
METHOD AND DEVICE FOR ENCODING INTRA PREDICTION MODE FOR IMAGE
PREDICTION UNIT, AND METHOD AND DEVICE FOR DECODING INTRA PREDICTION
MODE FOR IMAGE PREDICTION UNIT 5 TECHNICAL FIELD        The present
invention relates to encoding and decoding of an image, and more
particularly, to a method and apparatus for encoding an intra
prediction mode of an image prediction unit which may efficiently
encode an intra prediction mode of a 10 chrominance component based
on a correlation between an intra prediction mode determined for an
image prediction unit of a luminance component and the intra
prediction mode of the chrominance component, and a method and
apparatus for decoding an intra prediction mode of an image
prediction unit. 15BACKGROUND ART       In an image compression
method, such as Moving Picture Experts Group (MPEG)-1, MPEG-2,
MPEG-4, or H.264/MPEG-4 Advanced Video Coding (AVC), a picture is
divided into macroblocks in order to encode an image. Each of the
macroblocks is encoded in all encoding modes that can be used in
inter prediction or 20 intra prediction, and then is encoded in an
encoding mode that is selected according to a bit rate used to encode
the macroblock and a distortion degree of a decoded macroblock based
on the original macroblock.       As hardware for reproducing and
storing high resolution or high quality video content is being
developed and supplied, there is an increasing need for a video codec
25 capable of effectively encoding or decoding the high resolution or
high quality video content. In a conventional video codec, a video is
encoded a limited prediction mode based on macroblocks each having a
predetermined size. DETAILED DESCRIPTION OF THE INVENTION 30TECHNICAL
PROBLEM       The present invention provides methods and apparatuses
for efficiently encoding and decoding an intra prediction mode of a
chrominance image component prediction  unit corresponding to a
luminance image component prediction unit based on an intra
prediction mode determined for the luminance image component
prediction unit. TECHNICAL SOLUTION 5According to an aspect of the
present invention, an intra prediction mode of a prediction unit of a
chrominance component is efficiently encoded and decoded by
reconstructing an intra prediction mode candidate group applied to
the prediction unit of the chrominance component according to whether
an intra prediction mode of a luminance component is the same as the
intra prediction mode of the chrominance io component. 



ADVANTAGEOUS EFFECTS       According to the embodiments of the
present invention, redundancy between an intra prediction mode of a
prediction unit of a luminance image component and an intra 15
prediction mode of a prediction unit of a chrominance image component
may be removed, and the intra prediction mode of the prediction unit
of the chrominance image component may be efficiently expressed based
on the intra prediction mode of the prediction unit of the luminance
image component. Also, the number of bits used to signal the intra
prediction mode of the prediction unit of the chrominance image 20
component may be reduced. DESCRIPTION OF THE DRAWINGS       FIG. 1 is
a block diagram illustrating an apparatus for encoding a video,
according to an embodiment of the present invention. 25FIG. 2 is a
block diagram illustrating an apparatus for decoding a video,
according to an embodiment of the present invention.       FIG. 3 is
a diagram for describing a concept of coding units, according to an
embodiment of the present invention.            FIG. 4 is a block
diagram illustrating an image encoder based on a coding unit, 30
according to an embodiment of the present invention.       FIG. 5 is
a block diagram illustrating an image decoder based on a coding unit,
according to an embodiment of the present invention.         FIG. 6
is a diagram illustrating deeper coding units according to depths and
partitions, according to an embodiment of the present invention.
FIG. 7 is a diagram for describing a relationship between a coding
unit and a transformation unit, according to an embodiment of the
present invention. 5FIG. 8 is a diagram for describing information of
coding units according to depths, according to an embodiment of the
present invention.        FIG. 9 is a diagram illustrating coding
units according to depths, according to an embodiment of the present
invention.         FIGS. 10, 11, and 12 are diagrams for describing a
relationship between coding io units, prediction units, and frequency
transformation units, according to an embodiment of the present
invention.        FIG. 13 is a diagram illustrating a relationship
between a coding unit, a prediction unit, and a transformation unit
according to encoding mode information of Table 1, according to an
embodiment of the present invention. 15FIGS. 14A through FIGS. 14C
are diagrams illustrating formats of prediction units of a luminance
component and a chrominance component, according to embodiments of
the present invention. FIG. 15 is a table illustrating the number of
intra prediction modes according to 



sizes of luminance component prediction units, according to an
embodiment of the 20present invention.       FIG. 16A is a diagram
showing an intra prediction mode applicable a luminance component
prediction unit having a predetermined size, according to an
embodiment of the present invention. FIG. 16B is a diagram
illustrating directions of the intra prediction modes of FIG. 2516A.
FIG. 16C is a diagram for describing a method of performing intra
prediction on a luminance component prediction unit by using the
intra prediction modes of FIG. 16A, according to an embodiment of the
present invention. FIG. 17 is a diagram for describing an intra
prediction mode applied to a 30 luminance component prediction unit
having a predetermined size, according to another embodiment of the
present invention. FIGS. 18A through 18C are reference diagrams for
describing intra prediction  modes having different directionalities,
according to an embodiment of the present invention.       FIG. 19 is
a reference diagram for describing a bi-linear mode according to an
embodiment of the present invention. 5FIG. 20 is a graph for
describing al relationship between a current pixel and a peripheral
pixel located on a line having a directionality of (dx, dy),
according to an embodiment of the present invention.          FIG. 21
is a graph for describing a change in a neighboring pixel located on
a line having a directionality of (dx, dy) according to a location of
the current pixel, according to 10 an embodiment of the present
invention.       FIGS. 22 and 23 are diagrams for describing a method
of determining an intra prediction mode direction, according to an
embodiment of the present invention.       FIG. 24 is a reference
diagram for describing an available intra prediction mode according
to an embodiment of the present invention. 15FIGS. 25A and 25B are
reference diagrams for describing an intra prediction mode according
to another embodiment of the present invention. FIG. 26 is a block
diagram illustrating an apparatus for encoding an intra prediction
mode of an image, according to an embodiment of the present
invention. FIG. 27 is a flowchart illustrating a method of encoding
an intra prediction mode of 



20 an image, according to an embodiment of the present invention.
FIG. 28 is a flowchart illustrating a process of encoding an intra
prediction mode of an image, according to an embodiment of the
present invention. FIG. 29 is a block diagram illustrating an
apparatus for decoding an intra prediction mode of an image,
according to an embodiment of the present invention. 25FIG. 30 is a
flowchart illustrating a method of decoding an intra prediction mode
of an image, according to an embodiment of the present invention.
FIG. 31 is a flowchart illustrating a process of decoding an intra
prediction mode of an image, according to an embodiment of the
present invention. 30BEST MODE    According to an aspect of the
present invention, there is provided a method of encoding an intra
prediction mode of an image, the method comprising: determining an
intra prediction mode of a prediction unit of a first image component
constituting the image by using a first intra prediction mode
candidate group comprising a plurality of intra prediction modes;
determining an intra prediction mode of a prediction unit of a second
image component corresponding to the prediction unit of the first
image 5 component by using a second intra prediction mode candidate
group comprising a plurality of intra prediction modes; when the
determined intra prediction mode of the prediction unit of the first
image component is the same as one of predetermined intra prediction
modes included in the second intra prediction mode candidate group,
reconstructing the second intra prediction mode candidate group to
remove redundancy 10 of an intra prediction mode which is included in
the second intra prediction mode candidate group and is same as the
determined intra prediction mode of the prediction unit of the first
image component; and encoding the determined intra prediction mode of
the prediction unit of the second image component based on the
reconstructed second intra prediction mode candidate group.
15According to another aspect of the present invention, there is
provided an apparatus for encoding an intra prediction mode of an
image, the apparatus including: a first intra prediction mode
determiner that determines an intra prediction mode of a prediction
unit of a first image component constituting the image by using a
first intra prediction mode candidate group including a plurality of
intra prediction modes; a second 20intra prediction mode determiner
that determines an intra prediction mode of a prediction unit of a
second image component corresponding to the prediction unit of the
first image component by using a second intra prediction mode
candidate group including a plurality of intra prediction modes; and
an intra prediction mode encoder that when the determined intra
prediction mode of the prediction unit of the first image component
is 25 the same as one of predetermined intra prediction modes
included in the second intra prediction mode candidate group,
reconstructs the second intra prediction mode 



candidate group to remove redundancy of an intra prediction mode
included in the second intra prediction mode candidate group which is
same as the determined intra prediction mode of the prediction unit
of the first image component, and encodes the 30 determined intra
prediction mode of the prediction unit of the second image component
based on the reconstructed intra prediction mode candidate group.
According to another aspect of the present invention, there is
provided a method of  decoding an intra prediction mode of an image,
the method comprising: obtaining intra prediction mode information of
a prediction unit of a first image component constituting the image
from a bitstream; when an intra prediction mode of the prediction
unit of the first image component is the same as one of predetermined
intra prediction modes 5included in a second intra prediction mode
candidate group applicable to a prediction unit of a second image
component, reconstructing the second intra prediction mode candidate
group to remove redundancy of an intra prediction mode included in
the second intra prediction mode candidate group which is same as the
determined intra prediction mode of the prediction unit of the first
image component; and decoding an 10 intra prediction mode of the
prediction unit of the second image component based on the
reconstructed second intra prediction mode candidate group. According
to another aspect of the present invention, there is provided an
apparatus for decoding an intra prediction mode of an image, the
apparatus comprising: an intra prediction mode obtainer that obtains
intra prediction mode information of a prediction unit of a first
image 15 component constituting the image from a bitstream, when it
is determined that an intra prediction mode of the prediction unit of
the first image component is the same as one of predetermined intra
prediction modes included in a second intra prediction mode candidate
group applicable to a prediction unit of a second image component,
reconstructs the second intra prediction mode candidate group to
remove redundancy of 20 an intra prediction mode which is included in
the second intra prediction mode candidate group and is same as the
determined intra prediction mode of the prediction unit of the first
image component, and determines an intra prediction mode of the
prediction unit of the second image component based on the
reconstructed second intra prediction mode candidate group; a first
intra prediction performer that performs intra prediction on the
25prediction unit of the first image component based on the intra
prediction mode of the prediction unit of the first image component
which is obtained from the bitstream; and       a second intra
prediction performer that performs intra prediction on the prediction
unit of the second image component based on the determined intra
prediction mode of the prediction unit of the second image component.
30  MODE OF THE INVENTION The present invention will now be described
more fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. FIG. 1 is a block
diagram illustrating an apparatus 100 for encoding a video, 5
according to an embodiment of the present invention.       The
apparatus 100 includes a maximum coding unit splitter 110, a coding
unit determiner 120, and an output unit 130.       The maximum coding
unit splitter 110 may split a current picture based on a maximum
coding unit which is a coding unit having a maximum size for the
current to  picture of an image. If the current picture is larger
than the maximum coding unit, image data of the current picture may



15 determiner 120 according to the at least one maximum coding unit.
A coding unit may be characterized by a maximum size and a depth. The
depth denotes the number of times the coding unit is spatially split
from the maximum coding unit, and as the depth deepens, deeper coding
units according to depths may be split from the maximum coding unit
to a minimum coding unit. A depth of the maximum 20 coding unit is an
uppermost depth and a depth of the minimum coding unit is a lowermost
depth. Since a size of a coding unit corresponding to each depth
decreases as the depth of the maximum coding unit deepens, a coding
unit corresponding to an upper depth may include a plurality of
coding units corresponding to lower depths. As described above, the
image data of the current picture is split into the 25 maximum coding
units according to a maximum size of the coding unit, and each of the
maximum coding units may include deeper coding units that are split
according to depths. Since the maximum coding unit is split according
to depths, the image data of a spatial domain included in the maximum
coding unit may be hierarchically classified according to depths. 30A
maximum depth and a maximum size of a coding unit, which limit the
total number of times a height and a width of the maximum coding unit
are hierarchically split, may be preset.         The coding unit
determiner 120 encodes at least one split region obtained by
splitting a region of the maximum coding unit according depths and
determines a depth in which final encoding results are to be output
according to the at least one split region. That is, the coding unit
determine 120 encodes the image data according to deeper 5 coding
units according to depths for each maximum coding unit of the current
picture, and selects a depth having a least encoding error as a coded
depth. The determined coded depth and the image data according to
maximum coding units are output to the output unit 130. The image
data in the maximum coding unit is encoded based on the deeper to
coding units corresponding to at least one depth equal to or below
the maximum depth, and results of encoding the image data are
compared based on each of the deeper coding units. A depth having the
least encoding error may be selected after comparing encoding errors
of the deeper coding units. At least one coded depth may be selected
for each maximum coding unit. 15The size of the maximum coding unit
is split as a coding unit is hierarchically split according to
depths, and as the number of coding units increases. Also, even if
coding units correspond to the same depth in one maximum coding unit,
it is determined whether to split each of the coding units
corresponding to the same depth to a lower depth by measuring an
encoding error of the image data of each coding unit, separately. zo
Accordingly, even when image data is included in one maximum coding
unit, since the encoding errors may differ according to regions in
the one maximum coding unit, the coded depths may differ according to
regions in the image data. Thus, one or more coded depths may be
determined in one maximum coding unit, and the image data of the
maximum coding unit may be split according to coding units of at
least one coded 25depth. Accordingly, the coding unit determiner 120
may determine coding units having a tree structure included in a
current maximum coding unit. The 'coding units having the tree
structure' include coding units having a depth determined as a coded
depth from among all deeper coding units included in the current
maximum coding unit. The 30 coding units of the coded depth may be
hierarchically determined according to depths in the same region in



other regions. Likewise, a coded depth of a current region may be
independently  determined from coded depths of other regions.       A
maximum depth is an index related to the number of splits from a
maximum coding unit to a minimum coding unit. A first maximum depth
may indicate the total number of splits from a maximum coding unit to
a minimum coding unit. A second 5 maximum depth may indicate the
total number of depth levels from the maximum coding unit to the
minimum coding unit. For example, when a depth of a maximum coding
unit is 0, a depth of a coding unit obtained by splitting the maximum
coding unit one time may be set to 1, and a depth of a coding unit
obtained by splitting the maximum coding unit two times may be set to
2. In this case, when a coding unit obtained by splitting the to
maximum coding unit four times is a minimum coding unit, since depth
levels of depths 0, 1, 2, 3, and 4 exist, a first maximum depth may
be set to 4 and a second maximum depth may be set to 5.
Prediction encoding and frequency transformation may be performed on
the maximum coding unit. The prediction encoding and the frequency
transformation are 15 performed based on deeper coding units
according to depths equal to or less a maximum depth for each maximum
coding unit.       Since the number of deeper coding units according
to depths increase as the maximum coding unit is split according to
depths, encoding including prediction encoding and frequency
transformation has to be performed on all of the deeper coding 20
units generated as the depths deepen. Prediction encoding and
frequency transformation will be explained based on a coding unit of
a current depth from among one or more maximum coding units for
convenience of explanation.       The apparatus 100 may variously
select a size or a shape of a data unit for encoding image data. In
order to encode the image data, operations such as prediction 25
encoding, frequency transformation, and entropy encoding are
performed. The same data unit may be used for all operations, or
different data units may be used for different operations.
For example, the apparatus 100 may select not only a coding unit for
encoding the image data, but also a data unit, which is different
from the coding unit, in order to 30perform prediction encoding on
the image data in the coding unit.       In order to perform
prediction encoding in a maximum coding unit, the prediction encoding
may be performed based on a coding unit of a coded depth, that is, a
coding  unit which is no longer split. The coding unit which is no
longer split and becomes a basis unit for prediction encoding is
referred to as a 'prediction unit'. A partition obtained by splitting
the prediction unit may include a prediction unit and a data unit
obtained by splitting at least one of a height and a depth of the
prediction unit.  5 For example, when a coding unit having a size of
2Nx2N (N is a positive integer) is no longer split, a prediction unit
may have a size of 2Nx2N and a partition may have a size of 2Nx2N,
NxN, Nx2N, or NxN. Examples of a partition type may include symmetric
partitions obtained by symmetrically splitting a height or a width of
the prediction unit, partitions obtained by asymmetrically splitting
the height or the width of  10 the prediction unit such as 1:n or
n:1, partitions obtained by geometrically splitting the prediction
unit, and partitions having arbitrary shapes.       A prediction mode
of the prediction unit may be at least one of an intra mode, an inter
mode, and a skip mode. For example, the intra mode and the inter mode
may be performed on the partition having a size of 2Nx2N, 2NxN, Nx2N,



25 A data unit which becomes a base of frequency transformation may
be referred to as a 'transformation unit'. Similar to a coding unit,
a transformation unit in a coding unit may be recursively split into
a transformation unit having a smaller size, and residual data of the
coding unit may be split according to transformation units having a
tree structure according to a transformation depth. 30A
transformation depth indicating the number of splits to reach the
transformation unit by splitting a height and a width of the coding
unit may also be set in the transformation unit. For example, a size
of a transformation unit of a current coding unit  having a size of
2Nx2N is 2Nx2N, a transformation depth may be set to 0, when a size
of a transformation unit is NxN, a transformation depth may be set to
1, and when a size of a transformation unit is N/2xN/2, a
transformation depth may be set to 2. That is, transformation units
having a tree structure may be set according to transformation
5depths.        Information about deeper coding units according to
depths uses information about a coded depth, information related to
prediction, and information related to frequency transformation.
Accordingly, the coding unit determiner 120 may determine not only a
coded depth that generates a least encoding error, but also a
partition type by which a  10 prediction unit is split into
partitions, a prediction mode according to each prediction units and
a size of a transformation unit for frequency transformation.       A
method of determining a partition and coding units having a tree
structure of a maximum coding unit will be explained in detail with
reference to FIGS. 3 through 12. The coding unit determiner 120 may
measure an encoding error of deeper coding  15 units according to
depths by using Rate-Distortion Optimization based on Lagrangian
multipliers.       The image data output unit 130 outputs the image
data of the maximum coding unit, which is encoded based on the at
least one coded depth determined by the coding unit determiner 120
and information about the encoding mode according to the coded
20depth, in bitstreams.       The encoded image data may be results
obtained by encoding residual data of the image.       The
information about the coding mode according to the coded depth may
include information about the coded depth, information about the
partition type in the prediction  25 unit, information about the
prediction mode, and information about a size of the transformation
unit.       The information about the coded depth may be defined by
using split information according to each depth indicating whether
encoding is performed on coding units of a lower depth instead of a
current depth. When the current depth of the current coding  30 unit
is the coded depth, since image data in the current coding unit is
encoded, the split information may be defined not to split the
current coding unit to a lower depth. Alternatively, when the current
depth of the current coding unit is not the coded depth,  since
encoding is performed on a coding unit of a lower depth, the split
information may be defined to split the current coding unit to obtain
coding units of a lower depth.       When the current depth is not
the coded depth, encoding is performed on a coding unit which is
split into coding units of a lower depth. Since one or more coding 



5 units of a lower depth exist in one coding unit of the current
depth, encoding may be repeatedly performed on each coding unit of
the lower depth, and thus the encoding may be recursively performed
for coding units of the same depth.       Since coding units having a
tree structure has to be determined in one maximum coding unit and
information about at least one encoding mode has to be determined for
io each coding unit of a coded depth, information about at least one
encoding mode may be determined for one maximum coding unit. Also,
since image data of the maximum coding unit may be hierarchically
split according to depths and thus coded depths may differ according
to regions, information about an encoding mode and a coded depth may
be set for the image data. 15Accordingly, the output unit 130 may
assign encoding information about a corresponding coded depth and an
encoding mode to at least one of the coding unit, the prediction
unit, and a minimum unit included in the maximum coding unit.
The minimum unit may be a square data unit having a size obtained by
splitting a minimum coding unit constituting a lowermost depth by 4,
and may be a square data unit 20having a maximum size which may be
included in all of coding units, prediction units, and transformation
units included in the maximum coding unit.       For example, the
encoding information output through the output unit 130 may be
classified into encoding information according to deeper coding units
according to depths and encoding information according to prediction
units. The encoding 25 information according to the deeper coding
units according to depths may include information about a prediction
mode and information about sizes of partitions. The encoding
information about the prediction units may include information about
an estimated direction of an inter mode, information about a
reference image index of the inter mode, information about a motion
vector, information about a chrominance 30 component of an intra
mode, and information about an interpolation method of the intra
mode. Also, information about a maximum size of a coding unit which
is defined according to pictures, slices, or GOPs and information
about a maximum depth may be  inserted into a header of a bitstream.
According to the apparatus 100 having a simplest structure, a deeper
coding unit is a coding unit obtained by dividing a height or a width
of a coding unit of an upper depth, which is one layer above, by two.
That is, when a size of a coding unit of a current 5 depth is 2Nx2N,
a size of a coding unit of a lower depth is NxN. Also, when the
coding unit of the current depth has a size of 2Nx2N, a size of the
coding unit of the lower depth is NxN. Also, the coding unit of the
current depth having the size of 2Nx2N may include maximum 4 of the
coding unit of the lower depth. Accordingly, the apparatus 100 may
form coding units having a tree structure by 10 determining a coding
unit having an optimum shape and an optimum size for each maximum
coding unit, based on a size of the maximum coding unit and a maximum
depth determined in consideration of characteristics of a current
picture. Also, since encoding may be performed on each maximum coding
unit by using any of various prediction modes and frequency
transformation modes, an optimum encoding mode may 15  be determined
in consideration of characteristics of coding units having various
image sizes.       Thus, if an image having high resolution or a
large data amount is encoded in a conventional macroblock, the number
of macroblocks per picture excessively increases. Accordingly, the
number of pieces of compressed information generated for each 20



Referring to FIG. 2, the apparatus 200 includes a receiver 210, an
image data and encoding information extractor 220, and an image data
decoder 230. Definitions of terms such as a coding unit, a depth, a
prediction unit, a transformation, unit, and 30 information about
various encoding modes for various processes of the apparatus 200 are
the same as those described with reference to FIG. 1 and the
apparatus 100. The receiver 210 receives and parses a bitstream for
an encoded video. The  image data and encoding information extractor
220 extracts encoded image data for each coding unit according to
coding units having a tree structure according to maximum coding
units from the parsed bitstream, and outputs the extracted encoded
image data to the image data decoder 230. The image data and encoding
information extractor 220 5 may extract information of a maximum size
of a coding unit of a current picture from a header of the current
picture.        Also, the image data and encoding information
extractor 220 extracts information about a coded depth and an
encoding mode for the coding units having the tree structure
according to the maximum coding units from the parsed bitstream. The
extracted 10 information about the coded depth and the encoding mode
is output to the image data decoder 230. That is, the image data
decoder 230 may decode image data for each maximum coding unit by
splitting the image data of a bit string according to maximum coding
units. The information about the coded depth and the encoding mode
according to the 15 maximum coding units may be set for one or more
pieces of coded depth information, and information about encoding
modes according to coded depths may include information about a
partition type of a corresponding coding unit, information about a
prediction mode, and information about a size of a transformation
unit. Also, split information according to depths may be extracted as
the information about the coded 20depth.       The information about
the coded depth and the encoding mode according to the maximum coding
units extracted by the image data and encoding information extractor
220 is information about a coded depth and an encoding mode
determined to have a least encoding error by repeatedly performing
encoding on deeper coding units 25 according to maximum coding units
at an encoding side such as the apparatus 100. Accordingly, the
apparatus 200 may restore an image by decoding data according to an
encoding method that generates a least encoding error.       Since
encoding information about a coded depth and an encoding mode may be
assigned to a predetermined data unit from among a corresponding
coding unit, a 30 prediction unit, and a minimum unit, the image data
and encoding information extractor 220 may extract information about
a coded depth and an encoding mode according to predetermined data
units. When information about a coded depth and an encoding  mode of
a corresponding maximum coding unit is recorded according to the
predetermined data units, the predetermined data units having the
same information about the coded depth and the encoding mode may be
derived as a data unit included in the same maximum coding unit. 5The
image data decoder 230 restores a current picture by decoding image
data in each maximum coding unit based on the information about the
coded depth and the encoding mode according to the maximum coding
units. That is, the image data decoder 230 may decode encoded image
data based on read information about a partition type, a prediction
mode, and a transformation unit, for each coding unit from to among
coding units having a tree structure included in each maximum coding



15 based on information about a partition type and a prediction mode
of a prediction unit of coding units according to coded depths.
Also, the image data decoder 230 may perform frequency inverse
transformation according to each transformation unit in the coding
unit, based on size information of a transformation unit of coding
units according to coded depths, for frequency inverse 20
transformation according to maximum coding units.       The image
data decoder 230 may determine a coded depth of a current maximum
coding unit by using split information according to each depth. If
split information indicates that image data is no longer split in a
current depth, the current depth is a coded depth. Accordingly, the
image data decoder 230 may decode a coding unit of 25 the current
depth for image data of the current maximum coding unit by using
information about a partition type of a prediction unit, a prediction
mode, and a size of a transformation unit.       That is, data units
containing encoding information including the same split information
may be gathered by observing the encoding information set assigned
for a  30 predetermined data unit from among a coding unit, a
prediction unit, and a minimum unit, and the gathered data units may
be considered to be one data unit to be decoded by the image data
decoder 230 in the same encoding mode.         The apparatus 200 may
obtain information about a coding unit that generates a least
encoding error by recursively performing encoding for each maximum
coding unit and may use the information to decode a current picture.
That is, encoded image data of coding units having a tree structure
determined for each maximum coding unit may be 5 decoded.
Accordingly, even an image has high resolution or a large amount of
data, image data may be efficiently decoded and restored according to
a size of a coding unit and an encoding mode which are adaptively
determined for characteristics of an image by using information about
an optimum encoding mode transmitted from an encoding side. 10A
method of determining coding units having a tree structure, a
prediction unit, and a transformation unit will be explained in
detail with reference to FIGS. 3 through 13.        FIG. 3 is a
diagram for describing a concept of hierarchical coding units,
according to an embodiment of the present invention. A size of a
coding unit may be expressed in width x height, and examples of the
15 size may include 64x64, 32x32, 16x16, and 8x8. A coding unit
having a size of 64x64 may be split into partitions having sizes of
64x64, 64x32, 32x64, and 32x32, a coding unit having a size of 32x32
may be split into partitions having sizes of 32x32, 32x16, 16x32, and
16x16, a coding unit having a size of 16x16 may be split into
partitions having sizes of 16x16, 16x8, 8x16, and 8x8, and a coding
unit having a size of 8x8 may 20be split into partitions having sizes
of 8x8, 8x4, 4x8, and 4x4.       In video data 310, a resolution is
1920x1080, a maximum size of a coding unit is 64, and a maximum depth
is 2. In video data 320, a resolution is 1920x1080, a maximum size of
a coding unit is 64, and a maximum depth is 4. In video data 330, a
resolution is 352x288, a maximum size of a coding unit is 16, and a
maximum depth is 2. 25 A maximum depth in FIG. 3 indicates the total
number of splits from a maximum coding unit to a minimum coding unit.
If a resolution is high or a data amount is large, a maximum size of
a coding unit may be large so as to not only increase encoding
efficiency but also to accurately reflect characteristics of an
image. Accordingly, the maximum size of the coding unit of the 30



units having long axis sizes of 32 and 16 since depths are deepened
by two layers by splitting the maximum coding unit twice. Meanwhile,
since the maximum depth of the video data 330 is 1, coding units 335
of the video data 330 may include a maximum coding unit having a long
axis size of 16, and coding units having long axis size of 8 5 since
depths are deepened by one layer by splitting the maximum coding unit
once.       Since the maximum depth of the video data 320 is 3,
coding units 325 of the video data 320 may include a maximum coding
unit having a long axis size of 64, and coding units having long axis
sizes of 32, 16, and 8 since the depths are deepened by 3 layers by
splitting the maximum coding unit three times. As a depth deepens,
detailed to information may be precisely expressed.       FIG. 4 is a
block diagram of an image encoder 400 based on a coding unit,
according to an embodiment of the present invention.       The image
encoder 400 performs operations of the coding unit determiner 120 of
the apparatus 100 to encode image data. That is, an intra predictor
410 performs intra 15 prediction on coding units in an intra mode,
from among a current frame 405, and a motion estimator 420 and a
motion compensator 425 perform inter estimation and motion
compensation by using a reference frame 495 and the current frame 405
of an inter mode. Data output from the intra predictor 410, the
motion estimator 420, and the motion 20 compensator 425 is output as
a quantized transformation coefficient through a frequency
transformer 430 and a quantizer 440. The quantized transformation
coefficient is restored as data in a spatial domain through an
inverse quantizer 460 and an inverse transformer 470, and the
restored data in the spatial domain is output as the reference frame
495 after being post-processed through a deblocking unit 480 and a
loop filtering 25 unit 490. The quantized transformation coefficient
may be output as a bitstream 455 through an entropy encoder 450. In
order for the image encoder 400 to be applied to the apparatus 100,
all elements of the image encoder 400, i.e., the intra predictor 410,
the motion estimator 420, the motion compensator 425, the frequency
transformer 430, the quantizer 440, the 30 entropy encoder 450, the
inverse quantizer 460, the inverse transformer 470, the deblocking
unit 480, and the loop filtering unit 490 have to perform operations
based on each coding unit from among coding units having a tree
structure in consideration of a  maximum depth for each maximum
coding unit.       Specifically, the intra predictor 410, the motion
estimator 420, and the motion compensator 425 determine a prediction
unit and partitions of each coding unit from among a coding units
having a tree structure in consideration of a maximum depth and a 5
maximum size of a current maximum coding unit, and the frequency
transformer 430 has to determine a size of a transformation unit in
each coding unit from among the coding units having the tree
structure.       FIG. 5 is a block diagram of an image decoder 500
based on a coding unit, according to an embodiment of the present
invention. 



10Referring to FIG. 5, a parser 510 parses encoded image data to be
decoded and information about encoding used for decoding from a
bitstream 505. The encoded image data is output as inverse quantized
data through an entropy decoder 520 and an inverse quantizer 530, and
the inverse quantized data is restored to image data in a spatial
domain through an inverse transformer 540. 15An intra predictor 550
performs intra prediction on coding units in an intra mode with
respect to the image data in the spatial domain, and a motion
compensator 560 performs motion compensation on coding units in an
inter mode by using a reference frame 585. The image data in the
spatial domain, which passed through the intra predictor 20 550 and
the motion compensator 560, may be output as a restored frame 595
after being post-processed through a deblocking unit 570 and a loop
filtering unit 580. Also, the image data that is post-processed
through the deblocking unit 570 and the loop filtering unit 580 may
be output as the reference frame 585.          In order to decode the
image data in the image data decoder 230 of the apparatus 25 200, the
image decoder 500 may perform operations that are performed after the
parser 510.       In order for the image decoder 500 to be applied to
the apparatus 200, all elements of the image decoder 500, i.e., the
parser 510, the entropy decoder 520, the inverse quantizer 530, the
inverse transformer 540, the intra predictor 550, the motion
30compensator 560, the deblocking unit 570, and the loop filtering
unit 580 have to perform operations based coding units having a tree
structure for each maximum coding unit. Specifically, the intra
prediction 550 and the motion compensator 560 have to  determine
partitions and a prediction mode for each of the coding units having
the tree structure, and the inverse transformer 540 has to determine
a size of a transformation unit for each coding unit.            FIG.
6 is a diagram illustrating partitions and deeper coding units
according to  5 depths, according to an embodiment of the present
invention.       The apparatus 100 and the apparatus 200 use
hierarchical coding units so as to consider characteristics of an
image. A maximum height, a maximum width, and a maximum depth of
coding units may be adaptively determined according to the
characteristics of the image, or may be differently set by a user.
Sizes of deeper coding 10 units according to depths may be determined
according to a preset maximum size of a coding unit.       In a
hierarchical structure 600 of coding units, the maximum height and
the maximum width of the coding units are each 64, and the maximum
depth is 4. Since a depth deepens along a vertical axis of the
hierarchical structure 600, a height and a  15 width of the deeper
coding unit are each split. Also, a prediction unit and a partition,
which are a base for prediction encoding of each deeper coding unit,
are shown along a horizontal axis of the hierarchical structure 600.
In other words, a coding unit 610 is a maximum coding unit in the
hierarchical structure 600, wherein a depth is 0 and a size, i.e., a
height by width, is 64x64. The 20 depth deepens along the vertical
axis, and a coding unit 620 having a size of 32x32 and a depth of 1,
a coding unit 630 having a size of 16x16 and a depth of 2, a coding
unit 640 having a size of 8x8 and a depth of 3, and a coding unit 650
having a size of 4x4 and a depth of 4 exist. The coding unit 650
having the size of 4x4 and the depth of 4 is a minimum coding unit.
25Partial data units are shown in FIG. 6 as the prediction units of a
coding unit along the horizontal axis according to each depth. In



30614 having the size of 32x64, or partial data units 616 having the
size of 32x32.       A prediction unit of the coding unit 620 having
the size of 32x32 and the depth of 1 may be split into partial data
units included in the coding unit 620, i.e. a partial data unit  620
having a size of 32x32, partial data units 622 having a size of
32x16, partial data units 624 having a size of 16x32, and partial
data units 626 having a size of 16x16.       A prediction unit of the
coding unit 630 having the size of 16x16 and the depth of 2 may be
split into partial data units included in the coding unit 630, i.e. a
partial data unit  5 having a size of 16x16 included in the coding
unit 630, partial data units 632 having a size of 16x8, partial data
units 634 having a size of 8x16, and partial data units 636 having a
size of 8x8. A prediction unit of the coding unit 640 having the size
of 8x8 and the depth of 3      may be split into partial data units
included in the coding unit 640, i.e. a partial data unit 10having a
size of 8x8 included in the coding unit 640, partial data units 642
having a size of 8x4, partial data units 644 having a size of 4x8,
and partial data units 646 having a size of 4x4.         The coding
unit 650 having the size of 4x4 and the depth of 4 is the minimum
coding unit and a coding unit of the lowermost depth. A prediction
unit of the coding  15 unit 650 is only assigned to a partial data
unit having a size of 4x4.        In order to determine a coded depth
of the maximum coding unit 610, the coding unit determiner 120 of the
apparatus 100 has to perform encoding for coding units corresponding
to each depth included in the maximum coding unit 610. The number of
deeper coding units according to depths including data in the 20 same
range and the same size increases as the depth deepens. For example,
four coding units corresponding to a depth of 2 are required to cover
data that is included in one coding unit corresponding to a depth of
1. Accordingly, in order to compare encoding results of the same data
according to depths, the coding unit corresponding to the depth of 1
and four coding units corresponding to the depth of 2 are each
encoded.  25 In order to perform encoding according to depths, for a
current depth from among the depths, a representative encoding error
which is a least encoding error may be selected for a current depth
by performing encoding for prediction units in the coding units
corresponding to the current depth, along the horizontal axis of the
hierarchical structure 600. Alternatively, a minimum encoding error
may be searched for by 30 comparing least encoding errors according
to depths, by performing encoding for each depth as the depth deepens
along the vertical axis of the hierarchical structure 600. A depth
and a partition having the minimum encoding error in the coding unit
610 may be  selected as a coded depth and a partition type of the
coding unit 610.       FIG. 7 is a diagram for describing a
relationship between a coding unit 710 and transformation units 720,
according to an embodiment of the present invention. The apparatus
100 or 200 encodes or decodes an image according to coding 



5 units having sizes smaller than or equal to a maximum coding unit
for each maximum coding unit. Sizes of transformation units for
frequency transformation during encoding may be selected based on
data units that are not larger than a corresponding coding unit.
For example, in the apparatus 100 or 200, if a size of the coding
unit 710 is 64x64, 10 frequency transformation may be performed by
using the transformation units 790 having a size of 32x32.
Also, data of the coding unit 710 having the size of 64x64 may be
encoded by performing the frequency transformation on each of the
transformation units having the size of 32x32, 16x16, 8x8, and 4x4,
which are smaller than 64x64, and then a 15 transformation unit
having a least coding error may be selected.       FIG. 8 is a
diagram for describing encoding information of coding units according
to depths, according to an embodiment of the present invention.
The output unit 130 of the apparatus 100 may encode and transmit
information 800 about a partition type, information 810 about a
prediction mode, and information 820 20 about a size of a
transformation unit for each coding unit corresponding to a coded
depth, as information about an encoding mode.       The information
800 indicates information about a shape of a partition obtained by
splitting a prediction unit of a current coding unit, as a data unit
for prediction encoding the current coding unit. For example, a
current coding unit CUO having a depth 0 and 25 size of 2Nx2N may be
split into any one of a partition 802 having a size of 2Nx2N, a
partition 804 having a size of 2NxN, a partition 806 having a size of
Nx2N, and a partition 808 having a size of NxN. Here, the information
800 about a partition type of the current coding unit is set to
indicate one of the partition 804 having a size of 2NxN, the
partition 806 having a size of Nx2N, and the partition 808 having a
size of NxN 30 The information 810 indicates a prediction mode of
each partition. For example, the information 810 may indicate a mode
of prediction encoding performed on a partition indicated by the
information 800, i.e., an intra mode 812, an inter mode 814, or a
skip  mode 816.       The information 820 indicates a transformation
unit to be based on when frequency transformation is performed on a
current coding unit. For example, the transformation unit may be a
first intra transformation unit 822, a second intra  5 transformation
unit 824, a first inter transformation unit 826, or a second intra
transformation unit 828.       The image data and encoding
information extractor 220 of the apparatus 200 may extract and use
the information 800, 810, and 820 for decoding, according to each
deeper coding unit. 10FIG. 9 is a diagram illustrating deeper coding
units according to depths, according to an embodiment of the present
invention.       Split information may be used to indicate a change
in a depth. The spilt information indicates whether a coding unit of
a current depth is split into coding units of a lower depth. 15A
prediction unit 910 for prediction encoding a coding unit having a
depth of 0 and a size of 2N_Ox2N_0 may include a partition type 912
having a size of 2N_Ox2N_0, a partition type 914 having a size of
2N_OxN_0, a partition type 916 having a size of N_Ox2N_0, and a
partition type 918 having a size of N_OxN_O. Although the partition
types 912, 914, 916, and 918 in which prediction units are split
symmetrically are shown  20 in FIG. 9, partition types are not
limited thereto and may have asymmetrical, arbitrary, or geometric
shapes as described above.       Encoding via motion prediction is



25 type. The prediction encoding in an intra mode and an inter mode
may be performed on the partitions having the sizes of 2N_Ox2N_0,
N_Ox2N_0, 2N_OxN_0, and N_OxN_O. The prediction encoding in a skip
mode is performed only on the partition having the size of 2N_Ox2N_0.
If the encoding error is the smallest in any one of the partition
types 912, 914, and 30 916 having the sizes of 2N_Ox2N_0, 2N_OxN_0,
and N_Ox2N_0, no more split to a lower depth is necessary. If the
encoding error is the smallest in the split type 918 having the size
N_OxN_O,  a depth is changed from 0 to 1 to split the partition type
918 in operation 920, and encoding is repeatedly performed on coding
units 930 having a depth of 2 and a size of N_OxN_O to search for a
minimum encoding error. A prediction unit 940 for performing
prediction encoding on the coding unit 930 5 having a depth of 1 and
a size of 2N_1x2N_1 (=N_OxN_O) may include a partition type 942
having a size of 2N_1x2N_1, a partition type 944 having a size of
2N_1xN_1, a partition type 946 having a size of N_1x2N_1, and a
partition type 948 having a size of N_1xN_1. Also, if the encoding
error is the smallest in the partition type 948 having the size io
N_1xN_1, the depth is changed from 1 to 2 to split the partition type
Nil in operation osn, and encoding is repeatedly performed on coding
units 960 having a depth of 2 and a size of N_2xN_2 to search for a
minimum encoding error.       When a maximum depth is d, split
information according to each depth may be set up to when a depth
becomes d-1, and split information may be set up to when a depth 15
becomes d-2. That is, when encoding is performed from a depth of d-2
to a depth of d-1 in operation 970, a prediction unit 990 for
performing prediction encoding on a coding unit 980 having a depth of
d-1 and a size of 2N_(d-1)x2N_(d-1) may inblude a partition type 992
having a size of 2N_(d-1)x2N_(d-1), a partition type 994 having a
size of 2N_(d-1)xN_(d-1), a partition type 996 having a size of
N_(d-1)x2N_(d-1), and a partition 20 type 998 having a size of
N_(d-1)xN_(d-1).       Encoding via prediction encoding may be
repeatedly performed on one partition having a size of
2N_(d-1)x2N_(d-1), two partitions having a size of 2N_(d-1)xN_(d-1),
two partitions having a size of N_(d-1)x2N_(d-1), and four partitions
having a size of N_(d-1)xN_(d-1), according to each split type to
search for a partition type generating a 25minimum encoding error.
Although an encoding error of the partition type 998 having the size
of N_(d-1)xN_(d-1) is the smallest, since the maximum depth is d, a
coding unit CU_(d-1) having a depth of d-1 is no longer split to a
lower depth, and a coded depth of a current maximum coding unit 900
may be determined to be a depth of d-1 and a partition type of 30 the
current maximum coding unit 900 may be determined to be
N_(d-1)xN_(d-1). Also, since the maximum depth is d, split
information about a coding unit 952 having a depth of d-1 is not set.
A data unit 999 may be referred to as a 'minimum unit' of a current
maximum coding unit. The minimum unit may be a square data unit
having a size obtained by splitting a minimum coding unit having a
lowermost coded depth by 4. By repeatedly performing encoding, the
apparatus 100 may compare encoding errors according to  5 depths of
the coding unit 900, select a depth that generates a least encoding
error, determine a coded depth, and set a corresponding partition
type and prediction mode as an encoding mode of the coded depth. As
such, minimum encoding errors according to depths of depths may be
compared in all of the depths of 0, 1, ..., d-1, and d, and a depth



an encoding mode. Also, since a coding unit has to be split up to
when a depth changes from a depth of 0 to a coded depth, only split
information of the coded depth     has to be set to '0' and split
information according to each depth excluding the coded 15depth has
to be set to '1'.       The image data and encoding information
extractor 220 of the apparatus 200 may extract and use information
about a prediction unit and a coded depth of the coding unit 900 to
decode the partition type 912. The apparatus 200 may determine a
depth in which split information is '0' as a coded depth by using the
split information according to 20 each depth, and may use information
about an encoding mode of the corresponding depth for decoding.
FIGS. 10, 11, and 12 are diagrams for describing a relationship
between coding units 1010, prediction units 1060, and frequency
transformation units 1070, according to an embodiment of the present
invention. 25The coding units 1010 are coding units corresponding to
coded depths determined by the apparatus 100, in a maximum coding
unit 1000. The prediction units 1060 are partitions of prediction
units of each of the coding units 1010, and the transformation units
1070 are transformation units of each of the coding units 1010. When
a depth of a maximum coding unit is 0 in the coding units 1010,
depths of  30 coding units 1012 and 1054 are 1, depths of coding
units 1014, 1016, 1018, 1028, 1050, and 1052 are 2, depths of coding
units 1020, 1022, 1024, 1026, 1030, 1032, and 1048 are 3, and depths
of coding units 1040, 1042, 1044, and 1046 are 4.          In the
prediction units 1060, some partitions 1014, 1016, 1022, 1032, 1048,
1050, 1052, and 1054 are obtained by splitting the coding units in
the encoding units 1010. In other words, partition types in the
partitions 1014, 1022, 1050, and 1054 have a size of 2NxN, partition
types in the partitions 1016, 1048, and 1052 have a size of Nx2N, and
a  5 partition type of the partition 1032 has a size of NxN.
Prediction units and partitions of the coding units 1010 are smaller
than or equal to each coding unit.        Frequency transformation or
frequency inverse transformation is performed on image data of the
coding unit 1052 in the transformation units 1070 in a data unit that
is smaller than the coding unit 1052. Also, the transformation units
1014, 1016, 1022,  lo 1032, 1048, 1050, and 1052 in the
transformation units 1070 are different from these in the prediction
units 1060 in terms of sizes and shapes. In other words, the
apparatuses 100 and 200 may perform intra prediction, motion
estimation, motion compensation, frequency transformation, and
inverse transformation individually on a data unit in the same coding
unit. 15Accordingly, since an optimum coding unit is determined by
recursively performing encoding on coding units having a hierarchical
structure in each region for each maximum coding unit, coding units
having a recursive tree structure may be obtained. Encoding
information may include split information about a coding unit,
information about a partition type, information about a prediction
mode, and information 20 about a size of a transformation unit. Table
1 shows encoding information which may be set by the apparatus 100
and the apparatus 200. Table 1    Split information 0 (encoding of
coding unit having current depth of d and size of 2Nx2N)    Split
information 1 



Predicti on mode Partition type    Size of transformation unit
Repeate dly encode coding units having lower depth of d+1 intra inter
Asym metric partition type    symm etric partition type    Split
information 0 of transformati on unit    Split information 1 of
transformatio n unit   skip 2Nx2N 2NxnU 



2Nx2N NxN  (only 2NxN 2NxnD  (symmetri  2Nx2N) Nx2N nLx2N  c
partition   NxN nRx2N  type)   



N/2xN/2         (asymmetr ic partition type)          The output unit
130 of the apparatus 100 may output encoding information about coding
units having a tree structure, and the image data and encoding
information extractor 220 of the apparatus 200 may extract the
encoding information about the 5coding units having the tree
structure from a received bitstream.        Split information
indicates whether a current coding unit is split into coding units of
a lower depth. When split information of a current depth of d is 0,
since a depth in which the current coding unit is no longer split
into a lower coding unit is a coded depth, information about a
partition type, information about a prediction mode, and information
10 about a size of a transformation unit may be defined for the coded
depth. When the current coding unit needs to be further split
according to the split information, encoding has to be independently
performed on 4 split coding units of a lower depth.       A
prediction mode may be expressed as one of an intra mode, an inter
mode, and a skip mode. The intra mode and the inter mode may be
defined in all partition types, 15 and the skip mode may be defined
only in a partition type having a size of 2Nx2N.        Information
about a partition type may indicate symmetric partition types having
sizes of 2Nx2N, 2NxN, Nx2N, and NxN obtained by symmetrically
splitting a height or a width of a prediction unit, and asymmetric
partition types having sizes of 2NxnU, 2NxnD, nLx2N, and nRx2N
obtained by asymmetrically splitting the height or the width of the
20 prediction unit. The asymmetric partition types having the sizes
of 2NxnU and 2NxnD are respectively obtained by splitting the height
in 1:3 and 3:1, and the asymmetric partition types having the sizes
of nLx2N and nRx2N are obtained by splitting the width in 1:3 and
3:1.  



A size of a transformation unit may be set to be two types in an
intra mode, and two types in an inter mode. That is, when split
information about the transformation unit is 0, a size of the
transformation unit is set to 2Nx2N which is a size of a current
coding unit. When split information of the transformation unit is 1,
the transformation unit may 5be obtained by splitting the current
coding unit. Also, when a partition type having a size obtained by
splitting the current coding unit is an asymmetric partition type, a
size of the transformation unit may be set to NxN, and when a
partition type having a size obtained by splitting the current coding
unit is a symmetric partition type, a size of the transformation unit
may be set to N/2xN/2. 10Encoding information of coding units having
a tree structure may include at least one of a coding unit of a coded
depth, a prediction unit, and a minimum unit. The coding unit of the
coded depth may include at least one of a prediction unit and a
minimum unit containing the same encoding information. Accordingly,
it is determined whether adjacent data units are included in the same
15coding unit corresponding to the coded depth by comparing encoding
information of the adjacent data units. Also, since a corresponding
coding unit of the coded depth is determined by using encoding
information of a data unit, a distribution of coded depths in a
maximum coding unit may be determined.          Accordingly, in this
case, when a current coding unit is predicted based on 20neighboring
data units, encoding information of data units in deeper coding units
adjacent to the current coding unit may be directly referred to and
used. Alternatively, when a current coding unit is predicted based on
neighboring coding units, data units adjacent to the current coding
unit are searched by using encoded information of the data units, and
the searched adjacent coding units may be referred for 25predicting
the current coding unit.       FIG. 13 is a diagram illustrating a
relationship between a coding unit, a prediction unit, and a
transformation unit according to encoding mode information of Table
1, according to an embodiment of the present invention. A maximum
coding unit 1300 includes coding units 1302, 1304, 1306, 1312, 1314,
30 1316, and 1318. Since the coding unit 1318 is a coding unit of a
coded depth, split information may be set to O. Partition type
information of the coding unit 1318 having a size of 2Nx2N may be set
to one of a partition type 1322 having a size of 2Nx2N, a   partition
type 1324 having a size of 2NxN, a partition type 1326 having a size
of Nx2N, a partition type 1328 having a size of NxN, a partition type
1332 having a size of 2NxnU, a partition type 1334 having a size of
2NxnD, a partition type 1336 having a size of nLx2N, and a partition
type 1338 having a size of nRx2N. 5Assuming that partition type
information is set to one of the partition types 1322 having the size
of 2Nx2N, the partition type 1324 having the size of 2NxN, the
partition type 1326 having the size of Nx2N, and the partition type
1328 having the size of NxN, which are symmetric partition types,
when split information (TU size flag) of a transformation unit is 0,
a transformation unit 1342 having a size of 2Nx2N may be set, 



10nnri whAn split infurrnntiun nf n trAnchrmAtiun unit is I. n
trnnsfurmntiun unit 1344 hnving a size of NxN may be set.
Assuming that partition type information is set to one of the
partition types 1332 having the size of 2NxnU, the partition type
1334 having the size of 2NxnD, nLx2N(1336), and the partition type
1338 having the size of nRx2N, when split information (TU size flag)
15 of a transformation unit is 0, a transformation unit 1352 having a
size of 2Nx2N may be set, and when transformation unit split
information is 1, a transformation unit 1354 having a size of N/2xN/2
may be set.         Infra prediction performed on a prediction unit
by the intra predictor 410 of the apparatus 100 of FIG. 4 and the
intra predictor 550 of the apparatus 200 of FIG. 5 will be
20explained in detail.       FIGS. 14A through 14C are diagrams
illustrating formats of a luminance component image and a chrominance
component image, according to embodiments of the present invention.
Each coding unit forming one frame may be expressed by using one of
three 25 components, i.e., Y, Cb, and Cr. Y is luminance data having
luminance information, and Cb and Cr are chrominance data having
chrominance information. The chrominance data may be expressed using
a less amount of data than the luminance data, based on a fact that a
person is generally more sensitive to the luminance information than
the chrominance information. Referring to FIG. 14A, one 30 coding
unit having a 4:2:0 format includes luminance data 1410 having a size
of HxW (H and W are positive integers), and two pieces of chrominance
data 1420 and 1430 having a size of (H/2)x(W/2) obtained by sampling
the chrominance components Cb and Cr by  1/4. Referring to FIG. 14B,
one coding unit having a 4:2:2 format includes luminance data 1440
having a size of HxW (H and W are positive integers), and two pieces
of chrominance data 1450 and 1460 having a size of Hx(W/2) obtained
by sampling the chrominance components Cb and Cr by 1/2 in a
horizontal direction. Also, referring to  5 FIG. 140, when one coding
unit has a 4:4:4 format, the coding unit includes luminance data
1470, and chrominance data 1480 and 1490 each having a size of HxW
without sampling the chrominance components Cb and Cr, so as to
precisely express a chrominance component image. Hereinafter, it is
assumed that the luminance component coding unit and the 10
chrominance component coding unit, which are intra predicted, are one
of image signals having color formats of 4:2:0, 4:2:2, and 4:4:4
defined in a YCbCr (or YUV) color domain. It would be understood by
one of ordinary skill in the art that the embodiments may be applied
to not only an image including a luminance component and a
chrominance image but also an image including a plurality of
different image components.  15 FIG. 15 is a table showing the number
of intra prediction modes according to sizes of luminance component
coding units, according to an embodiment of the present invention.
The number of intra prediction modes to be applied to a luminance
component coding unit (a decoding unit in a decoding process) may be
variously set. For example,  20 referring to FIG. 15, if the size of
a luminance component coding unit on which intra prediction is
performed is NxN, the numbers of intra prediction modes actually
performed on 2x2, 4x4, 8x8, 16x16, 32x32, 64x64, and 128x128-sized
luminance component coding units may be respectively set as 5, 9, 9,
17, 33, 5, and 5 (in Example 2). The numbers of intra prediction
modes to be actually performed are differently set according 



25 to the sizes of luminance component coding units because overheads
for encoding prediction mode information differ according to the
sizes of the luminance component coding units. In other words, a
small luminance component coding unit occupies a small portion of
entire image data but may have a large overhead in order to transmit
additional information such as prediction mode information of the
luminance component 30 coding unit. Accordingly, if a luminance
component small coding unit is encoded by using an excessively large
number of prediction modes, the number of bits may be increased and
thus compression efficiency may be reduced. Also, a luminance
component large coding unit, e.g., a luminance component coding unit
equal to or greater than 64x64, generally corresponds to a plane
region of image data, and thus encoding of the large luminance
component coding unit by using an excessively large number of
prediction modes may also reduce compression efficiency. Accordingly,
a  5 size of a prediction unit is too greater or less than a
predetermined size, only a smaller number of intra prediction modes
may be used. The number of intra prediction modes used according to a
size of a prediction unit may be variously set without being limited
to FIG. 15. The number of prediction units used according to a size
of each prediction unit of FIG. 15 is exemplary, and the number of
prediction units according to a size of each tonrpriintinn unit may
hp rhannpri        FIG. 16A is a table showing intra prediction modes
applied to a luminance component coding unit having a predetermined
size, according to an embodiment of the present invention. Referring
to FIGS. 15 and 16A, for example, when intra prediction is performed
on 15 a luminance component coding unit having a 4x4 size, the
luminance component coding unit may have a vertical mode (mode 0), a
horizontal mode (mode 1), a direct current (DC) mode (mode 2), a
diagonal down-left mode (mode 3), a diagonal down-right mode (mode
4), a vertical-right mode (mode 5), a horizontal-down mode (mode 6),
a vertical-left mode (mode 7), and a horizontal-up mode (mode 8).
20FIG. 16B illustrates directions of the intra prediction modes shown
in FIG. 16A. In FIG. 146, numbers at ends of arrows represent
prediction modes corresponding to prediction directions indicated by
the arrows. Here, mode 2 is a DC mode having no directionality and
thus is not shown in FIG. 16B.         FIG. 16C is a diagram for
describing a method of performing intra prediction on a  25 luminance
component coding unit by using the intra prediction modes shown in
FIG. 16A, according to an embodiment of the present invention.
Referring to FIG. 16C, a prediction coding unit is generated
according to an available intra prediction mode determined according
to the size of a current luminance component coding unit by using
neighboring pixels A through M of the current luminance 30 component
coding unit. For example, an operation of performing prediction
encoding on a current coding unit having a 4x4 size according to mode
0, i.e., a vertical mode, shown in FIG. 16A will be described.
Initially, values of the neighboring pixels A  through D at an upper
side of the current coding unit are predicted as pixel values of the
current coding unit. That is, the value of the neighboring pixel A is
predicted as a value of four pixels in a first column of the current
coding unit, the value of the neighboring 



pixel B is predicted as a value of four pixels in a second column of
the current coding unit, 5 the value of the neighboring pixel C is
predicted as a value of four pixels in a third column of the current
coding unit, and the value of the neighboring pixel D is predicted as
a value of four pixels in a fourth column of the current coding unit.
After that, the pixel values of the current coding unit predicted by
using the neighboring pixels A through D are subtracted from the
pixel values of the original current coding unit so as to calculate
an inerrnr value and then the ermr vat] IP is enrnrieri        FIG.
17 is a diagram for describing intra prediction modes applied to a
luminance component coding unit having a predetermined size,
according to another embodiment of the present invention. Referring
to FIGS. 15 and 17, for example, when intra prediction is performed
on 15 a coding unit having a 2x2 size, the coding unit may have a
total of five modes such as a vertical mode, a horizontal mode, a DC
mode, a plane mode, and a diagonal down-right mode.       An intra
prediction mode of a luminance component prediction unit may include
intra prediction modes that determines a neighboring reference pixel
by using a line 20 having a predetermined gradient with respect to a
pixel in a prediction unit and uses the determined neighboring
reference pixel. The gradient may be set by using (dx, dy) parameters
(dx and dy are integers). For example, if each of the 33 prediction
modes is defined as mode N (where N is an integer from 0 to 32), mode
0 may be set as a vertical mode, mode 1 may be set as a horizontal
mode, mode 2 may be set as a DC mode, 25 mode 3 may be set as a plane
mode, and each of mode 4 through mode 31 may be defined as a
prediction mode that determines a neighboring reference pixel by
using a line having a directionality of taril(dy/dx) by using (dx,
dy) represented as one of (1,-1), (1,1), (1,2), (2,1), (1,-2), (2,1),
(1,-2), (2,-1), (2,-11), (5,-7), (10,-7), (11,3), (4,3), (1,11), (1
,-1), (12,-3), (1,-11), (1,-7), (3,-10), (5,-6), (7,-6), (7,-4),
(11,1), (6,1), (8,3), (5,3), (5,7),  



30(2,7), (5,-7), and (4,-3) as shown in Table 2 and uses the
determined neighboring reference pixel for prediction. Table 2   mode
# dx dy mode # dx dy mode 4 1 -1 mode 18 1 -11 mode 5 1 1 mode 19 1 



-7 mode 6 1 2 mode 20 3 -10 mode 7 2 1 mode 21 5 -6 mode 8 1 -2 mode
22 7 -6 mode 9 2 -1 



mode 23 7 -4 mode 10 2 -11 mode 24 11 1 mode 11 5 -7 mode 25 6 1 mode
12 10 -7 mode 26 8 3 mode 13 



11 3 mode 27 5 3 mode 14 4 3 mode 28 5 7 mode 15 1 11 mode 29 2 7
mode 16 1 -1 mode 30 5 



-7 mode 17 12 -3 mode 31 4 -3    Mode 0 is a vertical mode, mode 1 is
a horizontal mode, mode 2 is a DC mode, mode 3 is a plane mode, and
mode 32 is a bi-linear mode.        Mode 32 may be set as a bi-linear
mode that uses bi-linear interpolation as will be described later
with reference to FIG. 19.         FIGS. 18A through 18C are
reference diagrams for describing intra prediction 5 modes having
various directionalities, according to an embodiment of the present
invention.       As described above with reference to Table 2, in
each of the intra prediction modes, a neighboring reference pixel may
be determined by using a line having a gradient of tan-1(dy/dx)
determined by using a plurality of (dx, dy) parameters, and 10
prediction may be performed by using the determined neighboring
reference pixel.       Referring to FIG. 18A, neighboring pixels A
and B on a line 180 that extends from a current pixel P in a current
luminance component coding unit, which is to be predicted, at an
angle of tan-1(dy/dx) determined by a value of a (dx, dy) parameter
according to a mode, as shown in Table 1, may be used as predictors
of the current pixel P. In this  case, the neighboring pixels A and B
may be pixels that have been encoded and restored, and belong to
previous coding units located above and to the left side of the
current coding unit. Also, when the line 180 does not pass through a
neighboring pixels on locations each having an integral value but
passes between these neighboring pixels, 5a neighboring pixel closer
to the line 180 may be used as a predictor of the current pixel P.
Alternatively, a weighted average value considering a distance
between intersections of the line 180 and neighboring pixels close to
the line 180 may be used as a predictor of the current pixel P. FIGS.
18B and 18C are reference diagrams for describing a process of
generating ina nrariintnr whon that lina lgn nf Fin IRA V
noQQacbatmician infPgar location neighboring '- pixels on locations
each having an integral value, not passes through neighboring pixels
on locations each having an integral value, according to an
embodiment of the present invention. 



Referring to FIG. 18B, when the line 180 having an angle of
taril(dy/dx) 15 determined by values of (dx, dy) parameters according
to modes passes between neighboring pixels A 181 and B 182 on
locations having integral values, a weighted average value
considering a distance between intersections of the line 180 and the
neighboring pixels A 181 and B 182 close the line 180 may be used as
a predictor of the current pixel P. For example, when a distance
between the neighboring pixel A 181  20 and the intersection of the
line 180 having the angle of taril(dy/dx) is f and a distance between
the neighboring pixel B 182 and the intersection is g, a predictor of
the current pixel P may be obtained as (A*g+B1)/(f+g). The distances
f and g may be distances normalized with integers. When software or
hardware is embodied, a predictor of the current pixel P may be
obtained through shift operation as (g*A+f*B+2)"2. As shown  25 in
FIG. 18B, when the line 180 passes a location corresponding to 1/4
close to the neighboring pixel A 181 from among points obtained by
splitting a space between the neighboring pixel A 181 and the
neighboring pixel B 182 on locations having integral values by 4, a
predictor of the current pixel P may be obtained as (3*A+B)/4. Such
calculation may be performed through shift operation considering
rounding as in 30 (3*A+B+2)"2.      When the line 180 having the
angle of taril(dy/dx) determined by the values of the (dx, dy)
parameters according to the modes passes between the neighboring
pixels A  181 and B 182 on locations having integral values, a space
between the neighboring pixel A 181 and the neighboring pixel B 182
may be split into a predetermined number of regions, and a weighted
average value considering a distance between intersections and the
neighboring pixel A 181 and the neighboring pixel B 182 according to
the split 5regions may be used as a prediction value. For example,
referring to FIG. 18C, a space between the neighboring pixel A 181
and the neighboring pixel B 182 may be split into 5 regions (P1
through P5), a representative weighted average value considering a
distance between intersections and the neighboring pixel A 181 and
the neighboring pixel B 182 according to the regions may be
determined, and the representative 10WPightPri AVPrngP Vnli IP MY ho
Irodprorlintnr nf tha el irront pixol P. In riat11, when the line 180
passes the region P1, a value of the neighboring pixel A may be
determined as a predictor of the current pixel P. When the line 180
passes the region P2, (3*A+1*B+2)>>2 which is a weighted average
value considering a distance between a midpoint of the region P2 and
the neighboring pixels A and B may be determined as a 15predictor of
the current pixel P. When the line 180 passes the region P3,
(2*A+2*B+2)>>2 which is a weighted average value considering a
distance between a midpoint of the region P3 and the neighboring
pixels A and B may be determined as a predictor of the current pixel
P. When the line 180 passes through the region P4, (1*A+3*B+2)>>2
which is a weighted average value considering a distance between a 20
midpoint of the region P4 and the neighboring pixels A and B may be
determined as a predictor of the current pixel P. When the line
passes through the region P5, a value of the neighboring pixel B may
be determined as a predictor of the current pixel P.       Also, when
two neighboring pixels, that is, the neighboring pixel A disposed
over the line 180 and the neighboring pixel B disposed at the left of
the line 180, meet the line 25180, an average value of the
neighboring pixel A and the neighboring pixel B may be used as a



embodiment of the present invention.       Referring to FIG. 19, in
the bi-linear mode, a geometric average is calculated by considering
a value of a current pixel P in a current luminance component coding
unit, which is to be predicted, values of pixels on upper, lower,
left, and right boundaries of the 5current luminance component coding
unit, and the distances between the current pixel P and the upper,
lower, left, and right boundaries of the current luminance component
coding unit, and the geometric average is then used as a predictor of
the current pixel P. For example, in the bi-linear mode, a geometric
average calculated using a virtual pixel A 161, a virtual pixel B
162, a pixel D 166, and a pixel E 167 located to the upper, lower,
inkaft nrld right sides nf thn ni irront pixal P, sand thc dietnr1r0Q
hotWonn tha PI irront pixal P and the upper, lower, left, and right
boundaries of the current luminance component coding unit, is used as
a predictor of the current pixel P. Since the bi-linear mode is one
of the intra prediction modes, upper and left neighboring pixels that
have been encoded and restored have to be used as reference pixels
for prediction. Thus, pixel values in 15the current luminance
component coding unit are not used but virtual pixel values
calculated using neighboring pixels located to the upper and left
sides of the current luminance component coding unit are used as the
pixel A 161 and the pixel B 162. Specifically, first, a value of a
virtual pixel C 163 on a lower rightmost point of the current
luminance component coding unit is calculated by calculating an
average of values of a 20neighboring pixel (right-up pixel) 164 on an
upper rightmost point of the current luminance component coding unit
and a neighboring pixel (left-down pixel) 165 on a lower leftmost
point of the current luminance component coding unit, as expressed in
Equation 1 below: [Equation 1] 25C=0.5(DownPixel+UpPixel)       Next,
a value of the virtual pixel A 161 located on a lowermost boundary of
the current luminance component coding unit when the current pixel P
is extended downward by considering the distance W1 between the
current pixel P and the left 30 boundary of the current luminance
component coding unit and the distance W2 between the current pixel P
and the right boundary of the current luminance component coding
unit, is calculated by using Equation 2 below:  [Equation 2]
A=(C*W1+LeftDownPixel*W2)/(W1+W2)       Similarly, a value of the
virtual pixel B 162 located on a rightmost boundary of the current
luminance component coding unit when the current pixel P is extended
in the  5 right direction by considering the distance h1 between the
current pixel P and the upper boundary of the current luminance
component coding unit and the distance h2 between the current pixel P
and the lower boundary of the current luminance component coding
unit, is calculated by using Equation 3 below: [Equation 3] 



10R=tr*hl +Rinhtl InPhareh91/(h1+1,71       When the values of the
virtual pixels A 161 and B 162 are determined using Equations 1 to 3,
an average of the values of the pixels A 161, the pixel B, the pixel
D 166, and the pixel E 167 may be used as a predictor of the current
pixel P. In detail, an average value of the pixels A+B+C+D may be
used as a predictor of the current pixel P, 15 or a weighted average
value considering a distance between the current pixel P and the
virtual pixels A 161, B 162, D 166, and E 167 may be used as a
predictor of the current picture P. For example, when a weighted
average value is used, a predictor of the current pixel P may be
obtained as {(h1*A+h2*D)/(h1+h2)+(W1*B+W2*E)/ (W1+W2))/2. Such a
bi-linear prediction process may be applied to all pixels in a
current prediction  20 unit, and a prediction value of the current
prediction unit according to the bi-linear prediction mode may be
generated.       According to the present embodiment, since
prediction encoding is performed according to intra prediction modes
variously set according to a size of a prediction unit, more
efficient compression may be achieved according to characteristics of
an image.  25 As described above with reference to FIGS. 18A through
18c, when a predictor of the current pixel P is generated by using a
neighboring pixel on the line 180 or close to the line 180, the line
180 has actually a directionality of taril(dy/dx). Since subtraction
(dy/dx) is used to determine a neighboring pixel using the line 180,
calculation using a decimal point may be included when hardware or
software is embodied, thereby  30 increasing the amount of
calculation. Accordingly, when a prediction direction for selecting a
neighboring pixel to be used as a reference pixel is set by using dx
and dy parameters, like in Table 2, dx and dy need to be set to
reduce the amount of calculation.          FIG. 20 is a graph for
describing a relationship between a current pixel and a neighboring
pixel located on a line having a directionality of (dx, dy),
according to an embodiment of the present invention. Referring to
FIG. 20, a current pixel located on (j, i) is P 2010, and an upper  5
neighboring pixel and a left neighboring pixel which pass through the
current pixel P 2010 and are located on a line having a
directionality, that is, a gradient, of tan-1(dy/dx) are respectively
A 2011 and B 2012. It is assumed that locations of upper neighboring
pixels correspond to an X axis on a coordinate plane and locations of
left neighboring pixels correspond to a y axis on the coordinate
plane. Also, it is assumed that a size of  10 a prediction unit
irrInriarl in the current pixel P2010 is nSxnS (nR is a positive
integer), a location of each of pixels of the prediction unit is one
from (0,0) to (nS-1, nS-1), a location of an upper neighboring pixel
located on the x axis is (m, -1) (m is an integer), and a location of
a left neighboring pixel located on the y axis is (-1, n) (n is an
integer). A location of the upper neighboring pixel A 2011 meeting
the line passing through the  15 current pixel P 2010 is (j+i*dx/dy,
-1), and a location of the left neighboring pixel B 2012 meeting the
line is (-1, i+rdy/dx). Accordingly, in order to determine the upper
neighboring pixel A 2011 or the left neighboring pixel B 2012 to
predict the current pixel P 2010, subtraction such as dx/dy or dy/dx
is necessary. Since subtraction has high complexity, a calculation
speed may be reduced when software or hardware is embodied 20 as
described above. Accordingly, alternatively, a value of at least one
of dx and dy representing a directionality of a prediction mode for



5an embodiment of the present invention.        Referring to FIG. 21,
a location of a neighboring pixel referred to according to an intra
prediction mode direction is changed according to whether a current
pixel to be predicted is a pixel P 2110 or a pixel Q 2120. For
example, when the pixel P 2110 is predicted, an upper pixel A is
used, and when the pixel Q 2120 is predicted, a left pixel B  in ic
iicod. 1A/ han only a cly cnmponent in a y direction from among (dx,
dy) indicating a prediction direction has a value corresponding to an
exponential power of 2 as 2Arn, a location of the upper pixel A 2111
in FIG. 21 may be determined through shift operation without
subtraction as (j+(i*dx)"m, -1) and a location of the left pixel B
2121 does not need subtraction as (-1, a+b*2^m/dx). Accordingly, in
order to exclude subtraction 15 when predictors of all pixels of a
current block are generated, all of dx and dy may have exponential
powers of 2.        FIGS. 22 and 23 are diagrams for describing a
method of determining an intra prediction mode direction, according
to an embodiment of the present invention. In general, linear
patterns in an image or video signal are vertical or horizontal in
20 many cases. Accordingly, when an intra prediction mode having
various directionalities is defined by using (dx, dy) parameters,
image encoding efficiency may be improved by defining values of dx
and dy as follows.        In detail, when dy has a fixed value of
2^m, an absolute value of dx may be set such that an interval between
prediction directions close to a vertical direction is narrow 25and
an interval between prediction directions close to a horizontal
direction is wide. For example, referring to FIG. 22, when dy is 2^5,
that is, has a value of 32, a value of dx may be set to
2,5,9,13,17,21,26,32,-2,-5,-9,-13,-17,-21,-26, and -32 such that an
interval between prediction directions close to a vertical direction
is narrow and an interval between prediction directions close to a
horizontal direction is wide. 30Likewise, when dx has a fixed value
of 2^n, an absolute value of dy may be set such that an interval
between prediction directions close to a horizontal direction is
narrow and an interval between prediction directions close to a
vertical direction is wide.  For example, referring to FIG. 23, when
dx is 2^5, that is, has a value of 32, a value of dy may be set to
2,5,9,13,17,21,26,32,-2,-5,-9,-13,-17,-21,-26, and -32 such that an
interval between prediction directions close to a horizontal
direction is narrow and an interval between prediction directions
close to a vertical direction is wide. 5When a value of any one of dx
and dy is fixed, a non-fixed remaining value may be set to increase
according to prediction modes. For example, when dy is fixed, an
interval between values of dx may be set to increase by a
predetermined value. Also, an angle between a horizontal direction
and a vertical direction may be divided according to predetermined
units, and an increased amount may be set according to the divided 10
nnginQ. Fnr oxomplo, whonio fixod, Vnnf rix moy ha eat trl how> on
inrraoead width of a when an angle with respect to a vertical axis is
less than 15, an increased width of b when an angle ranges from 15 to
30, and an increased width of c when an angle is equal to or greater
than 30.            For example, prediction modes having a
directionality of taril(dy/dx) using (dx, dy) 15 may define (dx, dy)
parameters shown in Tables 3 through 5. Table 3 dx 



Dy dx dy dx dy -32 32 21 32 32 13 -26 32 26 32 32 17 -21 32 32 32 32 



21 -17 32 32 -26 32 26 -13 32 32 -21 32 32 -9 32 32 -17   -5 32 32 



-13   -2 32 32 -9   0 32 32 -5   2 32 32 -2   5 



32 32 0   9 32 32 2   13 32 32 5   17 32 32 9  



Table 4 dx Dy dx dy dx dy -32 32 19 32 32 10 -25 32 25 32 32 14 -19 



32 32 32 32 19 -14 32 32 -25 32 25 -10 32 32 -19 32 32 -6 32 32 -14  



-3 32 32 -10   -1 32 32 -6   0 32 32 -3   1 32 32 



-1   3 32 32 0   6 32 32 1   10 32 32 3   14 



32 32 6    Table 5 dx Dy dx dy dx dy -32 32 23 32 32 15 -27 32 27 



32 32 19 -23 32 32 32 32 23 -19 32 32 -27 32 27 -15 32 32 -23 32 32
-11 



32 32 -19   -7 32 32 -15   -3 32 32 -11   0 32 32 -7  



3 32 32 -3   7 32 32 0   11 32 32 3     15 



32 32 7 19 32 32 11        As described above, each of intra
prediction modes using (dx, dy) parameters uses a left neighboring
pixel having a location (-1, i+rdy/dx) or an upper neighboring pixel
having a location (j+i*dx/dy,-1) as a predictor of a pixel located on
(j, i). When at 5 least one of values of dx and dy has an exponential
power of 2 as shown in Table 3, the location (-1, i+rdy/dx) of the
left neighboring pixel and the location (j+i*dx/dy,-1) of the upper
neighboring pixel may be obtained by using only multiplication and
shift operation WILlIQUL JUUU WARM. 0111laC bUULI atAlui uelny UA
ilavilly a value ui 4.11 elb bl lUVVI I iii a case where dx from
among values of (dx, dy) is 32 may be replaced with right shift
10operation, the location of the left neighboring pixel may be
obtained without subtraction based on a value of (rdy)>>n. Likewise,
since subtraction using dy having a value of 2Arn as shown in a case
where dy from among values of (dx, dy) is 32 as shown in Table 3 may
be replaced with right shift operation, the location of the right
neighboring pixel may be obtained without subtraction based on a
value of (i*dx)>>m. 15FIG. 24 is a reference diagram for describing
an available intra prediction mode according to an embodiment of the
present invention. Referring to FIG. 24, in order to obtain a
predictor of a current pixel, a predictor P1 obtained through
horizontal liner interpolation of the current pixel and a predictor
P2 obtained through vertical linear interpolation of the current
pixel may be generated and 20 an average value of the predictors P1
and P2 may be used as a predictor of the current pixel. An intra
prediction mode of FIG. 24 is defined as a planar mode. According to
the planar mode, pixels on a rightmost column are generated by
copying a rightmost pixel T 244 from among pixels of the same
prediction unit which are located on an uppermost column of the
prediction unit to pixels of the rightmost column. A predictor 25P1
243 is obtained through horizontal linear interpolation using pixels
of a leftmost column and a rightmost column which are located on the
same row as the current pixel. As shown in FIG. 24, the predictor P1
243 through the horizontal linear interpolation of the current pixel
are obtained by using linear interpolation, for example, a geometric
average value considering a distance or an average value, of the
generated pixel T of 



30 the rightmost column by copying a pixel PL 242 and the pixel 244
in the same prediction  unit of the leftmost column which are located
on the same location as the current pixel. Likewise, according to the
planar mode, pixels of a lowermost column are generated by copying
the pixel L 248 which is located on a lowermost side from among
pixels of the same prediction unit which are located on a leftmost
column of a prediction 5unit to the pixels of the lowermost column.
The predictor P 246 is obtained through vertical linear interpolation
using pixels of an uppermost row and a lowermost row which are
located on the same column as the current pixel. As shown in FIG. 24,
the predictor P2 246 through vertical linear interpolation of the
current pixel is obtained through linear interpolation of the
generated pixel L of the lowermost row by copying a pixel PT 245 and
1/1 AVthe pixel L. 248 in the same prediction unit of the uppermost
rryvv.vvhicl-I are located on the same column as the current pixel.
In the planar mode, an average value of the horizontal predictor P
243 and the vertical predictor P2246, that is, P1+P2>>1, is
determined as a final predictor of the current pixel.           FIGS.
25A and 26A are reference diagrams for describing an intra prediction
15 mode according to another embodiment of the present invention.
There is a predetermined correlation, for example, a linear
correlation, between corresponding luminance pixels and chrominance
pixels. Referring to FIGS. 25A and 25B, when a pixel at a location
(x, y) of a luminance block 2520 which is previously restored is
Rec_Li(x,y), a prediction value Pred_c(x,y) at the location (x, y) of
a 20 chrominance block 2510 may be obtained by using a linear
relationship between a luminance signal and a chrominance signal by
using Equation 4. [Equation 4] Pred c(x,y)=a  Rec 1,1(x,y)+b In
Equation 4, a is a parameter indicating a weight and b is a parameter
indicating 25 an offset. Values of the parameters a and b may be
obtained through calculation using neighboring pixels 2511 and 2522
Rec_L'(i) of the luminance block 2520 and neighboring pixels 2511 and
2512 Rec_c(i)2nS-1) of the chrominance block 2510 as shown in
Equations 5 and 6. [Equation 5] 



I' ERec c(i)4 RecERec c(i) ERec i=oi=oi=oAl 1-1 P RecRec gi)-(ERec
11(0)2 1=01=0 [Equation 6] I-1 I-1     ERec c(i)-a  ERec .Lti) i=oi=o
In Equations 5 and 6, I is the number of neighboring pixels adjacent
to an upper 5 side and a left side of the chrominance block 2510 or
the luminance block 2520. When sizes of the chrominance block 2510
and the luminance block 2520 are nSxnS as shown in FIGS. 25A and 25B,
the number I is 2nS. Although upper and left pixels are used as
neighboring pixels in FIGS. 25A and 25B, if right or lower
neighboring pixels are processed and restored prior to a current
block, the right or left neighboring pixels may 10be used to obtain
values of the parameters a and b. Also, in order to replace
multiplication or subtraction with shift operation, the number I of
neighboring pixels may be an exponential power of 2. In general,
since a value of ns which defines a size of a block is an exponential
power of 2, the number I has a value of an exponential power of 2.
Values of a' and b' which are changed through up-scaling or rounding
to reduce 15calculation complexity when a value of the parameter a or
b is obtained by using Equations 5 and 6 may be used instead of the
parameters a and b. Infra prediction modes of FIGS. 25A and 25B may
be defined as linear model intra prediction modes and may be used as
one of intra prediction modes of prediction units. 



As described above with reference to FIGS. 18A through 258, the
number of 20available intra prediction modes is not limited and an
intra prediction mode applied to a prediction unit of a luminance
component or an intra prediction mode applied to a prediction unit of
a chrominance component may be selectively used. For example, an 43
intra prediction mode candidate group applied to a prediction unit of
a luminance component may include 35 intra prediction modes including
33 intra prediction modes using 33 (dx, dy) parameters shown in Table
3, a DC prediction mode, and a planar mode of FIG. 24. An intra
prediction mode candidate group applied to a prediction unit 5 of a
chrominance component is set to have a smaller number of intra
prediction modes than the intra prediction mode candidate group
applied to the prediction unit of the chrominance component. For
example, the intra prediction mode candidate group of the chrominance
component may include only 5 intra prediction modes, that is, a
vertical mode, a horizontal mode, a DC mode, a 45-diagonal mode, and
an intra prediction n mode of a luminance component which is
previously processed and determined. However, the number and types of
intra prediction modes applied to prediction units of a luminance
component and a chrominance component are not limited thereto. Also,
various intra prediction modes other than the intra prediction modes
described with reference to FIGS. 18A through 25B may be included in
intra prediction mode 15 candidates for intra prediction of a
chrominance component and a luminance component.       A process of
encoding an intra prediction mode of a prediction unit of an image
will be explained in detail. FIG. 26 is a block diagram illustrating
an apparatus 2600 for encoding an intra 20 prediction mode of an
image, according to an embodiment of the present invention. FIG. 27
is a flowchart illustrating a method of encoding an intra prediction
mode of an image, according to an embodiment of the present
invention. The apparatus 2600 may operate as the intra predictor 410
of the apparatus 400 of FIG. 4. An intra prediction mode encoder 2630
in FIG. 26 may be included in the entropy encoder 450 of FIG. 4,
25instead of the intra predictor 410.       Referring to FIGS. 26 and
27, the apparatus 2600 includes a first intra prediction mode
determiner 2610, a second intra prediction mode determiner 2620, and
an intra prediction mode encoder 2630. In operation 2710, the first
intra prediction mode determiner 2610 determines an 30 intra
prediction mode having a minimum cost an intra prediction mode
candidate group including a plurality of intra prediction modes as an
intra prediction mode of a prediction unit of a luminance component
by using intra prediction modes applicable to the  prediction unit of
the luminance component. For example, when an intra prediction mode
candidate group applicable to the prediction unit of the luminance
component includes 35 intra prediction modes including 33 intra
prediction modes using (dx, dy) parameters, a DC prediction mode, and
a planar mode, the first intra prediction mode 5 determiner 2610
compares costs of error values obtained by using the 35 intra
prediction modes and determines an optimum intra prediction mode
IntraMode_Luma applicable to a current prediction unit of a current
luminance component. 



In operation 2720, the second intra prediction mode determiner 2620
determines an intra prediction mode having a minimum cost in an intra
prediction mode candidate ngroup including a plurality of intra
prediction modes as an intra prediction mode of a prediction unit of
a chrominance component by using intra prediction modes applicable to
the prediction unit of the chrominance component. For example, when
an intra prediction mode candidate group applicable to the prediction
unit of the chrominance component includes 5 intra prediction modes,
that is, a planar mode, a vertical mode, a 15 horizontal mode, a DC
mode, and a 45-diagonal mode, the second intra prediction mode
determiner 2620 compares costs of error values obtained by using the
intra prediction modes and determines an optimum intra prediction
mode IntraMode_Chroma applicable to a current prediction unit of a
current chrominance component. When an intra prediction mode of a
luminance component which is previously 20 processed and determined
is included in an intra prediction mode candidate group of a
chrominance component, the number of intra prediction modes of the
chrominance component which are compared may be changed according to
whether an intra prediction mode of a chrominance component which is
same as an intra prediction mode of a luminance component exists in
the intra prediction mode candidate group of the 25 chrominance
component.       Also, only an intra prediction mode candidate group
applicable to a prediction unit of a chrominance component basically
includes a planar mode, a vertical mode, a horizontal mode, and a DC
mode, and a determined intra prediction mode of a prediction unit of
a luminance component corresponds to one of the planar mode, the
vertical mode, 30 the horizontal mode, and the DC mode, an intra
prediction mode candidate group applicable to the prediction unit of
the chrominance component may be determined by replacing a mode which
is same as the intra prediction mode of the prediction unit of the
luminance component with a diagonal mode. In this case, the second
intra prediction mode determiner 2620 determines an optimum intra
prediction mode IntraMode_Chroma by using the intra prediction modes
of the intra prediction mode candidate group. 5As described above, an
intra prediction mode candidate group applied to a prediction unit of
a chrominance component may include separately a specific intra
prediction mode which is not applied to a prediction unit of a
luminance component. For example, an intra prediction mode candidate
group of a luminance component may not include an LM mode, and only
an intra prediction mode candidate group of a    determiner 2620 may
determine an optimum intra prediction mode IntraMode_Chroma by
applying each intra prediction mode in the intra prediction mode
candidate group including the LM mode to the prediction unit of the
chrominance component. 



The determined intra prediction mode of the prediction unit of the
chrominance 15component and the determined intra prediction mode of
the prediction unit of the luminance component need to be signaled to
a decoding side. Accordingly, the intra prediction mode encoder 2630
encodes final intra prediction modes applied to the prediction unit
of the chrominance component and the prediction unit of the luminance
component. In particular, in operation 2730, when the intra
prediction mode of the 20 prediction unit of the luminance component
is the same as one of predetermined intra prediction modes included
in an intra prediction mode candidate group of the chrominance
component, the intra prediction mode encoder 2630 reconstructs the
intra prediction mode candidate group of the prediction unit of the
chrominance component to reduce redundancy of the intra prediction
mode included in the intra prediction mode 25candidate group applied
to the prediction unit of the chrominance component which is same as
the intra prediction mode of the prediction unit of the luminance
component. In operation 2740, the intra prediction mode encoder 2630
encodes the intra prediction mode of the prediction unit of the
chrominance component determined by the second intra prediction mode
determiner 2620 based on the reconstructed intra prediction mode 30
candidate group of the prediction unit of the chrominance component.
The intra prediction mode encoder 2630 encodes differently intra
prediction mode information of the chrominance component according to
whether the intra prediction mode of the  prediction unit of the
luminance component is the same as the intra prediction mode of the
prediction unit of the chrominance component and whether the intra
prediction mode of the prediction unit of the luminance component is
the same as one of the predetermined intra prediction modes included
in the intra prediction mode candidate 5group of the chrominance
component as well as an index indicating the intra prediction mode of
the prediction unit of the luminance component.        In detail,
when the intra prediction mode of the prediction unit of the
luminance component is the same as the intra prediction mode of the
prediction unit of the chrominance component, the intra prediction
mode encoder 2630 encodes only a flag Innm flag indicating 'ithether
the intra prediction mode of the prediction unit. of the chrominance
component is the same as the intra prediction mode of the prediction
unit of the luminance component as intra prediction mode information
about the prediction unit of the chrominance component. For example,
when the determined intra prediction mode of the prediction unit of
the luminance component and the determined intra 15prediction mode of
the prediction unit of the chrominance component are horizontal modes
H, the intra prediction mode encoder 2630 encodes an index and a flag
DM flag indicating the intra prediction mode of the prediction unit
of the luminance component as intra prediction mode information.
Assuming that the intra prediction mode of the prediction unit of the
luminance 20 component is not the same as the intra prediction mode
of the prediction unit of the chrominance component and is the same
as one of the predetermined intra prediction modes included in the
intra prediction mode candidate group of the chrominance component,
when the intra prediction mode candidate group of the chrominance
component is reconstructed, the intra prediction mode encoder 2630
encodes an index 25indicating the corresponding intra prediction mode
in the reconstructed intra prediction 



mode candidate group and a flag DM flag. Assuming that the intra
prediction mode of the prediction unit of the luminance component and
the intra prediction mode of the prediction unit of the chrominance
component are not the same and the intra prediction mode of the
prediction unit of the 30 luminance component is not the same as any
one of the predetermined intra prediction modes included in the intra
prediction mode candidate group of the chrominance component, the
intra prediction mode encoder 2630 encodes an index indicating the
corresponding intra prediction mode in the initially set intra
prediction mode candidate group and a flag DM flag.       If a
specific intra prediction mode, for example, the LM mode, which is
not applied to the prediction unit of the luminance component in the
intra prediction mode candidate 5group applied to the prediction unit
of the chrominance component is applied to only the chrominance
component, a flag (LM flag) indicating whether the intra prediction
mode of the prediction unit of the chrominance component is the LM
mode may be included as intra prediction mode information about the
prediction unit of the chrominance component. When the LM mode is
included as the prediction unit of the chrominance 10rnMprinent nnd
thin intrn prcarlictinn mnrIA nf thn, prorlictinn 'nit nf thin
chrnrninnnnn component is the LM mode, the intra prediction mode
encoder 2630 encodes only a DM flag and an LM flag.       When the
intra prediction mode of the prediction unit of the luminance
component and the intra prediction mode of the prediction unit of the
chrominance component are 15not the same, and the intra prediction
mode of the prediction unit of the chrominance component is not the
LM mode, the intra prediction mode encoder 2630 encodes index
information indicating the intra prediction mode of the prediction
unit of the chrominance component, the DM flag, and the LM flag. In
this case, assuming that the intra prediction mode of the prediction
unit of the luminance component is the same as one of 20 the
predetermined intra prediction modes included in the intra prediction
mode candidate group of the chrominance component, when the intra
prediction mode candidate group of the chrominance component is
reconstructed, the intra prediction mode encoder 2630 encodes the LM
flag, the DM flag and the index indicating the corresponding intra
prediction mode in the reconstructed intra prediction mode candidate
group. 25A process of encoding an intra prediction mode of a
prediction unit of a chrominance component will be explained in
detail with reference to FIG. 28.       FIG. 28 is a flowchart
illustrating a process of encoding an intra prediction mode of an
image, according to an embodiment of the present invention. Referring
to FIGS. 26 and 28, in operation 2810, the first intra prediction
mode 



30 determiner 2610 and the second intra prediction mode determiner
2620 determine intra prediction modes of a prediction unit of a
chrominance component and a prediction unit of a luminance component
by using a plurality of available intra prediction modes. As
described above, it is assumed that an intra prediction mode
candidate group applicable to a prediction unit of a luminance
component includes 35 intra prediction modes including 33 intra
prediction modes using (dx, dy) parameters, a DC prediction mode, and
a planar mode, and an intra prediction candidate group applicable to
a prediction 5unit of a chrominance component includes 5 intra
prediction units including a planar mode, a vertical mode, a
horizontal mode, a DC mode, and a 45-diagonal mode. As described
above, an intra prediction mode applicable to a chrominance component
may include an intra prediction mode (derived mode, hereinafter,
referred to as a "DM mode") of a luminance component which is
previously processed and determined. The DM lo mode is the
gPrnasIntrnMnrin Inn. The intro prediction mode encoder 9620 assigns
a predetermined code word to each of the 35 intra prediction modes
applicable to the prediction unit of the luminance component, and
encodes a code word corresponding to the determined intra prediction
mode IntraMode_Luma of the prediction unit of the luminance
component. An Exp-Golomb (Exponential Goloms) code may be 15 used as
a code word. In operation 2820, the intra prediction mode encoder
2630 determines whether the determined intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component is
the same as the corresponding intra prediction mode IntraMode_Chroma
of the prediction unit of the chrominance component. If the intra 20
prediction mode IntraMode_Luma of the prediction unit of the
luminance component is the same as the corresponding intra prediction
mode IntraMode_Chroma of the prediction unit of the chrominance
component, the method proceeds to operation 2830. In operation 2830,
the intra prediction mode encoder 2630 sets to 0 a flag DM flag
indicating whether the intra prediction mode of the prediction unit
of the chrominance 25component is the same as the intra prediction
mode of the prediction unit of the luminance component. When the flag
DM flag is 0, it means that the intra prediction mode of the
prediction unit of the luminance component is the same as the
prediction mode of the chrominance component. When the flag DM flag
is 1, it means that the intra prediction mode of the prediction unit
of the luminance component is different from 30 the intra prediction
mode of the prediction unit of the chrominance component. A value of
the flag DM flag may be set in an opposite way. As such, assuming
that the flag DM flag is 0, that is, when the intra prediction mode
of the prediction unit of the luminance  component is the same as the
prediction mode of the chrominance component, when only the flag DM
flag is encoded and transmitted to a decoding side and the decoding
side receives the flag DM flag having a value of 0, the corresponding
intra prediction mode of the prediction unit of the chrominance
component may be determined from the 5intra prediction mode of the
prediction unit of the luminance component which is first decoded.
For example, when the intra prediction modes of the prediction unit
of the chrominance component and the prediction unit of the luminance
component are horizontal modes, the intra prediction mode encoder
2630 encodes only the flag DM flag and intra prediction mode
information IntraMode_Luma of the prediction unit of the 10li



15separate intra prediction mode applied to the prediction unit of
the chrominance component. In operation 2840, the intra prediction
mode encoder 2630 determines whether the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component is
included in predetermined intra prediction modes Candidate_Modes in
an intra prediction mode candidate group of the prediction unit of 20
the luminance component. For example, when the intra prediction mode
candidate group applicable to the prediction unit of the chrominance
component includes 5 intra prediction modes including a planar mode,
a vertical mode, a horizontal mode, a DC mode, and a 45-diagonal
mode, the intra prediction mode encoder 2630 determines whether the
intra prediction mode IntraMode_Luma of the prediction unit of the 25
luminance component corresponds to one of the 5 intra prediction
modes. Alternatively, when the intra prediction mode candidate group
applicable to the prediction unit of the chrominance component
basically includes a planar mode, a vertical mode, a horizontal mode,
and a DC mode, and uses a diagonal mode instead of a mode which is
same as the intra prediction mode of the prediction unit of the
luminance component only when 30 the intra prediction mode of the
prediction unit of the luminance component corresponds to one of the
planar mode, the vertical mode, the horizontal mode, and the DC mode,
the intra prediction mode encoder 2630 determines whether the intra
prediction mode of the  prediction unit of the luminance component
corresponds to one of the planar mode, the vertical mode, the
horizontal mode, and the DC mode.       When it is determined in
operation 2840 that the intra prediction mode IntraMode_Luma of the
prediction unit of the luminance component is not included in the 5
predetermined intra prediction modes Candidate_Modes, the method
proceeds to operation 2850. In operation 2850, the intra prediction
mode encoder 2630 encodes the intra prediction mode of the prediction
unit of the chrominance component by using a second intra prediction
mode candidate group applied to the present component which is
preset. For example, a predetermined index may be preset as shown in
Table 6 in 10nnCh nf intrn prorlictinn mnrIce inrliirlori in ill
Qnnnilrl intro prcrlinfinil Mnri nnrldirinfa group applied to the
chrominance component. Table 6    Infra prediction mode of
chrominance component Code word Planar mode 0 Vertical mode 10
Horizontal mode 110 DC mode 



1110 Diagonal mode 1111  15When it is determined that the intra
prediction mode IntraMode_Luma of the prediction unit of the
luminance component is not included in the predetermined intra
prediction modes Candidate_Modes, the intra prediction mode encoder
2630 encodes the intra prediction mode of the prediction unit of the
chrominance component by using the predetermined index as shown in
Table 6. For example, when the intra prediction 20 mode
IntraMode_Luma of the prediction unit of the luminance component is
not included in the predetermined intra prediction modes
Candidate_Modes because the intra prediction mode IntraMode_Luma of
the prediction unit of the luminance component is a prediction mode
which has a directionality using (-13,32) as (dx, dy) as shown in
Table 3, the intra prediction mode encoder 2630 encodes the intra
prediction mode of the 25prediction unit of the chrominance component
by using the predetermined index as  shown in Table 6. The code word,
number and types of intra prediction modes of chrominance component
may be changed. When it is determined in operation 2840 that the
intra prediction mode IntraMode_Luma of the prediction unit of the
luminance component is included in the 5 predetermined intra
prediction modes Candidate_Modes, the method proceeds to operation
2860. In operation 2860, the intra prediction mode encoder 2630
reconstructs an intra prediction mode candidate group applied to the
prediction unit of the chrominance component to remove redundancy of
the intra prediction mode included in the intra prediction mode
candidate group of the prediction unit of the chrominance 10nnmpnnent
whinh is cnrnn nc thP intrn prPrlictinn MnriP nf thn prodintinn unit
nf thn luminance component. For example, when the intra prediction
mode IntraMode_Luma of the prediction unit of the luminance component
is a DC mode, the intra prediction mode IntraMode_Chroma of the
prediction unit of the chrominance component is a horizontal mode,
and the predetermined intra prediction modes Candidate_Modes are a 15
planar mode, a vertical mode, a horizontal mode, and a DC mode, the
DC mode which is the intra prediction mode IntraMode_Luma of the
prediction unit of the luminance component corresponds to one of the
predetermined intra prediction modes Candidate_Modes applicable to
the chrominance component. In this case, since the DC mode may be
obtained from the intra prediction mode of the prediction unit of the
20 luminance component in Table 6, a separate code word does not need
to be assigned. Accordingly, according to the present embodiment,
when the intra prediction mode IntraMode_Luma of the prediction unit
of the luminance component is included in the predetermined intra
prediction modes Candidate_Modes of the prediction unit of the
luminance component, since the intra prediction mode which is similar
to the intra 25prediction mode of the prediction unit of the
luminance component and is included in the intra prediction mode
candidate group of the prediction unit of the chrominance component
may be replaced with an intra prediction mode other than the
predetermined intra prediction modes Candidate_Modes or the redundant
intra prediction mode may be signaled through the DM flag, the second
intra prediction mode candidate group may be 



30 reconstructed by removing the redundant intra prediction mode of
the chrominance component and an index indicating each intra
prediction mode may be assigned based on the reconstructed second
intra prediction mode candidate group.  In detail, when the intra
prediction mode IntraMode_Luma of the prediction unit of the
luminance component corresponds to one of the predetermined intra
prediction modes Candidate_Modes applicable to the chrominance
component, the intra prediction mode encoder 2630 may replace the
prediction mode included in the intra prediction 5 mode candidate
group of the chrominance with an intra prediction mode not included
in the predetermined intra prediction modes Candidate_Modes. For
example, when the intra prediction mode candidate group applied to
the prediction unit of the chrominance component basically includes a
planar mode, a vertical mode, a horizontal mode, and a DC mode, and
the determined intra prediction mode of the prediction unit of the
10Ii iminarra rnmpnnant cnrraapnnris tn nn a nf tha planar mnria, tha
varticnI mnrla, tha horizontal mode, and the DC mode, a mode which is
same as the intra prediction mode of the prediction unit of the
luminance component may be replaced with a diagonal mode. It is
assumed that a code word is assigned as shown in Table 7 only to the
predetermined intra prediction modes Candidate_Modes, that is, a
planar mode, a 15 vertical mode, a horizontal mode, and a DC mode, in
the intra prediction mode candidate group of the prediction unit of
the chrominance component. Table 7    Infra prediction mode of
chrominance component Code word Planar mode 0 Vertical mode 10
Horizontal mode 110 DC mode 111  When the DC mode which is the intra
prediction mode IntraMode_Luma of the 



20 prediction unit of the luminance component is same as the DC mode
from among the predetermined intra prediction modes Candidate_Modes
applicable to the chrominance component, the DC mode is replaced with
a diagonal mode, and Table 7 is reconstructed as Table 8. 25Table 8
Infra prediction mode of chrominance Code word     component  Planar
mode 0 Vertical mode 10 Horizontal mode 110 Diagonal mode 111
Also, when the intra prediction mode IntraMode_Luma of the prediction
unit of the luminance component corresponds to one of the
predetermined intra prediction modes Candidate_Modes applicable to
the prediction unit of the chrominance component, the 5 infra
prediction mode encoder 2630 may remove a redundant intra prediction
mode which is redundant in the intra prediction mode candidate group
of the chrominance component. For example, when the intra prediction
mode candidate group applicable to the prediction unit of the
chrominance component includes 5 intra prediction modes including a
planar mode, a vertical mode, a horizontal mode, a DC mode, and a
45-diagonal mode, and the intra prediction mode IntraMode_Luma of the
prediction unit of the luminance component is a diagonal mode,
indices indicating the intra prediction mode candidate group of the
chrominance component may remove the diagonal mode in Table 6 and may
be reconstructed as shown in Table 9. In this case, since the number
of intra prediction modes included in the intra prediction mode
candidate group of the 



15 chrominance component is reduced, the number of bits which is a
value of an index indicating each intra prediction mode may be
reduced. Table 9    Intra prediction mode of chrominance component
Code word Planar mode 0 Vertical mode 10 Horizontal mode 110 DC mode
111  20The encoding mode predictor 2630 may reduce the number of bits
necessary to encode an intra prediction mode by assigning a code word
only to (n-1) intra prediction 54  modes in an intra prediction mode
candidate group including n (n is an integer) intra prediction modes
of the chrominance component, replacing an intra prediction mode
which is same as an intra prediction mode of the prediction unit of
the luminance component, and removing a redundant code word. 5Also,
the encoding mode predictor 2630 may not perform indexing by
excluding the intra prediction mode which is same as the intra
prediction mode of the luminance component in the intra prediction
mode candidate group of the chrominance component which is preset
from the intra prediction mode candidate group.       When the number
of available intra prediction modes in the intra prediction mode
nandiriatR grnHp nf thA rthrnminnnrp rnmprint.nt is n (n kn pnqitiva
intogar), tha 'Mtn prediction encoder 2630 reconstructs the intra
prediction mode candidate group of the chrominance component by
replacing an intra prediction mode of the chrominance component which
is same as the intra prediction mode of the luminance component from 



among the (n-1) predetermined intra prediction modes Candidate_Modes
which are 15preset with a remaining one intra prediction mode.
Alternatively, operation 2860 in which the intra prediction mode
candidate group of the prediction unit of the chrominance component
may be performed by excluding an intra prediction mode of the
chrominance component which is same as the intra prediction mode of
the luminance component and assigning a code word only to 20remaining
intra prediction modes. For example, when the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component is a
DC mode, the intra prediction mode IntraMode_Chroma of the prediction
unit of the chrominance component is a horizontal mode, the
predetermined intra prediction modes Candidate_Modes are a vertical
mode, a horizontal mode, a DC mode, and a DM mode, 25 the DC mode
which is the intra prediction mode IntraMode_Luma of the prediction
unit of the luminance component corresponds to one of the
predetermined intra prediction modes Candidate_Modes applicable to
the chrominance component. In this case, when a separate code word is
assigned although the DC mode in Table 6 may be obtained from the
intra prediction mode of the prediction unit of the luminance 30
component, the number of bits used to encode a prediction mode may be
increased by assigning a separate code word to a redundant prediction
mode. Accordingly, it is preferable that a code word is assigned only
to intra prediction modes other than the DC  mode. That is, the intra
prediction mode encoder 2630 may encode the intra prediction mode of
the chrominance component by assigning a code word only to 4 intra
prediction modes other than the DC mode in Table 9. Referring back to
FIG. 28, in operation 2870, the intra prediction mode encoder 5 2630
encodes the intra prediction mode of the chrominance component by
using the reconstructed intra prediction mode candidate group of the
prediction unit of the chrominance component. When the intra
prediction mode candidate group of the chrominance component is
reconstructed, the intra prediction mode encoder 2630 encodes a code
word corresponding to the intra prediction mode of the prediction
unit of 10the nhrnminnnrin CnMpnrinnt nq intrn prnettinn mnrlo
infnrmtinn cihnuit thn prorlintinn unit of the chrominance component.
A process of decoding an intra prediction mode of a prediction unit
of an image will be explained in detail. FIG. 29 is a block diagram
illustrating an apparatus 2900 for decoding an intra 15 prediction
mode of an image, according to an embodiment of the present
invention. FIG. 30 is a flowchart illustrating a method of decoding
an intra prediction mode of an image, according to an embodiment of
the present invention. The apparatus 2900 may operate as the intra
predictor 550 of the apparatus 500 of FIG. 5. In FIG. 29, an intra
prediction mode obtainer 2910 may be included in the parser 510 or
the entropy decoder 20520 of FIG. 5, instead of the intra predictor
550. 



Referring to FIGS. 29 and 30, the apparatus 2900 includes the intra
prediction mode obtainer 2910, a first intra prediction performer
2920, and a second intra prediction performer 2920. In operation
3010, the intra prediction mode obtainer 2910 obtains intra
prediction 25 mode information IntraMode_Luma of a prediction unit of
a luminance component constituting an image from a bitstream. Also,
the intra prediction mode obtainer 2910 obtains a flag DM flag
indicating whether the intra prediction mode IntraMode_Chroma of the
prediction unit of the chrominance component corresponding to a
prediction unit of a luminance component is the same as the intra
prediction mode IntraMode_Luma of the 30prediction unit of the
luminance component as intra prediction mode information of the
prediction unit of the chrominance component. In operation 3020, when
it is determined that the intra prediction mode  IntraMode_Luma of
the prediction unit of the luminance component is the same as one of
the predetermined intra prediction modes Candidate_Modes included in
an intra prediction mode candidate group applicable to the prediction
unit of the chrominance component, the intra prediction mode obtainer
2910 reconstructs the intra prediction 5 mode candidate group of the
chrominance component to remove redundancy of the intra prediction
mode included in the intra prediction mode candidate group of the
chrominance component which is same as the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component. In
operation 3030, the intra prediction mode obtainer 2910 determines
the intra 10 prediction mode of thR prediction unit of the
nhrnminnnce component by tieing an index indicating one of the intra
prediction modes included in the reconstructed intra prediction mode
candidate group of the chrominance component which is obtained from
the bitstream. When the intra prediction mode obtainer 2910
determines the intra prediction 15 modes of the prediction unit of
the chrominance component and the prediction unit of the luminance
component, the first intra prediction performer 2920 generates and
outputs a prediction value of the prediction unit of the luminance
component by performing intra prediction on the prediction unit of
the luminance component, and the second intra prediction performer
2930 generates and outputs a prediction value of the prediction unit
20 of the chrominance component by performing intra prediction on the
prediction unit of the chrominance component.       FIG. 31 is a
flowchart illustrating a process of decoding an intra prediction mode
of an image, according to an embodiment of the present invention.
Referring to FIGS. 29 and 31, in operation 3110, the intra prediction
mode 25 obtainer 2910 obtains a flag DM indicating whether the intra
prediction mode IntraMode_Luma of the prediction unit of the
chrominance component and the intra prediction mode of the prediction
unit of the luminance component are the same as the intra prediction
mode IntraMode_Luma of the prediction unit of the luminance component
from the bitstream. 30In operation 3120, the intra prediction mode
obtainer 2910 determines whether the intra prediction mode
IntraMode_Chroma of the prediction unit of the chrominance component
is the same as the intra prediction mode IntraMode_Luma of the
prediction 



unit of the luminance component based on the flag DM.       When it
is determined in operation 3120 that a value of the flag DM is 0,
that is, when the intra prediction mode obtainer 2910 determines that
the intra prediction mode IntraMode_Chroma of the prediction unit of
the chrominance component is the same as 5 the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component, in
operation 3130, the intra prediction mode obtainer 2910 sets the
intra prediction mode of the prediction unit of the chrominance
component to the intra prediction mode of the prediction unit of the
luminance component. As such, when the flag DM is 0, that is, when
the intra prediction mode of the prediction unit of the in luminance
component is the S2rne as the prediction mndp of the chrominano.A
component, the intra prediction mode of the chrominance component may
be determined by using only the flag DM.        When it is determined
in operation 3120 that the intra prediction mode IntraMode_Luma of
the prediction unit of the luminance component is not the same as 15
the corresponding the intra prediction mode IntraMode_Chroma of the
prediction unit of the chrominance component, the intra prediction
mode obtainer 2910 determines whether the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance component is
included in the predetermined intra prediction modes Candidate_Modes
in the intra prediction mode candidate group applied to the
prediction 20 unit of the chrominance component. For example, when
the intra prediction mode candidate group applicable to the
prediction unit of the chrominance component includes 5 intra
prediction modes including a planar mode, a vertical mode, a
horizontal mode, a DC mode, and a 45-diagonal mode, the intra
prediction mode obtainer 2910 determines whether the intra prediction
mode IntraMode_Luma of the prediction unit of the 25 luminance
component corresponds to one of the 5 intra prediction modes.
Alternatively, when the intra prediction mode candidate group applied
to the prediction unit of the chrominance component basically
includes a planar mode, a vertical mode, a horizontal mode, and a DC
mode, and a diagonal mode instead of a mode which is same as the
intra prediction mode of the prediction unit of the luminance
component is used only 30 when the intra prediction mode of the
prediction unit of the luminance component corresponds to only one of
the predetermined intra prediction modes Candidate_Modes, for
example, the planar mode, the vertical mode, the horizontal mode, and
the DC mode,  the intra prediction mode obtainer 2910 determines
whether the intra prediction mode of the prediction unit of the
luminance component corresponds to one of the planar mode, the
vertical mode, the horizontal mode, and the DC mode. When it is
determined in operation 3140 that the intra prediction mode
IntraMode_Luma of the prediction unit of 5 the luminance component is
not included in the predetermined intra prediction modes
Candidate_Modes, the method proceeds to operation 3150. In operation
3150, the intra prediction mode obtainer 2910 reads an index from the
bitstream and determines the intra prediction mode of the chrominance
component indicated by the read index. As described above, a
predetermined code word may be preset as shown in Table 6 for
10illtr2 predintinn ninrIPs ppliAri tn thn nhrnrninnnne nninpnr1PrIt,
andilltrn predictinn mode obtainer 2910 may read from the bitstream
the code word, that is, a value of an index, and may determine the
intra prediction mode of a prediction unit of the chrominance



25 component is a horizontal mode, and the predetermined intra
prediction modes Candidate_Modes are a vertical mode, a horizontal
mode, a DC mode and a DM mode, the DC mode which is the intra
prediction mode IntraMode_Luma of the prediction unit of the
luminance component corresponds to one of the predetermined intra
prediction modes Candidate_Modes applicable to the chrominance
component. In this case, 30 since the DC mode in Table 6 may be
obtained from the intra prediction mode of the prediction unit of the
luminance component, a separate code word does not need to be
assigned. Accordingly, when the intra prediction mode IntraMode_Luma
of the  prediction unit of the luminance component is included in the
predetermined intra prediction modes Candidate_Modes of the
prediction unit of the chrominance component, the intra prediction
mode obtainer 2910 may reconstruct a second intra prediction mode
candidate group by replacing the intra prediction mode which is same
5as the intra prediction mode of the prediction unit of the luminance
component and is included in the intra prediction mode candidate
group of the prediction unit of the chrominance component with an
intra prediction mode other than the predetermined intra prediction
modes Candidate_Modes or removing the redundant intra prediction mode
of the chrominance component, and may determine an index indicating
each intra 10prediction mode based on the reconstructed second intrn
preriintinn mode nnndirintfr group. A process of reconstructing the
intra prediction mode candidate group of the prediction unit of the
chrominance component may be the same as the aforesaid reconstruction
method performed at an encoding side. In detail, when the DC mode
which is the intra prediction mode IntraMode_Luma 15 of the
prediction unit of the luminance component corresponds to one of the
predetermined intra prediction modes Candidate_Modes applicable to
the chrominance component, the intra prediction mode obtainer 2910
may replace the prediction mode included in the intra prediction mode
candidate group of the chrominance component with an intra prediction
mode not included in the predetermined intra prediction modes 20
Candidate_Modes. For example, when the intra prediction mode
candidate group applied to the prediction unit of the chrominance
component basically includes a planar mode, a vertical mode, a
horizontal mode, and a DC mode, and the determined intra prediction
mode of the prediction unit of the luminance component corresponds to
one of the planar mode, the vertical mode, the horizontal mode, and
the DC mode, a mode 25 which is same as the intra prediction mode of
the prediction unit of the luminance component may be replaced with a
diagonal mode. Assuming that a code word is assigned as shown in
Table 7 to the predetermined intra prediction modes Candidate_Modes,
that is, the vertical mode, the horizontal mode, the DC mode, and the
DM mode, in the intra prediction mode candidate group of the
prediction unit of the 30 chrominance component, when the DC mode
which is the intra prediction mode of the prediction unit of the
luminance component is same as the DC mode of the predetermined intra
prediction modes Candidate_Modes applicable to the chrominance
component, the DC mode is replaced with a diagonal mode and is
reconstructed as shown in Table 8. The intra prediction mode obtainer
2910 may determine whether an index of the intra prediction mode
included in the bitstream indicates which intra prediction mode by
using the reconstructed intra prediction mode candidate group. 5Also,
when the intra prediction mode IntraMode_Luma of the prediction unit



intra prediction mode obtainer 2910 may remove an intra prediction
mode which is redundant in the intra prediction mode candidate group
of the chrominance component. 10For example, when the intra
prediction mode candidate group applicable to the prediction unit of
the chrominance component includes 5 intra prediction modes including
a planar mode, a vertical mode, a horizontal mode, a DC mode, and a
45-diagonal mode, and the intra prediction mode IntraMode_Luma of the
prediction unit of the luminance component is a diagonal mode,
indices indicating the intra prediction 15 mode candidate group of
the chrominance component may be reconstructed as shown in Table 9 by
excluding the diagonal mode in Table 6. The intra prediction mode
obtainer 2910 may determine whether the index of the intra prediction
mode of the chrominance component included in the bitstream indicates
which intra prediction mode by using the reconstructed intra
prediction mode candidate group of the chrominance 20 component. The
encoding mode obtainer 2910 may reduce the number of bits necessary
to decode an intra prediction mode by assigning a code word only to
(n-1) intra prediction modes in an intra prediction mode candidate
group including n (n is an integer) intra prediction modes of the
chrominance component and replacing an intra prediction mode which is
same as the intra prediction mode of the luminance component 25 with
one remaining intra prediction mode to remove a redundant code word.
As described above, when the DC mode which is the intra prediction
mode IntraMode_Luma of the prediction unit of the luminance component
is same as the DC mode of the predetermined intra prediction modes
Candidate_Modes applicable to the chrominance component, a code word
of the DC mode may be used as a code word 30indicating the diagonal
mode. As such, when the number of available intra prediction modes in
the intra prediction mode candidate group of the chrominance
component is n (n is a positive integer), the intra prediction mode
obtainer 2910 reconstructs the intra prediction mode candidate group
of the chrominance component by replacing an intra prediction of the
chrominance component which is same as the intra prediction mode of
the luminance component from among the preset (n-1) predetermined
intra prediction modes Candidate_Modes with one remaining intra
prediction mode. 5Alternatively, operation 3160 in which the intra
prediction mode candidate group of the prediction unit of the
chrominance component is reconstructed may be performed by assigning
a code word only to intra prediction modes other than the intra
prediction mode of the chrominance component which is same as the
intra prediction mode of the luminance component. For example, when
the intra prediction mode IntraMode_Luma 10 of the prediction unit of
the luminance component is a ne mode, the intrn prediction mode
IntraMode_Chroma of the prediction unit of the chrominance component
is a horizontal mode, and the predetermined intra prediction modes
Candidate_Modes are a vertical mode, a horizontal mode, a DC mode,
and a DM mode, the DC mode which is the intra prediction mode
IntraMode_Luma of the prediction unit of the luminance 15 component
corresponds to one of the predetermined intra prediction modes
Candidate_Modes applicable to the chrominance component. In this
case, since the DC mode in Table 6 may be obtained from the intra
prediction mode of the prediction unit of the luminance component, a
code word is assigned only to intra prediction modes other than the
DC mode. That is, the intra prediction mode candidate group is
20reconstructed by assigning a code word only to remaining 4 intra



The present invention may be embodied as computer-readable codes on a
computer-readable recording medium. The computer-readable recording
medium 5 includes any storage device that may store data which may be
read by a computer system. Examples of the computer-readable
recording medium include read-only memories (ROMs), random-access
memories (RAMs), CD-ROMs, magnetic tapes, floppy disks, and optical
data storage devices. The computer-readable recording medium may be
distributed over network-coupled computer systems so that the
innrimputer-madahip rmpq prim qtnred and exert' 'ter! in diStrihl
ItP11 fnchinn.       While the present invention has been
particularly shown and described with reference to exemplary
embodiments thereof by using specific terms, the embodiments and
terms have merely been used to explain the present invention and
should not be construed as limiting the scope of the present
invention as defined by the claims. The 15 exemplary embodiments
should be considered in a descriptive sense only and not for purposes
of limitation. Therefore, the scope of the invention is defined not
by the detailed description of the invention but by the appended
claims, and all differences within the scope will be construed as
being included in the present invention.  CLAIMS       1. A method of
decoding an intra prediction mode of an image, the method comprising:
5obtaining intra prediction mode information of a prediction unit of
a first image component constituting the image from a bitstream;
when an intra prediction mode of the prediction unit of the first
image component is the same as one of predetermined intra prediction
modes included in a second intra prediction mode candidate group
applicable to a prediction unit of a second image innrimprinPnt,
ri.nrinstriicting thn Q(riennri Mtn prPrliCtin11 rrInft Cnrldirint
grip tn rorilr1V0 redundancy of an intra prediction mode included in
the second intra prediction mode candidate group which is same as the
determined intra prediction mode of the prediction unit of the first
image component; and decoding an intra prediction mode of the
prediction unit of the second image 15 component based on the
reconstructed second intra prediction mode candidate group.       2.
The method of claim 1, wherein the reconstructing comprises
reconstructing the second intra prediction mode candidate group by
replacing the intra prediction mode included in the second prediction
mode candidate group which is same 20as the determined intra
prediction mode of the prediction unit of the first image component
with another prediction mode other than the predetermined intra
prediction modes.       3. The method of claim 1, wherein when a
number of intra prediction modes 



25included in the second intra prediction mode candidate group is n
(n is a positive integer), the predetermined intra prediction modes
are (n-1) intra prediction modes that are preset, and the replaced
intra prediction mode is an infra prediction mode other than the
(n-1) intra prediction modes. 304.The method of claim 1, wherein the
second intra prediction mode candidate group comprises a planar mode,
a vertical mode, a horizontal mode, a DC mode, and a diagonal mode,
wherein when the determined intra prediction mode of the prediction
unit of the first image component is the same as one of the planar
mode, the vertical mode, the horizontal mode, and the DC mode from
among intra prediction modes of the second intra prediction mode
candidate group, the intra prediction mode of the second intra
5prediction mode candidate group which is the same as the intra
prediction mode of the prediction unit of the first image component
is replaced with the diagonal mode.         5. The method of claim 1,
wherein the reconstructing comprises reconstructing the second intra
prediction mode candidate group by excluding an intra 10prediction
mode which is inrhuicrl in the carnnti intro prediction mode
candidate group and is same as the determined intra prediction mode
of the prediction unit of the first image component.         6. The
method of claim 1, wherein the decoding comprises: 15determining
whether an index indicating each of intra prediction modes included
in the reconstructed second intra prediction mode candidate group is
decoded according to whether the intra prediction mode of the
prediction unit of the first image component is the same as the intra
prediction mode of the prediction unit of the second image component;
20when it is determined that the index is decoded, obtaining an index
indicating the intra prediction mode of the prediction unit of the
second image component from the bitstream; and        determining the
intra prediction mode of the prediction unit of the second image
component by using the obtained index. 25         7. The method of
claim 6, wherein an index indicating an intra prediction mode which
is included in the second intra prediction mode candidate group and
is same as the determined intra prediction mode of the prediction
unit of the first image component is determined as an index
indicating an intra prediction mode other than the 30predetermined
intra prediction modes. 8.The method of claim 6, wherein when the
second intra prediction mode  



candidate group is reconstructed by excluding an intra prediction
mode which is included in the second prediction mode candidate group
and is same as the determined intra prediction mode of the prediction
unit of the first image component, a number of bits of an index of at
least one intra prediction mode from among intra 5prediction modes
included in the second intra prediction mode candidate group is
reduced based on a number of the intra prediction modes included in
the reconstructed second intra prediction mode candidate group. 9.
The method of claim 1, wherein the decoding comprises: 10whPn it is
riPtPrminPri thPt thP intrP prPriir-tinn mnrIP nf thP
prPrlictinhlinit nf the first image component is the same as the
intra prediction mode of the prediction mode of the second image
component based on a flag indicating whether the intra prediction
mode of the prediction unit of the first image component is the same
as one of predetermined intra prediction modes included in the second
intra prediction mode 15candidate group, determining the intra
prediction mode of the prediction unit of the first image component
as the intra prediction mode of the prediction unit of the second
image component. 10. The method of claim 1, wherein the decoding
comprises, when the second  20 intra prediction mode candidate group
is reconstructed, obtaining from the bitstream an index indicating
one intra prediction mode in the reconstructed second intra
prediction mode candidate group, and determining the intra prediction
mode of the prediction unit of the second image component based on
the index. 2511.The method of claim 1, further comprising:
determining whether a specific intra prediction mode which is not
included in a first intra prediction mode candidate group and is
included only in the second intra prediction mode candidate group
according to predetermined image units is applied to the prediction
unit of the second image component; and  30 when it is determined
that the specific intra prediction mode is applied to the prediction
unit of the second image component, obtaining from the bitstream a
flag indicating whether the prediction unit of the second image
component corresponds to the  specific intra prediction mode.
12. The method of claim 11, wherein the flag indicating whether the
prediction unit of the second image component corresponds to the
specific intra prediction mode is 



5obtained from the bitstream when it is determined that the intra
prediction mode of the prediction unit of the first image component
is different from the intra prediction mode of the prediction unit of
the second image component.        13. The method of claim 1, wherein
the decoding comprises: 10hacpri nil a flan inrliratinn whether the
riptarminari infra nrariirtinn rnnric:, nf ito .r prediction unit of
the second image component is the same as the determined intra
prediction mode of the prediction unit of the first image component
and a flag indicating whether the determined intra prediction mode of
the prediction unit of the second image component is a specific intra
prediction mode, when it is determined that the intra 15prediction
mode of the prediction unit of the second image component is
different from the intra prediction mode of the prediction unit of
the first image component and from the specific intra prediction mode
included only in the second intra prediction mode candidate group,
obtaining an index indicating the intra prediction mode of the
prediction unit of the second image component from the bitstream. 20
14. An apparatus for decoding an intra prediction mode of an image,
the apparatus comprising: an intra prediction mode obtainer that
obtains intra prediction mode information of a prediction unit of a
first image component constituting the image from a bitstream, 25when
it is determined that an intra prediction mode of the prediction unit
of the first image component is the same as one of predetermined
intra prediction modes included in a second intra prediction mode
candidate group applicable to a prediction unit of a second image
component, reconstructs the second intra prediction mode candidate
group to remove redundancy of an intra prediction mode which is
included in the second intra 30 prediction mode candidate group and
is same as the determined intra prediction mode of the prediction
unit of the first image component, and determines an intra prediction
mode of the prediction unit of the second image component based on
the reconstructed  second intra prediction mode candidate group;
a first intra prediction performer that performs intra prediction on
the prediction unit of the first image component based on the intra
prediction mode of the prediction unit of the first image component
which is obtained from the bitstream; and 5a second intra prediction
performer that performs intra prediction on the prediction unit of
the second image component based on the determined intra prediction
mode of the prediction unit of the second image component. 



15. A method of encoding an intra prediction mode of an image, the
method 10rnmprising:       determining an intra prediction mode of a
prediction unit of a first image component constituting the image by
using a first intra prediction mode candidate group comprising a
plurality of intra prediction modes; determining an intra prediction
mode of a prediction unit of a second image 15component corresponding
to the prediction unit of the first image component by using a second
intra prediction mode candidate group comprising a plurality of intra
prediction modes;       when the determined intra prediction mode of
the prediction unit of the first image component is the same as one
of predetermined intra prediction modes included in the 20second
intra prediction mode candidate group, reconstructing the second
intra prediction mode candidate group to remove redundancy of an
intra prediction mode which is included in the second intra
prediction mode candidate group and is same as the determined intra
prediction mode of the prediction unit of the first image component;
and encoding the determined intra prediction mode of the prediction
unit of the second 25 image component based on the reconstructed
second intra prediction mode candidate group. 30 




