I*I Innovation, Sciences et Innovation, Science and CA 3140958 C 2024/01/23

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 1 40 958
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(22) Date de dépét/Filing Date: 2012/04/20 (51) CLInt./Int.Cl. HO4N 19/593(2014.01)
(41) Mise a la disp. pub./Open to Public Insp.: 2012/11/01 (72) Inventeurs/Inventors:
- . PARK, JOONYOUNG, KR;
(45) Date de délivrance/lssue Date: 2024/01/23 PARK SEUNGWOOK, KR:
(62) Demande originale/Original Application: 3 082 413 LIM, JAEHYUN, KR:
(30) Priorité/Priority: 2011/04/25 (US61/478,912) KIM, JUNGSUN, KR;

CHOI, YOUNGHEE, KR;
JEON, BYEONGMOON, KR;
JEON, YONGJOON, KR

(73) Propriétaire/Owner:
LG ELECTRONICS INC., KR

(74) Agent: SMART & BIGGAR LP

(54) Titre : METHODE INTRAPREDICTION, ET CODEUR ET DECODEUR VIDEO EMPLOYANT LADITE METHODE
(54) Title: INTRA-PREDICTION METHOD, AND VIDEO ENCODER AND DECODER USING SAME

610
. x=-1.2*ns-1 |
I ( 1
cap—a L XXX ) - - - ()
v
630
\\\ y=0.nS-1
\\r
y=-L.2*ns-1| [( X JI
7
/_./
6207 | ( 1
|
( x=0.n5-1 \'
605 600

(57) Abrégé/Abstract:

The present invention relates to an intra-prediction method and to an encoder and decoder using same. The intra-prediction
method according to one embodiment of the present invention comprises the steps of. deriving a prediction mode of a current
block; and generating a prediction block with respect to the current block on the basis of the prediction mode of the current block.
When the prediction mode of the current block is an intra-angular prediction mode, values of boundary samples from among left
boundary samples and upper boundary samples of the prediction block which are not positioned in a prediction direction of the
intra-angular prediction mode, are derived on the basis of reference samples positioned in the prediction direction of the intra-
angular prediction mode, and on the basis of adjacent reference samples.
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ABSTRACT

The present invention relates to an intra-prediction method and to an encoder and decoder
5  using same. The intra-prediction method according to one embodimcntA of the present invention

comprises the steps of: deriving a prediction mode of a current block; and generating a prediction block
with respect to the current block on the basis of the prcdiction»mode of the current block. When the
prediction mode of the current block is anl intra-angular predicﬁbn mode, values of beundary samples
from among left boundary safnples and upper boundary samples of the prediction block, which are not

10  positioned in a prediction direction of the intra-angular prediction mode, are derived on the basis of
reference samples posiﬁoned inthe prediction direction of the intra-angular prediction mode, and on the

basis of adjacent reference samples.
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DESCRIPTION
INTRA-PREDICTION METHOD, AND VIDEO ENCODER AND DECODER USING SAME

The following is a divisional of Canadian Patent Application No. 3,082,413, which in turn is a
divisional of Canadian Patent Application No. 2,968,765, which is further in turn a divisional
of Canadian Patent Application No. 2,834,249, which was filed on April 20, 2012.

Technical Field

[0001] The present invention relates to an intra prediction method in a video encoder and a video
decoder, and more particularly, to a method of deriving a value of a specific boundary sample of a
predicted block of a current block and a device using the method.

[0002]
Background Art

[0003] Inrecent years, demands for a high-resolution and high-quality video have increased in
various fields of applications. However, as a video has a higher resolution and higher quality, an

amount of data on the video increases more and more.

[0004] When a high-resolution and high-quality video with a large amount of data is transferred
using media such as existing wired or wireless broadband lines or is stored in existing storage media,
the transfer cost and the storage cost thereof increase. Accordingly, in order to effectively transfer,
store, and reproduce the high-resolution and high-quality video, high-efficiency video compressing
techniques can be utilized.

[0005] Inorder to enhance video compression efficiency, an inter prediction method and an intra
prediction method can be used.

[0006] In the inter prediction, pixel values of a current picture are predicted from temporally previous
and/or subsequent pictures. In the intra prediction, pixel values of a current picture are predicted using
inter-pixel relationships in the same picture. In the intra prediction, pixel values of a current picture are
predicted using pixel information of the current picture.

1
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[0007] In addition to the inter prediction and the intra prediction, weight prediction for preventing
degradation in quality due to illumination variations or the like, entropy encoding of allocating a short
code to a symbol having a high appearance frequency and allocating a long code to a symbol having a

low appearance frequency, and the like can be used.
[0008]
Summary of the Invention

[0008a] According to an aspect of the present invention, there is provided a method for decoding an
image, performed by a decoding apparatus, the method comprising: receiving prediction mode
information; deriving an intra prediction mode for a current block based on the prediction mode
information; and generating prediction samples of the current block based on the intra prediction
mode, wherein the intra prediction mode is a horizontal prediction mode having a horizontal prediction
direction, wherein the prediction samples are generated based on first reference samples located along
the horizontal prediction direction with regard to locations of the prediction samples, wherein a
prediction sample which is adjacent to a top boundary of the current block among the prediction
samples is filtered based on a second reference sample located along a vertical direction with regard to
a location of the prediction sample, wherein the second reference sample is adjacent to an upper side of
the prediction sample, and wherein a filtering coefficient applied to a value of the prediction sample is
larger than a filtering coefficient applied to a value of the second reference sample.

[0008b] According to another aspect of the present invention, there is provided a method for encoding
an image, performed by an encoding apparatus, the method comprising: deriving an intra prediction
mode for a current block; generating prediction mode information based on the infra prediction mode;
generating prediction samples of the current block based on the intra prediction mode; generating
residual information based on the prediction samples; and encoding image information including the
prediction mode information and the residual information, wherein the intra prediction mode is a
horizontal prediction mode having a horizontal prediction direction, wherein the prediction samples
are generated based on first reference samples located along the horizontal prediction direction with
regard to locations of the prediction samples, wherein a prediction sample which is adjacent to a top
boundary of the current block among the prediction samples is filtered based on a second reference

2
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sample located along a vertical direction with regard to a location of the prediction sample, wherein the
second reference sample is adjacent to an upper side of the prediction sample, and wherein a filtering
coefficient applied to a value of the prediction sample is larger than a filtering coefficient applied to a

value of the second reference sample.

[0008c] According to still another aspect of the present invention, there is provided a transmitting
method of data for image information, the method comprising: obtaining a bitstream of the image
information including prediction mode information and residual information; and transmitting the data
comprising the bitstream of the image information including the prediction mode information and the
residual information, wherein the bitstream is generated based on deriving an intra prediction mode for
a current block, generating prediction mode information based on the intra prediction mode,
generating prediction samples of the current block based on the intra prediction mode, generating
residual information based on the prediction samples, encoding image information including the
prediction mode information and the residual information, wherein the intra prediction mode is a
horizontal prediction mode having a horizontal prediction direction, wherein the prediction samples
are generated based on first reference samples located along the horizontal prediction direction with
regard to locations of the prediction samples, wherein a prediction sample which is adjacent to a top
boundary of the current block among the prediction samples is filtered based on a second reference
sample located along a vertical direction with regard to a location of the prediction sample, wherein the
second reference sample is adjacent to an upper side of the prediction sample, and wherein a filtering
coefficient applied to a value of the prediction sample is larger than a filtering coefficient applied to a

value of the second reference sample.

[0009] Some embodiments may provide an effective video compression technique and a device using

the technique.

[0010] Some embodiments may provide an intra prediction method that can enhance prediction

efficiency and a device using the method.

[0011] Some embodiments may provide a method of deriving a value of a specific boundary

sample of a predicted block of a current block and a device using the method.

[0012]
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[0013] According to an aspect of the present disclosure, there is provided an intra prediction
method. The intra prediction method includes the steps of: deriving a prediction mode of a current
block; and constructing a predicted block of the current block on the basis of the prediction mode.
When the prediction mode is an Intra directional prediction mode (Intra_Angular prediction mode), a
value of a boundary sample not located in the prediction direction of the Intra directional prediction
mode (Intra_Angular prediction mode) out of a left boundary sample and a top boundary sample of the
predicted block is derived on the basis of a reference sample located in the prediction direction and a

reference sample adjacent to the boundary sample.

[0014] When the Intra directional prediction mode (Intra_Angular prediction mode) is a vertical

prediction mode, a value of the left boundary sample may be derived on the basis of a top reference
sample of the left boundary sample and a reference sample adjacent to the left boundary sample. A
value of a predicted sample other than the left boundary sample may be derived to be a value of the
top reference sample of the predicted sample.

[0015] When the Intra directional prediction mode (Intra_Angular prediction mode) is a vertical
prediction mode, a value of the left boundary sample may be derived on the basis of a top reference
sample of the left boundary sample, a reference sample adjacent to the left boundary sample, and a

reference sample neighboring to the left-top edge of the current block.

[0016] When the Intra directional prediction mode (Intra_ Angular prediction mode) is a horizontal
prediction mode, a value of the top boundary sample may be derived on the basis of a left reference
sample of the top boundary sample and a reference sample adjacent to the top boundary sample. A
value of a predicted sample other than the top boundary sample may be derived to be a value of aleft

reference sample of the predicted sample.

[0017] When the Intra directional prediction mode (Intra_Angular prediction mode) is a horizontal
prediction mode, a value of the top boundary sample may be derived on the basis of a left reference
sample of the top boundary sample, a reference sample adjacent to the top boundary sample, and a
reference sample neighboring to the left-top edge of the current block.
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[0018] When the prediction direction is a top-right direction, a value of the left boundary sample may
be derived on the basis of a reference sample located in the prediction direction and a reference sample

adjacent to the left boundary sample.

[0019] When the prediction direction is a left-bottom direction, a value of the top boundary sample
may be derived on the basis of a reference sample located in the prediction direction and a reference

sample adjacent to the top boundary sample.

[0020] According to another aspect of the present disclosure, there is provided a video encoder. The
video encoder includes: a prediction module that constructs a predicted block of a current block on the
basis of a prediction mode of the current block; and an entropy encoding module that encodes
information on the predicted block. When the prediction mode is an Intra directional prediction mode
(Intra_Angular prediction mode), the prediction module derives a value of a boundary sample not
located in the prediction direction of the Intra directional prediction mode (Intra_Angular prediction
mode) out of a left boundary sample and a top boundary sample of the predicted block on the basis of
areference sample located in the prediction direction and a reference sample adjacent to the boundary

sample.

[0021] According to another aspect of the present disclosure, there is provided a video decoder. The
video decoder includes: an entropy decoding module that entropy-decodes information received
from an encoder; and a prediction module that constructs a predicted block of a current block on the
basis of the entropy-decoded information. When the prediction mode of the current block is an Intra
directional prediction mode (Intra_Angular prediction mode), the prediction module derives a value
of a boundary sample not located in the prediction direction of the Intra directional prediction mode
(Intra_Angular prediction mode) out of a left boundary sample and a top boundary sample of the
predicted block on the basis of a reference sample located in the prediction direction and a reference

sample adjacent to the boundary sample.

[0022] When the Infra directional prediction mode (Intra_Angular prediction mode) is a vertical
prediction mode, the prediction module may derive a value of the left boundary sample on the basis of a
top reference sample of the left boundary sample and a reference sample adjacent to the left boundary

sample.
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[0023] When the Intra directional prediction mode (Infra Angular prediction mode) is a vertical
prediction mode, the prediction module may derive a value of the left boundary sample on the basis of
a top reference sample of the left boundary sample, a reference sample adjacent to the left boundary

sample, and a reference sample neighboring to the left-top edge of the current block.

[0024] When the Intra directional prediction mode (Intra_Angular prediction mode) is a horizontal
prediction mode, the prediction module may derive a value of the top boundary sample on the basis of a
left reference sample of the top boundary sample and a reference sample adjacent to the top boundary

sample.

[0025] When the Infra directional prediction mode (Intra_Angular prediction mode) is a
horizontal prediction mode, the prediction module may derive a value of the top boundary sample on
the basis of a left reference sample of the top boundary sample, a reference sample adjacent to the top
boundary sample, and a reference sample neighboring to the left-top edge of the current block.
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[0026]

[0027] According to some embodiments, it may be possible to enhance intra prediction efficiency

and to improve video compression performance.

[0028] According to some embodiments, it may be possible to enhance accuracy of a value of a
predicted sample located adjacent to a reference sample.

[0029]
Brief Description of the Drawings

[0030] FIG 1 is a block diagram schematically illustrating a video encoder according to an

embodiment of the invention.

[0031] FIG 2 is a block diagram schematically illustrating a video decoder according to an

embodiment of the invention.

[0032] FIG 3 is a flowchart schematically illustrating an intra prediction method in the video
decoder.

[0033] FIG 4 is a diagram illustrating prediction directions in an intra prediction mode.

[0034] FIG 5 is a diagram illustrating an example where a current block is encoded in an Intra DC
prediction mode.

[0035] FIG 6 is a diagram illustrating an example where the prediction direction is vertical in an

intra prediction mode according to an embodiment of the invention.

[0036] FIG 7 is a diagram illustrating an example where the prediction direction is horizontal in an
intra prediction mode according to an embodiment of the invention.

[0037] FIG 8 is a diagram illustrating an example where the intra prediction modes are classified

depending on the prediction directions.

6a
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[0038] FIG 9 is a diagram illustrating an example where the prediction direction is a top-right
direction in an intra prediction mode according to an embodiment of the invention.

[0039] FIG 10 is a diagram illustrating an example where the prediction direction is a left-bottom
direction in an intra prediction mode according to an embodiment of the invention.

[0040] FIG 11 is a diagram illustrating an example where the prediction direction is vertical in an
intra prediction mode according to another embodiment of the invention.

[0041] FIG 12 is a diagram illustrating an example where the prediction direction is horizontal in an
intra prediction mode according to another embodiment of the invention.

[0042] FIG 13 is a diagram schematically illustrating operations of an encoder in a system

according to an embodiment of the invention.

[0043] FIG 14 is a diagram schematically illustrating operations of a decoder in a system according

to an embodiment of the invention.
[0044]
Description of Exemplary Embodiments

[0045] The invention can have various embodiments and specific embodiments thereof will be
described in detail with reference to the accompanying drawings. However, the invention is not
limited to the specific embodiments and can be modified in various forms without departing from the

technical scope of the invention.

[0046] Terms used in the below description are used to merely describe specific embodiments, but
are not intended for limiting the scope of the invention. An expression of a singular number includes

an expression of a plural number, so long as it is clearly read differently.

[0047] On the other hand, elements in the drawings described in the invention are independently
drawn for the purpose of convenience for explanation of different specific functions in a video
encoder/decoder and does not mean that the respective elements are embodied by independent

6b
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hardware or independent software. For example, two or more of the elements may be combined to

form a single

6¢
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element, or one element may be divided into plural elements.  The embodiments in which the elements
are combined and/or divided belong to the scope of the invention without departing from the concept of
the invention.

[0048] Hereinafier, exemplary embodiments of the invention will be described in detail with reference
to the accompanying drawings. Like constituents in the drawings will be referenced by like reference
numerals and will not be repeatedly described.

[0049] FIG. 1 is ablock diagram schematically illustrating a video encoder according to an
embodiment of the invention. Referring to FIG 1, a video encoder 100 includes a picture dividing
module 105, a prediction module 110, a transform module 115, a quantization module 120, a
rearrangement module 125, an entropy encoding module 130, a dequantization module 135, an inverse
transform module 140, a filter module 145, and a memory 150.

[0050] The picture dividing module 105 may divide an input picture into one or more process units.
Here, the process unit may be a prediction unit (“PU”"), a transform unit (“TU”), or a coding unit (“CU”).
[0051] ‘The prediction module 110 includes an inter prediction module that performs an inter
prediction process and an intra prediction module that performs an intra prediction process.  The
prediction module 110 performs a prediction process on the process units of a picture divided by the
picture dividing module 105 fo construct a predicted block. Here, the process unit of a picture may be
aCU,aTU,oraPU. The prediction module 110 determines whether the inter prediction or the intra
prediction will be performed on the corresponding process unit, and performs a prediction process using
the determined prediction method.  Here, the process unit subjected to the prediction process may be
different from the process unit of which the prediction method is determined.  For example, the
prediction method may be determined in the units of PU and the prediction process may be performed
in the units of TU.

[0052] In the inter prediction, the prediction process is performed on the basis of information on at

least one of a previous picture and/or a subsequent picture of a current picture to construct a predicted
7

Date regue / Date received 2021-12-03



10

15

20

25

89222102

block. In the intra prediction, the prediction process is performed on the basis of pixel information of a
current picture to construct a predicted block.

[0053] In the inter prediction, a reference picture is selected for a current block and a reference block
with the same size as the current is selected in the units of inter pixel samples.  Subsequently, a
predicted block in which a residual value from the current block is minimized and the motion vector
magnitude is minimized is constructed. In the inter prediction, a skip mode, a merge mode, an MVP
(Motion Vector Prediction) mode, and the like may be used.  The predicted block may be constructed
in the unit of pixel samples such as 1/2 pixel samples and 1/4 pixel samples less than an integer pixel.
Here, the motion vector may also be expressed in the unit of pixel samples less than an integer pixel.
For example, luma components may be expressed in the unit of 1/4 pixels and chroma components may
be expressed in the unit of 1/8 pixels. The information such as an index of a reference picture selected
through the inter prediction, a motion vector, and a residual signal is entropy-encoded and is transmitied
to the decoder.

[0054] In the intra prediction, the prediction mode may be determined by prediction units and the
prediction process may be performed by prediction units or transform unit.  In the intra prediction, 33
directional prediction modes and at least two non-directional modes may be supported. Here, the non-
directional prediction modes may include a DC prediction mode and a planar mode.

[0055] On the other hand, when a sample is used in this specification, it means that information of the
sample, for example, a pixel value, is used. For the purpose of convenience for explanation, an
expression “sample information is used” or “a pixel value is used” may be simply expressed by “‘a
sample is used”.

[0056] A prediction unit may have various sizes/shapes. For example, in case of inter prediction, the
prediction unit may have sizes such as 2Nx2N, 2NxN, Nx2N, and NxN. In case of intra prediction,
the prediction unit may have sizes such as 2NxN and NxN. Here, the prediction unit having a size of

NxN may be set to be used for only a specific case.  For example, the prediction unit having a size of
8
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NxN may be set to be used for only a coding unit having the smallest size or may be set to be used for
only the intra prediction. In addition to the prediction units having the above-mentioned sizes,
prediction units having sizes such as NxmN, mNxN, 2NxmN, and mNx2N (where m<1) may be
additionally defined and used.

[0057] A residual block between the constructed predicted block and the original block is input to the
transform module 115.  Information such as the prediction mode, the prediction unit, and the motion
vector used for the prediction is entropy-encoded by the entropy encoding module 130 and is
transmitted to the decoder.

[0058] The transform module 115 performs a transform process on the residual block and creates
transform coefficients. The process unit in the transform module 115 may be a transform unit and may
have a quad tree structure.  The size of the transform unit may be determined within a predetermined
range of the largest and smallest sizes, The transform module 115 may transform the residual block
using a DCT (Discrete Cosine Transform) and/or a DST (Discrete Sine Transform).

[0059] The quantization module 120 quantizes the transform coefficients created by the transform
module 115 and creates quantization coefficients. The quantization coefficients created by the
quantization module 120 are supplied to the rearrangement module 125 and the dequantization module
135.

[0060] The rearrangement module 125 may rearrange the quantization coefficients supplied from the
quantization module 120. By rearranging the quantization coefficients, it is possible to enhance the
encoding efficiency in the entropy encoding module 130.  The rearrangement module 125 rearranges
the quantization coefficients in the form of a two-dimensional block to the form of a one-dimensional
vector through the use of a coefficient scanning method.  The rearrangement module 125 may enhance
the entropy encoding efficiency in the entropy encoding module 130 by changing the order of
coefficient scanning on the basis of stochastic statistics of the quantization coefficients supplied from the

quantization module 120.
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[0061] The entropy encoding module 130 performs an entropy encoding process on the quantization
coeflicients rearranged by the rearrangement module 125.  Here, encoding methods such as an
exponential golomb method and a CABAC(Context-Adaptive Binary Arithmetic Coding) method may
beused. The entropy encoding module 130 encodes a variety of information such as block type
information, prediction mode information, division unit information, prediction unit information,
transfer unit information, motion vector information, reference picture information, block interpolation
information, and filtering information transmitted from the prediction module 110.

[0062] The entropy encoding module 130 may give a predetermined change to a parameter set ora
syntax to be transmitted, if necessary.

[0063] The dequantization module 135 dequantizes the values quantized by the quantization module
120. The inverse transform module 140 inversely transforms the values dequantized by the
dequantization module 135.  The residual block reconstructed by the dequantization module 135 and
the inverse transform module 140 is added to the predicted block constructed by the prediction module
110 to construct a reconstructed block.

[0064] The filter module 145 applies a deblocking filter, an ALF (Adaptive Loop Filter), an SAO
(Sample Adaptive Offset), or the like to the reconstructed picture.

[0065] The deblocking filter removes block distortion generated at the boundary between blocks in
the reconstructed picture,  The ALF performs a filtering process on the basis of the resultant values of
comparison of the original picture with the reconstructed picture is filtered by the deblocking filter.

The ALF may be applied only when high efficiency is necessary. The SAO reconstructs offset
differences between the residual block having the deblocking filter applied thereto and the original
picture in the unit of pixels, and is applied in the form of a band offset, an edge offset, or the like.
[0066] On the other hand, a reconstructed block used for the inter prediction may not be subjected to a
filtering process.

[0067] The memory 150 stores the reconstructed block or picture.  The reconstructed block or
10
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picture stored in the memory 150 is supplied to the prediction module 110 that performs the inter
prediction.

[0068] FIG 2 is a block diagram schematically illustrating a video decoder according to an
embodiment of the invention. Referring to FIG 2, a video decoder 200 includes an entropy decoding
module 210, a rearrangement module 215, a dequantization module 220, an inverse transform module
225, a prediction module 230, a filter module 235, and a memory 240.

[0069] When a video bitstream is input from the encoder, the input bitstream may be decoded on the
basis of the order in which video information is processed by the video encoder.

[0070] For example, when the video encoder uses a CAVLC to perform the entropy encoding process,
the entropy decoding module 210 performs the entropy decoding process using the CABAC to
correspond thereto.

[0071] The residual signal entropy-decoded by the entropy decoding module 210 is supplied to the
rearrangement module 215, and information for constructing a predicted block out of the information
entropy-decoded by the entropy decoding module 210 is supplied to the prediction module 230,
[0072] The rearrangement module 215 rearranges the bitstream entropy-decoded by the entropy
decoding module 210 on the basis of the rearrangement method used in the video encoder.  The
rearrangement module 215 is supplied with the information associated with the coefficient scanning
performed by the encoder and reconstructs and rearranges the coefficients expressed in the form of a
one-dimensional vector to the coefficients in the form of a two-dimensional block by inversely
performing the scanning on the basis of the scanning order in which the scanning is performed by the
encoder.

[0073] The dequantization module 220 performs dequantization on the basis of the quantization
parameters supplied from the encoder and the rearranged coefficient values of the block.

[0074] The inverse transform module 225 performs the inverse transform of the transform performed

by the transform module of the encoder.  The inverse transform may be performed on the basis of a
11
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transfer unit or a division unit determined by the encoder.  The transform module of the encoder may
selectively perform the DCT and DST depending on plural pieces of information such as the prediction
method, the size of the current block, and the prediction direction, and the inverse transform module 225
of the decoder may perform the inverse transform on the basis of the transform information on the
transform performed by the transform module of the encoder.

[0075] The prediction module 230 constructs a predicted block on the basis of predicted block
construction information supplied from the entropy decoding module 210 and the previously-decoded
block and/or picture information supplied from the memory 240. The reconstructed block is
constructed on the basis of the predicted block constructed by the prediction module 230 and the
residual block supplied from the inverse transform module 225, For example, when a current block is
encoded in an inter prediction mode, the inter prediction is performed on the current prediction unit on
the basis of information included in at least one of a previous picture and a subsequent picture of the
current picture. Here, motion information necessary for the inter prediction, such as a motion vector
and a reference picture index, may be derived from a skip flag, a merge flag, and the like supplied from
the encoder.

[0076] The reconstructed block and/or picture may be supplied to the filter module 235,  The filter
module 235 performs a deblocking filtering process, an SAO (Sample Adaptive Offset) process, and/or
an adaptive loop filtering process on the reconstructed block and/or picture,

[0077] The reconstructed picture or block may be stored in the memory 240 for use as a reference
picture or a reference block and may be supplied to an output module (not shown).

[0078] On the other hand, the encoder encodes an encoding target block using the most efficient
encoding method on the basis of video information of the encoding target block, and the decoder
determines the decoding method on the basis of the encoding method used in the encoder.  The
encoding method used in the encoder may be derived from the bitstream transmitted from the encoder

or on the basis of the information of a decoding target block. When a current block is encoded in an
12
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intra prediction mode, the intra prediction of constructing a predicted block is performed on the basis of
pixel information of the current picture.

[0079] FIG 3 is a flowchart schematically illustrating an intra prediction method in a video decoder.
[0080] The decoder derives a prediction mode of a current block (S310).

[0081] An intra prediction mode may have a prediction direction depending on positions of reference
samples used for the prediction.  The intra prediction mode having a prediction direction is referred to
as an intra directional prediction mode (Intra_Angular prediction mode).  On the contrary, examples of
an intra prediction mode not having a prediction direction include an Intra_Planar prediction mode, an
Intra_DC prediction mode, and an Intra_Fromlum prediction mode.

[0082] FIG 4 illustrates prediction directions in the intra prediction modes and Table 1 shows mode
values of the intra prediction modes illustrated in FIG 4.

[0083] Table |

Intra prediction mode Associated names
0 Intra_Planar
1 Intra DC
2...34 Intra_Angular
35 Intra_FromLima

[0084] In the intra prediction, a prediction process is performed on a current block on the basis of the
derived prediction mode.  The reference samples and the specific prediction method used for the
prediction vary depending on the prediction modes.  Accordingly, when the current block is encoded in
an intra prediction mode, the decoder derives the prediction mode of the current block to perform the
prediction.

[0085] The decoder may check whether neighboring samples of the current block can be used for the
prediction, and may construct reference samples to be used for the prediction (S320).  In the intra

prediction, the neighboring samples of the current block mean samples with a length of 2*nS adjacent to
13
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the left boundary and the left-bottom edge of the current block with a size of nSxnS and samples with a
length of 2*nS adjacent to the top boundary and the top-right edge of the current block. However,
some of the neighboring samples of the current block may not be decoded yet or may not be available.
In this case, the decoder may construct reference samples to be used for the prediction by substituting
the non-available samples with the available sample.

[0086] The decoder may perform a filtering on the reference samples on the basis of the prediction
mode (S330). The decoder may perform the filtering process on the reference samples before
performing the prediction.  Whether the reference samples should be subjected to the filtering process
is determined depending on the prediction mode of the current block.  The filtering adaptively
performed on the reference samples depending on the prediction mode is referred to as MDIS (Mode
Dependent Intra Smoothing) or simply referred to as smoothing filtering,

[0087] Table 2 shows an example where it is determined whether the reference samples should be
subjected to the filtering on the basis of the prediction mode.

[0088] Table?2

IntraPredMode intraFilterType | intraFilterTy pe intraF%kerTyge intabilterType | intraFilterType
forn$ = 4 forn§ = 8 fornS = 16 | fornS =32 | fornd = 64
Intra Planar 0 1 1 1 Q
Intra_DC 4 0 0 Y g
2 0 1 1 1 [
3-8 0 0 1 1 0
9 0 0 O 1 0
Intea_ Horizontal ¢ ] O g €]
1 0 0 0 1 0
1217 ] 0 1 1 0
18 0 1 1 1 0
19-24 0 0 i 1 0
25 0 0 0 1 0
Intra_Vertical 0 0 0 ¢ 0
27 0 0 0 1 0
28.33 0 0 1 1 0
34 0 1 1 1 0
Intra_Fromiuma 0 1 1 1 0
14
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[0089] When intraFilterType equals to 1 in Table 2, the smoothing filtering is performed. For
example, when intraPredMode is an Intra_Planar mode and nS=8 is established, the smoothing filtering
may be performed. At this time, smoothing filters having various filtering coefficients may be applied.
For example, a smoothing filtcring having a cocfficient of [1 2 1] may be applied.

[0090] The decoder constructs a predicted block of the current block on the basis of the prediction
mode and the reference samples {8340).  The decoder constructs the predicted block of the current
block on the basis of the prediction mode derived in the prediction mode deriving step (S310) and the
reference samples acquired in the reference sample filtering step (S330).

[0091] In the predicted block constructing step (S340), when the current block is encoded in the
Intra_DC prediction, the left boundary samples and the top boundary samples of the predicted block
may be subjected to 2-tap filtering so as to minimize discontinuity of the block boundary. Here, the
boundary samples mean samples which are located in the predicted block and which are adjacent to the
boundary of the predicted block.

[0092] FIG 5 is a diagram illustrating an example where a current block is encoded in the Intra_DC
prediction mode.

[0093] Referring to FIG 5, when a current block 500 is encoded in the Intra_DC prediction mode, left
boundary samples 522 and top boundary samples 521 of the current block 500 may be highly similar to
left reference samples 530 and top reference samples 510, respectively, and thus a smoothing filter may
be applied as illustrated in FIG 5.  In the drawing, the graded portion 505 represents a filtering target
area.

[0094] In some modes of the intra directional prediction modes, the 2-tap filtering may be applied to
the left boundary samples and the top boundary samples, similarly to the Intra_DC prediction mode.
Here, the 2-tap filtering is not applied to both the left boundary samples and the top boundary samples,
but is adaptively applied to the left boundary samples or the top boundary samples depending on the

prediction direction. ' That is, the 2-tap filtering is applied to only the boundary samples adjacent to the
15
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reference samples actually not used for the directional prediction.

[0095] Specifically, in the predicted block constructing step (S340), when the current block is encoded
in an intra directional prediction mode, the values of the predicted samples may be derived from the
reference samples located in the prediction direction.  Here, in some modes of the intra directional
prediction modes, the boundary samples not located in the prediction direction out of the left boundary
samples and the top boundary samples of the predicted block may be adjacent to reference samples not
used for the prediction. That is, the distance to the reference samples not used for the prediction may
be much smaller than the distance to the reference samples used for the prediction.  Since there isa
high possibility that the values of the predicted samples are similar to the reference samples having the
smaller distances, the filtering is applied to the reference samples adjacent to the boundary samples not
located in the prediction direction out of the left boundary samples and the top boundary samples in the
invention so as to enhance prediction performance and encoding efficiency.

[0096] For the purpose of convenience for explanation, the procedure of deriving the values of the
predicted samples in the intra directional prediction modes will be described in two steps of a step of
deriving the values of the reference samples located in the prediction direction as the values of the
predicted samples and a step of filtering and modifying the boundary samples not located in the
prediction direction out of the left boundary samples and the top boundary samples of the predicted
block. [x, y] coordinates of which the coordinate values increase in the right-bottom direction are set
with respect to the left-top sample of the current block and the predicted block.  The size of the current
block and the predicted block is defined asnS.  For example, the left-top boundary sample of the
predicted block has a position of [0, 0], the left boundary samples have positions of [0, 0 .. n8-1], and the
top boundary samples have positions of [0 .. nS-1, 0].

[0097]) First, the values of the predicted samples are derived on the basis of the reference samples
located in the prediction direction.

[0098] For example, when the current block is encoded in a vertical prediction mode, the values of the
16
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predicted samples are derived to be the values of the samples having the same x coordinate out of the
reference samples neighboring to the top boundary of the current block.  That is, the values
predSamples[x, y] of the predicted samples are derived by Expression 1.
[0099] Expression 1

predSamples|x, y] = plx, -1], withx, y = 0..nS-1
[0100] Here, pfa, b} represents the value of a sample having a position of [a, b].
[0101] For example, when the current block is encoded in a horizontal prediction mode, the values of
the predicted samples are derived to be the values of the samples having the same y coordinate out of
the reference samples neighboring to the left boundary of the current block.  That is, the values
predSamplesfx, y] of the predicted samples are derived by Expression 2.
[0102] Expression2

predSamples(x, yv] = p[-1. y]), with x, y = 0..nS-1
[0103] For example, when the current block is encoded in an intra directional prediction mode of the
prediction direction is a top-right direction, the values of the predicted samples are derived to be the
values of the reference samples located in the prediction direction out of the reference samples adjacent
to the top boundary of the current block and the reference sample located at the top-right edge.
[0104] For example, when the current block is encoded in an intra directional prediction mode of the
prediction direction is a left-bottom direction, the values of the predicted samples are derived to be the
values of the reference samples located in the prediction direction out of the reference samples adjacent
to the left boundary of the current block and the reference sample located at the left-bottorn edge.
[0105] By deriving the values of the predicted samples on the basis of the reference samples located in
the prediction direction and then filtering the boundary samples not located in the prediction direction
out of the left boundary samples and the top boundary samples of the predicted block on the basis of the
adjacent reference samples, it is possible to modify the values of the corresponding boundary samples.

The method of filtering the boundary samples not located in the prediction direction out of the left
17
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boundary samples and the top boundary samples of the predicted block using the reference samples not
located in the prediction direction will be described below in detail with reference to FIGS. Sto 13.
[0106] FIG 6 is a diagram illustrating an example where the prediction direction of an intra prediction
mode according to an embodiment of the invention is vertical.
[0107] Referring to FIG 6, in case of a vertical prediction mode (Intra-Vertical prediction mode), a
smoothing filter may be applied to left boundary samples 620.
[0108] As described above, when a current block 600 is encoded in the vertical prediction mode, the
values of the predicted samples are derived to be the values of the top reference samples. Here, the
reference samples neighboring to the left boundary of the current block 600 are not used for the
directional prediction, but are adjacent to the left boundary samples of the current block 600.  That is,
in the left boundary samples 620, the distance to the left reference samples 630 which are reference
samples not used for the prediction is smaller than the distance to the top reference samples 610 which
are reference samples used for the prediction.  Here, the top reference samples 610 mean samples [x, -
1] which are neighboring to the top boundary of the current block and which have the same x coordinate.
The left reference samples 630 mean samples [-1, y] which are neighboring to the left boundary of the
current block and which have the same y coordinate. Therefore, since there is a high possibility that
the values of the left boundary samples 620 are similar to the values of the left reference samples 630,
the smoothing filter may be applied to the left boundary samples 620 as illustrated in FIG 6. The
shaded portion 605 in the drawing represents a filtering target area.
[0109] For example, when a smoothing filter having a coefficient of [1 1]/2 is applied, the modified
values predSamples]x, y] of the left boundary samples 620 can be derived by Expression 3.
[0110] Expression 3

predSamples|x, v = (plx 11+ pl-LyD/ 2, withx = 0, 3y = 0.n8-1
[0111] The coefficient of the filter is not limited [1 1)/2, but filters having coefficients such as [1 3)/4

and [1 7)/8 may be applied. The coefficient of the filter may be adaptively determined depending on
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the size of the current block.
[0112] On the other hand, information of neighboring blocks may be further considered in performing
the filtering on the left reference samples.  For example, the modified values of the left boundary
samples 620 may be derived as expressed by Expression 4, in consideration of variations of the sample
values depending on the y coordinate values of the left boundary samples 620 with respect to the left-top
reference sample 640.
[0113] Expression4

predSamples|x, v] = plx. -11 + (pl-1. y1 - pl-1, -1]), withx = 0, y = O_nS-1
[0114] When the values of the left boundary samples 620 are derived using the above-mentioned
method, the values of the predicted sample may exceed a defined bit depth.  Therefore, the values of
the predicted samples may be limited to the defined bit depth or a weight may be given to the difference
therebetween.  For example, in case of predicted samples of luma components, the modified values of
the left boundary samples 620 may be derived by Expression 5.
[0115) Expression 5

predSamples|x, y] = Clipl {p|x. -1] + ((pl-1. ¥} - pI-1. -1/ 2)). with x = 0. y = 0..nS-1
[0116]) FIG 7 is a diagram illustrating an example where the prediction direction of an intra prediction
mode according to an embodiment of the invention is horizontal.
[0117] Referring to FIG 7, in case of a horizontal prediction mode (Intra-Horizontal prediction mode),
a smoothing filter may be applied to top boundary samples 720.
[0118] As described above, when a current block 700 is encoded in the vertical prediction mode, the
values of the predicted samples are derived to be the values of the left reference samples.  Here, the
reference samples neighboring to the top boundary of the current block 700 are not used for the
directional prediction, but are neighboring to the top boundary samples of the current block 700.  That
is, in the top boundary samples 720, the distance to the top reference samples 710 which are reference

samples not used for the prediction is smaller than the distance to the left reference samples 730 which
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are reference samples used for the prediction, Here, the top reference samples 710 mean samples [, -
1] which are neighboring to the top boundary of the current block and which have the same x coordinate.
The left reference samples 730 mean samples [-1, y] which are neighboring to the left boundary of the
current block and which have the same y coordinate.  Therefore, since there is a high possibility that
the values of the top boundary samples 720 are similar to the values of the top reference samples 710,
the smoothing filter may be applied to the top boundary samples 720 as illustrated in FIG 7. The
shaded portion 705 in the drawing represents a filtering target area.
[0119) For example, when a smoothing filter having a coefficient of [1 1]/2 is applied, the modified
values predSamples[x, y] of the top boundary samples 720 can be derived by Expression 6.
[0120} Expression 6

predSamples|x, vyl = (p[-1, y] + plx, -1D/ 2, withx = 0.nS-1,y = 0
[0121] The coefficient of the filter is not limited [1 1]/2, but filters having coefficients such as[1 3}/4
and [1 7)/8 may be applied. The coefficient of the filter may be adaptively determined depending on
the size of the current block,
[0122]  On the other hand, information of neighboring blocks may be further considered in performing
the filtering on the top reference samples.  For example, the modified values of the top boundary
samples 720 may be derived as expressed by Expression 7, in consideration of variations of the sample
values depending on the X coordinate values of the top boundary samples 720 with respect to the lefi<top
reference sample 740.
[0123] Expression 7

predSamplesix, y1 = pl-1. ¥1 + (plx. -1} - pl-1, -1, withx = O.nS~1. = 0
[0124] When the values of the top boundary samples 720 are derived using the above-mentioned
method, the values of the predicted sample may exceed a defined bit depth.  Therefore, the values of
the predicted samples may be limited to the defined bit depth or a weight may be given to the difference

therebetween.  For example, in case of predicted samples of luma components, the modified values of
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the top boundary samples 720 may be derived by Expression 8.
[0125] Expression 8

predSamples|x. y|  Cliph {p[-1, y] + ((plx, =1] = p[=1, 11D/ 2)), with x = OunS=1,p = 0
[0126] On the other hand, the method of applying the smoothing filter to the left boundary samples or
the top boundary samples on the basis of the prediction mode of the current block may be applied to
other intra directional prediction modes in addition to the vertical prediction mode and/or the horizontal
prediction mode.
[0127] For example, the intra directional prediction modes may be classified depending on the
prediction directions and the filtering may be adaptively performed depending on the groups to which
the corresponding mode belongs.
[0128) FIG 8 is a diagram illustrating an example where the intra prediction modes are classified
depending on the prediction directions.
[0129] When the prediction direction of an intra prediction mode is a top-right direction 810, the
smoothing filter may be applied to the left boundary samples, similarly to the vertical prediction mode.
When the prediction direction of an intra prediction mode is a left-bottom direction 820, the smoothing
filter may be applied to the top boundary samples, similarly to the horizontal prediction mode.
[0130] FIG 9 is a diagram illustrating an example where the prediction direction of an intra prediction
mode is the top-right direction according to an embodiment of the invention,
[0131] Asdescribed above, when a current block 900 is encoded in an intra directional prediction
mode of which the prediction direction is the top-right direction, the values of the predicted samples are
derived to be values of reference samples 910 located in the prediction direction out of the reference
samples neighboring to the right boundary of the current block and a reference sample 910 located at the
top-right edge. Here, the reference samples neighboring to the left boundary of the current block 900
are not used, but are adjacent to the left boundary samples. That is, the left boundary samples 920 have

a distance to the left reference samples 930 smaller than the distance to the reference samples 910
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located in the prediction direction.  Here, the left reference samples 930 mean samples [-1, y] which
are neighboring to the left boundary of the current block and which have the same y coordinate.
Therefore, since there is a high possibility that the values of the left boundary samples 920 are similar to
the values of the adjacent left reference samples 930, the smoothing filter may be applied to the left
boundary samples 920 as illustrated in FIG 9. The shaded portion 905 in the drawing represents a
filtering target area.

[0132] FIG 10 is a diagram illustrating an example where the prediction direction of an intra
prediction mode is the lefi-bottom direction according to an embodiment of the invention.

[0133] As described above, when a current block 1000 is encoded in an intra directional prediction
mode of which the prediction direction is the left-bottom direction, the values of the predicted samples
are derived to be values of reference samples 1030 located in the prediction direction out of the
reference samples neighboring to the left boundary of the current block and a reference sample located
atthe lefi-bottom edge.  Here, the reference samples neighboring to the top boundary of the current
block 1000 are not used, but are neighboring to the top boundary samples.  That is, the top boundary
samples 1020 have a distance to the top reference samples 1010 smaller than the distance to the
reference samples 1030 located in the prediction direction.  Here, the top reference samples 1010 mean
samples [x, -1} which are neighboring to the top boundary of the current block and which have the same
x coordinaie, Therefore, since there is a high possibility that the values of the top boundary samples
1020 are similar to the values of the adjacent top reference samples 1030, the smoothing filter may be
applied to the top boundary samples 1020 as illustrated in FIG 10. The shaded portion 1005 in the
drawing represents a filtering target area.

[0134]  On the other hand, as described above, the procedure of deriving the values of the predicted
samples has been described in two steps of the step of deriving the values of the reference samples
located in the prediction direction as the values of the predicted samples and the step of filtering and

modifying the boundary samples not located in the prediction direction out of the left boundary samples
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and the top boundary samples of the predicted block for the purpose of convenience for explanation, but
the procedure of deriving the values of the predicted samples may not be divided into plural steps, but
may be performed in a single step.  For example, in the procedure of deriving the values of the
boundary samples not located in the prediction direction out of the left boundary samples and the top
boundary samples of the predicted block, the step of filtering the boundary samples may not be
perfonmed as an independent step, but may be performed as a unified step with the step of deriving the
values of the predicted samples to be the values of the reference samples located in the prediction
direction.

[0135] For example, in the example illustrated in FIG 6, the values of the left boundary samples 620
may be derived on the basis of the top reference samples 610 and the reference samples 630 adjacent to
the left boundary samples as expressed by Expressions 3 to 5.

[0136] For example, in the example illustrated in FIG 7, the values of the top boundary samples 720
may be derived on the basis of the left reference samples 730 and the reference samples 710 adjacent to
the top boundary samples as expressed ’by Expressions 6to 8.

[0137] For example, in the example illustrated in FIG 9, the values of the left boundary samples 920
may be derived on the basis of the reference samples 910 located in the prediction direction and the
reference samples 930 adjacent o the left boundary samples.

[0138] Forexample, in the example illustrated in FIG 10, the values of the top boundary samples
1020 may be derived on the basis of the reference samples 1030 located in the prediction direction and
the reference samples 1010 adjacent to the top boundary samples.

[0139] On the other hand, since the smoothing filtering is not performed on the predicted samples
other than the boundary samples not located in the prediction direction out of the left boundary samples
and the top boundary samples of the predicted block, the values of the predicted samples are derived to
be the values of the reference samples in the prediction direction.

[0140] For example, when a current block is encoded in the vertical prediction mode, the values of
23
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predicted samples other than the left boundary samples are derived as expressed by Expression 9,
{[0141] Expression9

predSamples|x, ¥] = p[x, -1], withx = 1.nS-1, y = 0.nS-1
[0142] For example, when a current block is encoded in the horizontal prediction mode, the values of
predicted samples other than the top boundary samples are derived as expressed by Expression 10,
[0143] Expression 10

predSamples|x, y] = pl-1, ], withx = 0.nS-1, y = 1..nS-1
{0144] On the other hand, the method of applying the smoothing filter to the left boundary samples or
the top boundary samples on the basis of the prediction mode of the current block may not be applied to
all the predicted samples of the boundary samples, but may be applied to only some thereof,
[0145] When the distance to the reference samples used for the directional prediction is small, the
error of the predicted sample may not be large.  In this case, it is rather accurate not to apply the
stnoothing filter, that is, not to consider other sample information. Therefore, it may be determined
whether the filtering should be performed on the adjacent reference samples depending on the positions
of the boundary samples in the block.
[0146]) For example, the smoothing filter may be applied to only some of the left boundary samples in
the vertical prediction mode, or the smoothing filter may be applied to only some of the top boundary
samples in the horizontal prediction mode,
[0147] FIG 11 is a diagram illustrating an example where the prediction direction of an intra
prediction mode is vertical according to another embodiment of the invention. Referring to FIG 11,
the smoothing filter may be applied to only some of the left boundary samples.  That is, the larger the
distance to the reference samples used for the prediction becomes, the lower the prediction accuracy
becomes.  Accordingly, the smoothing filter may be applied to only the samples in an area having low
accuracy.

[0148]  For example, the smoothing filter may be applied to only left boundary samples 1120 spaced
24
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apart from top reference samples 1110 out of the left boundary samples with respect to half the height of
a current block 1100.  The shaded portion 1105 in the drawing represents a filtering target area.

[0149] Even whenthe prediction mode of a current block is the horizontal prediction mode, it may be
determined whether the filtering should be performed on the adjacent reference samples depending on
the positions of the top boundary samples in the block.

[0150] FIG 12 isadiagram illustrating an example where the prediction direction of an intra
prediction mode is horizontal according to another embodiment of the invention.  Referring to FIG 12,
the smoothing filter may be applied to only some of the top boundary samples.

[0151] For example, the smoothing filter may be applied to only top boundary samples 1220 spaced
apart from left reference samples 1230 out of the top boundary samples with respect to half the width of
acurrent block 1200.  The shaded portion 12035 in the drawing represents a filtering target area.

[0152] On the other hand, the area to which the smoothing filter is applied is not limited to half the
height or width of the current block.  That is, the area may be set to have a size of 1/4 or 3/4 thereof or
may be adaptively determined on the basis of the distance to the samples used for the prediction
depending on the intra prediction mode.  In this case, the area to which the smoothing filter is applied
may be defined in a lookup table to reduce a computational load of the encoder or the decoder.

[0153] On the other hand, the technical spirit of the invention can be applied to both the luma
component and the chroma component, but may be applied to only the luma component and may not be
applied to the chroma component. When the technical spirit of the invention is applied to only the
luma component, the values of predicted samples of the chroma component are derived using the same
method as in a general intra prediction mode.

[0154] FIG 13 is a diagram schematically illustrating the operation of an encoder in a system

according to the invention.

[0155] The encoder performs a prediction process on a current block (S1310).  The encoder

constructs a predicted block of the current block on the basis of the prediction mode of the current block.
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Here, neighboring samples of the current block may be used as reference samples to derive the values of
predicted samples.

[0156] When the prediction mode of the current block is an intra directional prediction mode, the
encoder may derive the values of boundary samples not located in the prediction direction of the intra
directional prediction mode out of the left boundary samples and the top boundary samples of the
predicted block on the basis of the reference samples located in the prediction direction and the
reference samples adjacent to the boundary samples.  Here, the boundary samples mean samples
which are located in the predicted block and which are neighboring to the boundary of the predicted
block.

[0157] Forexample, when the intra directional prediction mode is the vertical prediction mode, the
encoder may derive the values of the left boundary samples on the basis of the top reference samples of
the left boundary samples and the reference samples adjacent to the left boundary samples.  Here, the
top reference samples mean samples which are neighboring to the top boundary of the current block and
which have the same x coordinate.

[0158] For example, when the intra directional prediction mode is the vertical prediction mode, the
encoder may derive the values of the left boundary samples on the basis of the top reference samples of
the left boundary samples, the reference samples adjacent to the left boundary samples, and the
reference sample neighboring to the left-top edge of the current block.

{01591 For example, when the intra directional prediction mode is the horizontal prediction mode, the
encoder may derive the values of the top boundary samples on the basis of the left reference samples of
the top boundary samples and the reference samples adjacent to the top boundary samples. Here, the
left reference samples mean samples which are neighboring to the left boundary of the current block and
which have the same y coordinate.

[0160] For example, when the intra directional prediction mode is the horizontal prediction mode, the

encoder may derive the values of the top boundary samples on the basis of the left reference samples of
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the top boundary samples, the reference samples adjacent to the top boundary samples, and the
reference sample neighboring to the lefi-top edge of the current block.

[0161] For example, when the prediction direction of the prediction mode is a top-right direction, the
encoder may derive the values of the left boundary samples on the basis of the reference samples located
in the prediction direction and the reference samples adjacent to the left boundary samples.

[0162] For example, when the prediction direction of the prediction mode is a lefi-bottom direction,
the encoder may derive the values of the top boundary samples on the basis of the reference samples
located in the prediction direction and the reference samples adjacent fo the top boundary samples.
[0163] On the other hand, the encoder may derive the values of the predicted samples other than the
boundary samples not located in the prediction direction of the intra directional prediction mode out of
the left boundary samples and the top boundary samples of the predicted block to be the values of the
reference values located in the prediction direction.

[0164] Forexample, when the intra directional prediction mode is the vertical prediction mode, the
encoder may derive the values of the predicted samples to be the values of the top reference samples of
the predicted samples.

[0165] Forexample, when the intra directional prediction mode is the horizontal prediction mode, the
encoder may derive the values of the predicted samples to be the values of the left reference samples of
the predicted samples.

[0166] The encoder entropy-encodes information on the predicted block constructed in the prediction
step $1310(S1320).  As described above, encoding methods such as exponential golomb and
CABAC may be used for the entropy encoding, and codewords may be allocated in consideration of an
appearance frequency of a prediction mode or a prediction type.

[0167] The encoder signals the information encoded in the entropy encoding step $1320 (S1330).
For example, the encoder may signal the prediction mode information and the residual signal between

the predicted block and the original block. When the smoothing filter is applied to the procedure of
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performing the infra prediction, the information on the coefficients of the smoothing filter may be
signaled.

[0168] FIG 14 is a diagram schematically illustrating the operation of a decoder in a system according
to the invention.

[0169] The decoder receives information from an encoder (S1410).  The information received from
the encoder may be supplied with a bitstream having the information loaded thereon.

[0170] The decoder entropy-decodes the information received in the information receiving step S1410
{S1420). ' The decoder may acquire information for prediction of the current block, such as the
prediction method (inter prediction/intra prediction) of the current block, a motion vector (inter
prediction), a prediction mode (intra prediction), and a residual signal, in the entropy decoding step
S1420.

[0171] The decoder performs a prediction process on the current block on the basis of the information
acquired in the entropy decoding step S1420 (81430).  The decoder constructs a predicted block of the
current block on the basis of the prediction mode of the current block.  Here, neighboring samples of
the current block may be used as reference samples so as to derive the values of the predicted samples.
[0172] The prediction method performed in the decoder is identical or similar to the prediction
method performed in the encoder.

[0173] That is, when the prediction mode of the current block is an intra directional prediction mode,
the decoder may derive the values of the boundary samples not located in the prediction direction of the
intra directional prediction mode out of the left boundary samples and the top boundary samples of the
predicted block on the basis of the reference samples located in the prediction direction and the
reference samples adjacent to the corresponding boundary samples.

[0174]) For example, the intra directional prediction mode is the vertical prediction mode, the decoder
may derive the values of the left boundary samples on the basis of the top reference samples of the left

boundary samples and the reference samples adjacent to the left boundary samples.
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[0175] For example, the intra directional prediction mode is the vertical prediction mode, the decoder
may derive the values of the left boundary samples on the basis of the top reference samples of the left
boundary samples, the reference samples adjacent to the left boundary samples, and the reference
sample neighboring to the left-top edge of the current block.

[0176] For example, the intra directional prediction mode is the horizontal prediction mode, the
decoder may derive the values of the top boundary samples on the basis of the left reference samples of
the top boundary samples and the reference samples adjacent to the top boundary samples,

[0177] For example, the intra directional prediction mode is the horizontal prediction mode, the
decoder may derive the values of the top boundary samples on the basis of the left reference samples of
the top boundary samples, the reference samples adjacent to the top boundary samples, and the
reference sample adjacent to the lefi-top edge of the current block.

[0178] For example, when the prediction direction of the prediction mode is a top-right direction, the
decoder may derive the values of the left boundary samples on the basis of the reference samples located
in the prediction direction and the reference samples adjacent to the left boundary samples,

[0179] Forexample, when the prediction direction of the prediction mode is a lefi-bottom direction,
the encoder may derive the values of the top boundary samples on the basis of the reference samples
located in the prediction direction and the reference samples adjacent to the top boundary samples.
[0180] The decoder may derive the values of the predicted samples other than the boundary samples
not located in the prediction direction of the intra directional prediction mode out of the left boundary
samples and the top boundary samples of the predicted block to be the values of the reference samples
located in the prediction direction.

[0181] For example, when the intra directional prediction mode is the vertical prediction mode, the
decoder may derive the values of the predicted samples to be the values of the top reference samples of
the predicted samples,

[0182] For example, when the intra directional prediction mode is the horizontal prediction mode, the
29
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decoder may derive the values of the predicted samples to be the values of the left reference samples of
the predicted samples.

[0183] The decoder reconstructs a picture on the basis of the predicted block constructed in the
prediction step S1430 (S1440).

[0184] While the methods in the above-mentioned exemplary system have been described on the
basis of flowcharts including a series of steps or blocks, the invention is not limited to the order of steps
and a certain step may be performed in a step or an order other than described above or at the same time
as described above.  The above-mentioned embodiments can include various examples.  Therefore,
the invention includes all substitutions, corrections, and modifications belonging to the appended claims.
[0185] When it is mentioned above that an element is “connected to” or “coupled to™ another element,
it should be understood that still another element may be interposed therebetween, as well as that the
element may be connected or coupled directly to another element.  On the contrary, when it is
mentioned that an element is “‘connected directly to” or “coupled directly to” another element, it should
be understood that still another element is not interposed therebetween.

[0186]
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CLAIMS:

1. Amethod for decoding an image, performed by a decoding apparatus, the method

comprising:
recetving prediction mode information;

deriving an intra prediction mode for a current block based on the prediction mode

mformation; and
generating prediction samples of the current block based on the intra prediction mode,

wherein the intra prediction mode is a horizontal prediction mode having a horizontal

prediction direction,

wherein the prediction samples are generated based on first reference samples
located along the horizontal prediction direction with regard to locations of the prediction

samples,

wherein a prediction sample which is adjacent to a top boundary of the current block
among the prediction samples is filtered based on a second reference sample located along

a vertical direction with regard to a location of the prediction sample,

wherein the second reference sample is adjacent to an upper side of the prediction

sample, and

wherein a filtering coefficient applied to a value of the prediction sample is larger

than a filtering coefficient applied to a value of the second reference sample.

2. The method of claim 1, wherein the first reference samples are adjacent to a left

boundary of the current block.

3. The method of claim 1, wherein a prediction sample which is not adjacent to the

top boundary of the current block among the prediction samples is not filtered.

4. The method of claim 1, wherein the second reference sample has the same x

coordinate with the prediction sample.

31
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5. The method of claim 1, wherein the prediction sample is adjacent to a lower side

of the top boundary of the current block, and

wherein the second reference sample is adjacent to an upper side of the top boundary

of the current block.

6. A method for encoding an image, performed by an encoding apparatus, the method

comprising:
deriving an intra prediction mode for a current block;
generating prediction mode information based on the intra prediction mode;
generating prediction samples of the current block based on the intra prediction mode;
generating residual information based on the prediction samples; and

encoding image information including the prediction mode information and the

residual information,

wherein the intra prediction mode is a horizontal prediction mode having a horizontal

prediction direction,

wherein the prediction samples are generated based on first reference samples
located along the horizontal prediction direction with regard to locations of the prediction

samples,

wherein a prediction sample which is adjacent to a top boundary of the current block
among the prediction samples is filtered based on a second reference sample located along

avertical direction with regard to a location of the prediction sample,

wherein the second reference sample is adjacent to an upper side of the prediction

sample, and

wherein a filtering coefficient applied to a value of the prediction sample is larger

than a filtering coefficient applied to a value of the second reference sample.

7. The method of claim 6, wherein the first reference samples are adjacent to a left
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boundary of the current block.

8. The method of claim 6, wherein a prediction sample which is not adjacent to the

top boundary of the current block among the prediction samples is not filtered.

9. The method of claim 6, wherein the second reference sample has the same x

coordinate with the prediction sample.

10. The method of claim 6, wherein the prediction sample is adjacent to a lower side

of the top boundary of the current block, and

wherein the second reference sample is adjacent to an upper side of the top boundary

of the current block.
11. A transmitting method of data for image information, the method comprising:

obtaining a bitstream of the image information including prediction mode

information and residual information; and

transmitting the data comprising the bitstream of the image information including

the prediction mode information and the residual information,

wherein the bitstream is generated based on deriving an intra prediction mode for a
current block, generating prediction mode information based on the intra prediction mode,
generating prediction samples of the current block based on the intra prediction mode,
generating residual information based on the prediction samples, encoding image

information including the prediction mode information and the residual information,

wherein the intra prediction mode is a horizontal prediction mode having a horizontal

prediction direction,

wherein the prediction samples are generated based on first reference samples
located along the horizontal prediction direction with regard to locations of the prediction

samples,

wherein a prediction sample which is adjacent to a top boundary of the current block

among the prediction samples is filtered based on a second reference sample located along

33
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a vertical direction with regard to a location of the prediction sample,

wherein the second reference sample is adjacent to an upper side of the prediction

sample, and

wherein a filtering coefficient applied to a value of the prediction sample is larger

5 than a filtering coefficient applied to a value of the second reference sample.

34
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