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IMAGE DECODING METHOD USING INTRA
PREDICTION MODE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/124,611 filed on Apr. 10, 2014, which
is a 35 U.S.C. §371 national stage filing of International
Application No. PCT/KR2012/003078, filed Apr. 20, 2012,
which claims the benefit of Korean Patent Application No.
10-2011-0108455, filed on Oct. 24, 2011. The contents of
each of the foregoing applications are incorporated herein by
reference in their entireties.

TECHNICAL FIELD

[0002] The present invention relates to an image decoding
method and an image decoding device, and more particularly,
to a method and a device that create an intra prediction block
of'each sub block of a current block using size information of
a prediction block and creates a reconstructed block.

BACKGROUND ART

[0003] Image data has to be encoded to efficiently store or
transmit the image data. MPEG-1, MPEG-2, MPEG-4,
H.264/MPEG-4 AVC (Advanced Video Coding), and the like
are known as techniques of encoding image data. In these
techniques, a picture is divided into macro blocks, it is deter-
mined which of intra encoding or inter encoding should be
performed in the unit of the macro blocks, and the macro
blocks are encoded using the determined encoding method.
[0004] In H.264 which is a latest image compressing tech-
nique, intra prediction is performed to enhance the efficiency
of the intra encoding. That is, instead of referring to a refer-
ence picture to encode a current block, a prediction block is
created using pixel values spatially neighboring the current
block to be encoded. Specifically, an intra prediction mode
having a small distortion is selected through comparison with
an original macro block using the neighboring pixel values
and the prediction block of the current block to be encoded is
created using the selected intra prediction mode and the
neighboring pixel values. A residual block including differ-
ence signals between the current block and the prediction
block is created and the residual block is transformed, quan-
tized, and entropy-encoded. The intra prediction mode used
to create the prediction block is also encoded.

[0005] However, in H.264, the intra prediction mode of a
current block is encoded regardless of directivity of the intra
prediction modes of the left and top blocks of the current
block and there is thus a problem in that the encoding effi-
ciency is low. When the number of intra prediction modes
increases to enhance the encoding efficiency of a residual
block, there is a need for an intra prediction encoding method
having efficiency higher than that of the intra prediction mode
encoding method of H.264.

[0006] In H.264, only one reconstructed block having the
size equal to the current block is created using the intra
prediction mode of the current block. Therefore, when the
size of the current block increases, there is a problem in that
the residual signal between the prediction block and the origi-
nal block increases and encoding efficiency is lowered.
Accordingly, there is a need for new intra prediction encod-
ing/decoding methods for creating a prediction block more
similar to the original block.
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SUMMARY OF THE INVENTION

Technical Problem

[0007] Anobjectoftheinvention is to provide a method and
a device which can enhance compression efficiency of an
image by reducing the number of bits required for encoding
an intra prediction mode of a current block using intra pre-
diction modes of left and top blocks of the current block.
[0008] Another object of the invention is to provide a
method and a device which can enhance compression effi-
ciency of an image by creating a prediction block more simi-
lar to a current block using an intra prediction mode of the
current block to reduce the number of bits required for encod-
ing a residual block.

Solution to Problem

[0009] According to an aspect of the invention, there is
provided an image decoding method including: reconstruct-
ing an intra prediction mode group indicator and a prediction
mode index of a current block; constructing a first group
(MPM group) using valid intra prediction modes of left and
top blocks of the current block; determining the intra predic-
tion mode corresponding to the prediction mode index in the
first group as the intra prediction mode of the current block
when the intra prediction mode group indicator indicates the
first group and determining the intra prediction mode corre-
sponding to the prediction mode index in a second group
when the intra prediction mode group indicator indicates the
second group; and creating a prediction block, wherein the
size of the prediction block is determined depending on trans-
form size information.

[0010] In the image decoding method, the first group may
include three intra prediction modes. When only one of the
intra prediction modes of the left and top blocks of the current
block is valid, two intra prediction modes may be added to the
first group. The added two intra prediction modes may be
determined depending on the valid intra prediction modes.

Advantageous Effects

[0011] The image decoding method according to the inven-
tion includes: reconstructing an intra prediction mode group
indicator and a prediction mode index of a current block;
constructing a first group (MPM group) using valid intra
prediction modes of left and top blocks of the current block;
determining the intra prediction mode corresponding to the
prediction mode index in the first group as the intra prediction
mode of the current block when the intra prediction mode
group indicator indicates the first group and determining the
intra prediction mode corresponding to the prediction mode
index in a second group when the intra prediction mode group
indicator indicates the second group; and creating a predic-
tion block. The size of the prediction block is determined
depending on transform size information.

[0012] Therefore, by causing the first group to include
modes having a high possibility of being equal to the predic-
tion mode of the current block on the basis of the valid intra
prediction modes of the left and top blocks of the current
block and determining the intra prediction mode group indi-
cator and the prediction mode index to be encoded using the
first group, it is possible to reduce an amount of information
of the intra prediction mode to be encoded. By creating a
prediction block similar to the current block, it is possible to
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reduce the number of bits of a residual block to be encoded/
decoded to enhance encoding and decoding efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram illustrating a moving
image encoding device according to an embodiment of the
invention.

[0014] FIG. 2 is a block diagram illustrating a moving
image decoding device according to another embodiment of
the invention.

[0015] FIG. 3 is a diagram illustrating a method of creating
an intra prediction block in the moving image decoding
device according to the embodiment of the invention.
[0016] FIG. 4 is a conceptual diagram illustrating intra
prediction modes according to the embodiment of the inven-
tion.

[0017] FIG. 5 is a block diagram illustrating an intra pre-
diction block creating unit 300 according to the embodiment
of the invention.

[0018] FIG. 6isadiagram illustrating a reconstructed block
creating sequence according to the embodiment of the inven-
tion.

[0019] FIG.7isadiagram illustrating a reconstructed block
creating sequence according to another embodiment of the
invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0020] Hereinafter, various embodiments of the invention
will be described in detail with reference to the accompanying
drawings. The invention can be modified in various forms and
can have various embodiments. The embodiments are not
intended for limiting the invention, but it should be under-
stood that the invention includes all the modifications,
equivalents, and replacements belonging to the spirit and the
technical scope of the invention. In description of the inven-
tion with reference to the drawings, like constituents are
referenced by like reference numerals.

[0021] A moving image encoding device and a moving
image decoding device according to the invention may be
user terminals such as a personal computer, a notebook PC, a
personal digital assistant, a portable multimedia player, a
smart phone, a wireless communication terminal, and a TV or
servers providing services. The moving image encoding
device and the moving image decoding device may be appa-
ratuses having a communication device such as a communi-
cation modem for communicating with various apparatuses
or wireless or wired communication networks, a memory
storing various programs and data for encoding and decoding
an image, and a microprocessor performing the programs to
perform operations and controls.

[0022] FIG. 1 is a block diagram illustrating a moving
image encoding device according to an embodiment of the
invention.

[0023] The moving image encoding device 100 according
to the embodiment of the invention includes an intra predic-
tion module 110, an inter prediction module 120, a transform
and quantization module 130, an entropy encoding module
140, an inverse quantization and inverse transform module
150, a post-processing module 160, a picture buffer 170, a
subtraction module 190, and an addition module 195.
[0024] The intra prediction module 110 creates an intra
prediction block using reconstructed pixels of a picture or
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slice to which a current block belongs. The intra prediction
module 110 selects one of a predetermined number of intra
prediction modes depending on the size of the current block to
be prediction-encoded and creates a prediction block depend-
ing on the selected intra prediction mode.

[0025] The inter prediction module 120 performs a motion
estimation operation using reference pictures stored in the
picture buffer 170 and determines reference picture indices
and motion vectors for the motion estimation operation.
Then, the inter prediction module 120 creates an inter predic-
tion block of the current block using the reference picture
indices and the motion vectors.

[0026] The transform and quantization module 130 trans-
forms and quantizes a residual block of the prediction block
created by the intra prediction module 110 or the inter pre-
diction module 120. The transform is performed using one-
dimensional transform matrixes in the horizontal and vertical
directions. The residual block for intra prediction is trans-
formed using transform matrixes determined depending on
the size of the transform block (that is, the size of the residual
block) and the intra prediction mode. The residual block for
inter prediction is transformed using predetermined trans-
form matrixes.

[0027] The transform and quantization module 130 quan-
tizes the transform block using a quantization step size. The
quantization step size can be changed by coding units equal to
or larger than a predetermined size.

[0028] The quantized transform block is supplied to the
inverse quantization and inverse transform module 150 and
the entropy encoding module 140.

[0029] The inverse quantization and inverse transform
module 150 inversely quantizes the quantized transform
block and inversely transform the inversely-quantized trans-
form block to reconstruct the residual block. The addition
module adds the residual block reconstructed by the inverse
quantization and inverse transform module 150 and the pre-
diction block from the intra prediction module 110 or the inter
prediction module 120 to creates a reconstructed block.

[0030] The post-processing module 160 serves to improve
image quality of the reconstructed picture and includes a
deblocking filter module 161, an offset module 162, and a
loop filter module 163.

[0031] Thedeblocking filter module 161 adaptively applies
a deblocking filter to boundaries of the prediction block and
the transform block. The boundaries can be limited to bound-
aries of 8x8 grids. The deblocking filter module 161 deter-
mines the boundaries to be filtered, determines boundary
strengths thereof, and determines whether the deblocking
filter should be applied to the boundaries when the boundary
strength is larger than 0. When it is determined that the bound-
aries should be filtered, the deblocking filter module 161
selects a filter to be applied to the boundaries and filters the
boundaries with the selected filter.

[0032] The offset module 162 determines whether an offset
should be applied by pictures or slices so as to reduce the
distortion between a pixel in the image undergoing the
deblocking filter module and a corresponding original pixel.
Alternatively, a slice is divided into plural offset areas and the
offset type of each offset area can be determined. The offset
type may include a predetermined number of edge offset
types and band offset types. When the offset type is an edge
offset type, the edge type to which each pixel belongs is
determined and an offset corresponding thereto is applied.
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The edge type is determined on the basis of the distribution of
two pixel values neighboring a current pixel.

[0033] The loop filter module 163 adaptively loop-filters
the reconstructed image on the basis of the comparison result
of' the reconstructed image undergoing the offset module 162
with the original image. It is determined whether the recon-
structed image should be loop-filtered by coding units. The
size and coefficients of the loop filter to be applied may
changed by the coding units. Information indicating whether
the adaptively loop filter should be applied by coding units
may be included in each slice header. In case of a chroma
signal, it can be determined whether the adaptive loop filter
should be applied by pictures. Therefore, information indi-
cating whether chroma components are filtered may be
included in a slice header or a picture header.

[0034] The picture buffer 170 receives post-processed
image data from the post-processing module 160 and recon-
structs and stores an image in the unit of pictures. The picture
may be an image in the unit of frames or an image in the unit
of fields.

[0035] The entropy encoding module 140 entropy-encodes
the quantization coefficient information quantized by the
transform and quantization module 130, the intra prediction
information received from the intra prediction module 140,
the motion information received from the inter prediction unit
150, and the like. The entropy encoding module 140 includes
a scanning module 145 which is used to transform coeffi-
cients of the quantized transform block into one-dimensional
quantization coefficients.

[0036] The scanning module 145 determines a scanning
type for transforming the coefficients of the quantized trans-
form block into one-dimensional quantization coefficients.
The scanning type may vary depending on a directional intra
prediction mode and the size of a transform block. The quan-
tization coefficients are scanned in the backward direction.
[0037] When the quantized transform block is larger than a
predetermined size, the transform coefficients are divided
into plural sub blocks and are scanned. The scanning types
applied to the transform coefficients of the sub blocks are the
same. The scanning types applied to the sub blocks may be a
zigzag scan or may be the same scanning types as applied to
the transform coefficients of the sub blocks.

[0038] FIG. 2 is a block diagram illustrating a moving
image decoding device 200 according to an embodiment of
the invention.

[0039] The moving image decoding device 200 according
to the embodiment of the invention includes an entropy
decoding module 210, an inverse quantization module 220,
an inverse transform module 230, an intra prediction module
240, an inter prediction module 250, a post-processing mod-
ule 260, a picture buffer 270, and an addition module 280.
[0040] The entropy decoding module 210 decodes a
received bit stream and separates the bit stream into intra
prediction information, inter prediction information, quanti-
zation coeflicient information, and the like therefrom. The
entropy decoding module 210 supplies the decoded intra
prediction information to the intra prediction module 240 and
supplies the decoded inter prediction information to the inter
prediction module 250. The entropy decoding module 210
includes an inverse scanning module 215 for inversely scan-
ning the decoded quantization coefficient information.
[0041] Theinverse scanning module 215 converts the quan-
tization coefficient information into a two-dimensional quan-
tization block. One of plural scanning types is selected for the
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conversion. The scanning type may vary depending on a
directional intra prediction mode and the size of a transform
block. The quantization coefficients are scanned in the back-
ward direction. When the quantized transform block is larger
than a predetermined size, the coefficients are divided into
plural sub blocks and are scanned. The scanning types applied
to the transform coefficients of the sub blocks are the same.
The scanning types applied to the sub blocks may be a zigzag
scan or may be the same scanning types as applied to the
transform coefficients of the sub blocks.

[0042] The inverse quantization module 220 determines a
quantization step size predictor of a current coding unit and
adds the determined quantization step size predictor to the
received residual quantization step size to reconstruct the
quantization step size of the current coding unit. The inverse
quantization module 220 inversely quantizes the quantization
block using the quantization step size and the inverse quan-
tization matrix. The quantization matrix is determined
depending on the size of the quantization block and the pre-
diction mode. That is, the quantization matrix is selected on
the basis of at least one of the prediction mode of the current
block and the intra prediction modes for the quantization
block having a predetermined size.

[0043] The inverse transform module 230 inversely trans-
forms the inversely-quantized transform block to reconstruct
aresidual block. The inverse transform matrix to be applied to
the inverse quantization block can be determined depending
on the prediction mode and the intra prediction mode.
[0044] The addition module 280 adds the prediction block
created by the intra prediction module 240 or the inter pre-
diction module 250 to the residual block reconstructed by the
inverse transform module 230 to create a reconstructed block.
[0045] The intra prediction module 240 reconstructs the
intra prediction mode of the current block on the basis of the
intra prediction information received from the entropy decod-
ing module 210. Then, the intra prediction module 240 cre-
ates a prediction block depending on the reconstructed intra
prediction mode.

[0046] The inter prediction module 250 reconstructs the
reference picture index and the motion vector on the basis of
the inter prediction information received from the entropy
decoding module 210. Then, the inter prediction module 250
creates a prediction block of the current block using the
reference picture index and the motion vector. When motion
compensation with decimal prediction is applied, the selected
interpolation filter is applied to create the prediction block.
[0047] The operation of the post-processing module 260 is
the same as the operation of the post-processing module 160
shown in FIG. 1 and thus will not be described again.
[0048] The picture buffer 270 stores the decoded image
post-processed by the post-processing module 260 in the unit
of pictures.

[0049] FIG. 3 is a diagram illustrating a method of creating
an intra prediction block according to the embodiment of the
invention.

[0050] First, the intra prediction information from the
received bit stream is entropy-decoded (S110).

[0051] The intra prediction information includes the intra
prediction mode group indicator and the prediction mode
index. The intra prediction mode group indicator indicates
whether the intra prediction mode of the current block
belongs to an MPM group or a group other than the MPM
group. The prediction mode index is information indicating a
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specific intra prediction mode in the intra prediction mode
group indicated by the intra prediction mode group indicator.
[0052] The intra prediction mode group indicator can be
received in the form ofunsigned integer. In this case, the intra
prediction mode group indicator can be used without being
entropy-decoded. Alternatively, the intra prediction mode
group indicator may be adaptively entropy-encoded depend-
ing on the type of a current slice. For example, the intra
prediction mode group indicator may be entropy-encoded
using contexts determined depending on the slice type.
Therefore, the intra prediction mode group indicator may be
decoded using the contexts determined depending on the type
of the current slice. The entropy-encoding method of the
prediction mode index varies depending on whether the intra
prediction mode belongs to the MPM group or not. Therefore,
the prediction mode index is entropy-decoded using different
methods. Specifically, when the intra prediction mode group
indicator represents that the intra prediction mode of the
current block belongs to the MPM group, the prediction mode
index is binarized in a truncated Exp-Golomb code manner or
a truncated unary manner and is then entropy-encoded.
Therefore, after the binary information is acquired by per-
forming the entropy decoding, the prediction mode index is
reconstructed using the above-mentioned methods. When the
intra prediction mode group indicator represents that the intra
prediction mode of the current block does not belong to the
MPM group, the prediction mode index can be binarized with
a fixed length. Therefore, after the binary information is
acquired by performing the entropy decoding, the prediction
mode index can be reconstructed.

[0053] Then, the MPM group is created using the intra
prediction modes of the blocks neighboring the current block
and then the intra prediction mode of the current block is
reconstructed using the MPM group (S120). The MPM group
includes three intra prediction modes. This will be described
with reference to FIG. 4. FIG. 4 is a diagram illustrating intra
prediction modes according to an embodiment of the inven-
tion.

[0054] (1) When the intra prediction modes of the top and
left blocks of a current block are both present and are different
from each other, the MPM group includes the two intra pre-
diction modes and one additional intra prediction mode.
[0055] When one of the two intra prediction modes is a DC
mode and the other is not a planar mode, the additional intra
prediction mode may be the planar mode. Similarly, when one
of'the two intra prediction modes is the planar mode and the
other is not the DC mode, the additional intra prediction mode
may be the DC mode.

[0056] When the two intra prediction modes are the DC
mode and the planar mode, the additional intra prediction
mode may be a vertical mode or a horizontal mode.

[0057] When the two intra prediction modes are not the DC
mode nor the planar mode, the additional intra prediction
mode may be an intra prediction mode having directionality
between the two intra prediction modes, or the DC mode or
the planar mode.

[0058] (2) When the intra prediction modes of the top and
left blocks of the current block are both present and are equal
to each other, the MPM group includes the intra prediction
mode and two additional intra prediction modes.

[0059] When the intra prediction mode is neither the DC
mode nor the planar mode, the two additional intra prediction
modes are set to two intra prediction modes neighboring the
intra prediction mode. When the intra prediction mode is the
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DC mode, the two additional intra prediction modes may be
the planar mode and the vertical mode.

[0060] (3) When only one of the intra prediction modes of
the top and left blocks of the current block is present, the
MPM group includes the intra prediction mode and two addi-
tional intra prediction modes. The two additional intra pre-
diction modes are determined depending on the intra predic-
tion mode.

[0061] (4) When the intra prediction modes of the top and
left blocks of the current block are not present at all, the MPM
group includes the DC mode, the planar mode, and the verti-
cal mode.

[0062] When the intra prediction mode group indicator
indicates the MPM group, the intra prediction mode indicated
by the prediction mode index is selected from the MPM group
and the selected intra prediction mode is determined as the
intra prediction mode of the current block. The intra predic-
tion mode group indicator may be flag information represent-
ing whether the intra prediction mode of the current block
belongs to the MPM group or a group other than the MPM
group.

[0063] When the intra prediction mode group indicator
does not indicates the MPM group, the intra prediction mod-
ule 240 determines the intra prediction mode indicated by the
prediction mode index out of the intra prediction modes
(hereinafter, referred to as residual intra prediction modes)
other than the intra prediction modes belonging to the MPM
group as the intra prediction mode of the current block. The
prediction mode indices assigned to the residual intra predic-
tion modes vary depending on the configuration of the MPM
group. That is, the decoded prediction mode indices indicate
indices of the residual intra prediction modes rearranged
depending on the configuration of the MPM group. There-
fore, the intra prediction module 240 selects the intra predic-
tion mode of the current block from the residual intra predic-
tion modes depending on the decoded prediction mode index
and the intra prediction modes belonging to the MPM group.
[0064] Specifically, the residual intra prediction modes of
the current block are rearranged in the mode number order
and the intra prediction mode corresponding to the received
prediction mode index is selected as the intra prediction mode
of'the current block. In this case, the residual intra prediction
modes may be rearranged, but the intra prediction mode of the
current block may be determined by comparison of the intra
prediction mode numbers belonging to the MPM group with
the intra prediction mode index of the current block.

[0065] This method can be applied to a case where mode
number 2 is assigned to the DC mode of the non-directional
modes, mode number 34 is assigned to the planar mode, and
directional mode numbers are assigned to the other modes.
However, since the probability of selecting the planar mode
and the DC mode as the intra prediction mode of the current
is higher than those of the other directional modes, a small
mode number (for example, mode number 0) is assigned to
the planar mode and the above-mentioned method can be
applied. In this case, the mode numbers of the other lower-
ranked modes increase by 1.

[0066] Alternatively, the lowest indices may be assigned to
the non-directional modes. For example, when the intra pre-
diction mode of the current block is the planar mode and the
residual intra prediction modes include the planar mode, the
intra prediction mode index may include 0. For example,
when the residual intra prediction modes include the planar
mode and the DC mode, the intra prediction mode corre-
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sponding to the prediction mode index in a state where the
planar mode, the DC mode, and the directional modes are
arranged in this order may be set as the intra prediction mode
of the current block. For example, mode number 0 and mode
number 1 may be assigned to the planar mode the DC mode,
respectively, or mode number 0 and mode number 1 may be
assigned to the DC mode and the planar mode, respectively. In
this case, the intra prediction mode index of the current block
may be compared with the intra prediction mode numbers
belonging to the MPM group to determine the intra prediction
mode of the current block.

[0067] Then, the size of the prediction block is determined
using information indicating the transform size of the current
block (S130).

[0068] When the size of the prediction block is equal to the
size of the current block, the prediction block is created using
the intra prediction mode of the current block and the refer-
ence pixels of the current block. The reference pixels are
pixels reconstructed or created previously to the current
block.

[0069] When the size of the prediction block is smaller than
the size of the current block, that is, when the current block
can be divided into plural sub blocks and the intra prediction
is performed thereon, the same intra prediction mode (that is,
the intra prediction mode of the current block) is used to
create the prediction block of each sub block. The prediction
blocks of the second sub block or sub blocks subsequent
thereto in the decoding order are created using the recon-
structed pixels of the preceding sub blocks. Therefore, after
the prediction block, the residual block, and the reconstructed
block are created in the units of sub blocks, the prediction
block of the next sub block is created.

[0070] Then, it is determined whether the reference pixels
of'the block corresponding to the size of the prediction block
are all valid (S140). The reference pixels are pixels which are
previously decoded and reconstructed. When it is determined
that at least one of the reference pixels is not valid, the refer-
ence pixels is created (S150).

[0071] Specifically, when it is determined that the reference
pixels are not valid at all, the reference pixel values are
replaced with values of 2L.-1. Here, L represents the number
of bits representing the gray scale of luma components.
[0072] When valid reference pixels are present in only one
direction with respect to the position of the invalid reference
pixel, the closest reference pixel out of the valid reference
pixels is copied to create the reference pixels.

[0073] When valid reference pixels are present in both
directions with respect to the position of the invalid reference
pixel, the reference pixel located at the closest position in a
predetermined direction can be copied or two closest refer-
ence pixels in both directions can be averaged to create the
reference pixels.

[0074] Then, it is determined whether the reference pixels
should be filtered (S160). The reference pixels are adaptively
filtered depending on the reconstructed intra prediction mode
and the size of the prediction block (S170).

[0075] The reference pixels are not filtered when the intra
prediction mode is the DC mode. When the intra prediction
modes are the vertical mode and the horizontal mode, the
intra prediction module 240 does not also filter the reference
pixels. However, when the intra prediction modes are direc-
tional modes other than the vertical mode and the horizontal
mode, the reference pixels are adaptively filtered depending
on the intra prediction mode and the size of the prediction
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block. When the size of the prediction block is 4x4, the
reference pixels are not filtered for the purpose of a decrease
in complexity regardless of the intra prediction mode. The
filtering serves to smooth the variation in pixel value between
reference pixels and uses a low-pass filter. The low-pass filter
may be [1, 2, 1] which is a 3-tap filter or [1, 2, 4, 2, 1] which
is a 5-tap filter. When the size of the prediction block ranges
from 8x8 to 32x32, the reference pixels are filtered in more
intra prediction modes with an increase in the size of the
prediction block.

[0076] Then, the prediction block is created depending on
the intra prediction mode (S180). The reference pixels used
for the prediction block may be pixels which are adaptively
filtered depending on the size of the prediction block and the
intra prediction mode.

[0077] Inthe DC mode, the average values of N top refer-
ence pixels located at positions of (x=0, ..., N-1,y=—1), M
left reference pixels located at positions of (x=1-,y=0, .. .,
M-1), and the corner pixel located at a position of (x=-1,
y=-1) can be determined as the prediction pixels of the pre-
diction block. However, the prediction pixels neighboring the
reference pixels can be created using weighted average of the
average value and the reference pixel neighboring the predic-
tion pixel. In the planar mode, the prediction pixels can be
created in the same was as in the DC mode.

[0078] In the vertical mode, the reference pixels located in
the vertical direction are set to the prediction pixels. However,
the prediction pixel neighboring the left reference pixel can
be created using the reference pixel located in the vertical
direction and the variation between the left reference pixels.
The variation represents the variation between the corner
reference pixel and the left reference pixel neighboring the
prediction pixel. In the horizontal mode, the prediction pixels
can be created in the same way as in the vertical mode, except
for the direction.

[0079] FIG. 5 is a block diagram illustrating an intra pre-
diction block creating unit 300 according to the embodiment
of the invention. The intra prediction block creating unit 300
according to the invention includes a parsing module 310, a
prediction mode decoding module 320, a prediction block
size determining module 330, a reference pixel validity deter-
mining module 340, a reference pixel creating module 350, a
reference pixel filtering module 360, a prediction block cre-
ating module 370.

[0080] The parsing module 310 entropy-decodes a received
bit stream to acquired intra prediction information and trans-
form block size information.

[0081] The intra prediction information includes an intra
prediction mode group indicator and a prediction mode index.
The intra prediction mode group indicator represents which
of'an MPM group and a group other than the MPM group the
intra prediction mode of a current block belongs to. The
prediction mode index is information representing a specific
intra prediction mode in the intra prediction mode group
indicated by the intra prediction mode group indicator. The
method of entropy-decoding the intra prediction information
is the same as in step S110 of FIG. 3.

[0082] The transform block size information includes at
least one flag (split_transform_flag) which represents the
transform block size and which is transmitted from an
encoder.

[0083] The prediction mode decoding module 320 creates
an MPM group using the intra prediction modes of blocks
neighboring a current block and reconstructs the intra predic-
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tion mode of the current block using the MPM group and the
entropy-decoded intra prediction information. The MPM
group includes three intra prediction modes.

[0084] (1) When the intra prediction modes of the top and
left blocks of a current block are both present and are different
from each other, the MPM group includes the two intra pre-
diction modes and one additional intra prediction mode.
[0085] When one of the two intra prediction modes is a DC
mode and the other is not a planar mode, the additional intra
prediction mode may be the planar mode. Similarly, when one
of'the two intra prediction modes is the planar mode and the
other is not the DC mode, the additional intra prediction mode
may be the DC mode.

[0086] When the two intra prediction modes are the DC
mode and the planar mode, the additional intra prediction
mode may be a vertical mode or a horizontal mode.

[0087] When the two intra prediction modes are not the DC
mode nor the planar mode, the additional intra prediction
mode may be an intra prediction mode having directionality
between the two intra prediction modes, or the DC mode or
the planar mode.

[0088] (2) When the intra prediction modes of the top and
left blocks of the current block are both present and are equal
to each other, the MPM group includes the intra prediction
mode and two additional intra prediction modes.

[0089] When the intra prediction mode is neither the DC
mode nor the planar mode, the two additional intra prediction
modes are set to two intra prediction modes neighboring the
intra prediction mode. When the intra prediction mode is the
DC mode, the two additional intra prediction modes may be
the planar mode and the vertical mode.

[0090] (3) When only one of the intra prediction modes of
the top and left blocks of the current block is present, the
MPM group includes the intra prediction mode and two addi-
tional intra prediction modes. The two additional intra pre-
diction modes are determined depending on the intra predic-
tion mode.

[0091] (4) When the intra prediction modes of the top and
left blocks of the current block are not present at all, the MPM
group includes the DC mode, the planar mode, and the verti-
cal mode.

[0092] When the intra prediction mode group indicator
indicates the MPM group, the intra prediction mode indicated
by the prediction mode index is selected from the MPM group
and the selected intra prediction mode is determined as the
intra prediction mode of the current block. The intra predic-
tion mode group indicator may be flag information represent-
ing whether the intra prediction mode of the current block
belongs to the MPM group or a group other than the MPM
group.

[0093] When the intra prediction mode group indicator
does not indicates the MPM group, the intra prediction mod-
ule 240 determines the intra prediction mode indicated by the
prediction mode index out of the intra prediction modes
(hereinafter, referred to as residual intra prediction modes)
other than the intra prediction modes belonging to the MPM
group as the intra prediction mode of the current block. The
prediction mode indices assigned to the residual intra predic-
tion modes vary depending on the configuration of the MPM
group. That is, the decoded prediction mode indices indicate
indices of the residual intra prediction modes rearranged
depending on the configuration of the MPM group. There-
fore, the intra prediction module 240 selects the intra predic-
tion mode of the current block from the residual intra predic-
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tion modes depending on the decoded prediction mode index
and the intra prediction modes belonging to the MPM group.

[0094] Specifically, the residual intra prediction modes of
the current block are rearranged in the mode number order
and the intra prediction mode corresponding to the received
prediction mode index is selected as the intra prediction mode
of'the current block. In this case, the residual intra prediction
modes may be rearranged, but the intra prediction mode of the
current block may be determined by comparison of the intra
prediction mode numbers belonging to the MPM group with
the intra prediction mode index of the current block.

[0095] The MPM group constructing method can be
applied to a case where mode number 2 is assigned to the DC
mode of the non-directional modes, mode number 34 is
assigned to the planar mode, and directional mode numbers
are assigned to the other modes. However, since the probabil-
ity of selecting the planar mode and the DC mode as the intra
prediction mode of the current is higher than those of the other
directional modes, a small mode number (for example, mode
number 0) is assigned to the planar mode and the above-
mentioned method can be applied. In this case, the mode
numbers of the other lower-ranked modes increase by 1.

[0096] Alternatively, the lowest indices may be assigned to
the non-directional modes. For example, when the intra pre-
diction mode of the current block is the planar mode and the
residual intra prediction modes include the planar mode, the
intra prediction mode index may include 0. For example,
when the residual intra prediction modes include the planar
mode and the DC mode, the intra prediction mode corre-
sponding to the prediction mode index in a state where the
planar mode, the DC mode, and the directional modes are
arranged in this order may be set as the intra prediction mode
of'the current block. For example, mode number 0 and mode
number 1 may be assigned to the planar mode the DC mode,
respectively, or mode number 0 and mode number 1 may be
assigned to the DC mode and the planar mode, respectively. In
this case, the intra prediction mode index of the current block
may be compared with the intra prediction mode numbers
belonging to the MPM group to determine the intra prediction
mode of the current block.

[0097] The prediction block size determining module 330
determines the size of the prediction block of the current
block using the block transform size. The size of the predic-
tion block may have the size of the current block or the size of
sub blocks of the current block.

[0098] When the size of the prediction block is equal to the
size of the current block, the prediction block is created using
the intra prediction mode of the current block and the refer-
ence pixels of the current block. The reference pixels are
pixels reconstructed or created previously to the current
block.

[0099] When the size of the prediction block is smaller than
the size of the current block, that is, when the current block
can be divided into plural sub blocks and the intra prediction
is performed thereon, the same intra prediction mode (that is,
the intra prediction mode of the current block) is used to
create the prediction block of each sub block. The prediction
blocks of the second sub block or sub blocks subsequent
thereto in the decoding order are created using the recon-
structed pixels of the preceding sub blocks. Therefore, after
the prediction block, the residual block, and the reconstructed
block are created in the units of sub blocks, the prediction
block of the next sub block is created.
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[0100] The specific steps of the above-mentioned operation
will be described later.

[0101] Then, the reference pixel validity determining mod-
ule 340 determines whether the reference pixels of the block
corresponding to the size of the prediction block are all valid.
The reference pixels are pixels which are previously decoded
and reconstructed.

[0102] When it is determined that at least one of the refer-
ence pixels is not valid, the reference pixel validity determin-
ing module 340 creates the reference pixels.

[0103] Specifically, when it is determined that the reference
pixels are not valid at all, the reference pixel values are
replaced with values of 2L.-1. Here, L represents the number
of bits representing the gray scale of luma components.
[0104] When valid reference pixels are present in only one
direction with respect to the position of the invalid reference
pixel, the closest reference pixel out of the valid reference
pixels is copied to create the reference pixels.

[0105] When valid reference pixels are present in both
directions with respect to the position of the invalid reference
pixel, the reference pixel located at the closest position in a
predetermined direction can be copied or two closest refer-
ence pixels in both directions can be averaged to create the
reference pixels.

[0106] The reference pixel filtering module 360 determines
whether the reference pixels should be filtered. The reference
pixels are adaptively filtered depending on the reconstructed
intra prediction mode and the size of the prediction block.
[0107] The reference pixels are not filtered when the intra
prediction mode is the DC mode. When the intra prediction
modes are the vertical mode and the horizontal mode, the
intra prediction module 240 does not also filter the reference
pixels. However, when the intra prediction modes are direc-
tional modes other than the vertical mode and the horizontal
mode, the reference pixels are adaptively filtered depending
on the intra prediction mode and the size of the prediction
block. When the size of the prediction block is 4x4, the
reference pixels are not filtered for the purpose of a decrease
in complexity regardless of the intra prediction mode. The
filtering serves to smooth the variation in pixel value between
reference pixels and uses a low-pass filter. The low-pass filter
may be [1, 2, 1] which is a 3-tap filter or [1, 2, 4, 2, 1] which
is a S-tap filter. When the size of the prediction block ranges
from 8x8 to 32x32, the reference pixels are filtered in more
intra prediction modes with an increase in the size of the
prediction block.

[0108] The prediction block creating module 370 creates
the prediction block depending on the intra prediction mode.
The reference pixels used for the prediction block may be
pixels which are adaptively filtered depending on the size of
the prediction block and the intra prediction mode.

[0109] Inthe DC mode, the average values of N top refer-
ence pixels located at positions of (x=0, ..., N-1,y=—1), M
left reference pixels located at positions of (x=1-,y=0, .. .,
M-1), and the corner pixel located at a position of (x=-1,
y=-1) can be determined as the prediction pixels of the pre-
diction block. However, the prediction pixels neighboring the
reference pixels can be created using weighted average of the
average value and the reference pixel neighboring the predic-
tion pixel. In the planar mode, the prediction pixels can be
created in the same was as in the DC mode.

[0110] In the vertical mode, the reference pixels located in
the vertical direction are set to the prediction pixels. However,
each prediction pixel neighboring the left reference pixel can
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be created using the reference pixel located in the vertical
direction and the variation between the left reference pixels.
The variation represents the variation between the corner
reference pixel and the left reference pixel neighboring the
prediction pixel. In the horizontal mode, the prediction pixels
can be created in the same way as in the vertical mode, except
for the direction.

[0111] FIG. 6 is a diagram illustrating a reconstructed block
creating sequence according to the embodiment of the inven-
tion. FIG. 6 shows the reconstructed block creating sequence
when the size of the prediction block is equal to the size of the
current block.

[0112] First, the intra prediction mode of the current block
is reconstructed (S210). The intra prediction mode is recon-
structed using the same method described in step S120 of
FIG. 3.

[0113] Then, it is determined whether all the reference pix-
els at predetermined positions of the current block are valid
(S220). When at least one of the reference pixels at the pre-
determined positions is not valid, the invalid reference pixel at
the corresponding position is created (S230). The method of
creating the reference pixel is the same as in step S150 of FIG.
3. Here, the size of the prediction block is equal to the size of
the current block.

[0114] Subsequently, it is determined whether the refer-
ence pixels of the current block should be filtered (S240).
Depending on the reconstructed intra prediction mode and the
size of the current block, it is determined whether the refer-
ence pixels should be filtered. The method described in step
S170 of FIG. 3 is used to determine whether the reference
pixels should be filtered. When it is determined that the ref-
erence pixels of the current block should be filtered, the
reference pixels of the current block are filtered (S250).
[0115] Then, the prediction block of the current block is
created using the reconstructed intra prediction mode (S260).
The residual block is created using the reconstructed intra
prediction mode (S270). The size of the residual block is
equal to the size of the current block.

[0116] Finally, the prediction block ofthe current block and
the residual block of the current block are added to create a
reconstructed block (S280).

[0117] FIG.7is a diagram illustrating a reconstructed block
creating sequence according to another embodiment of the
invention. FIG. 7 shows the reconstructed block creating
sequence of the current block when the size of the prediction
block is smaller than the size of the current block.

[0118] First, the intra prediction mode of the current block
is reconstructed (S310). The intra prediction mode is recon-
structed using the same method as in step S120 of FIG. 3.
[0119] A sub block of the current block to be decoded is
determined (S320).

[0120] Then, it is determined whether all the reference pix-
els at predetermined positions of the sub block are valid
(S330). When at least one of the reference pixels at the pre-
determined positions is not valid, the invalid reference pixel at
the corresponding position is created (S340). The method of
creating the reference pixel is the same as in step S150 of FIG.
3. Here, the size of the prediction block is equal to the size of
the current block.

[0121] Subsequently, it is determined whether the refer-
ence pixels of the sub block should be filtered (S350).
Depending on the reconstructed intra prediction mode and the
size of the current block, it is determined whether the refer-
ence pixels should be filtered. The method described in step
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S170 of FIG. 3 is used to determine whether the reference
pixels should be filtered. When it is determined that the ref-
erence pixels of the sub block should be filtered, the reference
pixels of the sub block are filtered (S360).
[0122] Then, the prediction block of the sub block is cre-
ated using the reconstructed intra prediction mode (S370).
The residual block of the sub block is created using the
reconstructed intra prediction mode (S380).
[0123] Subsequently, the prediction block of the current
block and the residual block of the current block are added to
create a reconstructed block (S390).
[0124] Then, it is determined whether the sub block is the
final sub block of the current block (S395). When the sub
block is not the final sub block of the current block, the
sequence from the process (S320) of determining a next sub
block in the encoding order to the process (S390) of creating
the prediction block of the sub block is repeatedly performed.
In this case, the sub blocks subsequent to the first sub block in
the decoding order use some pixels of the reconstructed pre-
vious sub block as the reference pixels of the sub blocks.
Since invalid reference pixels are always present in the sub
blocks subsequent to the first sub block, the process of step
S340 may be performed without performing the process of
step S330. When the sizes of the sub blocks are the same, the
reference pixel filtering process may be performed on the first
sub block but may not be performed on the subsequent sub
blocks.
[0125] While the invention has been described with refer-
ence to the embodiments, it will be able to be understood by
those skilled in the art that the invention can be modified and
changed in various forms without departing from the spirit
and scope of the invention described in the appended claims.
1. An image decoding method comprising:
reconstructing an intra prediction mode group indicator
and a prediction mode index of a current block;
constructing a Most Probable Mode (MPM) group includ-
ing three intra prediction modes using valid intra predic-
tion modes of left and top blocks of the current block;
determining the intra prediction mode corresponding to the
prediction mode index in the MPM group as the intra
prediction mode of the current block when the intra
prediction mode group indicator indicates the MPM
group and determining the intra prediction mode of the
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current block using the three intra prediction modes of
the MPM group and the prediction mode index when the
intra prediction mode group indicator does not indicate
the second group; and

creating a prediction block on the basis of the determined

intra prediction mode when a size of the current block is
equal to a size of the prediction block, and creating a
plurality of prediction blocks on the basis of the deter-
mined intra prediction mode when the size of the current
block is larger than the size of the prediction block,
wherein the size of the prediction block is determined
depending on transform size information, and

wherein when only one of the intra prediction modes of the

left and top blocks of the current block is valid, two intra
prediction modes are added to the first group and the two
intra prediction modes are determined depending on the
valid intra prediction mode.

2. The image decoding method according to claim 1,
wherein when the intra prediction modes of the left and top
blocks of the current block are invalid, the MPM group
includes two non-directional intra prediction modes and a
vertical mode.

3. The image decoding method according to claim 1,
wherein the second block in the decoding order of the plural-
ity of prediction blocks is created using a part of pixels of a
first prediction block as reference pixels.

4. The image decoding method according to claim 1,
wherein when the intra prediction modes of the left and top
blocks are not equal to each other and directional intra pre-
diction modes, the MPM group includes the intra prediction
modes of the left and top blocks and a planar mode.

5. The image decoding method according to claim 1,
wherein when the intra prediction modes of the left and top
blocks are not equal to each other and non-directional intra
prediction modes, the MPM group includes the intra predic-
tion modes of the left and top blocks and a vertical mode.

6. The image decoding method according to claim 5,
wherein the non-directional intra prediction mode are a pla-
nar mode and a DC mode, and the mode number 0 is assigned
to the planar mode and the mode number 1 is assigned to the
DC mode.



