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1
IMAGE-ENCODING APPARATUS AND
METHOD, TRANSFORM-ENCODING
APPARATUS AND METHOD, APPARATUS
AND METHOD FOR GENERATING A
TRANSFORM BASE, AND
IMAGE-DECODING APPARATUS AND
METHOD USED IN SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority of Korean Patent
Application No. 10-2009-0121980, filed on Dec. 9, 2009 in
the KIPO (Korean Intellectual Property Office). Further, this
application is the National Phase application of International
Application No. PCT/KR2010/008777 filed Dec. 9, 2010,
which designates the United States and was published in
Korean.

TECHNICAL FIELD

The present disclosure relates to an image-encoding appa-
ratus and method, a transform-encoding apparatus and
method, an apparatus and method for generating a transform
base, and an image-decoding apparatus and method used in
the same. More particularly, the present disclosure relates to
a video encoding apparatus and method, which can signifi-
cantly improve the intra prediction encoding performance
with adding no additional information by adaptively gener-
ating a transform base according to an image characteristic
change as well as an intra prediction mode for a specific
encoding unit and transform-encoding an intra prediction
error, and a transform encoding apparatus and method, a
transform base generating apparatus and method, and a video
decoding apparatus and method used in the same.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute the prior art.

As information and communication technologies includ-
ing an internet are developed, the use of video communication
is increased as well as voice communication. Conventional
communication based on text is not sufficient to satisty vari-
ous demands of consumers. Accordingly, multimedia ser-
vices capable of accommodating diverse types of information
such as texts, videos, music, etc. are increasingly provided.
Multimedia data requires a storage medium having a large
capacity due to its large amount or size, and requires a wide
bandwidth for a transmission. Therefore, it is necessary to use
a compression coding technique to transmit the multimedia
data including text, video, and audio data.

A basic principle of compressing a data includes a process
of removing a factor of the data redundancy. The data can be
compressed by removing the spatial redundancy correspond-
ing to the repetition of the same color or object in an image,
the temporal redundancy corresponding to the repetition of
the same note in an audio or a case where there is little change
of'an adjacent frame in a dynamic image, or the psychological
vision redundancy considering a fact that human’s visual and
perceptive abilities are insensitive to a high frequency.

As a video compressing method, H.264/AVC recently
draws more interests for its improved compression efficiency
over MPEG-4 (Moving Picture Experts Group-4).

Being a digital video codec standard with a very high data
compression rate, H.264 is also referred to as MPEG-4 part 10
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2

or AVC (Advanced Video Coding). This standard is a result
from constructing a Joint Video Team and performing the
standardization together by VCEG (Video Coding Experts
Group) of ITU-T (International Telecommunication Union
Telecommunication Standardization Sector) and MPEG of
ISO/IEC (International Standardization Organization/Inter-
national Electrotechnical Commission).

Various methods are proposed to improve the compression
efficiency in a compression encoding, and include methods
using a temporal prediction and a spatial prediction as repre-
sentative methods.

The temporal prediction corresponds to a scheme of per-
forming a prediction with reference to a reference block 122
of another frame 120 temporally adjacent in predicting a
current block 112 of a current frame 110, as shown in FIG. 1.
That is, in inter-predicting the current block 112 ofthe current
frame 110, the temporally adjacent reference frame 120 is
searched for, and the reference block 122, which is the most
similar to the current block within the reference frame 120, is
searched for. Here, the reference block 122 is a block, which
can predict the current block 112 best, and a block, which has
the smallest SAD (Sum of Absolute Difference) from the
current block 112, can be the reference block 122. The refer-
ence block 122 becomes a predicted block of the current
block 112, and aresidual block is generated by subtracting the
reference block 122 from the current block 112. The gener-
ated residual block is encoded and inserted in a bitstream. In
this event, a relative difference between a position of the
current block in the current frame 110 and a position of the
reference block 122 in the reference frame 120 corresponds to
a motion vector 130, and the motion vector 130 is encoded
like the residual block. The temporal prediction is also
referred to as an inter prediction or an inter frame prediction.

The spatial prediction corresponds to a prediction of
obtaining a predicted pixel value of a target block by using a
reconstructed pixel value of a reference block adjacent to the
target block in one frame, and is also referred to as a direc-
tional intra prediction (hereinafter, simply referred to as an
“intra prediction”) or an inter frame prediction. H.264 defines
an encoding/decoding using the intra prediction.

The intra prediction corresponds to a scheme of predicting
values of a current subblock by copying one subblock in a
determined direction based on adjacent pixels located in an
upper direction and a left direction with respect to the sub-
block and encoding only a differential. According to the intra
prediction scheme based on the H.264 standard, a predicted
block for a current block is generated based on another block
having a prior coding order. Further, a coding is a value
generated by subtracting the predicted block from the current
block. A video encoder based on the H.264 standard selects a
prediction mode having the smallest difference between the
current block and the predicted block for each block from
prediction modes.

The intra prediction based on the H.264 standard defines
nine prediction modes shown in FIG. 2 in consideration of the
prediction directivity and positions of adjacent pixels used for
generating predicted pixel values of a 4x4 luma block and an
8x8 luma block. The nine prediction modes are divided into a
vertical prediction mode (prediction mode 0), a horizontal
prediction mode (prediction mode 1), a DC prediction mode
(prediction mode 2), a diagonal_down_left prediction mode
(prediction mode 3), a diagonal_down_right prediction mode
(prediction mode 4), a vertical_right prediction mode (pre-
diction mode 5), a horizontal_down prediction mode (predic-
tion mode 6), a vertical_left prediction mode (prediction
mode 7), and a horizontal_up prediction mode (prediction
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mode 8) according to their prediction directions. Here, the
DC prediction mode uses an average value of eight adjacent
pixels.

Further, four intra prediction modes are used for an intra
prediction processing for a 16x16 luma block, wherein the
four intra prediction modes are the vertical prediction mode
(prediction mode 0), the horizontal prediction mode (predic-
tion mode 1), the DC prediction mode (prediction mode 2),
and the diagonal_down_left prediction mode (prediction
mode 3). In addition, the same four intra prediction modes are
used for an intra prediction processing for an 8x8 chroma
block.

FIG. 3 illustrates a labeling example for the nine intra
prediction modes shown in FIG. 2. In this event, a predicted
block (an area including a to p) for the current block is
generated using samples (A to M) decoded in advance. When
E, F, G, and H cannot be decoded in advance, E, F, G, and H
can be virtually generated by copying D in their positions.

FIG. 4 is a diagram for illustrating the nine prediction
modes shown in FIG. 2 by using FIG. 3. Referring to FIG. 4,
a predicted block in a case of the prediction mode 0 predicts
pixel values in the same vertical line as the same pixel value.
That is, in pixels of the predicted block, pixel values are
predicted from pixels, which are most adjacent to a reference
block located in an upper side of the predicted block. Recon-
structed pixel values of an adjacent pixel A are set to predicted
pixel values of a pixel a, a pixel e, a pixel i, and a pixel m in a
first column of the predicted block. Further, in the same way,
pixel values of a pixel b, a pixel f, a pixel j, and a pixel nin a
second column are predicted from reconstructed pixel values
of an adjacent pixel B, pixel values of a pixel c, a pixel g, a
pixel k, and a pixel o in a third column are predicted from
reconstructed pixel values of an adjacent pixel C, and pixel
values of a pixel d, a pixel h, a pixel 1, and a pixel p in a fourth
column are predicted from reconstructed pixel values of an
adjacent pixel D. As a result, a predicted block in which
predicted pixel values of each column correspond to pixel
values of the pixel A, pixel B, pixel C, and pixel D is generated
as shown in FIG. SA.

Further, a predicted block in a case of the prediction mode
1 predicts pixel values in the same horizontal line as the same
pixel value. That is, in pixels of the predicted block, pixel
values are predicted from pixels, which are most adjacent to
a reference block located in a left side of the predicted block.
Reconstructed pixel values of an adjacent pixel 1 are set to
predicted pixel values of a pixel a, a pixel b, a pixel ¢, and a
pixel d in a first row of the predicted block. Further, in the
same way, pixel values of a pixel e, a pixel f, a pixel g, and a
pixel hin a second row are predicted from reconstructed pixel
values of an adjacent pixel J, pixel values of a pixel i, a pixel
j, a pixel k, and a pixel 1 in a third row are predicted from
reconstructed pixel values of an adjacent pixel K, and pixel
values of a pixel m, a pixel n, a pixel 0, and a pixel p in a fourth
row are predicted from reconstructed pixel values of an adja-
cent pixel L. As a result, a predicted block in which predicted
pixel values of each column correspond to pixel values of the
pixel 1, pixel J, pixel K, and pixel L is generated as shown in
FIG. 5B.

Furthermore, pixels of a predicted block in a case of the
prediction mode 2 are equally replaced with an average of
pixel values of upper pixels A, B, C, and D, and left pixels I,
J,K, and L.

Meanwhile, pixels of a predicted block in a case of the
prediction mode 3 are interpolated in a lower-left direction at
an angle of 45° between a lower-left side and an upper-right
side of the predicted block, and pixels of a predicted block in
a case of the prediction mode 4 are extrapolated in a lower-

30

40

45

55

4

right direction at an angle 0f45° between a lower-left side and
anupper-right side of the predicted block. Further, pixels of a
predicted block in a case of the prediction mode 5 are extrapo-
lated in a lower-right direction at an angle of about 26.6°
(width/height='%) with respect to a vertical line. In addition,
pixels of a predicted block in a case of the prediction mode 6
are extrapolated in a lower-right direction at an angle of about
26.6° with respect to a horizontal line, pixels of a predicted
block in a case of the prediction mode 7 are extrapolated in a
lower-left direction at an angle of about 26.6° with respect to
a vertical line, and pixels of a predicted block in a case of the
prediction mode 8 are interpolated in an upper direction at an
angle of about 26.6° with respect to a horizontal line.

The pixels of the predicted block can be generated from a
weighted average of the pixels A to M of the reference block
decoded in advance in the prediction mode 3 to 8. For
example, in a case of the prediction mode 4, the pixel d
located in an upper right side of the predicted block can be
estimated as shown in Equation (1). Here, a round( ) function
is a function of rounding off to the nearest whole number.

d=round(B/A+C/2+D/4) Equation 1

Meanwhile, in a 16x16 prediction model for luma compo-
nents, there are 4 modes including the prediction mode 0,
prediction mode 1, prediction mode 2, and prediction mode 3
as described above.

In a case of the prediction mode 0, pixels of the predicted
block are interpolated from upper pixels, and, in a case of the
prediction mode 1, the pixels of the predicted block are inter-
polated from left pixels. Further, in a case of the prediction
mode 2, the pixels of the predicted block are calculated as an
average of the upper pixels and the left pixels. Lastly, in a case
of'the prediction mode 3, a linear “plane” function suitable for
the upper pixels and the left pixels is used. The prediction
mode 3 is more suitable for an area in which the luminance is
smoothly changed.

As described above, in the H.264 standard, pixel values of
the predicted block are generated in directions corresponding
to respective modes based on adjacent pixels of the predicted
block to be currently encoded in the respective prediction
modes except for the DC mode.

Meanwhile, a prediction error between a predicted value
predicted by each prediction mode and a current pixel value is
transform-encoded using an integer transform scheme based
on a DCT (Discrete Cosine Transform). An integer transform
in the 4x4 unit is applied when a 4x4 intra prediction mode
and a 16x16 intra prediction mode are used according to a
block size, and an inter transform in the 8x8 unit is applied
when an 8x8 intra prediction mode is used.

The Video Coding Expert Group of the ITU-T has further
developed the H.264 standard recently, so that the predictive
encoding performance is further improved. Specifically, the
predictive encoding performance is improved by increasing
the number of intra prediction modes through further diver-
sifying the directivity of a pixel value used in the intra pre-
diction and introducing a scheme of adding weights of two
intra prediction modes in “Improvement of Bidirectional
Intra Prediction”, ITU-T SG16/Q.6 Doc. VCEG-AGOS,
October 2007 by Shiodera Taichiro, Akiyuki Tanizawa,
Takeshi Chujoh, and Tomoo Yamakage. However, this
scheme has a disadvantage of greatly increasing an amount of
operations for finding an optimal mode according to the
increase of the number of intra prediction modes, which
should be considered, up to 4 times and thus increasing an
amount of additional information for encoding the increased
prediction modes.
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Unlike a conventional research for improving the intra
mode encoding through performing an exact intra encoding,
a transform scheme of using different KL.T (Karhunen-Loeve
Transform) based directivity bases is proposed based on the
idea that there still remains the spatial redundancy in a pre-
diction error after the intra prediction and such a spatial
redundancy has a high correlation with an intra prediction
direction in “Improved Intra Coding”, ITU-T SG16/Q.6 Doc.
VCEG-AG11, October 2007 by Yan Ye and Marta Karcze-
wicz. The transform scheme has significantly improved the
intra mode encoding performance by performing an adaptive
prediction error encoding according to the intra prediction
mode without any addition information by using KL'T trans-
form bases trained through several experiment images. How-
ever, the transform scheme has a disadvantage that a gener-
ated transform base cannot have the optimal energy
concentration efficiency for various video sequences having
different characteristics or other partial local images having
different characteristics within one sequence.

DISCLOSURE
Technical Problem

An aspect of the present disclosure to solve the above-
mentioned problem provides a higher energy concentration
effect by efficiently removing the spatial redundancy remain-
ing in a prediction error, and provides a video encoding appa-
ratus and method, which can improve the compression effi-
ciency of an intra prediction encoding by adaptively
generating a transform base according to alocal characteristic
change of the prediction error as well as an intra prediction
mode and using the generated transform base in a transform
encoding of the prediction error in order to more efficiently
transform-encode the prediction error after an intra predic-
tion, and a transform encoding apparatus and method, a trans-
form base generating apparatus and method, and a video
decoding apparatus and method used in the same.

SUMMARY

An aspect of the present disclosure provides a video encod-
ing apparatus, including: an intra prediction error collector
for collecting prediction errors of blocks having an equal intra
prediction mode from macroblocks in a regular unit, which
are encoded prior to a current macroblock; a transform base
generator for generating transform bases for respective intra
prediction modes based on the prediction errors collected by
the intra prediction error collector; an intra predictor for pre-
dicting a pixel value of a current pixel by using neighboring
pixels of a target block within a current frame according to a
directional intra prediction mode and generating a prediction
error through a difference between a predicted pixel value and
the current pixel; and a transform encoder for transform-
encoding the prediction error generated by the intra predictor
by using the transform bases generated by the transform base
generator.

Preferably, the transform base generator includes a corre-
lation matrix calculator for calculating an autocorrelation
matrix for a set of the prediction errors collected by the intra
prediction error collector. In this event, the transform base
generator generates a Karhunen-Loeve Transform or KLT-
based transform base based on the autocorrelation matrix
calculated by the correlation matrix calculator.

The transform base generator may include a correlation
matrix calculator for calculating an autocorrelation matrix for
a set of the prediction errors collected by the intra prediction
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6

error collector; and an eigenvector calculator for calculating
an eigenvector from the autocorrelation matrix calculated by
the correlation matrix calculator. In this event, the transform
encoder preferably transform-encodes the prediction error
generated by the intra predictor by using a calculated eigen-
vector.

Another aspect of the present disclosure provides a trans-
form encoding apparatus for transforming and encoding a
prediction error generated by a difference between a pre-
dicted pixel predicted by an intra prediction apparatus and a
current pixel, the transform encoding apparatus including: an
intra prediction error collector for collecting prediction errors
of blocks having an equal intra prediction mode from mac-
roblocks in a regularunit, which are encoded prior to a current
macroblock; and a transform base generator for generating
transform bases for respective intra prediction modes based
on the prediction errors collected by the intra prediction error
collector. In this event, the transform encoding apparatus
preferably transform-encoding the prediction error generated
by the intra prediction apparatus by using the transform bases
generated by the transform base generator.

Preferably, the intra prediction error collector may collect
the prediction errors into a set as defined in an equation of
P"={P,"1=k=N, }, where m denotes an index indicating a
4x4 intra prediction mode number, the index having values
from O to 8, N, denotes a number of blocks in which an intra
prediction mode is determined as an intra prediction mode m
among macroblocks in a regular unit which are encoded prior
to a current macroblock, P™ denotes a 4x4 prediction error
block set of the blocks in which the intra prediction mode is
determined as the intra prediction mode m| among the mac-
roblocks in the regular unit which are encoded prior to the
current macroblock, and P, denotes one 4x4 prediction error
block which is a k™ element of P™.

The transform encoding apparatus may further include a
correlation matrix calculator for calculating an autocorrela-
tion matrix for a set of the prediction errors collected by the
intra prediction error collector based on an equation of

where R_” denotes a 4x4 autocorrelation matrix for a column
vector signal of a 4x4 intra prediction error in which an intra
prediction mode is determined as an intra prediction mode m,
m denotes an index indicating a 4x4 intra prediction mode
number, the index having values from 0 to 8, N, denotes a
number of blocks in which an prediction mode is determined
as the intra prediction mode m| among macroblocks in a
regular unit which are encoded prior to a current macroblock,
and P,” denotes one 4x4 prediction error block which is a k™
element of P”* denoting a 4x4 prediction error block set of the
blocks in which the intra prediction mode is determined as the
intra prediction mode m| among the macroblocks in the regu-
lar unit which are encoded prior to the current macroblock,
wherein the transform base generator generates transform
bases by using a calculated autocorrelation matrix.

The transform encoding apparatus may further include a
correlation matrix calculator for calculating an autocorrela-
tion matrix for a set of the prediction errors collected by the
intra prediction error collector based on an equation of
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where R,” denotes a 4x4 autocorrelation matrix for a row
vector signal of a 4x4 intra prediction error in which an intra
prediction mode is determined as an intra prediction mode ml,
ml denotes an index indicating a 4x4 intra prediction mode
number, the index having values from 0 to 8, N, denotes a
number of blocks in which an intra prediction mode is deter-
mined as the intra prediction mode m| among macroblocks in
a regular unit which are encoded prior to a current macrob-
lock, and P, denotes one 4x4 prediction error block which is
a k” element of P™ denoting a 4x4 prediction error block set
of'the blocks in which the intra prediction mode is determined
as the intra prediction mode m| among the macroblocks in the
regular unit which are encoded prior to the current macrob-
lock, wherein the transform base generator generates trans-
form bases by using a calculated autocorrelation matrix.

Yet another aspect of the present disclosure provides a
transform base generating apparatus for generating transform
bases for intra prediction modes, the transform base generat-
ing apparatus including: an intra prediction error collector for
collecting prediction errors of blocks having an equal intra
prediction mode from macroblocks in a regular unit, which
are encoded prior to a current macroblock; a correlation
matrix calculator for calculating an autocorrelation matrix for
a set of the prediction errors collected by the intra prediction
error collector; and an eigenvector calculator for calculating
an eigenvector from the autocorrelation matrix calculated by
the correlation matrix calculator, the transform base generat-
ing apparatus generating the transform base for each intra
prediction mode based on the eigenvector calculated by the
eigenvector calculator.

Here, the transform base generating apparatus preferably
generates a KL.T-based transform base based on the autocor-
relation matrix and the eigenvector.

Yet another aspect of the present disclosure provides an
intra prediction apparatus, including: an intra predictor for
predicting a pixel value of a current pixel by using neighbor-
ing pixels of a target block within a current frame according
to a directional intra prediction mode and generating a pre-
diction error through a difference between a predicted pixel
value and the current pixel; and an intra prediction error
collector for collecting prediction errors of blocks having an
equal intra prediction mode from macroblocks in a regular
unit, which are encoded prior to a current macroblock. In this
event, the intra prediction apparatus preferably outputs the
prediction errors for the macroblocks in the regular unit,
which are encoded prior to the current macroblock, the pre-
diction error being collected by the intra prediction error
collector, together with the prediction error generated by the
intra predictor for the current frame.

Yet another aspect of the present disclosure provides a
video decoding apparatus, including: an intra prediction error
collector for collecting prediction errors of blocks having an
equal intra prediction mode from macroblocks in a regular
unit, which are encoded prior to a current macroblock; a
transform base generator for generating transform bases for
respective intra prediction modes based on the prediction
errors collected by the intra prediction error collector; an intra
prediction mode reader for reading an intra prediction mode
of a target block to be decoded for an input bitstream; an
inverse transformer for inversely transforming a prediction
error for the target block by using a transform base corre-
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sponding to the intra prediction mode read by the intra pre-
diction mode reader among the transform bases generated by
the transform base generator; and a current block recon-
structer for predicting a pixel value of a current pixel by using
neighboring pixels of the target block within a current frame
according to the intra prediction mode read by the intra pre-
diction mode reader and reconstructing a current block by
adding a predicted pixel value and a value of the prediction
error inversely transformed by the inverse transformer.

Here, the transform base generator preferably includes a
correlation matrix calculator for calculating an autocorrela-
tion matrix for a set of the prediction errors collected by the
intra prediction error collector; and an eigenvector calculator
for calculating an eigenvector from the autocorrelation matrix
calculated by the correlation matrix calculator, and generates
a KL T-based transform base based on the autocorrelation
matrix and the eigenvector.

Yet another aspect of the present disclosure provides a
video encoding method, including: collecting prediction
errors of blocks having an equal intra prediction mode from
macroblocks in a regular unit, which are encoded prior to a
current macroblock, and predicting a value of a current pixel
by using neighboring pixels of a target block according to a
directional intra prediction mode for a current frame and
generating a prediction error through a difference between a
predicted value and the value of the current pixel; generating
transform bases for respective intra prediction modes based
on the prediction errors collected in collecting of the predic-
tion errors; and transform-encoding the prediction error gen-
erated for the current frame by using the transform bases
generated in generating of the transform bases.

Another aspect of the present disclosure provides a trans-
form encoding method of transforming and encoding a pre-
diction error generated by a difference between a pixel pre-
dicted by an intra prediction apparatus and a current pixel, the
transform encoding method including: collecting prediction
errors of blocks having an equal intra prediction mode from
macroblocks in a regular unit, which are encoded prior to a
current macroblock; generating transform bases for respec-
tive intra prediction modes based on the prediction errors
collected in collecting of the prediction errors. In this event,
the transform encoding method preferably transform-en-
codes the prediction error generated by the intra prediction
apparatus by using the transform bases generated in generat-
ing of the transform bases.

The transform encoding method preferably further
includes calculating an autocorrelation matrix for a set of the
prediction errors collected in collecting of the prediction
errors. In this event, the process of generating the transform
bases generates the transform bases by using a calculated
autocorrelation matrix.

Yet another aspect of the present disclosure provides a
video decoding method, including: collecting prediction
errors of blocks having an equal intra prediction mode from
macroblocks in a regular unit, which are encoded prior to a
current macroblock; generating transform bases for respec-
tive intra prediction modes based on the prediction errors
collected in collecting of the prediction errors; reading an
intra prediction mode of a target block to be decoded for an
input bitstream; inversely transforming a prediction error for
the target block by using a transform base corresponding to
the intra prediction mode read in reading of the intra predic-
tion mode among the transform bases generated in generating
of the transform bases; and predicting a pixel value of a
current pixel by using neighboring pixels of the target block
within a current frame according to the intra prediction mode
read in reading of the intra prediction mode and reconstruct-



US 9,271,000 B2

9

ing a current block by adding a predicted pixel value and a
value of the prediction error inversely transformed in
inversely transforming of the prediction error.

The process of generating the transform bases preferably
includes calculating an autocorrelation matrix for a set of the
prediction errors collected in collecting of the prediction
errors; and calculating an eigenvector from the autocorrela-
tion matrix calculated in calculating of the correlation matrix.
In this event, a KL.T-based transform base is preferably gen-
erated based on the autocorrelation matrix and the eigenvec-
tor.

Advantageous Effects

According to the present disclosure as described above, the
intra predictive encoding performance can be significantly
improved with adding no additional information by adap-
tively generating a transform base according to an image
characteristic change as well as an intra prediction mode for
the specific encoding unit and transform-encoding an intra
prediction error, and thus the compression efficiency of a
compression apparatus or the picture quality of a recon-
structed image can be greatly improved.

DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram for illustrating a general inter predic-
tion;

FIG. 2 is a diagram for illustrating the directivity of intra
prediction modes;

FIG. 3 is a diagram illustrating a labeling example for the
intra prediction modes of FIG. 2;

FIG. 4 is a diagram for illustrating respective intra predic-
tion modes of FIG. 2;

FIG. 5A is a diagram for illustrating a prediction mode 0
among the intra prediction modes of FIG. 2, and FIG. 5B is a
diagram for illustrating a prediction mode 1 among the intra
prediction modes of FIG. 2;

FIG. 6 is a diagram schematically illustrating a video
encoding apparatus according to an aspect of the present
disclosure;

FIG. 7 is a flowchart illustrating a video encoding method
by the video encoding apparatus of FIG. 6;

FIG. 8 is a flowchart illustrating a transform encoding
method according to another aspect of the present disclosure;

FIG. 9 is a diagram illustrating an example of a structure of
a bitstream generated by the video encoding apparatus of
FIG. 6;

FIG. 10 is a diagram schematically illustrating a video
decoding apparatus according to an aspect of the present
disclosure; and

FIG. 11 is a flowchart illustrating the video decoding
method by the video decoding apparatus of FIG. 10.

DETAILED DESCRIPTION

Hereinafter, aspects of the present disclosure will be
described in detail with reference to the accompanying draw-
ings. In the following description, the same elements will be
designated by the same reference numerals although they are
shown in different drawings. Further, in the following
description of the present disclosure, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter ofthe present
disclosure rather unclear.

Additionally, in describing the components of the present
disclosure, there may be terms used like first, second, A, B,
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(a), and (b). These are solely for the purpose of differentiating
one component from the other but not to imply or suggest the
substances, order or sequence of the components. If a com-
ponent were described as ‘connected’, ‘coupled’, or ‘linked’
to another component, they may mean the components are not
only directly ‘connected’, ‘coupled’, or ‘linked’ but also are
indirectly ‘connected’, ‘coupled’, or ‘linked’ via a third com-
ponent.

FIG. 6 is a diagram schematically illustrating a video
encoding apparatus according to an aspect of the present
disclosure. Referring to FIG. 6, the video encoding apparatus
600 includes an intra prediction error collector 610, a trans-
form base generator 620, an intra predictor 630, and a trans-
form encoder 640. Here, the intra prediction error collector
610, the transform base generator 620, and the transform
encoder 640 may be referred to as a transform encoding
apparatus.

The intra prediction error collector 610 collects prediction
errors of blocks having the same intra prediction mode from
macroblocks in the regular unit, which are encoded prior to a
current macroblock. That is, in order to generate transform
bases for various intra prediction modes, the intra prediction
error collector 610 receives macroblocks in the regular unit,
which are encoded prior to the current macroblock, and col-
lects prediction errors of blocks having the same intra predic-
tion mode from blocks in which intra prediction modes have
been determined. In this event, since 9 types of intra predic-
tion modes are defined in the 4x4 intra prediction mode and
the 8x8 intra prediction mode, 4x4 intra prediction errors and
8x8 intra mode prediction errors can be collected into 9 types,
respectively. Further, since 4 types of intra prediction modes
are defined in the 16x16 intra prediction mode, 16x16 intra
prediction errors can be collected into 4 types. For example,
intra prediction errors for the 4x4 intra prediction mode can
be collected into a set as defined in Equation (2).

Pr={P ™ 1<k=N_ 1|

InEquation (2), m| denotes an index indicating a number of
the 4x4 intra prediction mode, wherein the index has values
from 0 to 8. N, denotes the number of blocks in which an intra
prediction mode is determined as an intra prediction mode m|
among macroblocks in the regular unit which are encoded
prior to the current macroblock. Further, P™ denotes a 4x4
prediction error block set of the blocks in which the intra
prediction mode is determined as the intra prediction mode m
among the macroblocks in the regular unit which are encoded
prior to the current macroblock, and P,” one 4x4 prediction
error block which is a k” element of P™.

The transform base generator 620 generates transform
bases of respective intra prediction modes based on predic-
tion errors collected by the intra prediction error collector 610
according to an intra prediction block size and an intra pre-
diction mode. Here, it is preferable that the transform base is
generated based on a Karhunen-Loeve Transform or KLT,
which is theoretically known as a transform having the best
energy concentration efficiency. The transform base genera-
tor 620 can be implemented as an independent element, or
may include a correlation matrix calculator 622 and an eigen-
vector calculator 624. Further, the transform base generating
apparatus can be implemented, including the intra prediction
error collector 610, the correlation matrix calculator 622, and
the eigenvector calculator 624.

The correlation matrix calculator 622 calculates an auto-
correlation matrix for a set of the prediction errors collected
by the intra prediction error collector 610. In the case of the
44 intra prediction mode, two transform bases for a column
vector signal and a row vector signal should be generated in

Equation 2
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Equation (2) because the intra prediction error block P, is a
two-dimensional signal. Further, an autocorrelation matrix of
the intra prediction error should be obtained in order to gen-
erate the KLT base, and the autocorrelation matrix can be
obtained as defined in Equations (3) and (4).

1 Nm Equation 3
Rr = E[F}(PY] = N—m; At

1 N Equation 4
R = EUPPY PR = > (PO P

In Equation (3), R denotes a 4x4 autocorrelation matrix
for a column vector signal of a 4x4 intra prediction error in
which an intra prediction mode is determined as an intra
prediction mode ml, and ml denotes an index indicating a
number of the 4x4 intra prediction mode, wherein the index
has values from 0 to 8. Further, N, denotes the number of
blocks in which an intra prediction mode is determined as the
intra prediction mode m among macroblocks in the regular
unit which are encoded prior to the current macroblock, and
P.” denotes one 4x4 prediction error block which is a k™
element of P denoting a 4x4 prediction error block set of the
blocks in which the intra prediction mode is determined as the
intra prediction mode m among the macroblocks in the regu-
lar unit which are encoded prior to the current macroblock.
Further, R, denotes a 4x4 autocorrelation matrix for a row
vector signal of the 4x4 intra prediction error in which the
intra prediction mode is determined as the intra prediction
mode m.

The KLT base for the 4x4 intra prediction error block can
be obtained through an eigenvector of the autocorrelation
matrix, and the eigenvector calculator 624 can calculate
eigenvectors as defined in Equations (5) and (6) from the
autocorrelation matrices defined in Equations (3) and (4),
which are calculated by the correlation matrix calculator 622.

R, ™ =N, "¢, ™, O=n=3 Equation 5

RQ,7=N,""§, ™", O=n=3 Equation 6

In Equation (5), ¢,,” denotes an eigenvector of R ., k™
denotes an eigenvalue of R . Further, in Equation (6), ¢,
denotes an eigenvector of R.™, and A", denotes an eigen-
value of R,”. Equations (7) and (8) can be generated by
obtaining eigenvectors satistying Equations (5) and (6) and
expressing the eigenvectors as matrices.

D =] M, mE. mEmE || Equation 7

D= 9g™ 1™ ™ 93 ||

In Equation (7), @ denotes a KLT base for a column
vector signal of a prediction error block corresponding to the
intra prediction mode ml, and, in Equation (8), ®,” denotes a
KLT base for a row vector signal of the prediction error block
corresponding to the intra prediction mode m.

Meanwhile, the intra predictor 630 predicts a pixel value
for a predicted block by using neighboring pixels of a target
block within a current frame according to a directional intra
prediction mode. Further, the intra predictor 630 generates a
prediction error through a difference between the pixel value
for the target block and the pixel value for the predicted block.
That is, the intra predictor 630 includes a differentiator (not
shown) for calculating a differential between the target block
and the predicted block.

Equation 8
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The transform encoder 640 transform-encodes a prediction
error generated by the intra predictor 630 by using transform
bases generated by the transform base generator 620. The
aforementioned transform of the two-dimensional signal
using the KT base is performed as defined in Equation (9).

Pr=(d MU (D, Equation 9

In Equation (9), U™ denotes a prediction error signal of the
intra prediction mode ml, and V™ denotes a signal trans-
formed by a KLT of U™.

Although a case of the 4x4 intra prediction mode has been
described as an example, a method of generating a KLT base
for an intra prediction error of the 8x8 intra prediction mode
is equal to the case of the 4x4 intra prediction mode. Further,
a method of generating a KLT base for an intra prediction
error of the 16x16 intra prediction mode is equal to the case of
the 4x4 intra prediction mode, and only difference is that the
number of intra prediction error sets and the number of KL.T
bases are 4 smaller than those of the 4x4 intra prediction
mode.

The KLT base generated by the transform base generator
620 is not a transform base optimized for the prediction error
generated by the intra predictor 630, but the KLT base has no
significant difference in performance from a transform base
optimized for a current frame because there is a high corre-
lation between the current frame and a previous frame based
on characteristics of a general video signal, and has proper-
ties, which require the transmission of no additional informa-
tion on a transform base for a decoding by generating the
transform base among macroblocks in the regular unit, which
are encoded prior to the current macroblock.

Meanwhile, although it has been described that the intra
predictor 630 is independently constructed from the intra
prediction error collector 610 in FIG. 6, the intra predictor
630 may include the intra prediction error collector 610. That
is, the intra predictor 630 predicts the pixel value of the
predicted block by using neighboring pixels of the target
block within the current frame according to the directional
intra prediction mode, generates the prediction error through
the difference between the pixel value of the predicted block
and the pixel value of the target block, and collects prediction
errors of blocks having the same intra prediction mode from
blocks in which intra prediction modes have been determined
among macroblocks in the regular unit, which are encoded
prior to the current macroblock at the same time, so that the
intra prediction can output a prediction error of the current
frame together with the collected prediction errors of the
blocks.

When an intra prediction encoding is performed according
to the aforementioned method, not only the performance can
be improved by applying different transform bases depending
on intra perdition modes but more excellent intra prediction
encoding efficiency can be achieved by providing an adaptive
transform base, which can immediately respond to a charac-
teristic change of an image, in every specific encoding unit.

FIG. 7 is a flowchart illustrating a video encoding method
by the video encoding apparatus of FIG. 6.

Referring to FIG. 7, the intra prediction error collector 610
collects prediction errors of blocks having the same intra
prediction mode from macroblocks in the regular unit, which
are encoded prior to a current macroblock in step S701. The
collected prediction errors for the macroblocks in the regular
unit, which are encoded prior to the current macroblock, can
be expressed in a form of a set as shown in FIG. 2.

The transform base generator 620 calculates an autocorre-
lation matrix for an intra prediction mode set based on the
prediction errors collected by the intra prediction error col-
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lector 610 in step S703. In this event, since the 4x4 intra
prediction error block P, is a two-dimensional signal, two
types of transform bases for a column vector signal and a row
vector signal should be generated. Further, in order to gener-
ate the KLT base, the autocorrelation matrix can be calculated
as defined in Equations (3) and (4). In this event, the KL.T base
can be calculated through an eigenvector of the autocorrela-
tion matrix as defined in Equations (5) and (6) in step S705.
The calculated eigenvector can be expressed as matrices
shown in Equations (7) and (8).

Meanwhile, the intra predictor 630 predicts a pixel value of
a current pixel by using neighboring pixels of a target block
within a current frame according to a directional intra predic-
tion mode, and generates a prediction error through a differ-
ence between the predicted pixel and the current pixel in step
S707.

The transform encoder 640 transform-encodes the predic-
tion error generated by the intra predictor 630 by using the
transform bases generated by the transform base generator
620 as shown in Equation (9).

FIG. 8 is a flowchart illustrating a transform encoding
method according to another aspect of the present disclosure.
When the intra predictor 630 is independently constructed
from the intra prediction error collector 610, the transform
base generator 620, and the transform encoder 640, the intra
prediction error collector 610, the transform base generator
620, and the transform encoder 640 may be referred to as
elements of the transform encoding apparatus. In this event,
steps S801 to S805 of the transform encoding apparatus are
equally performed to steps S701 to S705 of FIG. 7, and the
prediction error independently generated using the generated
transform base by the intra predictor 630 is transform-en-
coded in step S807.

FIG. 9 is a diagram illustrating an example of a structure of
a bitstream generated by the video encoding apparatus of
FIG. 6. In the H.264 standard, the bitstream is encoded in the
unit of slices. The bitstream includes a slice header 910 and a
slice data 920, and the slice data 920 includes a plurality of
macroblock data (MB) 921 to 924. Further, one macroblock
data 923 may include an mb_type field 930, an mb_pred field
935, and a texture data field 939.

Here, the mb_type field 930 records a value indicating a
macroblock type. That is, the value recorded in the mb_type
field 930 indicates whether a current macroblock is an intra
macroblock or an inter macroblock.

Further, the mb_pred field 935 records a detailed predic-
tion mode according to the macroblock type. In a case of the
intra macroblock, an information on a prediction mode
selected in the intra prediction is recorded. In a case of the
inter macroblock, an information on a motion vector and a
reference frame number for each macroblock partition is
recorded.

When the mb_type field 930 indicates the intra macrob-
lock, the mb_pred field 935 is divided into a plurality of block
information 941 to 944, and each information piece 942 is
divided into a main_mode field 945 for recording a value of a
main mode and a sub_mode field 946 for recording a value of
a sub mode.

Lastly, the texture data field 939 records an encoded
residual image, that is, a texture data.

FIG. 10 is a diagram schematically illustrating a video
decoding apparatus according to an aspect of the present
disclosure, and FIG. 11 is a flowchart illustrating the video
decoding method by the video decoding apparatus of FIG. 10.
A detailed construction and operation of the video decoding
apparatus 1000 will be described with reference to FIGS. 10
and 11.

10

20

25

40

45

50

55

60

14

Referring to FIGS. 10 and 11, the video decoding appara-
tus 1000 includes an intra prediction error collector 1010, a
transform base generator 1020, a prediction mode reader
1030, an inverse transformer 1040, and a current block recon-
structer 1050. Here, the transform base generator 1020 may
include a correlation matrix calculator 1022 and an eigenvec-
tor calculator 1024.

The intra prediction error collector 1010 collects predic-
tion errors of blocks having the same intra prediction mode
from macroblocks in the regular unit, which are encoded prior
to a current macroblock in step S1101. That is, in order to
generate transform bases for various intra prediction modes,
the intra prediction error collector 1010 receives the macrob-
locks in the regular unit, which are encoded prior to the
current macroblock, and collects the prediction errors of the
blocks having the same intra prediction mode from blocks in
which intra prediction modes have been selected, like the
intra prediction error collector of FIG. 6. In this event, since 9
types of intra prediction modes are defined in the 4x4 intra
prediction mode and the 8x8 intra prediction mode, 4x4 intra
prediction errors and 8x8 intra mode prediction errors can be
collected into 9 types, respectively. Further, since 4 types of
intra prediction modes are defined in the 16x16 intra predic-
tion mode, 16x16 intra prediction errors can be collected into
4 types. For example, intra prediction errors for the 4x4 intra
prediction mode can be collected into a set as defined in
Equation (2).

The transform base generator 1020 generates transform
bases for respective intra prediction modes based on the pre-
diction errors collected by the intra prediction error collector
1010. Here, it is preferable that the transform base is gener-
ated based on the KL'T, which is theoretically known as a
transform having the best energy concentration efficiency like
a case of the video encoding apparatus 600. The transform
base generator 1020 can be implemented as an independent
element, or implemented as the transform base generating
apparatus including the intra prediction error collector 1010,
the correlation matrix calculator 1022, and the eigenvector
calculator 1024.

The correlation matrix calculator 1022 calculates an auto-
correlation matrix for a set of the prediction errors collected
by the intra prediction error collector 1010 in step S1103. In
the case of the 4x4 intra prediction mode, two transform bases
for a column vector signal and a row vector signal should be
generated in Equation (2) because the intra prediction error
block P, is a two-dimensional signal. Further, an autocorre-
lation matrix of the intra prediction error should be obtained
in order to generate the KLT base, and the autocorrelation
matrix can be obtained as defined in Equations (3) and (4).

Further, the KT base for the 4x4 intra prediction error
block can be obtained through an eigenvector of the autocor-
relation matrix, and the eigenvector calculator 1024 can cal-
culate eigenvectors as defined in Equations (5) and (6) from
the autocorrelation matrices defined in Equations (3) and (4),
which are calculated by the correlation matrix calculator
1022 in step S1105. In this event, the transform base genera-
tor 1020 can generate a KLT based transform base by obtain-
ing eigenvectors satisfying Equations (5) and (6) and express-
ing the eigenvectors as matrices as defined in Equations (7)
and (8).

The prediction mode reader 1030 reads an intra prediction
mode of a target block to be decoded from the bitstream
structure shown in FIG. 9 in step S1109. That is, the predic-
tion mode reader 1030 receives a bitstream generated in the
video encoding apparatus 600 and reads the intra prediction
mode of the target block to be decoded of the current frame.
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The inverse transformer 1040 inversely transforms a pre-
diction error received through the bitstream by using a trans-
form base corresponding to the intra prediction mode read by
the intra prediction mode reader 1030 among transform bases
generated by the transform base generator 1020 in step
S1111.

The prediction error of the target block received through
the bitstream generated by the video encoding apparatus 600
is transform-encoded using different transform bases depend-
ing on the intra prediction mode of the target block unlike the
H.264 standard applying the integer transform and the inverse
transform based on a fixed DCT (Discrete Cosine Transform)
in a process of the transform and inverse transform of the
prediction error regardless of the intra prediction mode.
Accordingly, the intra prediction mode reader 1030 deter-
mines the intra prediction mode of the target block to be
decoded of the current frame from an input bitstream, and
inversely transforms the prediction error by applying a trans-
form base corresponding to the intra prediction mode read by
the intra prediction mode reader 1030. In this event, an
inverse transform of the two-dimensional signal using the
aforementioned KLT based transform base can be performed
as defined in Equation (10).

Om=((@, ™ ()t

In Equation (10), V™ denotes a signal generated by trans-
form-encoding a prediction error of the intra prediction mode
ml,and U™ denotes a signal generated by inversely transform-
ing V™ by the KLT. In general, although an inverse matrix of
the KLT base should be used in the inverse transform, a
transpose matrix is used in the inverse transform without
acquiring the inverse matrix because the KL'T base is an
orthogonal matrix generated through an eigenvector and thus
the inverse matrix of the KL'T base and the transpose matrix of
the KL.T base are equal to each other. Accordingly, the inverse
transform of the two-dimensional signal can be performed as
defined in Equation (11) by more simply using the transpose
matrix instead of the inverse matrix.

Equation 10

U= 7™ (D, Equation 11

The current block reconstructer 1050 predicts a pixel value
of'a current pixel by using neighboring pixels of a target block
within a current frame according to the intra prediction mode
read by the intra prediction mode reader 1030, and recon-
structs a current block by adding the predicted pixel value and
the prediction error value inversely transformed by the
inverse transformer 1040 in step S1113.

Through the video encoding and decoding performed in
the above described way, the inverse transform and decoding
can be performed by generating exactly the same adaptive
transform base with reference to a previous frame in which a
decoding is terminated in the video decoding apparatus 1000
like the transform encoding performed by generating difter-
ent adaptive transform bases depending on the intra predic-
tion mode with reference to the previous frame in the video
encoding apparatus 600.

In the description above, although all of the components of
the embodiments of the present disclosure may have been
explained as assembled or operatively connected as a unit, the
present disclosure is not intended to limit itself to such
embodiments. Rather, within the objective scope of the
present disclosure, the respective components may be selec-
tively and operatively combined in any numbers. Every one of
the components may be also implemented by itself in hard-
ware while the respective ones can be combined in part or as
a whole selectively and implemented in a computer program
having program modules for executing functions of the hard-
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ware equivalents. Codes or code segments to constitute such
a program may be easily deduced by a person skilled in the
art. The computer program may be stored in computer read-
able media, which in operation can realize the aspects of the
present disclosure. As the computer readable media, the can-
didates include magnetic recording media, optical recording
media, and carrier wave media.

In addition, terms like ‘include’, ‘comprise’, and ‘have’
should be interpreted in default as inclusive or open rather
than exclusive or closed unless expressly defined to the con-
trary. All the terms that are technical, scientific or otherwise
agree with the meanings as understood by a person skilled in
the art unless defined to the contrary. Common terms as found
in dictionaries should be interpreted in the context of the
related technical writings not too ideally or impractically
unless the present disclosure expressly defines them so.

Although exemplary aspects of the present disclosure have
been described for illustrative purposes, those skilled in the
art will appreciate that various modifications, additions and
substitutions are possible, without departing from essential
characteristics of the disclosure. Therefore, exemplary
aspects of the present disclosure have not been described for
limiting purposes. Accordingly, the scope of the disclosure is
not to be limited by the above aspects but by the claims and
the equivalents thereof.

INDUSTRIAL APPLICABILITY

As described above, the present disclosure is highly useful
for application in the fields of an encoder and a decoder using
an intra prediction, an image compression apparatus, etc. to
generate an effect of improving the compression efficiency of
an intra prediction encoding by adaptively generating a trans-
form base according to a local characteristic change of a
prediction error as well as an intra prediction mode and using
the generated transform base in a transform encoding of the
prediction error in order to efficiently transform-encoding the
prediction error after the intra prediction.
The invention claimed is:
1. A video encoding apparatus, comprising:
an intra prediction error collector configured to collect, for
an intra prediction mode of a current block, prediction
errors of respective blocks having the same intra predic-
tion mode as the intra prediction mode of the current
block, the respective blocks being encoded prior to
encoding the current block;
a transform base generator configured to generate a trans-
form base for the intra prediction mode based on the
collected prediction errors;
an intra predictor configured to
predict the current block to generate a predicted block by
using neighboring pixels of the current block accord-
ing to the intra prediction mode of the current block,
and

generate a prediction error block of the current block
according to a difference between the predicted block
and the current block; and

a transform encoder configured to transform the prediction
error block by using the transform base for the intra
prediction mode,

wherein the transform base generator comprises a correla-
tion matrix calculator configured to calculate an auto-
correlation matrix for the intra prediction mode by using
(1) each first matrix corresponding to each of the col-
lected prediction errors of each of the respective blocks
for the intra prediction mode and (ii) each transpose
matrix of said each first matrix,
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wherein the autocorrelation matrix for the intra prediction
mode is generated based on an average of respective
multiplications of said each first matrix and said each
transpose matrix of said each first matrix, and
wherein the transform base for the intra prediction mode is
generated based on the autocorrelation matrix for the
intra prediction mode.
2. The video encoding apparatus of claim 1, wherein the
transform base generator further comprises:
an eigenvector calculator configured to calculate an eigen-
vector from the autocorrelation matrix,
wherein the transform base for the intra prediction mode is
generated by using the calculated eigenvector.
3. The video encoding apparatus of claim 1, wherein the
intra prediction error collector is configured to produce the
collected prediction errors based on an equation of

P"={P;"|1=k=N,,},

wherein m denotes an index indicating the intra prediction
mode of the current block,

N,,, denotes the number of blocks in which an intra predic-
tion mode is determined as intra prediction mode m,
among blocks which are encoded prior to the current
block,

P™ denotes the collected prediction errors in which an intra
prediction mode is determined as intra prediction mode
m, and

P, denotes one prediction error block which is a k” ele-
ment of P™.

4. The video encoding apparatus of claim 1, wherein the
correlation matrix calculator is configured to calculate the
autocorrelation matrix for the collected prediction errors for
the intra prediction mode, based on an equation of

wherein m denotes an index indicating the intra prediction
mode of the current block,

R_™ denotes an autocorrelation matrix for a column vector
signal of the collected prediction errors in which an intra
prediction mode is determined as intra prediction mode
m,

N,,, denotes the number of blocks in which an intra predic-
tion mode is determined as intra prediction mode m,
among blocks which are encoded prior to the current
block, and P, denotes one prediction error block which
is a k” element of P™ denoting the collected prediction
errors in which an intra prediction mode is determined as
intra prediction mode m.

5. The video encoding apparatus of claim 1, wherein the
correlation matrix calculator is configured to calculate the
autocorrelation matrix for the collected prediction errors for
the intra prediction mode, based on an equation of
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where m denotes an index indicating an intra prediction
mode,
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R,”™ denotes an autocorrelation matrix for a row vector
signal of the collected prediction errors in which an intra
prediction mode is determined as intra prediction mode
m,

N,,, denotes the number of blocks in which an intra predic-
tion mode is determined as intra prediction mode m,
among blocks which are encoded prior to the current
block, and P, denotes one prediction error block which
is a k™ element of P™ denoting the collected prediction
errors in which an intra prediction mode is determined as
intra prediction mode m.

6. A transform base generating apparatus for generating a
transform base for an intra prediction mode of a current block,
the transform base generating apparatus comprising:

an intra prediction error collector configured to collect, for
the intra prediction mode of the current block, prediction
errors of respective blocks having the same intra predic-
tion mode as the intra prediction mode of the current
block, the respective blocks being encoded prior to
encoding the current block;

a correlation matrix calculator configured to calculate an
autocorrelation matrix for the intra prediction mode by
using (i) each first matrix corresponding to each of the
collected prediction errors of each of the respective
blocks for the intra prediction mode and (ii) each trans-
pose matrix of said each first matrix, wherein the auto-
correlation matrix for the intra prediction mode is gen-
erated based on an average of respective multiplications
of said each first matrix and said each transpose matrix
of said each first matrix; and

an eigenvector calculator configured to calculate an eigen-
vector from the autocorrelation matrix,

wherein the transform base for the intra prediction mode is
generated based on the calculated eigenvector.

7. The transform base generating apparatus of claim 6,

wherein the transform base is a KL'T-based transform base.
8. A video decoding apparatus, comprising:
an intra prediction mode reader configured to extract an
intra prediction mode of a current block to be decoded,
from a bitstream;
an intra prediction error collector configured to collect, for
the intra prediction mode of the current block, prediction
errors of respective blocks having the same intra predic-
tion mode as the intra prediction mode of the current
block, the respective blocks being encoded prior to
encoding the current block;
a transform base generator configured to generate a trans-
form base for the intra prediction mode based on the
collected prediction errors;
an inverse transformer configured to inversely transform
prediction error information of the current block by
using the transform base for the intra prediction mode to
generate an error block, the prediction error information
being extracted from the bitstream; and
a current block reconstructer configured to
predict the current block to generate a predicted block by
using neighboring pixels of the current block accord-
ing to the intra prediction mode of the current block,
and

reconstruct the current block by adding the predicted
block and the error block,

wherein the transform base generator comprises a correla-
tion matrix calculator configured to calculate an auto-
correlation matrix for the intra prediction mode by using
(1) each first matrix corresponding to each of the col-
lected prediction errors of each of the respective blocks
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for the intra prediction mode and (ii) each transpose
matrix of said each first matrix,

wherein the autocorrelation matrix for the intra prediction
mode is generated based on an average of respective
multiplications of said each first matrix and said each
transpose matrix of said each first matrix, and

wherein the transform base for the intra prediction mode is
generated based on the autocorrelation matrix for the
intra prediction mode.

9. The video decoding apparatus of claim 8, wherein the

transform base generator further comprises:

an eigenvector calculator configured to calculate an eigen-
vector from the autocorrelation matrix,

wherein the transform base for the intra prediction mode is
generated based on the eigenvector.

10. A video encoding method, comprising:

collecting, for an intra prediction mode of a current block,
prediction errors of respective blocks having the same
intra prediction mode as the intra prediction mode of the
current block, the respective blocks being encoded prior
to encoding the current block;

calculating an autocorrelation matrix for the intra predic-
tion mode by using (i) each first matrix corresponding to
each of the collected prediction errors of each of the
respective blocks for the intra prediction mode and (ii)
each transpose matrix of said each first matrix, wherein
the autocorrelation matrix for the intra prediction mode
is generated based on an average of respective multipli-
cations of said each first matrix and said each transpose
matrix of said each first matrix;

predicting the current block to generate a predicted block
by using neighboring pixels of the current block accord-
ing to the intra prediction mode of the current block;

generating a prediction error block of the current block
according to a difference between the predicted block
and the current block;

generating a transform base for the intra prediction mode
based on the autocorrelation matrix for the intra predic-
tion mode; and
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transforming the prediction error block of the current block
by using the transform base for the intra prediction
mode.

11. A video decoding method, comprising:

extracting an intra prediction mode of a current block to be
decoded, from a bitstream;

collecting, for the intra prediction mode of the current
block, prediction errors of respective blocks having the
same intra prediction mode as the intra prediction mode
of'the current block, the respective blocks being encoded
prior to encoding the current block;

calculating an autocorrelation matrix for the intra predic-
tion mode by using (i) each first matrix corresponding to
each of the collected prediction errors of each of the
respective blocks for the intra prediction mode and (ii)
each transpose matrix of said each first matrix, wherein
the autocorrelation matrix for the intra prediction mode
is generated based on an average of respective multipli-
cations of said each first matrix and said each transpose
matrix of said each first matrix;

generating a transform base for the intra prediction mode
based on the autocorrelation matrix for the intra predic-
tion mode;

inversely transforming prediction error information of the
current block by using the transform base for the intra
prediction mode to generate an error block, the predic-
tion error information being extracted from the bit-
stream;

predicting the current block to generate a predicted block
by using neighboring pixels of the current block accord-
ing to the intra prediction mode of the current block; and

reconstructing the current block by adding the predicted
block and the error block.

12. The video decoding method of claim 11, wherein gen-

erating of the transform base comprises:

calculating an eigenvector from the autocorrelation matrix,

wherein the transform base for the intra prediction mode is
generated based on the eigenvector.
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