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intra [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
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2 prediction may be reduced. Brief Descrintion of Drawings [9] FIG 1
is a block diagramillustrating an ap s for encodi ng an i nmage,
according to an exenplary enbodinent; [1uy FIG 2 is a diagram
illustrating a nunber of intra predictd on nodes according to a size
of a current block, according to an exenplary enbodinment; [11] FIG 3
is a d|agran1fqﬁaﬁ%ghalgEJQ%cagtra predi ction nodes applled to a block
havi ng a preé’eff ermned SiZe, dccording to an exenpl ary enbodi nent;
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[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,
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[26] FIG 20 is a block diagramillnstrating an apparatus for

decodi ng an i mage, according to an ary enbodi ment; and [ 27]

FIG 21 is a flowhart illustrating a nethod of decodi ng an i mage
through intra prediction, according t3® an exenpl ary enbodi nent. Best
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[42] Accordingly, in FIG 2, if sizes of hlocks are roughly
classified into at |east three sizes 1(2=N1=8, N is an
integer), N2xN2(16=N2=32, N2 is an integer), and N3xN3(64=N3, N3 is
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150.

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.

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.

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 besettobe 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.

Accordingly, in FIG. 2, if sizes of blocks are roughly classified into at least three
sizes N1xN1(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 A1 (A1l 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), 1t 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.

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

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 §).

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.

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

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 O 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.

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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[50]

[51]

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.

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 1'épresented
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 dh'ectiQity of tan-1(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. |

Table 1
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node,

node 3 i s a plane node,

the node 1 is a horizontal
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n AN
H

node.

| ast node 32 nay be set to be a bilindar node using bilinear

interpolation as wll

The nbde O is a vertical
node 2 is a DC node,
and the node 32 is a bilinear

t he
[52] A

be described later with reference to FIG 10.

[53] FIG 7 i$afle [pference diagramfor explaining intra prediction

nodes havi ng vailous directivities,

according to an exenplary

enbodi nment . Eﬁfehs described with reference to Table 1, intra
predi cti on npde y have, varioys di- fectivities of [fan- L(dy/,dx) by
using a plur Effl‘?cf%f (dx%%y) pafanet er899%5] Ref errﬁian to A6 7,
nei ghbofing pihyels A and|B | ocatjgd on gp.skxigended |ing 700 hawiing a
gradient of tap-l{dy/dx}ithat g deteninined-accordipgto{dxt—dy)—of
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pi xel s on an[ X-axi_s and [iei ghboni.ng pi Xel N a Y-axls whichl|are
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[58] FIG 9 is a reference diagram® -~ ~2laining a process of
generating a predictor when an exte ne having a predeterm ned
gradi ent passes between nei ghboring pixels of integer |ocations,
according to anot her exenplary enbodi fent. [59] Referring to FIG 9,
if an extended line having an angle of tan-1(dy/dx) that is

determ ned a 1ng t et

nei ghbm ng p?’ggﬁgé&n%fggeh( gésae tﬁél)e e%%g?%ﬁlﬂxe%@‘??a?@%}gegi a0 I n('ggogro '

| ocati ons, a PEsiéqtion ﬁlabf&e\néﬁﬁlquévymngmhg@iglgmlm clsasequw&mfllfl?ﬂehne

nei ghbori ng po¥&ator %{ﬁﬁ-’lﬁe rﬁﬁ)év&@géj‘lfa\hhedﬁﬁwédﬂtlﬁlg@b@h@qﬁi&{ dbdead thelltended

b f
botveen an 1 TEE7eBdf p S Wrh e YR Ay SRR Bl af iRt R05 St
nei ghbori ng pieextenBed@ 700 awd abighhoringpikedy desenmthelsatendasidings/ 0@ may be

D el A 910" e A D e e o e
sections P1 1“}1’1“8[5@2 %Lsa‘é’ ’§£ﬁ Wg l?%mglpéels@e gan}i’aeélﬁ%ggg%‘?ﬂgd%li‘ ® \B@&&hf“éd
aver age val ue bowmed des prediceor dorshancenbgkeldefioranmong acigidoting pix@izcntane
nei ghbori ng Ri . [ '

ection my Betguplrkeekelt bR, DT, ETRAL AR %ﬂ%‘%éllﬁé%%%ofgﬁ*gﬁééﬁdlctlon
val ue may bedug%’@n&s a predictor for the current pixel P. In detail,

if an gzdlendedidi e aﬂaﬁﬁdﬁﬁe ﬁllaglaﬂﬁbl &peaisiegh pm&edalof géhe‘{a’ﬁnga p@édlét&ewhen
redl.C

nei ghbori ng | xe grmne

current pixe tel?cédil 1 §H‘?§ Vd‘é‘%ﬁ?u neelB’é%e%e%fa‘P‘ﬁ’r Ggh ‘E%‘@eege%‘%ﬂt%‘ﬁu% a
wei ght ed aveneigeborimgpéxe{s3f MntegeBlaLptions, mm@mwetmangxﬂnld&rﬁteaﬁ@@mmt ween
the neijghbori r@rdiixelo P‘iG9QQf aae@x&ﬂ@ednﬁiegsbmaa\hﬂgarpmg@*é of%pl W)Qhat is

m ddl e poi nt ,of the, sect i ctor

The cur ront . ArSEing Ee ta o Ml PrEoRes orRegngReERaoreh
P3, a wei ght 810 ander mgghbeahgipix¢l2B 82QRsBaRperideations i ceightagl axerpes vawe eon-
bet ween the paj, &1%tgﬂceme§§éen'%‘n %i'théEﬁQn Bﬂ&le @Eﬂeg&kﬂ%&g@o Ri@k B 920

and a m ddl e pol section term.ne predi ct or
for the curr B‘ﬁgh]?ﬂ”%é pixsls 4 ﬁlgﬁld&@%ﬁ@ﬁ: tojthfeexippdedling dﬁ%%bet%% asa
Zect i on Pgl prediztcg idrattle auﬁfnag@elv}aﬁsu&scl(l ibeAaBoVB+Bgrex2mple/whater distgneg

i stance bet r
pixel B 920 an eﬁ Eﬂg dlﬁ?l’s%%ﬁ ]E g Fﬂt E(?ed liAie %3)8 hgiagg ﬁlg %n%&‘ 'ogﬂp @(?Ma% aald
a predictor ﬂ@rﬂe{gﬁb‘)lﬁl,%rRIWtA $10de f aypl a‘lhﬁta&‘i? @%Y@ﬁd]&jmfeisr%“% dless

t hrough the sﬁ@ﬁdeammE’éoo ald/tab b hﬁwmfhg@maewnbwg , A@rddicted foﬂhez&lmplxble

deternm ned as _a
nei ghbori ng %Irl;l(a % al"llbet g pﬁf’fﬁlealble,&gglfa?%%mag bg e%cvf\Pa

and the nei gh@mauhnegi cpﬁ&@e uBm@ @n frieger. eIf ﬁof@rad@omlmdwetrh@ ussd, élmctwiwtph@l
700 as showntheRufbfepixél P%Eh Qi‘bﬁﬂ%d\b?'sﬁﬁt d}fexafubﬁ a@@l*ghbqawz%za iA%&hovh

and t he nei gh re

oot b x o B0 Rt BereSiended T 40P s uioef i u&iinsSlodite. 1 he
nei ghbori ng péiglgioriag pixet A& 10 frosi wlmumwsbmmeahyl quirte(wg*ad;s)ams a
negative val y Q@F g& ﬁ‘g‘?ﬂ{g' IR' nﬁ‘tl{%’he%éﬂﬁ d‘Jl ;hxe‘i'Bd@dH%B{hé%ﬁtegéEd

[61] It is prefer tra |C|onm) i ng_varl ous
directiviti elyca%@ssth%mdﬁcwrm%cwenwléeld’r By B%Wn%%s @%Az;% /Ensli ng
end and a despmtmg edyche Rfdrnet by shift Opdratfnaodsidgingroexiingf of i d nbhareat
prediction ”Hl ﬁ% (i}gp Egg)h Iock is transmtted. [62] FIG 10 is a
reference dia expl nlng a bilinear node according to an
exenpl &8} enb Eﬁ rfeif @ refFl@B?e Fegramiprrypleinisg Gprogess of gengrabing i pessiictoroehen
a geometric RyehaLRd Yiaé K isONsle &'&éﬂrﬁ%cﬁﬁp@&é&ﬂ%@ei BetiWébn éBNBorinEpikels of
and right borders of. the current

; P Iﬁ E}b s Iocat "ed at” the
up, down, | effeseLioge F’in&ﬁfc%glﬂlaé‘?@oé}lﬁliﬁ{‘enf &Y EOPPER*bi xel P to be
pr edi Cl[ﬂj i n RefeuingentFIG] ©dkan @(temdbd:hlheahwd),g aaradgla of emdddty/doxﬁ thiahie de-

cal cul ation {5, Hsgd c%?d B @41 £ B eaeR ol LenR REhbbri Oﬁli’é §10
in a bilinear 3 ¢ lﬁ% (tﬂr |O§,5 av%arca e gfw& ?‘9 i'stances tx ffl
and a nelghbonng pixel B 920 of 1ntege1 locatlons a section between the ne1ghbonng

pixel A 910 and the neighboring pixel B 920 may be divided into a predetermined
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[ Mat h. 2] A- (C-WL+DownPi xel *W2) 1(W +*~

A=( C-WL+DownPi xel *\W2+( (W +W2) 12) ) 1( ) [69] In Equation 2, when a
val ue of WL+W2 is a power of -2 |ike 2”n,

A, (C-WL+Lef t DownPi xel *\W2+( (WL+W2)/ 2) ) A0 W +W2) nmy be cal cul ated by
shift operation as A=(C*W.+Left DownPi xel t W2+2"(n-1))"n w t hout
division. [ 7(ﬁllmlbb1k(ﬁvéﬁe§a‘§ dn%%&ﬂ?@d aﬁiléfar[g@ Qﬁluphéiﬁ degllé-gﬁﬁtall& %&lﬂquln-

ri ghtward by consi derjng di st ance ’(‘fib
current pixe [terpeciog énda‘ili‘ﬂ n%%g%‘i’oé’t“é Reel AP 196‘“@ 113 ‘Pm‘:&i’rl 9%0 “cl ﬁ%c
current pi xeldivided0nHéh may beisaé aod prdiction uddbe. Foxedaniple] @6&ttibnbeatvech tia

v gpo: o SRR S B B PO B e
C 1003 by corsitiges Ph Riias shewein HO. 8mehlzsenra<§we @%ghf?ﬂ@velﬁgpeva\heﬂ ue

of tE he pi xel §&181&’913 mysté@@e B@c{x@éﬂ ﬁiﬁf&s&a&tl&ﬁdnagh&&eghb&an@ﬁuatA 051 Sfaous
in Equation

h
(hi-Fla); hlD ‘ﬁLQOé]lng fis! E( %#i“ F&p S%/q?j’)“i‘aly(t?ﬁ d(“eHl’j)“e% 7*’5? e e%&if&%%“&% 3,
when a val ue weighitdddverags valugpumag be nfed s kipkeslicRolifor, the current pixel P. In detail, if
13. (C*h1+Righy %ﬁd&@lhng %Zi"s(s@"t!ln"‘dﬁ%ﬁl i) S)iét((hljplh g)val[T@-Mf e n&@ﬁtﬁi‘im??%l BY10

shift operation as é’ %h%u pPbcer h r’rief >>m out a
di vision. [731Y éiétefiﬂ’éle E K d]6 ¥ ‘?/?W’teﬂhﬂ’mﬂl x &1 ANAXEREEL 1T PARSES
down bor der dfrotighathe sactiemP2,p welghted i%a(geanahhet(mm*Bw&prron@delﬁg31002

th ht |
82 i ngeE(r:]lugtl oﬁ%ggﬁ%&gegtﬂggagﬁ HO%%BB{?%(%rgl ) tﬁiﬁg n@{gﬁr r gﬁ% g?ja@,/al%o
may be det er AigdEe PRyt @fstgwcaw Bgma&@é dﬁ-‘/tamée%%s apresligspefor Fhﬁ cyeeniipixel B.
wei ghted ave nfa@eexmhuﬁhlwasse@ EHrouxh tBe SHcHbARS& mgmaemtdge veluer ent

pi xel P 1060 and zhgga%>%tcgggld glnggdi%loﬁémen ¢ Yibd w&ng 19 o0

t he pi xel or ‘an-ave
A+B+D+E may b@lghlsce@g@sxeéBp?@@@n@@@rldcﬂ@pomh@f theirocten P%)mmebe #thmamed BSEr

example, if 1eaicz&f@1fm@cm@1@ kixef p. Ef&exl&ldwhﬂeﬁga;&smﬁu ﬂ‘i@h&ﬁbﬁ!m a

aver age value I a he curren

e ont e mad SeisiiaRSied i@“éi%zﬁtﬁi% SShseHAER gigfind el%eu‘@??ng% noar
predi ction i scighpiringgixedbAH1D apd Kl mlghhomg:mml@ﬁwmnd@kmd@ﬂnqtomt of the
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nore effici erdimmmasepmdmmufaythdﬂemmlnpmiﬁﬂ accordl ng to
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of intra prediction tra_ pfediction es_use
convent i onal theggibbering Risd® arbesld: sige meetihreexndedline “0 éﬁ'ﬁh%‘l}/m FIG. 7,
enbodi ment, e@aRRdebialuetoy thaidelphblignCsirsl@ninidheheighideing PRyl Beegrse used

probl em Accor din JCYO’I f&r théTaXret%? plga(ig %ﬁ%{%t&%% qpﬁl Q%\ﬁ I1J £ E(Ls?t \Jletafu% th

prediction nodes havi ng various  direc
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bl ook d8Hpat | BiIa P ALIS T Bek Pirsthin Tesey ROt Hieatiufed PR
from Ni ) i ntTablpdeat otevorusiyseles an t:lhr@dmgtena apt edécotlingrendyodé snlyfa tdiee-
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sim |l ar d|re i on_from anon intra ction nodes. For
exanpl 62%i ¢ i &1 (és]quﬁédefFlﬁa%e Hagrgmdpr %{Playgng #biligess mage AESOsHIEINADS ar e
avai | abl e |neidihq)lﬁyrefr$0ﬂmbhock as shown |n Table 1 and an intra

PLSSI Icg!i ? d!(m %fe;Lﬁlna’tlol Gaﬁ(?i n g gﬂﬁ@ﬁfn%adec 1@111:?&%&% 'Vglué h(?ns{H%Hﬁg 14,
(3/4) =36. 87(d1é§m€fé§<) upldwwmhleét @mls@ht bwdglrs@éthetcgnwmp@wl?h@d Mixelg located at

predi ction mgdepadgii, @éh aﬁénglq Hom%n %ﬁ@ﬂﬂ& cik€ kixkiop R p?édlaed fitd a

rediction m)des down ri
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current pixel P. That is, in a bilinear mode, a geometric average value of distances to
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[79] Referring to FIG 11, when a cu--~-~* block is A 110, an intra
predi cti on node of the current bl ocl ' may be predicted from
intra prediction nodes determ ned from nei ghboring bl ocks. For
exanple, if a deternmned intra predicllon node determined froma left
bl ock B 111 of the current block A 110 is a node 3 and an intra
prediction mdeygdet ?meaﬁ'@ﬁ% tBFeATbE R (thgﬁtkpngél 1>3a%d il m@%l Ay pif B

intra predICt On mod ecurrent | ock re icted to
be the mode 3OWawinr!® KPG 7 nig fie1ofy &fhl%%%@%%atﬁheem EpPPBrictioies
of the up bl G)ngt Kordér? ofuhel ctubient bixkl P blag bk ufddki 4 prddict@rfot the t@rrent pixel P

predi ction m:igg() qﬁ&h% g% Ei%ﬂmgﬁlegbr]i]tn%%ﬂullngﬂ ﬁoﬁ{éﬁﬂ 1agltyﬂ{c 01?&1%& Cti 02

encodi ng performe
di fference 1neighberingeirrbtien ® iddeft pigeswhich ampareyéousty enprededgnd éhen restored

prediction mypQuPERsbE iR af réfahﬁéaqnmd ARG pidagttidh q@&ealcﬁlglg koRBgokdind 2

t tt d t,
dacoded, i n ore! LS hieRuRSh Foskant Rt R DarRrre ppTioRe o bixdl Bfbob

predi cti on mbuevishalpixelvaleestzehéraed by ssigeneighkitogidg pixelsoaapdinfl kideeare gsed.
val ue f F@]ns m trh Qekadl W\QHQ:Q tpﬁ(epCtl@bg Qtaar?lgﬁ defdede Bf)a &Hf'enpﬁlgg{ ﬁtchlgﬁ'lated

val ue of the_ intra prediction . |ntra%ée|ct|§

i nformati on BEOHAERY 2¥eIRae BHerh atnﬁlgh'a%mgmel Bigekrhizeld QAailtri’éEEh‘ up side

Al t hough onl ynd hecigkbaging@iiehDefdDowkixdl 0008 & lefn dohe sidp pdjaceantd theedurrent
sides of the I I used, an intra prediction node of the

current bl ocl?fb%(f‘gg{o“gﬂ%gu%% ct ed by using other neighboring

bl ocks [68] shO\MathIﬁgFlle@ 11E and FIG 11D. [{80] Meanwhile, since intra

prediction mpdesm.igctual Iy performed vary according to a size of a
bl ock, an intra prediction node predicted from nei ghboring bl ocks may

not be mat che@ =@ H(IDenerPétiedti bipiidee ) a current bl ock.
Accordln ly, in order to predict an tra prediction node of a
cur r entl®® ock EHP%?HW@%B%?@%@”%%MH&VF%% fferent sizes, a
mappi ng pr oc&@smefmwlm1m+mghm@Pp¢eﬂd):e:tll on nodes of the bI ocks
havi ng [g’?ffer Q’Wlen e El.g‘le%}?QEICI;¥ ?dehﬁo&lﬁ}\g&pdrb QDnilcgeHn aldfBimed H1
and 13 are reference r_explarnin rocess for
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(3/4)=36.87(degrees). In this case, in order to match the intra prediction mode applied
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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 acéording 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 cuirent 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.

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.

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.

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.

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 infra 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.

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.

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+i*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.

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.

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
(i*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.

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.

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.

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.

Referring to FIG. 16, when a current pixel 1610 is P(j,i) and is predicted by using a
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+(@i*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 inftra 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 0 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 24, that is, 16, a value of dx 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 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 2n, 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 24, 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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10 32 32 3
dx dy dx dy

[106]

14 32 32 6 [107] Tabl e 4 22 [Table 4] [Table ] dx Dy
20

[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

Table 3
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-32 32 23 32 32 15 -27 32 27 32 32 I ~7 32 32 32 32 23 -19 32 32
-27 32 27 -15

21
[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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32 32 -23 32 32 -11 32 32 -19 -7 % 2 -15 -3 32 32 -11 0 32

[108]

[109]
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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

As described above with reference to FIG. 15, a location of a current pixel P located
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,i), 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 1*dx/dy or j*dy/dx is needed.

When calculation like i*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 i*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,i), 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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7 19 32 32 11 [ 108] As described abhove with reference to FIG
15, a location of a current pixel P '«d on an ith place based on
an up border of a current block and a jun place based on a |left
border of the current block is P(j,i)24and an upper nei ghboring pi xel
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[122] FIG. 21 is a flowchart illustrating a method of decoding an image through intra
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[116] In operation 1930, each of the nivels inside the current bl ock
is predicted by using the determ ne of the nei ghboring bl ock.
That is, a pixel value of the neighboring block is predicted as a
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[127] The apparatuses, encoders, and decoders of the exemplary embodiments may include
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conprising: dividing a current pictrnre nf the inage into at | east one
bl ock having a predeterm ned size; | ni ng, from anong pi xels of
a nei ghboring bl ock previously reconstructed before a pixel of the at
| east one bl ock using an extended |in&having a predetern ned

gradi ent about the pixel of the at |east one bl ock; and predicting
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dir ect '[@g% s erlﬂ&WISQngnﬁoﬁi had ek Emjﬁ@ﬁlw&o%%qﬂ ﬁEécﬁBeJWﬁﬁﬁaf&E&%?o to

a di agon direction Is wd met hod erein
the gradi ent PrederedEmiodimanty th@[&% gl gy b Ui o %‘@P%e)of éeffhmezﬁﬁkl e
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32). (-2, 3 2)ﬁ%§? %1§§ it gl o%e's%f th V&% 1‘3@ gm(f% %? the %%enc%g %lam?szg‘h 3 2)
(32, 32) ( 3 pref e1 em Zonsi d n @g@nptrg_q)ense(cg@y andg)ot f((l 32,
-5), (32, -2)purposes of hlmtatlon Thel ef01e 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.
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[Claim 1]
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Claims

A method of decoding an image, the method executed by one or more processors and
comprising:

extracting, by the one or more processors, an intra prediction mode of a current block
from a bitstream, the intra prediction mode indicating a particular direction among a
plurality of directions, wherein the particular direction is indicated by using one of a
dx number in a horizontal direction and a fixed number in a vertical direction, or a dy
number in the vertical direction and a fixed number in the horizontal direction,
wherein dx and dy are integers;

determining a number of neighboring pixels located on a left side of the current block
or an upper side of the current block;

determining a location of one or more neighboring pixels among the neighboring
pixels located on the left side of the current block or the upper side of the current
block using a bitwise shift operation based on a position of a current pixel (j, i) and
one of the dx or dy numbers indicating the particular direction, where j and i are
integers;

performing intra prediction on the current block using the number of neighboring
pixels and the location of the one or more neighboring pixels; and

restoring the current block by adding the intra-predicted current block and a residual
obtained from the bitstream,

wherein the performing of the intra prediction comprises obtaining a value of the
current pixel using the number of neighboring pixels, and the location of the one or
more neighboring pixels,

wherein, when the number of neighboring pixels is 1, the value of the current pixel is
obtained based on the neighboring pixel; and

when the number of the neighboring pixels is 2, a prediction value of the current pixel
is obtained based on a weighted average of the neighboring pixels,

wherein:

i) the dx number has a fixed value of 32, and the dy number is determined from
among {32, 26,21, 17, 13,9, 5,2, 0, -2, -5, -9, —13, —17, =21, =26}, or

ii) the dy number has a fixed value of 32, and the dx number is determined from
among {32, 26, 21, 17, 13,9, 5, 2,0, -2, -5, -9, —13, —17, —21, —26},

the location of the one or more neighboring pixels located on the upper side of the
current block is determined based on i*dx>>m, where i is a position of the current
pixel in the vertical direction, m is related to the fixed number in the vertical
direction, and >> is the bitwise shift operation, and
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the location of the one or more neighboring pixels located on the left side of the
current block is determined based on j*dy>>n, where j is a position of the current
pixel in the horizontal direction, and n is related to the fixed number in the horizontal

direction, wherein the bitwise shift operation operates on a binary representation of
i*dx and j*dy.





