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2 and an allowable distortion between the original macroblock and the reconstructed

macroblock, and then the macroblock is encoded in the selected encoding mode.
[3] As hardware for reproducing and storing high resolution or high quality image
content is being developed, a need for a video codec that effectively encodes or

decodes the high resolution or high quality video content is increasing.
Disclosure of Invention

Technical Problem

[4] In a conventional video codec, a video is encoded in a limited encoding mode based
on a macroblock having a predetermined size
Solution to Problem

[5] The exemplary embodiments provide a method and apparatus for encoding and
decoding an image through intra prediction by using intra prediction modes having
various directivities.

[6] The exemplary embodiments also provide a method and apparatus for encoding and
decoding an image through intra prediction which may reduce the amount of cal-
culation performed during the intra prediction.

Advantageous Effects of Invention

[7] Since intra prediction is performed in various directions, image compression ef-

ficiency may be improved.

[8] The amount of calculation performed to determine a reference pixel during intra



WO 2012/ 008790PCT/ KR2011/ 005214 predictd on may be reduced. Bri ef
Description of Drawings 1191FIG 1 is a block diagramillustrating an

appar at uswban12408m™di ng an i nage, according to an exenpl &Cy/kRbodionmat ; [ 10]
FIG 2 is a diagramillustrating a nunber of intra prediction nodes
according to a size of a current block, according to an exenplary

enbodi nent ; ;ég]ictﬁlnqsﬂay%é @dﬁce@ agram for explaining intra prediction nodes

applied to a[l{ hhaw P Pé} edet er mi ned size, according to an exenplary
enbodi ment ; [P RESCHIpHON O MLMYUMES; | | ustrating directions of the intra

predi ctp dpn nodge. ofis fbl@ck GiagAGE Mughrtbhglad PParaie TR acydigphpdhiRNhecolding FI G
5is a diagramfor e 1B_r|y q@gﬂgan intra prediction nethod perfornmed on the
bl ock il ust fAFBEGH @ording to an exenpl ary enbodi ment; [14]
FIG 6][i6] a diFAGt aix zidmaglanpllllastmtmg al mitntter pf mdh piddivtionnoedes appirdiag o a

bl ock havi ng d.s cS exenpl ary

enbodi nent ; f]%g?%gfqgr&[}%&% aCCO %cgl g?‘a&n ?glr;&)l}engg ’aining intra

pr edi _ct[ilb]n nmodd6. havi @lggmmﬁoogfspldmrr@dnirwpted@yonmar apmigd toa dlockhevipkar y
embodi ment ; [pil&ﬂete%lgﬁedglz'eSac@ofdﬁfg@%%ﬂ%@eﬁ?ﬁ%r ambdmesxpl @i ning a process of

generat i ng a predi ctor. when_an extended fire having a predet erm ned
gr adi ett2lpassddOpsispeiagranuilluptting ghrectas gh His inig P{ﬁd%élpg myrdes at Bk S,
| ocati ons, aqe@frathggoaloe@mﬁg@mb@ammbodl ment ; [17] FIG 9 is a reference

o oy S 12 L neBLRE PRl Ol 5 DL Bl onPren Bl eC o

i nt eger | ocatllwhstedac E6E.A, lagcmd;ngmam@renq)la‘mhmoﬂlmmodl ment; [18] FIG 10

exerpl 315 enbadCranyfCp8in B B ididnda el RER e %@ﬁ?g?‘%%&%ﬁ%@@ess of
generating aPadetsrmiried sizeaacgardie tarﬁlnmh@f%empéw@m @ dindie of a current
bl ock, (gsicor ding, & ARQRIN A ¥nIDBAPIRAL ind:2FhiEh Finod A0 Aridlie

reference di raps . for explainin process for unifying intra
predi ction glIVdesppesOrEng A eH?P\{m‘ZF'@Egdlg}e%s according to exenpl ary

enbodi medit s; [RAG] 8 K ﬁefe]réndesdmagrmffelr @dpﬁk&mdg agmamssf (ﬁﬂgeﬁmahag ApRdidoIprIERes S

of mapping i nBr ;%‘teﬁcﬁcaeddlllr?etﬁ ‘%Pntg%‘) ¢ ete mme ra@ielgtopralss% bet een no Orgl(la hOf
representative intra predicti cor exenpl ar

enbodi ment ; MREhbEIG pitds pEintegdi hngatamsz‘ gcomburg @)lamemgrnalar}eelabq)cbmsm p between
a currgp) pix IGaQ DRIGERAi cji%g M'fé@é@ldlﬁﬁ ta@goc%gk n@?gﬁ&aﬁﬂg& eldild:[]&' R ng a

dlrect|V|ty (dx accor an exe ry e I ment FIG 16 i's
a di agram f on é%ﬁgn%qdnlil aalrtgr?amg@et¢rﬁllaedr\@? Piorpteg bpivesn npighberaie Rielant
extended | i nenthgéfllcstguanﬁla&&ﬁ&m ltd Mlo(ﬂﬂ% exé&hip la dliimentt 0 a | ocation of a
current |er 2012/ 0087 /KR2 1 14 accor di n to an exenpl ary
embod Febk - 1 225 ) B eigeng d g B SRt RP i Sodet hod of
determ ni ng amemplhryeerphs(ﬁhimemt; on m)de d| r ect ion, according to exenplary
embodi mt S\ FIG.1lisa diagram for explaining a process of generating a prediction value of an
intra prediction mode of a current block, according to an exemplary embodiment;

[20] FIGS. 12 and 13 are reference diagrams for explaining a mapping process for
unifying intra prediction modes of blocks having different sizes, according to
exemplary embodiments;

[21] FIG. 14 is a reference diagram for explaining a process of mapping intra prediction
modes of a neighboring block to one of representative intra prediction modes,
according to an exemplary embodiment;

[22] FIG. 15 is a diagram for explaining a relationship between a current pixel and
neighboring pixels located on an extended line having a directivity (dx, dy), according
to an exemplary embodiment;

[23] FIG. 16 is a diagram for explaining a change in a neighboring pixel located on an

extended line having a directivity (dx, dy) according to a location of a current pixel,



[25] FIG 19 is a flowhart illustrating a nethod of encoding an inmage
through intra prediction, according to an exenplary enbodi nent; [26] FIG
20 i s a bvockixiostgpam il |l ustrating an apparatus for dec@®dagRan/ioaxge,
according to an exenplary enbodinent; and [27] FIG 21 is a flowhart
illustrating a nmethod of decoding an inmage through intra prediction,

accor di ng t 0,3k @ MPhREYenPR9ERBimenBest Mode for Carrying out the

| nvent i [ 28] cordi to ah aspgct of. an exenpl.ary enbodi nent, there is
provt et netHoa of oihf ¢ Pikaat P st He R PhduE™ e Thdbtioo

i ncl udi ng: dipwdiitiog neodeutireenon, prairding toéxeni@anyreagedimgngs;at | east one bl ock
havi ng pred r mna LA s m, ni | xel

nei ghb(gg?]ng bﬁ%@k%%ﬁ%ﬁ%s {/t lﬁg%%ﬁs ?%@%ﬁ%@g%%ﬁﬁ% t(ﬁﬁo(akﬂglt%t | east
one bl ock, a Pgidi@ionggccpring i agieremplagy pnbedkmsnong an extended |ine having a
predet gpgi ned Gadh 8 biaBOdhgltaReIRE tRingQh abPEamt féRRESiIANEN BhORKiccORRg
predicting the pixel of the at |east one block using the determ ned piXel
of the nei ghﬁ%?ﬁ?ﬁ’&nﬂ?l?ﬁ(l@m B1e%Ar di ng to anot her aspect of an exenpl ary
enbodi 2T, tHAGe21 & PpilovitdedllastiEhfadnaliod sftdeaoding ain ahagenhaeaghditiag an

i mge, the hod. i ncl udi.ng.; di vidi .rent picture of the imge into
at | east ong?)% dg(% Onhzzlac\#ﬂdén tOparnee 8%3?%’ %rgg&é{n%%{;' extracting intra prediction
mode i nf or matBest Mode fiordCaptyingeout thie lnypeetdont i on node applied to the at

| east bl ock frpom bitstre and .perfornming.intra predi ction o he at
oast a8 bi ockeoatdit & ahyisPe PR p RS eutoiah Rl egidede et oo
extract ed i ntutea peddiiat ermodmgce imago rtiramethnd ivthetiegd: dividing hevimbr@cture of

dict \ ! : ' : o : the at
Peact Cona" bl Sitmae Bl 1Rt ofte BRKAABANL AP LRI RIS dde i Sl | 1e &
pi xel s of t hemeaR ghtsbrafigeighberng blogk arsyigpshygeenistrp¢ied beforses pixel aftiee #i xel

of the at | eaakt SReIKOE Hids bBe ABIBYEENANEK 41D hawiBdied 1%%@151@@%@%
gr adi ent abog%tet he pi xel e at,

of th | east one bl ock. [30] Accarding.

anot her aspedfeaPings ZEadisnh b theiddi at l%aﬁ%?r@%l?%cdpﬁ@méﬁﬂ%H@r}ﬁfﬁfﬁs for
intra prediclbf @r #nkaochnedléuk usimaghe détBeniagppixal afshé nebhbtghiring bastki nt r a
predi ction unit that determ nes a pixel of a neighboring block from anong
P vl o 187" he AssbBRbs P BEReChiRb i e Bl fRAABROL R R et bt or o a
pi xel of a cumatlentofbhioe kredictivhdejadgernusiage theymestiod nadadihg:rbvidangi axgurznt
pr edet er m ned; icant: L I . dicts
Phe pi xel of ?%&ﬁ%@%.?%gﬁﬁgﬁﬁ:%ﬁhﬁﬁhﬁ%ﬁgﬁ e G URERImRlIClre: AR
nei ghbori ng BMECKedir8a] mage sHamion shat stieniss agd plee pregictian mode #ppligdyto the
enbodi ment, GIREG dn8 bRICR o bAktrcaRi ahd@péiSorhidfig 1nﬁh/rp@edi>étﬁﬁhcﬁ1tth@at1@m@ﬂé ng an

2 glgsmopcw KR2011/ 005214

i mage, the apparatus _ inclydi.ng an.intra 4. 20

e eti on aRRekdRalito Hia bt ARalbh Bndd indte EL T8 A BTt A Proicton

i ndi cat es an naeriafopnaihing thereimindie appl dratiction @mody arpé obh ocikhiadringtidodkmage
froma bitstrear . i redicti ren .

heoor di ng. ¢ o PLAR S RBpRFGY B TPl Rh e sRE e b e he MBREH L Mok Ueined,
predi ction mbien ampeg pisels of thevilegghdpring hlock erevittusly rpeandiredtedbefnrsdbe pikebi xel

of a nei ghboikpg a'?hé&%rﬁrb‘?&ﬁkﬁisﬁaéaanmxﬁhe@ﬁné R&i '!ifn%ﬁéteﬁhfﬂ% graﬁﬁ%t piogel of
t he nei ghbori ng bl ock determ ned from anong pi xel s of the neighboring bl ock

previously r&opiselahdhcedt g8t eeblodke pi xel of the current bl ock using an

ext endego]l i ne Aavidig ® MoRELHesi iTed egémplaBnémbBment herdis palvi@dd t he

current bl ock. Mbde.for thedJnventkgﬁg%%Zthh% exenEIar e odinqptS\MII
now be descr PBEHAHDFY TPt PYUEIPR oG B PREPRE %ﬁ%& &g " dPEWi ngs, in
whi ch t he exenplidon vartbbadideennean @ixehofmnei BB ring[b®ckifrars amobg pxlelsdif lgr am
illustrating BRRGY : i I 0 !

exenpl ary engganentﬁﬁﬁgiYﬂ%gfgféFﬁgﬁgg&%%ggﬂﬁ%gﬁﬁéggpgggggﬁggT%%nﬁﬁgkudes
an intra predf &rilBagynsing an exterdeddine bgviag i predetespingd aradiog abeutrfpg pigal of
conpensat i on gyddrehZBlocd ahll BEURAE the tpi@N of e MBEEABISN dsinkIfe deteAHiRBd p&at | on
unit 140, an tropy. encoder 150, an inverse quantization unit 160, a

f requency in@gﬁ§éﬁﬁﬁﬁﬁg?% 96Ki on unit 170, a debl ocking unit 180, and a

| oop fi[Btleri nGAdeniding &anofhdbhspébieofrmtekompst émBidimantthete id ebvaded dnhe noti on
conpensati on aunirtituQ'FSr iB&d fr%r 1c ii nhgrodpnr eacrili iCtai Qr{hé Qatara% Vii glt%aina aiqh Iﬁ?nt frame
105 of a curr pléfure Pngo B 6EXs, "SR Ravihg A preBe er 'neﬁzsize, and
searches for a prediction value of each of the blocks in a reference
picture. [36] The intra prediction unit 110 perforns intra prediction that
searches for a prediction value of a current block by using pixels of

nei ghbori ng bl ocks of a current picture. In particular, the intra
prediction unit 110 additionally performs intra prediction nodes having
various directivities by using (dx, dy) paraneters in addition to a
conventional intra prediction node. The added intra prediction nodes

. a S " B I Y . r ~=1



[40] FIG 2 is a diagramillustrating g nunber of intra prediction nodes
according to a size of a current block, according to an exenplary

enbodi merwo 2pigosAmonunber of intra prediction nodes to PETARIIAWD5I10 a

bl ock may vary according to a size of the block. For exanple, referring to
FIG 2, when a size of a block to be intrapredicted is NxN, a nunber of
intra predi chiQietdmRdRs Bateahdy ml%rpfr&ﬁ&ﬁﬁ BedERfdmalioPtRekdidaRY! 'aﬁ&'htra
respective S|ze$ of 2(3 f4 8x8, gﬁG é%x32 64x64, .and 128x12§

set to be 5, Pedigionmodeppplied togqireny blgck plethe Jmpeefromahiisigan ynd per R, a
nunber of i ntiitea predidiict o thermiest tﬂ@dlu&bblyhﬂg&bfﬂwﬂiﬁdpl/@ﬁdtm rﬂ@decmdibﬂgdt 0 a
size of a bl gv l%1’1e S)gtrncﬁedcfr\{t(raa{ hr% dtlf oL § dl n ﬁér‘éfnin?% 1nga T rgl,hc {oHa“ on
vari es accor V ot ive "SR Y hE” er wor PR HNe“Case of a
bl ock havi ng na)dsnaptxeb@fzaetelgtbphoglgloctc Ipeedbdtm lolxeh@ﬁtbe e@rrentblm‘kl thparxel of an
entire inmageg, uch as a
oredi ot on e g ERfe bRl Kb RS Mol fioRRuA pixaRal uleleli BB LBk

Accor di ngl y, Previgish) isequstacied gefqrasthg pixel pi e Perreﬁé%%dlsw atﬁseixf%@d?‘bbnermny
prediction mhd@tﬁg aﬁ)remeterﬁlﬁ{e@ gﬁ'ﬁﬁerﬁﬁbbﬁt(ﬂi SEf thdh@rRybloeduci ng conpr essi on

efficiency e ck having a |l arge size, for exanple, a size
greater than@aﬁﬁ’ g‘ﬁ} E‘Etected as a block for a flat area of an

i mage, [sfen thﬁlemxeteblah;ammlmhets |Vﬁﬂ®©WSjeZ@s¢r&)eﬁ@ﬁ<ﬁ€@lﬁllWltﬂ%f@l@n&&@ thany
prediction rmde

conpressi on . ef S0 be reduc 2]
hccor di ngly. ST dryingl S Shich B EXael iy Gt R P A0V M ed i nto at
| east t[B3lee sdﬁ@slmﬂahmé@dmggﬁtﬂthMH@amtmpmegeﬂpoﬂMZmN@bﬁ@zmﬁmﬁ& N2 is an
i nteger), an g@_ihg. eger), a number of intra prediction
nodes to be g‘:&? on gleﬁlb%a aé\;lftng the size of N1 xN1L is Al (Al is
a posi tidle i ntPeeéem}lg t%Flﬁtdbﬂte appatiafsrIQ0 prdeies un dirapyadistionpube] Heemutinad on

the bl ock haviggatidyent 122© 2indNx Ngmbénségor( éh%t %5 %f%ﬁéﬁdy\t&n'sﬂ%hﬁ%&umtand a
nunber of intra predi.ct]

per f or | o havi n e
si ze of N3xN33P< %ent%lqnéma ﬁém Py ﬁf‘%ﬂfét ?50, 2P ltverSﬁrﬂé%tﬂféﬁP% u’tnhgﬁ(g’a
nunber of i ntarfeeqperyiiatdrantrimédatmation beit pe0,faatebhdkiagaaitdig0garida laos Finerigf
each bl ock |s §eP to satisfy a relationship of A3=A1=A2. That is, when a
current plcture g roughly divided into a bl ock having a small size, a
bl ock ha¥li ng drheimotemmstimatien siiz €30 amitha nisition komaeisagomuhial Yepegfarm infer i s
preferable v,
gr eat est nun%g‘grdl%%%tgfr?%gﬁ%?‘%%ané@m Byt fimt rjb?Bﬂg%‘Fé lgrtg/flhtg bfifks tegdﬂ %ﬂe
and the bl ocR Hﬁ%ﬂﬁ%@l&eﬁémea%@éeetctles @r @ pigshictiop m&v@ &aghep ettlt blep 1§r?al |
nurrber of ré&@&@é&k@@@?QOPCﬂ KR2011/ 005214 prediction nodes. However, the
pr ese xenpl.ary enbodi nent m.t ed t er.et and t he bl oc haV| ng
P emintT o1 et REdisBE R4 RETorHS Mt T oty s B Aupedis
gr eat nunbervﬁheptedunmndﬂxﬁﬂ@e&ngﬁnmﬂmbﬁmagﬂbqmmg@kﬁksoﬁamndQSpumnyﬂng
according to I . I ust.rat i |G .2 ] and
may be change)grt‘isclj%g’]‘tﬂ%n&%%ge(ﬁést%%%&l‘éalgl pf%dﬁ%)rgglg(%rg}rﬁs rltrgtr_at %F glgtl%?% ction
nodes appl i edaviog yahduschrepavitiggbaupnedist ey rpanadetels 2e addideniod mvemumﬁl
exenpl ary enbqagj Iﬂ%&ﬁfﬁtlm{ fidlie. Hq;eeaﬁﬁéd]ﬁhtﬁa%réall%n Rodl QCc’%)rdlYi@ %th'egﬁés@nt

prediction is perfornmed on a aV|n? a size of 4x4, the bl ock having
the size of &Xempiagy %Wuae%wtl.b@aﬂxpmé {fode 0), a horizontal node (rode

1), a garject @usident valke)of MRAineADEBcire gandth@dbagd dﬂcavmedheﬁctn vageo(pmde

or i zont ab ook Mbaur AateTe) ok FORF thartbfco e fihe 775 S )

hori zont al uputppdas quandeedd)ansfotf]cobftigientds theough dhcafjequendyt frarstoratatiog unit
di rections of t nodes of FIG 3, according to an
exenplar enﬁgégﬁ%ﬁg(ﬁ%mﬂéﬁg§ﬁﬁkQQonuneraI shown at an end of an arrow
denot ed38 cor repswaeizeg tiwpefer spefEcighisnrgresrast poesidusl pepesohraghithe a

di :ﬁCtl 03 ”H'iﬂtﬁ%gset RinahitRiiBh hﬁlW16¢r|§ﬁ&tthetf%%u€ﬂl‘§%\?erée5 tﬁn%nﬁtﬁﬂhﬁﬁt' 190, Jﬂa]ge

Wi no directivi us i s not sho a di or
expl ai ning af’§ ﬁ‘?ttPngﬁF%g‘taétVP]Gﬁs %retpﬁecprﬁte%fe&rthea‘g%Hﬁeﬁ?@f’%keewnm RBHlef eed i n
FIG 3, accoﬂ@bprmtetrmgamltewemh afeyougpihoclh mﬁeﬁence{ #aithe Red. eﬂhelqmgnttzedFl G 5 a
prediction blo n ar urrent
bl ock in an é%?l'(f : Fgeefﬁcte%s mayb%/e “t%li)“g%S rrff;)c}gtr tagr]’%%hge&ﬁ i § emmP% e““f“%

bl ock. For exanple, an operation of predlctlon encodi ng a current bl ock
having a size of 4x4 in the node O of FIG 3, that is, the vertical node,

wi |l be explained. First, pixel values of pixels A through D adjacent above
the current bl ock having the size of 4x4 are predicted to be pixel values
of the current block having the size of 4x4. That is, a pixel value of the
pixel Ais predicted to be pixel values of four pixels included in a first
colunn of the current block haV|ng the si ze of 4x4 a p|er vaIue of the

Y rr o -



mode # dx dy node 4 1 -1 node 18 1 -11gwde 5 1 1 node 19 1 -7 node 6 1 2
mode 20 3 -10 node 7 2 1 node 21 5

WO 2012/008790 PCT/KR2011/005214
150.
[39] Intra prediction performed by the intra prediction unit 110 of FIG. 1 will be

explained in detail. An intra prediction method for improving image compression ef-
ficiency will be explained by assuming a codec that may perform compression
encoding by using a block having a size greater or less than 16x16 as a coding unit, not
a conventional codec such as H.264 that performs encoding based on a macroblock
having a size of 16x16.

[40] FIG. 2 is a diagram illustrating a number of intra prediction modes according to a
size of a current block, according to an exemplary embodiment.

[41] A number of intra prediction modes to be applied to a block may vary according to a
size of the block. For example, referring to FIG. 2, when a size of a block to be intra-
predicted is NxN, a number of intra prediction modes actually performed on each of
blocks having respective sizes of 2x2, 4x4, 8x8, 16x16, 32x32, 64x64, and 128x128
may be settobe 5,9,9, 17, 33, 5, and 5 (in the case of Example 2). As such, a number
of intra prediction modes actually performed varies according to a size of a block,
since overhead for encoding prediction mode information varies according to the size
of the block. In other words, in the case of a block having a small size, although the
block occupies a small part of an entire image, overhead for transmitting additional in-
formation, such as a prediction mode of the block having the small size, may be high.
Accordingly, if a block having a small size is encoded by using too many prediction
modes, a bit rate may be increased, thereby reducing compression efficiency. Also,
since a block having a large size, for example, a size greater than 64x64, is often
selected as a block for a flat area of an image, when the block having the large size is
encoded by using too many prediction modes, compression efficiency may also be
reduced.

[42] Accordingly, in FIG. 2, if sizes of blocks are roughly classified into at least three
sizes NIxXN1(2=N1=8, N1 is an integer), N2xN2(16=N2=32, N2 is an integer), and
N3xN3(64=N3, N3 is an integer), a number of intra prediction modes to be performed
on the block having the size of N1xN1 is Al (Al is a positive integer), a number of
intra prediction modes to be performed on the block having the size of N2xN2 is A2
(A2 is a positive integer), and a number of intra prediction modes to be performed on
the block having the size of N3xN3 is A3 (A3 is a positive integer), it is preferable that
a number of intra prediction modes to be performed according to a size of each block is
set to satisfy a relationship of A3=A1=A2. That is, when a current picture is roughly
divided into a block having a small size, a block having an intermediate size, and a
block having a large size, it is preferable that the block having the intermediate size is
set to have a greatest number of prediction modes, and the block having the small size

and the block having the large size are set to have a relatively small number of
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prediction modes. However, the present exemplary embodiment is not limited thereto,
and the block having the small size and the block having the large size may be set to
have a great number of prediction modes. A number of prediction modes varying
according to a size of each block illustrated in FIG. 2 is an example, and may be
changed.

[43] FIG. 3 is a diagram for explaining intra prediction modes applied to a block having a
predetermined size, according to an exemplary embodiment.

[44] Referring to FIGS. 2 and 3, when intra prediction is performed on a block having a
size of 4x4, the block having the size of 4x4 may have a vertical mode (mode 0), a
horizontal mode (mode 1), a direct current (DC) mode (mode 2), a diagonal down left
mode (mode 3), a diagonal down right mode (mode 4), a vertical right mode (mode 5),
a horizontal down mode (mode 6), a vertical left mode (mode 7), and a horizontal up
mode (mode 8).

[45] FIG. 4 is a diagram illustrating directions of the intra prediction modes of FIG. 3,
according to an exemplary embodiment. In FIG. 4, a numeral shown at an end of an
arrow denotes a corresponding mode value when prediction is performed in a direction
marked by the arrow. Here, the mode 2 is a DC prediction mode with no directivity,
and thus is not shown.

[46] FIG. 5 is a diagram for explaining an intra prediction method performed on the block
illustrated in FIG. 3, according to an exemplary embodiment.

[47] Referring to FIG. 5, a prediction block is generated by using neighboring pixels A-M
of a current block in an available intra prediction mode determined by a size of a
block. For example, an operation of prediction-encoding a current block having a size
of 4x4 in the mode 0 of FIG. 3, that is, the vertical mode, will be explained. First, pixel
values of pixels A through D adjacent above the current block having the size of 4x4
are predicted to be pixel values of the current block having the size of 4x4. That is, a
pixel value of the pixel A is predicted to be pixel values of four pixels included in a
first column of the current block having the size of 4x4, a pixel value of the pixel B is
predicted to be pixel values of four pixels included in a second column of the current
block having the size of 4x4, a pixel value of the pixel C is predicted to be pixel values
of four pixels included in a third column of the current block having the size of 4x4,
and a pixel value of the pixel D is predicted to be pixel values of four pixels included
in a fourth column of the current block having the size of 4x4. Next, a residual between
actual pixel values of pixels included in the original 4x4 current block and pixel values
of pixels included in the 4x4 current block predicted by using the pixels A through D is
obtained and encoded.

[48] FIG. 6 is a diagram for explaining intra prediction modes applied to a block having a

predetermined size, according to another exemplary embodiment.
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[49] Referring to FIGS. 2 and 6, when intra prediction is performed on a block having a
size of 2x2 or 128x128, the block having the size of 2x2 or 128x128 may have 5
modes: a vertical mode, a horizontal mode, a DC mode, a plane mode, and a diagonal
down right mode.

[50] Meanwhile, if a block having a size of 32x32 includes 33 intra prediction modes as
shown in FIG. 2, it is necessary to set directions of the 33 intra prediction modes. In
order to set intra prediction modes having various directions other than the intra
prediction modes illustrated in FIGS. 4 and 6, a prediction direction for selecting a
neighboring pixel to be used as a reference pixel about a pixel in a block is set by using
(dx, dy) parameters. For example, when each of the 33 prediction modes is represented
as a mode N (N is an integer from O to 32), a mode 0 may be set to be a vertical mode,
a mode 1 may be set to be a horizontal mode, a mode 2 may be set to be a DC mode, a
mode 3 may be set to be a plane mode, and each of a mode 4 through a mode 32 may
be set to be a prediction mode having a directivity of tan"!(dy/dx) represented as one of
(dx, dy) that is expressed 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), (2,7), (5,-7), and (4,-3) as shown in
Table 1.

[51] Table 1
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The mode O is a vertical mode, the mode 1 is a horizontal mode, the mode 2 is a DC

mode, the mode 3 is a plane mode, and the mode 32 is a bilinear mode.

[52]

[53]

[54]

[55]

A last mode 32 may be set to be a bilinear mode using bilinear interpolation as will
be described later with reference to FIG. 10.

FIG. 7 is a reference diagram for explaining intra prediction modes having various

directivities, according to an exemplary embodiment.

As described with reference to Table 1, intra prediction modes may have various di-

rectivities of tan’'(dy/dx) by using a plurality of (dx, dy) parameters.

Referring to FIG. 7, neighboring pixels A and B located on an extended line 700

having a gradient of tan"!'(dy/dx) that is determined according to (dx, dy) of each mode

shown in Table 1 about a current pixel P to be predicted in a current block may be used

as a predictor for the current pixel P. In this case, it is preferable that the neighboring

pixels A and B used as a predictor are pixels of neighboring block at up, left, right up,

and left down sides of the current block, which are previously encoded and restored.

Also, if the extended line 700 passes between, not through, neighboring pixels of

integer locations, neighboring pixels closer to the current pixel P from among

ring
ctor
i on
of
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[ 104] Prediction nodes described with ggeference to FIGS. 15 through 18 may
be defined as a prediction node having a directivity of tan-'(dy/dx) by
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to the current block to one of 9 intra prediction modes as shown in FIG. 4, the mode 4
(down right) having a most similar directivity to the directivity of 36.87 (degrees) may
be selected. That is, the mode 14 in Table 1 may be mapped to the mode 4 illustrated in
FIG. 4. Likewise, if an intra prediction mode applied to the current block is selected to
be the mode 15, that is, (dx, dy)=(1,11), from among the 33 available intra prediction
modes of Table 1, since a directivity of the intra prediction mode applied to the current
block is tan!(11) =84.80 (degrees), the mode O (vertical) of FIG. 4 having a most di-
rectivity to the directivity of 84.80 (degrees) may be mapped to the mode 15.

[76] Meanwhile, in order to decode a block encoded through intra prediction, prediction
mode information about through which intra prediction mode a current block is
encoded is required. Accordingly, when an image is encoded, information about an
intra prediction mode of a current block is added to a bitstream, and at this time, if the
information about the intra prediction mode is added as it is to the bitstream for each
block, overhead is increased, thereby reducing compression efficiency. Accordingly,
the information about the intra prediction mode of the current block that is determined
as a result of encoding of the current block may not be transmitted as it is, but only a
difference value between a value of an actual intra prediction mode and a prediction
value of an intra prediction mode predicted from neighboring blocks may be
transmitted.

[77] If intra prediction modes having various directions are used according to the present
exemplary embodiment, a number of available intra prediction modes may vary
according to a size of a block. Accordingly, in order to predict an intra prediction mode
of a current block, it is necessary to map intra prediction modes of neighboring blocks
to representative intra prediction modes. Here, it is preferable that the representative
intra prediction modes may be a smaller number of intra prediction modes from among
intra prediction modes of available neighboring blocks, or 9 intra prediction modes as
shown in FIG. 14.

[78] FIG. 11 is a diagram for explaining a process of generating a prediction value of an
intra prediction mode of a current block, according to an exemplary embodiment.

[79] Referring to FIG. 11, when a current block is A 110, an intra prediction mode of the
current block A 110 may be predicted from intra prediction modes determined from
neighboring blocks. For example, if a determined intra prediction mode determined
from a left block B 111 of the current block A 110 is a mode 3 and an intra prediction
mode determined from an up block C 112 is a mode 4, an intra prediction mode of the
current block A 110 may be predicted to be the mode 3 having a smaller value from
among the prediction modes of the up block C 112 and the left block B 111. If an intra
prediction mode determined as a result of actual intra prediction encoding performed

on the current block A 110 is a mode 4, only a difference 1 from the mode 3 thatis a
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value of the intra prediction mode predicted from the neighboring blocks B 111 and C
112 is transmitted as intra prediction mode information. When an image is decoded, in
the same manner, a prediction value of an intra prediction mode of a current block is
generated, a mode difference value transmitted through a bitstream is added to the
prediction value of the intra prediction mode, and intra prediction mode information
actually applied to the current block is obtained. Although only the neighboring blocks
located on the upper and left sides of the current block are used, an intra prediction
mode of the current block A 110 may be predicted by using other neighboring blocks
as shown in FIG. 11E and FIG. 11D.

[80] Meanwhile, since intra prediction modes actually performed vary according to a size
of a block, an intra prediction mode predicted from neighboring blocks may not be
matched to an intra prediction mode of a current block. Accordingly, in order to predict
an intra prediction mode of a current block from neighboring blocks having different
sizes, a mapping process of unifying intra prediction modes of the blocks having
different intra prediction modes is required.

[81] FIGS. 12 and 13 are reference diagrams for explaining a mapping process for
unifying intra prediction modes of blocks having different sizes, according to
exemplary embodiments.

[82] Referring to FIG. 12, it is assumed that a current block A 120 has a size of 16x16, a
left block B 121 has a size of 8x8, and an upper block C 122 has a size of 4x4. Also, as
shown in Example 1 of FIG. 2, it is assumed that numbers of available intra prediction
modes of the blocks having the sizes of 4x4, 8x8, and 16x16 are 9, 9, and 33. In this
case, since the numbers of the available intra prediction modes of the left block B 121
and the upper block C 122 are different from the number of the available intra
prediction modes of the current block A 120, an intra prediction mode predicted from
the left block B 121 and the up block C 122 is not suitable to be used as a prediction
value of an intra prediction mode of the current block A 120. Accordingly, in FIG. 12,
intra prediction modes of the neighboring block B 121 and the neighboring block C
122 are respectively changed to first and second representative intra prediction modes
having a most similar direction from among a predetermined number of representative
intra prediction modes as shown in FIG. 14, and a mode having a smaller mode value
is selected from the first and second representative intra prediction modes as a final
representative intra prediction mode. An intra prediction mode having a most similar
direction to the final representative intra prediction mode selected from the intra
prediction modes available according to a size of the current block A 120 is predicted
to be an intra prediction mode of the current block A 120.

[83] Alternatively, referring to FIG. 13, it is assumed that a current block A 130 has a size
of 16x16, a left block B 133 has a size of 32x32, and an upper block C 132 has a size
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of 8x8. Also, as shown in Example 1 of FIG. 2, it is assumed that numbers of available
intra prediction modes of the blocks having the sizes of 8x8, 16x16, and 32x32 are 9,
9, and 32. Also, it is assumed that an intra prediction mode of the left block B 133 is a
mode 4, and an intra prediction mode of the upper block C 132 is a mode 31. In this
case, since the intra prediction modes of the left block B 133 and the up block C 132
are not compatible with each other, each of the intra prediction modes of the left block
B 133 and the upper block C 132 is mapped to one of representative intra prediction
modes, as shown in FIG. 14. Since the mode 31 that is the intra prediction mode of the
left block B 133 has a directivity of (dx, dy)=(4, -3) as shown in Table 1, the mode 31
is mapped to a mode 5 having a most similar directivity to tan-'(-3/4) from among the
representative intra prediction modes of FIG. 14, and since the mode 4 has the same di-
rectivity as that of a mode 4 from among the representative intra prediction modes of
FIG. 14, the mode 4 that is the intra prediction mode of the upper block C 132 is
mapped to the mode 4.

Next, the mode 4 having a smaller mode value from among the mode 5 that is the
mapped intra prediction mode of the left block B 133 and the mode 4 that is the
mapped intra prediction mode of the up block C 132 may be determined to be a
prediction value of an intra prediction mode of the current block A 130, and only a
mode difference value between an actual intra prediction mode and a predicted intra
prediction mode of the current block A 130 may be encoded as prediction mode in-
formation of the current block A 130.

FIG. 14 is a reference diagram for explaining a process of mapping intra prediction
modes of neighboring blocks to one of representative intra prediction modes, according
to an exemplary embodiment. In FIG. 14, as representative intra prediction modes, a
vertical mode 0, a horizontal mode 1, a DC mode (not shown), a diagonal down left
mode 3, a diagonal down right mode 4, a vertical right mode 5, a horizontal down
mode 6, a vertical left mode 7, and a horizontal up mode 8 are set. However, the repre-
sentative intra prediction modes are not limited thereto and may be set to have a
various number of directivities.

Referring to FIG. 14, a predetermined number of representative intra prediction
modes are previously set, and intra prediction modes of neighboring blocks are
mapped to a representative intra prediction mode having a most similar direction. For
example, if a determined intra prediction mode of a neighboring block is an intra
prediction mode MODE_A 140 having a directivity, the intra prediction mode
MODE_A 140 of the neighboring block is mapped to MODE 1 having a most similar
direction from among 9 preset representative intra prediction modes 1 through 9. If a
determined intra prediction mode of a neighboring block is an intra prediction mode
MODE_B 141 having a directivity, the intra prediction mode MODE_B 141 of the
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neighboring block is mapped to MODE 5 having a most similar direction from among
the 9 preset representative intra prediction modes 1 through 9.

As such, if available intra prediction modes of neighboring blocks are not the same,
the intra prediction modes of the neighboring blocks are mapped to representative intra
prediction modes, and an intra prediction mode having a smallest mode value is
selected as a final representative intra prediction mode of the neighboring blocks from
among the mapped intra prediction modes of the neighboring blocks. As such, the
reason why a representative intra prediction mode having a smaller mode value is that
a smaller mode value is set to more often generated intra prediction modes. That is, if
different intra prediction modes are predicted from neighboring blocks, since an intra
prediction mode having a smaller mode value has a higher occurrence possibility, it is
preferable to select a prediction mode having a smaller mode value as a predictor for a
prediction mode of a current block when there are different prediction modes.

Sometimes, although a representative intra prediction mode is selected from
neighboring blocks, the representative intra prediction mode may not be used as the
representative intra prediction mode is as a predictor for an intra prediction mode of a
current block. For example, if the current block A 120 has 33 intra prediction modes
and a representative intra prediction mode has only 9 representative intra prediction
modes, as described with reference to FIG. 12, an intra prediction mode of the current
block A 120 corresponding to a representative intra prediction mode does not exist. In
this case, in a similar manner to that used to map intra prediction modes of neighboring
blocks to a representative intra prediction mode as described above, an intra prediction
mode having a most similar direction to a representative intra prediction mode selected
from available intra prediction modes according to a size of a current block may be
selected as a final predictor for an intra prediction mode of the current block. For
example, if a representative intra prediction mode finally selected from neighboring
blocks in FIG. 14 is a mode 6, an intra prediction mode having a most similar di-
rectivity to that of the mode 6 from among intra prediction modes available according
to the size of the current block may be finally selected as a predictor for the intra
prediction mode of the current block.

Meanwhile, as described above with reference to FIG. 7, if a predictor for the current
pixel P is generated by using neighboring pixels on or close to the extended line 700,
the extended line 700 has actually a directivity of tan-'(dy/dx). Since division (dy/dx) is
needed in order to calculate the directivity, when hardware or software is used, cal-
culation is made down to decimal places, thereby increasing the amount of calculation.
Accordingly, it is preferable that when a prediction direction for selecting neighboring
pixels to be used as reference pixels about a pixel in a block is set by using (dx, dy) pa-

rameters in a similar manner to that described with reference to Table 1, dx and dy are
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set to reduce the amount of calculation.

[90] FIG. 15 is a diagram for explaining a relationship between a current pixel and
neighboring pixels located on an extended line having a directivity of (dx, dy),
according to an exemplary embodiment.

[91] Referring to FIG. 15, it is assumed that a location of a current pixel P 1510 located
on an ith place (i is an integer) based on an up border of a current block and a jth place
(j is an inter) based on a left border of the current block is P(j,i), and an upper
neighboring pixel and a left neighboring pixel located on an extended line passing
through the current pixel P 1510 and having a directivity, that is, a gradient, of tan-!
(dy/dx) are respectively A 1520 and B 1530. Also, when it is assumed that locations of
up neighboring pixels correspond to an X-axis on a coordinate plane and locations of
left neighboring pixels correspond to a Y-axis on the coordinate plate, it is found by
using a trigonometric ratio that the upper neighboring pixel A 1520 meeting the
extended line is located on (j+1*dx/dy,0) and the left neighboring pixel B 1530 meeting
the extended line is located on (0,i+j*dy/dx). Accordingly, to determine any one of the
up neighboring pixel A 1520 and the left neighboring pixel B 1530 for predicting the
current pixel P 1510, division, such as dx/dy or dy/dx, is required. Since division is
very complex as described above, a calculation speed of software or hardware may be
reduced.

[92] Accordingly, a value of at least one of dx and dy representing a directivity of a
prediction mode for determining neighboring pixels used for intra prediction may be
determined to be a power of 2. That is, when n and m are integers, dx and dy may be
respectively 2”n and 2”m.

[93] Referring to FIG. 15, if the left neighboring pixel B 1530 is used as a predictor for
the current pixel P 1510 and dx has a value of 2”n, j*dy/dx needed to determine
(0,i+j*dy/dx) that is a location of the left neighboring pixel B 1530 becomes
(1*dy)/(2”n), and division using such a power of 2 is easily obtained by shift operation
as (i*dy)>>n thereby reducing the amount of calculation.

[94] Likewise, if the up neighboring pixel A 1520 is used as a predictor for the current
pixel P 1510 and dy has a value of 2*m, i*dx/dy needed to determine (j+i*dx/dy,0)
that is a location of the up neighboring pixel A 1520 becomes (i*dx)/(2"m), and
division using such a power of 2 is easily obtained by shift operation as (i*dx)>>m.

[95] FIG. 16 is a diagram for explaining a change in a neighboring pixel located on an
extended line having a directivity of (dx, dy) according to a location of a current pixel,
according to an exemplary embodiment.

[96] One of an up neighboring pixel and a left neighboring pixel located on an extended
line passing through a current pixel is selected as a neighboring pixel necessary for

prediction according to a location of the current pixel and a gradient of the extended
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line.
[97] Referring to FIG. 16, when a current pixel 1610 is P(j,1) and is predicted by using a

[98]

[99]

[100]

[101]

[102]

neighboring pixel located on an extended line having a gradient, an upper pixel A is
used to predict the current pixel P 1610. When a current pixel 1620 is Q(b,a), a left
pixel B is used to predict the current pixel Q 1620.

If only a dy component of a Y-axis direction from among (dx, dy) representing a
prediction direction has a power of 2 like 2”m, the upper pixel A in FIG. 16 may be
determined by shift operation or the like as (j+(1*dx)>>m, 0) without division, but the
left pixel B requires division as shown in (0, a+b*2*m/dx). Accordingly, in order to
exclude division when a predictor is generated for all pixels of a current block, all of
dx and dy should have a type of power of 2.

FIGS. 17 and 18 are diagrams for explaining a method of determining an intra
prediction mode direction, according to exemplary embodiments.

In general, there are many cases where linear patterns shown in an image or a video
signal are vertical or horizontal. Accordingly, when intra prediction modes having
various directivities are defined by using (dx, dy) parameters, image coding efficiency
may be improved by defining values of dx and dy. For example, an absolute values of
dx and dy are set such that a distance between prediction directions close to a
horizontal direction or a vertical direction is narrow and a distance between prediction
modes close to a diagonal direction is wide.

In detail, referring to FIG. 17, if dy has a fixed value of 2”n, an absolute value of dx
may be set such that a distance between prediction directions close to a vertical
direction is narrow and a distance between prediction modes closer to a horizontal
direction is wider. In other words, an absolute value of dx may be set such that a
distance between prediction directions close to a vertical direction is narrow and a
distance between prediction modes closer to a diagonal(+45 or -45 degree) direction is
wider. That is, if dy has a fixed value that is a power of 2, a distance may be set to
decrease as an absolute value of dx is closer to O such that the distance decreases as a
direction of an extended line is closer to a vertical direction, and the distance may be
set to increase as the absolute value of dx is farther from O such that the distance
increases as the direction of the extended line is closer to a horizontal direction. For
example, as shown in FIG. 17, if dy has a value of 274, that is, 16, a value of dx may
be setto be 1,2,3,4,6,9,12, 16,0,-1,-2,-3,-4,-6,-9,-12, and -16, such that a distance
between extended lines close to a vertical direction may be narrow and a distance
between extended lines close to a horizontal direction may be wide.

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

and a distance between prediction modes closer to a vertical direction is wider. . In
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other words, an absolute value of dy may be set such that a distance between prediction
directions close to a horizontal direction is narrow and a distance between prediction
modes closer to a diagonal(+45 or -45 degree) direction is wider. That is, when dx has
a fixed value that is a power of 2, a distance may be set to be reduced as an absolute
value of dy is closer to O such that the distance decreases as a direction of an extended
line is closer to a horizontal direction, and the distance may be set to increase as an
absolute value of dy is farther from O such that the distance increases as the direction
of the extended line is closer to the horizontal direction. For example, as shown in FIG.
18, when dx has a value of 2”4, that is, 16, a value of dy may be set to be
1,2,3,4,6,9,12, 16,0,-1,-2,-3,-4,-6,-9,-12, and -16 such that a distance between extended
lines close to a horizontal direction may be narrow and a distance between extended
lines close to a vertical direction may be wide.

Also, when a value of any one of dx and dy is fixed, a value of the remaining one
may be set to be increased according to a prediction mode. In detail, when dy is fixed,
a distance between dxs may be set to increase by a predetermined value. For example,
if a value of dy is fixed to 16, dx may be set such that an absolute value difference
between different dxs is increased by 1, like 0, 1, 3, 6, and 8. Also, an angle between a
horizontal direction and a vertical direction may be divided in predetermined units, and
such an increased amount may be set in each of the divided angles. For example, if dy
is fixed, a value of dx may be set to have an increased amount of 'a' in a section less
than 15 degrees, an increased amount of 'b' in a section between 15 degrees and 30
degrees, and an increased amount of 'c' in a section grater than 30 degrees. In this case,
in order to have such a shape as shown in FIG. 17, the value of dx may be set to satisfy
a relationship of a<b<c.

Prediction modes described with reference to FIGS. 15 through 18 may be defined as
a prediction mode having a directivity of tan-!(dy/dx) by using (dx, dy) as shown in
Table 2 through Table 4.

Table 2
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[ Table 4] [Table 1 dx Dy dx dy dx dy -32 32 23 32
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[Table 2]

[Table |

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

[106] Table 3
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[Table 3]
[Table ]
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
-1 32 32 -6
0 32 32 -3
1 32 32 -1
3 32 32 0
6 32 32 1
10 32 32 3
14 32 32 6

[107] Table 4
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[Table 4]
[Table |
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
0 32 32 -7
3 32 32 -3
7 32 32 0
11 32 32 3
15 32 32 7
19 32 32 11

[108] As described above with reference to FIG. 15, a location of a current pixel P located

[109]

on an ith place based on an up border of a current block and a jth place based on a left
border of the current block is P(j,1), and an upper neighboring pixel A and a left
neighboring pixel B located on an extended line passing through the current pixel P
and having a gradient of tan"!(dy/dx) are located on (j+i*dx/dy,0) and (0,i+j*dy/dx), re-
spectively. Accordingly, when intra prediction is performed by using software or
hardware, calculation like i*dx/dy or j*dy/dx is needed.

When calculation like 1*dx/dy is needed, available values of dx/dy or C*dx/dy
obtained by multiplying a predetermined constant C may be stored in a table and
locations of neighboring pixels used to intra predict a current pixel may be determined
by using the value stored in the table which is previously prepared during actual intra
prediction. That is, various values of (dx, dy) determined according to prediction
modes as shown in Table 1 and available values of 1*dx/dy considering a value of I de-
termined according to a size of a block may be previously stored in a table and may be
used during intra prediction. In detail, if C*dx/dy has N different number of values, the
N different number of values of C*dx/dy may be stored as dyval_table[n] (n=0... an
integer to N-1).
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Likewise, when calculation like j*dy/dx is needed, available values of dy/dx or
C*dy/dx obtained by multiplying a predetermined constant C may be previously stored
in a table and locations of neighboring pixels used to intra predict a current pixel may
be determined by using the values stored in the table that is previously prepared during
actual intra prediction. That is, various values of (dx, dy) determined according to
prediction modes as shown in Table 1 and available values of j*dy/dx considering a
value of j determined according to a size of a block may be previously stored in a table
and may be used for intra prediction. In detail, when C*dy/dx has N different number
of values, the N different number of values of C*dy/dx may be stored as
dxval_table[n] (n=0... an integer to N-1).

As such, once values of C*dx/dy or C*dy/dx are previously stored in a table,
locations of pixels of a neighboring block to be used to predict a current pixel may be
determined by using values stored in the table corresponding to i*dx/dy and j*dy/dx
without additional calculation.

For example, it is assumed that in order to form prediction modes in a similar shape
to that shown in FIG. 17, dy is 32, dx is one of {0, 2, 5,9, 13, 17, 21, 26, and 32}, and
a constant C is 32. In this case, since C*dy/dx is 32*32/dx and has one from among
values {0, 512, 205, 114, 79, 60, 49, 39, and 32} according to a value of dx, the values
{0, 512, 205, 114,79, 60, 49, 39, and 32} may be stored in a table and may be used for
intra prediction.

FIG. 19 is a flowchart illustrating a method of encoding an image through intra
prediction, according to an exemplary embodiment.

Referring to FIG. 19, in operation 1910, a current picture is divided into at least one
block having a predetermined size. As described above, the current picture is not
limited to a macroblock having a size of 16x16, and may be divided into blocks hazing
sizes of 2x2, 4x4, 8x8, 16x16, 32x32, 64x64, 128x128, or a greater size.

In operation 1920, a pixel of a neighboring block to be used to predict each of pixels
inside the current block is determined from among pixels of the neighboring block
which are previously reconstructed by using an extended line having a predetermined
gradient. As described above, a location of a current pixel P located on an ith place
based on an upper border of the current block and located on a jth place based on a left
border of the current block is P(j,1), and an up neighboring pixel and a left neighboring
pixel located on an extended line passing through the current pixel P and having a
gradient of tan"!(dy/dx) are located respectively on (j+i*dx/dy,0) and (0,i+j*dy/dx). In
order to reduce the amount of calculation of dx/dy and dy/dx needed to determine the
location of the neighboring pixel, it is preferable that a value of at least one of dx and
dy is a power of 2. Also, if available values of dx/dy and dy/dx or values obtained by

multiplying the values of dx/dy and dy/dx by a predetermined constant are previously
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I T Y b1 I 7~ = e o -y L,




[Claim31The nethod of claim1, whereipgthe gradient is tanAdy/dx) (dx and
dy are integers) and an absolute values of dx and dy are set such that a

di st ance wotweaespedi cti on directions close to a hori zeaTaR2div®@sii4on or a
vertical direction is narrow and a di stance between prediction nodes cl ose
to a diagonal direction is wide. [Claim41The nethod of claim1, wherein

t he gradient aitsis t:ampt}ay{ocbv):ry(ldﬁt @nhe Qypaaertﬁs hnlbm@nsproaaﬂoﬁ @Ing @@yijralnas an at
| east one value sel ect.

(-26, 32), s%% umf" nh}g.rro?)g])f?sgg? %ﬁ_cg) tﬁ%tgﬁ CO(?neCt%Q \2&?1 b(.lg CQgSrg‘l%Pg %he) 32),
(0.32), (2, 3»29r,at1()I& of 3R appatatusd o in{idmerd e, aboRE-de@2iped (1312‘;101&23)r1,d (32, -26),

E gg, '2)2?-) ( 32355:53%22535«1; ziczirrziiyez;)f;cteﬁ%g the—léll to gtgl% 'thée g(gmm(i?fgs 0)

[128] While this invention has been particularly shown and described with reference to
preferred embodiments thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the appended claims. The
preferred embodiments should be considered in descriptive sense only and not for
purposes of limitation. Therefore, the scope of the invention is defined not by the
detailed description of the invention but by the appended claims, and all differences

within the scope will be construed as being included in the present invention.



17), (32, 21), (32, 26) and (32, 32). oy [Cl aim51A nethod of intra
predi ction decodi ng an i mage, the nethod conprising: dividing a current
pi cture ovothe/iosm®ge into at | east one bl ock having a pPEHAKROM/0624Si z€;
extracting intra prediction node information that indicates an intra
predi ction node applied to the at | east one block froma bitstream and
performng intra prediction on the fihéiﬁﬁﬂi one bl ock according to the
intra prediction node indicated by acted intra prediction node

i nf or magiaeR.1)Wher ei n i na thendditriAurPpedictbh OftddR@en ifhaPé X8 mefhod nei ghboring
bl ock predicts a pixel of the at | east one bl ock, the pixel of the
nei ghbori ng bl ock det erffHed™r om anong pi xel s of the nei ghboring bl ock 28
WO 2012/ 008790PCT/ KR201di¥idGpZldrizhepyic tusbithe Gagnsihtous ladt drftdock Havthegni xel
of the at |east one bl ock, usi nlgedastrilzelextended |l i ne having a predeterm ned

a

gradi ent about the pi xeﬁre% ef "east one block. [C aim61The net hod of

claim5, wherein the grdetiremingdrdnapidyg dixels ofx nerpdibdyngbleck pteggesly, reand a
value of at |east one OJothﬁ&éH%e@ééte'asp&elB@v}ﬁfat i@‘ast?one[b‘lf%&'dﬂnéjam%éﬂﬁé&wd of
node, N pixels, N

claim6, wherein in the intra prediction ), I'S an I nteger,
| ocated on an upper si diedrvinga piedqtergyiedagiadipntabRutdhe Peebafdhe at legrs one
extended line having thgoaraghent are determ ned as the pixels of the

nei Ghbor 19 bl ock, and o KaLA 20l e B BRYShe Bl bR BheT g o
integer, located on a |dfthe sdigebooihgtbhekat | east one bl ock and close to the
el GnbGEHh Bl ock, and Seunres BfcifP) SFASLE e AR DRSS Ml oo
of claim6, wherein in arhitegers, ange salive of arearddies ofsdxadndaly ie a power of 2.
[Claim 3] The method of claim 1, wherein the gradient is tan-'(dy/dx) (dx and dy
are integers) and an absolute values of dx and dy are set such that a
distance between prediction directions close to a horizontal direction or
a vertical direction is narrow and a distance between prediction modes
close to a diagonal direction is wide.
[Claim 4] The method of claim 1, wherein the gradient is tan!(dy/dx) (dx and dy
are integers) and (dx, dy) has an at least one value selected from among
the group consisting of (-32, 32), (-26, 32), (-21, 32), (-17, 32), (-13,
32), (-9, 32), (-5, 32), (-2, 32), (0.32), (2, 32), (5, 32), (9, 32), (21, 32),
(26, 32), (32, 32), (32, -26), (32, -21), (32, -17), (32, -13), (32, -9), (32,
-5), (32, -2), (32, 0), (32, 2), (32, 13), (32, 17), (32, 21), (32, 26) and
(32, 32).
[Claim 5] A method of intra prediction decoding an image, the method
comprising:
dividing a current picture of the image into at least one block having a
predetermined size;
extracting intra prediction mode information that indicates an intra
prediction mode applied to the at least one block from a bitstream; and
performing intra prediction on the at least one block according to the
intra prediction mode indicated by the extracted intra prediction mode
information,
wherein in the intra prediction mode, a pixel of a neighboring block
predicts a pixel of the at least one block, the pixel of the neighboring

block determined from among pixels of the neighboring block



pi xel s fromanong N pixels, Nis an inbgger, |ocated on an upper side of
the at | east one block and N pixels located on a left side of the at |east
one bl ockwoOl20e#08790t he ext ended |i ne having the gradi enPCamRdey®srtdned as
t he pi xel s of the neighboring bl ock, and values of dx and dy are powers of
2 [Caim101The nethod of claim5, wherein the gradient is tan-'(dy/dx) (dx
ang dy are ibnt egers) a(rj;deﬁauﬁjambnﬁtﬁlctealbdﬁﬁe e ;ﬂ%el@ﬂdlemyleaﬁt&rﬁegommgt hat
a di stance between predictio recti.ons close to a n i rection or
2 Verticar direction tenidef LAGRLENSp SR puR Bl BERL BestiiShbis
close to a diagonal diratddasiomeitdocki. de. [Cl ai m 111The net hod of claim 10,

wher ei f hg gr adi ent i sy ﬁearﬂéﬂ%{é gf(élalgﬁg \mequ%éa%ﬁdleﬂlt 1@%“@3 | d)ancﬂ‘?}S a

fixed hat is a power tance ween exte I nes
decreases as an absol utae VK¢ases: 8hd axalie of pidewst opoigixstiehiytihaPowReoid-st ance

bet wee rﬂCIa'ilﬁ 7xtended | imRsnéB6d 8ASSS éswl@eréihriﬁﬁfd iRtta Qlfedﬁtlgﬁhﬁ‘fdm N%@kels

extended |ine deternln accordlnﬂ5}o val ues of %gg &» oser to a

vertical direction, 15 1giegpia Heate AN\ PP Hdeok Ao 4 Bmﬁpﬂ% lofgiGases

as the absol ute val ue o;flosde tig: dxamndbeling ha)ﬁmg)thsgedméﬂnate deltamﬂmaitaamlﬁsa

bet ween the extended |in r as di et er,m ned
?ésls optﬁlo';ﬁgl%o bor al}g l%}ogk a &g%du?&f dy is 1s al \&?ﬁh of 2

extended line is closer’1o & I PFeléty on: e et hod of
cl ai m 10]aimitdr ei n t he dFtediethod picluiant, Waiy¢idxi thedntrapgdiyioanede N egels) and

dx has a fixed value th@tls zlnSm% QIOWateQ n% left sﬁil'e%tfﬁ{écﬁ 1&@&8&%‘0&&@&%@

| i nes decreases as an absol ute va ue of ﬁ@ | oser to such that the
di st ance between the expdioedendeddge hpdpe éﬁéada%ntélre Ci@ewed as the pixels of

§0t12/ 008730PCT/ K§2011{ Qﬁéﬁeliaéhbdii bdkoBndD4 v@u@lst@;fﬁmrwtdve%f%nded l'i ne
eterm corai ng auso I.S .Cl.0ser 0.a norjlzo

i rect bR IG t he S e menctRd Reefin Rovhsianiet mEhestRith dRLesn AL he
absol ute value of dy i spifas frherarfienpV @ixelsc it haintedee, Idcs¢docen bgtensidn t he
extended lines increaseg tﬁ‘esattlg'a% QﬁJ 198%1%8{2119 #eggelogaﬁ&f&ﬂ ﬂugfjs,l@%&ﬁﬂgﬁf’ line

is closer to the vertical dlrec t he
gradi ent is tanAdy/dx) le@kom\blloalyclasfetqtm exjendeyl llenndhaamglth@gradl@@taﬁr@dieat an

ith place (i is an intagefihePRSGE pARIANT th@lﬁ)&ghﬂ?ﬁhg%[ocﬁf aﬂdh\eal&% of 88ghd one
bl ock and a jth place (%y IS an mt?eger based on border of the at

| east one block is (j, ar‘éHOY‘jﬁfSﬁ’éPghborl ng pi xel and a | eft nei ghboring
E)I xel dq‘/:ga&ﬁ 1;)30 tge( ext elhi&dethbdlﬁ abieus, wieeipitiegradient i fand(dy/d:0IPLcitd &’}ﬁ| y
j +i *dx/ dy, 0) an 0,i+* |nte
(1 oxt ay 0) rand (0.1 s SHLSED o I R P PuBlsgfl Pty or bt ™ o

stored, and | ocations oilstmtm@ hegppen pnalighinatitengompi ctese taadionkmltzﬂeiﬁltectlon or
nei ghboring pi xel are AEL B D kdéRii0g #&9 aﬁc} RURGYALUGSen PGICES Hﬁﬂe@f of

claim5, wherein the gradient 1s tanA X and dy are integers)
(dx, dy) has an at Ieasqloséﬁ‘éa@éﬁgﬁéaléié‘leém@@Wlfl‘bm anong t he group consi stl ng

of (-32C1ad)1.1] (- 26, 32)The(method 82d1ain 13, Avhededh thel gr Acﬁent?@)a,n I % 38 and( P,
ggg E 32 ?3)6) (0.32), a‘e 1ntege)rs) agg, dy ha }3;23 a flged Va?fug that 1%]2'1 powe 0f£ a distan 2(,)6 (32,

between extended lines decreases as an absolute value of dx is closer to
0 such that the distance between the extended lines decreases as a
direction of a determined extended line determined according to values
of dx and dy is closer to a vertical direction, and the distance between
the extended lines increases as the absolute value of dx is farther from O
such that the distance between the extended lines increases as the
direction of the determined extended line is closer to a horizontal
direction.

[Claim 12] The method of claim 10, wherein the gradient is tan"!(dy/dx) (dx and dy
are integers) and dx has a fixed value that is a power of 2, a distance
between extended lines decreases as an absolute value of dy is closer to

0 such that the distance between the extended lines decreases as a



(32, -21), (32,
(32, 2), (32, 13),
WO 2012/008790

[Claim 13]

[Claim 14]

[Claim 15]

(32, -13), (32, »8), (32, -5), (32, -2), (32, 0),

(32, 17), (32, 21), (32, 26) and (32, 32).

PCT/KR2011/005214

direction of a determined extended line determined according to values
of dx and dy is closer to a horizontal direction, and the distance
between the extended lines increases as the absolute value of dy is
farther from O such that the distance between the extended lines
increases as the direction of the determined extended line is closer to
the vertical direction.

The method of claim 5, wherein the gradient is tan-'(dy/dx) (dx and dy
are integers) and a pixel located at an ith place (i is an integer) based on
an upper border of the at least one block and a jth place (j is an integer)
based on a left border of the at least one block is (j,1),

an up neighboring pixel and a left neighboring pixel close to the
extended line about the pixel (j, 1) are respectively (j+i*dx/dy,0) and
(0,14j*dy/dx).

The method of claim 13, wherein in the intra prediction mode, available
values of c*(dx/dy), c is a constant, are stored, and locations of the
upper neighboring pixel and the left neighboring pixel are determined
using the stored values.

The method of claim 5, wherein the gradient is tan'!(dy/dx) (dx and dy
are integers) and (dx, dy) has an at least one value selected from among
the group consisting of (-32, 32), (-26, 32), (-21, 32), (-17, 32), (-13,
32), (-9, 32), (-5, 32), (-2, 32), (0.32), (2, 32), (5, 32), (9, 32), (21, 32),
(26, 32), (32, 32), (32, -26), (32, -21), (32, -17), (32, -13), (32, -9), (32,
-5), (32, -2), (32, 0), (32, 2), (32, 13), (32, 17), (32, 21), (32, 26) and
(32, 32).



