METHOD AND APPARATUS FOR ENTROPY ENCODI NG USI NG H ERARCHI CAL DATA
UNI T, AND METHOD AND APPARATUS FOR DECODI NG TECHNI CAL FI ELD 5The
present invention relates to encodi ng and decoding a video, and nore
particularly, to entropy encodi ng and entropy decodi ng synt ax

el ements form ng video data. BACKGROUND ART I n inmage

conpressi ng net hods, such as MPEG 1, MPEG 2, and MPEG 4 H. 264/ MPEG- 4
advanceME/'?ld@& Ab AGPARATUS HORENEROPYIENGRAINGHUSING HIFRARGHIGAL

ol ocke are oot BATAUNT ANPAES i ANR WP ARRTLS BORPERAANGT,

residual data is conpressed via transformation, quantization,
scanni ng, run |length coding, and entrgfl&/ encoding. 15 During the
entropy encoding, a bitstream i SESHNGALLEIELR ropy encodi ng synt ax

ot o vecr biS. FRRERENENBpf JEs dRr BRIy AN HsERPlo, B EkP, Hop.more
f rom apaiticalarigate eatrdpylenedding arkd Batrbpy Wedobingesyrvax elenéptbrioaheg video
syntax el enents. 20DETAlI LED DESCRI PTI ON OF THE | NVENTI ON TECHNI CAL

PROBL EfiRta. The present invention provides a nethod and appar at us
for conbining additional information including syntax elenents to
sel ect a context nodel to be used for entropy encodi ng the syntax
el ements, thereby efficiently SBACKEGR@UNOIART and decoding the 25

nod; ment SiTo{MARE. CRBREREK FERHIPER, SHOBORE AP Bitde MPBC dnshMPEG-4
Shsrr PRLRaS SHRAL Al QNI RHB=AURE A 8 prlty o
blocks having predetermined sizes, and then residual data of the blocks are obtained

via inter prediction or intra prediction. The residual data is compressed via
transformation, quantization, scanning, run length coding, and entropy encoding.

15 During the entropy encoding, a bitstream is output by entropy encoding syntax
elements, such as discrete cosine transform (DCT) coefficients or motion vectors. In

terms of a decoder, syntax elements are extracted from a bitstream, and decoding is

performed based on the exiracted syntax elements.

20 DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM
The present invention provides a method and apparatus for combining additional
information including syntax elements to select a context model to be used for entropy
encoding the syntax elements, thereby efficiently entropy encoding and decoding the

25 syntax elements.

TECHNICAL SOLUTION
According to one or more embodiments of the present invention, a context model
for entropy encoding a syntax element of a current data unit based on an available

30  syntax element of the current data unit.

ADVANTAGEOUS EFFECTS
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ADVANTAGEQUS EFFECTS According to one or nore enbodi nents of
the present invention, a required size of a nmenory for storing
pre-restored peripheral information may be reduced by selecting a

cont ext nodel based on information about a data unit including a
current syntax elenment, instead of using the previously restored
peripheral information. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS i )
FIG 1 is aABrYEiNGiogPaRTr H10Tg embedmantsef fie arasenhinventenor deayradhsize

an enbggdi f t nt. | HOR . : : | §.a
it agr a0k & el OF S0fG bre Il Beriohers| iorpaibigRy Bedraiet bv
of thesgleethanta comert maalel based orFinforndation abolitegrdata fumit idekcing angureent
concept of coding units accaording to an enbodi nent of the present

i nvent $YHax Pfetﬁ‘elgt’ irbst%@djefwnaah% PERMO R Fpsiprest peliPheralgafosmabiagy

basgd on coding units having a hierarchical structure according to an
enbodi mrent of the present invention. 15FIG 5 is a detailed block

di agram of an i mage deBBilEer DESERIBHNGN OMHHEDRAWENGEg a

"vent on. F1E- 1 & Bigtkedlzamilopha Nidess RapiAg AERHEIUE GoAG M Psan
accor dipBotin&fBiRe p@@ébrﬂ%}érftibﬁﬂs according to an embodi ment of the
present invention. FIG 7 is a diagramfor describing a relationship
bet ween a colf3.ng isnat bk di@graranst ar videoodegading, appariul rgeoding to an
empedl IRBbafhedt st tRE BREMnt ifVasbhon
FIG. 3 is a diagram for describing a concept of coding units according to an
embodiment of the present invention. ,
FIG. 4 is a detailed block diagram of an image encoder based on coding units
having a hierarchical structure according to an embodiment of the present invention.

15 FIG. 5 is a detailed block diagram of an image decoder based on coding units
having a hierarchical structure according to an embodiment of the present invention.

FIG. 6 is a diagram illustrating deeper coding units according to depths, and
partitions according to an embodiment of the present invention.
FIG. 7 is a diagram for describing a relationship between a coding unit and

20 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
embodiment of the present invention.

25 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
prediction unit or a partition, and a transformation unit, according to encoding mode

30 information of Table 1.

FIG. 14 is a block diagram of an entropy encoding apparatus according to an

embodiment of the present invention.



FIG 8 is a diagramfor describing encoding information of coding
units corresponding to a coded depth, according to an enbodi nent of
the present invention. FIG 9 is a diagram of deeper coding units
according to depths, according to an enbodi nent of the present

i nvention. 25FIGS. 10 through 12 are diagrans for describing a
reIationshiF bet ween coding units, prediction units, and

t r ansf or mat Fa Unista blogscagraryot @ cantexkdwgielenal ”E. fide present
o1 at 1 onaii 5 Gt s sGhatital e iR dBka Py WYY  idaRpical structuge and

and a Hatnghib sphittinformatioh, hatep achisgrtiicensiadiing, mederdi® td annghboediment
of Table 1. FIG 14 is a block diagram of an entropy encodi ng

appar a@ﬁfé"eeﬁféﬁ?@lli iRYeRtPran enbodi nent of the present invention. FIG

15 §s a bl ogf4li pg %*HdQLT@ a?@?%@éné@gﬁgﬁémgfof@gﬁhb&sd' indicating a HidfarcHical
is a diagramtfor describing a data uni avi ng lerarchic

st r uct strectaredofidata uniist asedrding tofembadiments e thegor@sbneingectivr al

structure, accor to enbodi nent of the present_ inventi.on.

5FI GS. 17A B R e 188 e 8O o cenXt SR Tor MREERINK @ context

hi er ar gRiepheSdrtite 1 & SR HBE hdditiBRSIOR/AIRALEA, SERH mBbdinténts
' GS. 18A d 18 f cC

present 1 nvention. an are di agrans ont ext
i ndexesf therprdsemstrinventiom.a cont ext nodel according to a conbi nati on of

addi tional Lpfo tion, according tqg enbodi ments . of th esent .
Mfbnt Don Kl 18R Brerd i lioknet A Bnia Gode! orpiind a8 embodiment
accor dhfgetfedentafpastiorent of the present invention.

FIG. 20 is a graph of a probability value of a most probable symbol (MPS)

according to an embodiment of the present invention.
FIG. 21 is a diagram for describing a binary arithmetic encoding operation
15  performed by a regular coding engine of FIG. 14.
FIG. 22 is a flowchart illustrating an entropy encoding method according to an
embodiment of the present invention.
FIG. 23 is a block diagram of an entropy decoding apparatus according to an
embodiment of the present invention.
20 FIG. 24 is a flowchart illustrating an entropy decoding method according to an

embodiment of the present invention.

BEST MODE

According to an aspect of the present invention, there is provided a video
25  encoding method including: encoding a video based on data units having a hierarchical
structure; determining a context model used for entropy encoding of a first syntax
element of a current data unit to be entropy-encoded based on at least one second
syntax element of the current data unit, wherein the at least one second syntax element
is usable and different from the first syntax element of the current data unit; and entropy
30 encoding the first syntax element of the current data unit by using the determined

context model.

According to another aspect of the present invention, there is provided a video
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FIG 20 is a graph of a probability value of a nost probable synbol
(MPS) according to an enbodi nent of the present invention.

FIG 21 is a diagramfor describing a binary arithnmetic encodi ng
operation isperfornmed by a regul ar coding engi ne of FIG 14.

FIG 22 is a flowhart illustrating an entropy encodi ng net hod
according to an enbodi nent of the present invention. FIG 23 is

a bl ocknending Anpsratys isaludingy ajbmarqh@:@mmpdeuéoraemdim@@ videanbased on

11 st Pt Wt G e st dRused e aa e D e B siermeinie @
the presetakt m\d%nhsmfoﬁﬁ%d@&omg?bﬂa Migstt ynbak SIBRRSHE offa dlrfent data unit
present invention, there is provided a video 25 encoding nethod

i ncl udicne e@ﬂ@@meﬁgoae@ pased pasddeast ang: seaondtsyniax elag et uf traeemeridata
St r:yct Uhig; WH&I 1 Wné] ?P%éast %(Hét g&qﬂg)%tay%‘?&n{eﬂ{ E lr}ée{ n%ln&ﬂgFé(]ﬂ JPJm qhe

Irst sy ﬁtax e enen a curren e entropy-enco

bas ed t’brrst ayntapaslemest of tloa cusiont adatal @it ndndfentropy Ceridoriivig diaé Hirsthsyntax
wherein the at | east one second synt ax eI enent i s usabl e and

di f f er 8i§Mant ghthg guirenigata ity e$ingdhe 8¥ermlf@dcmmt@mmeaﬁh unit: and
entropy 30eg Etgﬂ'ﬂg@mfohn ’Eh%?tas éé@lI S‘P(ﬂfe' S%%%}ﬂ givem?n Cﬂ'{err %l@e&'%' \tnfieo

by using the conte ccor o] ano aspect
t he préecmdmg mvethod ormcludhgr exiractp'rg)syrdaxl edaemedteoof a&pMeng‘ncanimirlaased on
I ncl udi,n erarchi.cal encoder for_encodi n a Vi %Iggbased

unit o HEG IS By S CS SRy B iehas SEBRs bHeBRaI: Agterining
det er nj RoREeA@ n‘&SHBI %bd%@trd@%&%é §ﬂFs!t %Mte&@@ﬁ'ﬂeﬁg oPh tﬂJriférft%fa a unlt to

syntax el enent a current data unit bé entropy-enco ed base
at | eabe e@ir@pymmeéwm @t aingast @fnet $m:ocmlr syntax egmaent of the current dat_a

unit, wherein the at least one second syntax element is usable and different from the
first syntax element of the current data unit; and entropy decoding the first syntax
15 element by using the determined context model.

According to another aspect of the present invention, there is provided a video
decoding apparatus including: an syntax element extractor for extracting syntax
elements of a picture encoded based on data units having a hierarchical structure by
parsing an encoded bitstream; and an entropy decoder for determining a context model

20 used to entropy decode a first syntax element of a current data unit to be
entropy-decoded based on at least one second syntax element of the current data unit,
wherein the at least one second syntax element is usable and different from the first
syntax element of the current data unit, and entropy decoding the first syntax element

by using the determined context model.

25
MODE OF THE INVENTION
Hereinafter, an ‘image’ used in various embodiments of the present invention
may not only denote a still image, but may also denote a moving image, such as a
30 video.

When various operations are performed on data related to an image, the data

related to the image may be divided into data groups, and the same operation may be
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5 unit, wherein the at | east one second syntax elenent is usable and

different fromthe first syntax elenent of the current data unit, and

entropy encoding the first syntax el enment of the current data unit by

usi ng the determ ned context nodel. Accordi ng to anot her aspect

of the present invention, there is provided a video decodi ng net hod

includin%: extracting syntax el enents of a picture encoded based on
Qi

10 dat Befipimed pavdatg nclided &y e same siefagraure dierpinadiendg dateeamsgdermed

oyt axar it B PrRleRai Sty o gErs, 5 B bHaIR S e Ve o
at | easpemitiengegforthetlyadcordidgaaedataolinitd és purforned dgt @singidata Wellidddin a

the at | east one second syntax elenent is usable and different from
the fiPQTCERANURO pteniit of the current data unit; and entropy

decoding th l; vy b ' t er,;ayn

rmdgl. ﬂe&%{ﬁ%ﬁ}%}sngﬁj@ 2cs) %ﬁSﬁﬁ@g‘?%@Seﬁe@P G@herhgtrhg?gnta thn\%%r?% ?éc}k,géé for
t here élscqlfingia@ddﬂer;odiirt@asyﬂax@bmgnammmagi aStrémstru?ﬁur@ based wnd:(aﬁn% u(;iits
el ement extractor for extracting syntax elenents of a picture encode
based BFFULNG It é'eﬁ%ﬁ‘iﬁl’?@fﬁr% gV‘é&HFﬁ!c%CFC% ' Gc@u?@bﬁgﬁﬁﬁ'ﬁ@i Ay thé, present

encodeﬁ,vghﬁ&; it be a&@s@iﬂeggg\ﬁtﬁp%fg%%@efo MEsde fthFB a GR85 S%htropy

nodel 20 used to entropy ode a first syntax e emedr#hngf‘3 a current
dat a uemncoding Endedrcasiiyg pepmdeds hwseddndheatidéeastoding el dacbdipgtraathods

I t.of.th t d i t. - int t | t d
oyt e Gt FEUGE 6 o b et pef GhHot iR rasrerpedo £ Sa el 24
of the curremy. fad & HRck didgdnt dF '0PMedesRdiy fagﬁafdtwtw@yaé@fding to an
el enent by using the determ ned context nodel. 25 MODE OF THE

| NVENTeoRodiment of thegreseminventioan ' i mage' used in various

erod! ot oph0 e BESHAN a;PLEAA JRCTRLLRRS, SR FraRtl tho and n

Wien vearttrepisenfiartli2gns are perforned on data related to an inmage,
the data related to the i mage may be divided into data groups, and
t h& sane opéh@thigiarehigaluencodesct i erlt sUlENh Piciure i ei engadeds ke data

data gr . [ : : r ordi 0 a ;
pr ede?'“é@{rgonhedémsqeaﬂn]%g%?@éﬁerdg?ge!??%d%ﬁg fg@f:g@g%gtﬁg S%H‘guﬁ% so,In acri]etall, the
oper athierarphichbenestexctidr chaygsglit a' catentwictuse basedenf @ madmbyn ueding unit.

encodi i B HLELGIG0 Vel el (504 RbREBHY 6f 116 present iveRion may be

a data unit having a size of 32x32, 64x64, 128x128, 256x256, etc., wherein a shape of

20 the data unit is a square having a width and a length that are each a multiple of 2 and
greater than 8.

A coding unit according to an embodiment of the present invention may be
characterized by a maximum size and a depth. The depth denotes a number of times
the coding unit is spatially split from the maximum coding unit, and as the depth

25 deepens, deeper encoding units according to depths may be split from the maximum
coding unit to a minimum coding unit. A depth of the maximum coding unit is an
uppermost depth and a depth of the minimum coding unit is a lowermost depth. Since
a size of a coding unit corresponding to each depth decreases as the depth of the
maximum coding unit deepens, a coding unit corresponding to an upper depth may

30 include a plurality of coding units corresponding to lower depths.

As described above, the image data of the current picture is split into the

maximum coding units according to a maximum size of the coding unit, and each of the
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encodi ng and decodi ng syntax el enents having a tree structure based

on coding units according to a hierarchical tree structure, according
to enbodi nents of the present invention will be described with
reference to FIGS. 1 through 13. Also, entropy encodi ng and decodi ng
processes used in the video encodi ng and decodi ng nmet hods 10of FIGS.

1 through 14 will be described in detail with reference to FIGS. 14

t hr ougfaximum codingruigts mays includle deemes osind funits ihak are rigditliaggording to

They T Hegg SHGS e BB BIRE L Rledt ik, 45 ERAMBAE RS 15 present
and aningehtionis spitedeordizdto dedthe, thiearrigehdatalof engmdiel dddRirs Mclddedain the

current picture to be encoded into data units having predeterm ned
si zes, MExHNBMCERARG LA Mgt Be Hifrachiqally gtassified agrerdingta derthsal

encoder 110,mRy, 50t 48R U A midbdrhiinCsiP8 SR % WBdmhd Btk WO R%he total
g Samg RAtL, which,

unit. The naxi num codi unit ‘according to an e nt

pr esenhumbee of tiovesrealyeipht and atwidtimot theawaxigiuan sodimgadniBane3erardidlly split
128x128, 256x256, et.c., wherein a shape of 20 the data unit is a

squar eME\R&Bredelgifednd a I ength that are each a multiple of 2 and

great er thaﬁh@;hierarchic@le%ﬂgb@@r YAple sdhP%dR &k %TbﬂPQéﬂgH;olgéﬁeﬁeby

present invention nmay characterized by a maxi num si ze a
The degpliting: @otegiora oh dind emaxiiutm wedinghanit adcorglingnia dieptrsp andatiétermines a

e f h ' di it the depth 25 d L
oisher SERB Syt TERLE 8baded rbon St Sorus et EElG A eRSESTA Sl region.
nexi mim eeer Adrdd)ithe hisrardFidil @ﬁ@%é@ldi ’f‘(gl1 dgiéérinine(;%f Q?EH@d efepthBy @ﬁgbcﬂ'mg‘the

coding unit is an uppernost depth and depth e m ni mum codi ng
unit iknage dak imoke &ﬁaﬂ.cosmgc@nrés gtordig @ depthagacasrding to the maximum

codi nabaire s e e BEb B8 AT SEB iy Bt Vst B s lp orror
may 30Thed,uthe anpbdsdilimbyeodataodi fe Kol QAitres hoigt ® tieyRletermined
dept hs. As descri bed above, the inmage data of the current

pi &t ur@eded depitisifinaly oHtPUraxAlRami® apdigumitscostasprading todha aederianth
Sl ze Oﬁaghﬁe%aég%&gbten&%deg&n fuﬁi%‘? T@ﬁbggmiﬁ E’ngg%‘%@h Hd the

i ncl ude deeper ng units th are split according nce
t he mesmendeddotigegdataidccantiog th tige tieteanireubastcnedepthfare etputds ¢ené entropy
i nvention 'sc@ﬁl it according to depths, the inage data of a spati al

domai i*MGRAS ded- i n t he maxi num coding unit may be hierarchically

classified 76 GepBAIAA IASRERaxinurh It AE RintoRRE (PasBRXbIE Hekber

of a coding unit, “whi imt the total n er of tinmes a herght an

a Wi dt¢oding uhés raxespondinditogt lesist oaealdpiie equahiooad helowihé marmubredepth,
pr edet er 0 encodes at I

e SpTd TSR BBEABANBy TR, DFP Ereac BGAEHT BRSEhe HaRs nah bedssper

uni t  agsdhguRls ! OAURPEN Aavingdhe fd st BhBsding error may be selected after comparing
encoding errors of the deeper coding units. At least one coded depth may be selected
for each maximum coding unit.

25 The size of the maximum coding unit is split as a coding unit is hierarchically split
according to depths, and as the number of coding units increases. Also, even if
coding units correspond to same depth in one maximum coding unit, it is determined
whether to split each of the coding units corresponding to the same depth to a lower
depth by measuring an encoding error of the image data of the each coding unit,

30 separately. Accordingly, even when image data is included in one maximum coding
unit, the image data is split to regions according to the depths and the encoding errors

may differ according to regions in the one maximum coding unit, and thus the coded
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10 depth to output a finally encoded i mage data according to the at

| east one split region. In other words, the hierarchical encoder 110
determ nes a coded depth by encoding the imge data in the deeper
codi ng units according to depths, according to the maxi mum codi ng

unit of the current picture, and selecting a depth having the | east
encodi ng error. Thus, the encoded image data of the coding unit

cor r espepiisngay dliffereaerarding ieeedios otedintrys Hatas gl opedeit Bgre coded

Al so, odi i dj . t .
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| east one d I ; i : ! .
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hierarchically split according to depths, and as the nunber of” codin
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in_one,_maxi mum.cqding unit, it is. determ.nned et her to .split each .of
0t oo TP AT ettt Acpardingrio “LEHBS du 0R e Faii of df hagum
Measur ¢ating urfit) G ﬁ&fbé%d@ﬁeﬁd&tl&%@rrﬁ%ﬂ @ diffeferta@idadi milarly, a
unit, 30 separately. Accordingly, even when inmage data is included in
one nmes@dasthleps ing auirent tagion meyebel indepesdsplly tetesmingyl Gas ascededidapth

to the he encoding errors may differ according to regions
I n themgaﬁg)ttﬁ’%&'i%%onﬁ'codi ng unit, and thus the coded depths nmay differ

accor di ng tA meginura depthecordiog tdadra embudimenn ef thie PRssertddeshtion is an
dept hs, may be determ ned in one maxi num coding unit, and the inage

dat’a dndekeelatad uhedsunbey Afifnitingfirmes diom adsedews aPAItItdad REpimum

USSR UAESLACHS SRERAASRANSASSAET fn URORIREA! 3 69 prent

invention may denote the total number of splitting times from the maximum coding unit

to the minimum coding unit. A second maximum depth according to an embodiment

of the present invention may denote the total number of depth levels from the maximum

20 coding unit to the minimum coding unit. For example, when a depth of the maximum

coding unit is 0, a depth of a coding unit, in which the maximum coding unit is split once,

may be set to 1, and a depth of a coding unit, in which the maximum coding unit is split

twice, may be set to 2. Here, if the minimum coding unit is a coding unit in which the

maximum coding unit is split four times, 5 depth levels of depths 0, 1, 2, 3 and 4 exist,

25 and thus the first maximum depth may be set to 4, and the second maximum depth
may be set to 5.

Prediction encoding and transformation may be performed according to the
maximum coding unit. The prediction encoding and the transformation are also
performed based on the deeper coding units according to a depth equal to or depths

30 less than the maximum depth, according to the maximum coding unit. Transformation
may be performed according to method of orthogonal transformation or integer

transformation.



tree structure included in the maxi mum coding unit. The 'coding units
having a tree structure' according to an enbodi nent of the present

i nvention include coding units corresponding to a depth determned to
be the coded depth, fromanong all deeper coding units included in

t he maxi mum coding unit. A coding unit of a coded depth nay be

hi erarchically determ ned according to depths in the sane regi on of
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of a data unit for, encodi ng.he I e data, In.qgrder, to.enc the . .
rage ulat 45Tk BPiERET By FIES HTBSR.ITHAf a it ¢ isllrd Beariction
and engmippy encoding, are perforned, and 10 at this tine, the sane

data unit may be used for all operations or different data units nay
be used forFemexarople; atesna coding uiFbpef el @vharadN Vs adusitiveoidiaggr) is no

nge BHDa” S BEbdRbarEblk ey aEPLAR AR, bk RGPty Mt aycbe

t opsper 2%t [P, eplixeNi, st aixedi Bgardpldsher i argagetititat aypad ih€1ade osiriimetrical
unit. 15 In order to performprediction encoding in the nmaxi mum

codi ngPaltitiens thed ase abtained Pyentometisaltipridinga heiohe ar vadtbpfdhe prediction

codin i e j - E . DG s

cni 1 oAb HerSTSPIRARIEY BBy PR Silithe inSheighE SR it 4t 4hg Hrdfgon

dept h. unikr sugrafasen :n ohen:d pgianitiansi thdthate bbtaweed dyggeoselridalignsblitting the

beconmes a, basis unit for prediction _encoding will now be referred to

as a 'Pregitieniwyt. apd naritions hawing afkitraty YPEsned by splitting the

predi ction ek ot [ et it it |

byﬁ)spl itti nﬁrﬁé di eagtwn%gg}%aﬁ%gﬁé@b %%H%vaeéé%%%gg ﬁ%’ﬂ%%gr edlﬁ?%liargﬁgg’ a
inter mode, and a skip mode. For example, the intra mode or the inter mode may be

performed on the partition of 2Nx2N, 2NxN, Nx2N, or NxN. Also, the skip mode may
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For exanple, when a coding unit of 2Nx2N (where N is a positive
integer) is no longer split and becones a prediction unit of 2Nx2N,

and a size of a partition may be 25 2Nx2N, 2NxN, Nx2N, or NxN.

Exanpl es of a partition type include symetrical partitions that are
obtained by symetrically splitting a height or width of the

prediction unit, partitions obtained by asymmetrically splitting the
hei ght ber pesfarnedf onljeopr 8w qrartiiorureft 2 adhe: gngeding1js independently

s AR BRSPS, VP i oo moce

pr edi Chﬁﬂﬁg@]@@spéndd‘aﬁng)éﬁdr_cti on unit may be at | east one of an
intra node, _a inter e, and a skip node. For exanple, the intra

node or theThatvdengaeoding anppapaiusotdfemaynalen destarmi thedransfomation on the

2NXN, el 49t W%@d@k@oﬁfg%gﬁgggﬁg@ﬂgom e co%iﬁf@%f@ﬁcﬂh% t@% image

the partiiion o I ndépe perfornme

one pr gslac bubalsurbdsedrorea dath ogit thattis diffeeesifyoraeheebdimg unifpr edi cti on
node havi ng, a | east encodi error. . The vi deo encodin ,
appar at us 1600'?9&{/*%Ip%‘oﬁ@rtggrtFﬁrlS?@'”ﬁt@Hs‘f‘dPﬁé?Pﬂm Bt ithe tf%‘sf‘?fg’&é'on may
data i i i : t i j cadi :
The i nog PeRfea, bikdq 8RS HaRbbn®aticela b SAENIDHAN br PALACRCHE Bing
t he codnihg kori éxample, the dataoudikfort thepeafisiormatien magnistudeed idata unit tfhiean

coding. unit, the transforpati on may be perforned based on a data unit
hatfl ngMiadnode apd 3 @?tatwaﬂ%wnéa@m?‘ﬁe-t he coding unit. For exanple,

the data unAtdétgruﬁihaséa H3SH YR bOtheTBYNnSBFHEHSN Wil Moy BB rteféreét W as a

iointra nbde and a data unit for an i nter node. A data uni

used ataastoamation urtile tA dnagstormatioordeapith Indicatingethegiwmberdof splitingtimes to
"transfor iLon it LAt for i on depth indicati t he punber
of | oprieeeyer Padbimatdh, LhRRL ShTENG e HERIHD, A IR A nb adihg Uit amay
hei ghtajapbevé4itin tied trahefcrA@itios un. t FoRexahide,le Selrrémt dddng unit of 2Nx2N,
transformation unit. For exanp in a current coding unit of 2Nx2N

|

1515 t 2 &esskrmatioprrebmanie Ooveefh@n\khe sizenel aiteaastarmation i sratee 22N,
. . | 1 A -

cur renP o8 &Y oM paliibr B heldhfanBiand be I A fodifll Udh Rofl ik o

4;\] 1 tr@qwlcpagust tciaitl)wsp[ttaﬂtom ﬂrﬂmf?'rmﬁti@‘ﬁ] uhltﬁ arfcat;&fshé@rﬁf 'tr?mtrﬁnisformation
t hus NxN, . a e n ea of the_height and widith of the .
curr en‘t'n't:b""chH@%’taqcﬁn@Mﬁ?ec 2 i“YCherS' earh obthedieight and widih of the ghirept coding
into 4% I i i i+ S f i

ni ¢ 1 are fof R 6 R SULIHBELS, B it S8 e aldr AR OA IR e bize of
acmor dhegramsfarrhatoravoitiis thus NEXNEr uEobuegamiple, the drarsfanmaatohoumibmaynbe

{1 ans O RCP BTG 49 PGSR Ere EFOHOGnathich SdEe BERtianmlof ancpper
hi er ar g gatm&tis depe i$spie itb Buf tRMSfanEohonEeRt b 1R trahstbrhation

the coding unit, the transformation unit in the coding unit may be
25 r ecdepthwascording ta thenhierarghichbeharpeledistiesypba sranstormaéion depth.

t ransf or mat ¢ i eterm.n i ndent Ly. i units of .
regi ons. TrogaciootR cifd it e StetatagRaT Sty dint may be
acgor dieddrdively Neplit rigtas EaTaNBE istied yditgs,t B8 thEEehs tFaHEioMeatRC ahfll May be
to transformati on depths. i )
determined independently in units of regions. Thus, residual data in the coding unit
may be divided according to the transformation having the tree structure according to
transformation depths.
Encoding information according to coding units corresponding io a coded depth
30 requires not only information about the coded depth, but also about information related
to prediction encoding and transformation. Accordingly, the hierarchical encoder 110

not only determines a coded depth having a least encoding error, but also determines a
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Encodi ng information according to coding units corresponding to a
coded depth 30 requires not only information about the coded depth,

but al so about information related to prediction encoding and
transformation. Accordingly, the hierarchical encoder 110 not only
determ nes a coded depth having a | east encoding error, but also
determnes a_ partition type in a prediction unit, a prediction node
accor dPAGtien type M anrediction usit, amgediclion maste acqordingfte msadicken ynits, and a
for trapsi@niddEmation unjt for%sﬁgrn'r'égloliﬁ? according to a tree
structure 1n a maxi num codi ng unit and a nethod of determning a
partition, @odimgdungs taxcendingitoeat ise®fsttuveurpr iesanmaximvemt coding dnitvialnld a
be descri b&ﬂ tg detai|l| later with referencen_éo FIGS. 3 through 12. .
The hi Bt PESPIEAIRIAG 2 RIBITRAY aReRdiNGtCapmeREbaeMS Qfithe Prefenidayention,

codi NG . oL : . ' on
Q)S% m‘évgﬁ%ﬁeﬁasegqgn%ﬁéa@r ang.?ﬁ@éﬁ‘ﬂﬁﬁﬁger S. '%ﬁﬁ%%%’y encoder 120
out put s t heThedneradatical afncolder AR i maynmahiung anneéngodiry ehbc bf dseper coding
encoded based on the at,least one_coded depth determ ned by th :
cod! ngUi BocREiokithaPPisGBY Wsid Re Hiato SR aROt AaleNdssth g Lageengian
accor dinpgtiglierd.he coded depth, in bitstreams. The encoded inage data

may be obtained by encoding residual data of an inmage. The
i nf or mat i onTh®cudtropecrnociedilz2§ owipotsatheointagry data obded misgmbmagding unit,

| nfd hosnlcl' i bR ABRH o 8 IREE 1P baite i ddtarfRst i, BR o unt
transf @stemhirel 120,t and Nnféeinatibn Asotemer eREsHIRG ! MvLE NeccRRdingP® the coded
encoder 120 selects a context nodel based on additional information

of a cderthnin bissteeams.t , The encaded imagengéita Mabe Obtaivedthbyrencedingresidual
struct L t d a:ﬂﬂl!ﬁ . i

vi deo %lé]tgo i%ﬁ%‘%o?@'ﬁ?ﬁ OrTrs eﬁ[?er %gé&ﬁe'ﬂ 0 |°gég;,gg‘%%rﬁﬁ‘§q8né§8§.dndgep‘h
the i nmge halueofinfol@alion mabxdututhe aeided Webth, anbosly the@xpatitomniype in the
about the e,ncodi,ng?rmde according to depths. Here, the entr

. . , It ropy .
enbodeRredEyORENI 0@ PRediEtiom B1Qush @ik theodes of Hhe FRNsKFMaliag dlitag I Hetail,
synt axa@!cfé&ﬁ?éd Obelblie tﬁé”érﬁma)f%ﬂw@er‘m@b Qﬁeﬁ%ﬂ%‘ gtgh{élg rﬂﬁgbf h388Y on
informati on of the current codi'ng unit as well as additiona
i nf or nedditienalfinfonmatipacé mt curehtndptaninit, sicirsdeksmatiod etheubitme heerarohical
cont ext del r entro encodi.ng . the 25syntax elenents wl] be ,
descr | BEPHIE gbde (GHaDTS HE HHRE e B CABRRST S Eh des HseneRegring
be defiBabd)yangi pericithd terdtripy Bhcb@mgaasaitei ditolihgd@RE itnagiiddta of the
i ndi cates whet her encoding is perforned on coding units of a | ower
dept h maximum esdiag cunit end gwpak. elementse about dhe afmedingomadee acoending to

fgdgﬂg%egghé ainﬁef)c—{:} ﬁBé?e%lg)ﬁgeé)ﬁ&d eir %%emg@a%téﬁniltﬁgechg %B%?é‘xtt i &%I Wr ‘éﬂlr% py
encoding the syntax elements of the current coding unit by considering additional
information of the current coding unit as well as additional information of an adjacent
coding unit. A process of determining the context model for entropy encoding the

25  syntax elements will be described in detail later.
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
30 thus the split information may be defined not to split the current coding unit to a lower
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
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30 thus the split information may be defined not to split the current
coding unit to a lower 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 |ower depth, and thus the split

i nformati on may be defined to split the current coding unit to obtain
the coding units of the |ower depth. If the current depth is

not t hepldaddéamadipnhmay nes diefiged do peplit dherstirtemt tdodingo dinitdo wbitaint thet coding
split inﬁg %pelcodiag ﬁﬂit of the | ower depth. Since at |east one

codi ngUUiF PT & IBYEf AEPIbvwer depth exists in one coding unit of the

current depfthhe chifrepfBBEINNE rict theRBAEE HantP Brc@HRAisPibrRRaIRICEH Y coding
unit of the lower depth, and thus the encodi % rraei%/j be recursively
-dept

per f or kel thatris wspéit E&Fﬁhﬁécg@imwmﬁ@ﬂ ihg lower dle ; ge at least ongj ¢aging unit
ot ol Ok HEE P Mt i (e o LGOS LB BhD el R Bpcadting is

I s det pipBatély fparformEd 69@atl dtiig ehitaofcipdedwae Ridhth,! AP tHR tn encoding

about at | east one encodi ng node may be determni ned for one paxi num
codi ngmaiike regussively pesfesned dpr thegzoding unitajavinadhe samendertixi mum
codi ng unit | r di o) | '

SO, LR 8 AASLFRS rRBEE A1 dRGEELi e Pk Fiimu
i nf or nedding Wwiipuind heformaitish depub atridasthenemredding modie Iayefeeméradd for a

for the i.mage data. 15Accordingly, the entro encoder 120 nm i gn
en&:‘bd@?@é'm%ﬁ%ﬁf{ Adrpdesogent lé%??@%%éﬁ_ﬁﬁt @g _ Td’é‘ﬁt?ﬁ%ﬁiﬂﬂ%ﬁgo':?es'sﬁa be
encodi gﬁtgﬁ’ﬂ%o‘ fordind ﬁ%%m%ec&éigb RnitCOHIEY &Rblied E)dée:i)rt]ﬁg”oﬁﬁﬁtf%%e data of

unit, d a mnimumunit 1 ncluded”in the maxi numc
The m thenmaxiomirn aeing dnitgnay bardideteot aceodirgf ta loeabors simceithg émaperdata

Codi g PETRIRANY Bbit SisordiBb o st nsd thBbrorhiein' Ayl Bodeq deptn
mexi Mughd B BREOHIAG nitRicemaitde $abr RYinkfyd dsthuded in all of the

coding units, prediction units, partition units, and transformation
unit s i ncl ulleeprdingh dhenstitiop eywgidey 120i may assign emedirg infpireatiarhgbout a

cl aosi frtPheni e aBaf WeBHh abi att BrodlBe Parese o 1esiidng BhifE odRg untt
encodi the préfictioh Unitehhe@a MFGAUEH 06it IrtlieRTindthe PhaXiMiung codig weiitcodi ng

i nformation_according to the coding units may include the I nformation
about the pfFginininwniyttaseridingoteran sambndiaest of e prasent inyastiomrmay be

erod Sk RR ORI b7 SRR 68 PRSI EEBLEno e

r efeer eloverinosyeeptiddey 4f ahtdemant ipe armalEximalbo utclangular adata eaip thataimayt be

a chroirr]’%m%%mgnaelpgf (tjlfle %ro]ding units, prediction units, partition units, and transformation
units included in the maximum coding unit.

For example, the encoding information output through the entropy encoder 120

may be classified info encoding information according to coding units, and encoding

25 information according fo prediction units. The encoding information according to the

coding units may include the information about the prediction mode and about the size

of the partitions. The encoding information according to the prediction units may

include 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

30 intra mode, and aboutr 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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30 intra node, and about an interpolation nmethod of the intra node.

Al so, information about a maxi num size of the coding unit defined
according to pictures, slices, or GOPs, and information about a

maxi nrum depth may be inserted into a header of a bitstream

In the video encodi ng apparatus 100, the deeper coding unit nmay be a
codi ng unit obtained by dividing a height or wwdth of a coding unit

of an upper Indthe Wideahérdodirg appataﬂyseﬂOﬁbtﬂwdebpert aodingrurit =y beradsoding

wh th f the codi t of h t d i
oron it phtiadh y Hrid.A Reltlitias artriSe § ot Rt Bh et et oty s

unit oppé hﬁ\{@ruébéwﬁé PR, hayi 'dlEert Wt‘:réé. Z@h@ﬁ t%'xékb r@fYth'e“@bdﬁﬁQ unit of the
maxi mum 4 the coding unit of the |ower Accordingly

t he vi deveririapdh igy2bpadr teusiza ob theagoding mmth:é tb@mwr@r danthds Nxbi n@lméhe

andt antfifo i & BT M ERMARRIND bR AN Bl R RS 4 o

of t hetH@@@ 619 i free [[:_;Qverlﬂ@;lp’th and the maxi nrum depth determ ned
considering characteristics of the current gl cture. Also, since

encodi ng nmefcerrdpaly. dhawidegrercasdingrarpaiatie a@ﬁgawiwm the q@an&gur@at@hawng
one Ofth\éa'fr'e g@trﬂétﬁgé Cﬁ&)ete}é@rﬂﬁ@gaegdlhga[]ﬁft@rw&rggc%eP?ﬂ{n ) ehEpe and an

encodi hg no m ned>consi deri ng the

codi ngopilﬁmnrrpénzawn @ach maRpeursi ueting Ubithbesed dn e siregd theviangmbirgboding
is encoded in_a conventional

resol ution or Iar data m)ubqti

madd ob¥i l@ndy n%tﬁ‘B Qi@k@'”&é’r ConRiggfiRg &@@@?U@I% of the current
i ncrea Ac f e i
genera?'EﬁJ?orﬁ%;ch WCPSE?@'E*E‘D’“"%& o2 BeRfoRhel! o ST AR A5y it by
t r ansnusing lamyocamg o sarous pfema:tu:tn owdasdardhtransformaterss, am epﬁmumaamyoding
decreases,. However, by usin vi de encodln paratus 100 .
oo CoRB: DOV, B GetpolfEt foralgetid [haradetuty Ab4RE i gritnpt vagous
adj ust gehgehéibes.consi dering characteristics of an imge while

increasing a nmaxi numsize of a coding unit while considering a size

of 1% he i mag€hus, if an iFmage bavieg digh ase&olutuagroariar@e @atai@reouutetsoem@ed in a
apparat us, 2 Lo or.di inven

Q bg % (f'l f @ k Cg[sent tI Mireases.
25The Y7'HECHRE o’iﬁ‘?ﬁ{f %ﬂa@apu@ 00"t 88 S ﬁps?y ePErEmYeY
ext r achgsorditgly, 28 AINRPYoT§assy of 26bmprsbsadhirfdmistire Yerdesedefor each

230. Definitions of various terns, such as a coding unit, a depth, a
pr edi ciiB6rPhiRGK INCEcasesnand i it indiffisult, toarfmsrmir @emnmsa%mfovaaﬁmand

encodi g Mdesrod8bn VLIS, OREEALLEDS YoddierIHESEE U Mo ensoding

appar a re identica Sé ‘'descri erence

1 znd afearatudet0® noedjengodpepratiiicieH2y. may be mEsts;drmIazxe el oy unit is
extract recei ves and parses, a bi{stream of an encoded vi deo.

The en Jaﬁgegid@@t?d@?n ingehayacerishier atanimage Wilednegasinge maximum size

of a coding unit while considering a size of the image.
. FIG. 2 is a block diagram of a video decoding apparatus 200 according fo an
embodiment of the present invention.

25 The video decoding apparatus 200 includes a syntax element extractor 210, an
entropy decoder 220, and a hierarchical decoder 230. Definitions of various terms,
such as a coding unit, a depth, a prediction unit, a transformation unit, and information
about various encoding modes, for various operations of the video decoding apparatus
200 are identical to those described with reference to FIG. 1 and the video encoding

30  apparatus 100.

The syntax element extractor 210 receives and parses a bitstream of an

encoded video. The entropy decoder 220 extracts encoded image data for each
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coding unit fromthe parsed bitstream wherein the coding units have

a tree structure according to each nmaxi mum codi ng unit, and outputs

the extracted imge data to the hierarchical decoder 230. Also, the
entropy decoder 220 extracts additional information about a coded 5
dept h, an encodi ng node, a col or conponent, and a prediction node for
the coding units having a tree structure according to each nmaxi num

codi ngcoding ,urfitr romt the parseddbitsitnesmm, e\aherevh&eezodimt enitsabiave iaote¢ structure
infornatio output to the hi.erarchic d L n.other

wor gs. Stetarseiseted nimbitt podiBh Ariinard ofifHR e SXtineeduBpiieta to the
COdIngh@ﬁmbhﬁﬁﬂdé@ﬁﬂygﬂﬁpded so that the hierarchical decoder 230
decodes the |nage data for 10 each maxi mum coding unit.

i nf or mat i onAlsodbe tgrdramudacerdgn B2Amkttasts addiiiginay imf@tmammuh@ ceded

codi ng bRt <Cor BeihhedEa LBic TorhBondit, BT pREHERY Inle 16Tl Plng

an encafit9bavpgen fray Stnﬂmeaad@fmhgablmhaheuﬁnmmafdﬁ dg uai, ﬁrorrmeth@fpased
corresgondlng codi ng unit_ carrespondi ng to the co about

a pr edpistresm nofie Hractecs PatignB LG RISy RoWBNE 4o ths m@r@eschlca! decoder

e

coded dmptahdalmeh eheodaetd:edltmm thedwemmtm:aﬂdwoder 230 hlecadesthe noabaendata for
unit extracted qﬁ entropy decoder 220 is information about a 20
cotfed BRG MaxKauRL 4Ny mode determined to generate a m ni mum

encodi ng STTRE [M'Bﬁﬂ fidh 88608 coteddsth taﬂﬁidfﬁe 56 o?okgq)md&% SEBRARGHS the

100, repeatedly per ornms encodi ng for ‘eac ee
accor dﬂnagimmmdepdlhg anrtomayngetsxeteﬁxhlmmxmatm abduh@tuleast one coding unit

Accor di t he e i appar at restore an ima b
focon o Tesonita, 1o 458 SEEEE b BR0 S wincncaveltah g dhie ay
node t.hamciéﬁnﬂﬁﬁ@mah%ddﬁ@ pﬁ‘ér{ltlﬂﬂ#?p@‘@pﬁ'cﬂﬁe%bbﬁcﬂmg codin OIg ﬁam@@rrespondmg
encodi ng i nformation about the coded depth and the enco node may

belsas stoghedoded deptiacrhasit @ predictian anede, tard @ﬁ@ﬁrﬂgtrgn&f@fméﬁm baitngAlso,

decoactBte i MaRCaecatel hiasiits Mal B BuPatReas IRGrERARE abaus e

encodi ¢ taccording to the 30 predeterm ned data units. The
pr edet er m ne data units to which the sanme information about the

coded dept hI Bgdnicraatiae oy thededes deringARd thayemroding aneda) aceomking to
the data-pip &ﬁnurﬂcédéﬁrggf.lhﬁ e&pﬁct%ﬁl Waﬁ@éjdd%%éﬁbtls information %B%t a

detail, as describe e ent’ropy er sel ects a con
nmozbel mdbdo@e;ﬁtbrarﬁzl amenopgindenode dgtdrateed tmgenenate s my'maarroéncodmg error

information, such as infor i on  about hi erarchi c structur

Gt o DGR AnRRPEeR SHBbVES Aha MBeRNconiie SBRREHLS 00} TRPF&ISHR, ariagns
synta r I

y xeﬁclbcmgg;m e ic?%é%é? iy gﬁg a?ﬁ@%t@é@pfh%%&bﬁﬁn h ealdh rﬁai.gmm

pi cture codi e 1 mage d maxi mum codi ng unit base
on t hecochm@umit i Ancamhruglytthe idele dedeping appadrate 20codiyrgstoneen image by

accordin 0 e .maximy codi ng. units t her, words, the i

o odc1oebsliatlS IRt Flre ShaEintd ' v godad: deinagi Gip pREoURB BotE et
| 4501 nadAeBteaRARiminuRPERddditiefrype, the prediction node, and the
transformation unit for 10 each codi ng unit fron1annngﬁthe codi ng

uni t s havi ngincaencedmgsinfarsiaive abaitdbe ¢orad skepth madit rﬁr@@dinggmgdetmay

O ear % Aasaa A SR RiuNES Puf R fohCAmbDE L CoPEshidfasonine untt =

| nver sgrelicibaf aniTRtdnan arainfuRerur@t! ke apaopdi @chdér”EEOOﬁha(?f extract the
i nverse orthogonal transformati on or inverse 1 nteger transformation.

information about the coded depth and the encoding mode according to the

30 predetermined data units. The predetermined data units to which the same

information about the coded depth and the encoding mode is assigned may be inferred

to be the data units included in the same maximum coding unit.
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15The hi erarchical decoder 230 may performintra prediction or notion
conpensation according to a partition and a prediction node of each
coding unit, based on the information about the partition type and

the prediction node of the prediction unit of the coding unit

according to coded depths. Also, the hierarchical decoder 230 may
performinverse transformati on according 20 to each transformation

unit int helrbddﬁaﬂga&rdes;:rilbm;@elm thaeeritrdnyrdmdctm Zﬁﬁomlecﬂsea soptexpimodel
t he tran orgatlon nit tge Cﬁdlq? unit accordin %o ode depth

S0 as ?'a pBPTOMM t “1%2’9&8 PPaREPST nAlt i GHICHC &SN g '8 msuch” as

codi ngm‘kﬁﬁﬁeﬁlon about a HiefarBhiebPStelitGR] ofdenadfiits 2R3 cHBYd A8bes 'ﬁhﬂ%b@ut color
| east one coded depth of a current maxi mum coding unit by using split

i nf or ne@Mpaneisowdile gecodingmyntax elememns. spl it 25 information

e oo 0 il ARG Rl NS Byl TR BB e

decodedata3fl exeh rigsinfen endipgechitiBaseddn #e Fashativreasadithg coded depth and
correspondi ng to the each coded depth in the current maxi mum codin

uni t bipeungaglingeodgranaesdingdo éfb%maﬁrﬁé"b%ncim@ UBits 1 yineother wreds, the ?mage
predi chhan jupl fer HAG H{a‘iﬂﬂ‘éhb@% HRAEn AL tlrli\ﬁgé' 4&ta foak@@ on the extracted

transformation unit fo coding unit cdrrespon

coded manmatlomrmbmuﬁlpelpaﬁhenltmethéqirad iagfiot heodey ranernthe rtmnsmrmat‘mhi urgt for
unit. i dataT, units containjng the encodjng information

i nt ud‘? e ”EM KN iAMOng g GRAING HNB KB JAe HsectiTURIUTsBEldpH ¢ each
the engod] X COggﬂMPﬂ%&ﬁgﬁg %e&@rmép%a&@@%t BF |&ﬁﬂ1 ﬂﬂﬂ@le@'.ﬁtra

from anong t unit iction unit, and't
uni t, predidtioe @tdnenetiomiatampensatlcrray and cumsindensed ttacmsfmrrrta’nendat dnverse

unit to be decpoded by the hi rar i cal decoder 2
encodﬂ'iﬁnﬁﬂ to%ﬁ'ha"%ﬁ e Igpug ﬁg 9&),[ (anlqrse orthogonal

i nf or NphhSFBrrABeHH oamvb%@htég@tﬁa?@fdrmaﬂ@ht that generates the m ni num
encodi ng error when encoding is recursively performed for each

maid mum codi g Wigrarchigal wegodee 2B@ ineor pefemm irdralepragéctiome or motion

<t uor P EhR 3smGia HBuond AR SRR MPeLBY oG BAGRbR, prsed

codi ngom!thd infeyndtrdgsadede pattiion thfe bhe theoprediotion AR defofehdiphgdiohidr unit
is determ ned considering resolution and an anount of inmage data.
Accor d?frifegodingunit aceerdig t@Ro8eddemhgih resol ution and a | arge

amount of dgjg, tﬁ@ﬁef&%ﬂ%a?@é@oc@?&%%gﬁabﬁbﬁﬂt hyergs(f%ﬁgfbrméglon ageording

restored by using a si odin and an enco
arm® adaptacretrgnsfetrmatiomeshitan dbe d:lodmg onit, Hzarsacit en itisé |rcfermét|ciﬁabbet the size

irrergglev%fghfz,t@ﬁ/ n’é%%&ldglto (5 Ealc%rc]iln%bgrlﬁ% agcr:]orgpt |tr(§ucn3d% ¥ (—:(*jpltl%J sng)gse to perform
the inverse transformation according to maximum coding units.

The hierarchical decoder 230 may determine at least one coded depth of a

current maximum coding unit by using split information according to depths. If the split

25 information indicates that image data is no longer split in the current depth, the current

depth is a coded depth. Accordingly, the hierarchical decoder 230 may decode

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

current maximum coding unit by using the information about the partition type of the

prediction unit, the prediction mode, and the size of the transformation unit for each

30 coding unit corresponding to the coded depth, and output the image data of the current

maximum coding unit.

That is, data units containing the encoding information including the same split
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A nmet hod of determining coding units having a tree structure, a
prediction unit, and a transformation unit, according to an

enbodi nent of the present invention, will now be described with
reference to FIGS. 3 through 13. 20FIG 3 is a diagramfor describing
a concept of coding units according to an enbodi nent of the present

I nventi on. A size of a coding unit may be expressed in width x
hei ght 'Lnfmmatimryrrm Isawneraﬂxbﬁ pbsévirg thenan8xding Anforohiatign Laa'ttassfgned for
64x64 li.t i,n partitions of 64x64, 64x32, 32x64, . or 32x

ond s Teprseiimings Uda B3 koo Bhogo: e Rang dils the piedpdhdh anggne
32x16, mitinidn usit, éﬁd% thHé‘P@H Bgtaﬂﬂhﬁs ﬁfay]@(é&ﬁi@é/rea%% bhhe Uaiaounlt to be
partitions of 16x16, 16X8 6, 8, "and a coding unit of 8x8 may
be spl decodﬂdobspmethﬁteramblcafd@s@erw lndb(@same encpdinghmpidgeo data 310,

2 ot mum alpe NS FERg, BulFFALE 200 of S el RBRPE 4 A ope® ne

30 max¢dtAy Urdtetah g%r!éﬂﬁb@%éﬂhtnlmanﬁénc@mﬁg aerfeivAtM dirpdihg ’ %cuhﬂvely
video data 330, a resolution is 352x288, a maxi num si ze of a codin

uni t @eﬁ@'m%@raeafﬁRWW'd@p@Qﬂm@ upit, #hd rﬁwuﬁaﬁhae@fpﬁmghmﬁo d@CFEche
3 denot g kAl THBer Hord) bScddi\ s Y AR Wt defofhipe

m ni mum rng unit. a res ron 1S or a a anpun

s | ar@ebe gheraptimum sbdiagainies incsHomgmiaRring urreyodirgy Uﬁitgﬁaysbeéded)ded. Also,
i ncrease encodi ng effjciency and to accur at ely refl ect

chit actermaximum sizepf ‘F%@@ Unl&&é@tﬁrw fRDE raseiutioneaans ap gghount of
codi ngrﬁ.ggjnet % f, the 5 video data 310 and 320 havi ng the hi gher
resol ut than the video data 330 nay be 64. Si nce the maxi num

dept h of th&cedrdingly)&vendidnage 2atabas iighuresodut®hSand atlh@e/ammaoﬁdata

and coferifach dad RN hE Stignikiec ke rodata 5y 9 e uze o pranchig ni

deepengst kA dntBdIrybdePWhich are adaptively determined according to characteristics of

15 the image data, by using information about an optimum encoding mode received from
an encoder.

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.

20 FIG. 3 is a diagram for describing a concept of coding units according to an
embodiment of the present invention.

A size of a coding unit may be expressed in width x height, and may be 64x64,
32x32, 16x16, and 8x8. A coding unit of 64x64 may be split into partitions of 64x64,
64x32, 32x64, or 32x32, and a coding unit of 32x32 may be split into partitions of 32x32,

25 32x16, 16x32, or 16x16, a coding unit of 16x16 may be split into partitions of 16x186,
16x8, 8x16, or 8x8, and a coding unit of 8x8 may be split into partitions of 8x8, 8x4, 4x8,
or 4x4.

in video data 310, a resolution is 1920x1080, a maximum size of a coding unit is
64, and a maximum depth is 2. In video data 320, a resolution is 1920x1080, a

30 maximum size of a coding unit is 64, and a maximum depth is 3. In video data 330, a
resolution is 352x288, a maximum size of a coding unit is 16, and a maximum depth is

1. The maximum depth shown in FIG. 3 denotes a total number of splits from a

15



10 splitting the maxi num coding unit tw ce. Meanwhile, since the

maxi mum depth of the video data 330 is 1, coding units 335 of the

vi deo data 330 may include a nmaxi mum coding unit having a |l ong axis
size of 16, and coding units having a | ong axis size of 8 since

dept hs are deepened to one layer by splitting the maxi mum codi ng unit
once. Since the maxi num depth of the video data 320 is 3, coding
units mimﬂrﬂtmm@umitd@a rdiiraugedecrsling noitude a naxi num codi ng unit

having a | o axi s  size, of 64 nd COdI nits havin | on

orvesor ol @oluBngS idn s Sds ot ca S 82844 Sdig unit
splittifg tee Iﬁi@é‘ rgémaz,oelbnmdﬂ@aée téﬁ@@.ﬁg NE¥ficieSy 2aaf@Pidh éi;%@ﬁﬁ@ﬁ/ reflect
detailed information may be precisely expressed. I's a

det ai | elangrctatistios feaningdgean Acagdinglyc tie mardounusiee m‘rtheozndﬂ@g poit of the

tne pr D0ER 4 AT RA S20 oG INE it TESRREbEInaT oD AR BTG By be

predi cgon on coding units in an intra node, from am)ng a current
frame 405, and a notion estimtor 420 and a notion conpensator_ 425

per forms i nBEcedbeimaivwm drathelttneryidempaliastitQ s, sedingdunits 3% ek thesvide
in an f 4

cur r end S5 d RN R Efing Uit WGl &Bhddid8iztof 6F and coding
t he i ntmigs haeidgdoog akilsizéd of Bﬁtamwsmli&mtiepth?we dehdrizel mmff 'cDrayers by

ensator 425 is _output as a ntiz transformation coefficien

t h% ugﬁglﬁt“fg %WPW@‘B&&'”&C{W&t |'§%@“WW&? sifiee Higamexiagm depth Of the
Lr ansf pHEBIIAR ekl CLifihg @3PSt HEYRD dabaA0 niayp R 4RI
t hrough an i nverse uant|z i an inverse trans 78

the r esmd]ngdmddtaa/lmgnatlbeg wa $ia¢ of d@giandi ding poits havmgea torfgeaxds size of 8

frame 495 ft ei ost sse t hr h.a debl ocki ng,.uni t, 480
and 5 11865 AEPIiSATR AP oRET ek 1B ONFIRYSH L SITLRR o MepavSr GLIRE 1Bl onoe.
coeffici entsm% the m&m%maéemhtﬁﬁtﬁbrﬂaab%tm%g@ a@d:ﬁgtdrﬁﬂ%yszs of the
encoder 450. The entropy encoder 450 sel ects a context nodel

antb pevidee wata3R0apgy dedude AagnBaiseimaeding Hoildavinges laig axisaizaof 64, and

and ancuin BB hasrBHa® siget b A 48 o3l e ordhs B st o 3
codi nglayélfst byaselitsig tex meixenem coding Ulhltaﬁre%ﬂmﬁés ngAﬁ@d@e;ﬁﬁG:Meﬁeﬁg détailed
dept hs. In order for the Hggjge encoder 400 to be applied In

t he vHﬂBU”@’G'@Bdﬂﬁbb&m:F&?'ﬁ?WseXP@@ss heI enents of the i mage encoder
400, 1.
05 1. 4 4 Sy s o 3 B B i, L

entor opynitn dadiny %&JemMIamvetrwumebﬂhng 460 ant bmboawaest of the present
transforner 470, the deblocking unit 480, and the loop filtering unit

490 pe'PV%’Ptllﬁrbperatl ons based on each coding unit from anong codi ng
units havingp %tiaé E?ecﬁétbi"gflHrp%ﬁ@?t'nls%frg’b?é&'i%ﬂbr’i‘gntc!b‘?jlﬁﬁaﬁhﬁ%’m Se Rtk Rlode,

each maxi mum co g unit

from among a current frame 405, and a motion estimator 420 and a motion
compensator 425 performs inter estimation and motion compensation on coding units
25 in an inter mode from among the current frame 405 by using the current frame 405, and

a reference frame 495. _
Data output from the intra predictor 410, the motion estimator 420, and the
motion compensator 425 is output as a quantized transformation coefficient through a
transformer 430 and a quantizer 440. The quantized transformation coefficient is
30 restored as data in a spatial domain through an inverse quantizer 460 and an inverse
transformer 470, and the restored data in the spatial domain is output as the reference

frame 495 after being post-processed through a deblocking unit 480 and a loop filtering

16



15Specifically, the intra predictor 410, the notion estimtor 420,

and the notion conpensator 425 determ nes partitions and a prediction
node of each coding unit fromanong the coding units having a tree
structure while considering the maxi num size and t he nmaxi mum dept h of

a current maxi mum coding unit, and the transforner 430 determ nes the
size of the transformation unit in each coding unit from anong the 20
codi nguoihi4@8. hdhenguantized dransfomation cogfficient meyvebhe ooyutears aduisitéam 455

sel ectg a context nodel use 0 entropy encode syntax el enments and
perforﬁﬁogﬁ? ?BWE@Wﬂcﬂaergg@ed on various types of information,

such as i nf praebhipHpRDERHodRr NSl assiBLisala Thhttst Urddel 4Rt BdHirns anttopy
about col or conponents, according to types of the syntax el enents.

FI G 5deeodingiebasecedom| vatousi dypesn off infarmatiepp guchdes Bdormeiined about a

CO% OB B DB, Bt e AT B B LSk SRR ERr L Ylebong mage
encodedatamafea dabRini@mbeodipgodad and syrftex nelbimentaebgut eas oghdi@ing mode
required for decoding froma bitstream 505. The encoded i nage data is

out put 2eEPTHIRgdPEPHifant i zed data through the entropy decoder 520 and
an inverse g0guant 'f&rerthéalﬂwaggé‘%ntcﬂﬁe“ﬁfﬁfﬁg ﬁé‘a#dﬂ?eﬁd ifah8 Uileo encoding
pat i a F o an i Se

restored to 1mage data in a domai n 't nver

t r ansf appaatds4000 A1l elehtenty oé dhe imagd sOcoderf 400H.6. ntheainprageledictarmd 1) the
coding units in an infra node wth respect to the ijage data in the,
spht i alnoyeRgsHmaleri4 20, graﬂt'%ﬁamwﬁaﬁ)r%& e franﬁf@rr%ﬁf Aigh. the quantizer
conpen i i

rans 2hy P AR UR4aD. e Horst BallEad 100, e Myt HetkRifier 470,
whi | e thesdeblgcking audgh486eabd itherlaopritgriog ornib 800 gretfarine opetations based on
conpensat,or 560 be post-prqcessed thr.ou a debl.ocking unit. 570

ond’ o SagpodgarT P AT obs oG TrlF Bevics e SEUaGRS Pl canbic2Rg the
595. Angiméatdepd9 ot cRER #Rp&Rdnt B6@Hg unthe debl ocking unit 570 and

the loop filtering unit 580 may be output as the reference frame 585.

| nisor der f obpediticallyadlee delta gwedistty 410, dbeapplive Estimator 420depd the motion

decodi Qﬁnpensator 425 determines partitions and a prediction mode of each coding unit from

among the coding units having a tree structure while considering the maximum size and
the maximum depth of a current maximum coding unit, and the transformer 430
determines the size of the transformation unit in each coding unit from among the

20 coding units having a tree structure. Also, the entropy encoder 450 selects a context
model used to entropy encode syntax elements and performs entropy encoding, based
on various types of information, such as information about a hierarchical structure of
data units and about color components, according to types of the syntax elements.

FIG. 5 is a detailed block diagram of an image decoder 500 based on coding

25 units having a hierarchical structure according to an embodiment of the present
invention.

A parser 510 parses encoded image data to be decoded and information about
encoding required for decoding from a biistream 505. The encoded image data is
output as inverse quantized data through the entropy decoder 520 and an inverse

30 quantizer 530, and the inverse quantized data is restored to image data in a spatial
domain through an inverse transformer 540.

An intra predictor 550 performs intra prediction on coding units in an intra mode

17



10 apparatus 200, all elenments of the inage decoder 500, i.e., the
parser 510, the entropy decoder 520, the inverse quantizer 530, the

i nverse transforner 540, the intra predictor 550, the notion
conpensat or 560, the debl ocking unit 570, and the loop filtering unit
580 may perform decodi ng operations based on coding units having a
tree structure for each maxi num coding unit. 15Specifically, the

i nfra pitbdespedriosthe iammpe datanint thenspajiab closzains asé@ mofiodecampengator 560
partitio&s and(gbpredictioq.node fﬁr eacg of the codiqg units hav%n

a t r eePSHPTS MACNGAMPRISAYANPT Soding Uit i pn AT MASAS Y 15Hig & Tgference
si ze ofrgmdsgmsformati on unit for each coding unit. Also, the entropy
decoder 520 selects a context nodel used to entropy decode encoded

| mge dat a The trage detrein thespajial dameirethatese resipast white Reswing daongh the
1R §68 LS SR B 86180 o B O 558 o

YPEs o or ma such as 1 a

hi er ar géblesking tunita3 20 andt 1dap diltennd Nk BS0adrmlinaydobuipatasrerdstored frame
according to types of the syntax el enents. is a diagram

FIG_6
i 11 ust P32 nlsQeptr PednTRgeERRc thradalbilg AgPLIOKNERIME 57 @ anddte: Ipep ditsring

accordj g“mt f t=dfivention. 25The vi deo

encodi H@gg%g% g(g%% anc}hgﬁgfe?/?%ﬁ%@c%o%%@hg appar atus 200 use

hi er ar chi caln eedémdonuthé¢ sirtageasiecodenriEiOdén lod aapmicdr irstthesvideoadecoding
i mge. A nmaxi hej ght i mumwi dth, and a.nmaxj num de f

ol ngPeharetingyd il Saaisr T B erass eein st c8r 4fndhe dars 510, the entropy
char aCéI?éd 1529, He IMRrdd BGotiRK SGthHéein%EJeetrr fodmSe5aPNhe iNES predictor
Si zes of deeper coding units according to depths nmay be determ ned
accor dbpo@ the motioheopnaisatemdeR dheedebiocking 2umitod7Q, rand i fappufiitaring unit

In a hierarchical struct.ure 600.0of .coding units, according.to an

enbodi Fh T PRI HREaTIO ERS G5 SR R G Hr a1 YN & g ucture for
maxi migaoh HaxirefimtdRlispdhig units are each 64, and the maxi num depth
is 4. Since a depth deepens along a vertical axis of the hierarchical

st IrSUth ure 69peCiECall; ghe i@ aredietion (5|5gt raddéep arotiosdicagpensetonr @60 may
For. pr GeeCrIrGPaTiBa? A0 MLl B (B act! obHE cbS LBiehalfidh oo

hor i zogthadtuexishdothd heeldd aaasfimenl549t magt deterrbPR. a size of lantrah$fefmation
wor ds, a codi n% unjt 610 is a maximumcading unit in the hierarchical
st r uct ¥hibfasERchgosing HNE d@@phth%e@trgmdgc Hed2( selectsa rentgit ”lﬂdel used

wi dt h, i rf4 i = BT
e Bt ofaids FEARPRgEPLng RBNBIIE Sl atng
unitt 6&tcduiivg rjoanastiore rexfuirkdxfbé denddiagdepd lpesfor@s entrami decading, Haked on
640 havin si ze _of 8x8.and a,depth of 3, and a coding.unit 650

avi ngVALis WPEs CRRFORTRIS A aeatin SbayEa BipEIGH skrughge of data
havi ngyiiearsd asomcd}efﬂc@ﬁﬁoﬁmsdgé&dadm@ 16 tyFesofMthB! ST, Cadmamtsini t .

The prediction unit and the paril_tl ons~of a coding unit are arranged

al ong the hbolG.z&ris & disdramatlostraiing deepenchdigpuhits laccordieg taataidhs,i and
the CogérﬂﬁoHsn,'a{[ccgrl&l’ng % 5hSmbodiment of the present invention.

25 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
user. Sizes of deeper coding units according to depths may be determined according

30 1o 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
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15 the size of 64x64 and the depth of 0 is a prediction unit, the
prediction unit may be split into partitions include in the encoding
unit 610, i.e. a partition 610 having a size of 64x64, partitions 612
having the size of 64x32, partitions 614 having the size of 32x64, or
partitions 616 having the size of 32x32. Simlarly, a prediction unit
of the coding unit 620 having the size of 32x32 and 20 the depth of

1 nmay ae= spth 64 End ther miakinoms demhudetl iPintbe dedtmdeeapens GRMg a.\vertical
a partition,620. having, a size 32x32, partitigns 622 havin Si z

ot PS0xa5 G4 NieT o b SR 00 3 s Br gl ith 287 dpapet chiling bt are
havi ng [ of : ioti ek | i dlISikh O ' f ioti
Codi nacaa SFBL0 ARG Rrpdiction M 1 parchis LN PHeBrbgS fol Miedicton
split encadipegraef eaochsdéepsrudedingn unite acedshayvuralong3d, horizental axis of the

partition 2 haYi n'g?ta Sé&i of 16x16 included in the coding unit 630,
parti t VERICRIEI! REUSHE QU 26 of 16x8, partitions 634 having a size of

8x16, and pgy biHer W5rd838 ddfihd and SIZR &fm&ihum codingSuf ithe/ higrarchical
prediction unit of the codi n% unit 640 having the size of 8x8 and the
dept h sifucdurea§0Bewbprain a gepihpard Rod ehsizentewdebeioht byavidibdisn§4ubdt The

640, i riit] Vi ! f i.ncl ' e.. '

ani ¢ I8P ERBEs ST I8 1 B7 &rdle BFBab TP RE R od Brauffh 5802 ana

havi nga @lepttz ef af adoHing0dit BB0t havieg s §i46 o aBkng ahdsa ziept oft24a coding unit

The coding unit 650 having the size of 4x4 and the depth of 4 is the

m H rru‘ﬁ‘?@gé?ﬂﬁ‘@ fize Ardréaee & depthmft3. sind acodingernib 860 fwaying agize of 4x4
redi cf i ' f cQogy Uit | S i

Dar t1 1715 2t o4 08, S I ionif uhit 82, hivig che 353 0 oty Bye deoth of 4

| east isrsemdridenin dedinly wiit.t he codi ng units constituting the nmaxi num

coding unit_610, the codin njt determner 120 of the video encqdin
appar at us 1H0P FpdiGhoR Wiicand dbe mArHaN Al 2urRqiad LBl et sHANESA ond the

each Wté}@ﬂié‘%&ﬂd'ﬁhd fbeegléﬁrih tH QHid?ﬁeﬁbeds@}fOthe coding ufit BATORAving

c
of deeper coding units accor g to depths including data 1n the sane
range thedizdef 64x@4 and ¢hé depthaekl ims prediciepunitdinepenedictiborunitaapibe, split

U Bl BBl Bl R B o 2o BAGH At BB, S of
1. Accea@APartitiond ®rapavihg te3RRr 6f BRGX ipatitibPsestd haviad thé Sizeasre32x64,
8 paritions 676 having the sire of Sxag, U | corresponding to the
Similarly, a prediction unit of the coding unit 620 having the size of 32x32 and
20 the depth of 1 may be split into partitions included in the coding unit 620, i.e. a partition
620 having a size of 32x32, partitions 622 having a size of 32x16, partitions 624 having
a size of 16x32, and partitions 626 having a size of 16x16.
Similarly, a prediction unit of the coding unit 630 having the size of 16x16 and
the depth of 2 may be split into partitions included in the coding unit 630, i.e. a partition
25 having a size of 16x16 included in the coding unit 630, partitions 632 having a size of
16x8, partitions 634 having a size of 8x16, and partitions 636 having a size of 8x8.
Similarly, a prediction unit of the coding unit 640 having the size of 8x8 and the
depth of 3 may be split into partitions included in the coding unit 640, i.e. a partition
having a size of 8x8 included in the coding unit 640, partitions 642 having a size of 8x4,
30  partitions 644 having a size of 4x8, and partitions 646 having a size of 4x4.
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

19



depth of 1 and four coding units corresponding to the depth of 2 are
each encoded. In order to performencoding for a current depth
fromanong the depths, a | east 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, along the 15
horizontal axis of the hierarchical structure 600. Alternatively, the
m ni nuHNiEREBds AYlyaassignatklp dpadiandiaying asizeyofddpari ng t he | east
encodi ng eryf.or r di ths, rfaorn.ng odicng far ch .
Geptn ag ¢ nit Eph e BeBuith OB BFdedy Rl Rk SaGRHT R the' Boofid linits
hi er ar gbmstabtirgf tHeCinaikin @O0codingl eRitls 1@ dha cbaing tinipBeteiinkg 14teof the video
m ni mum encoding error in the coding unit 610 my be selected as the

coded €RERHANGAPRATBHSt 100 deriofpe enceding ot seding Yhits @rmsponding to each
FIG 74 i ralationship bet di
a3 79GP ALBGE U OmaRERGD A Bt B8 D% P o an enbod: nent of

t he present Ainureiédn ofideeper codifgeunitsdaccardingciond: piive rahidisg Hata br the0dhme
encodes or deqc)odes an i e accordi ngato codi ngguni ts havi n%&s(i zes

sl | cFaNgRANG NS GAIE $186 AnsrRPAHAS ADRIGRPHLPEPEBS T of OLELAMIBCTtIFoding
codi MIuMR borrSk3ERIING 16 lPHSHRY 6% 100 rhlitey O Tol BT IHERY RLIGHE Plone

encodi ng may ased on data units that are not Targer

a cor r edingdinitgcoretipogding . a depth of 1. Féccerdangy,dn ardet teecoingare encoding
encodi n paratus 100,or 200, ,if size of, the coding unit 710.is
salba, IR oRas7 DR Sty BECTEinGofaEPEY. as e dite WTtaFaTesRARGn (o the

uni ts_géhth2f Navd firdodirkPuiits &grxé’s%onding to tﬁbdsdéptl‘i‘%F 2 Rt dadf e%te'ﬁga.

unit 710 having the size of 64x64 may be encoded by perform ng
t r ansf or mat inoerden te aerfoon aneedingaies feosurtentaleptinifiom aamdnggthehdepths ca ifast

ot anet BTSSR0k e Ah e el o] Gutiieshin YR H eBRRubgdr Bach
FI G 8preglicliofli agitaim tHas dﬂﬁm?imiitegc@néqﬁ&rrm%g;; ;]tfg:orrraatdm@n@fd@mﬂj Rdbng the

units corresponding to a coded depth, accor to an enbodi nent of

t hes prleeréentalriyds of de hieyanahicad strpgtura §Q0. 1 fdtepnatively \thadsindRuBUeRePding
appar | i 8

et g i BB ERadToRY chiRATAY the ot ERbAfig Mtord Withiging to depths,
i nf or niey perfofRidgadrmadirey &irzmobf depth raanihiodemmh ideepens taldmy treacdrticaldaxig of

unit corresponding to a ¢ d depth, as informtjon about an encodin
mode. TRNPHEHIAE ?Wtﬁfﬁ)gsﬁdi gﬁ%@hiaﬁwmlw hBvng tgesmmum egcoding
partitj i ; ARA r-eahetd i t

Poai ng ey a8 o it BI0TRay bl dbledtefl 8 e!ccPRa sk Endth BHIER vpe of
enmodi thg addéngunit 8A0. codi ng unit. For exanple, a current coding unit

CU 0 havin j ze of 2Nx2 bhe. split j.ntq.any one of a.partitjaqn
502 hayi ng Gk 46 BRIAARENOr HaEREING BrelgHaNThlS PRGVESR P eSS SN Tihand
par ti t{ramsfSRRatY LRI 226 Z&oPdinded Mn dBodinftt Of thePPpred et MBhiion.a
size of NXN. Here, the information 800 about a partition
The video encoding apparatus 100 or 200 encodes or decodes an image
according to coding units having sizes smaller than or equal to a maximum coding unit
25  for each maximum coding unit. Sizes of transformation units for transformation during
encoding may be selected based on data units that are not larger than a corresponding
coding unit.
For example, in the video encoding apparatus 100 or 200, if a size of the coding
unit 710 is 64x64, transformation may be performed by using the transformation units
30 720 having a size of 32x32.
Also, data of the coding unit 710 having the size of 64x64 may be encoded by

performing the transformation on each of the transformation units having the size of
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15type is set to indicate one of the partition 804 having a size of
2NxN, the partition 806 having a size of Nx2N, and the partition 808
havi ng a size of NxN The information 810 indicates a prediction
node of each partition. For exanple, the information 810 nay indicate
a node of prediction encoding perforned on a partition indicated by
the information 800, i.e., an intra node 812, an inter node 814, or
20 a sBkRx321otix18168x8, and 4x#hevhictf arevamiader 820 64d4; ainelsthen a transformation
nit to bhe based on when transformation is perforned

t f ti
oaagscﬁ‘:‘@ﬁi"%gdﬁ? ﬁ%a%ﬁpg!ﬁ%ForéQQWes,el?ﬂ@gt ransformation unit may be
a first intpastrg@ngt ar aRigran Yo¢ tdBéAbing %ﬂ%ggigg' FHfb AN G SE 0 BBINGO Minits

unit 824, a fi rst inter transformatl_on uni t , or a second intr
t r ansf comespandingia a 82ded deptiTeecordiog talan &nzratiirmecbdf g pretenhmvéntion.

tractor 220 of the viden decodi us 200 t and
tnet 1ot or mat PerCwBA! 0TI B s BRCEUNS P raliar i B eliode®End
deeper trapsthidintbiiiation 800 RAKeut%a i farftich ags&MnfdmiRRRCE160shdlE & MNirkiction

according to depths, according to an enbodi nent of the present . _
i nvent inede, 3odpnfarmatipor 2 abauhaysize of etfangformatioaraitfot igark ecoging unit

cur r enfOagssitdrs oo BpABY B, B8 ARIRABNEOE o BB Bl ' 2
predi ction TRétinBt@afion sooaddbteminthrandiondaotar shgpeaff ta 9Gitiba\vbiEned

a depth of 0 and a size of 2N Ox2N O may include partitions of a )
pattit by ﬁPWB@ agﬂ@dllfﬁk‘i’ﬂriéj”"hogﬁ £Amght oRAIDPANIG Wf‘@r@ﬂrthﬁtﬁ%t'qrytﬁea olaig unit

havi n L : (! e i | ; :
N Oz %, el et the Bl collh YRS £O0RBANR & Rlyehttading unit
5bon! yClULDusavird essizenef ENREmeayl_btewpéis ir@d%ng_hrrm_ug’r‘a Qﬁi_ﬁitiohil%ﬂﬂ haeing a size
o oo T ot b e blnois a8 ol 5 haban ot kadngia v of o,
predi Chh @ piltition? BR8MRNING 6! HSE R NUNTE UbRAkNP HiTbth AR 80D Dok 0Batition
having a predeterni ned shape, and partitions having a geonetrical’

shepe. type is set Ry édlicateamecolingi paytition 68dckavini v gize 062MxdN, dhe gragtition 806

partitjon havi.ng a, size of .2N N two.partitio aving a size of
DN oG aesitapl NEP e 457 g Gonng RS Bese & Naa f obr
partitions NR¥inferraterr 810findicish L preaictiohthbde of caak habiidn. t IFJY example,
type. The prediction encoding in an intra node and an inter node may

be periher ifarmaatiam &19amay inhieateaai mgdenef giredistion engodirn performed on a

e 5P 0 RS e, o

2N 0OX 280NsRip mode 816Errors of encodi ng including the prediction
encoding in_the partition types 912 through 918 are_conpared, and the

| east encodl g iBrarBIaticy 880 elngiGaies AdmST@gian: unitole thppdaseds omnwhen

cheock BEhBOARELGT SRR OF Sl GRRERRR' | ERrokHigE, By bliehibion

201 f tinit evaydok adirstintma transfdvenation Uit 822 pa tskeopdintira transfoympation 8initd24,

dept h é?irs(iri]r?trelpfrgnsformation unit 826, or a second intra transformation unit 828.

25 The image data and encoding information extractor 220 of the video decoding
apparatus 200 may extract and use the information 800, 810, and 820 for decoding,
according to each deeper coding unit

FIG. 9 is a diagram of deeper coding units according to depths, according to an
embodiment of the present invention.

30 Split information may be used to indicate a change of a depth. The spiit
information indicates whether a coding unit of a current depth is split into coding units of

a lower depth.
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fromO to 1 to split the partition type 918 in operation 920, and
encoding is repeatedly performed on coding units 930 having a depth

of 2 and a size of NOXN Oto search for a m ninumencoding error. A
predi ction unit 940 for prediction encoding the coding unit 930

having a depth 25 of 1 and a size of 2N _1x2N 1 (=N_OxN_0) may i ncl ude
partitions of a partition type 942 having a size of 2N _1x2N 1, a
partition tpgeae8itohawitra) (hfossipzedioﬁombln&ad*ing a eoging uUNnitiaN® hyyeg @ddepth of

0L i 58 Sl B S S s

948, aqfloRt BxbR 614 t|or$Q¥]6é@"ﬂ41hé\ﬁn§atQizéF8'?Nt@ﬂ\lp@ré de 916
948 in operation 95 and encoding Is epeate y Pperforned on co

uni ts B8d@ngBsize oﬁhlvéxaNQ@palhd af pattitiondtypesy thehafinglazsize sz\bOxblchhFlG 0

f di I : i is d ,
spii s SR RTATES B PR Hpenone upnih s wiRR TP iaRed o metricaty
dept h §SR6HE Ihe- ﬁredﬁ;ﬂ@nstﬁ}‘ut t9 10Nt "R AT Yy RE i€ HoP dRsiteRP thitet® HMEMhe
a depth is one of 0 to d-2. In other words, when encoding is

per f or p@fditions tof mee@rem@tlcerepm Eéodm@yampb&deaaammﬁjm@ﬂh partitions, partitions

ored: coRafb A bOeBu PR e e fr Rt adng 2 SRFREYGRT Y S0 Davi ng
a depth of Hrédietioth ansodigg dé répeéiddh) pafﬁofrﬂed)omwelmhm hﬂ&rrkgl &i 998 of
of a partition type 992 having a size of 2N (d-1)x2N (

path i t 2n0X3MeD, P PaRitiags hayihgea Gize8f @Mﬂwuo( qpaﬂgloggrnqwng)ﬁ size of
t 69 t

v ng a0 RreD 0p AR PRGNt B e BN TRALD, BRkdhg o |04 datition
r epeattgglay paefpedietonenoodingaintart |rrb|ra inaderandasiiater uiode may be performed

fwo. pat Hia BAdAkS RS P sastoheN avan N 5N o SN 05hE by Bl oy o.

h
avi ngpﬁe 3;55@89@16 ;@lﬁgﬁd@gxﬂ_é %kﬁ n{da%”b H{gvaeoﬁﬁréﬁ e BaH}fB%Sh&ﬁ the

t hrou r a partition type ng~a ninimum encodi n
er1sor .siz6BV@N_0kaN_Ohe partition type 998 has the mi ni num encodi ng
error, since a i mum.depth i,s d,, a codi.ng uni havi n

depth of d-GTPS b engnyae bk helpraibhoERearna i e ot

for there@sH vg8uaid %oﬁ?ﬁéd t Hhd NBedlcayl éﬂﬂédlﬁ@xéﬁbWSC@lété?ﬁwéu tan%}ﬁb the
IS determnedto be d apartltlon;ﬁ he current maxi num
codi ngpartitien dgpesrayf ban dncedinchedror ds bemallgsy- Im) Qn.e e (of-the partéien #ipese912

| over e R85, 158 Hied Bidn RBR B0 TuRY BRFbE I Bl o
| nfoor mat i onlf tieg ehbeding wrrokns dasismgllest in tA8 partitiorotypedd18, a de J)thAs dakaged
uni t 999 maxqﬂe a 'mnimumunit' for the current maxi mum codi ng unit.

A i ni TR Qe f et dne garBioantyerubld irepRerstion 820 pagencading it repeatedly
may be,&rdirfd P09 dhaigdHid 358 ha®Rh S 5AnRY SAld LidiAgoANTHRY Y TS €8t dh%or
y 4. By

uni t

a minimum encoding error.
A prediction unit 940 for prediction encoding the coding unit 930 having a depth
25 of 1 and a size of 2N_1x2N_1 (=N_0xN_0) may include partitions of a partition type 942
having a size of 2N_1x2N_1, a partition type 944 having a size of 2N_1xN_1, a partition
type 946 having a size of N_1x2N_1, and a partition type 948 having a size of
N_1xN_1.
[f an encoding error is the smallest in the partition type 948, a depth is changed
30 from 1 to 2 to split the partition type 948 in operation 950, and encoding is repeatedly
performed on coding units 960, which have a depth of 2 and a size of N 2xN 2 to

search for a minimum encoding error.
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25 perform ng the encoding repeatedly, the video encodi ng apparat us

100 may sel ect a depth having the | east encoding error by conparing
encodi ng errors according to depths of the coding unit 900 to

determ ne a coded depth, and set a corresponding partition type and a
predi cti on node as an encodi ng node of the coded depth. As such, the

m ni mrum encodi ng errors according to depths are conpared in all 30 of

t he dept hs Wfheh ahmexighurd, depibl ia diegplih opardtiop aceordingsto eadodepth may be
error nmay be deternined a oded depth. The.coded depth, the

ar 11 ¢ Paeest Shiio W el FRSMet e arad il BTG AIRRL Mavdlit eneodastas
encodegp ) Hehad 88btH i8briSof M@ HIABL | IADIREOWbrdY) wHIRCASEJHhdgRASe i up
since a codlngeunlt i S §F|It froma depth of O to a coded depth, on

spl it fonwbenrdbe slenth is Hel aBaea ensiing unk costespendingdade sigpth of d-2 is split in

0 BRIl LRSS R RS Sl 7Sl 898 v
decodi dgpth ¢fnparaidia steDofMN_edtna@N_(dnd niag indiede phetitivhsiafra phalibn type

the coded depth and the prediction unit of the coding unit 900 to .
decode9¥hehang i @i o7 9ab ZNH- Vg o(ddk odi Rartlippabieudobaning a size of
det . i - it nd ; . ; ]

det et e BRPn) s RARCERIA OO TR 8nsi® B 8P RONeRLAFPL
about mﬂiﬁonﬁdjmg?]&tllgeingfa ziheoéw_(&-?pm%ﬁdqg).dgpth for fjecpdi n%_.

10FI GS. 10 rou are diagrans for descyibi a relatjonshi )
beltheon codPHGIEIIM GBS Mt ERRSAICH AIOIS CraARS FRAETORHARY groize
uni ts 070, (AFEONIIAQ ! R PaRFRPR! HRMg B siEO DIANPSELEXNTIRALT QR partitions

The codi ng—un 10"are coding units having a tTee ‘struc ,
cor r eshaviog agize ot bid &t 1ikdd_H{g- g eforrr pianiidnisyhavirg aisiizeooNc@ElT pxdi_(d-1) from

t 100, i ' ' 5 it. Th di ctl | t .
1060 #B0opHr e PEABOBTBRE R Mg 9280 satif JB oot lPm egng
1010, mifimuleechesding@iiorti on units 1070 are transformation units of

each of the coding units 1010. Wen a depth of a nmaxi num codi ng
uni% is 0 iRvemavhesdithe padtitien type 998epasdher mydaiuny aensodingl emrer.asidce a

20and D SR 00, £ BEUN8 R G-t nadBe o GfFno T svitto 2
1030, 1022 deptit] dfdtd esded depti ferethiehsodihg agttisngbnstitutimgle Hurreld 42aximum

1044, and 1046 are 4. _In the prediction units 1060, sone ]
encodi (Fﬂjj"ﬂﬁmil{nét 9@ is deterarinechin ,bel@é2?”@@48,%'1'956)/&3%%256 gdrend spagmaim

b ARG 17 848067081 Mbb% @D RS5O A6l 5t8 it
anmh 10&%pth 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 280 is not set.

A data unit 299 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

rectangular data unit obtained by splitting a minimum coding unit 980 by 4. By

25  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.

As such, the minimum encoding errors according to depths are compared in all

30 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
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25 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 perfornmed on inage
data of the 30 coding unit 1052 in the transformation units 1070 in

a gat aeneoding hadde.s Alsa] siace taheadihy einitddispiit fromt a ﬂ@g?n ofADk0.a tdrj]@ed depth,
coding units_ 1014, 1016, 1022, 1032, 1048, 1050, and 1052 in the

tr ansf69'%&?916ﬁ”éﬁﬁ?§0ﬁ@fdﬂi§r@4ﬁdf flepiinis pelola Bh@é@ spiitipormadian fi depths
units eﬁggggbghé%gagdgggg{%giﬂggq-shapes. In other words, the video

encodi ng an ecodl ng apparatuses 100 and 200 may performintra
pr edi cti on, Thetinageedatanand encodingi informanipe resditzictor, 220 ah dhe videa dacoding

and inverse, tr formation, individuyal l.y. on dat.a it in th e
cod ngsunrretis AR JRa reftet ot die dioBRaRe iyt Jhe rcsiirdaceRioan the
of codpr@idtint hih 8l ihdScctlifd ehRIIDY ©adecddeikcYsftitich 83gh TREIVEPHeSoding
maxi num codi ng unit to determne an optimum coding unit, and thus

codi ngapparatush200 npyedetegsinsta deptiy, én minjchbeplisinfarmation En@oes agoded depth
information may. i.nclude split informatjon_ahout a.codin nit, .
| nf or niY USIsasRlisintaraahion Bekordint, 0 IPRG: aldite DTN Shiytan gncoding
node, madel dgFftiee dBErb8PomilAg dedth P delcagingf a transformation unit.

Tabl e 1 shows the encoding information that may be set by the video

entodi ng anblGfectRitiiguappkd aradisgrame fahdeswbing abietatipnspin between coding
o Lol EELEN, sCaBENS o R Ry S, 876 hckBRing 1o an
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
15 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,
20 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
25 have a size of 2NxN, partition types in the coding units 1016, 1048, and 1052 have a
size of Nx2N, and a partition fype 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
30  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
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Partition Type Size of Transformation Unit Repeatedl yEncode Codi ng
Units having Lower Depth of d+1 Infra a Inter Skip (Only 2Nx2N)
Symretrical Partition Type Asymmetrical Partition Type Split

Information O

10

15

20

1060 in terms of sizes and shapes.
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

In other words, the video encoding and decoding

optimum coding unit, and thus coding units having a 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.

by the video encoding and decoding apparatuses 100 and 200.

Table 1

Table 1 shows the encoding information that may be set

Split Information 0

(Encoding on Coding Unit having Size of 2Nx2N and Current Depth of d)

Split
Information 1

Prediction
Mode

Partition Type

Size of Transformation Unit

Intra
Inter

Skip
(Only
2Nx2N)

Symmetrical
Partition
Type

Asyhmetrical
Partition

Type

Split
Information 0
of
Transformation
Unit

Split
Infarmation 1
of
Transformation
Unit

2Nx2N
2NxN
Nx2N
NxN

2NxnU
2NxnD
nLx2N
nRx2N

2Nx2N

NxN
(Symmetrical

Type)

N/2xN/2
(Asymmetrical

Type)

Repeatedly
Encode
Coding Units
having Lower
Depth of d+1

The entropy encoder 120 of the video encoding apparatus 100 may output the
encoding information about the coding units having a tree structure, and the entropy
decoder 210 of the video decoding apparatus 200 may parse a received bitstream and

extract the encoding information about the coding units having a tree structure from the

received bitstream.

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

25

If split information of a current depth d is 0, a depth, in which a




of Transformation Unit Split Information 1 of Transformation Unit
2Nx2N 2NXN Nx2N NxN 2NxnU 2NxnD nLx2N nRx2N 2Nx2N Type) NxN

10

15

20

25

30

may be defined for the coded depth. [f 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 fype 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:n and n:1, and the asymmetrical partition types having
the sizes of nLx2N and nRx2N may be respectively obtained by splitting the width of the
prediction unitin 1:n and n:1. Here, n is an integer higher than 1.

The size of the transformation unit may be set to be two types in the intra mode
and two types in the inter mode. In other words, if split information of the
transformation unit is 0, the size of the transformation unit may be 2Nx2N, which is the
size of the current coding unit. If split information of the transformation unit is 1, the
transformation units may be obtained by splitting the current coding unit. Also, if a
partition type of the current coding unit having the size of 2Nx2N is a symmetrical
partition type, a size of a transformation unit may be NxN, and if the partition type of the
current coding unit is an asymmetrical partition type, the size of the transformation unit
may be N/2xN/2.

The encoding information about coding units having a tree structure may include
at least one of a coding unit corresponding to a coded depth, a prediction unit, and a
minimum unit. The coding unit corresponding to the coded depth may include at least
one of a prediction unit and a minimum unit containing the same encoding information.

Accordingly, it is determined whether adjacent data units are included in the
same coding unit corresponding to the coded depth by comparing encoding information
of the adjacent data units. Also, a corresponding coding unit corresponding to a coded

depth is determined by using encoding information of a data unit, and thus a distribution
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(Symretrical N2xN 2 (Asymretrical Type) The entropy encoder 120 of
t he video encodi ng apparatus 100 may out put the 15 encodi ng

I nformati on about the coding units having a tree structure, and the
entropy decoder 210 of the video decodi ng apparatus 200 nay parse a
received bitstream and extract the encoding information about the
coding units having a tree structure fromthe received bitstream
Split omqﬂeehdeidhsumalmaxnewmvﬁedm@rumt mayrb@rdetetminﬁg unit is spI it

Lo P one o SnrBiity iPh Gttt odlie i if hretfited H¥eRi T EhBAARG, Bropation
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i nformati on about a partition type, prediction node, and a size of a
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inter eRRReskipfermation; @i‘efae.dﬁtammtﬁaaw tth%ﬁetasﬁs@g agiagentoding pnitpaay be
'S defu‘e‘?@r‘i’e&’%%’pr’eﬂ cﬁnB%ﬁé Chir8ht &c%(d%ﬁ%ﬁﬁ}f' ng a size of 2N\x2N The
I nformation a partrtron typé nmay indicate symetri cal

pgrt ition tl;'/t&smalm algjlllagmmlfof cﬁ&&ﬂNngZﬁb«E]athEN,p beﬂvé\w\la ohdio amie a
obt ai ned trica 1tti t or.a wd
OOl eraiPligR, U G ABUB Anthp et on ya@sa%qmwg ke Sapoting gpode

2NXNU, infdisidaondiidbie nd NRX2N, which are obtained by asymetrically

spli tt| ng the hei ght or wi dth of the prediction unit. The
asymmret ri caf rpaxlrmwmmdnwemlméﬁﬁ)@lgnmlhées|®dmg)iJnﬁab(iﬁ02antBOZH\b(iﬁD6ne{5612

e, 1 REEAL Y5l0; Bk S PhasBlchiS AdB. BB The Speliult B Lepsing
tSIh z eaﬂ lg;ﬁ]% Bfafé?%&rs%@lddéﬁﬁ%lﬁﬁﬁf&mahgﬁ RSy beadet tole. ailArREmBYioA RIbdLt langartition
15 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
partition type 1332 having a size of 2NxnU, a partition type 1334 having a size of
2NxnD, a partition type 1336 having a size of nLx2N, and a partition type 1338 having a

20  size of nRx2N.

When the partition type is sef to be symmetrical, i.e. the partition type 1322,
1324, 1326, or 1328, a transformation unit 1342 having a size of 2Nx2N is set if split
information (TU size flag) of a transformation unit is 0, and a transformation unit 1344
having a size of NxN is set if a TU size flag is 1.

25 When the partition type is set to be asymmetrical, i.e., the'partition type 1332,
1334, 1336, or 1338, a transformation unit 1352 having a size of 2Nx2N is set if a TU
size flag is 0, and a transformation unit 1354 having a size of N/2xN/2 is set if a TU size
flagis 1.

Transformation unit split information TU size flag may be a type of a

30 transformation index, and a size of a transformation unit corresponding to a
transformation index may vary according to a prediction unit type or partition type of a

coding unit.
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15prediction unit in 1:n and n:1. Here, n is an integer higher than

1. The size of the transformation unit nmay be set to be two

types in the intra node and two types in the inter node. In other
words, if split information of the transformation unit is 0, the size
of the transformation unit may be 2Nx2N, which is the size of the
current coding unit. If split information of the transformation unit

is 1, the BEOr examplegrwinén time pattitonntpele sebttaibzesyrhynetiidall L.enthet partition

i NRPET R B, 335P. St 3%8 s NS RrmAanCUt At MBS Pe, OLORRAY s
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current coding unit 1s an asymmetrical partition type, the size o
t he t rasidecsfimdxN isrseiif & Thgizbdlay/ i@XINV 2. 25The encodi ng i nformation

shout. ool BELDS, Gpb 5ot KoL BB B el
and a 8 MEREINr1338)Q FRGLMBEMEbA uﬁﬂﬁ%%?ﬂ%\ﬂh@% dige OhONOAER fém? A TU

may include at |east one of a prediction unit and a m ni mum uni

cont ai sizadlagtie Os and acinansiorgatiort unitrd 864 havingea sitierafl N/2xiN(2 issset if a TU size
det ern?' ned yvhet her adjacent data units are included in the 30 sane

codi ng W% ‘correspondi ng to the coded depth by conparing encodi ng

i nf or mat i onRefertiRg tAFHBCENthedRl BizdfldGis AFISG halireCd VaRRID BE1CHAN the TU
unit corresponding to a coded depth is determ ned by using_encodi ng{ i
i nfor ngige dlegois aollimdednfiot 1 ik rchastransfegnatigutingnmaytbe dirrarehigallyssplit

ina %iﬁ@@t?@éjisﬂ CHJ% \mﬂﬁgﬁgggrﬁ%h%r I.q;ﬁ’]%rease .frorﬁ‘c(forﬁil@qusiz.éfﬂaﬁ may

current coding unrt I's”predi base n-encodi ng i nf ormation of

adj acelné uded asum &xampRasid frgnsfofmatian irmtexof data units in deeper
coding units adjacent to the current codi ng_ unit nmay be direct Ig
referred tolndhi Q%’i?dih%ﬁlzﬁé}fr?a'trﬁﬁ}%cpwai'@n gng thatdas %‘?ﬁii ﬁﬁtUéHY pisgd may be

predic ; ' i r [ i I :
i 5. 25Teagar By AR 0T Meq B iR Raa, (B86het Mitie
i nfsor ngize amdahirtimendaiza afrthe dranshiematonsensit. c hEte sidiacendodiglappanaiug $00
may be referred for predicting the curfent codin i

t, . FI.G
130508 GRERPIEMOf oPneRding | mANE UM, SPRSIIEANOR HBRwEZR ifermatiap, Rymimum

a 10 paredbfhb®h WHit sBE MfGdatidn, Odhd & hakihLAn SHLerdmd if@g. UNfHe result of
according to encodi ng node information of Table 1. maxi mum

codi ngengnding 3dloe i mobxidesn c dnsfjormmatian 180#, sizn4 nfesostion.31the 18W@mMUM

1316, tand f1318t' of cgded dept hs.. Here $i nce .t he i% ﬂnit 1318 is Bad
codi ng" i P B &8 e%!z%érﬁgm‘a@%’h 14 AP MRS e sigs Ueq Py e inserte
| njor Miptd @if 8PSIt Bhddliddd ideBodipgt dpsaratud Reoce@ivn@edttid vitREBbPaydimg the
a size of 2Nx2N may be set to be one of a partition type 1322 having .
a si zemgkimppw2kangfopaation jusi fﬁ‘?@énmmt'ﬁav?hﬁg MHNENBIE %@ng‘wtlw unit size
artiti ; [ JF i 2N, a partition type 1328

IElavi ng'hgd}gf%f@ﬂb%ﬁﬁkwﬁﬁ)ﬂgyﬁ fpésﬁzé)ﬂp 1332 hgvi ng a si zgpof 2NxnU, a
partition tFpeekddpldalfithg sizei gfeaotudbtnBpdiagparit iig i84x64dy pad 18 3Ihaximum

havi ngtrgnssfzarzn?at(i)gn ﬂhézslt\lze iasnéjZX%Zl,) %ﬁérll ttri1é) rs]izt(szycl%ea %l%%%for}?n\gtig% L?nit may be 32x32
25 when a TU size flag is 0, may be 16x16 when the TU size flag is 1, and may be 8x8
when the TU size flag is 2.

As another example, if the size of the current coding unit is 32x32 and a
minimum transformation unit size is 32x32, then the size of the transformation unit may
be 32x32 when the TU size flag is 0. Here, the TU size flag cannot be set to a value

30  otherthan 0, since the size of the transformation unit cannot be less than 32x32.
As another example, if the size of the current coding unit is 64x64 and a

maximum TU size flag is 1, then the TU size flag may be 0 or 1. Here, the TU size flag
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20 size of nRx2N. When the partition type is set to be
symmetrical, i.e. the partition type 1322, 1324, 1326, or 1328, a
transformation unit 1342 having a size of 2Nx2N is set if split
information (TU size flag) of a transformation unit is 0, and a
transformation unit 1344 having a size of N\xN is set if a TU size

flag is 1. 25When the partition type is set to be asymmetrical, i.e.,

t he pacamnatde ssige algdze ollg34han®38,1.or 1338, a transformation unit
1352 havi ng si.ze .of, 2Nx i,s.set if a si ze, flag,js-0 nd_ a. .
Lt amst of i TOHSWRGS H58R6 dhatinS hatiuite U B ag RoMesTrandtameizelnsex.
flag ig iniUANSEREMMIE8N Wit sBRl ist MIRT RIS ABizdVapldZ8 tariGorm@tid?e unit
a type of a 30 transformation index, and a size of a transformation

uni t celzeds ol i§izeowhenrthasild singt flaghis Gdbenreaguivantyminimend tragstosmation

Exceipt NP RV BBt b B8R RE APt spcing woit iy be
partit@@mhéd@pEbaaﬂon {24, 1326, or 1328, a transformation unit 1342

having a size of 2Nx2Nis set if a TU size flag of a transformation
unit is 0, and a transformation unit 1344 having a size of NxXN is set

acymmotr1 o HRguSRemlIF ot RoR SRR e R sl

transformation unit 1352 having a size of 2Nx2N i s set i-f-a U size

fl is 0, and a transformation unit 1354 having a size of NN2xN 2 is
set if a TUsize flagis 1. Referring to FIG 9, the TU size flag is

a fl-ag havi Ggmpaved te thoe cQrrent minibwm tramsidimatidnsurzit size dGurrdlin®uSize' that
limted to 1 bit,. and a, transfornmation uynit, may be hierarchicall o,
Spl | ¢ FRY PRGOSeTEBiT e SEe i aing et GPBYOTaHY Ml case ReoSIze
0. Thewfiehthe TU biag fBYs BPmiy ebridte AnEXRATR SraflsrdiniatRRSIIY §BE 1A can be
i ndex. In this Case, the size of a transformation unit that has
been asglectedyiruded sypjeme drpEqustien i ).uRen TaSike/(@' WaxT tagfaimSizelndex)

A AL S o At RSB 5 0 SRR e
capabl geof U eiaofad & 0B PRGSO MRhES RokHBEpoRdiAS th HHhE MBBiMmam TU size

mninum transformation unit size information, and a maxi mum TU si ze
flag. flag anssMinT ensEHEHZS Fanetesaxminmuny tassformalieroaizani Thypza smaller

the. vl e Erip PREBLeRRICHMIB TRl iRk e B onimsize
decodi mgyappathat euréftOntimiynute Ciealesfgimigiorbunitssizg CuerMipTuSiz®' that can be

transformation unit size information, the mninmnumtransformation unit
si ¥e i dRt8rMENEAIA th RHMERECORING MDh TU si ze fl ag.

The maximum transformation unit size RootTuSize may vary according to the
type of a prediction mode.
For example, if a current prediction mode is an inter mode, then ‘RootTuSize’
may be determined by using Equation (2) below. In Equation (2), 'MaxTransformSize'
25 denotes a maximum transformation unit size, and 'PUSize’ denotes a current prediction

unit size.
RootTuSize = min{MaxTransformSize, PUSize}) ......... (2)

30 That is, if the current prediction mode is the inter mode, the transformation unit
size 'RootTuSize' when the TU size flag is 0, may be a smaller value from among the

maximum transformation unit size and the current prediction unit size.
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For exanple, if the size of a current coding unit is 64x64 and a

maxi mum transformation unit size is 32x32, then the size of a
transformation unit nmay be 32x32 25 when a TU size flag is 0, nay be
16x16 when the TU size flag is 1, and may be 8x8 when the TU size
flag is 2. As anot her exanple, if the size of the current coding
unit is 32x32 and a mnimumtransformation unit size is 32x32, then

the size of[ftahgredictionfrod@of arcumnt pertitiopeurilis3h irarmble, RdosTuSize' may
flag is 0, Here, the TU size flag cannot be set to a val ue 300t her

than obe ¢letesninpd @I E@‘ngf Equatian khsbelpwat ildFaHationcahindtariion:ize’ depgies

32x32 if the size of the current coding
uni t |the§iz%§§and a ma I mum Is'i ze flag is 1, then the TU size flag
my be 0 or 1. Here, the TU size flag cannot be set to a val ue other

thanOor 1. % i s_def ’_Pé t th xi mum.TU si ze
fl asg is ' MaxTransfP anax‘E{aH?tjﬁf ﬁ?[ﬁl glzggt om hit size
is '"MnTransforntSi ze', and a transfornation unit size is 'Root TuSi ze'
when the TU size flag is 0, then a current mninmmtransfornmation

Sunit size ThﬁltrlﬁMfﬁhfﬁguir@'nt pn%dlcmwmedl@tf@eﬁnﬁadnoﬂe ahedrangiermaaiingmynit

unit, f
max ( M &?gaﬁ rr%élbg H%' E&I"?Ql &7 f%bl\}ﬁial{r aéysﬁor néﬁ'g‘g?%‘é%'%?)fm't‘ﬁm%g the
COﬁparméxtrmeftmr[Stﬁmmﬁ’aﬂormuﬂt ﬁumahdahefswermﬂthercuu@int paititien unit.

"CurrM nTuSj ze' that can be determned in the current coding. upit

t r Bhsf or mat FBWeYR dhe CHEENREEPATBM, BangiRERat9R: Unl Scﬁez RaqthgSize thaygries
denot
e e S O

denot em‘eaeh’rmnehhrummtmcdrimumdthereie when the transfor mation unit size

Root TuSi the TU | t f ti
co??esﬁohéﬁﬂsreerﬁff%a?%mﬁ?n? et eoRind & siblan olomaiLrarinais belSined

denot et%& &Nt V‘éﬁ(%ﬂﬁefrofzmbf 9Re Slideo eFBHém glag hey 198l areFfc.om and a
anong oot TuSi ze/ 2" MaxTr ansf or nSi zel ndex) an "M nTransforntSi ze'

maip bepmness:mfr@mropﬁ SNeadingr ansyindaxwieroanunvinichi izepertumed hyuthiez entropy
t hat C&ecod%r 220 of the video decoding apparatus 200 of FIG. 2 will be described in detail.

As described above, the video encoding apparatus 100 and the video decoding

apparatus 200 according to the embodiments of the present invention perform

encoding and decoding by splitting a maximum coding unit by using a coding unit equal

20 to or less than the maximum coding unit. A prediction unit and a transformation unit

used during prediction and transformation processes may be determined based on a

cost independently from another data unit. As such, data units having a tree structure

may be configured by determining an optimum coding unit as encoding is recursively

performed according to coding units having a hierarchical structure included in a

25 maximum coding unit. In other words, coding units having a tree structure, and

prediction Llnits and transformation units having a tree structure may be determined

according to a maximum coding unit. For decoding, hierarchical information indicating

a hierarchical structure of data units, and information other than the hierarchical

information for decoding may be transmitted.

30 The hierarchical information is required to determine the coding units, prediction

units, and transformation units having the tree structure described above with reference

to FIGS. 10 through 12, and includes a size of a maximum coding unit, a coded depth,
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20determ ned in the current coding unit. The maxi num
transformation unit size RootTuSize may vary according to the type of

a prediction node. For exanple, if a current prediction node is
an inter node, then 'RootTuSi ze' may be determ ned by using Equation
(2) below. In Equation (2), 'MuxTransfornti ze' 25denotes a maxi mum
transformation unit size, and 'PUSi ze' denotes a current prediction

uni t spasitioRdofofmStioe of arpredidtiofr anisfaspli ffay indidGiting) whéther 20ddding iumit is
if the current predictio de is the inter mﬁ? the transformation
uni t stRIE SREJMAEELen %@?ﬁﬂ%‘)m@@%énﬁ’l agd i : @,'Z_err§99 Hadigating whether a
val ue {bQEoARRARGN Wit @ébfi’f?mﬁrffeaﬁﬁ{)ﬁﬁ H BthetMHanSte® hidterdhita GHfor@Btion

predi ction unit size. a prediction node of a current
parti tinchudasi predictian mode infoodation BO otfEdiBtereredimfiobeapiiice toicaet gogdiction

SN N TN N S o
m n( Vel @nsio?r 5bIRR) toP éfdoirﬁeiﬁﬁa@iﬁg)da(tﬁ)unit when H'8lurifty dffqo'lcﬂecom?onents

current prediction node is the intra node, the transformation unit
si ze ' Weougebi ard texiure irdernmalian, Zzuchl ag & traosieapatien gosffiwierdr viereisafter,

curr entEpPt e [T TAatoR g % nraRo Rt ok B Mgt cHed infolfiation
t r ansf an@hited fohdbcsding ma3oné Terhed tolddadyntat Rmaitts & B Ratlopyldheoded.

type of a prediction node in a partition unit is just an exanple and
t h&d pr esent FiGwhis ablack disgram @f eadentreneencoding appagates 140Peccogding to

process. o i . ele {, L.ch_i f y
Pheenth oy BHESR, 5036 e Yol ot s RRS shErig sy 1400
1, andcarrddpamdedesise ehtropy eapydentziiohiheavidymbazodihg mpphratubilod ofFIG. 1.

erformed by the entr decoder 220 of the video decoding apparatus
200 of FIG eég%e\mrpg tq,g?@gggr thsegntrapy eNspeing e\llpgparatus 400 Intiddes a binarizer

1410, a context modeler 1420, and a binary arithmetic encoder 1430. Also, the binary
15 arithmetic encoder 1430 includes a regular coding engine 1432 and a bypass coding
engine 1434.
Syntax elements input to the entropy encoding apparatus 1400 may not be a
binary value. When the syntax elements are not a binary value, the binarizer 1410
binarizes the syntax elements and outputs a bin string formed of binary values of 0 and
20 1. A bin indicates each bit of a stream formed of 0 or 1, and each bin is encoded via
context adaptive binary arithmetic coding (CABAC). When a syntax element is data in
which frequencies of 0 and 1 are the same, the syntax element is output to the bypass
coding engine 1434 that does not use a probability value, and is encoded.
The context modeler 1420 provides a probability model of a current coding
25 symbol to the regular coding engine 1432. In detail, the context modeler 1420 outputs
a binary probability for encoding a binary value of the current coding symbol to the
binary arithmetic encoder 1430. The current coding symbol denotes a binary value
when a current syntax element to be encoded is binarized.
In order to determine a context model for a first syntax element of a current
30 coding unit to be encoded, the context modeler 1420 may determine a context model to
be applied to the first syntax element based on information about a second syntax

element that is usable in the same current coding unit and different from the first syntax
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As descri bed above, the video encodi ng apparatus 100 and the video
decodi ng apparatus 200 according to the enbodi nents of the present

i nvention performencodi ng and decoding by splitting a nmaxi mnum codi ng
unit by using a coding unit equal 20 to or |less than the maxi num
coding unit. A prediction unit and a transformation unit used during
predi ction and transformati on processes nmay be determ ned based on a
cost i adepmatident Igenkrainkl 26dt standdedsa innoder As dateimindas acaméttsmbael fg a

a tree structure be confi gur by determ.ni ng an opti num codi .
ni ¢ aSORRIBTRX PSRl PP g;ar_&iwme FREHGR hRY o SHaK RSTRTE dhat s
havi ngfawna' l‘ﬁb%r%ﬁ’rln siﬁ%ﬂ‘é‘lé’rﬁént RAP#SRd A a r?égﬁ@éﬁd%ﬁ?oﬁ?,dé a context
unit. I'n other words, toding units having a tree structure, an

predi ctd dwe applied dadther aedtéior spitasnelamiant ibadetegminedr edHovevart um eorday to

be determ ned accordin a maxi num.codi ng uni t. For, decodi

i ar CFEERING AEORIRN MM foh Sl LR TodHI s SUth- R reime (e gheyntax
uni ts, e@Rfbritié YbEREQ Trdth @he@hﬁﬂr]ﬁ%%léﬁl@ra@ﬁct*wu‘é?sludhné AR @Bt of the
decoding may be transmtted. 30The hierarchical informafion is

r equi r eeighborirg blaskmeadsdodmribioged in apregeieaminadomemary on asistem and the

t ransf or ion units having, the tr struct yr crib v, it h
o or citeaeertiinentpORndiths s BEfereiP i EmIRE E RPQRALE| tahiropy
codi Ngetddding a Setedcleméit, of Pauireht Bockf HEWBYEL RiIcebrdng t& dhtdrhBddiment
unit, a split flag indicating whether a coding unit is split, size

i ntor nel thenpesseat invandipdr the rentexhmodelerd 1420 sioge natadpe derrationgabout a
whet heg .. ti i fal i i af o i t

the. i ieiBhbodis pBAF rifbutudiels, 3 Bontext Ffte) RuobdiidyEndchg o ST gyntax
i nt r a/ életrent fhiyedkind isosecupial syadax eleraeht psatde ¢ baturrent woiding omit,i and thus a
vector information, prediction direction informatjon, col or conponent

i nf or NRYMEAT EEBP?%?F'EQ) aMmepIare Sin 8P T§IHERD a0H 8 SR tﬁe;mamry 9 gpring
col or I texture information, such as a

t ransf %r mat ?%ﬁﬁ%rggﬁ?%ﬁgﬂ?d reinafter, the hierarchical information
ants t he i nfAlsoptsatesaribed hdiaw, the chntxdmobdelat 1480 anegtakdain a first syntax

ent r opS LI HBHING 118 SEte Dbk Tt IBFREaK BTSRRI 1o COHERERyng Unk from
encodi AgeRypRNiALYRDIIPOnRCHRT SbR8mire 2oRTEI® ol Forénth ERESBNY the first
i nvention.” The entrog%/eencodl ng apparatus 1400 corresponds to the

ent r opgynéax elrmenb of dhe tawsrent dsslirg ewifi by copphiniaguibelsecaitd By@axielement

bi nar | SRNER GO, iyl FBARINE A58 BT8Rk ek AP phBfihgd Fonf the
engodefeiddBoringtSdingtumgt. bi nary 15 arithnetic encoder 1430 includes a

regul ar codi ng eq&ine 1432 and a_bypass codi ng engi he 1434. )

Synt ax el ent08texiguedelds tanarehabilifyynedr! o s §inampe iclusles 4otprmgjion gbout
be a hyj W e f i :

the. bi T EnE e o S VST M el S s Broielin H e wies
stringofldP®ed of binary values of 0 and 20 1. A bin indicates each

bit of a styeam formed of 0 or and _each bin is encoded via context
adapt i ve bi M (PHHFRGRANY NGRS 1}?&2(@8%&35. bipgenarthgigiicsNGodigER ajcirrent
d i j i 8S; : e -
R e R S S A oA AR L e
pr obabihkiprgbahilityeyf thediPS cehdiRipovidiefromnthexdonted ehadelér P42Ghr ovi des

Cot g engihEraLRES o GPBETAING 2 CRBIORA OBy St ios PRES lements,
bi nar yicANdQidridrihedoby eRe Bkt anbidiar 1 428! sterief, 1A vif HbWeBE FeRdfiB&d in

synbol to the binary arithnmetic encoder 1430. The current coding
synmbol defeihot es a binary val ue when a current syntax el enment to be
en3cooded 'S ﬁ@al%' ié%dblock diagram of the context modeler 1420 of FIG. 14.

Referring to FIG. 15, the context modeler 1420 includes an additional information

obtainer 1421 and a probability model determiner 1422.
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In order to determine a context nodel for a first syntax elenment of a
current 30 coding unit to be encoded, the context nodel er 1420 may
determ ne a context nodel to be applied to the first syntax el enent
based on informati on about a second syntax elenment that is usable in
the sanme current coding unit and different fromthe first syntax

el ement. In general H 264 standards, in order to determ ne a context

nodel for aTheradditiosyintrdarmedtore mibtaiher AR @btaihs oickormatioor abb'u'orsecond
about asyn xelerret that is sane as t rtain syntax elene

obt ai n@EX SEMACHIS %hﬁ(ﬁqr?ﬁfﬂt seding, “B'ﬁG’SQBl?OW i entrgp @%95”1986 ‘J}ét pypax
certai bRyl a3 Eléﬁ’i?éﬁtdg adBhier ”Fé‘te@ VE Ve sééb | ngﬁtag(oelénhent includes

determ ne a cont ext for genera ent ropy enco as suc
sane tinferndtiosyab@ax & Isaeeot thescmtuerat] data mmlbnemtlmelsgt&)hﬁongamﬂmmdlcaetm‘@ a

th B SUD el enent, o th | t
St o odlSIAHE HEE R BB N AR o ROLURL st SV IR BERRdPrieladign to

menor Ydﬂ%qg’ﬁt inCa ARYHRE TR&P efhdt Ravited erﬁﬁg‘é? s&ecﬂalah‘%ﬁé C{Eﬁ@ﬁk db&f uﬁif‘tdo%}y[ype
encod |ng)a synt ax el ement of a cufrent However, according to

an enbio m'uailonlofcﬁf cohy pickgento |whx@1nta cdatatwmt belnngs, anstigiredictiar gnode

d t Iy ' it I ,

2 cont DIRTHIGET foF SHrengpy e da e prpeng)RtolshelPhiat ibe 635G fdpine
a secoysit yatlast el ;ﬁﬂﬁm@f tﬂﬁélwrﬂeri the6f|r§ rﬁébt eleptiMgs BAtrbpy 8nRdodddls a
nunber of accessing a rrermr)( be reduced and a size of the nenory

f of0 st or i ngTRg mrakakiliynamds rﬂﬁ}e%@nﬁédﬁ@@ddeﬁmlw aasonaext medel used to

hel ow, ertatﬂgofg% &g e{rﬂ%ﬁl%t A %a%?ﬁaéﬁ O%télh%a ﬂftﬁ;ﬁr@f 1%0?&?{]& about

havi ng”t sane ype as |rs ax el ene e curren

codi ngsesund $yrax aigraeaisboin rd@tecipd\vrr@ aruetcondrmyn@t elomare @sabdaireshiropy
nodel for entrofp encoding the first syntax el of, the current
codi ngerﬂﬁﬂdt'”ﬁby?‘ HéhﬁYWﬁ?ﬁgfl‘?rHSn%H@érﬁCgVﬁf'H& cere Faﬁb@a$tﬁtﬁjv?|f“‘8ﬁa yherein

curr enty ¢0di fgs ﬁ% 1é]ntéggr the 6@65&“@3’ H{cﬁ%l‘ﬂ ﬁeP%QQ;‘t?eg {)rﬁfl@étg'econtext

20nei ghboring co text I's a
notkel inflea nhximahra;ndne rof|'ardesntixf modatsa mccmﬁmgttovﬁhecs’latmnealués @)f am| skécond

corresponds o an nd .an LPS robapjlity of the

ps, S TRa e boeBTaNeR o canisa! Sufdd) eI, hiroRY i dniRg & et syntax
encodi HgnRiht Bf GHEGPBH go'iﬂﬁ@fﬂrﬂg %F’%&bnﬁﬁée\.@h@ﬁ‘ d Q]fz@rd?aé cOReAbaHia EH:? to
MPS and LPS, and information about the probability of the MPS or LP

pr OVi dwhlichra firsteyntanelexmentdbet i camently encoden baaéest@t@waht@se@fnixﬂ rﬂg<4

per ot B brae B At e PE 1E SR B BB ol thdees 2 second

degcr i Hgflak relé@bnt,| the probability model determiner 1422 may set 5 or less context
models according to the size of the current data unit, which is the second syntax
element, and may determine and output a context index indicating a context model
used during entropy encoding the first syntax element of the current data unit based on
the size of the current data unit, i.e., the second syntax element.

25 Alternatively, the probability model determiner 1422 may determine a context
model for entropy encoding a first syntax element of a current coding unit by using a
plurality of second syntax elements. In detail, when n denotes a number of second
syntax elements used to determine a context model, wherein n denotes an integer, and
a; denotes a number of state values of each of the n second syntax elements, wherein i

30 is an integer from 1 to n, one context model used to entropy encode the first syntax
element may be determined from among a plurality of context models based on

a;*az"*...*a,, that is a number of combinations of the state values of the second syntax
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30FIG 15 is a block diagramof the context nodeler 1420 of FIG 14.
Referring to FIG 15, the context nodel er 1420 includes an additi onal
I nformati on obtainer 1421 and a probability nodel determ ner 1422.
The additional information obtainer 1421 obtains information about
second syntax elenments of a current coding unit usable while entropy
encoding a first syntax elenment of a current data unit. For exanple,
t he seelemkrggnt ax el errent incI udes information about a size of the

t dat t di
Si7eTor § nePebramplegienihis adsind il & KB 1S po&a Mt Beufipl A flag
rel ati pRiding \ﬂﬁétﬁeklﬁ' ﬁor'l Eef{‘) RhRSBIMbAYE Codfikidh \dxids d laalrSSdfofh&fon unit

than the current data unit, color type infornmation of a color picture

t o whi bés é2d@aniextnmodbbl, @nqmtednmopebfnroentmpyn@mdlmg arGBFiflag offaecurrent
second ddi t.i onal for of the curr.e din
ni s weaeRafe T, mal, BF e iBee, Restd Rh: 830 ol ihriL iffiatoh 5t o
ent r0pphcﬁﬂé%eﬂhlchlﬁme_rb@rr@ﬁto@aﬁskfbkmﬁtldilﬂ)ciﬁilt BEbAEE AR siA2thfdghafion Bshe
a context nodel used to entropy encode a first syntax nodel based on
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elene of a ren i ng asizeo
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encoded has, 5 state val ues X2, 4 x16, 32x32, and 64x64
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t he cukfdRatidat Fodliidthet shtax ldmERBORACGHSYSHME c@h@ﬁ?@bdmg unit, a number of
25Al ternatively, the probability nodel determ ner 1422 may det erm ne

a cont@Caesfinged mesnoryrnndowl dhem@eraom mey heiedagedl ement of a

current co g .
I detai &, DS e Belba B Mol el Sra TG RRGSY PL RS R Bifon, vt
deteer r@mtﬁaaloccohmdneﬁbﬁﬁd)rmaﬁmf ®iub arfirgdesgitas eymenttito g8y entedysly 8hcoded and
denotes a nunber of state val ues of each of the n second syntax

el emen? SSCOI SKntaXielementused toFelgst afGonkeXt medel mavBessriobsly srYdw using
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from anong context no based on
The addltlonal information obtainer 1421 obtains a first syntax element that is the

same type as the first syntax element to be currently entropy encoded, from a
25 neighboring data unit of the current data unit, as well as the additional information of
the current data unit. The probability model determiner 1422 may determine a
probability model for entropy encoding the first syntax element of the current data unit
by using the second syntax element of the current coding unit, which is different from
the first syntax element obtained from the neighboring coding unit. For example, it is
30 assumed that the first syntax element of the current data unit to be encoded is a split
flag indicating whether the current data unit is split.  In this case, the probability model

determiner 1422 may obtain a split flag from a left or upper neighboring data unit, and
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ai *a2*...*an, that is a nunber of conbinations of the state val ues of

t he second syntax el enents. For exanple, when it is assuned
that a CBF flag coded block flag that is a flag indicating whether a
non-zero transformati on coefficient exists in a transformation unit

has 12 context nodels, a context nodel for entropy encoding a CBF

flag of a current 5 transformation unit may be determ ned based on
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different fromthe first syntax,elenent abtained.fromthe nei ghborin
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el gyrenétn@dtufchelesbifib @ tabdabawitRi feféranbe BNFRES 1i thraugR! 13, A ad first syntax
i ndi cati ng whether the current data unit is split. In this case, the

pr obabgélemept millspwde desariped ingigtaikay obtain a split flag froma left

or upper neighbering_d [ . c t for. .
r upper no g g0 ok o BB Sl I T TPl g
equat i stfuctGiexanitk datss phit tspfil idRgarheition33 Haphh >z hierarelicas strdctard)edccording to

syntax el enents excl uding a s;t)I_i t flag split_flag nei ghbor of the
nei ghb@M isfaPeRiment ft thenBraseat dpyention adiede, BnhdatpEnnay e any ene of a

for. ex i : t ent Lk, the 5
59%50nd@6;83b]§g)?n’g gﬁ%ﬂ%‘%@ﬁv%q%et rtaP& Eg&g{gy?ﬁ iugﬁg({&icﬁﬁ %Erj r%g)t6 ?(e)'n obt ai ner
1421 may obAsidescribedmaboves) adrmurdingh® far embodimnant af etmenprdseni rigvérition,

same type as the first ntax el enent .of the current da unjt from .
t he | e¥HC iggr?oe%mﬁn%@ﬁ YSING CcegingHdils, pr @t'%f‘a't%rﬁﬂéﬁﬁ“ PEBATIQr, Units
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Since infornmation about a data unit 1S generally store n and read
f r om ainblef/¢led that ia an uppermost level is split into data units 31a through 31d in level 1
30 that is a level lower than the uppermost level, and the data units 31a and 31d are
respectively split into data units 32a through 32d and 32e through 32h in level 2 that is

a level lower than level 1. A split flag indicating whether each data unit is split into
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10 I'ine unit, a size of the buffer may be reduced by obtai ning

I nformati on about first syntax elenments froma current data unit and

| eft neighboring data unit of the current data unit rather than using

i nformati on about first syntax elenments of a current data unit and a
top nei ghboring data unit of the current data unit. Also, considering
a processing order of a raster scan, etc., the size of the buffer may
be r eddatad uhits UBialgo‘WefdeMt may bdoiged &S atmjmlmiltfanehgimbbngrag hieraechical

unit of the cugre dat nit ich is on sa line a
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t i 0 e current da

ent ropy encodi ng rst syntax e errent ta uni
A procdsta wiit m&yrr‘mweee‘nilbdl ng information of coding units having a

hi er ar chi cal ruct cr bed e ' r.efer o FIGS. 1. .
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det ai | structure, dpliinfbfmbfioR cﬂ'tﬂgr@éﬁéf@fmﬂﬂﬁﬁhhﬁé ), B1EatHoUgh 31H0Qd 32a
having a hierarchical structure and data unit split infornmation 33

havi ngthiougle 82hanay alsosfornuica inierarciieal isiiustiireo  Emothes sirdentheodatanenit split

it R 33 nbREEs Bk Ut sl GofSTalS o Va2, e 25 o lfgormost

As desmvebedlatabwn splitc nfehinidticro 3%a enroadhnBsd inf ldviee Rr aa€ndata unit split
i nvention, encod Inﬁ“ﬁs performed by using coding units, prediction

unit s, infgrmationiGafravgl a6l favehdvi ng hi erarchical structures. In
Fl G 16 th Q e\‘;fﬁllttsp]h@%f)ﬂﬁéﬂl&?gﬂdﬁ'[é@elo(j ngélﬁgﬁ]hﬂltlﬁ%}‘gkﬁgrrﬁé}ﬁ)tn 33

is an upperm)st 'S S ata unit
| evel Ravfgtihat hlesamhica‘veétrumwer dehotest ﬁmtuppedatmsunlteselm mvdl tdﬁd?s split.

b ougImEva e S8 Wik SoGHNEEEAN SRALpnd 3oHdn IPeela! [SpeetNgR olesihat

1 A g0 Yt S 78 it 2

hi & ar 32é dabugh B3&btinlevad 2. dat a un| ts For exanple, when a split flag

2 L ower | ovEnS BafhtRit 218 <t $1S T tHyef T 258 RolahBet el aad ciBipondiig lear

ggth ][Jg?%d&as ﬂ":aé ?Q%dt?ﬁ%déé% émmtrﬁad%eoin éﬂr@e@?ﬁu@ﬂﬂ@ 3&imilaty] tRe dathhAvdB2a
through 32h in level 2 correspond to leaf nodes that are no longer split into lower levels.

As such, a split flag indicating whether a data unit in an upper level is split into

20 data units in lower levels may be used as a symbol indicating a hierarchical structure of
data units.

While entropy encoding a split flag indicating a hierarchical structure of data units,
the entropy encoder 120 may entropy encode split flags of data units of all nodes, or
entropy encode only split flags of data units corresponding to leaf nodes that do not

25 have a child node.

FIGS. 17A and 17B are reference diagrams of symbols indicating a hierarchical
structure of data units, according to embodiments of the present invention.

In FIGS. 17A and 17B, it is assumed that a flag is a split flag of a data unit
indicating whether a data unit of each node is split into data units in a lower level, in the

30 data unit split information 33 of FIG. 16. Referring to FIG. 17A, the entropy encoder
120 may entropy encode split flags flag0, flag1a through flag1d, and flag2a through
flag2zh of the data units 30, 31a through 31d, and 32a through 32h in all levels.
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structure, split information of the transformation units 30, 3la

t hrough 31d, and 32a through 32h may al so form a hierarchical

structure. In other words, the data unit split information 33

i ncludes data unit split information 34 in level 0 that is an

uppernost |evel, data unit split information 35a through 35d in Ievel

1, and data unlt split 10information 36a through 36h in |evel 2.
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corr esf?ﬁ@&'@ﬁ‘ﬂaq78bﬁﬂfe aseeanitd a0, I ﬂﬁéuﬁb%eaﬁd %@b'tﬁrdl%e?,Zh |n all levels,

FIGS. 17A and are reference 'di agrans of symbols indicating a
hi er aramqrdingstoral@wm’c@l cbﬁeraeamcajrdacs:dnrmcmd@ nd\lteonativietydiwtegn ontyf thieheplit

Pl 2g 1 tags 53810 Prate.and Mabed Tnroidh ARPRA e e B3R R, 20 dPo,pea
each nW@ugﬁ 3QH|¢drré§pbﬂdﬁ'@tﬁ) 13 triddied @eIWdeHewé vided @@&)dlﬁ% dpdbpatus
uni t lit information 33 of FIG 16. Referrlngto FIG 17A e

enty o @ ey determingrayhierarelipy et abdata wmlﬁgbyﬂe&@’mmmga@@aspht flags

t hr ouchdfh 3Hd dragtaniq e Rac b B 4fk bia@Oaihp o 37 Tdloh i thaf e not
shown émcdde@, bag&d ohhaeeﬁtrraotm apii¢ fides ﬂé@@b,ﬁ@g%mhn@ﬂggemm@agarﬂagzh

t he spllt flags fIa 1 b flaglc, and fl ag2a through fjagZh of the
data units B %00@195 'af&ﬂw'ﬂ'@ti&?t@% 8 dnecd poilraltly Phcpriext medstls for

i (ST, SRUSRG | Salp VSR el ohEaf SIS ST LR, e o
20 state values according to a combination of additional information.

FIGS. 18A and 18B are diagrams of context indexes for determining a context
model according to a combination of additional information, according to embodiments
of the present invention.

Referring to FIG. 18A, the context modeler 1420 may determine a context model

25  to be used for entropy encoding a split flag of a current data unit, based on other usable
additional information excluding a split flag of a data unit. When it is assumed that n
pieces of additional information each has a; state values, wherein a; is an integer and i
is an integer from 1 to n, the context modeler 1420 may determine a context model to
be used for entropy encoding a split flag from among a plurality of context models,

30 based on a context index Ctxldx determined according to a combination of asxayx...xa,
state values. As shown in FIGS. 18A, when it is assumed that values of asxa:x...xa,

respectively have combination values of S4, S,, ..., and S, one context index is
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5 exists in a data unit in a lower level. For exanple, in FIG 17B,
when the split flags flag2a through flag2d of the data units 32a
through 32d in level 2 exist, the data unit 31a in level 1 that is

t he upper level of level 2 is obviously split into the data units 32a
t hrough 32d, and thus the split flag flagla of the data unit 3la may
not be encoded. The vi deo decodi ng apparatus 200 determ ne a
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th lit f f.l ,fI 1t d f 2
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extracted sphetprobagiity Irgdelodetarminer, 143 ¢etegminashapdgAupLEy dRformation
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[ ' of additjonal informatio 18A and 18B ar

i Hor Gt Qeroined rEREINEoS dihver ATPHGUEN o hy Bt JRSMANaLc FUPaTHion.
Lo cRERIAI@NERS. 390 thé 99BhabMho BRI MbieFRS % SRrEEnadbaRMSS o

of the present invention. err| e context” no
1420 rrlamacteﬂgnaisne aalomdmpdablen‘rﬁm 32151 cbuipbts infoechattion st apyrobabititii vejue

asplit flag of a, current d ta sed on ot her ,usabl e addi al
ot o rearTesTbetnd i e S0asif et QB codene, (e mbingian of
t hat nthfé'ﬁfcﬁﬁor?él i%ﬁhbtl@ﬁ'% tH@Fﬁd@*édﬁh@éﬁBm@aﬁﬁ %%e‘?aﬂ’%ﬁ@ﬁa context
wherein a; is an integer and | Is an integef fromi to n, the context

notkel elndenmxmynd@abmgrﬁr@réeﬂdno@altto rasdapplies! 9ea gumant symbot is slejermined

encoding. a lit fla ity of conte S 0,
based B BB tmbinBln,ot TR doBibfo o £ 51GRAL Bele RO Rty
of alxmdyel dé@é’rrﬁlhételm WeSy d‘&emﬂéﬂahnlnﬁbﬁsFSﬂaﬁé{dxwﬁﬁrh iBrob&bility table
assuned that values of alxa2x...xan respectively have conbination

val uesc@fesgiondigy to the comtexdnindex Lixlsiy and anlalam signgbcerngspeadipgstegan
on SUCIOIP@ st@%g YV%ESH { r&% IeIS%420an¥a§?rTIH§E9 detergépe'% tc%ﬁfé%'rﬁ%éfl 'for

as shown 1'n e COht ext fip
cortt exéntraplexnecdingda eyntax eletmerii dﬁfaalmrermldEEaajmaﬂdm lamtadg a plurality of

SFI G | GtPR HO0ER R eEIENaIagt EoBINaO B B OB LT O BB GrEant data
enbodi fEnt R8T addifo R §SRRhatioN @td ABighboring data unit adjacent to the current data
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FIG. 20 is a graph of a probability value of an MPS according to an embodiment

25  of the present invention.
A probability table shows probability values of an MPS, and when an index
pStateldx of the probability table is assigned, a probability value of a corresponding
MPS is determined. For example, when the context modeler 1420 determines and
outputs a context index Cixldx of a context model to be used for encoding of a current
30 symbol to be 1, the probability model determiner 1422 determines the index pStatelndx
to be 7 and the MPS to be 0, which correspond to the context index Ctxldx 1 from
among the context models shown in FIG. 19. Also, the probability model determiner
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The probability nodel determ ner 1422 determ nes and out puts

I nformati on about binary signals corresponding to an MPS and an LPS
fromanong binary signals of 0 and 1, and about a probability val ue

of the MPS or LPS by using the context index 10 Ctxldx determ ned
according to the conbination of the additional information. Referring
to FIG 19, the probability nodel determ ner 1422 stores

pr obabnu.’ez ideterafindgs agrgbabitityalzdue of thd MESIpotradpendi®P @ thaenishdentpSiateldx 7
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corresponding to an MPS. Al so, the context nodeler may simlarly

det er rren@adaed:bmtleatreguiaei:odlol Qi ﬂagytr@n@tadup@amgﬂm probabiie Malues of
t i | |it
2 ccor b MiZS Zarth s, e CRRS i 14, Bahiatp, SARbER ot iz siemak For

data Uézkémélléd tiesl Brd i abnay mdtfém@vérmneroi AZD AfiyEHRFdrReHAAPS thad *s a value of
adj acent to the current data unit. FIG 20 is a

pr dhabihe ingley pStateddx aftenps undets wihilg ansodingetsoMiP$eand tzgnl@lﬁEPﬁethat is a

presenf, Y 1,0 I | h | ue

e ©aralud@nnkofet. RSaRAGY areY i Bpfatllfia REBAlg s/ L¥S 8 Bhn %t &
assi gnbdkupt@lﬁlébﬂﬂnld cctos'd/aingeenéocﬁng%mtsmﬁtﬁenggwscbaur@eémgme nMad2, and
For exanpl e, when the context nodel er 1420 determ nes and out Eut S a
cont exﬂ“eﬂdb@@t@%f dexspatateldx Per epsadingiapasatianskuchangeeRforgblty yalue

currenks @ 1 ﬁ to be 1, the probability nodel determ ner 1422
determ nes the |ndex pStatelndx to be 7 and the MPS to be 0, which

coty espond Tiee régulapov@ing engiiex 1€8R |latropyfermadasang oltputsoathinary signal of
nodel s sho in FIG 19. Al's the pro I ty. deI determ ner 38
1425 cRntHohebokt G sHEent Py aiaBat bard ARSI MAtORcHA R Binamsional
i ndex ad 8 Fcﬂiébﬂ.tyvéru%recﬁfeyg@naﬁ@ BrAPird bt ypgal ues of the MPS

pre-set as shown in FIG Sifice a sum of the probability val ues of
MPS and LPFiG 2] @naedtanearprfs;MadeMrtbyng/aa déinay amismfrtlcmscm@ng operation

deternj nﬁor‘mecfI By Eﬁen}aégrﬂlé]rgcooor[r?é) %Hbll | t1y43\fJ of FiG 4%, b(:I!n ﬁéeﬁin |¥' IS"assumed that

20 a split flag indicating a hierarchical structure of data units has a binary value of 010, a
probability of 1 is 0.2, and a probability of 0 is 0.8. Here, the probabilities of 1 and 0
are updated whenever a binary value is encoded, but for convenience of description, it
is assumed that the probabilities are fixed.

Referring to FIG. 21, when an initial bin value “0” is encoded from among a

25 binary value “010%, [0.0 to 0.8] that is lower 80% of an initial section [0.0 to 1.0] is
updated as a new section, and when a next bin value “1" is encoded, [0.64 to 0.8] that
is upper 20% of [0.0 to 0.8] is updated as a new section. Then, when a last bin value
"0" is encoded, [0.64 to 0.768] that is lower 80% of [0.64 to 0.8] is set as a new section.
In a binary number 0.11 corresponding to a real number 0.75 between the final section

30 [0.64~0.768], “11” below a decimal point is output in a bitstream corresponding to the
binary value “010" of the split flag.

FIG. 22 is a flowchart illustrating an entropy encoding method according to an
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5Meanwhi | e, the probability nodel determ ner 1422 may update the

I ndex pStatel dx based on which one of the MPS and the LPS is encoded
whenever one bin is encoded by the regular coding engi ne 1432,

t her eby updating the probability values of the MPS and LPS while
considering a generation statistic of a binary signal. For exanple,
the probability nodel determ ner 1422 may set transldxMPS that is a

val ue embbdirhéet efrttexpreseratisghtionf t er an update while encoding the
MPS, and tranldxLPS that is a value of the index pStateldx after an
updat e whi |Be£qseagntﬁd=lﬁae22_ﬁsel hieeareieal pcedarcblligncages awidee based on

consi dﬁéfanﬂmtf‘sﬂﬁgglh p%léll’(%f’gﬁ:%fstFJ&?uﬂée% BerstRm QQ;@”gfn“Spér‘éﬁBn ), the

t hen update the |n ex X per ehcodi ng operation to change
pr obabcbmtext m:ldetero‘mzmelefd?&méssar@nt@guhadelmb@ngedgfnnenﬂréﬁgl encodlng a
entrop about a

d d S |
SOt P L ST wBRERo! BB AR B F B ntby hnchoanrhaspddin, Ableaghane
pr Obabéé(%c}rbﬂ Yhtde e%ﬁéﬁ?&ﬁf?@ Serrdiit aMDrr?t Whéf@ﬁ the seconE'Qnta%éLele?néht is

|agram escri bi ng a DI nary arit rretlc encodl ng opera on
per f or usabléyamnd edifferpritafrono dhe dfirehgiyntaxi £gomeifit Bf Gheldurrent dat @il As

bt ruot ASSHBRY Ate, e ey offte' Sofl et glenils 38 e fihergingg isjan

i's 0. 2intatd, an@'«PhaRiddrtof siéteovameé?& Rl & thEhe s@&@h@@yhtéxl &enfdntd is a,

and 0 are update whenever a binary value is encoded, but for
cotivenvbasin bis aedrtegpr from 1ite n, shesootaxt modalet h&%mﬂya@eﬂermlr&a Dostext

from aMoag! aigfey by b bortin HOER LSRIGDUEIFilfpbBion &ripetefn ifos ® o
of an hiinberbf &@abinatioh§ of thesthtdlaluss ip et escasi @taxemaﬁ@rhteon and

when a next bin value "1" is encqoded, [0.64 to 0.8] that upper 20%
of [0.0 to lp. eper%toupa%%%dtf@sr%gu{@rwcg@@gl BRoINghth3 AERPY. engpdes the first

I . t
o g i hiak SIEHRER e Bl bétalrff ) ubingns BeldifedRohela bt | C
toim real nkIGed3 3. & blduddt diegran fod afni etaatfomed&d:cmn@@lbﬁa&tuﬁ2’868]accbﬂdlhg to

bel ow a de s output i.n a bitstream corresponding to the
b1 nat yoy EMROTBEBLODheeSSHIenon Tl G 92 1< a f1ovchars

1 ust rati ngefefi'ts 4N, o oflb %t@h@&oﬁﬁ@%g Baty8 2900 AERRRS"E Rontext

of the present invention. rrin G 22
hi er armlmldewr Ziiﬁlcﬂodian’egujer cecodes 2320] debyp:medemﬂeﬂaiaﬁmmnck ahdeibingrizer

o TBb YA PR P b0 SheRE TR Fp R of the
eniq opyniRsRP Britddihg process performed by the entropy encoding apparatus 1400
described above.

A symbol encoded according to bypass coding is cutput to and decoded by the
bypass decoder 2330, and a symbol encoded according to regular coding is decoded
by the regular decoder 2320. The regular decoder 2320 performs arithmetic decoding

25  on a binary value of a current coding symbol based on a context model provided by the
context modeler 2310.

Like the context modeler 1420 of FIG. 14, the context modeler 2310 determines
a context model used for entropy decoding a first syntax element of a current data unit
based on at least one second syntax element of the current data unit, which is usable

30 and different from the first syntax element of the current data unit. As described above,
the context modeler 2310 may obtain information about a first syntax element having

the same type as the first syntax element of the current data unit from a neighboring
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5 first syntax elenment of a current data unit to be entropy encoded
based on at | east one second syntax el enent of the current data unit,
wherein the second syntax elenent is usable and different fromthe
first syntax element of the current data unit. As described above,
when a nunber of the second syntax elenents is n, wherein n is an

i nteger, and a nunber of state values of each of the n second syntax

el gnFndatd snitiadjhGemhier #iercurrért data Untt,e@md ldétewg‘iirie trmddfti)ntbmmade[‘?@xtentropy
nodel er. 1420 y determ ne cont ext nodel indicate y a context

i ndex @f‘k‘P‘éziRQ gtgﬁeﬁjrﬁ SBlaxaslement o theyeurregh el uiisby Usiidhe st syntax
conbi Ngfdn 9Lt E{{]&j a : e SN

I n operéraelt I on gét? , tﬁt&'ﬁ 25'5 eré%@ggf'ﬂgh%% ﬁgﬁh%ttg%t%py e%gratgése[teﬁweent
first eptdirmed Bbentbetcunfent ataumnit.ent data unit by using the determ ned

t ext del. 15FLG ' b k, di 1t decod
ppar at us. 230PEEEURTLPhING BoR b MASHStoRd LPT CH: 5 G0 SrieeR 1 of the
Ref er 1 phgtekPmiotister 2420t 4T 10 HUOBYCERGRAY he i IPthe3hteGhedsRr 2310

cont ext nodel er 2310, a regul ar decoder 2320, a bypass decoder 2330,
and a epdifarancidzorteas of dgbedingt angpihusatetdilstheappiaaratamitiedd@reior f or ns

I nverse progesses, .of .t he entropy..encodi n rocess, perforned by t
ent ropy ool i aiitrel 2t RS BRSNS Bsbi88 TR FegflTfecdtet 2520
encodegr plisBWelcadBy PasE t¢ adyRthx SleMi¢hput to and decoded by the
bypass decoder 2330, and a synbol encoded according to regular coding

i sltdecoded blE.t#k is agfilewehart dogtating 20, enthepy dgardingdeetwsk agarding to an
per for ' | |, 1 n a binary value of a current coding
synbol g@&?@@%ﬁﬁ&gtﬁ%ﬁﬁ%tﬁé\%oﬁrovi ded by the context nodel er 2310.

Li ke the coRefsttingtslFlI@r 2348 ofntak Glemdnt &lteadtont X extradel smntaddékkments
determ nes a context npdel used for entropy decoding a first syntax

el enen®f 3Pigua enenedipased Antdata suits iaviid a durrardieal stnshie fphparging an
el enen UnG whi.ch. A .St |

From t FRCddeL G Th R BG'2410. nChorBubiv 2428, 2 oG hblBkrpa 10 of
abov e, thehentoapyt dedodingl appara®dd 030G yetdrtranes ardooterd tmodel dboebtrapy desdding

t | t hayi th .the fi { t | t f
Che. ouR FEsh S SIRTEN o CUTEER Sl (PO R PRUGRY 1e8ar 80 SiEoHP1 At loast
currengngakaom b?mtaﬁ@eﬁ%ﬁ?bﬂ@g&ﬁ@n%ﬁ%t, W& id Qsalt8tan@Rifferent from

decoding the first syntax el ement of the current data unit by using
t he fithet fiesy rayatareelament obthe medrent alata henihei Ashblescrbedi abavenihe anotext

oper at TGRElsT 22T Ta T Adar LN SloRi it 8 Kardd bhel i e i symtex
of »¢ hegleidr@of the dekeht H424 uaft fldrfa feh oL RbighBating iRt RAR AT tAE Rfrrent

t he context nodeler 2310 is perforned in ternms of decoding, and thus
det ai | ¢aterdtib @ welkap ihe segon@d spntex element of the current data unit, and select the

context model for entropy decoding the first syntax element of the current data unit by

combining the first syntax element obtained from the left or top neighboring data unit

and the second syntax element obtained from the current data unit. [n operation 2430,

25 the regular decoder 2320 entropy decodes the first syntax element of the current data
unit by using the determined context model.

The invention may also be embodied as computer readable codes on a

computer readable recording medium. The computer readable recording medium is

any data storage device that may store data which may be thereafter read by a

30 computer system. Examples of the computer readable recording medium include

read-only memory (ROM), random-access memory (RAM), CD-ROMs, magnetic tapes,

floppy disks, optical data storage devices, etc. The computer readable recording
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The de-binarizer 2340 restores bin strings restored by the regul ar
decoder 2320 or the bypass decoder 2330 to a syntax elenent. 10FI G

24 is a flowhart illustrating an entropy decodi ng nmet hod accordi ng

to an enbodi nent of the present invention. Referring to FIG

24, the syntax el enent extractor 210 extracts syntax elements of a
picture encoded based on data units having a hierarchical structure

by par mediurarmen ciste thebdissibussimoven netyeorkitdoupledtt tOm pluteropestemns aso that the

2420, th t el 10 ,0of 15 th Nt . d i t
3300 dERDPHIIEAAIB ToUS S STER ANrHeRUIRsh) AIGRVIUED FOGr oy nt
el ement of @Gl thRhvEstich HAS bekA p@?ﬂcﬁﬂé f@ﬂoﬁﬁ%@%s‘%ﬁ%@@ vitth @ference to

| east one second syntax elenent of the current data unit, which i1s
usabl epmierred fehehaslimehtsotherees, itiwill besynderstoet dreiosefofandinany skithin the art

dat i As de cr.i bed bove th ont ext nodel 2310.

PR, YRk v ShBheShn MY Eng' Salid MAibe dRéde Herly WA JE5 g Hom
el em?n{heoéplhhgné WobpBt oftiedinvehfiord B8Mddinedf by te bpPen@ed RMsNI THaFHore,
unit of the current data unit, as well as the second syntax el enent

of t hetheusgapet ofdhednyention lérﬂﬁflfl@délﬁt bytibe sitaited desaription ef tbﬁﬂm\ﬁwon but

e B9y b i P LA S BB M Pl e o

nei ghbigkiudgddattiee pr‘estermmd/ewﬁensecond syntax el enent obtained fromthe
current data unit. In operation 2430, 25 the regul ar decoder 2320
entropy decodes the first syntax el enent of the current data unit by
using the determ ned context nodel. The invention may al so be
enbodi ed as conputer readable codes on a conputer readable recording
medi um The conputer readable recording nediumis any data storage
device that may store data which nmay be thereafter read by a 30
conputer system Exanples of the conputer readabl e recordi ng nedi um
i ncl ude read-only nenory (ROM, random access nenory (RAM, CD ROV,
magneti c tapes, floppy disks, optical data storage devices, etc. The
conput er readable recording nediumnmay also be distributed over

net wor k coupl ed conputer systens so that the conputer readabl e code
is stored and executed in a distributed fashion.
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VWhile 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 5 that various changes in form and
details may be made therein wthout @féing fromthe spirit and
scope of the invention as defined b appended cl ai ns. Therefore,

the scope of the invention is defined not by the detailed description
of the invention but by the appended clains, and all differences
wi t hi n t he copeAwidao Becading Mmetbed gempsising: i ncl uded in the present

i nventi on. : V] : odi C i.Si DL .

ext ract  ng SHCABmien ettty o ERAERCRBHAT bASEy BT BaE L heying 2
hav nohigrarbhieapsteltitard by parsiigiae epyoded ditsigedn; encoded bi tstream
determ ning a context nodel used to entropy decode a first syntax

el ement of Getelmingg agniexiimedeloisas ienentsRy deeerdred fisskemntak elgment of a

| ) . :
| o2t et SRRV ol eclied BEBUTEA 3 Bpd Bebor S L
first cfytheecursdntérdatd uoft, wherainthe st letat anensdcondnsl/ntfe elenognt is esablengnd

the first syntax, el nt b sing, t det er mi ned cont ext nodel.

o et Mooh 6 THSE AR SOt S tRe N ARE TR et e o ol g of

t hg, cont ext HWSBSs fi t] i bk 0 ;

i sty oam IR, dELEBRGRER: AHCEHER bRMert BN sy AeCdémined context
obt ai maddely splitting the picture, a depth indicating a nunber of

spatial splits of the maxi mum coding unit, a partition used for
predi ction encodi ng of coding units that are hierarchically

structured accorthdgided HBEodiAR MettRdoR cRMUEt Wherdh the altERhidRHg 8 the
units having a hierarchical structure; and 20determ ning coding units

accor deangextanadelresenprisasct ure i ncl udi ng coding units of a coded

it e of Dreleshf b8k R Sibbhed BRIRHRT SoictndRE Bt ShdRag s e of
tree shaxieiun edadinganit @btzined thessiftirgreie pitdres eddgthtinaieafing @eabmber of

units having a hierarchical structure, fromanong deeper coding units
hi er ar%ﬁﬁt'é‘hlspkl‘tss‘?frhr@t maxinddcerdingdinile a partdieptyeed frdi rrgdiclign enceding of

coding units that are hierarchically structured according to the depth, and a structure of
transformation units having a hierarchical structure; and

20 determining coding units according to a tree structure including coding units of a
coded depth, a partition for prediction encoding for each of the coding units of the
coded depth, and transformation units according to a tree structure by performing
transformation based on transformation units having a hierarchical structure, from
among deeper coding units hierarchically structured according to the depths indicating

25 the number of spatial splits of the maximum coding unit, according to at least one

maximum coding unit, based on the extracted information.

3. The video decoding method of claim 1, wherein the at least one second

syntax element comprises information about a size of the current data unit, relative size

30 information indicating a relative size of the current data unit including the first syntax
element in relation to a data unit of a higher level having a size larger than the current
data unit, color type information of a color picture to which the current data unit belongs,

and prediction mode information of the current data unit.
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25 the nunber of spatial splits of the maxi mum codi ng unit, according
to at | east one maxi mum coding unit, based on the extracted

I nformati on. 3. The video decoding nethod of claiml1l, wherein
the at | east one second syntax el enment conprises information about a
size of the current data unit, relative size 30 infornmation

I ndi cating relativ W4 + he nt..d ugi t, i Wale! :
first synt a>a<4 ‘el eﬁn%ér’]t ﬁp%brgpg{lg@Q tngé{QE)gabg ﬁ‘%\lﬂ% g’f t\%ﬁ%:é!grﬁg[bgl g%/lgﬁve size

havi nginforiatienl corgpriséshdeptrhinfemmiation indidaaingna tsplic almbet Yeen the maximum
i nformation of a color picture to which fhe current data unit

bel ongdataakuk trtbaicetmieshdaisdenit chiding thenist syHax elamemt data unit.

4. The video decoding nethod of claim3, wherein the relative size

i nfformati on conprises depth information indicating a split nunber
fromthe mexi munTliatvédemidecbdinghmethad ehiclaiat §, whietein tbeudktagninireg of the
first syntax elenment. 5 5. .The video decqdin thod of claim
1, wheSdRR HETRERRIPAFISA® VN PHRJIEEISEA NUMGIREIO SoRERG SuBtax, plements Used
i ndi c i t d '

cont o TGl SntERCABHe UM AEIEh AR ISR, ahd  HAREITL0 hikper of
st at e stateuealue$ of @ahh off thé e secondosyhtay aleaxerds ewbersdn i ishan étagéer iremah to
integer froml.to 10 n et erm ni one, context .nodel, used fo

entts orfy SEBRII Re cnBte R el oL PRIRERY YESesinG nb e B sy Rlap glgment
of C_Or\‘*r@mtaﬁﬁ@ﬁ?'é PhaeRe 6N cBhted® modéldbaseadn if*a*Nahehalls a number of
conmbi nations of the state values of the second syntax el enents.

6. Thecombisstioes otithegstata values pf heasenand syimdaeelemanis.det er mi ni ng of
t he 15context nodel conprises pre-setting the plurality of context
nodel s by grouping the nunber of conbinations of the state val ues of

the second gynt %@'vﬁj@ﬂﬂéco@ﬁ? eI cREIMOBewRerdie the nstetmining of the
according to the conbination of the state values of the second syntax

el BnerfanieXomodab AgMAHisep | RIE:AatHRY dhe Rl oheaeiext medelyy giaiping the
decodi ng, pE %Zgg&ﬂbﬁllaﬁbﬁé bt W' LhBedeteie @e@gansﬁrﬁgx Cé?@rtrﬁaﬁs, and

nodel conpris
determining one context model according to the combination of the state values of the

second syntax elements from among the plurality of context models.

20 7. The video decoding method of claim 1, wherein the determining of the
context model comprises:
obtaining information about a first syntax element having a same type as the first
syntax element of the current data unit, from a neighboring data unit adjacent to the
current data unit; and
25 determining the context model used for entropy decoding of the first syntax
element of the current data unit by using the information about the first syntax element
obtained from the neighboring data unit and the second syntax element obtained from

the current data unit.

30 8. The video decoding method of claim 1, wherein the first syntax element
comprises a split flag indicating whether coding units are split to represent the
hierarchical structure of the coding unit, a transformation unit split flag indicating
whether transformation units are split to represent a hierarchical structure of the
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obtaining informati on about a first syntax el enment having a sane type
as the first syntax el enent of the current data unit, froma

nei ghboring data unit adjacent to the current data unit; and

25determ ning the context nodel used for entropy decoding of the ]
first ¥gngfasmealiamaiitsofa skip cuedeflagdaf dhensading unitsnaving the hierarchical

i nfor i abgu L§: y I n LN . s .
ot gnoaridiiof had, aicifitg 2 BLdiaf' &R hoRddbofitnshiRlidh soefficient, in
cur r enfragstoanmativt unddhalirg) v tte® stachié nearsidia obsed @anthk trahsfoehBtion

the first syntax el enment conprises a split flag indicating whether

codi nguiitfi havigghegphiprareicab siracleig, @ aohindicatipgi 2 decafionuet arlasbhoptzero
cod| ngtré‘r’f%f%;rméti&rf PTHRAGORL 101y Wk Siﬂhicbtiﬁé %h%ﬂﬂgk CéitrLd?\gze‘[fl‘BetrQﬁéformation
transformation units are split to represent a hierarchical structure
of t hecodfficianf exisstin dme transformatiskiupitepde fl ag of the coding units
having the hierarchical structure, a flag indicating a | ocation of a
non-zero transformati on coefficient in transformation units having a

tree structgrre tfgnsjgededeificy A8y o ' @8ith O MRHRBinY thd ScJPﬁégkst{%ode[

the hierarchical structure, a fiag indicating a 1ocation of a
non- z ecamplisemn Bfemmatiaroabowtcbinaty eighalsaocresgdraling taliacenosh grotiadtlé eymdol

non-ze ansformatio efficient lSsts int transformation .
unlt o VP 818 olegRE bl autbal e SergcrsPreand I el ere itk sionals
cont exdorr@RInd MY thecfrst S ita Rl éRBne Rk a Rrosdbiiity vanal &f at least one of the
corresponding to a nost probable synbol 10 (MPS) and a | east probable
synmbol MPSP®)d theokiP@nong 0 and 1 that are binary signals correspondi ng

to the first syntax elenent, and a probability value of at |east one
of the MPS and the LPS. 10. A video decodi ng apparat us

conpri si ng:1{L5anA sittcade® i App&rstucdmprisiag: extracti ng synt ax
el enments of a picture encoded
15 an syntax element extractor for extracting syntax elements of a picture encoded
based on data units having a hierarchical structure by parsing an encoded bitstream;
and
an entropy decoder for determining a context model used to entropy decode a
first syntax element of a current data unit to be entropy-decoded based on at least one
20 second syntax element of the current data unit, wherein the at least one second syntax
element is usable and different from the first syntax element of the current data unit,

and entropy decoding the first syntax element by using the determined context modél.

11. A video encoding method comprising:
25 encoding a video based on data units having a hierarchical structure;
determining a context model used for entropy encoding of a first syntax element
of a current data unit to be entropy-encoded based on at least one second syntax
element of the current data unit, wherein the at least one second syntax element is
usable and different from the first syntax element of the current data unit; and
30 entropy encoding the first syntax element of the current data unit by using the

determined context model.
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based on data units having a hierarchical structure by parsing an
encoded bitstream and an entropy decoder for determning a
context nodel used to entropy decode a first syntax el enment of a
current data unit to be entropy-decoded based on at |east one 20
second synt b el Ehenidesr engnsling meathed @hckainnl 1, wigreinethe ﬁW@a&t opegeeond

one se t

o S Bt EhERS ah ARY A SEAE. et RIS ol Blave sie
first inforiraationl iedratingya uaamh klre dether oumest camt et mﬁllﬁtﬁhg the first syntax
11. A video encodi.ng nmethod conprising: 25encoding a video based on

dat a uBlEmenayrelgtian ke ardatarinibef ahigherdewel having a gizeclarger thgndhe current
cont exfiay ?qg'ﬁt{, chi)‘?MeO@fcgrmat%yofed‘E&G.L ggngfe t8 wH R hé%’d}fé%% cféltgﬁﬁﬁtbeﬂ;ngs

a curren entropy-enc based east one
secondarsy ptedictremede imﬁ)rmhﬂonoftfmd:ummmaluh;t. Wher ein the at |east
one second syntax element is usable and different fromthe first
syntax el enent of the current data unit; and 30entropy encodi ng the

first syntays el r tq4b ' h Myal
[1rst St at.el eTRgico gy ool P hireRAe BRI BFthe
wher ei et mbdélecamnpm sdeond isginaims & hardrer ocf@epohdesgniaxf@errwmtsaused

about a |ze of e rrent unjit, .rel attve siz

t
i o B degBinie B GAMerCROgER bheTRln b i B dalesimpad ok MfitATeg o fumber of

first supd gaues %'F%Qbh 'd‘F thé haddcdndt Yntaxdafethatts L wRérein histdie intb§¥etrom 1 to
having a size larger than the current 5data unit, color type

i nf or ntdedarnaining eoe epnisixt madel LsedHocantrory encoading O(ﬂalneiﬂtaﬁlswntax element

13, TR AR o el E RGaleBt MR heth o4 1 ik B B A higosy of
t he cotirapihaf®eebf tHergthicsesuedbBethalsdddthdosingsx slefurher of second
syntax elenents used 10 to determ ne the context nodel, wherein nis

anl3i nteger, and ai indicates a nunber of state values of each of the

n second sy ax ﬁ11§W&Jsen%}ﬂﬁﬁﬁ'nq%thpgfofﬁ?lwt‘lqg%;hefr%ﬁn?hé ({Jé’t{eﬂglnﬂq’ of the

det er mi ni ng 6ne cont ext ropy’encodi ng o
synt axceeltextenbdéiroom@iismsg a plurality of context nodels based on

? Ih’;ag;cond tﬂg}%?i{g @?@'ﬁpﬂp@ aquﬁf fi rs{TJO syn g;[( Ie enr'ﬁer?tf hé\nﬁg gts%tn‘?e \t/y%leuaess the]c first
syntax element of the current data unit, from a neighboring data unit adjacent to the
20 current data unit; and
determining the context model used for entropy encoding of the first syntax
element of the current data unit by using the information about the first syntax element
obtained from the neighboring data unit and the second syntax element obtained from
the current data unit.
25
15. A video encoding apparatus comprising:
a hierarchical encoder for encoding a video based on data units having a
hierarchical structure; and
an entropy encoder for determining a context model used for entropy encoding of
30  a first syntax element of a current data unit to be entropy-encoded based on at least
one second syntax element of the current data unit, wherein the at least one second

syntax element is usable and different from the first syntax element of the current data
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14. The video encoding nethod of claim11l, wherein the determning of
t he context nodel conprises: obt ai ning information about a
first syntax el enment having a sane type as the first syntax el enent
of the current data unif. ro nej ghhori n ta unit jacent ta
Che. ooh Ak crtiehy aiifading i it STt alemenf o era e &tk Wt islaa e
for engéRpMirRRcsHidg mbdéihe first syntax el enent of the current data
unit by using the information about the first syntax el enment obtained
fromthe neighboring data unit and the second syntax el enent obtai ned
fromthe current data unit. 25 15. A video encodi ng apparat us
conpri si ng: a hierarchical encoder for encoding a video based
on data units having a hierarchical structure; and an entropy encoder
for determ ning a context nodel used for entropy encoding of 30 a
first syntax element of a current data unit to be entropy-encoded
based on at | east one second syntax el enent of the current data unit,
wherein the at | east one second syntax elenent is usable and
different fromthe first syntax elenent of the current data wunit,
and entropy encoding the first syntax elenent of the current data
unit by using the determ ned context nodel.
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