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(57) ABSTRACT 

Provided is a method and apparatus for performing intra 
prediction using an adaptive filter. The method for perform 
ing intra-prediction comprises the steps of determining 
whether or not to apply a first filter for a reference pixel 
value on the basis of information of a neighboring block of 
a current block; applying the first filter for the reference 
pixel value when it is determined to apply the first filter; 
performing intra-prediction on the current block on the basis 
of the reference pixel value; determining whether or not to 
apply a second filter for a prediction value according to each 
prediction mode of the current block, which is predicted by 
the intra-prediction performance on the basis of the infor 
mation of the neighboring block; and applying the second 
filter for the prediction value according to each prediction 
mode of the current block when it is determined to apply the 
second filter. 
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1. 

METHOD AND APPARATUS FOR 
PERFORMING INTRA-PREDCTION USING 

ADAPTIVE FILTER 

TECHNICAL FIELD 

The present invention relates to video coding, and more 
particularly, to a method and apparatus for performing 
intra-prediction by applying an adaptive filter to the Sur 
rounding pixel values of a block to be predicted or the 
predicted pixel values of a current block. 

BACKGROUND ART 

With the recent advent of digital TV, etc., technology in 
the broadcasting TV and home entertainment fields are 
abruptly being developed. Technology of the fields is being 
commercialized by the standardization of video compres 
sion technology. For video compression, an ITU-T (Inter 
national Telecommunications Union-Telecommunication) 
H.263 standard is being widely used. MPEG-4 which is the 
next standard of MPEG (Motion Picture Experts Group) is 
being used for Internet-based video applications. 

After the H.263 standard was completed, ITU-T VCEG 
(Video Coding Experts Group) has devoted itself to achieve 
a short-term target for adding additional characteristics to 
the H.263 standard and a long-term target for developing a 
new standard for visual communication of a low bit rate. In 
the year of 2001, JVT (Joint Video Team) consisting of the 
experts of MPEG and VCEG was constructed, and the JVT 
has performed a standardization task of ITU-T H.264/ 
MPEG-4 part 10 which is a new standard for the coding of 
video. The H.264 standard may also be called AVC (Ad 
vanced Video Coding). The technological target of the 
H.264/AVC is for the significant improvement of coding 
efficiency, coding technology robust to loss and error, net 
work-friendly coding technology, low latency capability, 
accurate match decoding, and so on. 
Most of surrounding pixels within video have similar 

values. The same principle applies to 4x4 blocks or 16x16 
blocks which are a minimum block size of the H.264/AVC 
standard. Prediction for the video may be performed using 
the likeness between inter-block values as described above, 
and a difference between the video and an original video can 
be encoded. This is called intra-prediction. The efficiency of 
Video coding can be increased by intra-prediction. 

Furthermore, in performs intra-prediction, a filter may be 
applied before the intra-prediction is performed. In typical 
cases, when intra-prediction is performed in the H.264/AVC 
standard, a filter is applied to reference pixel values, and the 
values to which the filter has been applied are used for the 
intra-prediction. However, the performance of video coding 
may be increased when the intra-prediction is performed 
without applying the filter rather than when the intra 
prediction is performed after the filter is applied, according 
to circumstances. 

Accordingly, there may be proposed a method of deter 
mining whether to apply a filter when performing intra 
prediction. 

SUMMARY OF INVENTION 

Technical Problem 

An object of the present invention is to provide a method 
and apparatus for performing intra-prediction by applying an 
adaptive filter to surrounding pixel values of a block to be 
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2 
predicted or the predicted pixel values of a current block in 
video encoding. More particularly, after an adaptive filter 
(i.e., a pre-filter) is applied to reference pixel values of a 
current block for performing intra-prediction, prediction is 
performed. Furthermore, a residual signal is calculated after 
applying an adaptive filter (i.e., a post-filter) to the pixel 
values of a predicted current block. 

Technical Solution 

In an aspect, there is provided a method of performing 
intra-prediction. The method of performing intra-prediction 
includes determining whether to apply a first filter to a 
reference pixel value based on information about surround 
ing blocks of a current block, if, as a result of the determi 
nation, the first filter is determined to be applied, applying 
the first filter to the reference pixel values, performing 
intra-prediction for the current block based on the reference 
pixel value, determining whether to apply a second filter to 
a prediction value for each prediction mode of the current 
block, predicted by performing the intra-prediction based on 
the information about the Surrounding blocks, and if as a 
result of the determination, the second filter is determined to 
be applied, applying the second filter to the prediction values 
for each prediction mode. 
Whether to apply the first filter may be determined based 

on the prediction mode of the current block determined 
based on the information about the Surrounding blocks. 

Whether to apply the first filter may be determined based 
on the size of the current block. 
Whether to apply the first filter may be previously des 

ignated based on the prediction mode of the current block 
and the size of the current block. 
Whether to apply the first filter may be determined based 

on whether the surrounding blocks have been subjected to 
intra-frame coding or inter-frame coding. 
The first filter may be at least any one of a 3-tap filter and 

a 2-tap filter. 
Whether to apply the second filter may be determined 

based on the prediction mode of the current block deter 
mined based on the information about the Surrounding 
blocks. 

Whether to apply the second filter may be determined 
based on the size of the current block. 

Whether to apply the second filter may be determined 
based on whether the surrounding blocks have been sub 
jected to intra-frame encoding or inter-frame encoding. 
The second filter may be applied to prediction values of 

pixels adjacent to the boundary of the reference pixel value. 
The second filter may be at least any one of a 3-tap filter 

and a 2-tap filter. 
In another aspect, there is a provided encoder. The 

encoder includes a processor and memory connected to the 
processor and configured to store pieces of information for 
driving the processor. The processor is configured to deter 
mine whether to apply a first filter to a reference pixel value 
based on information about Surrounding blocks of a current 
block, if, as a result of the determination, the first filter is 
determined to be applied, apply the first filter to the refer 
ence pixel value, perform intra-prediction for the current 
block based on the reference pixel value, determine whether 
to apply a second filter to a prediction value for each 
prediction mode of the current block, predicted by perform 
ing the intra-prediction based on the information about the 
Surrounding blocks, and if, as a result of the determination, 
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the second filter is determined to be applied, apply the 
second filter to the prediction value for each prediction 
mode. 

In yet another aspect, there is a provided decoder. The 
decoder includes a processor and memory connected to the 
processor and configured to store pieces of information for 
driving the processor. The processor is configured to deter 
mine whether to apply a first filter to a reference pixel value 
based on information about Surrounding blocks of a current 
block, if, as a result of the determination, the first filter is 
determined to be applied, apply the first filter to the refer 
ence pixel value, perform intra-prediction for the current 
block based on the reference pixel value, determine whether 
to apply a second filter to a prediction value for each 
prediction mode of the current block, predicted by perform 
ing the intra-prediction based on the information about the 
Surrounding blocks, and if, as a result of the determination, 
the second filter is determined to be applied, apply the 
second filter to the prediction value for each prediction 
mode. 

Advantageous Effects 

The performance of coding is improved by effectively 
predicting a luminance or chrominance signal block to be 
encoded. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of an encoder according to the 
H.264/AVC (Advanced Video Coding) standard. 

FIG. 2 is a block diagram of a decoder according to the 
H.264/AVC standard. 

FIG. 3 is a diagram showing an example of labeled 
prediction samples in a 4x4 luma prediction mode. 

FIG. 4 is a diagram showing 9 kinds of prediction modes 
within the 4x4 luma prediction mode. 

FIG. 5 is a diagram showing an example of a method of 
applying a filter before intra-prediction is performed. 

FIG. 6 is a diagram showing an embodiment of a pro 
posed method of performing intra-prediction using an adap 
tive filter. 

FIG. 7 is a diagram showing an example in which a filter 
is applied to a prediction value according to the proposed 
method of performing intra-prediction using the adaptive 
filter. 

FIG. 8 is a block diagram of an encoder and a decoder in 
which the embodiments of the present invention are imple 
mented. 

MODE FOR INVENTION 

Hereinafter, embodiments of the present invention are 
described in detail with reference to the accompanying 
drawings in order for those skilled in the art to be able to 
readily implement the present invention. However, the pres 
ent invention may be implemented in various different ways 
and are not limited to the following embodiments. In order 
to clarify a description of the present invention, parts not 
related to the description are omitted, and similar reference 
numbers are used throughout the drawings to refer to similar 
parts. Furthermore, a description of parts which can be 
readily understood by those skilled in the art is omitted. 

Furthermore, when it is said that any part “includes (or 
comprises) any element, it means that the corresponding 
part may further include other elements unless otherwise 
described without excluding the elements. 
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4 
FIG. 1 is a block diagram of an encoder according to the 

H.264/AVC (Advanced Video Coding) standard. 
Referring to FIG. 1, the encoder includes two kinds of 

data flow paths. One of them is a forward path, and the other 
thereof is a reconstruction path. 

First, the forward path is described. Encoding is per 
formed for an input frame F., for each macroblock. The 
macroblock has the size of 16x16 pixels in an original video. 
Intra-prediction or inter-prediction is performed for each 
input frame. In the intra-prediction, prediction is performed 
using a likeness between inter-block values within the 
frame, and a difference between the original video and a 
relevant video is encoded. In the inter-prediction, prediction 
is performed using a likeness between inter-block values 
between frames, and a difference between the original video 
and a relevant video is encoded. At the time of the intra 
prediction or the inter-prediction, P (i.e., a prediction mac 
roblock) is formed on the basis of the reconstructed frame. 
At the time of the intra-prediction, the prediction macrob 
lock P may be formed from samples within a previously 
encoded current frame, a decoded current frame, or a recon 
structed current frame uF,'. When the prediction macroblock 
P is formed from the reconstructed current frame, unfiltered 
samples may be used. At the time of the inter-prediction, the 
prediction macroblock P may be formed from one or more 
reference frames through motion compensation or motion 
prediction. In FIG. 1, it is assumed that the reference frame 
is a previously encoded frame F.". However, the present 
invention is not limited thereto, and each prediction macro 
block may be formed from a previous 1 frame or previous 
2 frames already encoded or reconstructed, or a Subsequent 
frame or subsequent 2 frames. 
P is subtracted from the current macroblock in order to 

generate a residual or different macroblock D. The macro 
block D, is transformed (T) using a block transform and 
quantized (Q), thus generating X. X is a set of encoded 
coefficients. The encoded coefficients are reordered and then 
Subjected to entropy coding. The entropy-coded coefficients 
form a compressed bit stream, along with information nec 
essary to decode the macroblock. The compressed bit stream 
is sent to a Network Abstraction Layer (NAL) for transmis 
sion or storage. 
The reconstruction path is described below. The quantized 

macroblock coefficients X are decoded in order to generate 
a reconstructed frame which is used to encode other mac 
roblocks. X are inverse quantized (Q') and then inverse 
transformed (T), thus generating a macroblock. The dif 
ference macroblock D, generated in the reconstruction path 
is not the same as the difference macroblock D, generated in 
the forward path. Loss is generated because of the quanti 
Zation, and thus the macroblock D, may have a distorted 
form of D. The prediction macroblock P is added to the 
macroblock, and a reconstruction macroblock uF, is gen 
erated. The reconstruction macroblock uF may also have a 
distorted form of the original macroblock Fn. In order to 
reduce blocking distortion for the reconstruction macrob 
lock, a filter may be applied. A reconstructed frame may be 
formed from a plurality of reconstruction macroblocks to 
which the filter has been applied. 

FIG. 2 is a block diagram of a decoder according to the 
H.264/AVC standard. 

Referring to FIG. 2, the decoder receives a compressed bit 
stream from an NAL. The received data is subjected to 
entropy decoding in order to generate a set of quantized 
coefficients X and then reordered. Inverse quantization and 
inverse transform are performed for the quantized coeffi 
cients X, thereby generating D. The decoder generates the 
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same prediction macroblock P as a prediction macroblock, 
generated at an encoder, using header information decoded 
from the bit stream. uF," is generated by adding D" to P. and 
uF may experience a filter, thereby generating a decoded 
macroblock. 

Intra-Prediction is Described Below. 
When the intra-prediction is performed for a block (or a 

macroblock), a prediction block (or a macroblock) P may be 
formed on the basis of encoded blocks (or macroblocks) or 
reconstructed blocks (or macroblocks). P is subtracted from 
an original video, and a difference from which P has been 
subtracted is encoded and then transmitted. The intra-pre 
diction may be performed according to a luma prediction 
mode or a chroma prediction mode. In the luma prediction 
mode, the intra-prediction may be performed in the unit of 
a 4x4 sub-block size or a 16x16 macroblock size. A total of 
9 additional prediction modes exist in the 4x4 luma predic 
tion mode, and a total of 4 additional prediction modes exist 
in the 16x16 luma prediction mode. The unit in which the 
intra-prediction is performed is not limited to the sub-block 
or the macroblock, but may be performed using various sizes 
as the unit. The unit of a pixel in which the intra-prediction 
is performed may be called a Coding Unit (CU) or a 
Prediction Unit (PU). The size of the CU or the PU may be 
the same as the size of a Sub-block or a macroblock as 
described above. 

FIG. 3 is a diagram showing an example of labeled 
prediction samples in the 4x4 luma prediction mode. Refer 
ring to FIG. 3, a prediction block P is A to H or I to Land 
is calculated on the basis of labeled samples. 

FIG. 4 is a diagram showing 9 kinds of prediction modes 
within the 4x4 luma prediction mode. 
An encoder may select any one of the 9 prediction modes 

for each block in order to minimize a difference between a 
prediction block P and a block to be encoded. The 9 
prediction modes are as follows. 

1) mode 0 (vertical): A to D which are upper samples of 
the prediction block are vertically extrapolated. 

2) mode 1 (horizontal): I to L which are left samples of the 
prediction block are horizontally extrapolated. 

3) mode 2 (DC); all the samples A to D and I to L within 
the prediction block P are predicted by average. 

4) mode 3 (diagonal down-left): samples within the 
prediction block P are interpolated at an angle of 45° 
between a left down and a right up. 

5) mode 4 (diagonal down-right): Samples within the 
prediction block P are extrapolated right downward at an 
angle of 45°. 

6) mode 5 (vertical-right): samples within the prediction 
block P are extrapolated or interpolated to the right at an 
angle of about 26.6° in a vertical axis. 

7) mode 6 (horizontal-down): samples within the predic 
tion block Pare extrapolated downward at an angle of about 
26.6° in a horizontal axis. 

8) mode 7 (vertical-left): samples within the prediction 
block Pare extrapolated to the left at an angle of about 26.6° 
in the vertical axis. 

9) mode 8 (horizontal-up): samples within the prediction 
block P are interpolated upward at an angle of about 26.6° 
in the horizontal axis. 

In FIG. 4, the arrow indicates a direction in which 
prediction is performed within each mode. Meanwhile, in 
relation to the mode 3 to the mode 8, the samples within the 
prediction block P are formed from a weighted average of 
the prediction samples A to H or I to L. For example, in the 
mode 4, a sample d placed on the right upper side of the 
prediction block P may be predicted as round (B/4+C/2+D/ 
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6 
4). The encoder calculates the Sum of Absolute Errors 
(SAE) for a prediction block generated by each of the 
prediction modes and performs intra-prediction based on the 
prediction mode having the smallest SAE. 

FIG. 5 is a diagram showing an example of a method of 
applying a filter before intra-prediction is performed. 

In general, a filter is applied to samples used in the 
H.264/AVC standard, and intra-prediction is then per 
formed. The samples may also be called reference pixel 
values. In the example of FIG. 5, it is assumed that a filter 
is a low-pass filter and is applied to only an 8x8 block. 

Equation 1 is an example of Equation showing a 3-tap 
filter applied to a reference pixel value. 

<Equation 1 > 

hz indicates a value calculated by applying the filter to 
Z. Referring to Equation 1, filtering for the reference pixel 
value is performed by applying filter coefficients (12,1), and 
intra-prediction according to the 9 prediction modes is 
performed on the basis of reference pixel values hA-hz 
that has been filtered. Like in the encoding process, the filter 
may be applied even in a decoding process. 

In performing filtering before intra-prediction is per 
formed, the performance of encoding may be improved 
when the filtering is not performed. Accordingly, a method 
of performing intra-prediction by adaptively applying the 
filter may be proposed. 

FIG. 6 is a diagram showing an embodiment of the 
proposed method of performing intra-prediction using an 
adaptive filter. 

Referring to FIG. 6, at step S201, an encoder determines 
whether to apply the adaptive filter to a reference pixel 
value. When determining whether to apply the adaptive 
filter, the encoder may determine whether to apply the 
adaptive filter on the basis of information about a surround 
ing block or according to a Rate-Distortion Optimization 
(RDO) method. 
When determining whether to apply the adaptive filter to 

the reference pixel value based on the information about a 
Surrounding block, a prediction mode of a current block may 
be determined based on prediction mode information (i.e., a 
Most Probable Mode (MPM) about the surrounding block, 
and whether to apply the adaptive filter to the reference pixel 
value may be determined according to the determined pre 
diction mode of the current block. For example, assuming 
that a current block is C, an upper block is A, and a left 
block is B, when a prediction mode of the current block is 
the same as a prediction mode of the upper block A, the 
prediction mode of the upper block A may be determined 
as the prediction mode of the current block. When the 
prediction mode of the current block is the same as a 
prediction mode of the left block B, the prediction mode of 
the left block B may be determined as the prediction mode 
of the current block. Alternatively, when the prediction 
mode of the current block is a prediction mode other than the 
prediction mode of the upper block 'A' or the prediction 
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mode of the left block B, a relevant prediction mode is 
encoded and transmitted. Whether to apply the adaptive 
filter to the reference pixel value may be determined accord 
ing to the prediction mode of the current block determined 
as described above. Even when the current block, the upper 
block, and the left block have different sizes, the prediction 
mode of a current block may be determined based on the 
prediction mode of a Surrounding block. 

Alternatively, in determining whether to apply the adap 
tive filter to the reference pixel value based on the informa 
tion about a Surrounding block, whether to apply the adap 
tive filter may be determined on the basis of a shift in the 
Surrounding reference pixel value. For example, assuming 
that a reference pixel value to which the filter will be applied 
is pn, a difference between pn-1 and pn--1 (i.e., Sur 
rounding reference pixel values) may be calculated, and 
whether to apply the filter may be determined by comparing 
the difference with a specific threshold. 

Alternatively, whether to apply the filter to the reference 
pixel value may be determined based on the size of a current 
block other than a prediction mode of the current block. 
Here, whether to apply the filter is previously designated 
based on the prediction mode of the current block and the 
size of the current block, and whether to apply the filter is 
adaptively determined according to the relevant prediction 
mode or the relevant size. 

Table 1 indicates whether to apply the filter according to 
the prediction mode of a current block and the size of the 
current block. 

TABLE 1. 

PREDICTION MODE SIZE OF CURRENT BLOCK 

OF CURRENT BLOCK 4 x 4 8 x 8 16 x 16 32 x 32 

O O O O O 
1 O O O O 
2 O O O O 
3 1 1 1 1 
4 O 1 1 1 

Referring to Table 1, '0' indicates that the filter is not 
applied, and 1 indicates that the filter is applied. For 
example, when the size of the current block is 4x4, if the 
prediction mode of the current block is 1, the filter may not 
be applied. If the prediction mode of the current block is 3. 
the filter may be applied. 

Furthermore, whether to apply the filter to the reference 
pixel value may be determined according to whether Sur 
rounding blocks have been Subjected to intra-frame encod 
ing or inter-frame encoding. For example, when constrained 
intra-prediction is performed, a value Subjected to the inter 
frame encoding is filled with the value of a Surrounding 
block Subjected to intra-frame encoding when the Surround 
ing block is Subjected to the inter-frame encoding. Here, 
filter may not be applied. 

If, as a result of the determination, the filter is determined 
to be applied to the reference pixel value, the encoder 
applies the filter to the reference pixel value at step S202. 
The applied filter may be a common filter. For example, the 
3-tap filter of Equation 1 may be used, or a 2-tap filter may 
be used. When the 2-tap filter is used, various filter coeffi 
cients, such as (1/8, 7/8), (2/8, 6/8), and (3/8, 5/8), may be 
used. The reference pixel value to which the filter has been 
applied may be used when the filter is applied to other 
reference pixel values. Furthermore, when the filter is 
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8 
applied to the reference pixel value, the filter may be applied 
to all reference pixel values or only some of the reference 
pixel values. 
At step S203, the encoder performs intra-prediction on the 

basis of the reference pixel value to which the filter has been 
applied or to which the filter has not been applied. 
At step S204, the encoder determines whether to apply the 

filter to a prediction value for each prediction mode, pre 
dicted by performing the intra-prediction, in order to encode 
a current block. Here, each prediction mode may be each of 
the 9 prediction modes in the 4x4 luma prediction mode. 
When determining whether to apply the filter to a prediction 
value for each prediction mode, whether to apply the filter 
may be determined based on information about a Surround 
ing block or according to the RDO method. 
When determining whether to apply the filter to the 

prediction value based on the information about a Surround 
ing block, a prediction mode of the current block may be 
determined based on prediction mode information (MPM) 
about the surrounding block, and whether to apply the filter 
to the prediction value may be determined based on the 
determined prediction mode of the current block. For 
example, assuming that a current block is C, an upper 
block is A, and a left block is B, when a prediction mode 
of the current block is the same as a prediction mode of the 
upper block A, the prediction mode of the upper block A 
may be determined as the prediction mode of the current 
block. When the prediction mode of the current block is 
same as a prediction mode of the left block B, the 
prediction mode of the left block B may be determined as 
the prediction mode of the current block. Alternatively, 
when the prediction mode of the current block is a prediction 
mode other than the prediction mode of the upper block A 
or the prediction mode of the left block B, a relevant 
prediction mode is encoded and transmitted. Here, when the 
prediction mode of the current block is a specific prediction 
mode (DC or planar), a difference between a reference pixel 
value and a prediction value may be relatively greater than 
that of other prediction modes. For example, a difference 
between a reference pixel value and a prediction value in the 
planar prediction mode may be relatively greater than that of 
other prediction modes. The prediction value in the planar 
prediction mode may be calculated by averaging a first 
prediction value, obtained by horizontally performing linear 
interpolation for each row, and a second prediction value 
obtained by vertically performing linear interpolation for 
each column. When the linear interpolation is horizontally 
performed, a right value is the same as a value placed at a 
right upward position (i.e., D in FIG. 3), from among the 
reference pixel values. When the linear interpolation is 
vertically performed, a downward value is the same as a 
value placed at a left downward position (i.e., L in FIG. 3), 
from among the reference pixel values. Since the prediction 
value is not directly obtained from the reference pixel value, 
a difference between the reference pixel value and the 
prediction value may be relatively great. In this case, intra 
prediction efficiency may be increased by applying the filter 
to the prediction value. Whether to apply the filter to the 
prediction value may be determined according to the pre 
diction mode of the current block determined as described 
above. Even when a current block, an upper block, and a left 
block have different sizes, a prediction mode of the current 
block may be determined according to the prediction mode 
of a Surrounding block. 

Alternatively, whether to apply the filter to the prediction 
value may be determined according to the size of a current 
block besides the prediction mode of a current block. Here, 
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whether to apply the filter according to the prediction mode 
of the current block and the size of the current block is 
previously designated, and whether to apply the filter is 
adaptively determined according to the relevant prediction 
mode or the relevant size. Alternatively, whether to apply the 
filter to the prediction value may be determined according to 
whether surrounding blocks have been subjected to intra 
frame encoding or inter-frame encoding. 

If, as a result of the determination, the filter is determined 
to have been applied to the prediction value, the encoder 
applies the filter to the prediction value at step S205. 
Accordingly, the prediction of the current block is com 
pleted, and the encoder calculates a residual signal and 
performs entropy coding. 

FIG. 7 is a diagram showing an example in which the filter 
is applied to the prediction value according to the proposed 
method of performing intra-prediction using the adaptive 
filter. 

Referring to FIG. 7, in the case where the prediction mode 
of a current block is a non-directional mode, a difference 
between a reference pixel value and a prediction value may 
become relatively greater than that of other prediction 
modes. Accordingly, the filter may be applied to only the 
prediction values of pixels adjacent to the boundary with 
Surrounding restored reference pixel values. For example, 
filtering may be performed for prediction values correspond 
ing to a 1-a8, and b1, c1, d1, e1, fl, g1, and h1 corresponding 
to the pixels of one line which is placed at the boundary in 
FIG. 7. Alternatively, filtering may be performed for pre 
diction values corresponding to a 1-a8, b1-b8, and c1-c2. 
d1-d2, el-e2, fl-f2, g1-g2, and h1-h2 corresponding to 
the pixels of two lines which are placed at the boundary in 
FIG. 7. Here, the applied filter may be a common filter. For 
example, the 3-tap filter of Equation 1 may be used or a 2-tap 
filter may be used. When the 2-tap filter is used, various filter 
coefficients, such as (1/8, 7/8), (2/8, 6/8), and (3/8, 5/8), may 
be used. Alternatively, any one of the 2-tap filter and the 
3-tap filter may be selected and Sued according to the 
positions of pixels. 

In the case where the prediction mode of a current block 
is a prediction mode using the reference pixel values cor 
responding to A-Pas in the mode 0, the mode 3, or the mode 
7 in this way, the filter may be applied to prediction values 
which correspond to a 1-a8 having a relatively great differ 
ence between the reference pixel value and the prediction 
value. Furthermore, in the case where the prediction mode of 
a current block is a prediction mode using the reference pixel 
values corresponding to Q-X as in the mode 1 or the mode 
8, the filter may be applied to prediction values which 
correspond to a1, b1, c1, d1, e1, fl, g1, and hl having a 
relatively great difference between the reference pixel value 
and the prediction value 

Equation 2 is an example of Equation, indicating the filter 
applied to prediction values when the 2-tap filter or the 3-tap 
filter is selected and used according to the positions of 
pixels. 

<Equation 2> 
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10 
In Equation 2, fa1 is a value in which the filter is applied 

to the prediction value a1, and A and Q indicate the reference 
pixel values. From Equation 2, it can be seen that the 3-tap 
filter is applied to the prediction value of a pixel where the 
prediction value a1 is placed, and the 2-tap filter is applied 
to the prediction values of remaining pixels. 

Equation 3 is another example of Equation, indicating the 
filter applied to prediction values when the filter is applied 
to the prediction values according to the proposed method of 
performing intra-prediction using the adaptive filter. 

1. Vertical Low-Pass Filter 

2. Horizontal Low-Pass Filter 

<Equation 3> 

In Equation 3, the filter may be used when the adaptive 
filter is applied according to the method using information 
about surrounding blocks or the RDO method for each of the 
prediction modes. Referring to Equation 3, a low-pass filter 
having filter coefficients (1, 2, 1) is sequentially applied to 
two vertical and horizontal directions. First, the filter is 
applied to the vertical direction, and the filter is applied to 
the horizontal direction based on a prediction value to which 
the filter has been applied. The prediction value to which the 
filter has been applied may be used when the filter is applied 
to other prediction values. 

Meanwhile, when the RDO method is used, the method of 
performing intra-prediction described with reference to FIG. 
6 may be repeatedly performed. 

FIG. 8 is a block diagram of an encoder and a decoder in 
which the embodiments of the present invention are imple 
mented. 
The encoder 800 includes a processor 810 and memory 

820. The processor 810 implements the proposed functions, 
processes, and/or methods. The processor 810 is configured 
to determine whether to apply a first filter to reference pixel 
values based on information about Surrounding blocks of a 
current block, apply the first filter to the reference pixel 
values if, as a result of the determination, the first filter is 
determined to be applied, perform intra-prediction for the 
current block on the basis of the reference pixel values, 
determine whether to apply a second filter to a prediction 
value for each prediction mode of the current block which 
has been predicted by performing the intra-prediction based 
on the information about Surrounding blocks, and apply the 
second filter to the prediction value for each prediction mode 
of the current block if, as a result of the determination, the 
second filter is determined to be applied. The memory 820 
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is connected to the processor 810 and is configured to store 
various pieces of information for driving the processor 810. 
The decoder 900 includes a processor 910 and memory 

920. The processor 910 implements the proposed functions, 
processes, and/or methods. The processor 910 is configured 
to determine whether to apply a first filter to reference pixel 
values based on information about Surrounding blocks of a 
current block, apply the first filter to the reference pixel 
values if, as a result of the determination, the first filter is 
determined to be applied, perform intra-prediction for the 
current block on the basis of the reference pixel values, 
determine whether to apply a second filter to a prediction 
value for each prediction mode of the current block which 
has been predicted by performing the intra-prediction based 
on the information about Surrounding blocks, and apply the 
second filter to the prediction value for each prediction mode 
of the current block if, as a result of the determination, the 
second filter is determined to be applied. The memory 920 
is connected to the processor 910 and is configured to store 
various pieces of information for driving the processor 910. 
The processor 810,910 may include Application-Specific 

Integrated Circuits (ASICs), other chipsets, logic circuits, 
and/or data processors. The memory 820, 920 may include 
Read-Only Memory (ROM), Random Access Memory 
(RAM), flash memory, a memory card, a storage medium, 
and/or other storage devices. When the above embodiments 
are implemented in Software, the above Schemes may be 
implemented using a module (or a process or function) for 
performing the above functions. The module may be stored 
in the memory 820, 920 and may be executed by the 
processor 810, 910. The memory 820,920 may be internal 
or external to the processor 810,910 and may be coupled to 
the processor 810,910 using a variety of well-known means. 

In the above-described exemplary systems, although the 
methods have been described on the basis of the flowcharts 
using a series of steps or blocks, the present invention is not 
limited to the sequence of the steps, and some of the steps 
may be performed at different sequences from the remaining 
steps or may be performed simultaneously with the remain 
ing steps. Furthermore, those skilled in the art will under 
stand that the steps shown in the flowcharts are not exclusive 
and other steps may be included or one or more steps of the 
flowcharts may be deleted without affecting the scope of the 
present invention. 
The above-described embodiments include various 

aspects of illustrations. Although all kinds of possible com 
binations for representing the various aspects may not be 
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described, a person having ordinary skill in the art will 
understand that other possible combinations are possible. 
Accordingly, the present invention may be said to include all 
other replacements, modifications, and changes belonging to 
the accompanying claims. 

The invention claimed is: 
1. A video decoding apparatus comprising: 
a processor to determine whether to apply a first filter to 

a reference pixel value of a current block based on an 
intra prediction mode of the current block and a size of 
the current block, to derive a prediction value of the 
current block using the reference pixel value derived 
according to whether to apply the first filter, and to 
apply a second filter to the prediction value based on 
the intra prediction mode of the current block and the 
size of the current block, for thereby producing a 
filtered prediction value, 

wherein the first filter is used for the reference pixel value 
and the second filter is used for the prediction value, 

wherein the reference pixel value is used for the intra 
prediction mode and corresponds to at least one of an 
upper position, an upper-right position, an upper-left 
position and a left position of the current block, 

wherein when the intra prediction mode of the current 
block is a DC mode, the processor applies the second 
filter to prediction pixels of the current block adjacent 
to a boundary of the reference pixel value, 

wherein when the intra prediction mode of the current 
block is the DC mode, the processor applies the second 
filter to top pixels of the current block and leftmost 
pixels of the current block, 

wherein when the second filter is applied, the processor 
selectively applies a 3-tap filter or a 2-tap filter accord 
ing to positions of the prediction pixels adjacent to the 
boundary of the reference pixel value, wherein when 
the second filter is applied, the processor applies a 3-tap 
filter to a top leftmost pixel of the current block among 
the prediction pixels of the current block adjacent to the 
boundary of the reference pixels and applies a 2-tap 
filter to remaining pixels among the prediction pixels of 
the current block adjacent to the boundary of the 
reference pixels, except for the top leftmost pixel of the 
current block. 


