduction 30status of the video data, the nethod _
colfpri si ng:6-r ecefieRgatatus &rinditiplexing Yideadata,se asite igantify pirerroguction

bi t st &AW @Fo%% &)é‘ta, the apparatus comprising: '
a video encoder for encoding pictures forming the video data based on data units
having a hierarchical structure;
a reproduction status identifier for, in response to a transmission request for the
20 encoded data from a decoding apparatus, determining whether the transmission
request is according to normal reproduction or is for a random access; and
a multiplexer for adding predetermined syntax to transmission unit data to
multiplex an intra picture used in the random access and having leading pictures that
precede the intra picture in a display order but are encoded after the intra picture in an
25  encoding order, according to a result of the determining, wherein the predetermined
syntax indicates which request from among a request via the normal reproduction and a

request via the random access is related to the intra picture.

7. A method of de-multiplexing video data so as to identify a reproduction
30 status of the video data, the method comprising:
receiving transmission unit data used to multiplex a bitstream generated by

encoding pictures forming the video data based on hierarchical-structure data units;
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encodi ng pictures formng the video data based on

hi erarchi cal -structure data units; obt ai ni ng predeterm ned
syntax fromthe transm ssion unit data to nultiplex an intra picture
used in a random access and having | eading pictures that precede the
intra picture in a display order but are encoded after the intra
picture in a decoding order, wherein the predeterm ned syntax

i ndi cat es wbliahndng presletenminegisyniaxdrarn thiketrademisicre goit datagtotrouliplex an
normal. repr.qduction. status or according 1o ,a random access status, .
and - Intra'Bickie begdin o R geceRant iryng Bedid AU TFatinsgae he intra
accor dyipiré th A<isPby bRIEr G até BAcOdedaRer tAeNStra icturedR E0de SRS drder,
based on the obtai ned predeterm ned syntax. 108. The nethod of claim

7, whevbenein the pregdetermired ayniaxindigatesiwhetherthedntia pictdtssis decored

| ay.er L unjt. . i el n.t i

or Saet a5 At e pomal enenglih FEPS: Aot pl ATt g and
type of theidbAlifylhy whethed tranindalpicturé i feprodicedsastordingttd hophak 15 an
intra picture provided according to the normal reproduction has an

i dent i FEPERAYGhan aQimcecordipg o airandenaaccepdhagsdi aeths 9btained predeisrmined
type)dﬁjntégp NAL unit that is used to nultiplex an intra picture

provi ded according to the random access. 10. The net hod of
claim7, wherein the predeterm ned syntax conprises a 20pi cture order

count (PQO . of brother pjcture that precedes the intr icture in
S Gesoa 18, or aHie Sietos Bt Shth 7. ek 1he Sesmingo ot Jalh i @ etvork

| eadi nghdpiaetivh $8yerdRALS yRPC di scontinuity counter (PDC) whose count
i ncreases whenever the ' POC is reset or the intra picture is decoded

while pictures before the intra picture are decoded. 2511. The nethod

of claim 1Q, whegein the igdentifying conprises: . incr.easi.ng the
count "of 1 Poal e MetiphER B WABET0Ra RS RmminRd YRR S T dogely
t he i nhapumt thdicatiec e otthbaNAIDanR) sidlas NALEhAI ehdt e usdd ERmultiplex
pi cture are decoded,; conpar i ng a count of a PDC obtaine

0
f ridm tareintreapisiwre providethaecqrding taithe nowaaBepsedugtionfhasan ppotifier (nab unit

decodi _ h o _ 3 L
e R RR o AR ISR LI i PP Bk an
t he r dntltapictacesyvidaaisastonding to ¢saFdndaim bbeesmnpari ng. 12.

The nmet hod of claim 11, wherein, when the count of the PDC obtai ned
fromthe transm ssion unit data does not match with the count of the

PDC of the cody . th TI e Ml i
The tntra mior or WSmRRRE! o laim 7T RRRIRLAL BratbiEAMEL ST it
r aaodomictcoessler count (PQEG) o adoratieh pittarde thhtiprecédestimnintiaepicture in the

B N L e N e

POC discontinuity counter (PDC) whose count increases whenever the POC is reset or

the intra picture is decoded while pictures before the intra picture are decoded.

25 11.  The method of claim 10, wherein the identifying comprises:
increasing the count of the PDC of a decoding apparatus whenever the POC is
reset or the intra picture is decoded while the pictures before the intra picture are
decoded;
comparing a count of a PDC obtained from the transmission unit data with the
30 count of the PDC of the decoding apparatus; and
determining whether the intra picture is reproduced according to the normal

reproduction or according to the random access, based on a result of the comparing.
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1014. The nethod of claim 7, wherein the bitstreamis encoded by
determ ning tree-structure encoding units conprising encoding units
wi th encodi ng depths from anong deeper encoding units according to
dept hs which are hierarchically formed according to depths indicating
a spatial split count of at |east one nmaxi mum encodi ng unit obtai ned
by splitting a picture formng the video data by using a maxi mum si ze
15 encoding unit, determning a partition for prediction encoding for

each of the encodin its.with encoding dept erf orm :
Cranstor 1 5n. baeadnaifion L Pl e anece i, bEBh dfe RS & e obtaiped
and t hesmafk eFasiSsloh AR lta HBES Bt HIAGIEIVRh TRE LBONLUSY the POG- ASF the
apparatus for de-rmltlgéem ng video data so as to identify a

20r epréerasin®apparatus toe determiniog comnrisestdeterapplgdhadntsd pistureiasga

murt 1 e Bt Fodbilioed el FERA BB SR6RE: o forming the
vi deo data based on hierarchical -structure data units, obtaining
predeterm ned syntax fromthe transm ssion unit data to nmultiplex an

intra pictut® ustle method ahalgim £c vhen thadnirapicirel is sgcaded speerdingte the
t hat prra?\‘a‘?)ﬂ??ééabesg'r f(;l{rﬂﬁar%bﬁﬁgfsﬁnedc%\g?%lgb%?éf?ré,egé\ﬁ%e«?%ﬁl?ﬁgf?e RAGHPSctures.

after thein ure 1n ere
predet erm ned syntax indicates whether the intra picture is decoded

0 o R b R Bt e o dod B RSy
Fepr ot BUSe SnEbEH At Sotthr TR O SRR L s B RS Rhs from,
pr edetamongeeepgnensoding units according to depths which are hierarchically formed _
according to depths indicating a spatial split count of at least one maximum encoding
unit obtained by splitting a picture forming the video data by using a maximum size
15 encoding unit, determining a partition for prediction encoding for each of the encoding
units with encoding depths, performing transformation based on hierarchical-structure .

transformation units, and then determining tree-structure transformation units.

15.  An apparatus for de-multiplexing video data so as to identify a
20 reproduction status of the video data, the apparatus comprising:
an inverse-multiplexer for receiving transmission unit data used to multiplex a
bitstream generated by encoding pictures forming the video data based on
hierarchical-structure data units, obtaining predetermined syntax from the transmission
unit data to multiplex an intra picture used in a random access and having leading
25  pictures that precede the intra picture in a display order but are encoded after the intra
picture in a decoding order, wherein the predetermined syntax indicates whether the
intra picture is decoded according to a normal reproduction status or according to a
random access status; and
a reproduction status identifier for identifying whether the intra picture is
30  reproduced according to normal reproduction or according to a random access, based

on the obtained predetermined syntax.
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