TITLE | MAGE | NTRA PREDI CTI ON METHOD AND APPARATUS Technical Field
50ne or nore aspects of the present invention relate to encoding and
decodi ng an i mage, and nore particularly, to an intra prediction

met hod and apparatus for predicting a chrom nance signal froma

previ ogptye restored | um nance signal, based on a correlation between
t he chrom nance signal and the reV|oust restored | um nance signal.
10 BacKdAGIMEINTARA P ED|CT|IQNME'F HeEANR8BPARAEYE0d such as MPEG 1,
MPEG 2, MPEG 4 H. 264/ MPEG 4 Advanced Vi deo Codi ng (AVC), or the liKke,
an image is divided into blocks each having a predeterm ned size to
encodeTédnicdeRield Then, each of the 15b|ocks IS prediction encoded by
using inter prediction or intra predic predi ction bl ock
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quant i peedictimg amctraninaopy &Bgﬂﬂjdrmg a previcusiic esstoriedt latmigsne Qghal dased

related art encodi n net h or._decodi ng, net ho a si.n i xel
o FeppacancRic o oM B e fiAriin St ot G Ry Bs{Ered
ConpongiiinaA®elsighal.| um nance conponent and the chrom nance conponent
are i ndependentl’y encoded or decoded. 25Detail ed Description of the
MAventi on Technical Problem One or nore aspects of the

pr ese_n% !! irgghggg‘g! provi de a nethod and apparatus for predicting a

chrom froma | um nance signal, based on a correl ation

bet ween t helrc haro ninmeges eersd@ingg arethadieslichm aanvPEGgnaMPBGe MPEG-4
nor e aspects of the present invention also provide a prediction

met hodHerfe Mib P 4t fdVansed leone PAGIA A G). 5b &9 ks, 217 Ghree daidhidRg into
whi I e iRek®e8thHahhgh Halitdrmin® B8 tB&hcode the image. Then, each of the

15 blocks is prediction-encoded by using inter prediction or intra prediction.

A prediction block generated by performing inter prediction or intra prediction
is subtracted from the original block to produce a residual block, and the residual
block undergoes discrete cosine transformation, quantization, and entropy encoding
to produce a bitstream.

20 In a related art image encoding method or decoding method, a single pixel is
represented with a luminance component and a chrominance component, and the
luminance component and the chrominance component are independently encoded

or decoded.

25 Detailed Description of the Invention

Technical Problem

One or more aspects of the present invention provide a method and

apparatus for predicting a chrominance signal from a luminance signal, based on a
correlation between the chrominance signal and the luminance signal.

30 One or more aspects of the present invention also provide a prediction

method and apparatus for preventing a bit overflow from occurring while the

precision of data is maintained.



Techni cal Sol ution According to an aspect of the present

I nvention, paraneters representing a correl ation between a restored
chrom nance signal and a restored | um nance signal are obtained, and
a chrom nance signal is predicted fromthe restored |um nance 5

si gnal Tyhbigbngolufienpar aneters. The paraneters nay be obtai ned by
performng a predeterm ned operation. The predeterm ned operation nmay
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whi |l e mai ntaining the precision of data. 20 Brief Description of the
Dr aw n%‘% FIG 1 is a block diagramof a video encodi ng
dfpar ab\dy¥aniagepHs kjfects an exenpl ary enbodi nent . FIG 2

is a block di Vi i p S. i t On
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FIG 4 is a block diagramof an inage encoder based on coding units,
accor dPigreyInghcs ary enbodiment. 30FIG 5 is a block diagram of

an i mge deppden (e toRIARA BwWdBhiparameters defining a luminance signal and

15 a chrominance signal may be obtained without having to perform a division operation,

thereby reducing an amount of calculation for prediction and increasing a speed of
the calculation.
Also, it is possible to prevent a bit overflow from occurring during the obtaining

of the parameters while maintaining the precision of data.

20
Brief Description of the Drawings
FIG. 1 is a block diagram of a video encoding apparatus according to an
exemplary embodiment.
FIG. 2 is a block diagram of a video decoding apparatus according to an
25 exemplary embodiment.
FIG. 3 is a diagram for describing a concept of coding units according to an
exemplary embodiment.
FIG. 4 is a block diagram of an image encoder based on coding units,
according to an exemplary embodiment.
30 FIG. 5 is a block diagram of an image decoder based on coding units,

according to an exemplary embodiment.
FIG. 6 is a diagram illustrating deeper coding units according to depths, and
partitions, according to an exemplary embodiment.

FIG. 7 is a diagram for describing a relationship between a coding unit and



according to an exenpl ary enbodi nent. FIG 6 is a diagram

il lustrating deeper coding units according to depths, and partitions,
according to an exenplary enbodinent. FIG 7 is a diagramfor
describing a relationship between a coding unit and transformation

uni t s tremstamehtion dritspacesreliny @ran exdngiarnzeinbddireent is a di agram for
descri bi ng encodlng I nformati on of coding units corresponding o a
coded dept hFlG@c&igidhFiagragh e&&ﬁﬁcapgngeﬁﬁg@ﬁilﬁenmformqﬁongofscocs;img units
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transformati o& uni tﬁ? .accr}cjgrdi ng to an exenpl ary enbodi nent.
FPG 13N Ry #aRPYIBI escri bi ng a rel ationship between a coding

unit, a 10pFegsctigom ﬂ”érﬁd or éré)ai'égrbh%‘foraﬂés@lﬂiﬁ@@fré’léf@ﬁéﬁéﬁ bé’d/vben
accordln to encodi ng node information of Table 1.

a bl ockodingguniia, giredistiomtunidsp Aadi transtermagijedr bRits aesosdioprg am eesﬁmplary
enbodi %@ﬂ)to ﬁ;] {jthe present invention; FIGS. 15A to 15C are reference
di agra Id 08y at i ng color formats. 15FI GS. 16A and 16B are

reference dFHgr agssendiagramufirrddschioing hu@iamnSBIpblb@t\Neeanné ddding unit, a
chrom nange, bl ock according to,a colar format. FIG 17 is a
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FIG. 14 is a block diagram of an intra prediction apparatus according to an
embodiment of the present invention;
FIGS. 15A to 15C are reference diagrams illustrating color formats.
15 FIGS. 16A and 16B are reference diagrams each illustrating a luminance
block and a chrominance block according to a color format.
FIG. 17 is a reference diagram illustrating a process of down-sampling a
luminance signal, according to an embodiment of the present invention.
FIGS. 18A and 18B are reference diagrams illustrating a process of obtaining
20 parameters representing a correlation between a luminance signal and a
chrominance signal and a process of predicting a chrominance signal, according to
an embodiment of the present invention.
FIG. 19 illustrates a process of obtaining an approximated value A2,
according to an embodiment of the present invention.
25 FIG. 20 is a reference diagram illustrating a look-up table according to an
embodiment of the present invention.
FIG. 21 is a flowchart illustrating an intra prediction method according to an

embodiment of the present invention.

30 Best Mode for Carrying Out the Invention

According to one aspect of the prevent invention, there is provided a method
of intra-predicting an image, the method including obtaining parameters representing
a correlation between a chrominance block that is to be intra-predicted and a

luminance block, based on restored neighboring pixels of the chrominance block and



FI GS. 18A and 18B are reference diagranms illustrating a process of
obtai ning 20 paraneters representing a correlation between a

| um nance signal and a chrom nance signal and a process of predicting
a chrom nance signal, according to an enbodi nent of the present
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FIG. 1 is a block diagram of a video encoding apparatus 100 according to an
embodiment of the present invention.

The video encoding apparatus 100 includes a maximum coding unit splitter

30 110, a coding unit determiner 120, and an output unit 130.

The maximum coding unit splitter 110 may split a current picture based on a
maximum coding unit for the current picture of an image. If the current picture is
larger than the maximum coding unit, image data of the current picture may be split

into the at least one maximum coding unit. The maximum coding unit according to



shown. FIG 1 is a block diagramof a video encodi ng appar at us
100 according to an enbodi nent of the present invention.

The vi deo encodi ng apparatus 100 includes a naxi mum codi ng unit
splitter 30 110, a coding unit determ ner 120, and an output unit
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region. In other words, the coding unit determiner 120 determines a coded depth
by encoding the image data in the deeper coding units according to depths,
30 according to the maximum coding unit of the current picture, and selecting a depth
having the least encoding error. Thus, the encoded image data of the coding unit
corresponding to the determined coded depth is finally output. Also, the coding

units corresponding to the coded depth may be regarded as encoded coding units.
The determined coded depth and the encoded image data according to the



determ ned coded depth are output to the output unit 130. The
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The vi deo encodi ng apparatus 100 may variously select a size or shape
of a data unit for encoding the inmage data. In order to encode the
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mode h@yigh@ng fta8hcANAQHNRY iBBHE  data. In ofdEd ¥d AR 0BBCHH Nfhage data,
apparatus 100 may also performthe transformation on the | nmage data

20 a copknagons $ucziaseqbrﬁdmtl@rm|e¢codlnghaaaeﬁxrmgtlgm and @ntrepy ;ticedinchare

Lo oSG, A 3 s YRE IR s g da Bt miabibe e ol FICPRer iR or

codi ngdllﬂ"@réntddf@uhh@ﬁiﬁyotﬁéfabe@lfbﬁ@chhﬁpdiaﬁémrn”Ed based on a data unlt
having a size snmaller than or equal to the coding unit. For exanp

the data unP®r £¥ampleatle yideg: erAPARE aPReTale 180 a%@xesglﬁpt n%@nlm Wﬁlna
mode apd for qgﬁc%d”@ ttle |ﬁ1(r§|g%’}jdt U5t é;fg(?g -datQ PR o‘ﬁ’f’ér@nt’ﬁbﬁ th8'cod; ing unit so

transformat|on ei nafter erred 1o as F anst ormat
@2ai t. &5 o parfoym the presictiomi encadmd ontﬂhnmmagmslfata mmthe(mdmg winit.n t he

e eor SRt B g, PPt e oSk ake LDt e

et hst S P Ot LA ofSpOhdG @

ti mes eedaedkgepth.hiee., based on a coding unit that is no longer split to coding units
corresponding to a lower depth. Hereinafter, the coding unit that is no longer split

30 and becomes a basis unit for prediction encoding will now be referred to as a
‘prediction unit’. A partition obtained by splitting the prediction unit may include a
prediction unit or a data unit obtained by splitting at least one of a height and a width
of the prediction unit.

For example, when a coding unit of 2Nx2N (where N is a positive integer) is



transformation unit by splitting the height and wi dth of the coding
unit may also be set in the transformation unit. For exanple, in a
current coding unit of 2Nx2N, a transformation depth may be 0 when
the size of a transformation unit is also 2Nx2N, may be 1 when each
of t henbﬁfm@@ér sphid and d)}e:nonfeslt&preditttkﬁﬂhnit:@ﬂ?l?gZNmahd BsizPbf & dalﬁﬁ(i;dbnhﬁ@y
two equa arts, tota split into 4 transformation units, and the
Si e apeianDaAN.canxSy iceliofl bt izxampies @i ParitioRdyPeinciudmsymegifical
of the it i~d : [ it hSied P! AL i O
cqual - pariahs, BRE, coBiatied 15 SYGTFECER, spAidRl o hBIGR or, vidh®of 26
of t heptedictifrouniit pantitioms pbtained by adypxieticalyp spéttiagphe, hdiglet or width of
transformatipn. unit. may be set accprdi to,a hierarchical tree .
Pr uct oD SqiCtR Htoouet andr ondk Toveriiens Hrateare phsained by, ge Gmatrical
dept h EglitBiRg the pridictioPUWinit, 'GABSTHItIBHS 194VinG bHSitrafy shdpeser o
transformation depth according to the hierarchical characteristics of
a transf or nAtpredicieptmodesphitheapregiationt unit mewibeyalleast on¢ef an intra mode,

t ransf gr. i unj ty 1 Qg di i 5 I Si | Jt
o STBL R Al 4 B io6eC! Pl ol e fyeanofE b St ek b may
det er nbagarionsied ettt bartition oNRNK2BE 2NsgN, &N, TdrUSxN T eAlsdiathe gRipambde
the coding unit_may be divided accgordi to the transformation having
t'He t r BEYsRe befigraed QY Qﬁn‘g’etEﬁrf'P%'héJF ﬁ\!ﬁ“-onT%&nﬁ@dedémWndenﬂy
i nf or i i eadi ani r espond : :
dopt h PeomEt oY BhochicRicte Ot #9d plRl” BRCHOEEY SRICKRGLE bradon
about moderheinga leastanedding grardi cti on encodi ng and transformation.

A di ngl y., th di_ng.unit deternj 120, not_qnl terni
Coded dopt hTRBWAES nPaaty' anrisshtisg A7 ey 4t bafGist 48 SFHSEEalfn on
parti timeniniagiedhth m 8'cediny LA baBed .nAA diEBhCthe BbIIRSBNRTFELEAESEING Ahe

prediction units, and a size of a transformation unit for _
15t r anisiagerd@liap Rut also basedsuy a gattmpnit thet ivdiffergntifepra the sedisgumnit ur e

in a maxinu j ! 0f - r 14 4\ LE] :
accor ding 1 1 Sioad AHAmT I FoREkanBh, Hihe i Gnf, BRLbahshnatar
i n detwmiay beaperfomméed bastdramaeaddta UAitQsaviBg andizéZmaller than or ddual to the
coding upit deterJriner 120 may asy n encoding error of deeper .
20 codt MMV CE GHaMe: BB oipr G RO RAtET ey peigR & dota unit
Opt i M gatahQRtrB #8969k ARd B8 WHIOr AN iftbPhicdieS - _ The output unit
130 outputs the image data of the maxi mum coding unit, which is

éhcoded baséle odatehainitt foredmnsforenationednayepbé betcinafieneefoyredhéo as a

ocor aribarEngt TCh Siftiepfte ME Belld JE R4 b B RREE TC i dhe
may becsdih@iunitdndy beneodlisively §islit tualsnidlicr sifedaregidtgand thus residual ta

i nformatjon about the encodl_n_g node according to coded_deP‘t h nma
i ncl ud® ter ePag | Wit Bsyube wdiided Acgorting Ho thpdiansiaenafian navisg tf(vp@ee
in the iCL i ; i r[fegh' ion node, and the size of the
transf%ﬁinggﬁeg%é%wpgqoWyn%forfﬁﬁégloﬁn r%tﬁti on about the coded depth may
be defi ned Aytransfognatin depthf indicating nthacmumbengf tsplittiepgttiees whirehch the

B g R W o A AN A
codi ngsdtnht theStramsfoRARsh 8RR NFot BREMOIALA 4 Rubleht GBHIMRYNLNIE @A INKANI 4
'S transformation depth may be 0 when the size of a transformation unit is also 2Nx2N,
may be 1 when each of the height and width of the current coding unit is split into
30 two equal parts, totally split into 4 transformation units, and the size of the
transformation unit is thus NxN, and may be 2 when each of the height and width of
the current coding unit is split into four equal parts, totally split into 4? transformation
units and the size of the transformation unit is thus N/2xN/2. For example, the

transformation unit may be set according to a hierarchical tree structure, in which a



encoded and out put, and thus the split informati on nmay 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
t hus t ansfarmiation fumitneit a nippey traasfdemiatied deptis i splittine foulr teimisformation
5codi na _uni} to obtain the, codi n%beuni ts of the | ower depth. o | f
the cuFPEROT A4RVEr ransigimatien €8RERCROFHIRY te o BisRdrchicab eharsiciaristion of a
t he cogi Lt is split into the coding unit of the | ower
depth.q’gﬁgfggmg%lof@%g”'one coding unit of the lower depth exists in
one codi ng &imiarhf ta the cadingninitddipe kransfoemation dinitgini the ramgkireg edit ynay be
perforned on each. codin nit. of the | ower depth, and thus 10 . the
ERcod T rayeBesiedfies Far bibe dedibnsy ap 1o oo remigraumatonnidul e e
sane dgetdimined indepSha&stiy ivcuridofM@giotst s T Rsidud! 'dR®a fif tHeCEMiIRg e
determ ned for one maxi mum codi ng unit, and information about at °

| east BYRY kemdiyilasaeasadinpdo dae densiesanation havingdhadramstrugeresacesadiang to
dept h, | ] ut at | east one 15 encodi ng node nay be

deter n%r%ﬂ%‘%?'ﬁrg{'%ﬁgeﬁg%wm coding unit. Al so, a coded depth of the

i mage data Bhcodiegnintomationodtegrding to reayine usité f esresspondigy db gy coded
| ocat i 8ns since the inma da%a i's hi egarchi cally split according to
d@pt hs9eBihd refuiEes MY PRtY dRTCAmEHPNt RECELJBS 8@%@‘1’1 deieth: nleute ke arput
mode MRyoReatRRl réidfed RS prEBRSioA2 ceo df 3%, © iHgi
130 may %.Ssi gn éncoeé)i( ng F?f%?m gat %@%Odiﬁiut aqt:dc?;fgtdefgnp%%g'i nf%@%‘ga%p}?ﬁ
and ancegiogdumy dedeleminer &t20 ¢wttoniyedeterminescadéodedimiepth thaying a least

prediction.unit, and m pi.oum uni t i ncluded in the Xi mum codi .
Gt ehEBuihG grorr Bk AR RFTRES & epol 37sk L auige B T Erreditton
pr eseninddev eittbRing Stod préditBodUlibits, daha HNisizeOkF ahnadnbiorsatibht UAR for
the m ni mum codi ng unit constituting the 25 | owernost depth by 4.

Abt er nti@psferpatiome ni ni num unit may be a maxi num rectangul ar data
unit that ' i I t i i g redicti

ni ts, and ToARG, LA Bt e Bhe siEchRS PR MaUn® B0 LR and
For examthad ?t dimte?nm(ijmtj agartitian, (r;mtbmm%)m pmbotjhnmtgmfgh‘@pmﬁepmnawmtibn,
130 may. be ¢l assified into, encodi i nfor ion ac ing to coding
units, ‘X’ﬁﬁbe @ﬁ%(ifﬁa%"dnﬁt?'hk%&?w&‘ Bé}géed?f@rtﬁﬁéqg ‘iﬂ‘ﬁg{zct ion units. The
encodi ng i nfRE r&wi@ uRRCRStEHABel O J0NR a5 OMeBgurd bh SeriBMind edf &t per
i nformation about the prediction node and about the size of the
Bartitcedisg unis aeeardinggta mieptheaby ousing dRatatDigtartion Keptimizatien ikased on
units L.necl ' rmati on about an estimated direction of an

i nter %’gb@é&ggﬁﬁltfgﬂ%& erence i mge i ndex of the inter node, about a

notion vect The @lput uait CTBM atpLits Nthenigmdgeddatn of rthe ameRikeum adsting autit,
an interpol ation nmethod of the intra node. Also, information about a

maxi muNENZ8 SSicodRe Rasedren e et iRast ves erdes denth dejepmipedrtysthe coding
sli Cesurgj??de%ﬁnﬁraﬂgo', g ﬂn?é}icﬁ'p%%ugtﬁ@ n%mngem&ienggc&%ing to the
inserted into a header of a bitstream 5I'n the video encoding

appar atadedldéptht imebithdeaens.codi ng unit may be a coding unit obtained
by divi di ng hei ght ,aor w d of a cod unit of an upper, depth,
which'i s onkhe FcBoes dnadergatenial i abkinedy Shodiing Fokue Getacet an
t he cogigue unit of the current depth is 2Nx2N, the size of the coding
unit of the_lower depth is NxN. Also, the coding unit of the current
dept h havi njhe Hisfosnagonf akout 2henapcodiog unedersagoonding to coded depth may

include information about the coded depth, about the partition type in the prediction

30 unit, the prediction mode, and the size of the transformation unit.
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



104 of the coding unit of the | ower depth. Accordi ngly, the
vi deo encodi ng apparatus 100 may formthe coding units having the

tree structure by determ ning coding units having an opti mum shape
and an optimum size for each maxi mum codi ng unit, based on the size

of t heengadedmndosiitpgt, lrid tfﬁmdtrfeh§plr’(ﬂﬁfo|i’fmmldﬁnﬁ§y tet @sfindtedot to split the
consi deri ng char acteristics of the 15 current picture. Al so, since

encodi RETRELCHENG &P Felgwen deplih rllarnativalvdf g eT %nt@eﬂﬂ% pf]ﬁ‘%w rent

one of r ha t

encodi nga‘rh gﬂﬁt 5 ﬁ%l ﬁge@rérq) bgﬁas% erl ng §Tﬁar ac er %sééyﬂé Wit of
codi ngthmidweﬂf damhl, ans thmaghe&smmsnfomatnmrdmn@y Ye dﬂzfmedato ismﬁtgki'lehmreng
a_very high resol | ar unt 20 data is encoded in
uri ts B?d'gQ|L§}'qtﬁgolhﬁ'@qBSICng urﬁﬁe&ﬁﬁ%%we ‘#em acrobl ocks required
for each pi yeihecxgRsst Mébﬁh Is”ﬁble?fi%e%odé_@%ptlﬁh@n@é@HQtlsoéerFH?mérdeéﬁ'tHB
information generated for each nmacrob | so increases, and

accor draging, unihthat da@plit inte e denwlt héthﬁ)IﬂW@s@Wih i Gingerat least one

rocor dragnd iR e iade Rt BsETEER T rBLLAThE Nt SEME clelEBERM e
nexi nusheoding 4§ répeatddlygpedrinddios @ahdssditg nitalf thedower Bepth, tdmel thus
i mge and adjust a caoding unjt in consideration of inma

dRar acthe F’EP‘P@'E‘Q 'Wﬁér%ij%%ﬁ@fé%@%@@%%q dor e P@ﬂ'@ﬁc‘}n'??a?a}/'ﬁgr@és%ame
FIG 24k n@t ha bl ock diagram of a video decodi ng apparatus 200 according
to an enbodi nent of the present invention. 30The video decodi ng

appar at us 280hcac dloe déotding ourits dvavod) reeriteeofstiucturpr esendetennieeti tor one

i ncludes a receiver 210, an,i. ata _and, encodi i nf ormati on

ot aorertale’ Collile, Tt A JaRERalehaaPos et Barl hrid sRebain, dpedsds
ter ns, detefmirRsl ot adchdingnNuhit ¢F degddbd Ae ?[rﬁdirﬁém%ldh”'abouﬁat least one
transforrratl on unit, and information about various encodi ng nodes,

fi6r vaeneRAing feede inva bef detreminedeior eacomaninumperdiag wnit20dIse,ea coded

i denti t (o} e

encodi SeP - narfibdroRet SFthe Wb FnCiG bl ghpEos oBBReri st o
bi ]Est r legatiofs :smoenttﬂdmlage deta ISWEramh@Sllﬂé&th ao@t:jrem@ogt dgpths and thus
i nformati on extract xtracts encoded i nmage data for

Cod! ngIRTTEtor R dhe 5pded dsPHERd Jnk SHRedBBMEHe axPR el iariae agee
a treegsfgr ucture according to each maxi mum coding unit, and outputs
the extracted imge data to the i mage data decoder 230. The i nmage
@ata and enAomrﬂgﬁgly‘]ftblenauip@h usitt 1 3@ troay 28Gigragnesdingcinfarnfasionaabaut a
about Xinmum Siz f, a,codi uni t,. of a e t ictur frogma .
neader CHBRHOTNS oL oy 2 Ad <Pokpd maghig 5F Mad ofkufidne sodarkntt
encodi th@ Jbr@ﬁmtlﬁﬁtumnaﬁdfarmﬁﬁmmﬂaﬂit Meludeet id th@fn%mhhﬂﬂo@lhgldlnlta coded
dept h and an encodi ng node for the cod |ng units having a tree

structure aIB@mlm@umour@h@HCWMqrm@ecﬁm edimant ofthe aresrntgavertipn is a

bi tstream, .Gétrar?r‘?l { o dlﬁ%(ﬁ eralﬂn\ e y d‘ihﬁrﬁ%@??@ﬁﬁ%%gﬁ%@tyhng the

encodi ng e is ou coder
@6r ds, loiMeemiosh gie pdlat Iay|4a aAbietmatNedganthes ramllmUm it may thee aramaxioom

coding unit so that th mage, dat ecode 0 decodes .the i e data

For esektangHarteaahbal iy bé MudkREa] of fhevgediod s er

dept h érﬁlﬂtrbh@fo%@ﬂgh%ltﬁ‘ﬂ%@é‘&ﬂtﬂbﬂﬁahﬁﬂn‘?% | JA#n codi ng uni t may

be set for information about at |east one coding unit corresponding

to the codedodexampleathe endaginginformatimyuoutput throudh the cuipet omip 130 may
be classified into encoding information according to coding units, and encoding

30 information according to 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
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20 include information about a partition type of a correspondi ng
coding unit corresponding to the coded depth, about a prediction
node, and a size of a transformation unit. Also, split information
according to depths may be extracted as the information about the

codi ng cdaponent be ahnhramabienaadabbut BA inrgecatenietadd dfhﬁeﬂﬁ@@dﬁdﬁkﬁle
node according to 25 each maxi num coding unit extracted ﬁé/ t he i mage
data afFQniPEIMAoNNaRRYaR| HAXIEMM tizeofothe radingrwiitrdefined Ansardiag %o

coded ﬁﬁ)‘?&ﬂés%ﬁ’c oFE5EPL5Ng H%Srrﬂ&@]&‘ﬁ %b?ﬁféa%adgﬁﬁu% %g Bﬂg%é’\f@e ed

encodi hg error N an-encod suc o encodi ng dppar atus
100, ré]ieahﬁﬂc;ermélafmmaencodl ng for each deeper coding unit

di t d di
Abeor di ng1 y In HREVgRaEHERH ot a R il e e806" fag o diitanay b 2 rageo
by decgmtraﬂbté.h@dlme.dﬁfg 8 HREGRISHWigtH ef 8 CRBRS uAR R Bin ngérHé?ﬂ*ﬁq}?hn@H

node t hat generates t he nlnlnun1encod|ng error. nce encodi n
i nf or mig Po@ layesaboveeby doed treptheraverdshwhendbeisize abthe eedingenit of the

codi nacampft SePhiENEER, TS o 6 e oo THERT I Bied deBRERORAE, Ao
and enttoding nfrmrcrr&he QUrre@k HeptH I9dviag harizecaft ZNNAN gy indfuelenmbkiium
about the coded depth and the encoding node according to the

pPedet érorflﬂf'l%ﬂoﬁ'é‘ﬂé”l}rﬁfttge |owper ?ﬁ@ﬂeterm ned data units to which the

same infor u 0 h
assi gned rrarr?;‘bge |@grfrh§1|0?§6bgﬁ?%&iﬁ% g% E%tlutgs??d;@ﬁ %g % Eﬂgﬁcedogn%mts
maxi nuhaviogithg tﬁimstructure by deﬂérmmlnggmdmag anrﬂsahedleg %Ophmshnsbape ad

d he i d
i 1 pACRBIGHTE 5025 7GR B T, B ARARRD 0T AR AP B ERBTHT

node age@hgi irgt bAdIRE MBXINTGH d&sth ietehined ddhsiidifig &@ér@éterrshé‘s Idma@
dat a decoder 230 nmay decode the encoded i nage data based on

dRt r acewdentpigiuiat i | Isoastnge enneding may lbe peyipened om ga@umﬁxlrnhrm@@wng
and 't hﬁ it b?qf{]rgg’é/ ré (')’ﬂ/érlof rpr%afzuoﬁcfﬂb& ugﬂgttre{r{s? %ﬂ%ptlmum

codi ng "uni tree structure 1 nc n eac

codi ngencoding /M@HE adaynge pleteretised@pnsideting chargutedstivsi (ﬂ’rthertfddmb 0git of
intra prediction and notion conpensation, and an inverse
t ransf $77RHS BRI 3FFR | nage data decoder 230 may performintra

predi ction Aecoidd WRERERSIHdR hARR rad{,‘%q High %Q@D#lbﬁ Py ARG %mount

predi cti on nmode of each coding unit, based’on~the information about
the paet datais teylpedadmdntWmtSpoé@lthtlngnmmdﬂ)I@tkst Hbe mtﬁtlbelt Dl’)rmamnblomrks

the codin nj ordi to co ed dept hs i mage
ocoqolbdstintel SRRCRREN b iy TndtERSES, ThiS b lmoTRE §r, Birbression
t r ansf pforaiation g!éhdralel@l foRiebgh dhadtobledk Rgsd iMckeaddas afAd @cbRiingly, the load
informati on about the size of the transformation unit of the codi ng

uni t aetERRSMnG thevermPERssiasInfarmation: ignge te digrpase angviata gompression
transf gf; 09%@%% gi'g@ﬁaals% n%c%@gd{@vfd@b?n&ogmﬁ ﬁpggﬁ?ué %@em

dat a deco erm ne a t one co curren
IZEXi muimcoeskieng mmmmuhy sirel ofga cpdirg unit a1 cehsiderationosfdihegsize of ¢im irmage

If the |it formation indi ctes hat atals no | onger
spi 1t ARt eafinSalit it Conseltioarel iiages Tharasteica. ey hage
Accor digyabbessidifeffibragy dyaindreR@er 230 may decode encoded data of at
| east one codi ng unit correspondlng to the each coded depth in the

current maxFkug sodibleckudiagranm alis vigee iecodingr apparetusaduacedrding to an
partit of, unlt the prediction node, and the
S ze ofMBRbpFRY by BedeBR rilentBn

30 The video decoding apparatus 200 according to an embodiment of the
present invention includes a receiver 210, an image data and encoding information
extractor 220, and an image data 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
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30 unit for each coding unit corresponding to the coded depth, and
out put the inage data of the current maxi mum coding unit. In
ot her words, data units containing the encoding information including
the sane split information may be gathered by observing the encoding
i nf or mappartsel0assé gheafichbio thbee pleedtbed Witheefeidhce WFIG. fr o &edvibeo
the coding unit, the prediction unit, and the m ninumunit, and the
gat herSHC%ﬂg%ﬁ’?f%tUﬁQQ be considered to be one data unit to be
decoded by

vi deo decodfrﬂg rlé’g%'grség 3%%9898%%;%%%&5&2&%@5&%@ orgﬁrg%n agou

5 | eastmage datadang amnodmghaforgmrhenmmctdl@m extrams encodied imege aata for

aa ragags eoting KA HORL PE ParSSh csTEa T VSTRTLHE SoaiGr T R felree
wor ds, sﬁb@tu?@@be&dﬂﬁ tc ehaw 'nﬁ‘&n‘n@?n Eh8RgSUrit Hridr SutpeiLiHY Qﬁgaéted tT’l‘?lgge

the optinumcoding units in each maxi mum coding unit may be decode
10Accoddiantp yhe timagei dris dreasigr r@%pﬁﬁmmsg&@iﬁtmdﬁﬁcmlegtlhﬁormatlon

Fesol uericiat 224 R SafROL hSRERtA Anbiin A pr R e 87 & ARG unieof o
si ze apgrrentasidiung, frarde néa@ermwmwaurtremqﬂewwak BPget er m ned

according to the characteristics of the ina using information
dBout the offiSOrain€er@is@engatdand e%@%f'ﬂg?ﬁ't%'@neﬁégééﬁor 2328 pxtracts
met hod,

ot edl oo ot B BB Bt kbt BRE PG mhARErcR I Epd Grurfs having 2
enbodi treetstmfcturbeacpnoedlegttm eaEm maximumi bbdlngvume fdﬁﬂdhehmfsmdtmtstream.
refere adl ram fo

ocor + DS exErablsianamaon byt the coded dapfiarit it Fifgers ouput to

enbodi fiRNindfe 480 MERRALIONY BT wé’r@é\ ﬁHeZFPné{g aa@qﬂlélantswetanmvsm
expressed in wdth x height, and 64x64 2x32, 16x16, and 8x8.

A5codi P (1he tmaxingum e2pding Usdt srpltha%/ the émpaet dataodecaster 26k 4lecadss ahe
32x64, 32x32 may be split into
parti tﬁngér%égééﬁgxggaq Whﬂg%é@ﬁé " 16x16, aycodl ng unit of 16x16

may be spl i Thé mformpatidn taboos th cd@adﬂepﬂrﬁaﬂd tBx Emcoding8x8de aisdofding to

codi ng unit of 8x8 be s lit into partitjons of 8x8, 258x4, 4x8,
or axathe maximyrs Gadkad, ualliaay 1w, sl PeSaPTRAIAN ARoHBbIERshaNe Lading Haik

size OfoReRMdNY Withe 'c%d%?od%iiﬁ snaﬁhfdmheﬁpéﬁbutsar?e badmg%tedgghay

320, a resolution 1s 1920 a maxi num si ze a co I ng

@d, anidclidenxnfoumatiopt labosit 3a  Ipartitiae otypet @f 330, ccntrese@oblmtg ocodilsg  unit
352x288 maxi nmu ze of odji un 6 and m 30de th
ot BRI ot cBief, E89" heifbk ca refiaR & 55k

from atrﬁf@éfbﬂﬁmlmdhmg ARt spit iaformatioH Bcde el ﬂﬂdéﬁﬂh’fs may be extfacted as
r esol utlon is gh or a data anount is | arge, a nmaxinumsize of a

codi ngt @rmiorm@yoa@bpattjl@ efing depthmot only i ncrease encodi ng
efficiency 'P@(% i @ﬂa@cﬁr&%ﬁ%f ﬂ{eel:gdétﬂjlaﬁﬁ{ ﬁ@@@ﬁ@%tn%blﬁb' 548 ac®Brding to

i mage. Accor max| mim si z
25 each maximum coding unit extracted by the image data and encoding information

extractor 220 is information about a coded depth and an encoding mode determined

to generate a minimum encoding error when an encoder, such as the video encoding

apparatus 100, repeatedly performs encoding for each deeper coding unit according

to depths according to each maximum coding unit. Accordingly, the video decoding

30 apparatus 200 may restore an image by decoding the image data according to a
coded depth and an encoding mode that generates the minimum encoding error.

Since encoding information about the coded depth and the encoding mode

may be assigned to a predetermined data unit from among a corresponding coding

unit, a prediction unit, and a minimum unit, the image data and encoding information
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coding unit of the video data 310 and 320 havi ng the higher
resolution than the video data 330 nmay be 64. Since the
maxi mum depth of the video data 310 is 2, coding units 315 of the
vi de data 310 may i nclude a nmaxi num codi ng unit having a |long axis

si ze obxtéctoa2d0 rhagasktizgt the irfomaaticrgaboudthexesdet depthoindZhaeficdding
since depths are deepened to twy | ayers %spl itting the maxi mum
codi ngMsidla aecareing tocthewpredetergiinre detreuniise nlhe gegdatesnined daja dmis to
data Safides the e NArdHtBn 308" td Sotbd “RedtA! gn&%ﬂaﬁax%dd?@é 848 is
maxi mum codi ng unit having a ong axi s Size 16, and coding units
havi ngasasigoed nay be sifeeedfto destheaatd epith sncuded eethensaine onadmuhageding
bé spl i ttti ng the maxi num 10codi ng unit once. Si nce the maxi num
dé8pth Bt he video data 320 is 3, coding units 325 of the video data
320 may i ncirydeinfageyara Mee68mg30 tebtdiey ithd durtt Gidtirs by d8céding4ne
and coding units having long axis sizes of 32, 16, and 8 Since the
dept hsinaage datspnearch maximeyeeeding usplhasedren theeinferation akaltibe woded

th j t f il inf. tior :

prect sipgFicand 308 fBHhd MR B3 b S A SuRIP ol iR clpeother

encodewofd) thasedgeriatadiecgdein286 mac decsid thd enésdepestiaraata badsdden
resent inventiaon, i mage encoder 400 performnms operations

Th
5Pt netheo@iigCtan infereration ABPUL 08 Rertlin Yrmsothen eErliFipTn SRian: 2 100
to encﬂgﬁsfoﬁﬁgﬁoﬁi@lhﬁ-fml Ba@ E&ﬁingm ofMamafg il E:Bdi'ﬁ?%%;ﬁg\?rf%%e tree

performs intra prediction on coding units rn-an intr

anong strgcturee imclideahid dad) maximamoadiog upitt | Wadecodiag paockss maliinciude
conpensat or.. 425 performs jinter estimatjion and notion conpensati on on
cod! nga dmepiction BRldint qerREn Fshanafid: carIRsTafphnand g gyverse
usi ng {rhRsfornaget. frame 405, and a reference frame 495. 25Data out put
fromthe intra predictor 410, the notion estimtor 420, and the _
Bt i on conpéhgatage 2datas degogat 230 amguanerfoen inteengiredietion oar motion
Coeff!gérﬁB%nééﬁ g8c dHrg[;afbsgo éﬁfioﬁsa%dagdprégﬂzﬂaﬂthégé 44e0acthgding uni,
guanti ze ranstornat i o coefficient I's restored as data’in a spatia
domai nbased oghtheninforveation gbiout thee parifidnatypeasnd tive psedittiamshoderer the

470, and the restored data in the spatial donpin is output as the 30
refer eWc,e@'quﬁogdﬁ"ﬁ@féﬁﬁﬂpgfngo‘éﬁ"h@c‘&éF‘Qﬁpd%)é@ %Q’“ﬁ?-ough a debl ocki ng

uni t 480 anfsd, iRORnAgé Watd BEcadErt23PMa Tﬁ@f&%%ﬁ@tréﬁ%%@ﬁéﬁb&@d

coefficient may be output as a bitstream455 throu an entropy
éncodeon ggpansformation unib irdenits of atdedingnanit kasedden thedinfermationagipdut e

in the_.yid e i n ar at 100...all .elepents of the i e
encodetiza g e HaREloPRaTBR ot tud €35 lyBaBlflod, B cash ot iR a9 o= to
420, tpefomi treinvereensfomatitin atdtedingas shaxifim ¢88ingtdiftsguant i zer
440, the entropy encoder 450, the inverse quantizer 460, the inverse

transf or mer TR dMagredafaslesodeng 30nmay abgermaing ahieasbeperqades: derthuefi 2

L0 SR AR BB REORE S eI oL TATBIAY N

each nsplit inforroatiom gndicates that image data is no longer split in the current depth, the

current depth is a coded depth. Accordingly, the image data decoder 230 may

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

depth in the 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

30 unit for each coding unit corresponding to the coded depth, and output the image
data of the current maximum coding unit.

In other words, data units containing the encoding information including the

same split information may be gathered by observing the encoding information set

assigned for the predetermined data unit from among the coding unit, the prediction
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Specifically, 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 cur ranit, aadithemioddumgunibi and dmel gakresred adetd amitsrma@ bel86nsiderydiacnbs

the size of ,the.transformation pyni.t in ch, codin ni.t, from anong,.
the colNRGARUY R AEcaled D 1B imags,data decodergall g the ‘sams sBkoding
di agr afgfe. an i mage decoder 500 based on coding units, according to
an enbodi ment of the present invention. A parser 510 parses encoded
i mge data ioebdderdededingreppandtys 20 may 1btaibencodinginformatioquabad at

L8 B OeIGHE Rl 08T SRR ol BTPEg ShebaREr gt <oty
I nver s edlsinglyzerfordd fandatih endxivianseodinginitzand afdyeudestheeiptarrdiohdo

imge data in a spatial domain through an inverse transforner 540. An
intra peeedettbe cwteHepricti®s ilpt PRIGS wards i e 6AJREIMALS UMViRT i theatiee
intra i ; i ; sln ot i al i :
and a SoYBRe dBlerbifar R b 8 ol ReRInG it Tn Satn Rk R yni
uni ts mayare det¢adediode by using a reference frame 585. The

T B I T s
rest or peladed ABE %5rr58|§orfdihgrtotwi ﬂﬁa@égg{gvm&oggﬁ%Qewlbﬂéﬁ*braarﬁj‘é%éﬁﬂlélg

unit 570 and a loop filtering unit _ , the image data that is’
post - plabge Sfeeuntheiodgia ereordig & ithe gizgiandsencaeding trhede sdpa fooding: Uni

docode R AETVERD Lo " SoqdlBinel o8 B Enblsiistes 0 dhe imddh B “Usih8
decodi imforaptivnadbisut 206 optilhal enegiing easiterecef@difeom plee bacodeper at i ons

that are 30 erf%r@ne%c%féter_ t he parser 510. . In order for, the
i"fage decodBrmehed erpipingesePding URiEs PaYBe 3estmgtuppaPiedistionynit,

al | el sl §afofrR&tidBAR, A&PERE 8Uh enbBdi M%fﬁt@é?&éséﬂiqnvéﬁt‘?on, will

ent ropy decoder 520, the inverse quanti zer Srg% t i'nverse
t r ansf nowdre degribet evitmafargmcedo E1G6. 83broughel 3ot i on conpensat or 560,

t he debl ockj nit 570, and th l.oop filtering unit 580 perform .
operat ions FRZed (5nacOAOREN AT (esraB iy ance et Rty DRt B opb oy ih units
maxi Migessdingtowh émboaRtertiot ahé Yredeheidvehtignpr edi ction 550 and the
noti on conpensat or 560 perform operations based on partitions

ahd a predi St9FhohdgedngruibBRY dre @Xfé’eégﬁﬁ ingwigth xheighdyang may be §4x64,
oL L5, 06 b BUET S8 ANELR BRGNS b
64x32, 32x64, or 32x32, and a coding unit of 32x32 may be split into partitions of
32x32, 32x16, 16x32, or 16x16, a coding unit of 16x16 may be split into partitions of
16x16, 16x8, 8x16, or 8x8, and a coding unit of 8x8 may be split into partitions of 8x8,
25 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
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
30 depth is 1. The maximum depth of FIG. 3 denotes a total number of splits from a
maximum coding unit to a minimum decoding unit.
If a resolution is high or a data amount is large, a maximum size of a coding
unit may be large so as to not only increase encoding efficiency but also to

accurately reflect characteristics of an image. Accordingly, the maximum size of the
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FIG 6 is a diagramillustrating deeper coding units according to
depths, and partitions, according to an enbodi nent of the present
i nvention. The video encodi ng apparatus 100 and the vi deo decodi ng
apparatus 200 use 10 hierarchical coding units so as to consider

char actcgdingturtisoftheaiidédragr: 310 BBY I3ZOMAVPitHe higheBrdsaHition tHaA théVidied
maxi mum degt h of coding units may be adaptively determ ned according

to thedetmp3eMmay e Pds of the inmmge, or may be differently set by a
user. Sizes i [ dj ept :

doter mned Stiost SEbaftineptt Hine ISR 340 B8 SRS 1501 the
uni t .nb&?_lendatarm;ﬂ mﬁghhcladeat mpximura_df»ﬁl@wg)ﬁnit beving wmr?ggaxri]@sizegccﬁer?g ahd
an enbodi,ment of the present inventign, mexi ej and the
i muAPHIGL B h3YIBO 0 RS TR Oh P8 A0k RO GAICEARPIDR @ irieeREAPE dp o
is 4. %@?@bg SHiRiY HREMEARRN G Uik \afﬁrtttml. W nvidhilel, Rfndd BledERintdrh

structure 600, a height and a wdth of the deeper coding unit are
each spkpth ofaheo/ideo datalBd0 i, ceding amits 3@6t oftthe nddeanlateh330 sdyaiselside

for 20 rediction. encodina of each deeper ding unit. are, shown

i ong 2 MeRmEheBRnglidt bi%od e GRERITARE o I8 Al i st naNRY opo
ot her ¢Risdsize ICOHIMEE WebthHake ideepeRBX itoLIAS Mlidhb\Bplittihg thBemaximum
hi erarchi cal structure 600, wherein a depth is 0 and a size, i.e., a
H8i ght C8YingiWntPnGes 64x64. The depth deepens along the vertical axis,

q Ui e, : . 5 and.
codi g uni ¢ i el edh B 16c Sldedats S 18ey S Bhfls Gos o e
uni t 6xidebadatag320 siaeinofudex8 madmaundeptdngotinid haaind) a longliax sine tof6sn)
havi i 2 f 4x4 and a depth of 4 exist. Th i it 65

e oo w3 e B e 5414 i el s ar
The pr eééﬁ%ﬂ(\)émtdlai|éy@f§cbyt§rﬂuﬂwgfﬁet nARm@h SR URR thidkltirAes ans angssth

al ong the hori zont al” axis according to each depth. In other
viér ds, deepents detriledgntarmationanayve miecibely sixpeesseds4x64 and t he dept h

ar i 1 ons. T1e1 s RetciahBfn M iheok sopet g s o1 chBlsgunits
havi ngaecaditg tofarbdmbédinmerittdfithe psesel? imavitiog. t he size of 64x32,

partitions 614 havi ng the size of 32x64, or partitions 616 having the
size of 32x3pe image encodgrydQQ mefforms preiations of thetcasting Hnitcdeftepginer

uni t 648y B@Yﬂ@gidbﬁgnﬁfg@?d’épﬁﬁéﬁ% fovltd Qﬁc&?é)gﬁaég Qé’[a’.an l&ﬂwé‘rﬂb&ﬁds&a

into partitions In In the coding unit 620, . a partition
Ravi nginfrasprediaidr 328 3 riquenst intraguredig®ign eav cading wiitseinodn x4 Gnode, from
partitions 624 havi a size of 16x32 nd partjtions 626 having a

B e onmepe s cuddit i 08 Brit a raiory ARART 20 e BaPHey GrmPegsstor
havi ng4p25eepforsdhtek stithAivdh dme nﬂﬁ@inhc&ﬁgané@t}brpén Rdirlg UARS in an inter
partitions included in the coding unit 630, i.e. a partition having a
si ze omogexfrem agongethg guerpat FamendObnby usBw, theacurrenb fransa A0Bawdindga
a size Lokt ons 634 having a size of 8x16, and partitions
636 ha(ﬁq%rge%gégfazrﬁég%%x& 10Simlarly, a prediction unit of the

eedi ng uni t D&#) obtpuit rfgprh thesinze medididr 418 theemddpih lestimatonagopeand the

split into partitions Lléé‘l | uded in the coding unit 64

art1 t TOHOREPTIRPS DS Bpuf Aeia dual iAo KTTBETAPN FoEiEat through
e, s pegm o and ax el 446, AP\l Reqy HehsRAHlan T oRig i
havi ngresterediasedath idasspatial domadethrdugh an inerséguantitend60 and an inverse
transformer 470, and the restored data in the spatial domain is output as the
30 reference frame 495 after being post-processed through a deblocking unit 480 and a
loop filtering unit 490. The quantized transformation coefficient may be output as a
bitstream 455 through an entropy encoder 450.
In order for the image encoder 400 to be applied in the video encoding

apparatus 100, all elements of the image encoder 400, i.e., the intra predictor 410,
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coding unit and a coding unit of the | owernost depth. A prediction
unit of the coding unit 650 is only assigned to a partition having a
size of 4x4. In order to determ ne the at |east one coded
depth of the coding units constituting the maxi num coding unit 610,

the coghdendtiint edhafor 420, théOmetiohemBensdtsiea2snarditasfRRRl 430 the
100 perfornms encoding for coding units corresponding to each depth

i ncl udgdantizarhé4@mihenemironsi ercadert4&Lothe inverse Quantiperr 460, depaverse
codi n i C i J: di ta [N S

The safRsbinef A (8 AGOM LD R 8B I8 Bebrmidhfies A 4H(1BeaRA
codi ngoperdtione obassp@rdicaght coding emtit fiefm 2arbag r ésting ehitso haoingr adata
that is incl ud?ﬂ 25 in . one coding unit corresgondi.ng to a depth of
15 AccBirustHER While soppidering $he B EMedRRIBiol §aFR MAHNUM COfBgddtMe dat a
according t i bt nC j ;
and f olur gconggmﬁﬁ'ﬁ’ §ﬁ€§?tﬁggﬁcu Eéq%) bﬂ{%\@%@ggg}?ﬂg}a&% Bégtg’ ée@g%% flotidn
encodedompensatde 426odgiermovas partiidnmgntloa paeedictiore modie pf leath coodimgp nigit
the depths, a 3 | east encodi ng _eryor be sel ected for the
cur r enPoREATRAN e cBRBIa S Balfa o 55F STtueR viedsidsiing e maximen
codi ngsi#8idr el magipaiidepth of bhRirht m;amﬁﬁpt:@dinglul?ﬁtg ahf&h& eraina Rt

axis of the hierarchical structure 600. Alternatively, the m ninmm
dAcodi #30 sletermifey the sizeapt thedtraasfoppatiemyaiti in achecoding tunénfcemi among
errorsyaccordi ng. t orm ng encodi ng for each depth as
t he de%@h%ﬂ%gﬁgé R%?@ﬁgé]ﬁﬁ%%rg?ﬁ%al axi s of the hierarchical
structure 6B0G. 3 isepblochkntlagraparofidn mmadeadiengdéhB00rbaised rore aoditigngnits,
error in tg,e codi ng Bnit 6%0 n&%/ be sel ected as the coded depth and a
parti t FePr ngdogn tH 09_%"? Piihe presemt 'r!yle@'oﬁ-_ is a diagram for
describing a bﬁs@}'ﬁ@sgb%é%eé%‘@dboairﬁgeé Qﬂaté}”tbgbg %c%"i‘l%@t and information

transformation units 720, according to an enbodi nent o e presen

itAvent aleut encoding Téguitediéar decasting froap@abisttean @D5%r THEO enoodetk image
decode n. i e cording to.codi ng units having sizes smal t han
o equirtts anad ARIAvEE sl Pl Biodomal Ams SRaditred i
of trapyte@iarfizeHBB0S ah@thé iresé® GUBAIAY datal i8FeSideadtdtnagey dbf in a
sel ected based on data units that are not |arger than a

10cor r SRFhdPARIt BuPHgh gniinverse transfargier&dfapl e, in the vi deo

encodi ng apparaiLs | ik Z.e ; ' Nj fie 410,
64x64, tran'§ Jﬁ%tq%ﬁ%%ség%peert ror neﬁ%'%bgf%jslétﬁg] ? ﬁ$%#8@§?nét?%§ntra
aoi t s mddehawthngespexitzto dhe3tm8ge datwo,in diiea sphtibhelotmainngandid mdflon

having the size 64x64 may be encoded b 15 perform.ng the

LT ans T SATIREREAI06 ROR BEHO0NS PRI SHEPSRTRIGAN CAi0g B IR gndRer sposs by
32x32, ydiRy HorefdléRece ARABE5. Which are smaller than 64x64, and then a
transformation unit having the | east coding error may be sel ected.

FIG 8 is alledgrage fdata deséhe spagaksosering whicl r peasesn thybugbdthey intra
,ltjmat ;r[g%éiﬁlc&&pg@éj:aﬂg ethgirﬁﬂﬁ&g%gm%%%gtor%?rrr?éyngeto%tg& aes”'aor%%{B‘?Bé froafme
25 595 after being post-processed through a deblocking unit 570 and a loop filtering unit
580. Also, the image data that is post-processed through the deblocking unit 570
and the loop filtering unit 580 may be output as the reference frame 585.
In order to decode the image data in the image data decoder 230 of the video
decoding apparatus 200, the image decoder 500 may perform operations that are
30 performed after the parser 510.
In order for the image decoder 500 to be applied in the video decoding
apparatus 200, all elements of the image decoder 500, i.e., the parser 510, the
entropy decoder 520, the inverse quantizer 530, the inverse transformer 540, the

intra predictor 550, the motion compensator 560, the deblocking unit 570, and the
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The output unit 130 of the video encodi ng apparatus 100 nmay encode
and transmt information 800 about a partition type, information 810
about a prediction node, and information 820 about a size of a
transformation unit for each coding unit corresponding to a coded
dept h, lap ffittéongainiprb8@bpetioan eperatdong bexde. on26odihg umitohamingon &ee
indicates informati on about a shape of a partition obtained by

spli ttﬁH’l;lea"%? agh HAXIHIT cOAING Wit-rent coding unit, wherein the

partitron | Soacighly, thklint réH@?BrFSS@BnSE@Q%)ﬁ%ﬁ% HRSA0F 566 PeBm

unit. For exh a curren ng unit avin Sl z€ 0
may beopptations rhaseaingn qatitifnsaandra pradictic®0@odavion gaaa:hsa)fzmeooiocﬂhg 2NMits

apart tion 804 havi a Si of  2Nx a barti n 806 havin 30 a

25he onelBBre UeecRtL i b ety IragsBREps B9GP PerETopRdased
i nfor %h'@ﬁz@@@a&%o@nétﬁﬂuﬁltfb'ﬁeb)ﬁﬁ%oljﬁwgs@rﬁlttO i ndi cate one of the
partition 804 having a size of the partition 806 having a size
of Nx2N, anll@he ipa& diegran Imraimucmﬁrwsmﬂmgaﬂnnmccordlng tordepths, and

" or Bb R0 R BALSH ABhAMH P IBHR AL cRaglopar i L on.  For

exanp ein or ha deo r edi ction

encod| ng pelTher\/lItEEb emncﬁn@appatat@@mo@lndahedqdao déeoding appaiaten280dse
e 812, an inter nmpde 814, or a skip_ node 816.

'ﬁﬁe i nﬁ hC@g'@gl Uiiscsa s to Consifier eharaciesisticn Pf an dmeeenaddnasimum
when t ﬁ@@ﬁ;\oa FRdiR0n idB" R raeﬁlaﬁll?n@mcﬁééﬂtﬁ%f &%g{‘gnﬂg"rﬁay F&'adaptively

exanpl e, e 5 transformation unit na Tirst

t r ansf detesimiread acgardig@2o the @daeMemsttcsaofttlnannage net may berdlffenamly sat by
first |nter t&ans O& tion uqﬁt 826 ar a6F nd |qéra tr éﬁ{ﬂﬁtloa
uni t g3guser-  Sizes ofeengr cading Wits, FCEoR Q deh ?rfﬂ?v terupg

220 of aéd‘tﬁdh‘i th @@bt@mmahak|wmrﬁ@%wh@>ebaﬁ@umﬂd use the
i nformation 0, and 820 for decoding, 10 according to each

déeper codi hrga lhwrﬁrchlcal strucfyre; 609 efscading spitaracsording fe @nceyabadimeanttos

accor d{HégpFe%eﬂ?%\;b?Ttloé &gmh?h %Oq‘iﬁ'% g?é‘hé?gdnpoemﬁd RS&the _coding

i nventi on rntormati use I'n |cate a
changeunits arelepth.64T rm]dsthd maxnhomndepthnusm\m Sintesa dbpthhdeepernodiong a

dept h_vertiodi 5Xi3 o, BE bierainlial stryehine ot Beiaht GickAcBth ! e dtacsgT
uni t 9884iRg\Unit%ra <ieptdpiiel Asangd {ﬁe&bﬁ@n Qhit %Hd%&sr%lérpﬁr@ggses for

partitions of a partition type 9 having a size of
part i t pedictippeerendingiof egchndeeper efdingiuaitNae, slmvwaatqugl @hornmagaﬁs of

havi ng nd a partition type 918 having a size of
N_OxN_ @% @%@?I&call\%%écﬁ% ‘'ustrates the partition types 912 through
918 whi ch arneombt Wom@@l éoxzoammmﬁtrtmalsleyn@dumum G@Ihbemwmdh@hmardmdl
910, but partition type is not limted thereto, and partitions

of t hestﬂﬂcéafec@%ﬁ'vweﬂn 3 derthip 0 Apd l?d@zaswn@theilgfmbywdth ti 66364 The
par ti t jong d@eﬁe’ﬁg %U@ﬁ%ﬂgﬁssgﬁ@% C(ﬁ:ﬁ R0 t?é\ﬁn%%vélgg of 32x32

geonetri cal ape red| ction enco epeat edl
@ae paand aidapthabil ng cze;dmgzmm63(2 Na@n@l‘a @lzetom 6|xa6tantj| aodepﬂhmf ha eodmg

oer i CEL oG 4526l de itls dedh i A GoflnaumihEaiRaving g8 of

type. Zg aﬁﬁeéhdétp'tr‘i”bf%@QB't NOThE cBBirg lihit asedﬁaﬂng tAB élfé %Fr mdsnar&bfe
be performed on the partitions having the sizes o

N_Ox2Ndepthzf|4ag @ minigeim gading UOMN O The pr edi ction encodl ng |n a

N Do o, | P BEAEEE B ShCRet BN of bR R bty diono the

socodi hgrizomtalhaxisaadddriling toyeash Uebth hr &1 Rords |€Qﬁ@ado@m amt 61he
| east encoding error is determ ned am)Rg the partition types. If an

encodi PRVieg te size ahafxedandithg fenth of 'Spﬁrﬁrﬁ‘il'iCBﬁn tUpife e 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.
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t hrough 916, the prediction unit 910 may not be split into a | ower

dept h. If the encoding error is the smallest in the partition
type 918, a depth is changed fromO to 1 to split the partition type
918 in operation 920, and encoding is repeatedly perforned on codi ng
units 930 h&mitgrlyg adpredictioh uhibofdthe cdieg ahit BROGEMING the sizanéB2k82 aad

m ni mum encodi ng error ... Aprediction unit 940 for prediction
encodi ﬂ%f Eﬁ@&@&%g‘%ﬁb@ iy 'Wé’\/Pgﬁ'%QnﬁéB?'Hdﬁ L] tBﬁdC I3g AN,P20, ie. a
2N _1x2 itionN6£x ' o ASA :
A ng 2 At o S b B2 P sl ol Befttens
2N_1xN624 havirer a sizeof t6x32, 9nd phditiong GR6shanvingt sikd a2N6x1,6.and a

titi t ype., 948 10havi.ng a.si of N |xN . | f .an odi n
EBror i ot nEVBIRINY asereniepraiCe T heitadig At 838 haying e sif of 1R o Md
from 1ltHeo déptroos P hiayt be ¢t tihtol partitivRS iRdIBded iARAEaEddINg Ut 630 die. a
encoding i s repeatedly performed on coding units 960, which have a

dept h bartitiogh@vinga sizepdf 1PxhoNNgludedde dhe Rodine WnitBI, raamitiansciBpaving
. - i m. i snl it i . i .
Geptn AP e MBS RRERT 8 Ralings 58 oria 18T BAL MMRSRI Reying £850
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2N _(d- - , i tion t 99 i g fo2N.(d-1).
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a partggd4.on type 998 having a size of N (d-1)xN (d-1). Prediction
encodi ng na¥abe repeat e performed on _one partition having a 25

dl
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1 ni di = wh th titi t 8 has, the .
i i mum encBuRRETats dictearinbethe 58 east sim eded depth ot e, goripd s
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and a coded depth for the coding units constituting a current nmaxi mum
@0di ngvidae tergodindsaplearaiud hed pesfopmsencoding forpading Lvits copespending to

curren j i i ined to be
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25 in one coding unit corresponding to a depth of 1. Accordingly, in order to compare
encoding results of the same data according to depths, the coding unit
corresponding to the depth of 1 and four coding units corresponding to the depth of 2

are each encoded.
In order to perform encoding for a current depth from among the depths, a
30 least encoding error may be selected for the current depth by performing encoding
for each prediction unit in the coding units corresponding to the current depth, along
the horizontal axis of the hierarchical structure 600. Alternatively, the minimum
encoding error may be searched for by comparing the least encoding errors

according to depths, by performing encoding for each depth as the depth deepens
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5 rectangul ar data unit obtained by splitting a m nimum coding unit
980 by 4. By performng the encoding repeatedly, the video encoding
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The information 810 indicates a prediction mode of each partition. For

example, the information 810 may indicate a mode of prediction encoding performed
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20 information about a partition type, information about a prediction
node, and information about a size of a transformation unit. Table 1
shows the encoding information that may be set by the video encoding
and decodi ng apparatuses 100 and 200. 25[Table 1] Split Information O

(Encodbng partifiediimticafettbynteiindrhbaen 002N 2 binana Gidee81 2, Rapinterdhod:
Split Information 1 Mpde Partition Type Size of Transformation Unit
epeat e8¢, FepekipeaPrge Blbode Coding Units having Lower Depth of Infra

Inter The information 820 indicates a transformation unit to be based on when

transformation is performed on a current coding unit. For example, the

5 transformation unit may be a first intra transformation unit 822, a second intra

transformation unit 824, a first inter transformation unit 826, or a second intra
transformation unit 828.

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,

10 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.

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

15 units of a lower depth.

A prediction unit 910 for prediction encoding a coding unit 900 having a depth
of 0 and a size of 2N_0x2N_0 may include partitions of a partition type 912 having a
size of 2N_Ox2N_0, a partition type 914 having a size of 2N_OxN_0, a partition type
916 having a size of N_0x2N_0, and a partition type 918 having a size of N_0xN_0.

20 FIG. 16 only illustrates the partition types 912 through 918 which are obtained by
symmetrically splitting the prediction unit 910, but a partition type is not limited
thereto, and the partitions of the prediction unit 910 may include asymmetrical
partitions, partitions having a predetermined shape, and partitions having a
geometrical shape.

25 Prediction encoding is repeatedly performed on one partition having a size of
2N_0Ox2N_0, two partitions having a size of 2N_OxN_0, two partitions having a size
of N_Ox2N_0O, and four partitions having a size of N_OxN_0, according to each
partition type. The prediction encoding in an intra mode and an inter mode may be
performed on the partitions having the sizes of 2N_0x2N_0, N_0x2N_0, 2N_0xN_0,

30 and N_OxN_0. The prediction encoding in a skip mode is performed only on the
partition having the size of 2N_0x2N_0.

Errors of encoding including the prediction encoding in the partition types 912
through 918 are compared, and the least encoding error is determined among the
partition types. [f an encoding error is smallest in one of the partition types 912

20



Symmetrical Partition Type Asymetrical Partition Type Split
Information O of Transformation Unit Split Information 1 of
Transformation Unit Skip(Only 2Nx2N) 2Nx2N 2NxN Nx2N NxN 2NxnU
2NxnD nLx2N nRx2N 2Nx2N NxN (Synmetrical Type)

10

15

20

25

30

through 916, the prediction unit 910 may not be split into a lower depth.

If the encoding error is the smallest in the partition type 918, a depth is
changed from 0 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
N_OxN_0 to search for a minimum encoding error.

A prediction unit 940 for prediction encoding the coding unit 930 having a
depth 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.

If an encoding error is the smallest in the partition type 948, a depth is
changed 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.

When a maximum depth is d, split operation according to each depth may be
performed up to when a depth becomes d-1, and split information may be encoded
as up to when a depth is one of 0 to d-2. In other words, when encoding is
performed up to when the depth is d-1 after a coding unit corresponding to a depth of
d-2 is split in operation 970, a prediction unit 990 for prediction encoding a coding
unit 980 having a depth of d-1 and a size of 2N_(d-1)x2N_(d-1) may include
partitions of a partition type 992 having a size of 2N_(d-1)x2N_(d-1), a partition type
994 having a size of 2N_(d-1) xN_(d-1), a partition type 996 having a size of
N_(d-1)x2N_(d-1), and a partition type 998 having a size of N_(d-1)xN_(d-1).

Prediction encoding may be repeatedly performed on one partition having a
size of 2N_(d-1)x2N_(d-1), two partitions having a size of 2N_(d-1)xN_(d-1), two
partitions having a size of N_(d-1)x2N_(d-1), four partitions having a size of
N_(d-1)xN_(d-1) from among the partition types 992 through 998 to search for a
partition type having a minimum encoding error.

Even when the partition type 998 has the minimum encoding error, since a
maximum depth is d, a coding unit CU_(d-1) having a depth of d-1 is no longer split
to a lower depth, and a coded depth for the coding units constituting a current
maximum coding unit 900 is determined to be d-1 and a partition type of the current
maximum coding unit 900 may be determined to be N_(d-1)xN_(d-1). Also, since
the maximum depth is d and a minimum coding unit 980 having a lowermost depth of
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N 2xN 2 (Asymetrical Type) d+1 The output unit 130 of the
vi deo encodi ng apparatus 100 nmay output the encoding information
about the coding units having a tree structure, and the imge data
and encodi ng information extractor 220 of the video decodi ng
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and two typEReiimaybelatabad ermdemg infartrzgionwxt@stor 220561 the viddodsedding
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20 decodlng apparatus 200 may determine a depth, in which split lnformatlon IS O, as a
coded depth by using split information according to depths, and use information
about an encoding mode of the Corresponding depth for decoding.

FIGS. 10, 11, and 12 are diagrams for describing a relationship between
coding units 1010, prediction units 1060, and transformation units 1070, according to

25 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 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

30 each of the coding units 1010.

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

asynmetrical partition type, the size of the transformation unit nmay
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A prediction process performed in the encodi ng apparatus 400 of FIG
4 and 10 the prediction process perforned in the decodi ng apparat us
400 of FIG 5 will now be described in detail. A prediction process
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to 5 therskip moaledis\defined oobeinad partitivhdype havueg%eszéanf dNa(QBJ | oad on
the system i he, pre

r di t t of
nventon. 1? deeratan i Ber e tpei ey dRURGE Sunaikirice) partton

par anefypes§ anes@é%fom&zmtmm INKN,| 8RY- NRNE abhigh 8Rd ddigined by
paranefers may Dbe obtai ned based on the |'ook-up table, thereby

r edum synaetrigady repliding: &l beight iacsra widihe ohaf peadi cttcma Uprtegedtawmmnetncmh

. S TAREE i e TSl MO, AEIRREN Sl 3B

Comomtb;nddow\aeymmétnmlly spletind he heighe drhwidth of ti grathdtiorskshit! The
the art that the present inventionis not limted to the YCbCr col or

space FNMEYIGRE %ﬁtl%dty%%hﬁwngvmﬁ sizesc @if oPNgpHc@gd eNynD tmay e

I
;Bpg; art%ﬁg % Oégyt g’ggairﬁleai Bé%tpo tﬁﬁ%{h P‘?e@{m;trﬁé%e ﬁ?e&?ﬁc?ﬁ uﬂfteﬁq 1C<§ 'aﬂH 3:1, and
i nventthenasyRemetnical gpartitiéit Gypds!t havirg ithet rsizgsr eflintixR2ibin aappraRmZNsmMO!ﬁ)e

29 cci cERBRCENT Bb R b spiiia e WO BT ufe i iaR ALl S 1, ar gor

than a chrmﬂh@%iweeobkmkraﬁgfdrmenchmgrﬁdye hETRt tbhf'e %ﬁmypé@ i ®hd intra
1410 down-s afg})l es pixels of a restored | um nance

20nei gnbdei pméyl@es irethefinteo needel |I2eothaew;1rde, tﬁfspélt infmmahrmeof the
s! gnaltrﬁpsqo}rﬁgtlo% Gt ?g 0, thCehgll%g' mn(ée[rasﬂsggr?natyc\)‘nt Gnl %\CaQ/ Be E?\[XZN, which is

the size of the current coding unit.  If split information of the transformation unit is 1,

30 the transformation units may be obtained by splitting the current coding unit. Also, if
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The paraneter obtaining unit 1420 obtains paraneters representing a
correl ati on between a chrom nance bl ock and a | um nance bl ock, based
on restored nei ghboring pixels of the chrom nance bl ock and restored
nei ghbori ng pixels of a 25 |um nance bl ock corresponding to the

chrom panGatibh 8t of theP@itdtWadling LIAR hRYMAMREESizO BF 2NXDROisW sYmifetfical
may performa scaling process of changing bit depths of the ~
par anepartiiondypean gizet dfca Hansfonmation awid-mpy bedNedNwand iif thee|dartiéon type of

descri hed 0 .10 pr.event._ove fromoceurrin en an

oper at 1 10ral ARG BERT arn S PRAGREMATLbPY, [ BRD S gt the
par ametrahsfobinatioh Lgitunay béN/Bxwd.l be described in 30detail bel ow.
The prediction perform n%runi_t 1430 predicts a chrom nance pixel from

aSrestored IThRi ARGRAENG; IROIMaEPR AR ASHNG Hetist Bawpguaitep tshieicture may
ar ane I . : C I 20K .l Us I

ol o Pl at jeasfldfe: of {tddind it UefrdsPRHFRCEH &' Al Merith, UrelcibA
16A andnit68ndreemirdfremennd. dhegeadisg eaitlcaridspshdimgi togthe ¢tadddhdept® may
bl ock an chrom nance, bl ock,. according to a color format. In 4:2:0
ooror Pt SPISHR IS B Popretitioe Uik MieLS snimmugL Bl datia b Rersans
15A, 18Reodind iffekma@¢h nunerical value indicates a relative ratio of

sanpling 5 perforned in a horizontal direction. For exanple, in the
404: 4 col or Aceengnglyfibig deterpiined whetherf adjacent gatadinitseariesinciudedfiothe

e o 3amgy Sheigd” it cReS o, & oot detyoeloptuBhl™ encifg

chr om indovesatRiroadfs tisor agjgpendi digat antt§e YAlsom AaaneeeHain@r €odihgo unit
each 2Nx2M Here, 'N and 'M denote irjt%ﬁers. In the 4:2:2 color
f or mat CORRIPONSING dprich aAdRd derd e deteroynedh 8y cysingngacadingsivfermagion of a

equal ot g, ffd 8 4 H@tﬁlﬂ}fbﬁ &PW@%%%H al ﬂaax{ﬁ%h%

. Ii'rgj unit may be
direction, but have a resolution t of the lum nance conponent

i1 a vedeteirmideddi rection. In other words, in the 4:2:2 color fornmat,

two Cb pixels and two. pi xel § exi,st for, four |um napce pixels 1510
i n the hor | AGROBINGN doq ST ERETG. 37 (51 Bredhdpabesedcdh endoding
chr om pdsteeatoPTBe R cerPld 28 dudiECr efdding iffefAhtidh WF datal uhie in deeper
resolution of the | um nance conmponent Y 1n both vertical and

hor i zofRANg dinite @diagest tq heotureentweding urihmayhbeiredty fefereedtoarndased.
o the oo RLERRRERETRORZEl oAl AMCTyAE ' oD HHka ohnPhhebaing
402: 0 informedtionaofl adiacenmtodath| nits, Yatzaanits adjgeenf to2tke2ddrbent cduimgruniee
oi 76 GHOARNP HING,AECHARY RENEITR NG HAth i FafE8 BROEAIONES asiesn
the hogddiRgiupits A4l ¥ETeferRl B pREi¢tRISthe current coding unit.
FIG. 13 is a diagram for describing a relationship between a coding unit, a
prediction unit or a partition, and a transformation unit, according to encoding mode
25 information of Table 1.
A maximum coding unit 1300 includes coding units 1302, 1304, 1306, 1312,
1314, 1316, and 1318 of coded depths. Here, since the coding unit 1318 is a
coding unit of a coded depth, split information may be set to 0. Information about a
partition type of the coding unit 1318 having a size of 2Nx2N may be set to be one of
30 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 size of nRx2N.
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Thus, if the lum nance block Y is larger than the chrom nance bl ocks
Cb and Cr as in the 4:2:2 color format or the 4:2:0 color format, the
sanpling unit 1410 may down-sanple a restored | um nance bl ock and

nei ghboring pixels thereof so that a 25l um nance signal and a

chrom nance\gh&hehe pamtIERAL E§PeiiS sat o be symmetrﬁ:'aﬁl el hé pattiticf Wp‘é”‘{:@zz
diagramillustrating a process of down-sanpling | um nance sig

accor dilAg4t 4326 @i reetﬂan@‘prmﬁ@orpuegé@ﬂ& hﬁmg iadnze RERRIXZNNig aect) lf the
FIG 1
bl ock 17287814 8t e jafhyrtH0BRE 0F aRica SEH B BnclHE o A 1B g

1410 obizeldENAMis St itamy siaetflagds tihe Ium nance bl ock 1710 and
nei ghbori ng |er s thereof at a ratl Here, 'nS denotes a

pésitive in thegpaiditien &yrg 17, settie b@awmwstrmht' er4thg RASHHRR bR E33%
restoregs humm)@ﬁen 336083tarRSinlatio lﬂﬂpﬂ’ﬁfs@wﬁg @6??%12!«%@9@%%

signal Rec 1 1( on Equations (1 ow. According
t o Equaizedtad )0, amha rteems&rmatlehsumt ¢8%h havimgea smer@rN/ZxN&hs aeidif a TU
| um nan:cef i xel ~ adj acent to a left side of the current bl ock nay be
preC|s %(‘Mﬁ sanpl ed according to a relative |location of a

chrom nanceAsg@8lctionff6césd 2Sebf<}:mﬁ&!3¢n tHe 8ﬁeocﬁb@ 'dﬁ)'BﬁPatLlé %002& IFIJQ )4 &nd

(1), 5Swherein x=-1,nS-1, and y=0 Accord

Equat i Hie predictiompresass p@lrs@émedaajta@éiﬂcodmgaapwgﬂs éOQIé)chﬂGt wm now
curr enP *}&%‘ﬁb@&% Isaﬂpéree@ 33 OBrlo’éegé'J&opqlﬁgl}ﬁf AN e?nlgecflﬁtep't'%?%e

line o current o k't uce  a nunber
| umi napmept Xrevehtibnomatywoe tperfmmmednaera netv mtrar p:ﬁdtcttlavnnnﬁehbyl the lntra

"rec” oot Hhet R e B geedi BT s Fle. 195 o ofter s

wher ei ﬁré(ﬁ&ron unit lsrfgfekfreoa!?)daé’a'blo k. It Tow pass filtering
expressed I n Equation (2) is ski pped an equation: REC 12(x, y).=

REc_L(2x, 2hwgenesatOat leastntbrae qzﬂom):ompneetsueaj rieedeéaf@rcﬁadﬁqphqei do

15(2) . . [t .0 th L xel s cati

G y) . display ol s, BEE VB Ro! siftay; " TR RTBREESIE, SRyl it ol space,
pi xel ssaeh aseami RGBacdIgf spadeien Whlémeaehrdfeé‘émplbgqh‘ Al wees sigid is
value of 'y' of which is -1, are neighboring pixels adjacent to an

upper EQR!I@SQJT‘G@ tsingUthres pixel yelwes ghaibeach repseseiy mialativeaiatiorkatwaap igd
F;?f'ﬁig@f g;?gée&lﬁ (GE dé‘r(ﬁih %@E@)ﬁlﬁt m)geB@F c8(6‘?rs%68ta°r§j Y80 HiBELpace, in
20 which a color video signal is represented using luminance and chrominance
components based on a fact that a human visual system (HVS) is more sensitive to
luminance component. Generally, in video encoding/decoding methods, encoding
and decoding are performed by dividing a video signal into such a plurality of color
components. It is highly probable that a predetermined correlation is present
25 between color components of the same pixel in the video signal containing such a
plurality of color components. For example, the values of a luminance component
Y and chrominance components Cb and Cr of corresponding pixels belonging to the

same block may exhibit a similar pattern.
Thus, an intra prediction apparatus according to an embodiment of the
30 present invention obtains parameters representing a linear correlation between a
luminance signal and a chrominance signal, based on restored neighboring
luminance pixels and restored neighboring chrominance pixels before a current
chrominance block is processed, and then produces a predicted value of the current

chrominance block from a previously restored luminance block by using the
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are respectively (0,0) and (nS-1, nS-1). The | um nance si gnal
Rec_12(x,y) that is down-sanpled according to Equation (1) or (2) is
used only when the 4:2:2 color format or the 4:2:0 color format is

used. If the 4:4:4 color format is used, a restored |um nance signal

Rec_L( yabaméetys.bendhstic@st, |d(:c§ﬁﬁﬁ'g 't&aﬁréh%(?dln@nﬁbfﬂf@ PrR8ERt ﬁlVGﬁﬁ’dn and
a down-sa Ilngﬁérocess may be ski pped. In the case of

4: 4: 4 posybleflor efficiently Wbiaigrrarameters repsespmding fealirear wrelatm;between a

it DAAICheraaradon ShRburBRtE riRA BRCRelb bl BT hulfuceser
ef fi ci addiionf and edbhction opéiatishe add eiccdssing salapkiupdtabld, twithio having to
FIGS. 18A and 186 are reference diagranms illustrating a process of

oBt ai nPRHOAraMYIgPs ?W@E@Bﬁh?h@‘qe@ﬁsr bpEwWdR Isadwarrihg $YsieManédso,
si gnal ;2064 gf&r Qméﬁ%&ﬁnﬁn@’gﬂt%@g rg]g uﬂfe‘?ﬁlﬁn()(/?Iﬂéﬁqie%td'eﬂgtoaperform an

chrom nance signal, accor odi nment ' o e present
i nvent operation for obkainiag arbmetersonay be previoelkht stored i g. Ioolaupltablar and

Chr om R BE/SIEr TP P A el <aaoh 18R 1ogfcalclepi, hPFebY frdeingyen

a | ocaém@n( >bfyaa|@lmaﬁo@rembeé4ﬁéﬂerr etﬁé%:@@ehwnm&iaﬁ Wiiop é@é’e%kea with
Rec_12(x,y), then the prediction performng unit 1430 of FIG may

dBt ai nreaspgcbtﬂ atpracesscef prerdi@tmgc@plw afta ghropyaanes compppeahfram a pixel
chr om QPQCc%rFésgfptﬂ glgl’mlﬁgﬁ(?éj c8hh %nehpeq-loﬁgvé lta\M”OB]e %%Vr@‘é %08% of
quati

| umi nahc& S1 gn Fon nance Signal s as expr esse

(3). Portinaryxskil) in the Beicthbt 1Iﬁ?<] pféﬁ?thgverzjt(o'ﬁ is Mdslelirﬁltéd ta'thdeyobes calor
paraneter representin t an enotes a parameter
r epr eseRRGEIA MY b app! '% 8@90%@”%‘#3 EPler pRRGARe L sthe BisP %ol%§pq5;§

oot 3eD OB ERTIRG, ARcRaR ol 858 RgRAe /a8 At o

pbxel sarR@cmb@dlmean the prasat loVenthma 1 RefatringnioeF I3 o‘c4<, thezmtraepredlctlon

EXE)Ir )ezisl&geari? USE%@ e qqe%lééaglpll nitHleé{ﬁi, a. parame‘?er obtalnlng (.ll ?t 14§8Cand
a prediction performing unit 1430.

If a luminance block is larger than a chrominance block corresponding thereto,
the sampling unit 1410 down-samples pixels of a restored luminance block and

20 neighboring pixels thereof to equalize the size of a luminance signal and the size of a
chrominance signal with each other.

The parameter obtaining unit 1420 obtains parameters representing a
correlation between a chrominance block and a luminance block, based on restored
neighboring pixels of the chrominance block and restored neighboring pixels of a

25 luminance block corresponding to the chrominance block. In particular, the
parameter obtaining unit 1410 may perform a scaling process of changing bit depths
of the parameters to change the size of a look-up table which will be described below
and to prevent overflow from occurring when an operation is performed to obtain the
parameters. Operations of the parameter obtaining unit 1410 will be described in

30 detail below.

The prediction performing unit 1430 predicts a chrominance pixel from a
restored luminance pixel corresponding thereto by using the parameters.

FIGS. 15A to 15C are reference diagrams illustrating color formats each

including a plurality of color components. FIGS. 16A and 16B are reference

27.



i roi =0 ERecRec L' (i)-(ERec P(0)2A2 I-1 ERec c(i)-a - YfRec 1, 1(i)

| =01 =0 20wherein 'I' denotes the nunber of neighboring pixels

adj acent to an upper or left side of the chrom nance bl ock 1810 or
the | um nance bl ock 1820. Referring to FIGS. 18A and 18B, if the

Si zes @ladrfsHcAMInaRmgd Rﬁr‘ﬁnéﬁé@bﬁ)‘&ﬂdﬂﬂ%bh‘@hﬁiﬁﬁﬁ@e Bldékkac%éﬁﬁn@f&a
each nSxnS, then the nunber | of neighboring pixels is 2nS hough
FI GS. melmrmrmarss Illustrate a case where pixels adjacent to upper

obtain the 4Pl RtinEC Pariene Bt ats 4RO R s ©
si de ofi5Ah¢sBUaREGNECHack nmmert@el vsied mic@t@s@wmatwegranbmhamfdmg t he
nei ghbori ng pi xels adjacent to the right or |ower side the current

bPock ReVempedin aderigeaigl deedian. ¢ f@r@xﬁm@, ipItee #:4:¢ c@#%é@%@td fourieb
number o} 0f A Af iR IR S BRY Y %Xés H%‘Qﬁr ?{efgrnﬁg th'HE, %ﬁhin the

oper at Pon may Le per‘# orned 1 nstead cat1on or div
oper at 44 cblmr@mnmtaWhemthesmeS)fBaj‘énommamce tbd)«:k:ls ANz meaSImB/\eferf

2, the n er of nei A
Fi oat | ABY R0 hromRaree: ScmsgoRsRobaing b P et ReBngnes ik e Aspeach
par a”EQN&ZM a%d'w%ﬁdowﬁﬁ'éﬁbté)mtédgrs Hevepees:2:2 éolérhf%rrﬂéf apgter ais
a floating point number, floating point division should per formed

viRen thr@tmlnanqewomgouge@ Ch aed yhavpoa resnletion egualite thairqflthaiurpmaﬂce

over 1 GunRRedr i oA el drtipichl ate ShetiuRirfabinat oflly uni
1420 ofunkih&ncd dompynent Bl aérticaladissttibal S IrRothandvdrds by the at2:a@oldre
paranmeters a and b according to an integral cal cul ation al1gor|thm

that i ©rRakdWor-e pdiebhand g GdtRivels exigf Terdguy kyminaper pixesal 10 injthe
order bGiMRAMitioh! og{ ﬂ%gél.Q?U 86!0 iRk R ch&}@r’ﬁlr%‘{c@mor%nté B#tand

15is an integer obtain y up-sca Ing as nuch as na bits

néundi 6ghake apasalitioshaifdhdeésolatibn attheddmifandeecqapamentef inmboth

accor d' r%caloan%]ngtlzooQal(dlkéctlgﬁsf ‘n otwser wordé @\e number of pixels of each of
the chrominance components Cb and Cr is 1/4 times that of pixels of the luminance
component Y. As illustrated in FIG. 16B, in the 4:2:0 format, a luminance block Y
has a size of 2Nx2M but chrominance blocks Cb and Cr corresponding to the

20 luminance block Y each has a size of NxM that are half the size of the luminance
block Y in both the horizontal and vertical directions.

Thus, if the luminance block Y is larger than the chrominance blocks Cb and
Cr as in the 4:2:2 color format or the 4:2:0 color format, the sampling unit 1410 may
down-sample a restored luminance block and neighboring pixels thereof so that a

25 luminance signal and a chrominance signal may match in a 1:1.

FIG. 17 is a reference diagram illustrating a process of down-sampling a
luminance signal, according to an embodiment of the present invention. Referring
to FIG. 17, if the sizes of a luminance block 1710 and a chrominance block 1720 are
respectively 2nSx2nS and nSxnS, then the sampling unit 1410 of FIG. 14

30 down-samples the luminance block 1710 and neighboring pixels thereof at a ratio of
1/2. Here, ‘nS’ denotes a positive integer. Specifically, the sampling unit 1410
down-samples a restored luminance signal Rec_L to produce a down-sampled
luminance signal Rec_L'(x,y), based on Equations (1) and (2) below.

According to Equation (1), luminance pixels present in a current block and
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According to Equation (6), the paraneter a (a floating point nunber)
is up-scaled and rounded to the paraneter a' (an integer) by
performng a |l eft bitw se 20 operation (<<). The Il, bits nay be set
in consideration of the precision of data and the conplexity of

cal cul RinhiRBncE PixSlsaaMaeentS IR a MBY d18e ' IBthe TOFeRBNAGEL Bha He precisely
floati ng point nunber "according to Equation (5)) may al so be rounded

t o t hedpWhn=HasMRIed RCCOENNG 1 adelajivejoaadion®f erehrpaniranaessampleaccor di ng
to Equation (6). If the nodified paraneters a' and b' are used,
Equation (3 y f X

1,1(x, y))na%%‘-’ggi—lggf’?% (Ree Rl 2R3y Zﬁ?ggg(%%{%é’?qﬁﬂgg%g)
shoul d he calculated to calculate the paraneter a' based on Equation
(6). ThE: val ues Al and A2 may be respectively replaced with

ilgpr ox{,‘,@p&ﬁi X\Aa1’uesn§11', aﬂlaﬁ/;/eﬁ'm orp\:;_ai_ ned by changing bits included in

and except’ Tor a’predetérm ned nunber of upper bits therein to
'0'. 30SpecAtcardingyto Enquatipp2)ilumirescealixels Adjacsnt 4o redupercsidagifribe

bits incl ip th I Al f nA Qi th in, .t
o an B B oS o217 S o BOE e o i or e
i ncl udggkrémt BIbek Yo katfuddla n@ﬁﬂﬁ?tqff&ﬁfeﬁlﬂﬁéé o Ainibbhée PhRISTBm fb tdone
may be expressed as follows: Al =[Al>r Ad 2 TA ) A2' =[ A2> r2

r A2( 9) insan intra predictigndneibad@rording to aammbkediment gbtheopesant ipMentiors. |
an operation of selecting a maximuminteger that is |less than a val ue

5 e PR g ) 0

dept h (of the value Al and a bit depth of the value A2. 'nAi' nmay be
set 10%o prevent the occurrence of a bit overflow and in

consi dghatdiPR=0f  anduibgiqd ¢f-1bi ts obtained when a nultiplication
operation Is perforned. For exanple, timmay be '15' . irtA2' is

rel ated to ifhievwspass diltesingoekpigssedbire Bohiatibnw(2)l i eskifipast; i e dedigdton:

e+ o KR LB R 2R, 2B LRGeSy Tord Tl g Yol s of RealiEY

vgl ue @3 15 according to an enbodi nent of the present invention.
Referring to FIG 19, it is assunmed that the value A2 has a bit depth
of 27 and ahioaesuned Hhat fiIpEMeRg pixels at g logabien (Xyharxelaotheayalpe Pf &

Oh el ofbien G ho kol I 8t & 14 3k o o S i o

[ A2>>2dikelssthauvaluelof §d odbwhithAB,-1] aee neigBhorind pixelshadjaeemnt toi argudensids

exceptoff ﬂ{e tcﬂrereﬁ{ )f)lock. Also, it is assumed that from among pixels present in an

20 nSxnS block, the coordinates of an upper leftmost pixel and a lower rightmost pixel
are respectively (0,0) and (nS-1, nS-1).

The luminance signal Rec_L'(x,y) that is down-sampled according to Equation
(1) or (2) is used only when the 4:2:2 color format or the 4:2:0 color format is used.
If the 4:4:4 color format is used, a restored luminance signal Rec_L(x,y) may be

25 directly used to predict a chrominance signal and a down-sampling process may be
skipped.

In the case of the 4:4:4 color format, a U signal and a V signal have a far
lower frequency band than a Y signal. Thus, low-pass filtering may be additionally
performed on a restored luminance signal to improve the efficiency of prediction,

30 instead of down-sampling filtering.
FIGS. 18A and 18B are reference diagrams illustrating a process of obtaining

parameters representing a correlation between a luminance signal and a
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20upper bits are '0', thereby obtaining the approxi mated val ue A2'.
When Equations (8) and (9) are substituted into Equation (6),
Equation (10) is obtained as follows: ...(10), wherein 'tabl e
may be determned in consideration of the precision of data and the

25conpLRirinante Cs@%r@l"a%i SProde¥s SHERicting™ 8RigmifaYcd igr], é&dréiﬁ'g'l-to
2 [A1l-,;>, rA2 Tn Equation (10),includes a division operation. To
avoi d BAenzbadiment apthe priegest iNEBRY-ati on, a result of cal cul ati ng42

may be instgad : [ | 0ok= e, JThus,; r.a'
be cal cul atg g%%@'ﬁ%%ngéhogeméagﬁ#gergé%) ,e'goasl%cimtg%?t(ﬁcg@%@i@ug 4 er?t
| f t hebktwderupotredpandisg liswidanse dadwhrd@ihamicegxels heReferfing 2aorFIGS. a8A
may be cal cul ated. by only usin mul tiplication operation and a
sRift BB@H ’dnae&’&%ra&i%écﬁ‘éo@ Q PR ?%U)OLW’% RsiRTeAdvmirancs plerk dfsP
t he di Ri.@n el iotioAl i it aiape, I qgr i
I 11 ust }ré'aﬁe%ngE’,%?{b'_e ﬁpthteag{eg I%@o%{fﬁgmb g lngf 2#%%?&5#? gfg I?h obtain a
pr esenpradictedtpixel. _Pred_c(x,y) at a location (x,y) on a chrominance block 1810, based
on a linear correlation between a luminance signal and a chrominance signal, as

expressed in Equation (3).

Pred c(x,y)=a* Rec L(x,y)th 3),

wherein ‘a’ denotes a parameter representing a weight and ‘b’ denotes a parameter

10

representing an offset. The values of the parameters a and b may be calculated by

performing an operation that uses neighboring pixels Rec_c(i) 1811 and 1812 of the

chrominance block 1810 and neighboring pixels Rec_L'(i) 1821 and 1822 of the
15 luminance block 1821, as expressed in Equations (4) and (5). Here, i=0, ..., 2nS-1.

Il

I I
I ZRec_c(i) + Ree L'(i)- ZRec_c(i)' ZRec_L'(i) N
=0 i=0 i=0 _

a: - 2 R

Il Il ) A2
I+ Y:Rec LUi)* Ree L'G)-( Y.Rec L(i))
i=0 i=0

(4)

I-1 I-1
ZRec_c(z') -a - ZRec_L (1)
i=0 i=0

b:
4 .. (5),

20 wherein ‘I’ denotes the number of neighboring pixels adjacent to an upper or left side
of the chrominance block 1810 or the luminance block 1820. Referring to FIGS.
18A and 18B, if the sizes of the chrominance block 1810 and the luminance block
1820 are each nSxnS, then the number | of neighboring pixels is 2nS. Although
FIGS. 18A and 18B illustrate a case where pixels adjacent to upper and left sides of

25 a current block are used as neighboring pixels to obtain the parameters a and b,
pixels adjacent to a right or lower side of the current block may be used as

30



[ A2>r A 101f nA2=6, then a nunber of cases ofis equal to a nunber of
cases 2)27N [ A2>r A21 of upper six bits of the value A2. |In other
words, 2"(nA2)= 276, nmay be determ ned based on a | ook-up table

consisting of a total of 64 elenments. Thus, the paraneter obtaining

uni t 1Aa@h@6riﬁdt; Gixclé whah PRt idighiBoritd] PikeRf adideéido. thBarefl oP lowseside of
| ook-up table that stores various £055| ble values of ~ 2 n' [A2>
r, 42 18¥oevespbhlgickdhave baen destarsd befyesthevgurentlack 2 pragassadt héhe

SiX u aya N . Ni t .

va ue BemesE o Beiahbohnliditls nd 6o BYAUEL 6 2 36 A2 sRiondicligh mabe
cal cul ptdotrhed fasteadt efr aamulliplication vsidigsioheopetation) | ragensralpsingti 08
and the shift operation, based o Eq ation (10) A_I?] , .the paraneter
oBt ai nSﬁBOfﬂJ“rﬂ a blgslg Sf?&yisc%m@weatog 2N Bﬁr%‘?%rr' af nglg BQFH% pixels is also a

power of 2.

A floating point operation may be used to precisely calculate the parameter a
according to Equation (4). However, if the parameter a is a floating point number,
floating point division should be performed when Equation (4) is used, thereby

10 increasing the complexity of calculation. Thus, in order to prevent the occurrence of

a bit overflow and simplify the calculation, the parameter obtaining unit 1420 of FIG.

14 may calculate parameters a' and b' by scaling the parameters a and b according

to an integral calculation algorithm that is a modification of Equations (4) and (5).
Specifically, in order to avoid the floating point operation, the parameter a' that
15 is an integer obtained by up-scaling as much as n, bits and rounding the parameter

is defined instead of the parameter a according to Equation (4), as follows:

a=q" (1<<na)=fIl ' (1<<n,)
A2 6)
According to Equation (6), the parameter a (a floating point number) is
up-scaled and rounded to the parameter a' (an integer) by performing a left bitwise
20 operation (<<). The n, bits may be set in consideration of the precision of data and
the complexity of calculation. For example, ‘ny’ may be ‘“13’. The parameter b (a
floating point number according to Equation (5)) may also be rounded to the
parameter b' (an integer) by using the parameter a' according to Equation (6). If the
modified parameters a' and b' are used, Equation (3) may be changed as follows:
25 Pred c(x,y)=(a’* Rec L'(x.y)>n,)+b' @
‘A1/A2’ expressed in Equation (6) should be calculated to calculate the
parameter a' based on Equation (6). The values A1 and A2 may be respectively
replaced with approximated values A1' and A2' obtained by changing bits included in
A1 and A2 except for a predetermined number of upper bits therein to ‘0.
30 Specifically, the approximated value A1' obtained by changing bits included in the
value A1, except for upper nas bits therein, to ‘0’ and the approximated value B1'
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20t he cal cul ated paraneter a', as follows: 1-1 ERec_c(i)-(a'

(ERec_1,1(0)>na) i =o0i =0 The cal cul ation of the paraneter b’
based on Equation (11) may be performed w thout having to performa
di vi si on operation, when a nunber |' of neighboring pixels expressed

i n Equabtammed bﬂt)chbﬁgi‘mgﬂ@wi‘mcmﬁea in ltifie VaRIeNBIbEXcept foradippetirgh bitsitherein,
pi xel's is not a power of since a pixel adjacent to an upper |eft or

right 9 @ reay ge %%%WSE”QW |s used as a nei ghboring pixel
unlike in FIGS. 18A and 18B t hen 1/1 nay be stored in a | ook-up

table, and the paranetey [[941113} ébl by mul tiplying the
nunerators in Equatlon (1 ) 14 ored in the | ook{gp table.

The paraneter a' based on Equatl on (10) may be clipped so that the

mul tiplication operati mnc quayion (7) may be perforned
withina 10 predeterm‘”ﬂgd L‘%%%fnflﬁﬁ @For exanpl e, i(@)the

mul tiplication operatlon in Equation (7) is performed using 16 bits,
t|5e pararreter a' is clipped within a range of [ 2-15, 215-1]. If na

of -4, 4 TRoPHSY B eanre i SaRpiaT el 3 o sRPetTaladleb@LS

par amepreiximum inteyr ahhtab dss Pzt valukdneilden lr( ﬂp)‘m —Hﬁ(b@ép‘tﬁ@&’ﬁ)tnm ;L5)

obt ai ni ng unit 1420 maéanot determ ne cria' constant and

det er nAR fA'm{na%(@dS@”K phias D) o Hafe: meaﬁg#\aﬁ au'd abﬂﬁmh(% é@,sqe@’tlvely
r educed%aél%f’eggh il ’Pfhﬁ \'/:élﬁegs‘lagﬁé & blpéeﬁ{ﬁyoft{ﬁefj@hfﬂ é?d ﬁ{frﬂ%g%\)gssleg

na = uat1on
slobst i tajpmi/enhthze Eqwmremne ofLa)hit @eprélowoand EB@:omsd@@dena)fnaeduaﬂ)er of bits
foll ows;, A2

o hepbiaiad fuisios rauAiRtan; cprafon &5 RerREnsd, abBt Bfioldina may be

pr edet gim nad,’ b trélaté;@'to AT of Il I0BKMA teIb vtk Adll e dBSEribed below.
adjusting the bit depth of the parameter a' to mmintain the bit depth

of theFpaexanaple; whengg lasikewp talle issbase! oy 6é>é/|@|ﬂé\§§§d Mag raay qu@t i on:

bi t Adj ust = , ) '
bt i i g oElIShTRAARS Brbete- g bbietbho, W BidbapRied gle A2
uSl ng a@ccﬂ’dlu@t tcnan ahbadlmtt@fdthsspresénvmmtnoh aHafemngatyo 5&3 seg itas
' 8 a er a y mai nt ai ned to ess tha
o' bi ¢ sasTMER abdp ot A et SaPTIoN2T 814 30 PURTal Wstainas (5 T
(7), ip t%a%éﬁ Bfax @7EEUARAN WD), A2L>m‘> B LRI IE 8L
error t%at may (r)/{écura V\gr?eﬁat paramete[ ﬁ‘%gun edC creix
upper bits 1910, e.g., “101011", of the value of A2. If a result of calculatlng
[A2>>21] is multiplied by 2”2, i.e., 2%!, then the remaining 21 bits except for the six

20 upper bits are ‘0’, thereby obtaining the approximated value A2'.
When Equations (8) and (9) are substituted into Equation (6), Equation (10) is

obtained as follows:
¥ ] r.th
[A1>>I’A1]'2Al znﬂ 0, [A1>>rA1].2A1 o
—i‘ ' = Fotn
[A2>>I‘A2] )R [A2>>I‘A2] J) R e

2 nmm ] [A 1 >> ] 2 ",11+”a'(r/a+"mb{e)
+ r +
ADry &

(10),
wherein ‘nipe’ may be determined in consideration of the precision of data and the

25 complexity of calculation. For example, nipie may be set to “15°.
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paranmeter a' is maintained within the predeterm ned range of bits.

"a rA2ntabl e-rAr bitAdjust ...(14) As descri bed above, the
paraneter obtaining unit 1420 may obtain the paraneters a' and b’

that define a correlation between a |um nance signal and a

chrom nance signal, based on,fguation (10) or (11). After the
paraneters a' and b'" 5 a[e—g%%a%@ed, the prediction performng unit
1430 of Fl Gn Bhuptieduaes, a-predict adcvabye eivisiohsgaranenceTsi awid the
froma restored | um nance pixel correspondig to the chrom nance

pi xel , based on Equation (7). Meanwhil = Eon (4) may be

expres ; : s Ctide A-AP2F 4o LLs ; QL
SO PR RS o resdl, of (Gl 1 o) e Bt el a
f ol | owookeyp-tablarecThieg, ithe preameieria) Maycbe calpulaiepbaceardingiecE guatiornid®),

Li (i) Bazgt?d'%nEthgel%oklﬁagta 16 16K the 10ok-UB BbRETs EQe@%%V§%Cé@eBiébov&, r’%ge

overfl Oow from occurri €n the paraneter a 1S calcu accor
t 6 Equpiianmetela) mayhbe patcutattedrbyobhigi usimg aumiuttiplid2iorpepértion and a shift
gﬁ[_-s?alo;lagr%t[ignrggggr%in% ntgml)ieqrua(t)i];nbl(%oi Ivﬂth%%%hhg\];iné C{'o ’pér%rin Itlhear&(ljvision
operation.
FIG. 20 is a reference diagram illustrating a look-up table according to an

embodiment of the present invention.

2”:49):
[ A2>r ] .
10 If na2=6, then a number of cases of 42 s equal to a number of cases
2’7“"»1‘
[A2>>rA2 ]

of upper six bits of the value A2. In other words, 24naz)= 276, and
may be determined based on a look-up table consisting of a total of 64 elements.

Thus, the parameter obtaining unit 1420 of FIG. 14 may obtain a value of

2”@1;
[ A2>r I
42 | based on the look-up table that stores various possible values of
2”’:5&?:
25y, ]
15 42 corresponding to 64 variables as shown in FIG. 20, which the six upper
2”::;&::
[ A2>r ]
bits of the parameter a2 may have. After the value of 42 js obtained, the
parameter obtaining unit 1420 may calculate the parameter a' by only using the
multiplication operation and the shift operation, based on Equation (10).
Also, the parameter obtaining unit 1420 may calculate a parameter b' by using
20 the calculated parameter a', as follows:

Z(:)Rec_c(i)-(a’ o ;Rec_L'(i))>>na)

b'=
1 (1)
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15For exanple, if the nunbers of bits of, for exanple, sanples
Rec_LAD and Rec_c(i), are each defined to be cria', then the maxi num
nunber of bits bitsmax of each of the values Al and A2 may be

calculated as follows: bits max-(n sbdepth(l)) 2+1... (17) In order
t o nai nt ai NThEalNAtIBNdMHBRRITaRlktdH B %a@éﬂ%ﬁﬁq@@tldﬂ (eld?trﬁéyrb@@érfﬁrra@d
bits, a bit depth of each of the values Al and A2 may be reduced by

bits, wﬁéonunaémgoto mrf@ﬁnl% dg\rl@@mecppqrﬁarhn,awneﬁb@rnttsmerhé af peighboring

Here, SSed'h EYuEHGEh (1TPls £718 £3.0 PR AymBef ?ﬂ’eb%tbrorﬂ%

pararrePe jus é ned as Tol'l'ows: rbl %\mj t R

[nra]tx( bi FB(@EXAIlsBBotO% p:zwe{rltﬁf)% 'Eli‘r&:eparpﬂk@tafjacématbrﬁamglppe'r lefﬂéﬁ@ghbsl@of a
ti

[@f) bi EAEPGSPIX ﬁ%ﬁﬁgge@spgﬁhw %13:)0%' @Jﬁ%g@ 7’1@% "eqnd |1]8§; then 1

t hd USh}aﬁopéLﬁoP% tiAdh UsbkH Z}ablé L3ng ﬂw’éd?é%tn%th%} (tﬁ be calé&lal%d by

nunber nelr gnoori ng plXx s 1s power O JUS ment
par arretmxitipjymgdlmemumaratpr@m Eqdaﬁoméld)éxy W bsstoreabindherlmk updakleet er

bi t Adj ust 2 as foll bi t Actj ust 2A- (bj ust 2
Bef or &t he. Vot SEh e A S EAR A 0 R 08 @boRdoiea ek e
uni t 1ALMtigmesticle - §6&ation Clncluded .in' Equatioh’ (Bnéhay béJYpé#ﬁjrﬁ@dt R@tHm t a
adj ust nent paraneter bitAdjust2A, as follows: CL= {_CL bi t Adj ust2 A
deFC> Bredetemmined pange of bits.  For example, if the multiplication operatlon in Equation
(7) is performed using 16 bits, the parameter a' is clipped within a range of [-2 18
2"1]. If n,yis “13', an actual value of the parameter a is limited within a range of [-4,
4), thereby preventing amplification of an error.
When the parameter a' is calculated based on Equation (10), the parameter
15 obtaining unit 1420 may not determine ‘n,’ to be a constant and may determine ‘ny’
to be adaptive to the values of A1 and A2 so as to reduce a rounding error. For

example, n, may be obtained as follows:
P, TF g0 VR pnpem 41 .. (12)

When Equation (12) is substituted into Equation (10), Equation (13) is
20 obtained as follows:

7

2 table

12>, # 1 [A1>>’”A1]

AR
(13)

A bit depth of the parameter a' may be adjusted to maintain the parameter a'
as predetermined bits. For example, if a variable bitAdjust for adjusting the bit
depth of the parameter a' to maintain the bit depth of the parameter a' as bits a_bits

25 is expressed as an equation: bitAdjust=max(0, bdepth(abs(a"))-(a_bits-1)), then the
parameter obtaining unit 1420 reduces the bit depth of the parameter a' by using an
equation: a'=a'>>bitAdjust. A value of a_bits may be set to ‘7" or ‘8’ so that the
parameter a' may be maintained to be less than 8 bits. If ‘n,’ expressed in Equation
(14) is applied into Equation (7), instead of ‘n,’ in Equation (12), it is possible to

30 reduce an error that may occur when the parameter a' is rounded while the
parameter a' is maintained within the predetermined range of bits.
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LL=[ LL> bit Adj ust 2A] L-[L> bi adjust2A] i=[I> bitAdjust2A] 10...(21)
As descri bed above, according to an enbodi nent of the present

I nvention, in order to prevent the occurrence of a bit overflow, the
par amet er obt ai ni ng unit 1420 nay reduce the bit depths of the val ues
A and B by de-scaling 'CU, 'C, "L' and "I' used to calcul ate

the values Al and A2zi r=gopstger al i-on, of barradpaset the val ues 15A
and A2 and according t6 Eqid % ona?%l) ¥ ché%rdl ng-t ol ot her

enbodi nent t he present invention, the parapeter o ni n

1420 cal cul Apedoscihth aoup! H5S BASEeSh AIGe E THA0 TN GBlamdhe
Sl zes ? rérﬂ@te?é"%O'é‘nﬁaﬂcﬁ\al?ld&lhe1§]&rwl6m%eiwﬂm%”%lhéﬁ€é< sﬂ&%@é?}fd a
FIGS. 18A and 18B and a bit depth BitDepthc of the sanple Rec (i)

as fol Cbnmmnaaewa»g(rej BiasedmrhEquation (18))-ori(4)).20After( the)parametersra’ @nde

t revent verflow fro CCUrri i he ,cal cul ati on_of.

Re”varioeofe dfkchrerblon aafibd ol it oF bt a5 ieSe E Pudlcred
"CL', Vé&lue ofld chr@fifthanke pirsl fféth| v&storddfnthands pixeFeokdspbnding lts tke

L=1, > 1(3(23) Al so, the paraneter obtaining unit 1420 obtains a

par anme€RMONNnanee BixehPaskE PuEaHi (W3 and the val ue nS, as fol | ows:
k2=l 092( (2" pR4RkRle: Eqliafdn (4) may be expressed as follows:
Al _1-CL-C-L
A2  I-LL-L-L ... (15)

10 ‘CL’, ‘C’, 'L’ and ‘LL’ expressed in Equation (15) may be calculated as follows:
1
CL= ZRec__c(z’) * Rec L'(i)
=0

El
C= ZRec_c(i)
=0
£l
LL= ZRec_L’(i) * Rec L'(i)

=0

-1
L= 2 Rec L)
=0 (16)

In order to prevent a bit overflow from occurring when the parameter a is
calculated according to Equation (15), the parameter obtaining unit 1420 performs
de-scalingto reduce a number of bits in each of ‘CL’, ‘C’, ‘L’ and ‘LL".

15 For example, if the numbers of bits of, for example, samples Rec_L'(i) and
Rec_c(i), are each defined to be ‘ns, then the maximum number of bits bitsyax of
each of the values A1 and A2 may be calculated as follows:

bits, .~ (ntbdepth(l)) + 2+1 (17

In order to maintain the maximum number of bits bits.x as predetermined A

20 bits, a bit depth of each of the values A1 and A2 may be reduced by bits, the number
of which is greater than a number of the A bits. Here, ‘A’ denotes an integer. For
example, if A=32, a bit adjustment parameter bitAdjusta may be defined as follows:

bitAdjust ;= max(bits, ,.-32,0) (8)

The parameter obtaining unit 1420 scales the values A1 and A2 based on
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5Al so, the paraneter obtaining unit 1420 nmay obtain the values A and
A2 by using '"CL', '"C, "LL', and 1' that are de-scaled according to
Equati on (23) and the paraneter k2 according to Equation (24), as
follows: Al = (LC <<k2)- L* C A2= (LL "k2)- L*... (25) The

par anme 1420 may cal cul ate val ues Al' and A2’ by
10downE§([:Jg g‘l%}hgg\@ V\t{as Al and A2 so that the values Al and A2 may

T L AR T 2
N T A T T

offset b that define a linear correl ati on 15between a | um nance
gnal and H achumbenhateeighboeng pb@lsu@ payvernef 2,dhé biti adjustment iparameter

él. o bRALRSELRARY ke Teliptned B 4% S Sr‘tmﬁw;&@zw@%%%sa(s pyows:

ks13- Max(O,IogZ(abs(a)) 6 ; b=(L-((a*OQ"kl + 1"(k2-1
bitAdjust2 ;=(bitAdjust ;+1)/2 20)

Before the values A1 and A2 are calculated, the parameter obtaining unit
1420 may de-scale ‘CL’, ‘C’, ‘LL’, ‘L’ and ‘I' by using the bit adjustment parameter
bitAdjust2,, as follows:

CL=[CL> bitAdjust2 ;]
C=[C>» bitAdjust2 ;]
LL=[LL> bitAdjust2 ]
L=[L> bitAdjust2 ;]
I=[I> bitAdjust2 ]
10 .. (21)

As described above, according to an embodiment of the present invention, in
order to prevent the occurrence of a bit overflow, the parameter obtaining unit 1420
may reduce the bit depths of the values A and B by de-scaling ‘CL’, ‘C’, ‘LL’, ‘L’ and
‘" used to calculate the values A1 and A2, in consideration of a range of the values

15 A1 and A2 and according to Equation (21).

According to another embodiment of the present invention, the parameter
obtaining unit 1420 calculates a parameter k3, based on a value nS that define the
sizes of the chrominance block 1810 and the luminance block 1820 of FIGS. 18A
and 18B and a bit depth BitDepth¢ of the sample Rec_C(i), as follows:

” k3=Max(0,BitDepth +1og,(nS)-14) o

In order to prevent a bit overflow from occurring during the calculation of the
values A1 and A2, the parameter obtaining unit 1420 de-scales ‘CL’, ‘C’, ‘LL’, and ‘L,
as follows:
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25 In the above algorithm all constants may be determned in
such a manner that the weight a may be expressed with 7-bit data, and
"InDiv' denotes a value determ ned according to the value AT
according to Equation (25). According to another enbodi nent of the
present invention, when the weight a 5 and the offset b are

det erm ned accordi ove algorithm the prediction

perform ng unit 14?&'?8?5%5@2 predi cted value Pred C(x,y) of a
chrom nance si gnal cﬁﬁé’sﬁd@rﬁji ng to a restored | um nance si gnal
Rec_U(x,y), as foll ::A&;gl}ﬁg(x,y) =(a. Rec ax,y)))/c)-kb(27) The
prediction perform u O may clip the predicted val ue
Pred_C(x,y) 10 of tje=¢hp@s nance signal according to Equajjgn (27),
in consideration of a bit depth of the chrom nance signal t hat

hat "t e chEGR RhBEraT SR oA AN T420 Shlaiite hardeer k3 Baeat on the

i 11 ust patdnieteR3 iR tAeRaRIE 8S] 88 fdBWRed according to an embodi ment of
the present invention. Referring to FIGS. 14 and 21, in operation 15

2110, if the sizes of chiam n %0l | um nance bl ock are
not the sane, then th@an‘lﬁ%geﬁt qw;@%ﬁrms sanpl i ng &rh)a

| um nance signal by sanpling a restored |um nance bl ock and

ngi ghbor i ngARLX thes phhsheter obtaihingt urih 420 hens bbis@s td valueBroManane by
signal and the |um nance signal nmay be equalized with each other. As
descri B89 the ‘Sanphi.inddy hat e fiersealed Acerrding: tp Bauation £28hppd the
f or mat phBfilbf ko 2BESRINDIFESULIGERD, 4 fdfBlaance signal and a

chrom ﬁance signal are ent| each ot her, and nay be
skipped in a 4:4:4 co]or forpat, | n, operation 2120, the

par anmet er obt ai ni ng di‘uft_éﬁgggﬁff@'né*pér aneters representing a
correlation between the _c ] _blsogk and the | um nance bl ock,
based on restored neizg%bow‘zg pilggﬁsioff‘t he chroninance b{2%k that is
to be 25 intra-predicted and restored neighboring pixels of a

| um nance blb@kparamedehohtRINGIt BNt HEA2Oh ey ealesdatsl vallkes M31'derd riBelly

Bvr SPRRERTRT PR AL AT AT e DB PR e BosBed
nei ghbaithinga predeterntihet hengd obbits)arscfeliblveck and the restored
nei ghboring pi xels of the |um nance block. In particular, the

par anmet er obt ai ni ngy’ QILB}MG%?(F?I(S%XE&B A]f)j)i}glyept hs of the weight
e on

a and the offset to I'ncrease cls of data and prevent a

bit overflow f4BfFads(r Pd(ihdogheada(d@)3t5oh. Al so, the

paramet er obtaining unit 1420 rmay scal e variabl es used t-o c@Bul at e

t he wei ght and the offset , repl.ace agpproxi mated val ues for the
vari abl oo SENGE (LSS A BRE A2 A R Ened B PSR S ie paraumo gy
usi ng @itaihing Lhit plaoaditaifs $weigh et Asd anaHées Bithat @8ficah ilinBar voirdlatidon
having to performa division operation.

15 between a luminance signal and a chrominance signal, by using the following
algorithm:
{
k1=Max(0,logz(abs(A2 )-5 -Max(0,logz(abs(A1 )-14 +2;
20 a=A2'<1 ? 0 : Clip3(-2"°,2"°-1, A1"*ImDiv+ 1<<(k1-1 )>>k1;

a=a>>Max(0,log,(abs(a))-6 ;
k=13-Max(0,log2(abs(a))-6 ;
b=(L-((a*C)>>k1 + 1<<(k2-1 ))>>k2;
}

25
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In operation 2130, the prediction performng unit 1430 predicts a
chrom nance bl ock fromthe | um nance bl ock, based on the paraneters.
As descri bed above, the 5 prediction performng unit 1430 nay

predi ct a correspondi ng chrom nance signal froma restored | um nance

e for m ng. Unite AruE a0ty comtibisr B B earBadd ' Th L manner
the wetthttha we@ht ke ntdyf Betexpressen diithg7ioit Eataatandn’iraDlv' idertélea Value
performan integral operation instead of the floati Z%pm nt

oper at figtgrminechaceprdingne thavaks A4 acserdieg deksatian 485k onput er
readabl e CO%EC&H& nrggy&ggﬁé‘th@: e ?Jﬁmeﬁt Wb%sgﬁrlﬁveﬁt,@,wr%{wn%ight a

readabl e nedium € any recordi ng apparatus capab
dat a t bad the ofésed hyara daiepnined agirdimg ©. the abeeel- ahgmjthnertbeypr(eﬂtdm)n

{ PonoyPataing b ¥ad ok SRRl yae Frot Rk 4,56 A higpinanceignd

15conpd@Espdirfiad t¢aFBsiord kmnBRcEsRnal RBE:GIQ( ?P'ég fQHHWéJter systens
that are I nterconnect ed through a network he present invention

may be stored and | coyput ey, code in the
di stributed syst em c5 p([s(ésgég)(f E(&;jieﬁ 'Eé been pgiﬂ'ncul arly
shown and descri bed vmth re erence to exenpl ary enbodi nént er eof ,

it will be Whdgredieten perfomnig @rﬂlt 1280 onal ol Yhes rddicted \/Talll.&a P?réd tQ&ly)
various changes in formand details nmay be pmade therein with

d8par t Phifner ptERMIRRNGS,Pignal asrerdivgde %qiuati%l Wés'@rﬁoﬁsrﬂ?éﬁtﬂqrbﬁf aéalt depth
defi ne I t

intra- gfre | %@ﬁ%ﬂgﬁ%@%? S?h@ﬁé?%ﬁéd@edrvaslﬁl% Pr&d é‘f@ mgg fa within a
par anetage ofefalessetiat tye ehrooninahed sgnabmlawdrmvea chromi nance block 5

that is to [ rapedlc a um nance

oot or ed nek Ghnol g Leaerat drRfauRe A AaedsRoc e ReSitginggto an
nei ghbembaalrﬁémebﬁtr@ pﬁbdelrhmmmm@npl R%erremﬁrtesnammll 14 drd 21ein operation
chrom nance bl ock; and predictin e chrom nance bl ock from

tife | udi Hank thaysizer nya gbmﬁ@man@e ;bén@mem(éuaslummm Blogktaie nstithe sams.

Che AP B AEETRY 4550 1R b BT A R R e <

r est or egdtoreddohinamg: piock!sndoheighbotingripiasis ¢hdreof ko that the intensities of a
chrominance signal and the luminance signal may be equalized with each other. As
described, the sampling may be performed in a 4:2:0 or 4:2:2 color format in which

20 the intensities of a luminance signal and a chrominance signal are not identical to
each other, and may be skipped in a 4:4:4 color format.

In operation 2120, the parameter obtaining unit 1420 obtains parameters
representing a correlation between the chrominance block and the luminance block,
based on restored neighboring pixels of the chrominance block that is to be

25 intra-predicted and restored neighboring pixels of a luminance block corresponding
to the chrominance block. As described above, the parameter obtaining unit 1420
may calculate a weight a and an offset b according to Equations (4) and (5), based
on the restored neighboring pixels of the chrominance block and the restored
neighboring pixels of the luminance block. In particular, the parameter obtaining

30 unit 1420 may change bit depths of the weight a and the offset b to increase the
precision of data and prevent a bit overflow from occurring during the calculation.
Also, the parameter obtaining unit 1420 may scale variables used to calculate the

weight a and the offset b or replace approximated values for the variables so that the
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wherein the predeterm ned operation conprises an adaptive scaling
process of changing bit depths of the paraneters to reduce the size
of a | ook-up table and 15prevent occurrence of overfl ow. 2.
The nethod of claim1, wherein the paraneters conprise a weight and

an off ali

t he Iu?ngﬁ%mngé%?oc an‘gt t|Bc>| xel s o?rcpﬁéé b? %%@%PR@LB%%?\H %lsjggégﬁl%
t o t heandshit epemptizrs witbbut haviﬁgrtmlpf'erfann@ divisin operation. 3. The net hod
of claim 2, wherei

f t t I t
on the 1 um KaewaPa Al 3ps tigareti lorierfomBrg iRt ah AierEE o cPibrbliebbe
pr esenp|ork forh B iurtitahde YlockNbh8Ed BRtAETHAREIABERS OCKs idesBiIgst Sbdvethe
the weight is a, and the offset 25is b, then the correlation is

déf i nearasgvctr@rneaedpunmp dniRekd 302 mayy praslict a correspontiing slfaminance lignah

ot e RelOibg) esthrde TRl BingH kBRGNP o g b cFBLaf ol Y Ch ARG e
bl ock pféﬁh&mﬁﬂfdrmlh@@mttﬂﬂ@omag Ipredict fheotﬂtreﬁmm ioigck 69 uptc$edReg the

1=0A 11 |. ERec_ai). (ERec L' (0)2 i=0i=0 wherein | denotes
an i nt wgight raaﬁgdﬁbequm boacqqs {ng- t9) Equation: (Heinherges fo qesiofmaan integral

Y\ler gngéﬁé‘ﬁon ifst8hd Bf e AGARIGDARIoPYatidn 1 ERecc(i)- a ERec Lti)

10 The present invention can be embodied as computer readable code in a
computer readable medium. Here, the computer readable medium may be any
recording apparatus capable of storing data that is read by a computer system, e.g.,
read-only memory (ROM), random access memory (RAM), compact disc (CD)-ROM,
a magnetic tape, a floppy disk, an optical data storage device, and so on. The

15 computer readable medium can be distributed among computer systems that are
interconnected through a network, and the present invention may be stored and
implemented as computer readable code in the distributed system.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of

20 ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the

following claims.
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5 6. The method of claim4, further conprising:

calculating estimated values Al' and AZ by respectively approxi mating
val ues Al and A2 by using a predeterm ned nunber of upper bits; and
calculating an integer a' by up-scaling the weight ay predeterm ned
na bits, 10based on the estimted values Al' and A2'. 7. The
met hod of claim6, wherein, if nmdenotes a nunber of upper bits
extracCéAIWISomthe val ue Al, nA2 denotes a nunber of upper bits

t ted f t | bd th | ).- ) I
A2 2nre( ot h( AR ofaftra B SH TR0, BeabeliB coringior ¢ e
val ue Al, de@ﬁrﬂﬁ@%)aré#ﬂé@r@%@ebéhtlrﬁt?ﬁtd@rr@iatfdheoé’c@)eéﬁ a%roﬂrﬂﬂarﬁﬁéﬂlbﬂo@k

denot es a predeterm ned constant, then the estimted value A
dét er nthaéds iy ba Inirafmﬁgbqtedxuandza r“l(ﬂ'“ﬁnAQ ble¢le kasednen é@IStOEﬁCh@eMbOHQQ

det or el AT ARTIARE GR0E R0 LG hEBRpofa ieFbPS THAFNBY pixe

corresponding to the chromlnance block; and
predicting the chrominance block from the luminance block by using the
parameters,

10 wherein the obtaining of the parameters comprises performing a
predetermined operation on the restored neighboring pixels of the chrominance
block and the restored neighboring pixels of the luminance block,

wherein the predetermined operation comprises an adaptive scaling process
of changing bit depths of the parameters to reduce the size of a look-up table and

15 prevent occurrence of overflow.

2. The method of claim 1, wherein the parameters comprise a weight and
an offset that define a linear correlation between restored pixels of the luminance
block and pixels of the chrominance block corresponding to the restored pixels of the

20 luminance block.

3. The method of claim 2, wherein, if a restored pixel present at a location
(x,y) on the luminance block is Rec_L'(x,y), a prediction value of a pixel present at a
location (x,y) on the chrominance block is Pred_C(x,y), the weight is a, and the offset

25 is b, then the correlation is defined by Pred_C(x,y)=a*Rec_L'(x,y)+b.

4. The method of claim 3, wherein, if | restored neighboring pixels of the
luminance block are Rec_L'(i) and I restored neighboring pixels of the chrominance

block are Rec_C(i), then the weight a is determined by:

I ZRec ¢(i) * Rec L'(i) ZRec e(i ZRec L)

=0 Al

a [ —

A2
I ZRec_L'( Rec Li) ZRec L)

30 =0 =0
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8. The method of claim7, wherein a result of calculating A2>rn is
obtained froma predeterm ned | ook-up table. 9. The net hod of
claim4, wherein the weight a is cal cul ated based on 41 val ues

obt ai ned by respectively down-scaling CL, C, LL, and L defined in the
fol I owi ng eguatdin™ déSoteY &h lﬁﬁagérr?éw%ﬁ%'ﬁ‘o'ﬁ?@ l&b(IS‘FFg CL- ERec c(i) -
Rec L'(7) 1=0 C = ERec_c(1) i=0 ec L' (i) ec L' (i) i=0 1-1 L=
ERec Lr(i) 1=0 510. The nethod of claim9, wherein, if the size of the

oo nencesbl ol syARBS AL o PR ety D RRAMEERR, S 1S

down-scaling the CL, C LL andLby k3 bltspflned by: k3ax(0

, BitDepth crE | og 2(nS)- % ere| denot p05| i,ye i nteger.
10 Zﬁ’e ()
re
5
6. The method of claim 4, further comprising:
calculating estimated values A1' and A2' by respectively approximating values
A1 and A2 by using a predetermined number of upper bits; and
calculating an integer a' by up-scaling the weight a by predetermined n, bits,
10 based on the estimated values A1' and A2'.

7. The method of claim 6, wherein, if nas denotes a number of upper bits
extracted from the value A1, naz denotes a number of upper bits extracted from the
value A2, rai=max(bdepth(A1)-na1, 0), ra=max(bdepth(A2)-na2, 0), bdepth(A1)

15 denotes a bit depth of the value A1, bdepth(A2) denotes a bit depth of the value A2,
and ngpe denotes a predetermined constant, then the estimated value A1' is

Al'=[A41>r ] -

determined by ,

A2'=[A2>r ] - 27

the estimated value A2' is determined by , and

fl

2 able

rtn (it g,
Al ' 2

!N[
the integer a' is determined by
20

7

2 table

L A2>7 4

8. The method of claim 7, wherein a result of calculating

]
obtained from a predetermined look-up table.

9. The method of claim 4, wherein the weight a is calculated based on
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11. The nethod of claim 10, if k2 is a variable defined by k2 =log
2((2 * n s)> k3) further conprising calculating the values Al and A2
by: Al - - (LC "k2)- L* C A2= (LL " k2)- L* L 1512.The nethod of
claim11l, further conprising calculating estinmated values Al' and A2
by respgigkblVebiajfteMmys falpertivéiPeddahiseslidy @nd CAZLIbY aptededSired s the
bits based on absol ute val ues of the values Al and A2, and

wher ei folloningvefigdtionn agiauethas predetermpingddi$et er m ned by the fol | owi ng
al gorithm 20 ki1=Max(0,|og2(abs(A2 )-5 -Max(0,log2(abs(A )-14 +2;
a=A2' <1 ? 0: dip3(-215, 215-1,@;':*“ vt A 1;33, Tkl

a=a"Max(0, | og2(abs(a))-6 ; k= -r\g;??f—,c(i ogé‘(C %’31))-6 :

b=(L-((a*C) "kl + 1"(k2-1 ))"k2; %13. The nethod of claim 3, wherein

t he predicting of the chrom nﬂm&ﬁbog&(:‘):onpri ses predicting the
predi cted pixel Pred _C(x,y) at thﬁ;ﬁll ocation (x,y) on the chrom nance
bl ock by using an integer a' tamned by, up-scal.i,ng the wei ght a by
predeterm ned n, bits and an i?‘[e%rﬁeﬁ'—é/&t}t aj?%ceé‘ Q’g roundi ng the

of fset b, according to the foll qu ng equation: 10Pred c(x,y)-(a" Rec
ax,y)>n,i)1-121 14. The met hodlofldtea M'(EB, further conprising
clipping the predicted value Préd C(x,y) to be within a range of

val ues of pixels of the chrom nance bl ock. 1515. The nethod of claim
1, if the sizes of the chrom nance bl ock and the

5 10. The method of claim 9, wherein, if the size of the chrominance block is
nSxnS and a bit depth of a chrominance pixel is BitDepthg, then bit depths of the CL,
C, LL, and L are reduced by down-scaling the CL, C, LL, and L by k3 bits defined by:

k3 =Max(0,BitDepth +1og ,(nS)-14)

wherein nS denotes a positive integer.

10
11. The method of claim 10, if k2 is a variable defined by
oy *
k2 10g2((2 ns)>>k3)’ further comprising calculating the values A1 and A2 by:
Al=(LC<<I2)-L*C
A2=(LL<<k2)-L*L
15 12. The method of claim 11, further comprising calculating estimated
values A1' and A2' by respectively down-scaling the values A1 and A2 by
predetermined bits based on absolute values of the values A1 and A2, and
wherein the weight a and the offset b are determined by the following
algorithm:
20

{

k1=Max(0,logz(abs(A2 )-5 -Max(0,logz(abs(A1 )-14 +2;
a=A2'<1? 0 : Clip3(-2"°,2"%-1,A1*ImDiv+ 1<<(k1-1 }>>k1;
a=a>>Max(0,logz(abs(a))-6 ;
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| um nance bl ock are not the same, sanpling the restored | um nance

bl ock
chrom
ot her.

10

15

and the nei ghboring pixels thereof to equalize a size of the
nance signal and a size of the |lum nance signal with each

k=13-Max(0,logz(abs(a))-6 ;
b=(L-((a*C)>>k1 + 1<<(k2-1 ))>>k2;

}

- 13.  The method of claim 3, wherein the predicting of the chrominance
block comprises predicting the predicted pixel Pred_C(x,y) at the location (x,y) on the
chrominance block by using an integer a' obtained by up-scaling the weight a by
predetermined n, bits and an integer b' obtained by rounding the offset b, according

to the following equation:

Pred c(x,y)=(a’'* Rec L ’(x,y)>>na)+b’-

14. The method of claim 13, further comprising clipping the predicted

value Pred_C(x,y) to be within a range of values of pixels of the chrominance block.

15.  The method of claim 1, if the sizes of the chrominance block and the
luminance block are not the same, sampling the restored luminance block and the
neighboring pixels thereof to equalize a size of the chrominance signal and a size of

the luminance signal with each other.
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