METHOD AND DEVI CE FOR ENCODI NG | NTRA PREDI CTI ON MODE FOR | MAGE
PREDI CTI ON UNI' T, AND METHOD AND DEVI CE FOR DECODI NG | NTRA PREDI CTI ON
MODE FOR | MAGE PREDI CTION UNIT 5 TECHNI CAL FI ELD The present
invention relates to encodi ng and decodi ng of an inmage, and nore
particularly, to a nmethod and apparatus for encoding an intra

ncode METHRECARP.ARVCBHORIIGEOING kA RRERICHORMOBRFOR macE
on a corr elRREDICTIONWNITAANDMET HOPJAND DEWOEF OR!IDECOMNG INTRA
i mge prediction unit_of a |um nance comonent and t he int

ra
prediction nmode of PREDIKHHON MORE RQORA E PRERIGTIGN §N¥Tand
apparatus for decoding an intra prediction node of an inage
predi ction unit. 15BACKGROUND ART In an i mage conpressi on
method, such as Moving Picture Experts Goup (MPEG -1, MPEG 2,
MPEG- 4, or H. 264/ MPEG 4 Advanced Vi deo Coding (AVC), a picture is
di vided into macrobl ocks in ord&ﬁql'gNM%%éE'gﬁ i mge. Each of the

macr obl ocksThg Oﬁ@&&%ﬁﬁv&m&{ Pelsfég&eiémzo@iﬂgﬁgna Nfcolifty QﬁaH%@QP%Pgﬂd more

inter prediction or 20 Intra predictlion, then 1's“encode
encodi pgrivolielyt hata nmethed evtdedppambugiforgencodingian irdtee poadctidro neste oé an

e TR ] SRR 9 SRR a8 P AT Rt

st ¢f | NghdntiAah&S Yot pserR badedh ofua! tdrvetiGls DSARBERNAN iiBtrRShrR@iction mode
devel oped and supplied, there is an increasing need for a video codec

25 capédgtesmiiedeffore @ni (ragge apredisiing unit d¥cadlumynanee rioghporsnd| and gheointra

encoacieslivton FER, SEIRET e gt SR el JoREoent g for
pr edet gecodieg apiidea phEdidtidEmddeSFRINAMAIE SFedidtion! JAMENTI ON 30TECHNI CAL
PROBLEM The present invention provides nethods and appar at uses

for efficiently encodi ng and decoding an intra prediction node of a

chfom nance image conponent pr g skicouN pEer responding to a
| um nance i nmage conponent prediction uni ased on an intra

predi cti on hodm dreagentoragrdssiort meethod] rsiml:dle a'rsrm@m'ir@rﬁiohme@tE?perts Group
redi cf,i nit. NI SOLUTI Al rding . to an aspect. of t

bt esertMBRGh IMREGH. INPES-r Saitee PN BB oRciemseda Vitecs Gaind (BVC, @

chrom pRARe GOARRRNtintoS nddrbsTbery liy @ﬁa%ed@giegegd@'%?%%gey - Each of the

reconstructl&?k an intra prediction node can ate group applie
t he prrdiceakilesksuisi enasidedhian alh eondding crodesnbioatecan beomedi inginter puedidtion or

o0 ™ e B LR esPol AR BRI il BRI i o
bit rate used to encode the macroblock and a distortion degree of a decoded macroblock
based on the original macroblock.

As hardware for reproducing and storing high resolution or high quality video

content is being developed and supplied, there is an increasing need for a video codec

25  capable of effectively encoding or decoding the high resolution or high quality video
conient. In a conventional video codec, a video is encoded a limited prediction mode

based on macroblocks each having a predetermined size.

DETAILED DESCRIPTION OF THE INVENTION
30 TECHNICAL PROBLEM
The present invention provides methods and apparatuses for efficiently encoding

~ and decoding an intra prediction mode of a chrominance image component prediction
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ADVANTAGEQUS EFFECTS According to the enbodi nents of the
present invention, redundancy between an intra prediction node of a
prediction unit of a |um nance i mge conponent and an intra 15

predi ction node of a prediction unit of a chrom nance i mage conponent
may be renoved, and the intra prediction node of the prediction unit

O oA ob T A o bR B Y LSR5 AR
i mge pasdioieninodaldegerniihed mmhenumfnd@icbsmg@cbdn@p@m@kedubmn nﬁut a

predi ction node of the prediction unit of the chrom nance inmage 2
conponent may be reduced. DESCRI PTI ON OF THE DRAW NGS FI G 1 IS

a block diagramillustrating q-rEn R?éﬂlt_%?)LL?ﬁCﬂ@COd' ng a video,
e

according to an enbodi nent of present Tnhvention. 25FIG 2 is a

bl ock di agr axmorrdirngstdm aspectof aipgp predans ifventide card intt ;ﬁev.‘licm“eﬂ mode of a
i nt of the present jnvention FIG 3 is

d
:CS?;QE’E}%“}’ g?na'gfé'ge a EhW'HaE%EQWOB?nE@(ﬁ%eﬁW ?@COMW$ﬂﬁ§0qw aw
embodi f@%sﬂﬁcﬁﬁ? aR iRl didiPhbas cangldate group 5[%@3 4o'tﬁe {é& gtgch-l unit of

diagramillustrating an i nage encoder based on a

accor dihegchronﬁnarmﬂ)mmp@rmntca‘ccoman@rtceshetherraremtraqnedlctlon md%ie(bf His
a blo diagramil lustrating an i ecoder .based, o di ng unit,
2 ccor dLRUNABEE RO mRBBENT R RS S 4 TikcobRrediotnn e of e Shromfhgncs

i s1a dégv@paneht. | ustrating deeper coding units according to depths and
partitions, according to an enbodi nent of the present invention.

FIG 7 is a diagramfor describing a relationship between a codi ng

unit and a transfornmati on u odi nent of the
present invention. 5FIG 8 %[S\éAglwg%ﬁgo%pﬁggﬂl ng i nformati on of
codi ng uni tAc@@dﬂnglmMet@nBG@lmts ¥ ties Bravdnt mamtioAbedureahcPbetWden an
present i nventi on. 9 is a diagramillustrating codin

unl ts BEaRTErisdonnerseha, praé@tj@mmg af @ kinisaneriimage componRenpaed entintra

orar i aeietom, R, oY S Arederidt i or s Afniaelab iR By be

t r ansfrematad) rarﬂrthegntrapceﬂldmmggtadeamf tbe?:;vddnmm uaft dfltiee nh&ﬁ'ﬁm@ﬂce |mage
i nventi on. 3is a di i strtln a rel.ationshi
bt eediPaPRBet mAYPE eficiaply xPresreanbesedion e M PEsdiatoraads of the
accor i bl

diredidienensiP et ik MRAiRahBé %I%'gb %B&né‘iﬁ ?\ISB tﬁéﬂnﬁﬁ%fgc%ﬁ Bl}@‘%%d to

enbodi nent of the present invent 15FI'GS. " 14A thro
are disignainthe |inwstpradiotignt moedet of dheppratiiciconounitnot Sh@fcrHohumanammaage

Crl o pghe Ay PERARE 15 o a tabi e i11ustrating the number of
|ntra predi ction nodes according to
DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram illustrating an apparatus for encoding a video, according
to an embodiment of the present invention.
25 FIG. 2 is a block diagram iIEustrating an apparatus for decoding a video, according
to an embodiment of the present invention.
FIG. 3 is a diagram for describing a concept of coding units, according to an
embodiment of the present invention.
FIG. 4 is a block diagram illustrating an image encoder based on a coding unit,
30  according to an embodiment of the present invention.
FIG. 5 is a block diagram illustrating an image decoder based on a coding unit,
according to an embodiment of the present invention.
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si zes of | um nance conponent prediction units, according to an
enbodi nent of the 20present invention. FIG 16A is a diagram
showi ng an intra prediction node applicable a | um nance conponent
predi ction unit having a predeterm ned size, according to an

enbodi nent of the present invention. FIG 16B is a di agram
illustratin Irectioons of the intra prediction nodes of FIG  2516A
F G 16 | sPE o dieraR Uiatgl A BT R PR g Pl D)

pr edi ChhRificRs, Acdordlihfad af ¢HRBBGRRING oPfrRdbelskAnNinyBhfioRy using the
intra prediction nodes of FIG 16A, according to an enbodi ment of the
present i nvEKE.i bis a Hiagram7or descrihiag edalationshiphatveen@ eadingupi and a

Pavi ngargpERaf ARl ot dod e stbARRER SR BRAEEEnEERREN"or T he
present i nvEIG. ® R’ a BiggRam¥8Adeseribigd infSenatich sfedoling apitsl hagsraing tofepths,
describing intra prediction npdes having different directionalities,

accor dR¢sRPrangdR ahemaeantef the eresess iventiabent i on. FIG 19 is

cimbodi ment TR BeleBai Rt it SR MGHAS dMoldingh an
descr i bmbgdmmentedfahe predend irba&inlean a current pi xel and a peri pheral

pi xel | ocat n ine having.a directionaljty of (dx, dy), ,
accor di ng tﬁﬂéﬁ- %@bﬁd@ﬁgnﬁ ¥ Q'ﬁar%?%ﬁgrq%sacﬁ =g [ﬁléﬂonshlg %etwqq@odzag
S e g £ o . Di : o . ! |

a f?neﬂﬁ%ipﬁg&g i ?gfct:&%)l ona]?eig y o% {é&f&(gyy accorgdlggg&t 0 at(% %‘ggt | orqﬂﬂ?nt

t he cuofribetpresentlinvantioor ding to 10 an enbodi nent of the present

i nvention. FIGe. 22 d,23 are diagrans, for describing.a metho

of " det er i 1G4 Parn dlisuaToR SsteRaREes Siecna cordaas 8 Ridicton
enbodi gEintanef a trafsPFPaR6H uhM\ERRBbIdIRG to encodifi ModdinfSmaatio?f SFRIME 1,

di agram for describing an available intra prediction node according

to an eAssdingdatancembedimard ot the prasent inyentiamF| GS. 25A and 25B are

elier ence LRSS ibyd HESD) I8 A8 Y ARPITEHEH RSN
di agr agha lunisaned companeaiaad atahsorhitianes ©o ptthedl, Adtiofding e éntodiments of

node of an image, according to an enbodi nent of the present
i nventihgrPrepprt INgentiof. 4 | owchart illustrating a nethod of encoding

an intra pre@ oy @ {9ReiI5trating the number of intra prediction modes according to

sizes of luminance component prediction units, according to an embodiment of the

20  present invention.

FIG. 16A is a diagram showing an intra prediction mode applicable a luminance
component prediction unit having a predetermined size, according to an embodiment of
the present invention.

FIG. 16B is a diagram illustrating directions of the intra prediction modes of FIG.

25 16A.

FIG. 16C is a diagram for describing a method of performing intra prediction on a
luminance component prediction unit by using the intra prediction modes of FIG. 16A,
according to an embodiment of the present invention.

FIG. 17 is a diagram for describing an intra prediction mode applied to a

30 luminance component prediction unit having a predetermined size, according to another
embodiment of the present invention.

FIGS. 18A through 18C are reference diagrams for describing intra prediction
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20 an i mage, according to an enbodi ment of the present invention.

FIG 28 is a flowhart illustrating a process of encoding an intra
predi ction node of an imge, according to an enbodi nent of the
present invention. FIG 29 is a block diagramillustrating an

apparatus for decoding an intra prediction node of an inmage,
accordin n _empodi nent of the present inventiopn.. 25FI 30 1s

F owe hipeb Mo ber iR At helonaigs HecotinadS 28 SHBPAREar s i sFahe
of an jnWBffgn.according to an enbodi ment of the present invention.

FIG 31 is a flowhart illustrati ngl a process of decoding an intra
predi ction huel %k arefeinnge diages Wirsgscabiag schidinearenedeacearding to an
presen%mb%ﬁr?%r’qt%’?‘th%&ﬁ&%ﬂtM Blr:'l ion. According to an aspect of the

present 1" Aventi on, efe I's provided a nmethod of encoding an intra

predi cti on PG00k pgraphepe debirbingthadattonship BeWberdgtarshnpiRgl £ a
intra prediction node of a gredi ction unit of a first inage conponent
const i PefRhegakpixeli aegiedign adnafaxing a direstipnalitypfddixc 8y ACHR@nNg 1o an

candi d@%ﬁo@fn?é’rﬂ.o‘f?ﬁ@b SlhdiRenkigpal ity of intra prediction nodes;

determning an intra I|E)red| ction node of a prediction unit of a second

i mge conpofiEht2iciera grapbirfor dgsérbindna ghaededh aoreighivdrirgf pikbElotatesiton a line
i mge 5 conpopent. by using a second. intra prediction node c¢andi date,

or oup 9 Paliestiandlitiet (k. fvi Rcserting o lsanpe st HiledTenyrirel secording to
defeer @ﬁ@%d&gm@nwﬁﬁéﬁé%t%t@h.the prediction unit of the first

i mge conponent Is the sane as one of predetermned intra prediction
modes i ncl udé&b.id? amd 28aremibgramsafopdescriiinga methedeafidttemiaingrarujntra

i h d i di ction,. mod di date .
F orov P PHIRIRARCTS SEeEHoaePhidng i aafmtsimaotel ik Rrsed reBRed i n
t he second Fig,r2a igreiférches dwan%rﬁ@bgaﬁmngrmmﬁlé iﬁtréqs'rsdieﬁ?rﬁ Rfode

determned intra prediction node of the prediction unit of the first

i mge IWPFIAE KPS anAnabedindit of thehpragentinvertien. ntra prediction node of

F eBonst ruot S S ot i 2pBer S TERM 0o B BERG SR BRRE Ha frd Brediction
15Accandde gctordimptanothepentbodiméhicofiihe peadentimestitiopn, there is

provi ded ar}: par atus for, encodi ng{ an intra prediction npde of an
i mge, the el @PIPRE Airgrag: lstratingtan aApperagistor encedinggeintra

det erg@@@kybﬁ%oé@éﬁéﬂhﬂé e28kd ihﬁ tQ%ﬁCBrﬁﬁbcﬂﬂhéﬁi’%?tﬁH p%s%ﬁ?mvﬁﬁ{i&'ﬂ

uni t a first 1nage conponent coflsfituting the inage by using a

first intrdlfr @diisbiftowohezdeillastratindpa mainadipf encddidg ag intrg boedittidnymofle of

| Lo G RO o o i eahor b b BeSHL b o b ¢ o1 o
second | MagEE: OBNY REHwEHT BIERPAFHS précdRRIRBUfHY 2R it prefictibRenode

first image conponent by using a second intra prediction node
candi dftan igragep aceending gan epihadimenioidheipresentineehitian. on nodes; and

Bt edi ct 1 on THG12odF 4 HRCR MR et B Epbl 3y o7 Peaibo A BAen:
i s 25 grhgicEanmendife 6Mén fhags esteicrding Ae dni gih bEdiRTeRf ot theopra¥eeiemvention.
i ncluded in_the second intra prediction nbde candi date group

r @8onst r uctdGr B8 18 adionehant ilustpting & meshodratidecoding an intra prediction mode of
an image, according to an embodiment of the present invention.

FIG. 31 is a flowchart illustrating a process of decoding an intra prediction mode

of an image, according to an embodiment of the present invention.

30 BEST MODE
According to an aspect of the present invention, there is provided a method of

encoding an intra prediction mode of an image, the method comprising: determining an
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candi date group to renove redundancy of an intra prediction node
included in the second intra prediction node candi date group which is
sane as the determned intra prediction node of the prediction unit
of the first inmage conponent, and encodes the 30 determi ned intra
predi ction node of the prediction unit of the second i nage conponent

Acoor AN REdETBITEraShE erodrhcEnEpL kY Irpdermarapenamepa st the
provi dpghge BRURRE Pfirst %%Pﬁiéﬁﬁbt%rr‘: hBdé %aﬁﬂﬂ@tébfdﬂb &mﬁsnéaﬁ%%rbmfm of
t he rrethod corrpr|S| n obtaining intra prediction node informatio

a pr edindia pediotion rod @s,fdnet@'mmlmaw iobapweadistion onde olLa prediction umhgfaa
f bi t wh t di.ct d dj ct i

ni ¢ oPRare i cd REBaS sieplssBaBAy 6 ibS Bl bk SEIRFELE 8 nea
intya mmébﬁénwy crsielgSa Sdddpdudes prédistice A ¢emcr@at@rg¢@|u;§bbm®n§ﬁ@ea

candi dat e gzrou plicable to a prediction unit of a second i nmag

conponelttality of tvkke pr@dtqtlﬁg mcp%e% é‘ﬂtﬁmthlerﬁﬁ‘tﬁg@'ﬂédlllﬁﬁ'@ 6gech@m1 m@quiziln@
Phe' Debdi Bt SEE ol Bnddit i i 38 SRS Bk Bhed e

det er npregiictiont miades adiwiddoin thedecond iritea pregidition raodd eahdidhtd §@up, r st
i mge conponent; and decaoding an 10 intra prediction node of the

pr edi claCORstiHFtnG e sre08d dokal Predigion Beesrandidsie shownta remove redundancy
FeEPNSEE AE TR ﬁr%%%?§ rﬁécﬁ@ww&p*s%&lﬂaemﬁec n@%ﬁa%ﬁ’r&&i dph“ﬁfb?f i ng
t o anot her aspect of the present 1nvention, rovi

appar atardidabe g]‘eupdinldgs aamends thepdetdrroinedrinira geedittiam modegs, the peediction

her o kel GE et et Fmbonet BRC snoadiBBRe SBSYGed it PadidtpBmOde of
i mage tha RERABA NNt Hsd bééﬁhmﬂnéd@cbmgﬁeﬁf t%@e‘%i &h Hied FeRBpktriben éebond

is determned that an intra prediCtion node of the prediction unit of
the f i inta pradigion ompisneandidatetgreupane as one of predeternmined intra

o Bup. app! | MG eREiA e sk SERR proPobOoBR BT R SRRRARTR ™ ©

r econ%gpmaﬁ;stfee eﬁe@dmg anmhtra pRe@idticn hutla el pRdsl, dRé @pparitds irtluding: a
renmove_redundancy of 20 an intra prediction node which is included in

t he sé‘@éhwtﬁarﬂrealoﬁpedmc!e datemminerdaalelamaings aipindaPredicienmads ofw
det er 'B;%ﬁi?:nbﬂt rfit &' aeﬁ‘ﬂg?[rh B8R poRENt {%&E&m&%fb%a‘g@ tgy IS’émgS [éerréf ihtrh
|mage corrponen and nes an 1 ntra pre 1 on

pr edi cpmdmtlunlmo@é cﬁrhdzda@cgmdpmmﬁgmngmgrmmy ofémgect)redtctlbﬁ modefs a second
reconstructed second intra predictjon node candi da roup;, a first
i M a 'BP’@dﬂ" eeicHan H@M%Fmﬁ‘ﬁéﬂ'% QeSS ﬁﬂﬁ@rﬁpéﬁﬁe iglforpmogs of geprediction

25pr edyfif o sH&bﬁq le]?_l é@orfngbﬁénf ¢S o ﬂﬂp@%ﬁh{g%@&i@tlm uhitf tAE fildt | jmage

predi ction node e prediction uni i'rst 1 mage conponent
whi ch dampdneantiydiging nseendintsa pmimﬂoamjode candilategung inouding a plurality

di ct f that perf di ct t h di ct
it it e PRSI madds: B pbIEHR hatEfbDirstener lhardth e e, "
pr edi Cdét@ﬂn nﬁ@de}n@é p?étﬁcﬁﬁrﬁﬁ'io@jb' ¢Thd! rﬁblréd.@ﬂ‘oﬁ it éﬁﬁ@ﬁ#st EABBABAL is
30 MODE OF THE I NVENTI ON The present invention will now be descri bed

notse ftheispme aa onefafinsedeietrpineddntia poeddiahion ﬁg:dﬂasampluggd in thexsgaomd intra

i agr AneticREB TR R afine ciBub eEShsBlpS e 3eB R st Drefcyrdndb8 "
accor Cbaﬁﬂldale@ﬂowhﬁhmﬁ redfuridaecp beanmbira preditticimmode includég in the
apparat us 100 includes a nmaxi numcoding unit splitter 110, a codin

uni t FEcepdiinE predictigmenods Gindidlate grpyp whish is same ¢ﬁéh¢rﬂ§%’ierﬁwﬁ&§b@?r@g
uni t 3:%&&;}.8(1 H%esp% fcnén it S Rhe ﬂh‘i‘iM%gﬂ% rn&lht, aa ﬁ{q]HBs the

g
coding unit which rs a co uni t havi m Si Ze

cugor erttetemmpdamim erediction mmalgeof thé ptéthtdnn kit bf friecéetondi mdgercgﬁnponent
t han the m codi hg .unit, imge data of the current picture my
base nt e reconstructed intra prediction mode candidate group.

According to another aspect of the present invention, there is provided a method of
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15 determ ner 120 according to the at |east one maxi num coding unit.
A coding unit may be characterized by a maxi nrum size and a depth. The
depth denotes the nunber of tinmes the coding unit is spatially split
fromthe maxi mum coding unit, and as the depth deepens, deeper coding
units according to depths may be split fromthe maxi num codi ng unit

t 1 Ni di it. A dept f.th i 0 di it s,
e MRS S ofCiao Bt T s, TS et B Pl e
dept h. pl%m&)rﬁmaug%mmaﬁ&ﬁef Q%ékﬂlbfior? Ot &% BgRet iﬁﬂagb%cﬁﬁﬁ&hélﬁ%gistri]tgting

decreases as the depth of the Xi mum coding unit deepens, a co
uni t ctherisgentiomea bitstegaropywben daegntia pagdictien owdeasfiha paedictiorotinit of the
codi ng.units correspondi to | ower depths, As described above, the

mage Wt e CAmPERERLisRisams & poe dipredetaiyingd dhtse Pred P ieNMosERng
uni4 s merRiedi iRt $6cohdThirh Hradistice nitfde hdi@ste Roud bpplicle ¢aalprédictite
maxi mum codi ng units may include deeper coding units that are split

accor duni§of 8 sgepnd Image semponenircongiussingiiae sacend intigppredicliondnadeg

to de : e J i gl in_ ed, I, | mum
codi nectgeteyo BB rEfbPe Rpadh Ry S e AP P e IRE S BelidBe R on
naxi migectgl intranstedictien mod® Sarididate groap tvhieh I8ddme WBithS detéfninédtra
total nunber of tinmes a height and a w dth of the nmaxi mum codi ng unit
are hi Biesictiongapds of fhe pl:edﬂfggwnumlﬁo@fetb@tﬂ.rst image comprnardgang depeding an
deter m.nar : I e ' ' '

spl {1112 preBRuSR RS otthe (FENLION ARt e SERRNRRE A llott baseq on the
det er miegesstuctedtdecond whtra brddictamin rnde diangidats gldup. #oeotding ¢o anbihar

accordin o.the at | east one lit region. That is, the coding unjt
et or nFFRECt 361 BBt (NENKHad ROt ST AL B A R biSdpE RoSoua At
uni ts GeeftdhNeode o?'ﬁﬁ%ﬂ%géﬁfhe%dérﬁﬁ?é‘%r‘@ﬂ%% infal prefictiBR nfadd ent

e
picture, and selects a depth having a | ng error as a coded
dept h. obitaned hatfrotitaing intoal predictprbmadd infhematien of dprediatien udit v§atfiost image

j di it tput .to t t put it.130. The | .
Gaa T Springh el sttt BEing MhRge it butfisEaRh el bis deterd B FBFEn intra
codi ngpredidtidnaRbaE BPRdbredidienainit sfané fi?é’tQm@gétcbn%r@ntié)tr@rsé%ﬁé @¥one of
t he maxi num depth, and results of encoding the inage data are

conparki@detesatines inticpregictionanedesnclusssi ing seransl infia rspdistioawmaste t he

| east I ; C I I rrors

of ¢ ne R rElp e be o APrEALR0h B SGRTRR RaRRS I e
for eaebonsixictsihe edeargl imtiat predizfiba sode cahditbie grexpituresmovergdumnddncy of
is split _as a coding unit i_ﬁ_l hierarchically split according to ,
dePft hs2n Hih@ Rrediglioniuade whish sdasiHged i the $eranddetsa preglistion pyade ¢andidate
codin i Qr, i e I } i

o1 o el RO AR thd fefenyRA BRIk MR e ReaRAbA Uit Y tne
cor r edpehidiage campheestaand dieperimines anlioine pretiglidn mpdess he ipnediation unit of

S or P 558 Bhokir FEG A 8 FE e bl SRR A lln e
unit, cdrididatbRfoaRCPishehtRl prIdRctiYpSHd RS tﬁ‘@tcp%rﬁjrﬁ&f ihﬁarpﬁ‘gdi‘éﬂgn bA the

the one maxi mum codi ng_ unit, the coded depths may differ ‘according to
r i orwedigtionamnitraijee destdmagawompanent baged endbe atralppadistiorayode of the

ma mite AP P TR P RS Sttty i bheoERg i e Blptegin: and
| east one cpdecormbrenliredibaon pifoerhir tHat @ef@hs thttiplediGicony 6 fRY prédition

may determ ne codi ng units havi n? a tree structure included in a

cur r ertnitefithtsacendimgae somponeat based ag thaideternine dipteanpraedidion mode of
struc o : ' if: V] th determ ned as a coded
dept httﬁég’r%ed%ﬁ%ﬁﬂglt@?%%%%wc%@?% {sjﬁﬂpgn?ﬁt& uded in the current

meggi mum codi ng unit. The 30 coding units of the coded depth may be

hi erarchically determ ned according to depths in the sanme region in



ot her regions. Likew se, a coded depth of a current region may be

i ndependently determ ned from coded depths of other regions. A
maxi mum depth is an index related to the nunber of splits froma

maxi mum codi ng unit to a mninmumcoding unit. A first maxi mum depth
may indicate the total nunber of splits froma maxi numcoding unit to

a mnimmcoding unit. A sec hma i ndicate the
total nunber of gdept h | evel SR’%%CSE?F%EI% éghll %g unit to the
mi ni mum codirpg gﬂ@%]ént iFntRNAM v B8 BRSSP fulfy Wfé%ﬁrf‘c%%’iﬂe

unit is 0, ad ing unit obtained ysp e maxi mum
codi ngaommpameng idnawimgg, inewlsieh exenmplaryreimbodia@nits of the lnmelntr@ are shown.

bt d b tt h ' di t .t b
o T thi o ERSet s Bibel il st ad abdarasys Jobifet sngpaing avadeo.
ey rruab@é;-@mggtotah émb@blfmérﬁtrﬂ?f'ché §r@séﬁt Hv8AbeOodi ng unit, since depth

| evel s of deg 0, 3, and exist, a first maxi num depth may
be set to 4T ﬁ(ﬁ[@afﬁ@tbl@n‘tﬂ(}rmallﬂﬂﬁa aemanmmp doslingunitsplitter 110, a coding unit

Pr edi c n ransformati on may be performed on

t he rra%%ﬂ%ﬁ%%gﬂﬁggnﬁ% g'jltﬁgyg'ﬂ%?@h on encodi ng and t he frequency
transf or mat The raainkim pesding R damed 190 d@@p@ﬁlut@%ﬁ@nwﬁuétam based on a
according to depths equal to or |less a maxi numdepth for each maxi num

codi ngm@¥inaum coding i whighe ish @ néRding funifeBRWRG co MMdMUR Sizeatardhei wgrent
b REbREE I 28R I UPEKUAUR PRl DML ofRFALM BBk uni

t ransf ionaget data bfithd wdnenmcﬁme maay be Slit it athleadteeﬁ@rm@ﬂmum cdding unit.
units enerated aq{%he dept hs dee%ezn. Predjction encaoding a
BILUR

freque E?W%’%‘Hé‘ﬂb‘? P9 YATAY be.é ItAeyNgkR e sl 38x§%o¢%64ur1.2§><628 or
a curr f f i

¢ 8 bl & B OBy R RSO B foran
sel ectsquargeofoR gresiermpthaf 8 dBhe inaige fHlata empodienguipuige ted aoding unit

encod he | e,data erations.such a iction 25
enﬁsoduﬁ%‘er’?’l@&ﬁ@h&?@ﬁﬁ%%ﬁ?&?ﬁ’ %St %WWBW@%@HP g are
performed. AhkediR{EniflRiay bé‘blﬁaﬁé&térﬁ@dttﬁﬁél mMd&¥imahl si28ndtad 8BSth. O'The depth
different data units may be used for di'fferent operations.

For exdgfsntes tlﬁméump&ﬁlwm@ eading enBds spetialynsplit draso dine ghamimunt eeding

From (bl Ag PR ediens debeo TBI Rl aliRifig . fbahiS 2k pe soir

t he i nfege ithat maurnnlnlhecmﬂdg ngitutdl &. minimum codimgdenit.t 0A RRIptRTaN the maximum
predicti gn encoding in a maxi num coding unit, the prediction encoding

e beCQHNg i A aPermestc daptig and; 8 depth ebdes miBMHM CREING &nitals a

de' NGowkfhbstie E | g 4¢ ecffas&!)dlbg -IEIRGCO?I%%PBECHH tBé% (}ﬂa tﬁ daereases
onger split an econes a 5|s unt tofor pre enco

r ef er rasitheodapthaof fheentiazimam coding .uni geederts] ancmbﬂmguurrﬂdcdnesp@nldtrtg fwan

t he predict uni t iction unit and a data

bt o, ratPeyleDfh P ingRite 4 Bltiit A Coing s Grireananaing dp idwer dahibs.

prediction A@'descnﬁeE%b@O@”ﬂ%emé‘éj@%éfa%ﬂ‘tﬁ@ dUi'#etnt NG¥iRE 18 Shiteing] [the

2Nxk2N (N is a positive integer) Is no l'onger split, & prediction unit

mEN haugximuwn coditg ensacearding tpaa matXImumnagze whthe eodingeinitf aptbezidh of the

par ¢ 1 01BN TSR R e By ieliy Eaeraadity il o At seBarifg i desins.
t he praidte the Mmaxivntim @@d.h?turmg spit abélﬂdlr@/toaééﬁfﬁ?tﬂh'e%'ldg)é é:i;’t?'dftd §fatial

the height or the wdth o 10 the prediction unit such X

n: 1, pt!malmIaﬂyd@%ﬂ@m@ma@wg@bmlmmﬂmagﬂna hierarghicaly pla@alﬂemamordmg
unit, gg?gtl tions having arbitrary shapes. A prediction node
of the pr ction unit may be at |east one of an intra node, an inter

npde, and A shaxmupdelepfioranexambgmuesizéitofa eodipgansit,t WRichnirait tAedstal

may be perforned on the partition having a size of 2Nx2N, 2NxN, Nx2N,
number of times a height and a width of the maximum coding unit are hierarchically split,

may be preset.



25 A data unit which becones a base of frequency transformation nmay
be referred to as a 'transformation unit'. Simlar to a coding unit,
a transformation unit in a coding unit may be recursively split into
a transformation unit having a smaller size, and residual data of the
coding unit may be split according to transfornatlon units havi ng a
tree structfre according to a transformation depth

t ransf or mat | 0% G9ERGh Unk Hetarmingr (K8 ansastias ak %a@t.qr@ tsehtrr@am phtained by
t f

uni ¢ oy 8l of e Sfizkintird SoRirBril hecifind dithS 2 ddterifiefdepty
of a tnawkichifimal eocoding resfltsaareuoendutpotiacgprding to the\at teasa oaezplibfegion.
2NX2N | { f t t wh
212 SRl R Bk SR IRE 150 heSH i Fishcutin sespraBocrSeaper
1, ﬁ”dcdﬁ]ﬁ? L%lt%'é&oﬁfln@ tb ro%ﬁh@?dﬁééc@i’m‘é&lrhur‘nscé\ﬁtﬁg'\%rﬁt offthe current plcture

transformali on nay be set to 2. That Is, trahstormation un
havi ngaiad tsebaetsardﬁntlm havimgya ﬂm&tetncadmrmmgas @ mdaatisﬂepthat iTbe determmed
5dept h

t t di di
ept hoSorlesk PR TR RNae dAtS St ediBealn, A i Fodife SR e fdap o the
predi cyint uppd3pnformation related to frequency transfornation.

Accordingly, the coding unit determ ner 120 nmay determ ne not only a
coded dept hTh®dmagerdatatiasthe meaxisnunaneasting ginérisoencasied basesl an the deeper

bald | +$Snd VB BorkRboig 10 &t et bl it Yaliah B, $Rbp o] Bk Yompwm dgeth.
a si zeamd resﬂlfsaﬁﬁéﬁf;rﬂiﬁhg ahelfidges aatel arguemparéd mbarmtea@n of the deéber

met hod of determining a partition and coding units having a tree
st r uct RANGLNES. ek delih Bawnadhea reastwinceding %Uﬁﬂ mexde seleeed sfter gprparing

ref er egesdi Etréa% otsthterﬁc%ﬂ%'f? fin mté:oﬁtqga%?ﬁe 9?&@& gLo6 Jn%g%teo@dected

nmeasur e an Ing erro eeper codin uni't s accor

dept hsfob;eaulsmug(lrﬁatteecﬁmagmu on Optim zation based on Lagrangi an
rrultlpller . eirraedat out put u 130 out stheirr_a _
Gt bt theTheRPR AR M U CoORR AN 'ﬁépﬁtre%aé?edmgsﬁw rhierscically spii
| east g rdinged d@EfHé" aﬂ@tﬁ RN BYr bt dhits! gs iHHrEastey ek &dvehdP coding
and i nformation about the encodi ng node accor ing to the coded

20deptumits gosespandcderghe same Mhemodemanmgendao@nmwlbet rlesiﬂtelsmmed

nt or nabrBr GBI Bfleh B TonRl Buflt sbUBARORERoHe scaradspin fag lower
i ncl Udmptﬁﬁ)?rrﬁ@éstﬂmméhc@dﬂﬂ EPAR Gf HePinlage BHRT BPEA Ry Unit, h§teparate]y

partition t ype in the predi ctlon 25 unit, information about the
priddi cAsdingle evaRvheT Bnage |d@ha inbgludgdsinanemaxiauiy eoding unit Bisse the

uni t. qod n Tgﬁowhﬁ HGP%C%Q ttgereggﬂgﬂ ﬁ%tcghma){?rﬂ V\g&fiﬁ dHit, the

usi ng Sp ornmat 1'on accor tO e i ndi ca

encodicwgledsdgeths anap diffar @@tﬂhrdlglgunl tegicfs i ﬂ@\i&nagbmieta [ n'Bﬁlmd)nef oAmore
current dep h.. \Wen bhe current, depth of the current codin

i s t heasdLeRIBDMAY befiatermingd inane Fﬁ‘xt"ﬂ'émc‘iﬁ 'eaturtﬂoanﬂdﬂeﬁmegpﬁata of
encodgfe rﬁ%ﬁnﬁm\'cbdir@ QRiTaL4 Be |t E@c ﬁﬂc&@iﬁpttﬂﬂ&p&ﬂ &t 188t one coded

current coding unit to a lo natlve when the current
deypst h defpthe current coding unlt |s not the coded depth si nce

encoding is r f.or codi.ng .unit o dept split .
Tt or 1 orRyBENaghe Reding ik iner 1P maY Setsiiee hrdiiouiMstiagine 2
codi ”Qréé‘éﬁr@ctgf'e mcllﬁéﬁrln@@&ﬂent maxml}’r‘h%dirﬂfuﬁﬁ” ' eRE cgﬂiﬁd‘uhﬁs HQang the
the coded depth, encoding is perfornmed on coding unit which is
split tree streclaraignelpie sosing undadavingoa h:lepsin eteromoed rasnadcededdleph from
among all deeper coding units included in the current maximum coding unit. The
30 coding units of the coded depth may be hierarchically determined according to depths in
the same region in the maximum coding unit, and may be independently determined in

other regions. Likewise, a coded depth of a current region may be independently
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5 units of a |lower depth exist in one coding unit of the current
dept h, encodi ng may be repeatedly perfornmed on each coding unit of
the I ower depth, and thus the encoding may be recursively perforned
for coding units of the sane depth. Si nce coding units having a
tree structure has to be determ ned in one maxi mum codi ng unit and

informatjon about at | east one encodi ng nbde has to be determ ned for
io eac e@dm"h@c?frﬁmcef*edﬁ%awfe TReGIPAFor mati on about at | east one

encodi ng ”DQGME(YmPﬁH ﬂ@ﬁtﬁrigjé??ﬁlﬂe%re@é}@d f{B>‘th81+mngt9€P 8OsHits tl’rorr‘?‘lqsf?'raximum
since image data of the maxi num coding unit nmay be hrerarchically

split _aodiogdl@lmig to @ chinimtusn @odinghusit.c ol ditsteyaximumegepthf ey iadicatedthegtotal
be £t hRRber At SO il et 7RG i 15" TRl S50 S50 mg oona
assi gnpRGAdhdepthl REFHdiQI e AROWtaPnsRbE CSRRIIR el GO 8 #RRhBXiRN @Bding
encodi ng node to at least one of the coding unit, the prediction

uni t, bEnifitaths niimimaneeodingnaiitud doriexatiple mixemardepdiliohg ro@ximum coding unit

The m ni i t : t i.L Jhavi ' bt ai . b

o 1 P L oritacto gt AR R Bplilbh Y P Bulrtbking BpRRAE i may
and nmage k@t o IRt dapth ofa bo@i@i@ﬂ)ﬁiﬂ@bt@jn&%by’f‘s?ﬁtﬁhé Shavinh BEMUAY cHSing unit
included in all of coding units, prediction units, and transformation
uni ts twetimgsaimay besehinuin 8dgicageunhen a codingranit ektaipgd bysplitting the

encodi i . (o) ; t [ 3

ol 1851 RbaRnR Bg Bof fdttmesTedy RilEn SBUPR S shb o ler ol dontas o,
accor dii ng, 3, ardepeRist, anfirstmaaibhng deptio mat bhe settochand agdcond heskigiurodepth
units. The encodi ng 25 information according to the deeper coding

uni ts BRYRYPRYOD depths may include information about a prediction
node and in 2 i ribhl : codi

i nformati onbg%dggﬁéfh%éﬂggth i %W??}e@éﬁ@ %bé@ﬁ@ﬁ%—@e‘rﬁ?o@ tl grqmggogtn the
an est maxtradmdcodiagiwnit. ofT hanpredicdionnerdedinghfnd the ifeguenoyttramsformation are

Lo SRl BT En oS B JRES bk o B 0 o
node,  aastirhiinCd &t foNe Al PaxmiurHoimPLatl on nethod of the intra

nmode. Also, information about a maximum size of a coding unit which
i s defined aiwer Hiengumbepiof idpeper coringeunite accomingiie depths marease as the

Accor dATEU REBERE I 1 pub REOrEE L fhuftas B8RP ae, hehidifcgRotion
codi ngetdtiding 2ind fesiliongy WainsforhizAioRathdo sk pedomied oReillod the dezpér dbling
of a coding unit of an upper depth, which is one |ayer above, by two.

That i 4nithwngeneraled cast the cdenth deepeds a Fiedictian sngeding iandNreguency

a siz i WALt : I

codi na e eaAtoR il B exilaified BAERd SFES Lollb ol of st gl fom among
codi ngonenbt nudretrhaximave codiaptunitsfoNzdhveNiawe dftexplarthtiom. uni t of the
current dep havi ng, th ize of 2Nx2N i ngl ude maxi mrum 4 of .the,
coding uni tJfﬁ?an@rgtsgﬁef@@ﬁwaﬂe@%voﬁeﬂ%y@ L Oépﬁ)z%h_épﬁs(’fl@d]%wn't for
form C&%d%ﬁng'ﬂhé%e B8 "Gn BrddrB SHCOHB'HE fnAie et pRFaBdHS Wich £0ptedfbtion
unit having an opti num shape and an optinuntsize for each maxi num

cozh ngenmiding biEsguermy transfernation, mndreriropynencdding anei perforcheal. mebtiensame
depth termned.in consideration of ¢ acteristics of current .

ot ot ur SRt Me e uSBh Bl cealrive of AT A riS ey Rerlser b diftegent
uni t hypetatipesany of various prediction nodes and frequency

transformati on nodes, an opti mum encodi ng node may 15 be determned
i n consi der®f exaple; g apreratysildd mrYERIesigraimnly aheading unitrfooescoding

i mge $i.z i f i . i [ esol ut . L.

| arge Brrgstre P dRosh gt HhE B erah e RabT BB BhaRS Rl T paiar o

of somacserdret seediefiorpéiidodigy 6i ¢les agd ataierthawedingggier di ngly, the

nunber of pieces of conpressed information generated for each 20 .
In order to perform prediction encoding in a maximum coding unit, the prediction

encoding may be performed based on a coding unit of a coded depth, that is, a coding
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Referring to FIG 2, the apparatus 200 includes a receiver 210, an

i mge data and encoding information extractor 220, and an inmage data
decoder 230. Definitions of terns such as a coding unit, a depth, a
prediction unit, a transformation, unit, and 30 infornmation about

vari ous encodi ng nodes for various processes of the apparatus 200 are

the sanme, as those described with reference to FIG 1 and the

appar avii whigh isThe lorged; splif. 2hite cadisgy et m'bkiir%‘ééo'w%i $piit eadnhegpmes a
an enc i 1 a; odl i, nf . | trac o~
220" exta g, WETH alctfiet o BIRAfIRLP 2 REFRREOH D8l FeABlo it " AGblfition
codi ngobfairtez] ba\splitiing theepresliotioat wmie neanc oratlideg at pregdictibmumit @aadng data unit

units fromthe rsed pitstrea ng oqutputs the extracted encoded

i mage afatéalngbx g@'ﬁ'%a@'eaat ang|e ai@ag@m.d arﬁ@piihn%fdée@a% cligry UBRcodi ng

| nfor mat | OnEeLEARbIR wheR 2 cBAg U fing B S24TBE BRRRT(NSTRBLEHTE Hi8gen)
of a coding unit of a current prcture froma header of the Current

pi ct urie.no longer splitsa predietidrmanié miat Baend saecafdM@N ahd rapaitition may have a

extract.or ts infqrmati abqut a coded depth. and an .
encod Hige idaenseN. R Bl "Bhi RENAa s RIRS OF g6 PAiSR: Gie may include
accor diimetrid PRrRAHsERaRR By §ﬂhh¥etf‘iéélg‘ h?miﬁgré%i@hﬂ oF T2 aRUthT ¢ the
extracted ‘10 information about "the coded depth and the encodi ng node

i s outpedictiontunit, ipasiiipngabiaineddaeasypoetntally splittinchhe heigbt aathe width of

ot g Ao Rt S 9B o Bon RERE ERALR BV vy oBliing the

uni t s. prédictibhfupitiahi partitiepsthaviigy siestydgripesand the encodi ng node
according to the 15 maxi num coding units may be set for one or nore

pi eces of cHERdigiEg Mder &rihatRreAlClian dnitimay Raiat depsiiia ofear diangiode, an
modes iﬁfe‘?%g&lé‘gar‘iooa%ﬂ CiiotEPt B3y %?é(mgﬂé?'tHQ?ntté‘WdféBéﬁﬂh&fﬁ?éF mBde may be
partition type of a corresponding codifig unit, I ntornmation about a

predi gperfornraaiden trenplartitio o hawingan sizb @i 2 Nx 24N, 28004, Nx2N, aordhxdd meAlson the skip

T | (BRI R e ATRTIRCORY SO RN Naving aTses PhERRRL| ol B08edng
: . L _. .
the Corﬂﬁg bQQHagp%f;H%rﬁlgepieﬁ%@@g% Hﬁggr@&% LA9id & cbBfd Gt BHAGHEUREon

units ex ract_e A ata an encoding 1 n or mat’l on extractor
220 i smpdé beningi leasbencoding etred miypbs saledtach encodi ng node

determ ned (o0 have a | east, encodi ng error r epeat edl er.form.ng.
encoding ol aReRE RS 1R TeY sise,Gelifn AEaERaLERehrOatio R uRf imace
at an g ofiangbding anf Wakedor het @ﬂmﬁ@buair%%it o &Picetmg the ihiRye data but
apparatus 200 may restore an i mage by decodi ng data according to an

erf@odi 3P atatd gnitiiffergehlsenttthe c@dingdnit.encodi ng error. Si nce

encodi ng i nf.o i t codi:
C0Panes { IRSSRLGRROHL o8R0 ARt 38 PRGBS edtency
codi ndransférmatioBOmalyesk performedibasednsh a datai tRThaving, a ke edugaodat l@ss
and encodi ng infornmati on_ex%r actor 220 gné’)ié ext r?ct i nformati on about

a coddbandtef ihecadingitidi RgT fyaE PR dbe gt upib T the feauanay drapgiosmation
its. i i i d f
" cor ;A BRIndE SR LAR (Gt 8k it BLE ArD bR R SBRRA GHe TR ©
prasdet er m rfedatiatiEt whichshedomepa bdet @f fienednciatransmirrh atitimwangbé heferred to
i nf ti bout .t h dept d.th di .
2ot SRR it s G A g e SRR B oS
| mge (Hay %egwéﬁve|§%fb|ig RO ?rﬁn§fo?h'fa('§i6ﬁturﬁ! ﬁé_w]g P¥nfiner dizy) driPERidual

data in each maxi mum coding unit based on the information about the

coded dégptaf thadcadieg amilodiaygbemapit ccording do ttoansfernmationmunits duiving a tree

units. Thﬁ} is E{:ﬁe %ﬂna?e dftaagect)ﬁjethSO may decode encoded i mage

dat a t?é%’é’ 8RR Ig 8 MATIUMating {ert partition type, a prediction

nmade, and & traasRhPaIBh depthifidicatihgthe M df 28 lietblrehER the GapsPRtiation

coding units having a tree structure included in each maxi mum codi ng
unit by splitting a height and a width of the coding unit may also be set in the

transformation unit. For example, a size of a transformation unit of a current coding unit
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15 based on information about a partition type and a prediction node
of a prediction unit of coding units according to coded depths.

Al so, the inage data decoder 230 may perform frequency inverse
transformation according to each transformation unit in the coding
unit, based on size information of a transformation unit of coding
units according to coded depths, for frequency inverse 20

t r ansf OAMREIDHZ0 OF MNP NGS LdIx2h iariAR iy attprudrts may be setriqel,i whgre a size of
data d ; et i f t i .
o no Sy T RTINS, 2 iafePigtbA 0B Ay R KB, ARYABIT s o
split Bnframnsfetmation noitciat H2xNI3} ai tragsformation slepth Imagdre sel td 2. n That is,
curreni{ delpth, .the current depth is a coded rdgepth. Accordingly, the

i mage HENOHBaHAR UDSONAENT o (ke SHUSHER ABaYIMe SEF as50rding &Qidransformation
dept h Hapinsmage data of the current maxi num coding unit by using

i nformation about a partition type of a prediction unit, a prediction
node, and alrdormeatafn abeutalesper nadingmunitsiaccording to dbpthsiuses dfommation about

oy, peBiReE g bR EbRR BotRn T Rt e el b ioncy
for a trdRsrAes e NABESHIR tH@icbdfﬁgomiaaetwm%M@ﬁlﬂétenﬁme not only a

prediction unit, and a mnimumunit,” and the gathered data units may
be coneedrd daptotheé generalas a least enepding egobdewt algo weheartitien dyreaby which a

bt nPreaihi e TS RERHGRS £ Biictonmoge, AR ABEE0 BobE pFelcBH uni,

encodi agd erdigs oby trapeforiiativh)unitefof fequaricyeratsdbAtalies. each maxi mum
coding unit and nmay use the information to decode a current picture.

That is, enBdagtnodmeigietaanining adaditicy and cadingvinits having@ tsee ghrugiuse of a
det er mipgth fipr Js J ! -

Accor di ng yL,"ﬂeren Hﬁ?wgg@ﬁgg%%mme%%mﬁﬁﬁf%?ﬂgg?‘gfgésa%%rﬁ%‘ ggfﬁ'
dat a, i mageTdatadimgyuriiedeibfmitieeRDymale oedadraad enestigestrarasfatedipeg cbding
a size of a coding, unit. and an, encodi mpde i.ch are adapti vel .
GeTbr b SreaTduRbIdeuinioby S8 Rofe-iktgaion, SRttt Brsad pOrL-dasangian
an opth,rq*mngfg;odi ng node transmtted froman encoding side. 10A

met hod of "'determ ning coding units having a tree structure, a

predi cti on Thé¢ imagediada touwpmgf writh30 ontpuis thevimbgb eata mf dhe edeXimum coding
detail wth .reterenc Fl GS. .3 through 13. Fl 3 is,.a .
di agr s AMBE L PRTRs BathEa Re of IeReEPaF dhred ot dRiErmipedby the coding
accor difig deferan@ ™20 aRBMhfddnatibe AR eNS dndveitlgl Mdde/adtofd@ingftoahe coded
coding unit may be expressed in wdth x height, and exanpl es of the
1520si Z&epthyin hitstig@ess4x64, 32x32, 16x16, and 8x8. A coding unit

oax6a. oaxane $90RHET ImaBY s ay beROnERblahad I SR, esfBiaiata o
may bethedimagel nto partitions having sizes of 32x32, 32x16, 16x32, and
i uni t havin size of 16x16 may be split into

16x16, E .
pa)r(t it gngoﬁ%ﬂﬁ@r@@tﬁbamﬁﬁﬁ eedinggnede geagrdingtp thegodgd fepth mAwigclude
of ' gxanTafipin LR Mo BSedRepthlHfioRfalibn aBbit B haBRIAH B Siebfttion

19820x 1@80), indormeatiomuabsit éhef peedididnngrads, t and iGfhrmetidnaabeut U sizde pf hthe

is 2. In video.data, 320, a resolution is 1920x1080, a maxi nrum si ze of
a codi FPUAMAGD WAL and a maxi mum depth is 4. In video data 330, a

resol ution Tie RSN BbHBhBBdR AR ik nﬁ’aF\FBQidwinléH@liy &én&@ﬁliﬁﬂfbrﬁ]ation
maxi mum depth i1s 2. 25 A maximumdepth in FIG 3 indicates the tota
nunberaggordipgito sachatepth iecticatimg wdethey entoding isapeifeinmedroo @diding units of a

If a resaolutign.is hi or a data.a t is large Xi.mum si ze of .
2 coa RyeHEPPistend PLaghrtit Hebel sl e’ Gt BT b B sginerit 8ocing
effol ci@itis thdicodkddpth agiftd ahaby dakf Irehe R Eolinduhie s Scodfed, the split
i mge. Accordingly, the maxi num size of the coding unit of the 30
information may be defined not to split the current coding unit to a lower depth.

Alternatively, when the current depth of the current coding unit is not the coded depth,
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units having long axis sizes of 32 and 16 since depths are deepened

by two | ayers by splitting the maxi num coding unit tw ce. Meanwhil e,
since the maxi mum depth of the video data 330 is 1, coding units 335

of the video data 330 may include a nmaxi mum codi ng unit having a | ong
axis size of 16, and coding units having long axis size of 8 5 since
depths are deepened by one layer by splitting the nmaxi mum codi ng unit
once. Since engoding isEripaNEhAN a&pdindonit aka Jowerodentihattepsplit infgrmation may

codi ng i . i : N . { i ng

o t "haderfed 5 sBit hBTultefif Bodth Fintid JERp GO i GFRY|ENdagh Y,
sizes of 32WHdh thecubrest riepth e ndeéphdscotied depibergitoliing3id pegoAMEY on a
splitting the maxj pum coding unit three tjinmes. As a depth deepens, )
det ai | €04IPg qnﬂ#wﬁﬁgﬁﬁ SRItR{P srdipg atrits afya lower cleplly.  Since ong @ mgre goding
bl ock ki i @ r e i nj :

nccr OB ok i G5k By Ol odtitty RTEE B8, ufatt déhihbhooding may be
encodereptatedie pedomsed perestchaesing unibef thedower depth, det ¢hus ther ercddirgg may

th tus, 100 t i dat 3., That , t di ct
e e R R o o, Lo
from anmong gifzdl éRitig LR Rading a #BE strubRirk PRSI BERIMMER iRhePmaximum

moti on conpensat or 5 performinter estination and notion
conpengeding ninifyangs infieymatioafahen @t ldastonesasading modechas tenbe detarmind@s for

f ' nde. . t f t he .int ' 410, th
ot ont 24T PadPErinbR! & b islctl Mg oR drfuh cE et Fae ‘Favostt modaymay
a quanbeé deteriinas for ofd hRixiriaef Eodihg initt AR siked mesuteaats of the maximum

transforner 430 and a quantizer 440. The quantized transformation
coef f i €dRG Und may ther kigragshigaliyasplit accopding 40 depths and thwsgaded depths may

ot oy Sk PEHRG RICaRAE, Ao 3o oo (fode s bifed peamay
495 af besebieir tige posge dacessed through a debl ocking unit 480 and a

| oop filter] ng éS l]mi t 490, The quanti zed transformation coefficient
mad® be out pAECHEINNi ther OBERHE4YEI L el UGRY A0 rjsPding dafermation ahput a

d . i t . ;
1 el s S AR art S BAGRinaPRACE, pehefo Bt E e i, the
t he nopredictioptunitnaod ad@nimureunib trictudesbimtba seaximué? Bodingaurfitt equency
t f 430.. th ti 440, the, 30 t .45Q, the,
ver se. quahis 2up g inittbay Ro s Stiareai oithevitRle SEReS eiseddiy si)fting a
uni t 4@himaRficéding lupftiohktlifuBihy RdowRihodfde A 4, ArRBHEY b LBQIALI RS unit

based on each coding unit fromanmong coding units having a tree
stHucthavwng @ sexinderize avhigh may haxneiided eptall ofocodiag unitax pragistion units,

codin j : i fi 4 LRt i 410, the notion
esti ng%%wiréaﬁor@ﬁﬁofﬁgﬁ%mcﬁg&#dg@ﬁbgﬁgéf?%]}"ﬂhgé&gét ine a prediction
unit and pafér éstamslepthecaredodaaflinfermation Cf)Uith BIOINgh thecOGtbOBukiDN B may be
having a tree structure in _consjderation of a maxinumdepth and a 5
maxi mARSSiRd dRtos epgedipgt infamatiom aseRiiAIMe tdeened eoming rerjisegegording to
t ransf :0-d ] i f far Lon Lt .
each cdéarl ng éﬁ@t B@?%dn'ﬁ%rmﬁﬁg{nﬁ@% cgacf‘;%lr?éﬁﬂﬁi %d;‘ %@ﬁ%ﬂt @% T eevﬂé ehE'odmg
stasuctinfoemation acder@ing5td shex ddepek cbidigy amitsf aecordingg ¢ dieptitkem&PGnciude
based .on a %odi nit, g.ccordi n todan enmbodi megt of . the present
i nvent'f‘{‘}ﬁma lon about a prediction mode and Information about sizes of partitions. The
encoding information about the prediction units may include information about an
estimated direction of an inter mode, information about a reference image index of the
inter mode, information about a motion vector, information about a chrominance
30 component of an intra mode, and information about an interpolation method of the intra
mode. Also, information about a maximum size of a coding unit which is defined

according to pictures, slices, or GOPs and information about a maximum depth may be
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10Referring to FIG 5, a parser 510 parses encoded i mage data to be
decoded and informati on about encodi ng used for decoding froma

bi tstream 505. The encoded i nage data is output as inverse quantized
data through an entropy decoder 520 and an inverse quantizer 530, and
the inverse quantized data is restored to inmage data in a spatial

domai n_throagh an inverse transformer 540. 15An intra predictor 550

per f or iSertedinton Baader & BitStE8Mng units in an intra node with

respect to i t.a,d I i i . .
Compensat or "SER/RPR 7 Shadiahis® (PREYRG o AES: SHifntel BideBer cading unt
i nt er isoaleoding usitradptained ogrdividimgfa beighb85a widlth of megpelinkatiait ohahleper depth,
spatial  donain i ch passed through the jntra predictor, 20 550 _and

the. mothsh o R B0 Y P bd et b ehds sRectlcr Ga0KaHel 958 Current
after Bepihds PREEONTPE8E LR doMiRy Ot Bf QQ@U\/QPBéﬁ@: i 'N)@N.57;5?lsa,”ﬂhégltﬁéiéoding
filtering unit 580. Al'so, the inmage data that | s post-processe

t hr oughinit pétheeturoerkideptiuhas asstge ah2NkPN, & sige ofithe eoding wnit of thedowey depth

b f f 585. | d de th
mage. BAPSE oA e oG St § B Glremisionp rewinoipR i oGy fce
I mage geximemn H8PtHERN0 1ot oF AReloAldrelepti.hat are performed after the

parser 510. _In order for the imge decoder 500 to be applied to
t he appar at dscardinglyithe @ppaesius 160 may foiva gedingc ity h8gog & tree strugture by

parser e e y 0 i uant i 30, .t

P22 GBHPAS £ BhOBRYAE SRR R yp HSBE5rY 3R e e F cacn
30conpeisihon cdfing tundt, delbdaki agsigaidf théOmagintlrh heddivp pinfti il M@ximum
unit 580 hayve to perform gperations based coding units having a tree

st r uct SeRIh; GpteEninednigconfieration o wheractepalics ptal surent HiCturg.r sAlso, since
predi ct : i C ; : r o .
Dar t1 17 e 3ndy' e’ QAT ol BARE MRaLiRfuro LAY Brliiby Sk Sh R, various
t he t rpredidtionchodes and dregbencyntrensferrmatiors modes; ab 4ptimasn encoldihg modemay
a size of transformat.ion unit, for each.coding unit.. . . FIL.G

6 1% LadshIIRed IR SPPSIEBRYICHL0T SHArBRESIEE GbEPend yiiisBaYing various image
accordéijpflsto 5 depths, according to an enbodi mnent of the present

i nvention. ~_The apparatus 100 and the apparatus 200 use

hi er ar chi calhusdi ag imageshasingbighoresohdicnerr a lergactada iamouwrd ivenanded in a

i mge. i | ght Lumwidth,, and a maxj num dept.h of.

cod needinERBbMRThaERay BERUmEET oY ideaop Bk Paf Bt eS8l increases.
char acAeddréingts e hbmdoregr pistesdy deenptebésd anfdrinatich §dndratefor each
Si zes of deeper. coding 10 units accordi ngfﬂtﬂo&ﬁ%teﬁ{ﬂhs may be determ ned

ac¥or dNAGraiOGk ipreasesnand tikg & isdiffigultdo gompressed jipfogmation and

hi er ar ¢hi : 1.Ag [ t i i .

the. manmeamEbHoh EficBREy Bbcfeld Holever BF LGRS I BRI, AR image
dept h é¢mngresSionc efficielegt mdgepenacaased aincer i wadimxiunitofis tadjusted while
hi erarchi cal ., structure 600,, a heigght ﬁlnd a 15 width of the deeper. )
codi nFAlsqeringLchataaiesslics of o mpdewhile NCEeFYRI GNEXIEHEN §146:0T3 ¢9GRY unit

whi ch \ghife Boa8&riiPh i hbiifagencodi ng of each deeper coding unit,
are shown al ong a "hori zontal axi's of the hierarchical structure 600.

| resot her wdrlés 2 is abitickgliagriam 6flon iapparatugi2®@infoc ddcodjngai video, adwording to

hi erarchical structyre 600, wherein a depth is O and a size, i.e., a

hei ghtarbﬁrr\?&ogm?&i%fl{éaféﬁs.énfﬂéve_’fg'oaept_h deepens al ong the verti cal

axi s, and R&HMPOUNE. 08k AgyareuL2600 %lﬁeé’@i&%i\f‘ﬁ?@f@ dARnagaidata and
o]

a coding unit 630 having a size of 16x16 and a dept 2, a coding
uni t 6ABORNG injoanaliore extragivs 2300 andleptimage Satandecaderndddg Definitiops of

havi n i of .4 ept 4 i s$t.. The.cqodin nit.650 .
navi ngeng LEpcas e deAMn Anfind' defb, B Bradbion G ArhAfe iRy Snupt. and
25gar tihformaédiba abidiut Yafbes ShevlingMmbliés fér daridikepicedssd bPthd!Bbparadlis 200
coding unit along the horizontal axis according to each depth. In

are the same as those described with reference to FIG. 1 and the apparatus 100.

The receiver 210 receives and parses a bitstream for an encoded video. The
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30614 having the size of 32x64, or partial data units 616 having the

size of 32x32. A prediction unit of the coding unit 620 having
the size of 32x32 and the depth of 1 may be split into partial data
units included in the coding unit 620, i.e. a partial data unit 620

havi ng a size of 32x32, partial data units 622 having a size of

32x16, partial data units 624 having a size of 16x32, and parti al
data ulihage caéa g ﬁ@c%ij"éﬁl Jfognatigyy patractor 220nexfraeiscenesiegninags dafr for

codi n i . VA : i f . ] .
ol 1 JpHE boliig IR ARSIANE 1S b8nG S hEURNE o8 SHURRIY dtbofifigt Rixinum
part i atodiagainitsiftom thehpanisad bﬁsﬁéalﬁ, ahd bekpuds it bnmf et entbeed mlia'a%@ data to
unit 630,. partia ata, unjits 2 having a size of 16x8 artia at a
units thei Ha{aagswpér%rﬁos_xl © 'mﬂgepa?ha@ and aa_f:%dluai"ﬂfgrrgsﬁowﬁrﬁ@t_oa 220
size o : ; ;

of “Bxamary el HieinalioR r uihixRiuh M 6F VR Lo OF LA Sib6rs o o
i ncl udbeader aftbe codienypichire. 640, i.e. a partial data unit 10having a

size of 8x8,included in the coding,.unit. 640, pariial a units. 642 .
naving a o ASotiaiabedpl 2 gafdtiinoraation Bragios 22 ZatGplsipfstmation
and pagbodta €5ded H8htharkh BR¥ddISg hodeZor e ddding units havingfRe $@@ fficture
unit 650 having the size of 4x4 and the depth of "4 is the m ni num

codi ngaeefrdingntd dhe guRxgumi coding tumits| oy thes padegd hitsieamediTde entracted

unit of d] i [ Ly assiqgned {o. rtJal _dat

ani® AT a0 e giitet debth o eer BB Bbderts BBl olthe i dere
of thedsrodgna2BC:oditg isnihe ifkye d4@ dosbdey 280 inagedeiodieniatage?@atef for feach
apparatus_ 100 has to perform encoding for coding units correspondi ng

to eachYEPUM ¢oNG IS ByhsrItEngrihe HiAve sifita §f @bl shing aggrrdingnisemayimum
deepercﬁﬁgérﬁgﬂtgni ts according to depths including data in the 20 sane
range an Re Sane size increases as the depth deepens. For exanpl e,

f our codi ngTheaiinfermatiore spootlihegeddedad eletht and the2emcaling nodeedcdardingvier the

data that. is i .uded i i it ; di t t f
B, S50 S e Be ool s hers Sbes ot oS el HeBetion.
accor iR hhriRRIohS abble &ReuRy Lfﬁb&eé?oéc{]c?cgggﬁ]d“%ddédt e pHRPHaPlindlude

and four coding units corresponding to t of 2 are each
encodedfornegionnalbouted paditiper fypenofea codiasgoadingr chiding tunitd énfomsatidrombaut a

current _depth from anp t he depths,,a represenfative epncodin ror .
whi ch Aol o R o dre i rtoube SERCET BalrABROAaLR it adisd seit
by perihfirfidtioncacaitding tbodedhs thay) berextridisd a8 thBanfofiafin WHJWE the coded
corresponding to the current depth, along the horizontal axis of the

hi ¥r ardeftbal structure 600. Alternatively, a mnimum encoding error

b . di .
0o dept o LE b et 2BoGORAIE 0ERR oS Abdiid ML EEA G0 the
al ong mhginnantdotirg axits exrfratied thy theaintdye dbtashind ehoodingOfformatientdxiractor

055 BB SRR SheL BBl AR g AL B o s b o

ol at oaShertpding. sor B epbateuip BEAHIATY, Bhediag] O, Blefler coding, units

acxsor dicugrdiogan maiodinrecadiog urlits gir as emicodimgesideosuchThs the mpparatsis 100,

100 OrA@c%?d%ny??ﬁg a%E)aPa L(J:g 988 rﬁgy irens?gt?e gl’? %’58& B9 c}e%og%dgi é‘aqa according to an
encoding method that generates a least encoding error.

Since encoding information about a coded depth and an encoding mode may be

assigned to a predetermined data unit from among a corresponding coding unit, a

30 prediction unit, and a minimum unit, the image data and encoding information extractor

220 may extract information about a coded depth and an encoding mode according to

predetermined data units. When information about a coded depth and an encoding
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5 units having sizes smaller than or equal to a maxi mum codi ng unit

for each maxi mum coding unit. Sizes of transformation units for
frequency transformation during encodi ng nay be sel ected based on

data units that are not larger than a corresponding coding unit.

For exanple, in the apparatus 100 or 200, if a size of the coding

unit 710 is 64x64, 10 frequency transformation may be perforned by

usi ng Mesle rafngf somgspendingi MAXIYYINMN a¢edigg ausitzis dec p according to the

Al so, : i Ui i i.ze.of. 64x64 .
encouchrispmyngd ' Ml M alede iR baf B pakinBl S, e, fformation
t r ansf abowt thercoded tdepttashd thd bacsding nidds3Riagbe dérkdkd, a2 Zataodit cluded in
which are small er than 64x64, and then a 15 transfornmation unit

havi ngthe $&a8 MadAUAyCRAiPg UNftay be sel ect ed. FIG 8 is a

di agram f or LRI | i i Fc‘ﬂﬂjs i I .
t oa%ept hs, gﬂ%ﬁ?‘é?'%ggtgaoagﬁ&fegﬁbogi Hr%%ﬁ{rg%lf% #ﬁree?]fépesenlt}g/i %%%é@?@ﬁ.ﬁgégag% n
The ouepch meamimuibB@odingt ireit daped atru thel Gfomagticenabdet thedcoded dEpth and the
informatiop 800 gbout a partition type, information 0, about a

pr edi CENGSHIRGJBOTS PGoRIBG iy Hish MaabImat SIS ndpye 9t g5, the Tmage data
t r anst gedgidrosad!thiy fo%oaécéhr%@dngna@@ ldfQ BA2B08! B! f?ﬁc?rn’fétﬁﬁp about a
depth, as I nformation about an encodihg node. he I ntormati on

800 i npaditiondyperf @predicton amde, ands Bdpansddrnativar unit,i fon esichadcariog it from
splittina a predictjon unit of current, codi.ng unit, .as a data unit
rotd or athPo Bk ol i, s SoftbisdBrIGRA A Batimaidinppadhg U | he
cur r endedddimd@ omapi incldde Ra\prédicior §hroBeSs aRdudingsimtfa PredMtidN BRY Rldtion
split into any one of a partition 802 havi n%_ a size of 2Nx2N, a

part i t FIAP8NALIPAY iPRE afrequancyfingeisr transfrrmationdioeess. havi ng a si ze of

- and vH ! ) ‘ : .
800 about aThar ITeb8n Eh MO 230, el ety Uife PLSLRHOTLBF" idon
i ndi catemparsationt hecardirig td eacBOdaritivh nghch peedieticdf ndeNfort Bach coding unit

partition 806_t}avi ng a size of Nx2N, and the partition 808 having a .

si Pe JPAIGANPRBITGHBATCT BPORIta BAtOD typRiARdaeRresiglioadneds o arpygdicyen unit of
each patdihd i RAf ormation 810 nmay indicate a node

of pre%?d(y?é gﬁ%ﬁ?z%@ﬁn? perc?’grdtn(%%)tgﬁ' a partition indicated by the

i nf or mat i onABONthd ine|ge datai deaoden@86 rBay pedorm riteguenod énv&rde transformation

Ki de 818, T i nf I 820 .1 ndi t f ti
oni b SREdBada pash GRISTIRlTLRy It TheGouhBiTtohases gbr s HERTBAIGH of a
Cur r entaS¥emAStidH uhit dfosoBfG TRt aéé&ﬁdhbafbsﬁédéﬂifdeﬁfhééﬁﬁ gﬁési?ﬁg?%%verse

first intra transformation unit 822, a Second intra tion
urdtt gransfarmatiat a¢eardingtte an@Ximummcodinguilits. 826, or a second intra

t f td,00n. uni 8 [ t di :
i or mat | onl T4 7Cnsoder 238 Moy APRFII A 6Bk FRRRI e cupam pgaimum
t he i nfoalim@turdin bPOGsing plit anrdriBafon Giccdedingi thdeadtt ARipth.NgIft §plRdRfdrmation
deeper, coding unit. 10FIG_ 9 is a diagramillustrating deeper coding

uni t s iBgicated WattipageiHa is i ngen b im@ et deith. §1e coeept deptit is a
Cnvent. S e o _
o i depin. (Aepblndl MHERMAR TRk BEcctit s A edids 2 Gl Bt of
a w;ur rthetcudept depth fopimage data afdbé ogrrent maxivhiura dodwey uieby isingSAformation
prediction unit 910 for prediction encoding a ¢oding unit having, a
dept h 310U anparitien z{é’pﬁf Oél\‘]”‘_cﬁ)@ﬂl'_qgoﬁaynit’n@! M%g'ﬁt'%rmpfj?o@r@r?e sigep of a
havi NQrshsfbritatiin dit.Ox2N_0, a partition type 914 having a size of
2N_OxN 0, a partition type 916 having a size of N.Ox2N 0, and a
partition thpd Bl8ldiavinits aostamingf encading Gnfolinakionginctudingahei sama split
types .912 14, 916,- and 9 in which predictjon.units_ are it
e tnioEReRgh ey Br sihem b, Sepeni HsSehfadiss ittpinstdh Sefesined for a
| 1331  gfteliSRAMIbPISa TRt o @S ERbEINGAlNit, & teHicBON unft! 288 ARinihGm unit,
shapes as descri bed above. Encodi'ng via notion prediction 1s

and the gathered data units may be considered to be one data unit to be decoded by the

image data decoder 230 in the same encoding mode.
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25 type. The prediction encoding in an intra node and an inter node

may be perforned on the partitions having the sizes of 2N _Ox2N O,

N Ox2N 0, 2N OxN O, and N.OxN O The prediction encoding in a skip

node is performed only on the partition having the size of 2N _Ox2N 0.

If the encoding error is the snmallest in any one of the partltlon

types 912, 914, and 30 916 having the sizes of 2N _Ox2N 0, 2N OxN_O

and N_Ox2N Eﬁherﬁpw@sﬁm mayehiainopirmasionrabaut i ceding upit that graerates a

encodi

R o BAsEERGR 417 SITULAS ol b8 Lot 7 Ba0TH Il calig i
918 i nangenat uwtl@@xfom&hoenl@o@bomge@cm@@mamedka p@hénsnedcccded:mhgwdata
units g?o havi ng a dept and a size o N Oto search for a

m ni nmu %ﬁ’FHB@IPﬁgS B?V'&B aKe%ISHHFM“? sﬁt%rmlrﬂecbmae@m@wwaemg unit may be
pregi CHé?&jz%ﬂCOdl ng on the coding unit 930 5 having a depth of 1 and

a size o | 1x2N_ 1 (=N_.OXN_O may include a partition type 942

havi ng a si Aecarfdirigly, lov@N dn lraagmhasﬂ'llgi'nretsphﬂlo@ﬂdr almrgegalmmtzxi data, image

oart 1t Fote o Becarhoiaily tESodef s0S beslii R aectroRodh = 376 pha CeRinstvpiland an

error bgcddifg piBde \ﬁﬁfch'd?eté'b%pﬂﬁ‘élgl'd'e’(é%ﬁlﬁé!cﬂ’%r%%rﬁﬁéhgﬂ:st ¥ardindsge By using
N I1xN 1, the depth 1s changed from1l to to split the partition type

Nil i nlrtﬁprmeattqn@bms@n @piutn@ncﬁnmd@g mOdeﬁmﬁw if@m an m@odwgcmre .ng
um(;s 960 hﬁvm (agrd{eap 2 and.a size tto search oot it
ni &Y num encadiiieg ¢ eterminifgd 4o Wq u pﬁ]\ﬁw}ga%gc[eﬁ gguqiur pa\ Prediction uni
i nf or nghd anraf@hibtion drit WAGe dgRbihedmy dBRiSeith Véfetéhdéﬁ@rﬂ@sj@ﬁhhu h 13.
becones d-1, and split information may be set up to when a depth 1
becones d- 2FIGhat is @ digaranedebdasgribgpar conersd pf dierarefgalh ceding. mnits,
to ad f i ion unit 990 for
perfor%‘lgéngg}d@ etg aﬁ%@RBQﬁr&%ﬁc}l&@hgﬁF’eseﬂtg{ %ﬁhlt 980 havi ng a depth of
d-1 and a sAmze)bfamoﬁmglbmﬁN]e(ydbé)expmssedbhurddthax paight t arh ek3ip@1<398F the

2 ﬂ%ng%'g@%%ﬁw}%z@ 61‘51 )32533251{# & @FCf S ¢ OQHMH@%&%Z&; S of 64x64
N_(d- 1peehd d ):ntdaBQrtﬁloH%rﬁ Mnd8iz€8 &f%ﬁgfg%ﬂgﬁ” &4, Ar32432, a coding
A N o g

N (d-1)xN ( Enco via prediction enco ng may
r epeat exit yapmgf@rsnmdoﬁﬁzm npay betspit intevparitians haeingf sizes of 32x32, 32x16,

2N _(d- d- artit h i 2N (d- 1) xN
two. pal 1 gl it hgd £ine ot Refiad 8 Sk oh 78576 sRvHm Fhilamtd pRbons
havi nghavisd é&e@fofNMfsl)ka,(&h%) and ®xe! dhﬂga ESHiRg it Hivirlg B2 6f8x8 may
search for a partition type generatin m ni num encodi ng error.

Al tthouly Sali ia uw%hawng@«zwwpgxﬁ.%twms havi ng the size

of L 104 ik i SUBALESH i A OHDC A 858114 offngot s

| ower @igpahd amdadneeaatesirpish2 of Inaviidor gata 32| U fressdiidrg uymgtzoaﬁ)oso a
may be determned to be a depth of d-1 and a partltlon t?/pe of 30 the
cur r enfa¥EGThARE 8tia fding Hn@dﬁﬁﬁa@n%@ rpaxigrym fepth és pe In video data 330, a

N_(d-
i nfor ?ﬁei&lb%ﬁgg%%g? a cdc?sh%&umr?e%g havi nﬂﬁmrﬁ lgtslgﬁnga%l_Tblxgnunrgtdegteq S 2.
A mat aAunaxim@® depth imeFI&fSarndmmte@tlmtoaal numbaaruaxﬁ splits froot a amaximuentoding
maxi mum.codi ng unit. The m.nimumunit may be a square data unit ‘
havi ng4 'HtQQE%B‘Hf%{T‘r?Q& NGURLI i tting a mini mum coding unit having a

| oner nost  cip@dedsERMBbA i9Yidh oPY da8PaRIRM: Y %‘?%éoé RAAEmBRF 2L a ct:&gng unit

apparatus 100 may conpare encoding errors acctording to 5 depth
t he comiepdpedaige 90as te siok onlyandeasa anicadingeaféicianey bat blsado asnuradélygeflect

ype. aFpREpis BhSRofiadS  aRlbalnlne pra bR REC.ash rde P tre
sugh, Vitiés AHtE 810 aﬁu BDOKid i aaﬁgmr%@smh@ndm fre @iﬁeé%&é‘%(ﬁﬁ’a)b@ﬁ 64.

conpared in all of the depths of O, 1, ,
Since the maximum depth of the wdeo data 31 0 is 2, coding units 315 of the video

data 310 may include a maximum coding unit having a long axis size of 64, and coding
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an encodi ng node. Also, since a coding unit has to be split up to

when a depth changes froma depth of O to a coded depth, only split
informati on of the coded depth has to be set to '0" and split

i nformation according to each depth excluding the coded 15depth has

to be set to '1'. The i mage data and encodi ng i nfornmation
extractor 220 of the apparatus 200 may extract and use information
about HNiBY BaviegileRg @xs Sizas oh 3ol 188hee depthsaarestrengnediky b layers by

decode it : oo Ty p 220 ] ne

S b 358 ARy B8 TR BB B S FESEL A grne
split videordathi380 aceocoding urits2833 af thel @fuide, daﬂadsmyn?smdlmﬁenénwakmum
about an_encodiﬁgvnnde of the corresBonding depth for decoding. .

FI GS. 4@ding UnitRaving axonga@sg s Of 4P, dad ading gnits having orghags size of 8

betwee ' j o fidks n
Or tnet ANEE HeBthe she!doeisT fd Y G50 Bhef By SBIkAG A8 i SEAHERAN once,
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1070 are transtformation units of each of the coding units

a dept by ciplittingathenmaxodinmgeading unit three timescodisng depths deepens, detailed
dept hs, of 0 _codi units, 1012 and 1054 are 1, depths of coding

un_Qts 'ngfma??'f@l%?y%gl%?c'fﬁliéa,mﬁ%ﬁ?fj'and 1052 are 2, depths of coding
uni ts 1020, FI®22,is 14 Bockl@idGrarhOst0an idde anchdé}4fo@basdd ad 86dhfsunit,
of coding units 1040, 1042, 1044, and 1046 are 4. In the

pr edi ca¢condingite amerpbodisant op e PraseAtinvention.1016, 1022, 1032, 1048,
1050, 1052, ' it £ [ jts. i
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tyPes in the partitjons 1016, 1048, and 1052 have a size of Nx2N, and

a 155 pHrAIGPErPR FREINSE URik I aRt INrAJRO483TORMaMENg 2 Lustentyfigme 405, and a
Pr edi ctai i Ny ; i [ ; r
than aroon furia@eeTah 8 RNg oo ag herdit el Btiiior and
f r equanotion weersmsatian biyarsieg iaoeférenpe ffaoned@50md thegeunientaframet405 of an
codigg ]unit %052 in the transformation units 1070 in a data unit that

i s smaM%¥MP%an the codi ng unit 1052. Also, the transformation units
1014, 1016, padRlutpul PorhQBE intld AfbdickOP210,aRE M&RAh &&irhA®r 420, and the motion
transformation units 1070 are different fromthese in the prediction
urdtt s comepensaterd 2 isgrutputassa guantizethansfprmativre coeificienf thraegh a frequency

oot A B A0 et MR RER P q e PP RIS, gooicient is
I nver sestored Hsodatatinan spatkivdsiiginl treuwghaf ahverddi dudntizéN 866 AR 80 Ghsrse

unit. 15Accordingly, since an optimmcoding unit is determ nedcn%¥
r ecur Sfanstormerr 48} rAnsythentestarag date o e gratial dompgin;is @UipWias, hedsiergnce
struc [ i i ' ' fo ks ' j :
et e S50 54 00l Oloce Rt WSLAN' A08b000H Ul PR WS herin
i risor natit 490.maYheé nuiantized plansfdrnativmeddediiciatomaysbe odtpng asna thitstream 455
i nformati on abou artiti type, information about a prediction

[ a
nmode, thrﬁ'bﬁﬁjﬁf’i’%%n??ﬂ%f - a size of a transformation unit. Table
1 shows enqgpdj i i i t ; 0
and the apggr%'?%sr fgféghg'lq'ytﬁgeé %ba&sﬁp?%nﬁgrﬁiﬂ%oq %?\é |$\tgéo?00’ al
codi nglementshaf theyincage encodiep4d0 ofe.d thendhted peeditto? MIPNthe maBioini €stimator

I nfor rI&tO', e rlnotion compensator 425, the frequency transformer 430, the quantizer 440, the

30 entropy encoder 450, the inverse quantizer 460, the inverse transformer 470, the
deblocking unit 480, and the loop filtering unit 490 have to perform operations based on
each coding unit from among coding units having a tree structure in consideration of a
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maximum depth for each maximum coding unit.

Specifically, the intra predictor 410, the motion estimator 420, and the motion
compensator 425 determine a prediction unit and partitions of each coding unit from
among a coding units having a tree structure in consideration of a maximum depth and a
maximum size of a current maximum coding unit, and the frequency transformer 430 has
to determine a size of a transformation unit in each coding unit from among the coding
units having the tree structure.

FIG. & is a block diagram of an image decoder 500 based on a coding unit,
according to an embodiment of the present invention.

Referring to FIG. 5, a parser 510 parses encoded image data to be decoded and
information about encoding used for decoding from a bitstream 505. The encoded
image data is output as inverse quantized data through an entropy decoder 520 and an
inverse quantizer 530, and the inverse quantized data is restored to image data in a
spatial domain through an inverse transformer 540.

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

The image data in the spatial domain, which passed through the intra predictor
550 and the motion compensator 560, may be output as a restored frame 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 apparatus
200, the image decoder 500 may perform operations that are performed after the parser
510.

In order for the image decoder 500 to be applied to the 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 loop filtering unit 580 have to perform
operations based coding units having a tree structure for each maximum coding unit.

Specifically, the intra prediction 550 and the motion compensator 560 have to
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determine partitions and a prediction mode for each of the coding units having the tree
structure, and the inverse transformer 540 has to determine a size of a transformation
unit for each coding unit.

FIG. 6 is a diagram illustrating partitions and deeper coding units according to
depths, according to an embodiment of the present invention.

The apparatus 100 and the apparatus 200 use hierarchical coding units so as to
consider characteristics of an image. A maximum height, a maximum width, and a
maximum depth of coding units may be adaptively determined according to the
characteristics of the image, or may be differently set by a user. Sizes of deeper coding
units according to depths may be determined according to a preset maximum size of a
coding unit.

In a hierarchical structure 600 of coding units, the maximum height and the
maximum width of the coding units are each 64, and the maximum depth is 4. Since a
depth deepens along a vertical axis of the hierarchical structure 600, a height and a
width of the deeper coding unit are each split. Also, a prediction unit and a partition,
which are a base for prediction encoding of each deeper coding unit, are shown along a
horizontal axis of the hierarchical structure 600.

 In other words, a coding unit 610 is a maximum coding unit in the hierarchical
structure 600, wherein a depth is 0 and a size, i.e., a height by width, is 64x64. The
depth deepens along the vertical axis, and a coding unit 620 having a size of 32x32 and
a depth of 1, a coding unit 630 having a size of 16x16 and a depth of 2, a coding unit 640
having a size of 8x8 and a depth of 3, and a coding unit 650 having a size of 4x4 and a
depth of 4 exist. The coding unit 650 having the size of 4x4 and the depth of 4 is a
minimum coding unit.

Partial data units are shown in FIG. 6 as the prediction units of a coding unit along
the horizontal axis according to each depth. In other words, if the coding unit 610
having the size of 64x64 and the depth of 0 is a prediction unit, the prediction unit may be
split into partial data units included in the encoding unit 610, i.e. a partial data unit 610
having a size of 64x64, partial data units 612 having the size of 64x32, partial data units
614 having the size of 32x64, or partial data units 616 having the size of 32x32.

A prediction unit of the coding unit 620 having the size of 32x32 and the depth of 1
may be split into partial data units included in the coding unit 620, i.e. a partial data unit
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N 2xN 2 (asymmetr ic partition type) The out put unit
130 of the apparatus 100 may out put encodi ng i nformati on about coding
units having a tree structure, and the i nmage data and encodi ng

i nformati on extractor 220 of the apparatus 200 may extract the
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defined in ald--ARlibH hhﬁ%fttﬁé%%dlré%ﬂf‘ézlé ?.%mgztﬁg@fﬁ@om? %ﬁd%&ld&@% of 3

only in a partition type having lze O or mat
about maydre splltorntotg&rrtbalrﬂgtmmmtsamledeq’ imtrter cadip@unitt64d)) i ey pemriia \datg unit
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20 pretirzeof 8%4unit. The asynmetric partition types having the sizes

of, 2N ansh@USARCA A SERTRAAY e sBR o 157 Y B8 Bb0S 4 RE b Bhinu
of nLxeidiag dinitRNa agodlirp Uit g dhdowehbéti dighthhe Awpiéidictiod dniBofifié coding
3 115 unit 650 is only assigned to a partial data unit having a size of 4x4.

In order to determine a coded depth of the maximum coding unit 610, the coding
unit determiner 120 of the apparatus 100 has to perform enceding for coding units
corresponding to each depth included in the maximum coding unit 610.

The number of deeper coding units according to depths including data in the

20 same range and the same size increases as the depth deepens. For example, four
coding units corresponding to a depth of 2 are required to cover data that is included 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.

25 In order to perform encoding according to depths, for a current depth from among
the depths, a representative encoding error which is a least encoding error may be
selected for a current depth by performing encoding for prediction units in the coding
units corresponding fo the current depth, along the horizontal axis of the hierarchical
structure 600. Alternatively, a minimum encoding error may be searched for by

30 comparing least encoding errors according fo depths, by performing encoding for each
depth as the depth deepens along the vertical axis of the hierarchical structure 600. A

depth and a partition having the minimum encoding error in the coding unit 610 may be
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A size of a transformation unit nay be set to be two types in an
intra node, and two types in an inter node. That is, when split

i nformati on about the transformation unit is O, a size of the
transformation unit is set to 2Nx2N which is a size of a current
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1328 havi.ng the size of NxN,_ which are symetric partition types, -

when SATIEON REGANINGThSiZEOT X, & Raglition BA6 haxingrbsiraal dix2hhiandiaspartition

a trangfePhapingeq 9L LorINgK. NRALKOItR Hi8fm Qo WHENalBY §%atfion type of the
current coding unit is set to indicate one of the partition 804 having a size of 2NxN, the
partition 806 having a size of Nx2N, and the partition 808 having a size of NxN

30 The information 810 indicates a prediction mode of each partition. For example,

the information 810 may indicate a mode of prediction encoding performed on a partition

indicated by the information 800, i.e., an intra mode 812, an inter mode 814, or a skip
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codi ngmunl t, the. val ye 06 t he nei ghborl tg
aximum codlng unit 900 may be determined {0 be a depth of d-1 and a partition type of
30 the current maximum coding unit 900 may be determined to be N_(d-1)xN_{d-1). Also,
since the maximum depth is d, split information about a coding unit 952 having a depth of

d-1 is not set,
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pixel Bis predicted as a value of four pixels in a second col um of
the current coding unit, 5 the value of the neighboring pixel Cis
predicted as a value of four pixels in a third colum of the current
coding unit, and the value of the neighboring pixel Dis predicted as

a value of four pixels in a fourth colum of the current coding unit.
After that, the pixel values of the current coding unit predicted by
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represented as one of (1,-1), (1,1), (1,2), (2,1), 2), (2,1,

(1112)deqtbha§)t0t(ezset19)1 (5,-7), (10,-7), (11,3), (4, 3) (1 11) (1

-1) '%ie w{wég%gjgﬂa( %ﬁé?ng%qom fhfon]rﬂ%t’lor( éxtra@tor ézo o? he ép7par§t)u’s 200 may

( 11, 1)
extract and use information about a prediction unit and a coded depth of the coding unit

900 to decode the partition type 912. The apparatus 200 may determine a depth in
which split information is ‘0’ as a coded depth by using the split information according to

20 each depth, and may 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 frequency transformation units 1070, according to
an embodiment of the present invention.

25 The coding units 1010 are coding units comresponding to coded depths
determined by the apparatus 100, in a maximum coding unit 1000. The prediction units
1060 are partitions of prediction units of each of the coding units 1010, and the
transformation units 1070 are transformation units of each of the coding units 1010.

When a depth of a maximum coding unit is 0 in the coding units 1010, depths of

30 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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30(2,7), (5,-7), and (4,-3) as shown in Table 2 and uses the
determ ned nei ghboring reference pixel for prediction. Table 2 node
# dx dy node # dx dy node 4 1 -1 node 18 1 -11 node 5 1 1 node 19 1

10

15

20

In the prediction units 1060, some partitions 1014, 1016, 1022, 1032, 1048, 1050,
10562, and 1054 are obtained by splitting the coding units in the encoding units 1010. In
other words, partition types in the partitions 1014, 1022, 1050, and 1054 have a size of
2NxN, partition types in the partitions 1016, 1048, and 1052 have a size of Nx2N, and a
partition type of the partition 1032 has a size of NxN. Prediction units and partitions of
the coding units 1010 are smaller than or equal to each coding unit.

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

Accordingly, since an optimum coding unit is determined by recursively
performing encoding on coding units having a hierarchical structure in each region for
each maximum coding unit, coding units having a recursive free structure may be
obtained. Encoding information may include split information about a coding unit,
information about a partition type, information about a prediction mode, and information
about a size of a transformation unit. Table 1 shows encoding information which may

be set by the apparatus 100 and the apparatus 200.

Table 1
Split information 0 (encoding of coding unit having current Split
depth of d and size of 2Nx2N) information
1
Predicti Partition type Size of transformation Repeate
on mode unit dly encode
intra Asym symm Split Split coding
inter metric etric information | information 1 | units
partition partition | O of of having
type type transformati | transformatio | lower depth
on unit n unit of d+1
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-7 nbde 6 1 2 node 20 3 -10 nbde 7 2 1 nbde 21 5 -6 node 8 1 -2 node
22 7 -6 node 9 2 -1

10

15

20

skip 2Nx2N 2NxnU 2Nx2N NxN
(only 2NxN 2NxnD (symmetri
2Nx2N) Nx2N nLx2N ¢ partition
NxN nRx2N type)
N/2xN/2
(asymmetr
ic partition
type)

The output unit 130 of the apparatus 100 may output encoding information about
coding units having a tree structure, and the image data and encoding information
extractor 220 of the épparatus 200 may extract the encoding information about the
coding units having the tree structure from a received bitstream.

Split information indicates whether a current coding unit is split into coding units of
a lower depth. When split information of a current depth of d is 0, since a depth in
which the current coding unit is no lenger split into a lower coding unit is a coded depth,
information about a partition type, information about a prediction mode, and information
about a size of a transformation unit may be defined for the coded depth. When the
current coding unit needs to be further split according to the split information, encoding
has to be independently performed on 4 split coding units of a lower depth.

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

Information about a partition type may indicate symmetric partition types having
sizes of 2Nx2N, 2NxN, Nx2N, and NxN obtained by symmetrically splitting a height or a
width of a prediction unit, and asymmetric partition types having sizes of 2NxnU, 2NxnD,
nLx2N, and nRx2N obtained by asymmetrically splitting the height or the width of the
prediction unit. The asymmetric partition types having the sizes of 2NxnU and 2NxnD
are respectively obtained by splitting the height in 1:3 and 3:1, and the asymmetric
partition types having the sizes of nLx2N and nRx2N are obtained by splitting the width
in 1:3 and 3:1.
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A size of a transformation unit may be sef to be two types in an intra mode, and
two types in an inter mode. That is, when split information about the transformation unit
is 0, a size of the transformation unit is set to 2Nx2N which is a size of a current coding
unit. When split information of the transformation unit is 1, the transformation unit may
be obtained by splitting the current coding unit. Also, when a partition type having a
size obtained by spilitting the current coding unit is an asymmetric partition type, a size of
the transformation unit may be set to NxN, and when a partition type having a size
obtained by splitting the current coding unit is a symmetric partition type, a size of the

transformation unit may be set to N/2xN/2.

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

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

Accordingly, in this case, when a current coding unit is predicted based on
neighboring data units, encoding information of data units in deeper coding units
adjacent to the current coding unit may be directly referred to and used.

Alternatively, when a current coding unit is predicted based on neighboring coding
units, data units adjacent to the current coding unit are searched by using encoded
information of the data units, and the searched adjacent coding units may be referred for
predicting the current coding unit.

FIG. 13 is a diagram illustrating a relationship between a coding unit, a prediction
unit, and a transformation unit according fo encoding mode information of Table 1,
according to an embodiment of the present invention.

A maximum coding unit 1300 includes coding units 1302, 1304, 1306, 1312, 1314,
1316, and 1318. Since the coding unit 1318 is a coding unit of a coded depth, split
information may be setto 0. Partition type information of the coding unit 1318 having a
size of 2Nx2N may be set to one of a partition type 1322 having a size of 2Nx2N, a
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partition type 1324 having a size of 2NxN, a partition type 1326 having a size of Nx2N, ar
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.

Assuming that partition type information is set to one of the partition types 1322
having the size of 2Nx2N, the partition type 1324 having the size of 2NxN, the partition
type 1326 having the size of Nx2N, and the partition type 1328 having the size of NxN,
which are symmetric partition types, when split information (TU size flag) of a
transformation unit is 0, a transformation unit 1342 having a size of 2Nx2N may be set,

and when split information of a transformation unit is 1, a transformation unit 1344 having
a size of NxN may be set.

Assuming that partition type information is set to one of the partition types 1332
having the size of 2NxnU, the bartition type 1334 having the size of 2NxnD, nLx2N(1336),
and the partition type 1338 having the size of nRx2N, when split information (TU size flag)
of a transformation unit is 0, a transformation unit 1352 having a size of 2Nx2N may be
set, and when transformation unit split information is 1, a transformation unit 1354 having
a size of N/2xN/2 may be set.

Intra prediction performed on a prediction unit by the intra predictor 410 of the
apparatus 100 of FIG. 4 and the intra predictor 550 of the apparatus 200 of FIG. 5 will be
explained in detail.

FIGS. 14A through 14C are diagrams illustrating formats of a luminance
component image and a chrominance component image, according to embodiments of
the present invention.

Each coding unit forming one frame may be expressed by using one of three
components, i.e., Y, Cb, and Cr. Y is luminance data having luminance information,
and Cb and Cr are chrominance data having chrominance information.

The chrominance data may be expressed using a less amount of data than the
luminance data, based on a fact that a person is generally more sensitive to the
luminance information than the chrominance information. Referring to FIG. 14A, one
coding unit having a 4:2:0 format includes luminance data 1410 having a size of HxW (H
and W are positive integers), and two pieces of chrominance data 1420 and 1430 having
a size of (H/2)x(W/2) obtained by sampling the chrominance components Cb and Cr by
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-7 node 17 12 -3 node 31 4 -3 Mode O is a vertical node, node 1 is
a horizontal node, node 2 is a DC node, node 3 is a plane node, and

node 32 is a bi-linear node. Mode 32 may be set as a bi-Ilinear
node that uses bi-linear interpolation as will be described |ater
with reference to FIG 19. FI GS. 18A through 18C are
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The number of intra prediction modes to be applied to a luminance component

coding unit (a decoding unit in a decoding process) may be variously set. For example,

20 referring to FIG. 15, if the size of a luminance component coding unit on which intra

prediction is performed is NxN, the numbers of intra prediction modes actually performed

on 2x2, 4x4, 8x8, 16x16, 32x32, 64x64, and 128x128-sized luminance component

coding units may be respectively set as 5, 8, 9, 17, 33, 5, and 5 (in Example 2). The

numbers of intra prediction modes to be actually performed are differently set according

25 to the sizes of luminance component coding units because overheads for encoding

prediction mode information differ according to the sizes of the luminance component

coding units. In other words, a small luminance component coding unit occupies a

small portion of entire image data but may have a large overhead in order fo transmit

additional information such as prediction mode information of the luminance component

30 coding unit. Accordingly, if a luminance component small coding unit is encoded by

using an excessively large number of prediction modes, the number of bits may be

increased and thus compression efficiency may be reduced. Also, a luminance
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Referring to FIG 18B, when the line 180 having an angl e of
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enbodi nent of the present invention. Referring to FIG 19, in
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25  mode 3 may be set as a plane mode, and each of mode 4 through mode 31 may be
defined as a prediction mode that determines a neighboring reference pixel by using a
line having a directionality of tan™'(dy/dx) by using (dx, dy) represented as one of (1,-1),
(1,1), (1,2), (2,1), (1,-2), (2,1), (1,-2), (2,-1), (2,-11), (5,-7), (10,-7), (11,3), (4,3}, (1,11),
(1,-1), (12,-3), (1,-11), (1,-7), (3,-10), (5,-6), (7,-6), (7,-4), (11,1), (6,1), (8,3), (5,3), (5,7),
30 (2,7), (5,-7), and (4,-3) as shown in Table 2 and uses the determined neighboring
reference pixel for prediction.
Table 2
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10R=tr*hl +Rinhtl InPhareh91/ (hl1+1, 71 When the val ues of the

virtual pixels A 161 and B 162 are determ ned using Equations 1 to 3,
an average of the values of the pixels A 161, the pixel B, the pixel
D 166, and the pixel E 167 may be used as a predictor of the current

pi xel P. In detail, an average val ue of the pixels A+B+C+D may be
used as a predictor of the current pixel P, 15 or a wei ghted average
val ue consi|dermoge & di stchcle hm veemddesi cur [ endlx pi and t he

Vi rtual p| Xlel-s—A :I__R1 B :I__R’), '\G and E 167 nay as a
predictor of tAededrrlentT pilct uﬂe P. "me@arrpl el when dTwai ght ed

average val priedi e may be
obt ai ned ag {(rhqq§§h2*D;1/(h1+hE) V\ﬁiggf?\/@ Q/\uwz)) 2. |Such a
bi -1i near predhedd en |[process may ben@aglg(}ad o all |pixghs|in a
current prediction 20 unitl andla predictiopn valuel of the current
predi ction unlmodt%(?or di & tlo t1he bi modeet pred50ti on -fiod¢ may be
generated. Idiﬁg to—¢ PreEsSen epPo et stge
prediction enc%%j% ils p1erfor'd E]&d 2?9 Luﬁtra prédlctlon nodes
variously det fgg®HdI[ng A0 [a SKZ€ OfyoAelFEal ctlpn gni t_q more

ef ficient donpression may He achjeved according to icharacteristics of
an i mage. |25 modeldgdri led |[aboelé V\,imdeeﬁdbrenceﬁo FIA&S. 18A through
18c, when rcd. c*'w of—thHe—eyrfent—pixel s—generated{by using a
nei ghbor i nd pieFe & [t hé 1 ilne {8p oMoGRFR: to te Ifinel 180, the Iine
180 has act Ua'andéH TEq onal K287 3 ( ). Sl ice gubtraction
(dy/dx) isjused to geterm ne_a nei q@bgrél ndq p xe usli n(rjs:t he |ine 180,
cal cul ati on usnode a3deciital| pd& nf mepdee2? ncl udeéd wher8 hargdware or

sof t war e | 9—enbodied fhnrbhu 30 |nhrnnc|nn t he anppunt—of

cal cul ati on. N&Q"&f'aﬁrgl ¢ dhes a pr@@ﬂ@tq%n di rectilon % or |sel ecting a
nei ghboringp beusgd T e P X§ T[S t—Hy using dx
and dy par cmeters ?I ke 1i n TazllSI ﬁggba?n% d )r(%ed tosftu;e $et to
reduce the ammtmemﬁ calfcullati-on| mode30 H G520 (is-a& gfjaph for
descri bing ta+relationship Retweeh a cuwrrent pixel gnd a neéi ghboring

pi xel | ocat|ed M&17i[ne 1Rai ng3a| di Medeidhal | ty40f (dx3 dy)

accordi ng tfo Y et ot t1 cucuringto

FI G 20, aJ.cuMbed;%b’E ée"ﬁﬁfcéiﬁlf’tedé-gﬁd‘f‘?? éf?r\é &éh% Q?déand an upper 5
nei ghbor i ngmpideed isanDCamlodiel mugiegh 30d pltepinsal, shd afbdea®s |t hrough the
current pixel P 2010 and are |located on a line having a
di recti onal ﬁst%/ bi-inear made.q gradi ent, of tan-1(dy/ dx) are fespectively
A 2011 and "B 20121t TS assuned thattocations of —upper nei ghbori ng

pi xel s correspond to an X axis on a coordi nate plane and | ocati ons of

| eft nei ghmomdmezwhapbe seoasesmdinéat maglefthakusebi-frieardaterpblatidreas will be
plane. Al's a size of 10 a prediction unit

ss nmed
irrl nrqeétcr'g?ﬁiu [qtﬁéwg FEERENGS E(ibaﬁt: I®2%10 is nSxnS (nRis a positive
i nt eger), a p f :
From (0. 0) o /L e oG et choB b RrRE 20t Bekamid ihirs Jredftion
| ocat evodes thaying amiisus sdifentiona)itig€sn z'aecoadmgntcew )emtmdiment axf athieo predent
a left, nelt%hboring pi xel located on the y axis is (-1, n) (nis an
i nt egéell "t ocation of the upper neighboring pixel A 2011 neeting
the Iine paasHBSCABEOUBBYE hﬁth TofefefideLd TRIbIE!2, ané)é& bF thé Thtr@ﬁr@&llctlon
-1), and a location of the left neighboring pi xel nmeeting t
line irgoqest, aineighbaring refetencgi pixe may b@rdeterrrm@tbtbm uslng aHmeuppwng a

or e o URE: BB e Sl BUustRac Hiivel B 18 gt dpra,and

| Sonegradiation nyse peHbimes by ARintpthehdaterraperl reigihdoriry @@ér@hb@tmm
speed may be reduced when software or hardware is enbodi ed 20 a

descri bed &s$oEingdeddidilBg peighbosng sixelePyandBven aém@f18élthataashendﬁérom
of dx aarﬂﬂ'rém d])?é? rFeﬁ‘meQEbﬂgnfiluﬂ*\lﬁgﬁéé 8&ﬂbbﬁ¥ntoéooq‘né) Lﬁﬂ, \%fcﬂqs @88 pré)('f[tcted,

at an angle of tan™(dy/dx) determined by a value of a (dx, dy) parameter according to a

mode, as shown in Table 1, may be used as predictors of the current pixel P. In this
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5an enbodi nent of the present invention. Referring to FIG 21,

a location of a neighboring pixel referred to according to an intra
predi ction node direction is changed according to whether a current

pi xel to be predicted is a pixel P 2110 or a pixel Q 2120. For

exanpl e, when the pixel P 2110 is predicted, an upper pixel Ais

used, and when the pixel Q 2120 is predicted, a left pixel B inic

i i cod. cagé, thenneighposing! pixelsnfomentB i |maya he pixets thainhbverhesmegcdded and
dy) |nd|%at|n redlgtlon directjon has a val ue corrsspo ding to a
exponeffistaeds 4Rer bRIpng g prevoys cadingcuiiisolecated AoV ARE 1pite lefhsigeaf the
In Fl te n ;

subt r acy ot ST U, ChorRReh IRENER 18D cdesitiR okt Bitolbh ighboring pixels
2121 doa:tocatbnaeaathshmrirrgaam indegras valug, bmﬁbsQéSTbelm)eenAmeee dieighibpringixels,

order to e ude subtraction 1 redi ctors of al i xels of a .
ours ent NGOG el esarad e ind B0 BaGRe spas 2 euicBi 58 e, Ghufnt pixel
power spof %Itemattvely,F'aGSWe%%téﬁdaw?@ra@ée ValRD' Gosidélingies C Hidthmt® abetween
met hod of determning an intra prediCtion node directlon, according

to an iobysactes ofdheﬁim@ Hlearchneighbering pixels dlogeteitha (ine fg@anay be used as
patter vi.d signal are vertical or horizontal in

20 mn§%5%@8®? Oﬁrﬁ%%ﬁ% xeelalzﬁen an intra prediction node having
various di re3s$ orss aht 80 éred@fe!r@ﬁde BlagramB dor( dbscriding mfmwfgeneratmg
i mage encodi ng efficiency may b roved by defining values of dx

aan dy2 sedistaromaen the line 189 0@&'@} 3ARreseqatysen ieget  ogatian neighboring
lxéfgscm H)tc% YA \égcﬁfnag?ﬁ nﬁWln}P ?\tralﬁacﬁotér%fs}se@%h}dﬂbﬂrﬁ/ @%an\r%ﬁiglels

predl ion rec I ons close |ca ai'r ON 1S Harro

an i nt en \adatioetvesmh pavial ahllnmgdalr\mlme,mmdimg&om ambotinertt¢flthe present
directjon js wde. For exanple, referring to FIG 22, when dy is 275,
that i@veRligN.a value of 32, a value of dx may be set to

2,5,9, 13, 17TRefrdf 3% Fi6: 9188, when: #He @& 186 héﬂﬂgeréﬁ éH@B bhqfanag:lﬁ,//dx)

i nterval bet ween predi ction directions close to a tical direct
i sisnardetermingdabyi valoey aif c;nisn whg npanaotitets ancatidirer tté anedes q:mses retween

hor i zont al directi kew se fi

of | oA AR RS A Al 4 &) TRy S GHoNS Jenig, drcarel Yaldes, 4 Weighted
bet \Aeeévecrégél\falu@ra:o«ahsrd@@hgogsmﬁbﬁéé Bé?waehqmewé&t@nsdbf e nﬁ@ 189 and the
narrow and an interval between prediction directions close to a

verti cRgighberirg pels A 1fitcand BASZ aleserthecling $8@ maynge veeting.a pedicipreef the

0 'S G0 7 SO Bai ) LBy P BBl 10

i ndoer vand tred imerseption iof the lindi18echadng tise angld of aan'¢dy/denisafl and a distance
direction is narrow and an interval between prediction directions

cl ose RefwgepdheinelghbaringctixelB (182 anskthesifrrseatianisud apregisiopabthes curent

and dy, [ : £ vadhle e
S0 or i PSP proBBleld AEN BTG, VPGB 951 gy HeEAREnces
inter \/fmrrrtzsérzademtrva'ltegersof Wihenragftware et hacdwarer isaarebbgied, a predlctor of the

e ShRShI2 o B0 0BG S S0y GNPl B

ungst s,inand. 2B NGHRASHE rm@q@b ﬁ@éségeaas&amﬁf%%@gomn@ ftﬁ ﬂgmgﬁ tdQhe

nngi nQ. Fnr oxonpl 0, whoni o fixod, Vnnf rix moy ha eat
i nrr acedghherinchpoel & m&buﬁm@m aamyige points obtained byt splifingeatspase ketiveensthe

| ess than 15, an.inGr dt h_of bvvhen e r,anges from 15

507 aEahEing Bl d 585 i ReRbindef6 3 s 222 Gnlibtstiohs) hovd ufeSral
t han 3Rilues b%/ 4, a predfieforefampl @Jrréﬁte;ﬂkéltP%a?@iﬁéb’tﬁﬂéd\@lsa(3*A+B)/4 Such
directionali taril (dy/dx) usin may define (dx, dy)

par ama&@atm\,may nberapgréymed Hb 5hlftra:megatg)rd>@0n31dermg rounding as in
30 (3*A+B+2)>>2.
When the line 180 having the angle of tan™'(dy/dx) determined by the values of the
(dx, dy) parameters according to the modes passes between the neighboring pixels A
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181 and B 182 on locations having integral values, a space between the neighboring
pixel A 181 and the neighboring pixel B 182 may be split into a predetermined number of
regions, and a weighted average value considering a distance between intersections
and the neighboring pixel A 181 and the neighboring pixel B 182 according to the split
regions may be used as a prediction value. For example, referring to FIG. 18C, a space
between the neighboring pixel A 181 and the neighboring pixel B 182 may be split into 5
regions (P1 through P5), a representative weighted average value considering a
distance between intersections and the neighboring pixel A 181 and the neighboring
pixel B 182 according to the regions may be determined, and the representative

ixel B, In detail

weighted average val

L e v =L

16 mav ha uced ag a nredictar nf the current
e may be LIsed as a preaicior of the current

~

=)

when the line 180 passes the region P1, a value of the neighboring pixel A may be
determined as a predictor of the current pixel P. When the line 180 passes the region
P2, (3*A+1*B+2)>>2 which is a weighted average valué considering a distance between
a midpoint of the region P2 and the neighboring pixels A and B may be determined as a
predictor of the current pixel P. When the line 180 passes the region P3,
(2*A+2*B+2)>>2 which is a weighted average value considering a distance between a
midpoint of the region P3 and the neighboring pixels A and B may be determined as a
predictor of the current pixel P. When the line 180 passes through the region P4,
(1*A+3*B+2)>>2 which is a weighted average value considering a distance between a
midpoint of the region P4 and the neighboring pixels A and B may be determined as a
predictor of the current pixel P. When the line passes through the region P5, a value of
the neighboring pixel B may be determined as a predictor of the current pixel P.

Also, when two neighboring pixels, that is, the neighboring pixel A disposed over
the line 180 and the neighboring pixel B disposed at the left of the line 180, meet the line
180, an average value of the neighboring pixel A and the neighboring pixel B may be
used as a predictor of the current pixel. Alternatively, when a value of dx*dy is a
positive value, the neighboring pixel A may be used, and when a value of dx*dy is a
negative value, the neighboring pixel B may be used.

The intra prediction modes having various directionalities shown in Table 2 may
be preset by an encoding side and a decoding side, and only an index of an intra
prediction mode of each coding unit may be transmiited.

FIG. 19 is a reference diagram for describing a bi-linear mode according to an

34



21 -17 32 32 -26 32 26 -13 32 32 -21 32 32 -9 32 32 -17 -5 32 32

15

20

25

30

embodiment of the present invention.

Referring to FIG. 19, in the bi-linear mode, a geometric average is calculated by
considering a value of a current pixel P in a current luminance component coding unit,
which is to be predicted, values of pixels on upper, lower, left, and right boundaries of the
current luminance component coding unit, and the distances between the current pixel P
and the upper, lower, left, and right boundaries of the current luminance component
coding unit, and the geometric average is then used as a predictor of the current pixel P.
For example, in the bi-linear mode, a geometric average calculated using a virtual pixel A
161, a virtual pixel B 162, a pixel D 166, and a pixel E 167 located to the upper, lower,
left, and right sides of the current pixel P, and the distances hetween the current pixel P
and the upper, lower, left, and right boundaries of the current luminance component
coding unit, is used as a predictor of the current pixel P. Since the bi-linear mode is one
of the intra prediction modes, upper and left neighboring pikels that have been encoded
and restored have to be used as reference pixels for prediction. Thus, pixel values in
the current luminance component coding unit are not used but virtual pixel values
calculated using neighboring pixels located to the upper and left sides of the current
luminance component coding unit are used as the pixel A 161 and the pixel B 162.
Specifically, first, a value of a virtual pixel C 163 on a lower rightmost point of the current
luminance component coding unit is calculated by calculating an average of values of a
neighboring pixel (right-up pixel) 164 on an upper rightmost point of the current
luminance component coding unit and a neighboring pixel (left-down pixel) 165 on a
lower leftmost point of the current luminance component coding unit, as expressed in
Equation 1 below:

[Equation 1]

C=0.5(DownPixel+UpPixel)

Next, a value of the virtual pixel A 161 located on a lowermost boundary of the
current luminance component coding unit when the current pixel P is extended
downward by considering the distance W1 between the current pixel P and the left
boundary of the current luminance component coding unit and the distance W2 between
the current pixel P and the right boundary of the current luminance component coding

unit, is calculated by using Equation 2 below:
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[Equation 2]
A=(C*'W1+LeftDownPixel*W2)(W1+W2)

Similarly, a value of the virtual pixel B 162 located on a rightmost boundary of the
current luminance component coding unit when the current pixel P is extended in the
right direction by considering the distance h1 between the current pixel P and the upper
boundary of the current luminance component coding unit and the distance h2 between
the current pixel P and the lower boundary of the current luminance component coding
unit, is calculated by using Equation 3 below:

[Equation 3]
B=(C*h1+RightUnPixel*h2)/(h1+h2)

When the values of the virtual pixels A 161 and B 162 are determined using
Equations 1 to 3, an average of the values of the pixels A 161, the pixel B, the pixel D
166, and the pixel E 167 may be used as a predictor of the currént pixel P. In detail, an
average value of the pixels A+B+C+D may be used as a predictor of the current pixel P,
or a weighted average value considering a distance between the current pixel P and the
virtual pixels A 161, B 162, D 166, and E 167 may be used as a predictor of the current
picture P. For example, when a weighted average value is used, a predictor of the
current pixel P may be obtained as {(h1*A+h2*D)/(h1+h2)+(W1*B+W2*E) (W1+W2)}/2.
Such a bi-linear prediction process may be applied to all pixels in a current prediction
unit, and a prediction value of the current prediction unit according to the bi-linear
prediction mode may be generated.

According to the present embodiment, since prediction encoding is performed
according to intra prediction modes variously set according to a size of a prediction unit,
more efficient compression may be achieved according to characteristics of an image.

As described above with reference to FIGS. 18A through 18c, when a predictor of
the current pixel P is generated by using a neighboring pixel on the line 180 or close to
the line 180, the line 180 has actually a directionality of tan™(dy/dx). Since subtraction
(dy/dx) is used fo determine a neighboring pixel using the line 180, calculation using a
decimal point may be included when hardware or software is embodied, thereby
increasing the amount of calculation. Accordingly, when a prediction direction for
selecting a neighboring pixel to be used as a reference pixel is set by using dx and dy
parameters, like in Table 2, dx and dy need to be set to reduce the amount of calculation.
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FIG. 20 is a graph for describing a relationship between a current pixel and a
neighboring pixel located on a line having a directionality of (dx, dy), according to an
embodiment of the present invention.

Referring to FIG. 20, a current pixel located on (j, i} is P 2010, and an upper
neighboring pixel and a left neighboring pixel which pass through the current pixel P
2010 and are located on a line having a directicnality, that is, a gradient, of tan’1(dyldx)
are respectively A 2011 and B 2012. It is assumed that locations of upper neighboring
pixels correspond to an X axis on a coordinate plane and iocations of left neighboring

pixels correspond to a y axis on the coordinate plane. Also, it is assumed that a size of

a prediction unit included in the current pixel P 2010 is nSxn8 (nSis a
location of each of pixels of the prediction unit is one from (0,0) to (nS-1, nS-1), a
location of an upper neighboring pixel located on the x axis is {(m, -1) (m is an integer),
and a location of a left neighboring pixel located on the y axis is (-1, n) (n is an integer).
A location of the upper neighboring pixel A 2011 meeting the line passing through the
current pixel P 2010 is (j+i*dx/dy, -1), and a location of the left neighboring pixel B 2012
meeting the line is (-1, i+j*dy/dx). Accordingly, in order to determine the upper
neighboring pixel A 2011 or the left neighboring pixel B 2012 to predict the current pixel
P 2010, subtraction such as dx/dy or dy/dx is necessary. Since subtraction has high
complexity, a calculation speed may be reduced when software or hardware is embodied
as described above. Accordingly, alternatively, a value of at least one of dx and dy
representing a directionality of a prediction mode for determining a neighboring pixel
may be determined to be an exponential power of 2. That is, when n and m are
integers, dx and dy may be respectively 2*n and 2*m.

Referring to FIG. 20, when the left neighboring pixel B 2012 is used as a predictor
of the current pixel P 2010 and dx has a value of 2%n, calculation j*dy/dx necessary to
determine (-1, i+j*dy/dx) which is the location of the left neighboring pixel B 2012 is
(i*dy)/(2*n), and calculation including subtraction using an exponential power of 2 may
be obtained through shift operation as (i*dy)>>n, thereby reducing the amount of
calculation.

Likewise, when the upper neighboring pixel A 2011 is used as a predictor of the
current pixel P 2010 and dy has a value of 2*m, calculation i*dx/dy necessary to

determine (j+i*dx/dy,-1) which is the location of the upper neighboring pixel A may be
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(i*dx)/(2*m), and calculation including subtraction using an exponential power of 2 may
be obtained as (i*dx)>>m through shift operation.

FIG. 21 is a graph for describing a change in a neighboring pixel iocated on a line
having a directionality of (dx, dy) according to a location of a current pixel, according fo
an embodiment of the present invention.

Referring to FIG. 21, a location of a neighboring pixel referred to according to an
intra prediction mode direction is changed according to whether a current pixel to be
predicted is a pixel P 2110 or a pixel Q 2120. For example, when the pixel P 2110 is
predicted, an upper pixel A is used, and when the pixel Q 2120 is predicted, a left pixel B

ies used. When only a dy component in a y direction from among {dx, dy) indicatin

£

g
prediction direction has a value corresponding to an exponential power of 2 as 2"m, a
location of the upper pixel A 2111 in FIG. 21 may be determined through shift operation
without subtraction as (j+(i*dx)>>m, -1) and a location of the left pixel B'2121 does not
need subtraction as (-1, a+b*2*m/dx). Accordingly, in order to exclude subtraction
when predictors of all pixels of a current block are generated, all of dx and dy may have
exponential powers of 2.

FIGS. 22 and 23 are diagrams for describing a method of determining an intra
prediction mode direction, according to an embodiment of the present invention.

In general, linear patterns in an image or video signal are vertical or horizontal in
many cases. Accordingly, when an intra prediction mode having various directionalities
is defined by using (dx, dy) parameters, image encoding efficiency may be improved by
defining values of dx and dy as follows.

In detail, when dy has a fixed value of 2"m, an absolute value of dx may be set
such that an interval between prediction directions close to a vertical direction is narrow
and an interval between prediction directions close to a horizontal direction is wide. For
example, referring to FIG. 22, when dy is 275, that is, has a value of 32, a value of dx
may be set to 2,5,9,13,17,21,26,32,-2,-5,-9,~13,-17,-21,-26, and -32 such that an interval
between prediction directions close to a vertical direction is narrow and an interval
between prediction directions close to a horizontal direction is wide.

Likewise, when dx has a fixed value of 2*n, an absolute value of dy may be set
such that an interval between prediction directions close to a horizontal direction is

narrow and an interval between prediction directions close to a vertical direction is wide.
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For example, referring to FIG. 23, when dx is 275, that is, has a value of 32, a value of dy
may be set to 2,5,9,13,17,21,26,32,-2,-5,-9,-13,-17,-21,-26, and -32 such that an interval
between prediction directions close to a horizontal direction is narrow and an interval
between prediction directions close to a vertical direction is wide.

When a value of any one of dx and dy is fixed, a non-fixed remaining value may
be set to increase according to prediction modes. For example, when dy is fixed, an
interval between values of dx may be set to increase by a predetermined value. Also,
an angle between a horizontal direction and a vertical direction may be divided according
to predetermined units, and an increased amount may be set according to the divided
angles. Forexample, when dy is fixed, a value of dx may be set to have an increased
width of a when an angle with respect to a vertical axis is less than 15°, an increased
width of b when an angle ranges from 15 to 30°, and an increased width of ¢ when an
angle is equal to or greater than 30°. |

For example, prediction modes having a directionality of tan™"(dy/dx) using (dx, dy)

may define (dx, dy) parameters shown in Tables 3 through 5.

Table 3
dx Dy dx dy dx dy
-32 32 21 32 32 13
-26 32 26 32 32 17
-21 32 32 32 32 21
17 32 32 -26 32 26
-13 32 32 -21 32 32
-9 32 32 -17
-5 32 32 -13
-2 32 32 -9
0 32 32 -5
2 32 32 -2
5 32 32 0
9 32 32 2
13 32 32 5
17 32 32 9
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Table 4
dx Dy dx dy dx dy
-32 32 19 32 32 10
-25 32 25 32 32 14
-19 32 32 32 32 19
-14 32 32 -25 32 25
-10 32 32 -19 32 32
-6 32 32 -14
-3 32 32 -10
- 3z 32 -6
0 32 32 -3

32 32 -1
3 32 32 0

32 32 1
10 32 32 3
14 32 32 6
Table 5
dx Dy dx dy dx dy
-32 32 23 32 32 15
-27 32 27 32 32 19
-23 32 32 32 32 23
-19 32 32 -27 32 27
-15 32 32 -23 32 32
-11 32 32 -19
-7 32 32 -15
-3 32 32 -11

32 32 -7
32 32 -3

7 32 32
11 32 32
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156 32 32 7

19 32 32 11

As described above, each of intra prediction modes using (dx, dy) parameters
uses a left neighboring pixel having a location (-1, i+j*dy/dx) or an upper neighboring
pixel having a location (j+i*dx/dy,-1) as a predictor of a pixel located on (j, i). When at
least one of values of dx and dy has an exponential power of 2 as shown in Table 3, the
location (-1, i+j*dy/dx) of the left neighboring pixel and the location (j+i*dx/dy,-1) of the
upper neighboring pixel may be obtained by using only multiplication and shift operation
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without subtraction. Since subirs
case where dx from among values of (dx, dy) is 32 may be replaced with right shift
operation, the location of the left neighboring pixel may be obtained without subtraction
based on a value of (i*dy)>>n. Likewise, since subfraction using dy having a value of
2*m as shown in a case where dy from among values of (dx, dy} is 32 as shown in Table
3 may be replaced with right shift operation, the location of the right neighboring pixel
may be obtained without subtraction based on a value of (i*dx}>>m.

FIG. 24 is a reference diagram for describing an available intra prediction mode
according to an embodiment of the present invention.

Referring to FIG. 24, in order fo obtain a predictor of a current pixel, a predictor P1
obtained through horizontal liner interpolation of the current pixel and a predictor P2
obtained through vertical linear interpolation of the current pixel may be generated and
an average value of the predictors P1 and P2 may be used as a predictor of the current
pixel. An intra prediction mode of FIG. 24 is defined as a planar mode. According to
the planar mode, pixels on a rightmost column are generated by copying a rightmost
pixel T 244 from among pixels of the same prediction unit which are located on an
uppermost column of the prediction unit to pixels of the rightmost column. A predictor
P1 243 is obtained through horizontal linear interpolation using pixels of a leftmost
column and a rightmost column which are located on the same row as the current pixel.
As shown in FIG. 24, the predictor P1 243 through the horizontal linear interpolation of
the current pixel are obtained by using linear interpolation, for example, a geometric
average value considering a distance or an average value, of the generated pixel T of
the rightmost column by copying a pixel PL 242 and the pixel 244 in the same prediction
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unit of the leftmost column which are located on the same location as the current pixel.
Likewise, according to the planar mode, pixels of a lowermost column are
generated by copying the pixel L 248 which is located on a lowermost side from among
pixels of the same prediction unit which are located on a leftmost column of a prediction
unit to the pixels of the lowermost column. The predictor P 246 is obtained through
vertical linear interpolation using pixels of an uppermost row and a lowermost row which
are located on the same column as the current pixel. As shown in FIG. 24, the predictor
P2 246 through vertical linear interpolation of the current pixel is obtained through linear

interpolation of the generated pixel L of the lowermost row by copying a pixel PT 245 and

the pixe

' L 248 in the same prediction unito
same column as the current pixel. In the planar mode, an average value of the
horizontal predictor P 243 and the vertical predictor P2 246, that is, P1+P2>>1, is
determined as a final predictor of the current pixel.

FIGS. 25A and 26A are reference diagrams for describing an intra prediction
mode according to another embodiment of the present invention.

There is a predetermined correlation, for example, a linear correlation, between
corresponding iuminance pixels and chrominance pixels. Referring to FIGS. 25A and
25B, when a pixel at a location (X, y) of a luminance block 2520 which is previously
restored is Rec_L'(x,y), a prediction value Pred_c(x,y) at the location (x, y) of a
chrominance block 2510 may be obtained by using a linear relationship between a
luminance signal and a chrominance signal by using Equation 4.

[Equation 4]

Pred c(x,y)=a* Rec L'(x,y)*+b

In Equation 4, a is a parameter indicating a weight and b is a parameter indicating
an offset. “Values of the parameters a and b may be obtained through calculation using
neighboring pixels 2511 and 2522 Rec_L'(i) of the luminance block 2520 and
neighboring pixels 2511 and 2512 Rec_c(i) (i=0,..., 2nS-1) of the chrominance block
2510 as shown in Equations 5 and 6.

[Equation 5]
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[ ZRec_c(i *Rec L'(i) ZRec e(i ZRec L)
=0

a: I_l =

A2
I ZRec_L (i) * Rec L'(i) ZRec L)
=0

[Equation 6]

2, 2,
Z,Rec_c( i)-a LR@ c (i)
i=0 i=0

I

In Equations 5 and 6, | is the number of neighboring pixels adjacent to an upper

bz

5 side and a left side of the chrominance block 2510 or the luminance block 2520. When
sizes of the chrominance block 2510 and the luminance block 2520 are nSxnS as shown
in FIGS. 25A and 25B, the number | is 2nS. Although upper and left pixels are used as
neighboring pixels in FIGS. 25A and 25B, if right or lower neighboring pixels are
processed and restored prior to a current block, the right or left neighboring pixels may

10  be used to obtain values of the parameters a and b. Also, in order to replace
multiplication or subtraction with shift operation, the number | of neighbaoring pixels may
be an exponential power of 2. In general, since a value of ns which defines a size of a
block is an exponential power of 2, the number | has a value of an exponential power of 2.
Values of a’ and b’ which are changed through up-scaling or rounding to reduce

15  calculation compiexity when a value of the parameter a or b is obtained by using
Equations 5 and 6 may be used instead of the parameters a and b. Intra prediction
modes of FIGS. 25A and 25B may be defined as linear model intra prediction modes and
may be used as one of intra prediction modes of prediction units.

As described above with reference to FIGS. 18A through 25B, the number of

20 available intra prediction modes is not limited and an intra prediction mode applied to a
prediction unit of a luminance component or an intra prediction mode applied to a
prediction unit of a chrominance component may be selectively used. For example, an
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intra prediction mode candidate group applied to a prediction unit of a luminance
component may include 35 intra prediction modes including 33 intra prediction modes
using 33 (dx, dy) parameters shown in Table 3, a DC prediction mode, and a planar
mode of FIG. 24. An intra prediction mode candidate group applied to a prediction unit
of a chrominance component is set to have a smaller number of intra prediction modes
than the intra prediction mode candidate group applied to the prediction unit of the
chrominance component. For example, the intra prediction mode candidate group of
the chrominance component may include only 5 intra prediction modes, that is, a vertical
mode, a horizontal mode, a DC mode, a 45°-diagonal mode, and an intra prediction
mode of a luminance com ed and determined.
However, the number and types of intra prediction modes applied to prediction units of a
luminance component and a chrominance component are not limited thereto. Also,
various intra prediction modes other than the intra prediction modes described with
reference to FIGS. 18A through 25B may be included in intra prediction mode
candidates for intra prediction of a chrominance component and a luminance
component.

A process of encoding an intra prediction mode of a prediction unit of an image
will be explained in detail. '

FIG. 26 is a block diagram illustrating an apparatus 2600 for encoding an intra
prediction mode of an image, according to an embodiment of the present invention.

FIG. 27 is a flowchart illustrating a method of encoding an intra prediction mode of an
image, according to an embodiment of the present invention. The apparatus 2600 may
operate as the intra predictor 410 of the apparatus 400 of FIG. 4. An intra prediction
mode encoder 2630 in FIG. 26 may be included in the entropy encoder 450 of FIG. 4,
instead of the intra predictor 410.

Referring to FIGS. 26 and 27, the apparatus 2600 includes a first intra prediction
mode determiner 2610, a second intra prediction mode determiner 2620, and an intra
prediction mode encoder 2630.

In operation 2710, the first intra prediction mode determiner 2610 determines an
intra prediction mode having a minimum cost an intra prediction mode candidate group
including a plurality of intra prediction modes as an intra prediction mode of a prediction

unit of a luminance component by using intra prediction modes applicable to the
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prediction unit of the luminance component. For example, when an intra prediction
mode candidate group applicable to the prediction unit of the luminance component
includes 35 intra prediction modes including 33 intra prediction modes using (dx, dy)
parameters, a DC prediction mode, and a planar mode, the first intra prediction mode
determiner 2610 compares costs of error values obtained by using the 35 intra prediction
modes and determines an optimum intra prediction mode IntraMode_Luma applicable to
a current prediction unit of a current luminance component.

In operation 2720, the second intra prediction mode determiner 2620 determines
an intra prediction mode having a minimum cost in an intra prediction mode candidate
including a plurality of intra prediction modes as an intra prediction mode of a
prediction unit of a chrominance component by using intra prediction modes applicable
to the prediction unit of the chrominance component. For example, when an intra
prediction mode candidate group applicable to the prediction unit of the chrominance
component includes 5 intra prediction modes, that is, a planar mode, a vertical mode, a
horizontal mode, a DC mode, and a 45°-diagonal mode, the second intra prediction
mode determiner 2620 compares costs of error values obtained by using the intra
prediction modes and determines an optimum intra prediction mode IntraMode Chroma
applicable to a current prediction unit of a current chrominance component.

When an intra prediction mode of a luminance component which is previously
processed and determined is included in an intra prediction mode candidate group of a
chrominance component, the number of intra prediction modes of the chrominance
component which are compared may be changed according to whether an intra
prediction mode of a chrominance component which is same as an intra prediction mode
of a luminance component exists in the intra prediction mode candidate group of the
chrominance component.

Also, only an intra prediction mode candidate group applicable to a prediction unit
of a chrominance component basically includes a planar mode, a vertical mode, a
horizontal mode, and a DC mode, and a determined intra prediction mode of a prediction
unit of a luminance component corresponds to one of the planar mode, the vertical mode,
the horizontal mode, and the DC mode, an intra prediction mode candidate group
applicable to the prediction unit of the chrominance component may be determined by
replacing a mode which is same as the intra prediction mode of the prediction unit of the
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20  prediction unit of the luminance component is the same as one of predetermined intra
prediction modes included in an intra prediction mode candidate group of the
chrominance component, the intra prediction mode encoder 2630 reconstructs the intra
prediction mode candidate group of the prediction unit of the chrominance component to
reduce redundancy of the intra prediction mode included in the intra prediction mode
25  candidate group applied to the prediction unit of the chrominance component which is
same as the intra prediction mode of the prediction unit of the luminance component. n
operation 2740, the intra prediction mode encoder 2630 encodes the intra prediction
mode of the prediction unit of the chrominance component determined by the second
intra prediction mode determiner 2620 based on the reconstructed infra prediction mode
30 candidate group of the prediction unit of the chrominance component. The intra
prediction mode encoder 2630 encodes differently intra prediction mode information of

the chrominance component according to whether the intra prediction mode of the
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Equations 5 and 6. [Equatio
intra predlctlon mode mformatlon

Assuming that the intra prediction mode of the prediction unit of the luminance
20 component is not the same as the intra prediction mode of the prediction unit of the
chrominance component and is the same as one of the predetermined intra prediction
maodes included in the infra prediction mode candidate group of the chrominance
component, when the intra prediction mode candidate group of the chrominance
component is reconstructed, the intra prediction mode encoder 2630 encodes an index
25 indicating the corresponding intra prediction mode in the reconstructed intra prediction
mode candidate group and a flag DM flag.

Assuming that the intra prediction mode of the prediction unit of the luminance
component and the intra prediction mode of the prediction unit of the chrominance
component are not the same and the intra prediction mode of the prediction unit of the

30  luminance component is not the same as any one of the predetermined intra prediction
modes included in the intra prediction mode candidate group of the chrominance

component, the intra prediction mode encoder 2630 encodes an index indicating the
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10 component and the intra prediction mode of the prediction unit of the chrominance
component is the LM mode, the intra prediction mode encoder 2630 encodes only a DM
flag and an LM flag.

When the intra prediction mode of the prediction unit of the lJuminance component
and the intra prediction mode of the prediction unit of the chrominance component are

15 not the same, and the intra prediction mode of the prediction unit of the chrominance
component is not the LM mode, the intra prediction mode encoder 2630 encodes index
information indicating the intra prediction mode of the prediction unit of the chrominance
component, the DM flag, and the LM flag. in this case, assuming that the intra
prediction mode of the prediction unit of the luminance component is the same as one of

20 the predetermined intra prediction modes included in the intra prediction mode candidate
group of the chrominance component, when the intra prediction mode candidate group
of the chrominance component is reconstructed, the intra prediction mode encoder 2630
encodes the LM flag, the DM flag and the index indicating the corresponding intra
prediction mode in the reconstructed intra prediction mode candidate group.

25 A process of encoding an intra prediction mode of a prediction unit of a
chrominance component will be explained in detail with reference to FIG. 28.

FIG. 28 is a flowchart illustrating a process of encoding an intra prediction mode
of an image, according to an embodiment of the present invention.
Referring to FIGS. 26 and 28, in operation 2810, the first intra prediction mode

30  determiner 2610 and the second intra prediction mode determiner 2620 determine intra
prediction modes of a prediction unit of a chrominance component and a prediction unit

of a luminance component by using a plurality of available intra prediction modes. As
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As described above with reference to FIGS. 18A through 258, the
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| um nafiege of MPBIRBIMINance component. When the flag DM flag is 1, it means that the
intra prediction mode of the prediction unit of the luminance component is different from
30  the intra prediction mode of the prediction unit of the chrominance component. A value
of the flag DM flag may be set in an opposite way. As such, assuming that the flag DM

flag is 0, that is, when the intra prediction mode of the prediction unit of the luminance
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In operation 2720, the second intra prediction node determ ner 2620
determ nes an intra prediction node having a mninmumcost in an intra
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Vert1 I SRIERSPOBGINB R P GHPAMaHsIE SMRn e Ird oA RidEe PRFOIHeR it of the
pr edi cEh@mifENG: EaMPbABAE tKE PR &geldﬁsﬁ%@dé %n%@erpif%é)' (544 fH‘er‘éEUo\‘ﬁan

t he chrom nance conponent may be determ ned by replacing a node I ch

i sisanseparatehintiamredictior diade appliestie the pradichor dinittaf dme amidminéntde

| um napce conponent with j.agonal. node. In this cas econgd
o BBBPRTTon IR BRE IR A4 RusPidictoRmads Rt 20 eieriines
pr edi civhetheBe® it pRMRIBNCHOEMHMYEGE NArhBf iR prodiitRM it entheodes
of the intra prediction node candi date group. 5As described above, an
i ntra YrdaaRes epmpetenidaitladedingpiedstepine@intropredistioninoedes unit of

h L. DA ' | ifd c _int. .
or o ceriaaR SRR P 5 HBE 4GRS EENROHI Lo RBR ¢ ebiGfon unitof
| urd nathedumimgreessmpdiesnte X &ap krample, iwHarbther iath Prédiotiom e desshdiedte
group of a lum nglnce conponent nmay not include an LM node, and onl

an i nt9"Rupanplicablgo foe predistipndnik ofthe ghreminance meemménclgégw'ytya
eter %r@a.@aﬂwaaé@mcmaﬁdriag?ﬁfn%ﬁ@g&@, gvgﬁ.chnmoaybg%g%@ﬁfggn@@&a DC

appl ying each intra pre ifon node I'n the Tntra prediC
candi davdegandip 457ediagdma) ndabe, LiMe intde premlictivn moddiertcoder BEBA defertrivees
chrom n

wﬁgt%(eer %Oen%?r%ep?l:[ed iction mode IntraMode_lLuma of the prediction unit of the

25 luminance component corresponds to one of the 5 intra prediction modes. Alternatively,
when the intra prediction mode candidate group applicable to the prediction unit of the
chrominance component basically includes a planar mode, a vertical mode, a horizontal
mode, and a DC mode, and uses a diagonal mode instead of a mode which is same as
the intra prediction mode of the prediction unit of the luminance component only when

30  the intra prediction mode of the prediction unit of the luminance component corresponds
to one of the planar mode, the vertical mode, the horizontal mode, and the DC mode, the

intra prediction mode encoder 2630 determines whether the intra prediction mode of the
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The determined intra prediction node of the prediction unit of the
chrom nance 15conponent and the determ ned intra prediction node of
the prediction unit of the |um nance conponent need to be signaled to
a decodi ng side. Accordingly, the intra prediction node encoder 2630
encodes final intra prediction nodes applied to the prediction unit

of the chrom nance conmponent and the prediction unit of the |um nance
conponeprediction pait of thel laminanceogmenponant car@8pontteto die of tier glanar mode, the

predictign de of the 20 prediction unit of the |um nance conponent
ist he"%'g'ﬁépg@dﬁn&"eoﬁor trﬁ?qﬁrr%@nmﬁ{bé PP cti on nodes i ncl uded

in an intra Q;I}'\)@r g

conponent, 'yﬁg&?'rt]ﬁg&%rre [ ct'ﬁo n%ﬁ%r?%%(g ertﬂg%ggl%rg%gﬁgpﬁﬁﬁget he

i ntra prteiede duma détheapréiditiipa upitefphefurminanpe edinpoinent ismdat indlutdéd in the

oheet ARG RRRIRE phiicRhBEoes LanoRRg Ubosndnatafglwinededs oo
to thepperfiohtdgsn. Uh bpefatichS28BU, & MCSearBANEHde BALSdEr S RPERcARfes

the intra Predl ction node of the prediction unit of the lum nance
conpontg intrarpregietian madepgidbe prediclion wait pf the ehrogrinanfecampoaient Beasng a

ohr om Sesa! iR Rihon idd¥ ATRff8 rh s aBR A thBhreRhd Bimrdtfentapicn is
det er nhraet.26R26r danadles prigeternPRAtINISE Athy Y pReset adistibivan Mde 8Gn

candi date group of the prediction unit of the chrom nance conponent.
The i nereh pt Bdfrciredisting qeodaichabideddnthe peernd inferaredistien ynegda gandidate
predi cti éB’pﬂ i4Af | 1 hance conponent according to
whet heéllot?@e I nt%Fj(}Bgﬁegﬁ@trﬁﬁéﬁﬂé%ggﬁlgﬁﬁtéﬁ? predi ction unit of the

| um nance conponent is the sane as the intra prediction node of the
prediction ngét ng t he chrom nance conponent and whether the intra
prediction g &f the prediction unit of the |um nance conponent is
t he sqMe |3fa &gt T Lot on modes 1 nct uded
in theg intrg(bgrelgfl%lé P%r?%rrr%gre @@Elncﬁ?ﬁgte 59?89%%@ he chrom nance
conporjeompasenel | as an index indicating the intra prediction node of

t he priediettor—untt—of—thetumnRance—eprponent Fn—detatt
when tlhe '?]ﬁ'f"?"émBFiédi ction node of the prefliction unit of the
| um ngNC]; SRERFE 'S The same as thne[Tingga predictiom mode of the
predidtion unit of the chrom nance conponent, the intra prediction
node dncdimizoptsitnedeodes only a flag | nnmi@l ag i ndicating 'ithether
t he i rfft+a—prediction nodeof the prediction unit.—of the chromnance
comorentP¢ 9% sanme as the intra preficii® node of the prediction
uni t qf et ICE COMponent as rntfa frctTom mode T nformation
about th?]a?%ﬁ%‘c ?%% unit of the chron namz?corrponent. For exanpl e,
when the determned intra prediction node of the prediction unit of

t he | um nance conponent and the determned intra 15prediction node of

t e predi ct Voendhistdedermined dhatdheinire srediglishsedednsaMedez buing) ofibaes
H ot e Rt A e
Z%Hemcguﬁn&{rmddﬁp%ﬁelﬂpﬁéﬂ%e%ﬁgﬁ{en? %%tggagﬁsg ﬁ@{hﬁlr = g;earﬂﬁné‘d thaag

DM f | ndi cat | ng ntra pre Ion no ion un
of t hepredittivpantedeGpadiglate ddoded, the prtexd padictionmdde ientodem263hencodes

Assum that the.intra predictign node of the prediction unit of the

| umi néﬁgén% pE%Fﬂﬁ‘dﬁ{bHP%ﬁsOfﬁB% Pf C%%@“'&QF %h%chrEW%@mﬁee%nmPQWt?ﬁm%slng

of th reeal &l | t j ce IS, i :

s onal o Eh e o o R b, AR 2 tS rppdetion

i raor a poeddilntraMaodenldema ari diel prediciioowmibdf ihkduminantercamEorentionenincluded

wh he i di ¢t.i . did . h h 1
comporlBine PLedeBhRbeR e sredius Ronss sratideR, RladsidEAusaune 5%
encodgsredittibARAd itAMi6as | 1NGns BEtHEOBIeRRIBACLAICof tE dm ek Conb s ®s a

in the reconstructed intra prediction
prediction mode which has a directionality using (-13,32) as (dx, dy) as shown in Table 3,

the intra prediction mode encoder 2630 encodes the intra prediction mode of the
25  prediction unit of the chrominance component by using the predetermined index as
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node candi date group and a flag DM flag. Assuming that the intra
predi ction node of the prediction unit of the | um nance conponent and
the intra prediction node of the prediction unit of the chrom nance
conponent are not the same and the intra prediction node of the

predi ction unit of the 30 | um nance conponent is not the same as any
one of the predetermned intra prediction nodes included in the intra
pr edi cshaoan imdabEsfditkatadegworgh rmimbérearchiypes ndintm pedictivarhodéd ef

intra predi.ction node encoder 2330 eeBcodes an index indicating the

cor r esf HHF'H@"?‘?]P?'QP_BP%% gy 58 nthe initially set intra
prediction opi f?%”@étgﬁfhFﬁe@riﬁ'dﬂﬁ;e?étﬂarﬁz@i(ﬁﬂ\aw‘%in%% predicftionmo _
d e LM node, Ich is

specific intra prediction node, for exanple, t
not aplsitiaddode) Liuma pf i prediction minit afthe luminancaanoworenpisrisoludied in te

of 3 nebiereiamiaRe FRECREARAR hEags FANEIRRE Wet. tne Ricbipidseah ™ ¢
conpongpératiandssn. ( IMVbpérgibniZBHOC td meradretiikabn ifisdd BhEsddiradoct | on

node of the prediction unit of the chrom nance conponent is the LM

mode ni@gopstrigisianistraaedistion nndsicandidaterasaup iappbedria thenpraginiiontumit of

Phot uds Sheofiterfe So Gl B, G e FRIRRRAR, o MR i bR Biodingludes
t hi n iijntthe imrs prédictiommotvrdaAditfaté Brourpoithki prediation init ofthé Bhivminance

chrnrni nnnnn conponent is the LM node, the intra prediction npde
enfodefOPBR0SRWgR S sane as theipira predigtiommoderatd@e predictionyaif of the

e AP BB S B g Py

conponent and the rnfra pre nmode
chr oni afghegredichiomentt ohthe lWirinantd eompoaeniisc DBembdéey theintrdipcédiotion

node of th rediction unit of the chrom nance conponent is not the
[ modecderatiafiors CRENE oF 81 RisaicoAcULs! B8 S0 SREBHIE GoRanent s a
i nf or %ﬁ%télﬂﬁb&é‘,tédwthbktﬁedéferrﬁiﬁ&ﬁt@%@ﬂic%ﬁ‘?n&fest G8nditaf WOMS are a
unit of the chrom nance conponent, the flag, and the LM1lag. In
t hiss cRigear modent ivgriidabmodee aiherizantal euids;, iaod anbGemoftiet the DE eodde imbich is

i he | um,. ' h f .
or edetBP 8 #ERE o TRARER s, Bt PR RATROT uBt ofthe pioanes | on
node cayifpeiaée @reieponds tdené bf (e pRictemINB AL predi@idntmedést r a
prediction node candi date %(r:jgu of the chrom nance conponent is

r econseadidate_Moges apnligabledaitbeichromnaace sestamens3olndhisoerss, sinseLthe
lag, : P Aoy VeEs

br ogi P CamEbs MAPLE Bl hBfihel 1A SRAEHo bdeXr BRRABREAM L o
graup. lugifamprcocaapondnten Jatien®, asepatata cpde ot idorsmad@cet! ta be assigned.

prediction unit of a chrom nance conponent wi|l be explained in
det ai I'&Wo_crﬁ'“ﬂ @P@%@@Q {9 tg‘?@reé‘_%r.‘t e”r”TBOC_"”ifirtﬁ WE@“ ith E‘t'ﬁ BrReicdiep mode
|1 ustipgbMiRies Laﬁ%@ﬁﬁegﬁ%&gﬁ&%ﬂﬂ of the RiniiAaREEELMbbABNIRIRCIRGedh the
i mage, accordihg to an odi ment of the present invention. Referring
t o Fl Geede®ranined®irai predistionmade28andidatee Modes of therpaegictidn enitadf the
node . . . o C e .
luminance component, since the intra prediction mode which is similar to the intra
25  prediction mode of the prediction unit of the luminance component and is included in the
infra prediction mode candidate group of the prediction unit of the chrominance
component may be replaced with an intra prediction mode other than the predetermined
intra prediction modes Candidate Modes or the redundant intra prediction mode may be
signaled through the DM flag, the second intra prediction mode candidate group may be
30  reconstructed by removing the redundant intra prediction mode of the chrominance
component and an index indicating each intra prediction mode may be assigned based

on the reconstructed second intra prediction mode candidate group.
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30 determ ner 2610 and the second intra prediction node determ ner

2620 determne intra prediction nodes of a prediction unit of a

chrom nance conponent and a prediction unit of a | um nance conponent

by using a plurality of available intra prediction nodes. As

descri bed above, it is assuned that an intra prediction node

candi date group applicable to a prediction unit of a |l um nance
conponent i htdetdiiswibnitng irdrepprediationanode detsaodd Udimg o8 the ptedmtlon unlt of

D o et hitBaee, S5REN SRt corfbePdh 15 ans ot th iR Buped yirs PRSIy
a pr Edhﬁdé%rbéﬁﬂ]déteof\ﬂo'ﬁe%rﬁﬁﬁl’bﬁﬁlﬁ% thée EHRﬂﬁﬂhnbé‘Eb m)ﬁte’ Itﬂ% irtra prediction

prediction units including a planar node, a vertica
hor i zomagle encpsler 268C mayieplaceithe m@dmtlagcmafﬂe motieleddp thedntra peatliction

oy i e REEo0 b TURTIDH e HEP APRABGRICHT At neluded in
referrggk él@d@fermlnm dﬁehm!%n&nbd@@ CaRERIat MONENt MdH SharhSle, when the
previ ously processed determ ned. The DM 10 node is the

gPr nasinfer mdlqtlﬁnlrﬂtnde raedidate groppearpied o th Beedigiivsadtit obthe chsemirance

2opl 1 caprEOnErCRET AN IREBAER aifFvardhobitca FarlcAL RS 8 skl FRER ana o
encodepGmodéeandtite deterespmigtragpredictioe nisdeesfthagnediation upiteditied | on
node | ntraMbde Luma of the prediction unit of the | um nance

cobonbiprinance ERMPreReohEL TEsHssRE e cae aidhepignas surdandhe vertivs! mpdg. the

d | t
2 oSo Sat g fosea IRIEHBl ARG ACHE Lol A0 eASEn moce
| nt r aMoftithelprediction uhi qbt}wliun’u]namemmmpoheMMay beireplaced aatipa neEgonabmode.

t he sa as the, correspondin ntra edi t on nt aMbde Chroma
of t nolt 53 BST RS 114h7 SO0 WO IS ARSARGRLAE SO NEHE 7 P WaEn ra 20

pr edi Cb#é?fétémﬂﬁedi mtfa’:lMya%ﬁewmoeés CaRdRIzRS gbhes &H&ﬂ i, 8fp14ME mode, a

| um nance conponent 1s the same as the corresp on intra pr edi ctl on
notfe | ventigdlodedeha batzaritat medpr aatd atDGerdﬁ tin trfe intre mhdlohonam:ba candidate

conmponent Q S to operation 2830.. I n operation 2830,
Che’ 1 nottum e BFedRtorEaR BF i fo BN SmBaet, 1) 26 Wi 11 ag

i ndi cating MD[éhﬁl‘ the intra prediction node of the prediction unit

of the—chrom nance 25conponent is the sanme as the intra prediction
mode df tlRta predictien mederafichseminanceuni nafedeswrdonent . Wien the fl ag
DMfIago;g]z)opl n{t means that the intra prediction node of the

predi dri R of the |l um nance conpopent is the sane as the

predi dt | @ap®cecgk the chrom nance conpongnt. When the flag DMl ag
is 1, it means that the intra predictidon nmode of the prediction unit
of thg Id-fﬁrhaaid@od:@nponent is di fferem fABm 30 the intra predl ction
node etior—urtt—of—the—chtom nce CGi’i"pGi’iEi’iL. A—vatte—of
t he flag '_BM%”EEH cgjlebe set in an oppoﬂtygvay As such, assum ng
that thegdasdd fTag is 0, that 1S, when{ihe rnira prediction node
of tha_prediction unit of the |lum nance conponent is the sane as the
predi cti on node of the chrom nance conponent, when onIy the flag DM

flag is en ransm 0 a decod sid ecodl

si de recel\cl\gg1 htg &P({:ﬁ h&g‘ 'ﬁi 0% AireaPiesl @n ge?rﬂn[ 8@?3%%’5

i dor a preaitiehiuit drRHE m.riah@e%%bo?fén% $Hthe Rfthé ITsC %ﬁmaﬁn@rﬁong the
conponent may be determ ned fromthe 5intra prediction node of the

pr edi deredatarriinedintianrrediptipnanedes capdidaie_Mpdesapplicableto thectiweminance

of PR OETmBIR MWL B TP Bhodiar L TR R haance

conponeabnetrectBdEaszrala@ls. nodes, the intra prediction node encoder
2630 encodes only the flag DIVIfIag and intra prediction node

information IntraMbde Luma of the prediction unit of the 10l
25 Table 8

Intra prediction mode of chrominance Code word
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15separate intra prediction node applied to the prediction unit of

t he chrom nance conmponent. In operation 2840, the intra prediction
node encoder 2630 determ nes whether the intra prediction node

I ntraMbde _Luma of the prediction unit of the | um nance conponent is
included in predetermned intra prediction nodes Candi date_Mbdes in
an intra prediction node candidate group of the prediction unit of 20
the | ufwongrurentonponent. For exanple, when the intra prediction node
candi date—aroup—applicable to the prnrh ctiron—unit—of—the chromnance
conpongent PEAar (psle 5 intra predi ction od8s i ncl udi ng a planar node,
a vertrc frorTzontat m)ae a ipC ae and—a 45-di nglIdI

node, th?’?’ﬂ??@“p?em ction node encodell 2630 determ nes whet her the

i ntra preadbgiamal mode | ntraMbde Lunma off t hegprediction unit of the 25

| um najpce_conponent rnrrpcnnndc to onelof the 5 intra prediction

nodes. AI@'@QQH@EW@W when the intra pi ed1&ﬂ| on node candi date group
appl i cabte—tothe—predictton—untt—of—thechromnance—conponent
basically includes a planar node, a vertical node, a horizontal nobde,
and a DC nmoggso, ahénthesntfa fietietivy mﬁa(d@ntrmbsadmﬁqaenfm@éigrefdwdh Wit of the
same as the intra predi ction node of the prediction unit of the

| uni nalkRINaRes 6ABRONBRAT soriRRIENS o waeiaithe prrdalerningd intha eresictignemodes

pr edi Cb‘gﬁﬁ@‘é‘ﬂ% tM8hed ?‘ﬁ |q‘ér6'|é‘gi‘ﬁx% predRHoi Uit &1 rtl‘i@?:ﬁ%?ﬁ‘ﬁahc?? gBﬁ‘ngRehPGt‘he

pl anar He ver ori zontal

t hes i nirtia mﬁdm‘uonummdﬁ;w@mn@%@mdeé & doadanhigtragrediston Mode
predi ct bon m)d the prediction unit of the | um nance conponent
corres Str% g n theeinbieRTgAicHen &odeeandidaiegoupst éhe seminance

hori zog}, bgﬁ@nglet r@{r’ Hﬁ‘o %l‘i@r‘#ﬁ‘r e intra. pred68n Hodéc%&é?ﬁagp T,en'ﬁ{)l]cable

‘operation e intra prediction node Intra
pr edi cta the pmdtctlom unit®f Itmemhmnmeanmrporrmpnnen’smnmdesrﬁ:intrdqﬂedntloﬂnmCB:Ies

det t di ct Mod t hod
P oo eIl atiidt oG55 v RRa{TRafe, £ BRfsamel mine: BiR¢ Hod&andd on
noge ensadrRigoR8BPRoBECAEEthe fral psréa@u@ﬁ fstded |n%MEtﬂn9 [Rfmd Bﬁth@r;ﬁeu etibAMnit

unit of the chrom nance corrponent y usi ng a second intra pre iction

node cehiieddménagnceuerappeanids acsliaganab massn indieem ekégatingrihe fintra prediction

Rt o ol ceBRRERe rodh O RE SR COfHRArERY i RRRRE ne Hifeti mlde in
Qnni | Tablers and prays bé pédomistrubesd agstidveh iri TaBledd.oUp tht%pias%d sineetthe number

chrom nance conpgnent. Table 6 Infra prediction node of
chr oni ®lAEE Rf@%ﬁ% modesdackiged Irpt%lakrarnfa@cbowmd%aanchﬁa@ group of the

HO[d ZOQY BhniARI& ddRpLeaS feduced, the number of bits which is a value of an index

indicating each intra prediction mode may be reduced.

Table 9
Intra prediction mode of chrominance Code word
component
Planar mode 0
Vertical mode 10
Horizontal mode 110
DC mode 111
20 The encoding mode predictor 2630 may reduce the number of bits necessary to

encode an intra prediction mode by assigning a code word only to (n-1) intra prediction
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1110 Di agonal node 1111 15Wen it is determned that the intra
predi ction node IntraMde_Lunma of the prediction unit of the

| um nance conponent is not included in the predetermned intra

predi cti on nodes Candi date_Mdes, the intra prediction node encoder
2630 encodes the intra prediction node of the prediction unit of the
chrom nance conponent by using the predeterm ned i ndex as shown in
Tabl e @nodeax ineacaimplaegrediction naxda candid pteegtvop iimsiudifg moheis an integer) intra
I ntraMbde,.Luma of, th rediction unit of the |um nance, co nent is
not | nOTSHIEIET oxdes 4B EbtominARes Phinpansht deREFin Srotue Pradeton mode

Candi dwm%@ggwmtrﬁhﬁ?aieﬁéﬁ M RISIhe PredRfisn thtb@ﬁE@ﬁmﬁHﬁﬁc@f

the prediction unit of the [um nance conponent is a prediction node
whi ch lkagpengnt, edw removing ausduedgnt tedeayords (dx, dy) as shown in

bLe 3, the,j i gt d 263 d he i .
bredi ot on bt thf eRRE8HE bl B fciETARR0 rdf it A Rk BocibBhuieo
by usi g inhe preaebAMmbde dhidtdeXsapse as tvhttabréaltien fnodd 6f fRABMIRAbe

number and types of intra prediction nodes of chrom nance conponent
may be cem@Rgeat intherinira predietiaremeda«dndidaip areun ehthegduomiranceepmponent

intra bl 4 : t redictjion unit of the

| um na%z&{c%rpﬁgﬁ%{rﬁ&lﬁgh%@%%w}é%ﬁﬂgag C%rﬁg@igféeibfﬂ ed intra

prediction WestHeamdintet of Mdiable intra predicton picuirsdthé inteppredidtion mode
eration 2860, the intra predictjon npde encoder 2630

2860. In o I 1 COdE .

r eé%nsF@%@E@teawq'—'ﬁ‘tqf&h%Pemremaﬁe geEwCRsRtisdal IS Baptiup hrieger): hednisa
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candi dabmmjnange coOmipoeept kyrarlacing wmi intrafprédietich madenafitbe chésmimanoent
whi'nh is cnrnn ”ﬁ' th intrn \%rl?r ictinn. MWhriP nf thpr{rg_rodi ntinn unit

nf t hnCPRRPRGACRITIEYHD SARIR =S Perints Shpt lommade i &e lmigappe gpRReRRNt from
node | Qﬁfoﬁgte{ﬁlé_(hul%r@aetbhﬁir@&i%trﬁtdr@cﬂ'icﬂé‘rﬁ hdﬁestéﬁndiéﬂenﬁf&%sﬁﬁgﬁﬁ Beat

is a DC node, the intra prediction node |IntraMde_Chroma o
pr édli cpraset withta egmainingeone intisaprediationpoeddt i s a hori zontal node,

dth ined it d ' d
ol anar - mode eTvERe abeliRe ZER0yE M 5 s etichBh ineEs Renduidiute
DC nodef thei sradictioh it oTth& chfcrRinght® BorMpdmchtinay\edsertistie @by eR6luding an

prediction unit of the |um nance conponent corresponds to one of the
pr edet &3 piedictianmaoge etithe srsaminanes exneerrRAtVING issapplasdthsliatra o

the Chb%ﬁ?é{@%ﬁﬁﬁﬁ@@%ﬂmnéﬂc E&Jﬁlpsﬂgﬁt %ritjl ?ﬁggﬁljﬂgﬁ@&@%r@gﬁlfgﬁ the

obt ai ne e intra predictron no evpr ion uni
202¢ unremeaiomgantrpprediction niadelse  For @xaae, avieere thdeinarmrediectisn neddeneed

to b i d. A i ly, . - di th t enbodi t,
L on B Lol e ot S M L B S e & Dty he
of t hejntirBraaRaen %@@gﬁﬁm& b ﬁft'h@ Br Eicﬁéﬁ@ﬁFt%?Flé‘?HEdhnghéﬁce

prediction nodes Candi date_Mbdes of the prediction unit o
| umi na¢@BpeRenidaengrizentalenodw thepredetesdinediiotna poeldictidn otodes si mi | ar

to the~intra,2 di cti de of, th dj cti it of ,th
o neneBoERe A &l A Vel AdRERET e, Aok Bors A oM mode,
candi dieeDOMawde dhidtie thé aeiLhicRiiction rho8é Inthavieds Animaes ﬁwé:gfaa%i%ﬂtunit of

Hd

may be replaced with an intra prediction node othHer than th o
pr edet {BedUmERNGE: GaMpeRENiCONesPatde {0 caa@f the pradetrisined iniea preditivant

2 BP0 Stk BBoERY ARUCAIRIATH: HERBE L EoRILRERE: 1histE8
when a separate code word is assigned although the DC mode in Table 6 may be
obtained from the intra prediction mode of the prediction unit of the luminance

30 component, the number of bits used to encode a prediction mode may be increased by
assigning a separate code word to a redundant prediction mode. Accordingly, it is

preferable that a code word is assigned only to intra prediction modes other than the DC
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30 reconstructed by renoving the redundant intra prediction node of

t he chrom nance conponent and an index indicating each intra

predi ction node nmay be assigned based on the reconstructed second

intra prediction node candidate group. In detail, when the intra

predi cti on node IntraMbde Luma of the prediction unit of the

| um nance conponent corresponds to one of the predetermned intra

pr edi cmante. nokhed iCdnelirdes prefdiclies mpgé eoabdier 2680 mayacodenbadera prediction
compon e encoder 2630
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exanpl e, V\h&efemleglbwkato ;ffrl@dx?ﬁilnmrpenmtdm E&MMUQUMr@pmmctm'pmodd gncoder
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o 2Rafiedaedine Bl nlEdEIo8 M Sfine H RN B et by s fhe”
t he detsioNstretedthira pregietion hfaaelmﬂndatetdﬂ@u@bﬁmé:ﬁﬂe%nenIdmtqifthée
10li imnarra rnrrpnnant cnrraapnnrl s tn nn a nf ha p anar mmri a, t ha

vart i carominpace eempRoentk o When mﬁi@traamr@dtqw@n[mpd@aandrdatﬁ)@r@mfdhe| s

"o nasrloMnafts BafbBlbtis Bediaficti obg iBRERLEER HBhk RepbpEasso
assumedntduids @ codd evora icdriespasding e thamtrahsredidtion Tadde of tr@‘[br‘,édmoh hit of

pr edet er m ned . intra prediction nodes Candi date_Modes, that is,
pl &har theotlgominanes eeppengntasdelira pradiction magde m@ﬂ@ﬁ@t@wa@@@'ﬂm

the i n&ﬁl?opfr%dé%hﬁﬁ'aﬁ%dt?oﬁ@&q&%ﬂate group of the prediction unit of

t he chrom nance comnponen Infra prediction node of

chr om nanceAquopesteoft dédudiingven éhifd predictiondecte ¢ &t predictiondeit o an image
Hori zont al %&elQDC de 111 When the DC node which is the intra
pr edi c‘f"l"ta)t?P ainedipHRRIE Luna of the

FIG. 29 is a block diagram illustrating an apparatus 2900 for decoding an intra
15 prediction mode of an image, according to an embodiment of the present invention.
FIG. 30 is a flowchart illustrating a method of decoding an intra prediction mode of an
image, according to an embodiment of the present invention. The apparatus 2900 may
operate as the intra predictor 550 of the apparatus 500 of FIG. 5. InFIG. 29, an intra
prediction mode obtainer 2910 may be included in the parser 510 or the entropy decoder
20 520 of FIG. 5, instead of the intra predictor 550.

Referring to FIGS. 29 and 30, the apparatus 2900 includes the intra prediction
mode obtainer 2910, a first intra prediction performer 2920, and a second intra prediction
performer 2920.

In operation 3010, the intra prediction mode obtainer 2910 obtains intra prediction

25 mode information IntraMode_Luma of a prediction unit of a luminance component
constituting an image from a bitstream. Also, the intra prediction mode obtainer 2910
obtains a flag DM flag indicating whether the intra prediction mode IntraMode Chroma of
the prediction unit of the chrominance component corresponding to a prediction unit of a
luminance component is the same as the intra prediction mode IntraMode_ELuma of the

30  prediction unit of the luminance component as intra prediction mode information of the
prediction unit of the chrominance component.

In operation 3020, when it is determined that the intra prediction mode
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20 prediction unit of the |um nance conmponent is sane as the DC node
from anong the predetermned intra prediction nodes Candi dat e_Mdes
applicable to the chrom nance conponent, the DC node is replaced with
a diagonal node, and Table 7 is reconstructed as Table 8. 25Table 8
Infra prediction node of chrom nance Code word conmponent Pl anar
node O Vertical node 10 Horizontal node 110 Di agonal node 111

Al so, m’nnaMmdﬂa Liuma af fhespriedidtion umitdd the {uravaree lcomporient isethprezihe s ome

b edet o iR o BRI ORtnG iRt A dsate M mplbied oo inga
the pr ?Fédﬁtio‘?ﬂnéﬂétcaﬁﬁldat@g@" AP PIREER t%c’tﬂlécﬁ?éﬂﬁhtloﬁ bgit Bf 1KY ERrominance

predi cti on node encoder may renove a redundant i1 ntra prediction
m)de wieropongnt; Hutimdrapredictionengde ebtanard@ 0 resonstdects thelirdist pregiatiop

R R L e e DA R T N
chrom p@mloﬁm@émludémnuﬁ@snﬁa pRédiatid ﬁmd@tdmnmégﬁo%p@m@ ng a
pl anar node, a vertical node hori zontal node e

45- di a@*@’ﬁmln%@%ﬁacoraﬁ@newhlﬁh ﬂ%ﬁ@m@cﬁ&hadntrar@d%dmmn M@dnt_raw@d@f_Lum@ of
predi cil.qn, Hi&'t.@ %.tﬁﬁ%é HQHSS Qagpt 1s a diagonal node,

I ndi ces |n rca ra pre I"on node candi date group of the

chr om nancelncmmaﬂenﬁoeaytheemagrédietlcﬂi aaRizadbtamee 20M0 Tebdrenifeg itk it
be reconstruct ed as _shown in Table 9. In this case, since the nunber

of 19 nt PRAiHIERiTBeda Af trirediclien iiirithe theominange sPEMARENS RY Hsing an index
candi dakiRa8hg Whedt th%ntra prediction modes included in the reconstructed intra prediction

mode candidate group of the chrominance component which is obtained from the
bitétream.
When the intra prediction mode obtainer 2910 determines the intra prediction
15 modes of the prediction unit of the chrominance component and the prediction unit of the
luminance component, the first intra prediction performer 2920 generates and outputs a
prediction value of the prediction unit of the luminance component by performing intra
prediction on the prediction unit of the luminance component, and the second intra
prediction performer 2930 generates and outputs a prediction value of the prediction unit
20 of the chrominance component by performing intra prediction on the prediction unit of the
chrominance component.
FIG. 31 is a flowchart illustrating a process of decoding an intra prediction mode
of an image, according to an embodiment of the present invention.
Referring to FIGS. 29 and 31, in operation 3110, the intra prediction mode
25  obtainer 2910 obtains a flag DM indicating whether the intra prediction mode
IntraMode_| uma of the prediction unit of the chrominance component and the intra
prediction mode of the prediction unit of the luminance component are the same as the
intra prediction mode IntraMode_Luma of the prediction unit of the luminance
component from the bitstream.
30 In operation 3120, the intra prediction mode obtainer 2910 determines whether
the intra prediction mode IntraMode_Chroma of the prediction unit of the chrominance

component is the same as the intra prediction mode IntraMode_Luma of the prediction
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15 chrom nance conponent is reduced, the nunmber of bits which is a
val ue of an index indicating each intra prediction node nmay be
reduced. Table 9 Intra prediction node of chrom nance conponent
Code word Pl anar node O Vertical node 10 Horizontal node 110 DC node
111 20The encodi ng node predictor 2630 may reduce the nunber of bits
necessary to encode an intra prediction node by assigning a code word
only t onwfthe luminangs ealinponent Basedwutwe flag BM.i ntra prediction node

Yy pliaoh o : ! di C |
of " he.chr oWt E eetbBhel R basteth A2 EHR A vallh PeBieciad AV B et
whi ch ivheh@nB itfa predidtiondmBHE GbkdiheNoTF BeRirmifts ﬂwz‘a@ﬂiet:ih'tragarégﬂg}ioﬁfmode

the | um nance conponent, and renoving a redundant code word. so,
t he enttdMedenfdrropraal ibeqredision mait ofidhe pliondinance dexipageblis the same as

or et ol earareBihie RIS fite M EomthEde dradRTEn Hhiral bt Ll Bens
node ceddipaatat, i operatibn tNSOC tHediftraastediciONPRRRNOLIMHE? RIS RASERS intra
fromthe intra prediction node candi date group. Wh t he nunber

d d
of avapresiftion mopa o fhaipadigiontibef th dhRemiNerica qameanar &n hppia

diri ; AN . . :
't ogab AT TR of W FR o (MG Ane AP Horberbrk ", A8 sRRfL Whe the
pr edi cllag DM@, thahisi ddiea the dntpa pfedi¢ttncibdeiof dne prezictioongniit ofire

| T ankna3ee CormppReBhadne SABIP AU RPIEHENITRH AN CBRBURERE 1 om.
component, the intra prediction mode of the chrominance component may be
determined by using only the flag DM.
When it is determined in operation 3120 that the intra prediction mode

intraMode_Luma of the prediction unit of the luminance component is not the same as

15 the corresponding the intra prediction mode IntraMode_Chroma of the prediction unit of
the chrominance component, the intra prediction mode obtainer 2910 determines
whether the intra prediction mode IntraMode_Luma of the prediction unit of the
luminance component is included in the predetermined intra prediction modes
Candidate_Modes in the intra prediction mode candidate group applied to the prediction

20  unit of the chrominance component. For example, when the intra prediction mode
candidate group applicable to the prediction unit of the chrominance component includes
5 intra prediction modes including a planar mode, a vertical mode, a horizontal mode, a
DC mode, and a 45°-diagonal mode, the intra prediction mode obtainer 2910 determines
whether the intra prediction mode IntraMode_Luma of the prediction unit of the

25 luminance component corresponds to one of the 5 intra prediction modes.  Alternatively,
when the intra prediction mode candidate group applied to the prediction unit of the
chrominance component basically includes a planar mode, a vertical mode, a horizontal
mode, and a DC mode, and a diagonal mode instead of a mode which is same as the
intra prediction mode of the prediction unit of the luminance component is used only

30  when the intra prediction mode of the prediction unit of the luminance component
corresponds to only one of the predetermined intra prediction modes Candidate Modes,
for example, the planar mode, the vertical mode, the horizontal mode, and the DC mode,
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anong the (n-1) predetermned intra prediction nodes Candi dat e_Modes
whi ch are 15preset with a remai ning one intra prediction node.

Al ternatively, operation 2860 in which the intra prediction node

candi date group of the prediction unit of the chrom nance conponent

may be perfornmed by excluding an intra prediction node of the

chrom nance conponent which is sanme as the intra prediction node of
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predi ctj on .nodes ot her than the DC node in Table 9. Referring back to
FIG 2%OMingie: SOMBRANY¥70, the intra prediction node encoder 5 2630

encodes t hewHy Rishd&dhhineann BRefatRn 3140 it &8 PAAGK<8REBAMSEYe DY
using the reconstructed intra prediction node candidate group of the

pr &di cintieMagie_usia ohibeqredistinanod of dng breinancensemponent istingluded in the

" econar et 1R O RBhdido e confidkte Mbder Ga SBRI Blied g
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unit of 10the nhrnm nnnrin CnMonrinnt ng intrn prnettinn mrlo

i nf nr nfScARSEUEE dhe intrpisdistionihede candidats omaup aniliedita dhe erediatinunit of

A pro i . S . b p
o " T RomiRRE| nAherttd erlb G EhrRpBpeP R infrarEstbh Abdlinkluded
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the present invention. The apparatus 2900 nay operate as the intra

pr edi dnraMBgie_bumehef thepuediction 500 of the-luBin&nce noMpGneabis aaBG moda, the
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553. component is a horizontal mode, and the predetermined intra prediction modes
Candidate_Modes are a vertical mode, a horizontal mode, a DC mode and a DM mode,
the DC mode which is the intra prediction mode IntraMode L uma of the prediction unit of
the luminance component corresponds to one of the predetermined intra prediction
modes Candidate_Modes applicable to the chrominance component. In this case,

30  since the DC mode in Table 6 may be obtained from the intra prediction mode of the

prediction unit of the luminance component, a separate code word does not need to be

assigned. Accordingly, when the intra prediction mode IntraMode_Luma of the
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Referring to FIGS. 29 and 30, the apparatus 2900 includes the intra
predi cti on node obtainer 2910, a first intra prediction perforner
2920, and a second intra prediction performer 2920. In operation
3010, the intra prediction node obtainer 2910 obtains intra

predi ction 25 node information IntraMbde_Luma of a prediction unit of
a | um nance conponent constituting an image froma bitstream Al so,
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candi dat e grPgdtanf whé&e tHDONBABGENIER @S Rra Wb &iBtibS niicAinfatidde® Muma
the bitstream Wen the intra prediction node obtainer 2910
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out putcorappnent], tHe intrayabdietion nidue pbehart2on0 may reslibcé fte predidtincRode
conponent by performng intra prediction on the gr ediction unit of

the | URFlEREdN deppiveprediclinn made sapdidate aioup 9iteaichiorpinapee cemmaanent
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node 25 obtainer 2910 obtains a flag DM i ndicating er the intra

pr edi qiredictiopdecde of tietpredictinn Lt affiee pmeidiaoce oomponenbéomrésponds to one of

chrom 0 t | nt.ya, prediction node of e edi ct i, on
i ¢ oReRiEniABAS e VEDkA Riodd 1he rBriEshEhin¥leBAE 1, Pl Moeg Aufibdd

nmode Iwhich W damlelampthef intra @redietds et ofthe pRédichién LW O 3R RinsingRee ent
fromthe bitstream 30ln operation 3120, the intra prediction node

obt ai rRMRLNENtdRRY PRIrARIGCHMH Sithed diagenahmogepr dgisuming thas @code word is
o ne e 85 B ' aBloC P e Bretomthed IMiEMs AR EpogRe "
pr edi dCamdidate_Modes, that is, the vertical mode, the horizontal mode, the DC mode, and the
DM mode, in the intra prediction mode candidate group of the prediction unit of the
30 chrominance component, when the DC mode which is the intra prediction mode of the
prediction unit of the luminance component is same as the DC mode of the

predetermined intra prediction modes Candidate_Modes applicable to the chrominance
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unit of the |um nance conponent based on the flag DM When it
is determned in operation 3120 that a value of the flag DMis O,
that is, when the intra prediction node obtainer 2910 determ nes that
the intra prediction node |IntraMbde Chroma of the prediction unit of
t he chrom nance conponent is the same as 5 the intra prediction node
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(n is a positive integer), the intra prediction mode obtainer 2910 reconstructs the intra
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25 component is a horizontal node, and the predetermined intra

predi cti on nodes Candi date_Mdes are a vertical node, a horizontal
node, a DC node and a DM node, the DC node which is the intra

predi cti on node IntraMbde Luma of the prediction unit of the
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nmade o&cohstryoted by tassigning 4 cofle viurdlanty teareneainiogpd imdrat predictieapoodiss bther
one of th ar node, the vertical node, the horizontal node, and

t he D@%Z@gb?m%lg assShown i @blgaﬁrs as the intra prediction node of

the predi ctREBMKY bad tdt MG, |IATINBPERALBAPITIC He iM% droﬁeh%@é Wbidheér

di agonal node. Assum ng that a code word is assigned as shown in
Tabl e 2810cdecosiesrtbe intea pradictionnmpde mf ¢l cloioconinanck: soprdedtye usibddbe

o osEcob eSS PR s S5ERlL A B0 ing oo T B0 10
progdi Ghr@mindtce @midiend@nahe MdWBOsStafRATRSAhe bise8ainhe VIkeMEsteintra
which is the intra prediction node of the prediction unit of the

| umi naedictenpiieneandidaigresoug of the cuomyaanes compopeaistreconsiawientthe

pr edi ¢t i an. i j i

P oo inRies FRAARY B T 8P Bbbfiethedtid phfictiol AR idied to the
r econgurnent peedisticghonitiof the lekivbmirancBh@mpdientin eeh esdoprtrootde iatbhai ner
2910 nmay determ pe whether an index of the intra prediction node

i ncl udgadiction moas cadicaimaraep eAthe cieminaneh cemppeentcihrehibeesasye
L0 pR8SS£SSNEA bRl By oL Q00 TP EARR IR0 g BB
2910 determines the intra prediction mode of the prediction unit of the chrominance

component by selecting the intra prediction mode indicated by the index from the intra
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intra prediction node obtainer 2910 may renpbve an intra prediction
node which is redundant in the intra prediction node candi date group
of the chrom nance conponent. 10For exanple, when the intra

predi cti on node candi date group applicable to the prediction unit of

t he chrom nance conponent includes 5 intra prediction nodes including
a planar node, a vertical node, a horizontal node, a DC node, and a
45- di apathttionodede aaddidaée graupeofithe dirediction ooid ef the clavbhdeancereomponéet

diction .unit of the, | upi t di | _mode,
P i s dedorsrictid i R3S rRRRAS Teeta 4R EaRar Ba %y oup of
the chrom nqAE HreEEM HRMtoNBNaP BeANUHED Ys i@t AfteARAMAbId cdddd §n 2 DY

excludi ng the diagonal node in Table 6. The intra prediction node
obt ai neempoter-reagablerecording mediuner The competkerafeadnble necoeding ewditmon

ot e RACT LR by HERL B b nLa B b RO
predi CEyNemID Exagfiles 8RR EirApitepireddihl6 RECUTHMNGEd P HIRRNRd-oripe
encodi ng node obtai ner 2910 may reduce the nunber of bits necessary

to dectH@aqies (RQOMshrapdemrancessmenyries RHMshgCR-RBOMs, agnealicl tapes,
1) . Lo . : N s
or oup ISRAVHIRRE S A ReHE s Bl e ied PHREGGDP AR TREGa 8 POl
chr om maadaen eoayplod distritutdd oepr astwigkaoupid cormpedir systemsss thattheh i s
sane as the intr rediction node of the | un nance conponent 25 with
on¥ r FRINAYISG T8 %‘tﬂe GPEET &re sieraddadyerdiasVe %d!ﬁgm%%@%sh&ue wor d.
As describ DL i : i i IRt iLCh
node | nt ra%ﬁ@?ﬁﬁﬁgr of t kllﬁe\}égl;[ Ie iHca??(gen nél}?c%lf% rl? %EOM}H% @aﬁ%ﬁmcl:)o%ﬁp@mnt
i s sameferentado BEmptey einbddimentditieezofibyadsing spacific éetintd, itle entdmbeiments

Candi dat e, Mod [ i le to t h 1 t, d d
or s ERatei Bedn et 16 SOl I Bieans ERerion 2nd shoUELMG o
node. Asnshed asififing 16e BESHE bf He @l\é%bhﬁihbé?iidﬁh Y] d%fiﬁ@d} &YiR8 NS The

the intra prediction node candidate group of the chrom nance
cofiporfamplannempoiignentp ghiould/ee cansigered intshdesariptive seade enlyoandmatfor

obt ai st.ru e intra prediction node candi dat oup
of ¢ e URPERT AL Aot ferbREs! PlisfoBeity ik P PRAT; AR Bhfirbihe
chr omi detaited desgripiientof\Whe itvensioR Dk bashé Appendéed climg] sitd an diffteneds
t he | um nance conponent from anong the preset (n-1) predeterm ned

i nt r a Witkinithe seppepilble cansirged as g@ﬂ&mﬁjqdﬁddﬁ ¢ BFeEaRt Myentiena

predi ction node. 5Alternatively, operation 3160 in which the intra
predi cti on node candi date group of the prediction unit of the

chrom nance conponent is reconstructed may be perfornmed by assigning
a code word only to intra prediction nodes other than the intra
predi cti on node of the chrom nance conmponent which is sane as the
intra prediction node of the | um nance conponent. For exanple, when
the intra prediction node IntraMbde_Luma 10 of the prediction unit of
the | um nance conponent is a ne node, the intrn prediction node

I ntraMbde_Chroma of the prediction unit of the chrom nance conponent
is a horizontal node, and the predetermined intra prediction nodes
Candi date_Modes are a vertical node, a horizontal node, a DC node,
and a DM node, the DC nbde which is the intra prediction node

I ntraMbde_Luma of the prediction unit of the |um nance 15 conponent
corresponds to one of the predeternined intra prediction nodes
Candi dat e_Mbdes applicable to the chrom nance conponent. In this
case, since the DC node in Table 6 nay be obtained fromthe intra
predi ction node of the prediction unit of the |um nance conponent, a
code word is assigned only to intra prediction nodes other than the
DC node. That is, the intra prediction node candidate group is
20reconstructed by assigning a code word only to remaining 4 intra
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The present invention may be enbodi ed as conputer-readabl e codes on a
conput er -readabl e recordi ng nmedium The conputer-readabl e recording
medi um 5 i ncl udes any storage device that nay store data which nay be
read by a conputer system Exanples of the conputer-readable

recordi ng nmedi uminclude read-only nmenories (ROVs), random access
menories (RAMs), CD ROV, magnetic tapes, floppy disks, and opti cal
dat a storage devices. The conputer- kI8 e recordi ng medi um may be
di stributed over network-coupled conputer systens so that the
innrinputer-madahip rnpq primaqgtnred and exert' "ter! in diStrihl
ItP11 fnchiqn. Ameth%'df%ebbgingré??ﬂﬂta rPM%ﬂBh‘Pﬁbd@éfﬂ‘? a?e,the method
particularly shown and described wth reference to exenplaly

enbodi eampesinder eof by using specific terns, the enbodi ments and

terns have rel.y been used to explain the esent .inventipon_and
Shoutd not SEeile PRECrEAEeh anSdR  RoRut b B4 Biethctioh it b Al image
I nvent ¢Qip@aertaionsaalitiby thé fnag@idm a bietréanmexenpl ary enbodi nent s
shoul d be considered in a descriptive sense only and not for purposes

of |imtatiwhenandnts predicionemeslems tbe prediclion unit pbine firstivnagreeompenent

of ai e 1 doi 2 GFRF of Biecle Rkt R ER2IGEE WiheS e WL FHEBEE N v
bei ng predidtidadnode thedigagsgroupiappiivablerto a SlelldiBn unit of dlseddrideihiiee of
decoding an intra prediction node of an inmage, the method conpri sing:

C ) reag | g
508t ai FAMBCRSN Eeqonsheindihensasend inbr peedisirromodemangidate @iowmia restove
o fir . LUt . . _
ahen 250 RRAECF OB AR preaToh oA R hdiiey TS sokOM Ty b cPRipode
i mage caidate grous which isaameas dme defermirstkinrapradidtion imedeokiteqirediation
nodes i ncwec} in a second intra prediction node candi date group
appl i c4BY & thg TstMage GanepenRaNti @ a second i mage i nnri npri nPnt,
ri.nrinstridgdd : IO b fddiddi ; H G
grip tn ror?ﬁdg\i;gg ?Qc‘rm%gﬁlc;/ {)O:‘n %@H?ﬁm‘i B%é?%l%rﬂﬂ% g%&:}ﬁgc@ab?n
t hig segamnpongntbaspdedi tbeiropomsitieied sdead migrprediclinh vhods candidatesgrobp.
determ ned intra prediction node of the prediction unit of the first
i mge conponent; and decoding an intra prediction node of the

prediction nit Phe hBhSEEPEIEInh TaUMetSinAREPSERtrubASE doATprisBs
reconstructed second intra prediction node candi date group.

2.
The neéeRoESIBICEANMSEcON tes Pradirtionsbers cANdidairygwuippY Erplacing the intra
recon : : | .
Fepl adredElibAthodeirRilRiiniie 8cBheBradihih FRE BRBRLIE oM RS same
rmzdg_ it bdwtgngih];edpr;]mpcédoil@tmrsmmﬂe&ahe Fk&gd&:}grﬁmm ofthel first image
predi cti on node t he redl ction nit of the T1rst | nmage conmponent .
with SeeRRIent ARGBR HRedictionERTE i tHen ghep@dstermiagdinira prediction
pr edi qﬁbg&s_rmdes. 3. The method of claim11l, wherein when a
nunber of i1 ntra prediction nodes

3. The method of claim 1, wherein when a number of intra prediction modes
25 included in the second intra prediction mode candidate group is n (n is a positive integer),
the predetermined intra prediction modes are (n-1) intra prediction modes that are preset,
and the replaced intra prediction mode is an intra prediction mode other than the (n-1)

intra prediction modes.

30 4, The method of claim 1, wherein the second intra prediction mode
candidate group comprises a planar mode, a vertical mode, a horizontal mode, a DC

mode, and a diagonal mode,

64



25included in the second intra prediction node candidate group is n
(nis a positive integer), the predeterm ned intra prediction nodes
are (n-1) intra prediction nodes that are preset, and the repl aced
intra prediction node is an infra prediction node other than the
(n-1) intra prediction nodes. 304. The nmethod of claim1, wherein the
second intra prediction node candi date group conprises a planar node,
a vertical wheesinavheorthealetetmimedéntra piRdictivthernode df ahel paglictidn omitlef the

whereip when the deternined intra prediction node of the prediction
uni tofirst HBAgS COMPORRGLISIBRSBEN A Pas of e igpag gasie. the veRisabmadg, the

mode, hBﬁchrﬁéFrinﬁaé, aiehe D@ernggéiflﬁ)gﬁ%\ﬂorﬁgﬂﬁa p8dictios nidd h%;s%%nd

among i ntra prediction nodes secofid I ntra prediction no

candi dintr predigiipninhede namdidpteegiioopi the intrd gredictitre meedzooitthergecand intra
R R e T T
IS reppreRctiod dnit e Fir0RTR%e cBMRSonent is replaced Witk the bl ral moldal m 1,

wherein the reconstructing conprises reconstructing the second intra
predi cti on node candi date group by excluding an intra 10prediction

node which ks in icrl Lhnet carnnti..i,ntr redi ction nmode

candi dat e gb'oup ;H% nfeéhgg%c[{%imtﬁéﬂlr}}?&@rtﬁ,%r{gag@ﬁwc@ngrcg&?%rﬁegn node
of t hergaopdirattirythersdcond inthe pkédistior Made PRNE @?G%p b{ excludfhg dMfhtra
met hod of claim1, wherein the decoding conprises: 15determ ning

whit heregictiondagde névduisi ingudad in dte serand ipradgretiction merdsscanditaigaroup
in the C t i j o] i te. j
decoded RSP A5 S RREAed Mtk pRidRiioRi e BP U BRACER' (b He s
pr edi cimamre comnpowéntt he first inmage conmponent is the same as the intra
predi ction node of the prediction unit of the second i mage conponent;
20when it is determned that the index is decoded, obtaining an index

[ndicating ghe | the tthGdlof bl 11 ferih thBYeRhafMg st of the

second i mage conponent omthe bitstream an determ ning the
i ntsr a pr edi deteomininglwhethertan ipdexindicatingueracdh aoff intragrediction modegdncluded

conpone by using,the obtai ped index. 25 . 7. The t hod, of .
ol o m B hg e e Serh THHP cxp i ot sandidata dre e o et aserding
i s i nclougiesthiePtHdatra gredidtibM 6 BAL PréMbticm dait SR fat ﬁn$@é@mﬁaﬁlent is
is same as the determned intra prediction node of the prediction

uni t dhetsame g dhe intiggeredintiporiende of theepreditioadinilsofdheisegenrd image

i ndi c d o ti ntra prediction node other than the 30predeterm ned
intra predrctibn nodes. 8. The nethod of claim6, wherein when the
semond i nt rehen &ds detepmimatithat the index is decoded, obtaining an index indicating the

intra prediction mode of the prediction unit of the second image component from the
bitstream; and

determining the intra prediction mode of the prediction unit of the second image
component by using the obtained index.

25

7. The method of claim 6, wherein an index indicating an intra prediction
mode which is included in the second infra prediction mode candidate group and is same
as the determined intra prediction mode of the prediction unit of the first image
component is determined as an index indicating an intra prediction mode other than the

30 predetermined intra prediction modes.

8. The method of claim 6, wherein when the second intra prediction mode
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candi date group is reconstructed by excluding an intra prediction

node which is included in the second prediction node candi date group
and is sane as the determned intra prediction node of the prediction
unit of the first imge conmponent, a nunber of bits of an index of at

| east one intra prediction node fromanong intra 5prediction nodes
included in the second intra prediction node candi date group is

r educ edandidate: gmu;a iswedoestroétediy extluding aeditca poed[almremodaod/midleéb inoluded

The reHBa SSEORR rerstoretis seriitn SR AGS coapPss e ASTRRTEY s
ri Pt Pr gidiigtionthibée bhfhé ﬂlterdpcti%Pdmf ot the fitstTiMalg8 d¥mpdient,

prPriictinhlinit nf the first inmage conponent is the sane as the
i ntra predi @nuobearodbite bf ahdngexcefiat i¢ast omedetrapredicticrerodea fromglmong intra
tra r e

t d t th
rodb_ opreciidiopBafes et nBe Bt interbreflcybNanRit FanfRLE BiuBlsne
as onerefuctl &2eka o 4 Admbal bR tHY RttaGireaietion ARsddsinbiided ih thd Rfometabid
intra prediction node 15candi date group, determning the intra

pr edi c$eenndniiota psedictien prasig eandidatggroudf the first i mage conmponent
as the intra prediction node of the prediction unit of the second
i mge conponent. 10. The nethod of claim1, wherein the decodi ng

conpri ses, @hen The nsthod df cini ) iwrereindtie decodingostensdead: dat e group
is reconstructed, obtaini (g fromthe bi t,st,r eam an i ndex indjicatin
on¥ i ntra prbendis grtarpured that ke Inteorrediationdncde ebhe prediclion unit of the

predi S0 ABBAL AL g LB, aOHE 65 SFERBIGFMIGRE drihe BratiemPhiRR o

node tion unit o e second i nmage conmponen
t he i nithexsecdbd imape ommpwrdand)basedmmalﬂag urldldfaimgonhq;thesthmgmtr_a prediction

determ ni,n g@eth spegélclntra I‘edICtIOF{ de which is npt
el udBadE Dt ctfos Wit g (g et BRI BaRRITl S the SABEESAne PE
| ncl udsdoaninhiags e, ABRAAn'ades AERBeRlh e SRS 1Y SURIBNTHGK:

accor redetermned image units is applied to the prediction
unist mandmte@foml detageiningrinenotia predidtiors nadecef the predigter Lnit wéthe first

untt dntadehedie e T B 6 Rs ot (A8 Brattiar b Bpiiafihy Mage
flag idghpeientg Wwhet her the prediction unit of the second inmage

conponent corresponds to the specific intra prediction node.
12. The nmethod of claim 11, wherein the flag indicating whether the

pr edi cti on i t e Faftn3#EPOMh TRUREFARRABERLOSRG ST, Whehife second

specific |n ra prediction no
20 intra prediction mode candidate group is reconstructed, obtaining from the bitstream an

index indicating one intra prediction mode in the reconstructed second intra prediction
mode candidate group, and determining the intra prediction mode of the prediction unit

of the second image component based on the index.

25 11.  The method of claim 1, further comprising:
determining whether a specific intra prediction mode which is not included in a
first intra prediction mode candidate group and is included only in the second intra
prediction mode candidate group according to predetermined image units is applied to
the prediction unit of the second image component; and
30 when it is determined that the specific intra prediction mode is applied to the
prediction unit of the second image component, obtaining from the bitstream a flag

indicating whether the prediction unit of the second image component corresponds to the
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5o0btained fromthe bitstreamwhen it is determned that the intra

predi ction node of the prediction unit of the first inmage conponent

is different fromthe intra prediction node of the prediction unit of

t he second i mage conponent. 13. The method of claim1l, wherein

t he decodi ng conprises: 10hacpri nil a flan inrliratinn whether the
riptarmnari infra nrariirtinn rnnric:, nf ito .r prediction unit of

t he sespedfit irdgepredigliionenddé.s t he sane as the determined intra

predi ction node of the prediction unit of the first inage conponent

and a flag indicating whether the determined intra prediction node of
the predicthyon uni ARSI ik wHSe the dr&di
prediction png)'de, W\?ﬁéﬁétihw?g%éﬁeﬁgﬁm ned {Wh@?ﬁﬁ%gﬁ?lﬁthﬁgéwpre itgfgiﬂtl)‘%&&ﬁon
node ofinit béthe sefiand inragerdampdnarieostesponds teatpe spagifimiatra prediction mode is
differ fr t intra_predicti.on de of..th rediction unit of

the' 11 potandrfam Br BiRePLARes 1k Rl ringt el Sd i SisoBMmase Rbtne

i ncl udgebdiction it dhBeSPEaRthdgeNddrperhidiis HifftreATTRAN GRE HtERp R dtBHAMOode of
obtaining an index indicating the intra prediction node of the

pr edi ctheopredintionginitafdhe seepnd image ceawpoadihit from the bitstream 20

14. An apparatus for decoding an intra prediction node of an imge,
t he apparatus conprising: an intra prediction node obtainer that

obtains int13. pr¥He atéthod wbdrimnf, ewhgrtinctheafecadivigestipliges:unit of a
first image conponent constituting the imge froma bitstream 25when
i t19s det er BRSRACR Rdtadindicating whathethesietameaed intra eresiciancpdn alie
of thenfdqf i j ' X

nt o Beoior SREG 8 SRERATimafe cOmpuERL SIn3TEnE o SRSt ntra
candi dareeligfiooupode pf theatedidtionaunitr efdthe tfirstimagetconipanare @udda flag relicating

o B her e Sl By oo d o mad o e RreaictAp B o speond image
i ncl udgshpdnéitas segRRsc iftrh HréBichb e Hddd, AmereR @@ﬁhﬂ%ﬁ% PAnEad

is same as the determned intra prediction node o e pregtlvctl on
unix opredigtionimede ofrttipepredintionamit ofdhd seeord imags campomentispdifielient from

node of. t. prediction unit, of the.second.] e, conponent based
he. r atge Berkion Blbarins predfudr iR b NS B GapkonRacnd fom the
a firsgpddifid intrargeiietion maRs neludRd dringin ey devof ihifh bhedit®sh fiddan on
the prediction unit of the first inmage conponent based on the intra
pr edi cearshidategsoup. eiainincan dexdndisating the indrafpredictipragede ohifsrediction
whi ch | i I i cond intra prediction
perfor%@$8t %té%gppéﬁ%ggﬁpﬂé%ﬂﬁﬁﬁ i[l‘%ﬁ&’(()sﬁt%{aﬁ‘g prediction unit of
t h® second i mage conponent based on the determ ned intra prediction
node of the £r edl\ct i on uni OJ t I&e second i nage conponent. .
14, n apparatus for decoding an intra prediction mode of an image, the
apparatus comprising:
an intra prediction mode obtainer that obtains infra prediction mode information of
a prediction unit of a first image component constituting the image from a bitstream,

25 when it is determined that an intra prediction mode of the prediction unit of the first image
component is the same as one of predetermined intra prediction modes included in a
second intra prediction mode candidate group applicable to a prediction unit of a second
image component, reconstructs the second intra prediction mode candidate group to
remove redundancy of an intra prediction mode which is included in the second intra

30  prediction mode candidate group and is same as the determined intra prediction mode of
the prediction unit of the first image component, and determines an intra prediction mode

of the prediction unit of the second image component based on the reconstructed
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15. A method of encoding an intra prediction node of an inage, the
met hod 10r nnpri si ng: determning an intra prediction node of a
prediction unit of a first inage conponent constituting the inmage by
using a first intra prediction node candi date group conprising a
plurality of intra prediction nodes; determining an intra prediction
node of a prediction unit of a second i mage 15conponent correspondi ng
t 0 t hesquadi iotragmedintion afodehearididste gromgie conponent by using a second

ored i on FOEARTE PredicURLReTHETRIaNS: PRGNS RRASTBRIUP B e o PEacher
the prgqit 6f R Yirdihiade cdrﬁﬁoﬁér’it?’dasieﬁ‘%ﬂmeth%%i?ﬁ'E)‘?é@'c{;iezn edftRe nedcﬂ’iE!ﬁ‘on

of predetermned 1 ntra prediction nodes include the 20sec
i ntra wnibdf thei fost image campboentevhich ipoblaieoisomubeibigtrebm; sadond

intra prediction e candi.date group.to r ve.redundancy of,an _—
Y a b od| S EPEIAEUA WAREHON PerRERERLRt PRPRES LUELHEFRAEREN 1 prediotion
predi chipsf tHedRcont Gindab otisuHer beséd oRaAE deferififed fitRd Piedrdionthbde of
predi ction node of the prediction unit of the first inage conponent;

and erfbediragictiae upitofthe seepndhimageeempenerin node of the prediction
unit of the second 25 i mage conponent based on the reconstructed
second intra prediction node candi date group. 30

15. A method of encoding an intra prediction mode of an image, the method

10 comprising:
determining an intra prediction mode of a prediction unit of a first image
component constituting the image by using a first intra prediction mode candidate group
comprising a plurality of intra prediction modes;A
determining an intra prediction mode of a prediction unit of a second image
15  component corresponding to the prediction unit of the first image component by using a
second intra prediction mode candidate group comprising a plurality of intra prediction
modes;
when the determined intra prediction mode of the prediction unit of the first image
component is the same as one of predetermined intra prediction modes included in the
20 second intra prediction mode candidate group, reconstructing the second intra prediction
mode candidate group to remove redundancy of an intra prediction mode which is
included in the second intra prediction mode candidate group and is same as the
determined intra prediction mode of the prediction unit of the first image component; and
encoding the determined intra prediction mode of the prediction unit of the second
25 image component based on the reconstructed second intra prediction mode candidate

group.

30
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