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DECODI NG | MAGE THROUGH | NTRA PREDICTIdN Technical Field [1] Exenplary
enbodi nents of the present disclosure relate to encodi ng and decodi ng
of an inmage, and nore particularly, to a nethod and apparatus for
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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



2 prediction may be reduced. Brief Description of Drawings [9] FIG 1
is a block diagramillustrating an app%ratus for encodi ng an i mge,
according to an exenplary enbodinent; [10] FIG 2 is a diagram
illustrating a nunber of intra prediction 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,



[26] FIG 20 is a block diagramillustrating an apparatus for
decodi ng an i mage, according to an exefpl ary enbodi nent; and [27]

FIG 21 is a flowhart illustrating a nmethod of decodlng an i nmage
through intra prediction, according to an exenplary enbodi nent. Best
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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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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



node 30 5 -7 node 17 12 -Q node 31 4 "2 -,

The nbde O is a vertical

node, the npde 1 is a horizontal nDde,8the node 2 is a DC node, the

node 3 is a plane node,
| ast nmode 32 nay be set to be a bilinear
interpolation as wll

and the node 32 is a bilinear
node using bilinear
be described later with reference to FIG 10.

node.
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[53] FIG 7 i$afle ipference diagramfor explaining intra prediction
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nei ghbofing phyels A and|B | ocatjgd on gp.skxigended |inge 700 hawiing a
gradient of tap-l{dy/dx}ithat g deteninined-accordipgto{dx—dy)—of
each node showmdeiin Tabl e|ll about{la cur pewnie |9 xel P t @l be prediicted i
a current bl ptkmay beused—as g_predittor {or the current—pijxet P:
In this case|/™4€q s preférabl e that t hé™@ihboring pi xels A ‘éﬁd B
used as a predictor are pj xels af neig ifnng block & up, |efd,
right up, an:Ig c%ff down ?idpq nfifhp P}Q(?d‘;en%i bl ock. ich arp6
previously efaaidsd and rgist or ed.|-2Al so, |thddetd2e ext end¢d |ine 7T@0
passes bet wept,—not thIU,EJh, retrghborhg—ptrxets—of —nteger—tocattons;
nei ghboring pr9¥!% cl osef?to thelcurrefodsi2del P from anong
nei ghbori ng %&‘a%ll close[fo the Q{tend%lq()djelﬂe 700 may, ;be used, as a
predictor, of predictionihay belperforped By using neighboring pixels
close to thelmgxdeended i me 700. [For exangle®s an aver gge val ugl bet ween
nei ghbori ng ptxets—etoesertotherextendedt+ne—700,—of—a—wetrghted
average val upnedsigi deri ngl0a di stldnce beredsé® an interSection|df the
extended ling 7 and nel.ghboring pi Xels £l0Se to the& extended T1ne
700 may be u§@%%§g a pre gctor f%r the‘%ﬁ%@ nt pixelqD Al so gas
shown in FIl Gmdge 1yt may fe signaged in|gpdhetrg of bl ocks whichiy
nei ghbori ng pixels—e—g—theneighberftngpixels—~A—-ahd-B—ar¢e—to—be
used as a prgardstldr for tlhe curnEnt pi ¥eddeR9f r om anof¥y nei ghbori ng
pi xel s on an[ X-axi_s and [iei ghboni.ng pi Xel N a Y-axls whichl|are
avai | abl e acE%%@ﬁﬁq to DDedictidﬂ diref?%%ﬁ@. [56] F 8 isl|i
reference di ggganyfor exphbai ni nga progssk Af generat4 ng a predictor
when an ext epdedti-ne-800-havi-ng-apredetermnedgratient—passes
bet ween, not |Thamowgh,is agérghd oradegthpmodk ¢ 104 hariroagbmode gwthates’, is 2 DC
accor dlt ngdt O|Rfuecme R8sy £PRANMBE bnd lhe odB3h % 4 biflfed rdab G 8, 1

e extendedll4+ne 800 having an angle of tan-"(dy/dx) that Is

det er niisigd ac gspralgtimtgie?% diXbe s@Vﬂ)_H@ﬁ HeReAr m@@slm@gﬁszo ferRs
i xel . ~and _a nei [ pi xe of I nteger
a8%g$ﬁﬂ@g§mﬁbgﬂg5§a$gF88?@%h@?dering a di stance between an

nei ghbori ng
| ocati ons,

BfeabRiteipsl

Bl

Gh as will

i nt er s¢&dli on &1Gt'his agsfeendediagramdosd@lamidg inttee presiiggioh orddaghgyingsvagiops
810 and B 828;&liQffRs l@cdrlife @ ifSdatd BardiRe@y be used as a

fo
ta

predic
when a

¥,

d i St
and a ﬂgﬂ an

t he nei

bori ng pi i
may be obt ai Avdngs erpdieptag<gr'(4

r the

née 9§
CReREH:

sl

curren xel P e
st R AL Fere A JEDki o
havi ng t he angtieitied ofttamnt(dy/dby)/ g usingrachlhktyro (dxh) Bx pangngpdrx.el

agér(cf '(tﬁﬂégieé;(tén'd&? it

zd’ie%gl%‘,%‘%;‘;

k@0

pre

scri bed above.

é_?afnd Hg

ctor

¥

U3 PrqIon idfyEaY P

For

A

current plxe

P
) thatyésy determine gcqordipg foFR.eIy) Rhgach madg

examl e, ..
e B di-

810 is f

Aofpend

g may be eackhowniamablei1z@duti SirRACHxE P 10 Ge predididdag @lcurréit bk e ueéd

hardware is
obt ai ned by

used

ghtp

d
0

eobRErSi

icto

A8

g o g

current_p

tet e B Y pBhmpring

t he ext endedpixeheé\ 8GIB psdse s prathasorire pixéls o6 neighbering block atswp, teft, tipks up,

nei ghboring piaek dbwi 3Ried HOML SRR bicRH WIRAT 418 pRIMALY @Hcd2Kd GhRFeb@FddNg
a di stance between the nei ghboring pixel A 810 and nei ghbari ng

h i
pi xel B 820 6430 Hébe sifcagedt Tpoloinagiss betivigen. gp ‘Oel%rne?rggtlamﬁl}geplé § Plent

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



[58] FIG 9 is a reference diagramfor explaining a process of
generating a predictor when an extended |ine having a predetermn ned
gradi ent passes between nei ghboring pixels of integer |ocations,
according to anot her exenplary enbodinment. [59] Referring to FIG 9,
if an extended line having an angle of tan-1(dy/dx) that is
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[ Mat h. 2] A- (C*WL+DownPi xel *W2) 1( W +\2)

A=( C*WL+DownPi xel *V+( (W +W2) 12)) 1(WL4812) [69] In Equation 2, when a
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shift operation as A=(C*W.+Left DownPi xel t W+2"(n-1))"n w t hout
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[79] Referring to FIG 11, when a current block is A 110, an intra
predi cti on node of the current block Al110 may be predicted from
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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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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




232 32 23 32 32 15 -27 32 27 32 32 19 -23 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 - 132 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



32 32 -23 32 32 -11 32 32 -19 -7 322%2-15 -3 32 32 -11 0 32

[108]

[109]

[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).



32 -7 3 32 32 -3 7 32 32 0 11 3%332 3 15 32 32

[110]

[111]

[112]

[113]

[114]

[115]

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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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 | eft neighboring pixel B located on an extended |ine passing
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[122] FIG. 21 is a flowchart illustrating a method of decoding an image through intra



[ 116] I n operation 1930, each of the pixels inside the current bl ock
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recording media {e.g., CD-ROMs, or DVDs).
[127] The apparatuses, encoders, and decoders of the exemplary embodiments may include



conprising: dividing a current picture of the image into at |east one
bl ock having a predeternined size; det®rnining, fromanmong pixels of
a nei ghboring bl ock previously reconstructed before a pixel of the at
| east one bl ock using an extended |ine having a predeterm ned

gradi ent about the pixel of the at |east one block; and predicting
the pixel of i f the
nei ghbor | ng S]I%lg ﬁgﬁp[l%etg%%lg%ﬁglf ﬁl%kaﬁg%h[{? ?&t gﬁ‘é ﬁlo s@&cte% %ﬁi‘uap
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(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.



(32, 0), (32, 2), (32, 13), (32, 17), (32, 21), (32, 26) and (32,
32). [Gaim5]A nmethod of intra4frediction decoding an i nmage,
the nmethod conprising: dividing a current picture of the image into
at | east one block having a predeterm ned size; extracting intra
predi ction node information that indicates an intra prediction node
applied to the at | east one bl ock Réfn1a bi tstream and perform ng
intra prediction on the at |east onel@lBk% according to the intra

pr edi ct de indicatged t he extracted i tra pr edi de
P or nelCIOR Daber a1 n | ri PREPH S P gteciion Fasr ot e Tmass, Heatetat

nei ghboring bl ock predicomgrisingi xel of the at |east one bl ock, the
pi xel of the nei ghbori ng,iBhoGkud&l: Sl B8ent Exﬁe@e@%%le&é%ﬁé EloE’E héxhl?%

nei ghbori ng bl ock 28 reV|oust,reconstructed before the pixel
the at |east one bl ock P@eﬁb‘mé’ﬁ &%tended |ine having a predeterm ned
gradi ent about the pi xekteahinidyefrain dneag pixeief hlneixkborihg Hiekpedviaalyofe-

claim5, wherein the gr, @%U%Q{ed'béfo}eafn%%l%ﬁ%@[ le§g§>1199%09¥319%\§1 ext?ndﬁd

integers, and a value o
The nethod of clai m 6, lppepdpsa predetpaniped gladlﬁlﬁtééplétth%ﬁiXWG@e ahjeast one
pi xels, Nis an |ntegemkmkqgﬂted on an upper side of the at | east one

bl ock and cl ose to the ext the radlen
determ ned as the pi xelP edb mtg%éepﬁ%eqﬁﬁ SrH%QStBP Ckusr!i%igg %et%mn%dfplﬁg}
is a power of 2. The mef thedeighbeding o, wherel ninthe intra

predi cticeimm@de, N pi x&hg me%dd%fanuh ﬂtﬁﬂé‘ém ah 1@151 iPAn&dlakY d>'§ hﬁiﬁd;ﬂf
the at | east one bl ock and cl ose vin

@ ﬁ r |ne H
gradi ent are deternmi ned 48EHS aﬁﬁ)?é’la c&f atlpas ‘ﬁ‘?ﬁﬁ SPEAYSH cY‘i?‘ °%1‘?1d a
val ue dflaix 3]s a power Toé nthofited chagh hpeharéin cheagradibnt isdaet(dy/dx)i (dx tundy

intra prediction node, ,au ﬁ!elr; d%’éﬁio?ut@ (/QH%sad?‘aEéQnﬁ\'dPh%%t%ucﬂ\lhhtsa an

|nteger | ocated on an u? | east one
pi xels | ocated on a |eflis @Fﬂ%ﬁt}y?el’cm%dl%ﬂoq qé‘&%‘ﬂo”é H@S%F%IPPIEP‘&?@”?SU‘?%%I
extended |ine havi ng theegicaldientionis aagel enda disEnasbetween predédtion afodeh e

nei ghbori ng bl ock, and %@é%fdlgéongf(dl‘%@gm%%a&ﬁée powers of 2 The net hod

of claimb5, V\/nereln t he (dx and dy are

i nt egerd€laimdd an absol fﬂi% mggjodeé clgim éle%ﬂil%}n@iﬂ %@@el“éé‘-t tag {dy{dOHdx apd dy
di stance between predi gfeligRgéhy £AlH:QAT) KdsQS At febst dnd1PAlhZRIRY from among

G rection or s verti caly el ysidenion on a9 gt ghce; st e
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



The net hod of claim 10, wherein the gradient is tan-'(dy/dx) (dx and
dy are integers) and dy has a fixed vé@Bue that is a power of 2, a

di st ance between extended |ines decreases as an absol ute val ue of dx
is closer to O such that the di stance between the extended |ines
decreases as a direction of a determ ned extended |ine determn ned

according to val ues of dx. angr erg(fyoniséucgelxﬂase%re 4R rﬁ'xeY &F tthle %ﬁleasg hléeegl%ékglpsa}ge

and the distance betwedn thé xtended 11 nes 1Tncreases as .
val ue of dx is farther ahesen@ddinehavihge pradetermisedgredienabariche pikel of the
extended |ines increasgsiead ohdBlodkrecti on of the determ ned extended
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the absol ute val ue of & e?SSOf%rl?%r% oku?gbr%géé’grﬁ% gf%lﬁ%{)}e@ﬁgsad ng}a(ﬁ?e
bet weedGlaya 8¢xt ended | iThesmethodrof glane 6awhareia infibe dnita pyedieffontihede, N pixels,

determi ned extended |i Beisiaf iftéRs8bcated dnhElel Slib bERE afiei®6hé BBk dd¥lose
net hod of claimb5, wherejn the

radient is tan-i(dy/dx). (dx and.d
are integers) and a pi Sf® Ieﬁt@’é‘i]egdlnﬁtlia‘éfﬁg f}’ter%f%r“‘él& é‘e)(qetef%mgﬁ | tﬁ? 83‘8?’4)0]?
based on an upper bor dére mighbbengilotke and a palee ofl dxcka powerofj2t h pl ace (]
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(j,1), an up neighborin i xel and a left_ nei ghbm i xel close to
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the extended |ine abouP™FHdrq gapng N pixefs. Nipan @iggel {qcgief pn an upper side
(j +1*dx/dy, 0) and (0O, i of thdwf EBxst ond bleckraidid gixefs ladageidron h3eft wide piha at n

the intra prediction ”Pe%d‘; n@ YRk 3RS oA Eﬁén&ﬁ lifie AR pralichSard de-
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and the |eft nei ghbori fgmiedas thgmixededfdhamaighforiag blgck. gad ¥alpgsed dx and
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[Claim 11] The method of claim 10, wherein the gradient is tan-!(dy/dx) (dx and dy
are integers) and dy has a fixed value that is a power of 2, a distance
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 0
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



-5), (32, -2),

[Claim 13]

[Claim 14]

[Claim 15]

(32, 0),
26) and (32, 32).

(32, 2), (32, 2€%3), (32, 17), (32, 21), (32,

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,i),

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



