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DESCRIPTION

Technical Field

[0001] The present invention relates to image decoding method and device, and more particularly, to
an intra chroma block prediction method using a luma sample and a device using the method.

Background Art

[0002] Recently, demands for a high-resolution and high-quality image such as an HD (High Definition)
image and an UHD (Ultra High Definition) image have increased in various fields of applications. As
image data has higher resolution and higher quality, an amount of data more increases relative to
existing image data. Accordingly, when image data is transferred using media such as existing wired
and wireless broad band lines or is stored in existing storage media, the transfer cost and the storage
cost increases. In order to solve these problems occurring with an increase in resolution and quality of
image data, high-efficiency image compressing techniques may be utilized.

[0003] The image compressing techniques include various techniques such as an inter prediction
technique of predicting pixel values included in a current picture from previous or subsequent pictures
of the current picture, an intra prediction technique of predicting pixel values included in a current
picture using pixel information in the current picture, and an entropy encoding technique of assigning a
short code to a value with a high appearance frequency and assigning a long code to a value with a
low appearance frequency. Image data may be effectively compressed and transferred or stored using
such image compressing techniques.

[0004] Document "CE6.a.4: Chroma intra prediction by reconstructed luma samples", Jianle Chen
et.al., Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/8C29/WG11, 9th MPEG Meeting, Geneva, 21 to 23 March 2011, may be construed to disclose
an evaluation on results of "Chroma intra prediction by reconstructed luma samples" method proposed
in document JCTVC-D350 (discussed herein below) within the context of A. Tabatabai, "Core
Experiment 6: Intra Prediction Improvement", JCTVC-D606, Daegu, January, 2011. In the proposed
method, chroma samples are predicted from luma samples of same block by linear model relationship.

[0005] Document "CE6.a: Chroma intra prediction by reconstructed luma samples", Jianle Chen et.al.,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/SC29/WG11, 4th Meeting, Daegu, KR, 20 to 28 January 2011, document: JCTVC-D350, may be
construed to disclose in turn an evaluation on results of "Chroma intra prediction by reconstructed luma
samples" method proposed in document J. Chen, V. Seregin, "Chroma intra prediction by
reconstructed luma samples”, JCTVC-C206, Guangzhou, October, 2010 within the context of A.
Tabatabai, "Core Experiment 6: Intra Prediction Improvement", JCTVC-C506, Guangzhou, October,
2010. In the method also, chroma samples are predicted from luma samples of same block by linear
model relationship.

[0006] Document EP 2 387 242 A2 may be construed to disclose a method for signalling an intra
chroma prediction mode and a method for implementing the signalled intra chroma prediction mode,
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the intra chroma prediction mode taking an interpolation of previously predicted luma samples from
neighboring blocks of video data to attain an intra chroma prediction of a current chroma prediction
unit.

[0007] Document "WD3: Working Draft 3 of High-Efficiency Video Coding", Thomas Wiegand et.al.,
Joint Collaborative Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/8C29/WG11, 5th Meeting, Geneva, CH, 16 to 23 March 2011, document: JCTVC-E603 may be
construed to disclose a technique pertaining to the growing need for higher compression of moving
pictures for various applications such as videoconferencing, digital storage media, television
broadcasting, internet streaming, and communication. It is also designed to enable the use of the
coded video representation in a flexible manner for a wide variety of network environments. The use of
document allows motion video to be manipulated as a form of computer data and to be stored on
various storage media, transmitted and received over existing and future networks and distributed on
existing and future broadcasting channels.

[0008] Document "Signalling chroma intra prediction mode", Jungsun Kim et.al., Joint Collaborative
Team on Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 8th Meeting:
San Jose, CA, USA, 1-10 February, 2012, document JCTVC-HO0475 is not pre-published, but useful for
understanding the present disclosure. It may be construed to disclose a binarization process for
intra_chroma_pred_mode based on a look-up table.

Summary of the Invention

Technical Problem

[0009] An object of the invention is to provide an intra chroma block prediction method which may
enhance image encoding and decoding efficiency.

[0010] Another object of the invention is to provide a device that performs the intra chroma block
prediction method which may enhance image encoding and decoding efficiency.

Solution to Problem

[0011] According to the disclosure, there are provided methods, a decoder-readable storage medium
and apparatuses according to the independent claims. Developments are set forth in the dependent
claims.

[0012] Preferably, there is provided an image decoding method including the features defined in claim
1.

[0013] The image decoding method preferably further includes deriving the intra prediction mode of
the chroma block on the basis of a non-LM mapping table when the LM is not used for the chroma
block. When a planar mode is mapped onto a zeroth intra prediction mode, a DC mode is preferably
mapped onto a first intra prediction mode, and directive intra prediction modes are preferably mapped
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onto second to 34-th intra prediction modes, the non-LM mapping table preferably is

] IntraPredMode[ xB][yB]
intra_chroma_pred_mode
0 26 10 1 X (0<=X<35)
0 34 0 0 0 0
1 26 34 26 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 0 26 10 1 X

[0014] The image decoding method preferably further includes decoding information on whether the
LM is used for the chroma block.

[0015] The image decoding method preferably further includes receiving codeword information which
is obtained by encoding the intra prediction mode of the chroma block.

[0016] The codeword information preferably is codeword information generated on the basis of a
codeword mapping table in which different codeword information elements are mapped depending on
whether the LM is used for the chroma block. The codeword mapping table preferably is

intr\galgﬁrgina chroma_pred_from_luma_enabledjchroma_pred_from_luma_enabled
pre_d mode _flag=1 _flag=10

5 0 n/a
4 10 0

0 1100 100
1 1101 101
2 1110 110
3 1111 111

[0017] A codeword of intra_chroma_pred_mode corresponding to the LM or DM in the codeword
mapping table is preferably performed context decoding process and the other bits of the codeword
except for the bits of the codeword used in the LM or DM in the codeword of intra_chroma_pred_mode
corresponding to the intra prediction mode other than the LM or DM are performed a bypass encoding
process. When intra prediction is performed using the LM, two bits of a codeword is preferably
performed a context decoding process and the other bits of the codeword except for the bits performed
the context encoding process is performed a bypass decoding process, and when intra prediction is
performed without using the LM one bit of a codeword is performed a context decoding process and
the bits of the codeword except for the bit performed the context decoding process is performed a
bypass decoding process.

[0018] Preferably, when a planar mode is mapped onto a zeroth intra prediction mode, a DC mode is
mapped onto a first intra prediction mode, directive intra prediction modes are mapped onto second to
34-th intra prediction modes, and the LM is mapped onto a 35-th intra prediction mode, the LM
mapping table preferably is
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] IntraPredMode[ xB][yB]
intra_chroma_pred_mode
0 26 10 1 X(0<=X<35)
0 34 0 0 0 0
1 26 34 26 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 LM LM LM LM LM
5 0 26 10 1 X

[0019] The LM preferably is an intra prediction method of calculating pixels of the chroma block on the
basis of interpolated luma sample values calculated by linearly interpolating pixels of a luma block.

[0020] Preferably, there is provided an image decoding device including the features defined in claim
4

[0021] The intra chroma block prediction mode derivation module preferably generates a codeword on
the basis of a codeword mapping table in which different codeword information elements are mapped
depending on whether the LM is used for the chroma block. The codeword mapping table preferably is

intr\galgﬁrgina chroma_pred_from_luma_enabled {chroma_pred_from_luma_enabled
pre_d mode _flag=1 _flag=10

5 0 n/a
4 10 0

0 1100 100
1 1101 101
2 1110 110
3 1111 111

[0022] A codeword of intra_chroma_pred_mode corresponding to the LM or DM in the codeword
mapping table is preferably performed a context decoding process and the other bits of the codeword
except for the bits of the codeword used in the LM or DM in the codeword of intra_chroma_pred_mode
corresponding to the intra prediction mode other than the LM or DM are performed a bypass encoding
process. When intra prediction is performed using the LM, two bits of a codeword is preferably
performed a context decoding process and the other bits of the codeword except for the bits performed
the context encoding process is performed a bypass decoding process, and when intra prediction is
performed without using the LM one bit of a codeword is preferably performed a context decoding
process and the bits of the codeword except for the bit performed the context decoding process is
performed a bypass decoding process.

[0023] The intra chroma block prediction mode derivation module preferably derives the intra
prediction mode of a chroma block on the basis of an LM mapping table when the LM is used for the
chroma block and preferably derives the intra prediction mode of the chroma block on the basis of a
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non-LM mapping table when the LM is not used for the chroma block.

[0024] Preferably, when a planar mode is mapped onto a zeroth intra prediction mode, a DC mode is
mapped onto a first intra prediction mode, directive intra prediction modes are mapped onto second to
34-th intra prediction modes, and the LM is mapped onto a 35-th intra prediction mode, the LM
mapping table preferably is

) IntraPredMode[xB][yB]
intra_chroma_pred_mode
0 26 10 X (0<=X<35)
0 34 0 0 0 0
1 26 34 26 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 0 26 10 1 X

[0025] Preferably, when a planar mode is mapped onto a zeroth intra prediction mode, a DC mode is
mapped onto a first intra prediction mode, and directive intra prediction modes are mapped onto
second to 34-th intra prediction modes, the non-LM mapping table preferably is

) IntraPredMode[ xB][yB]
intra_chroma_pred_mode
0 26 10 1 x(0<=X<3H)
0 34 0 0 0 0
1 26 34 26 26 26
2 10 10 34 10 10
3 1 1 1 34 1
4 LM LM LM LM LM
5 0 26 10 1 X

[0026] The LM preferably is an intra prediction method of calculating pixels of the chroma block on the
basis of interpolated luma sample values calculated by linearly interpolating pixels of a luma block.

Advantageous Effects

[0027] As described above, by employing the intra chroma block prediction method using a luma
sample and the device using the method according to the embodiments of the invention, it is possible
to perform intra chroma block prediction by determining intra chroma block prediction mode
information on whether an LM is used to perform intra prediction and using different mapping tables
depending on the determination result.

Brief Description of the Drawings
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[0028]

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

FIG. 2 is a block diagram illustrating an image decoding device according to an embodiment of the
invention.

FIG. 3 is a conceptual diagram illustrating positions of luma samples and chroma samples in an
embodiment of the invention.

FIG. 4 is a diagram illustrating luma sample values around and inside a current block in an
embodiment of the invention.

FIG. 5 is a diagram illustrating a directive intra prediction mode in an embodiment of the invention.

FIG. 6 is a flowchart illustrating a method of calculating an intra prediction mode of a chroma block in
an embodiment of the invention.

FIG. 7 is a conceptual diagram illustrating a part of a prediction module that decodes an intra
prediction mode of a chroma block in an embodiment of the invention.

Description of Exemplary Embodiments

[0029] In description with reference to the drawings, like constituents are referenced by like reference
numerals.

[0030] Terms such as "first" and "second" may be used to describe various elements, but the elements
are not limited to the terms. The terms are used only to distinguish one element from another element.
For example, without departing from the scope of the invention, a first element may be named a
second element and the second element may be named the first element similarly. The term, "and/or",
includes a combination of plural elements or any one of the plural elements.

[0031] If it is mentioned that an element is "connected to" or "coupled to" another element, it should be
understood that still another element may be interposed therebetween, as well as that the element
may be connected or coupled directly to another element. On the contrary, if it is mentioned that an
element is "connected directly to" or "coupled directly to" another element, it should be understood that
still another element is not interposed therebetween.

[0032] The terms used in the following description are used to merely describe specific embodiments,
but are not intended to limit the invention. An expression of the singular number includes an expression
of the plural number, so long as it is clearly read differently. The terms such as "include" and "have" are
intended to indicate that features, numbers, steps, operations, elements, components, or combinations
thereof used in the following description exist and it should be thus understood that the possibility of
existence or addition of one or more different features, numbers, steps, operations, elements,
components, or combinations thereof is not excluded.
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[0033] Hereinafter, exemplary embodiments of the invention will be described in detail with reference
to the accompanying drawings. Like constituents in the drawings will be referenced by like reference
numerals and will not be repeatedly described.

[0034] FIG. 1 is a block diagram illustrating an image encoding device according to an embodiment of
the invention.

[0035] Referring to FIG. 1, an image encoding device 100 includes a picture partitioning module 105, a
prediction module 110, a transform module 115, a quantization module 120, a rearrangement module
125, an entropy encoding module 130, an inverse quantization module 135, an inverse transform
module 140, a filter module 145, and a memory 150.

[0036] The constituents shown in FIG. 1 are independently shown to represent different distinctive
functions in the image encoding device. Each constituent is not constructed by an independent
hardware constituent or software constituent. That is, the constituents are independently arranged and
at least two constituents may be combined into a single constituent or a single constituent may be
divided into plural constituents to perform functions.

[0037] The picture partitioning module 105 may partition an input picture into at least one process unit.
Here, the process unit may be a prediction unit (PU), a transform unit (TU), or a coding unit (CU). The
picture partitioning module 105 may partition a picture into combinations of plural coding units,
prediction units, and transform units and may select a combination of coding units, prediction units, and
transform units on the basis of a predetermined criterion (for example, a cost function) to encode the
picture.

[0038] For example, a picture may be partitioned into plural coding units. A recursive tree structure
such as a quad tree structure may be used to partition a picture into coding units. A coding unit which
may be a picture or a coding unit of a maximum size as root may be partitioned into different coding
units with child nodes corresponding to the number of partitioned coding units. A coding unit which is
not partitioned any more in accordance with a predetermined limitation is a leaf node. That is, when it
is assumed that a coding unit may be partitioned in only a square shape, a single coding unit may be
partitioned into a maximum of four different coding unit.

[0039] In the embodiments of the invention, a coding unit may be used to have a meaning of a unit to
be decoded as well as a unit to be encoded.

[0040] A prediction unit may be partitioned in at least one square or rectangular shape with the same
size in a coding unit, or may be partitioned in shapes such that the shape of one prediction unit of
partitioned prediction units in a coding unit is different from the shape of another prediction unit.

[0041] When a coding unit, which is used to generate a prediction unit to be subjected to intra
prediction, is not a minimum coding unit, the coding unit may be subjected to intra prediction without
being partitioned into plural prediction units (NxN}).

[0042] The prediction module 110 includes an inter prediction module that performs inter prediction
and an intra prediction module that performs intra prediction. The prediction module may determine
which of inter prediction or intra prediction should be performed on a prediction unit, and may
determine specific information (for example, intra prediction mode, motion vector, and reference
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picture) of the determined prediction method. At this time, the process unit on which the prediction is
performed may be different from the process unit for which the prediction method and the specific
information are determined. For example, the prediction method and the prediction mode may be
determined for each prediction unit and the prediction may be performed for each transform unit.
Residual values (residual block) between the generated predicted block and the original block are input
to the transform module 115. The prediction mode information, the motion vector information, and the
like used for the prediction are encoded along with the residual values by the entropy encoding module
130 and are transmitted to the decoding device. When a specific encoding mode is used, the original
block may be encoded and transmitted to the decoding device without generating a predicted block
through the use of the prediction module 110.

[0043] The inter prediction module may predict a prediction unit on the basis of information of at least
one picture of a previous picture and a subsequent picture of a current picture. The inter prediction
module may include a reference picture interpolation module, a motion prediction module, and a
motion compensation module.

[0044] The reference picture interpolation module is supplied with reference picture information from
the memory 150 and generates pixel information less than an integer pixel from the reference picture.
In case of luma pixels, a DCT-based 8-tap interpolation filter having different filter coefficients may be
used to generate the pixel information less than an integer pixel in the unit of 1/4 pixel. In case of
chroma pixels, a DCT-based 4-tap interpolation filters having different filter coefficients may be used to
generate the pixel information less than an integer pixel in the unit of 1/8 pixel.

[0045] The motion prediction module may perform motion prediction on the basis of the reference
picture interpolated by the reference picture interpolation module. Various methods such as FBMA (Full
search-based Block Matching Algorithm), TSS (Three Step Search), and NTS (New Three-Step Search
Algorithm) may be used to calculate a motion vector. A motion vector has a motion vector value in the
unit of 1/2 or 1/4 pixel on the basis of the interpolated pixel. The motion prediction module may predict
a current prediction unit using different motion prediction methods. Various methods such as a skip
method, a merging method, and an AMVP (Advanced Motion Vector Prediction) method may be used
as the motion prediction method.

[0046] A method of constructing a predicted motion vector candidate list at performing inter prediction
using the AMVP method according to an embodiment of the invention will be described below.

[0047] The intra prediction module may generate a prediction unit on the basis of reference pixel
information around a current block which is pixel information in the current picture. When a block
around the current prediction unit is a block having been subjected to the inter prediction and a
reference pixel is a pixel having been subjected to the inter prediction, reference pixels of the block
having been subjected to the inter prediction may be replaced with reference pixel information of a
block having been subjected to the intra prediction. That is, when a reference pixel is not available, the
reference pixel information not available may be replaced with at least one reference pixel of the
available reference pixels.

[0048] The prediction mode of intra prediction includes a directive prediction mode in which reference
pixel information is used depending on the prediction direction and a non-directive prediction mode in
which directivity information is not used to perform prediction. The mode for predicting luma
information and the mode for predicting chroma information may be different from each other. Intra
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prediction mode information obtained by luma information or predicted luma signal information may be
used to predict the chroma information.

[0049] When the size of a prediction unit and the size of a transform unit are equal to each other at
performing intra prediction, the intra prediction of the prediction unit may be performed on the basis of
pixels located on the left side of the prediction unit, a pixel located at the left-upper end, and pixels
located at the upper end. On the other hand, when the size of a prediction unit and the size of a
transform unit are different from each other at performing intra prediction, the intra prediction may be
performed using reference pixels based on the transform unit. Intra prediction using NxN partitioning
for only the minimum coding unit may be performed.

[0050] In the intra prediction method, an MDIS (Mode Dependent Intra Smoothing) filter is applied to
reference pixels depending on the prediction mode and then a predicted block may be generated. The
type of the MDIS filter applied to the reference pixels may vary. In the intra prediction method, the intra
prediction mode of a current prediction unit may be predicted from the intra prediction mode of a
prediction unit located around the current prediction unit. When the prediction mode of the current
prediction unit is predicted using the mode information predicted from the neighboring prediction units
and the intra prediction modes of the current prediction unit, if the neighboring prediction units are
equal to each other, information representing that the prediction modes of the current prediction unit
and the neighboring prediction units are equal to each other may be transmitted using predetermined
flag information. If the prediction modes of the current prediction unit and the neighboring prediction
units are different from each other, the prediction mode information of the current block may be
encoded by performing entropy encoding.

[0051] A residual block including residual information which is a difference between a prediction unit
and the original block of the prediction unit may be generated. The generated residual block may be
input to the transform module 115. The transform module 115 may transform the residual block
including the residual information of the prediction unit generated by the prediction module 110 and the
original block using a transform method such as DCT (Discrete Cosine Transform) or DST (Discrete
Sine Transform). Which of the DCT and the DST is used to transform the residual block may be
determined on the basis of the intra prediction mode information of the prediction unit used to generate
the residual block.

[0052] The quantization module 120 may quantize values transformed into the frequency domain by
the transform module 115. The quantization coefficients may be changed depending on the block or
the degree of importance of a picture. The values output from the quantization module 120 may be
supplied to the inverse quantization module 135 and the rearrangement module 125.

[0053] The rearrangement module 125 may rearrange the coefficient values with respect to the
quantized residual values.

[0054] The rearrangement module 125 may change two-dimensional block type coefficients to one-
dimensional vector type coefficients through the use of a coefficient scanning method. For example,
the rearrangement module 125 may scan DC coefficients to coefficients of the high frequency domain
using a zigzag scanning method to change the scanned coefficients to one-dimensional vector type
coefficients. A vertical scanning method of scanning two-dimensional block type coefficients in the
column direction and a horizontal scanning method of scanning two-dimensional block type coefficients
in the row direction may be used instead of the zigzag scanning method depending on the size of a
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transform unit and the intra prediction mode. That is, which of the zigzag scanning method, the vertical
scanning method, and the horizontal scanning method should be used may be determined depending
on the size of a transform unit and the intra prediction mode.

[0055] The entropy encoding module 130 may perform entropy encoding on the basis of the values
generated by the rearrangement module 125. Various encoding methods such as exponential golomb
coding, VLC (Variable length Coding), and CABAC (Context-Adaptive Binary Arithmetic Coding) may be
used for the entropy encoding.

[0056] The entropy encoding module 130 may encode a variety of information such as residual
coefficient information and block type information of a coding unit, prediction mode information,
partitioning unit information, prediction unit information, transfer unit information, motion vector
information, reference frame information, block interpolation information, and filtering information from
the rearrangement module 125 and the prediction module 110.

[0057] The entropy encoding module 130 may entropy-encode coefficient values of the coding unit
input from the rearrangement module 125.

[0058] The inverse quantization module 135 and the inverse transform module 140 inversely quantize
the values quantized by the quantization module 120 and inversely transform the values transformed
by the transform module 115. The residual values generated by the inverse quantization module 135
and the inverse transform module 140 may be added with the prediction unit, which is predicted by the
motion vector prediction module, the motion compensation module, and the intra prediction module of
the prediction module 110, to generate a reconstructed block.

[0059] The filter module 145 may include at least one of a deblocking filter, an offset correction
module, and an ALF (Adaptive Loop Filter).

[0060] The deblocking filter 145 may remove block distortion generated due to the boundary between
blocks in the reconstructed picture. Whether the deblocking filter is applied to a current block may be
determined on the basis of the pixels included in several rows or columns of the block. When the
deblocking filter is applied to a block, a strong filter or a weak filter may be applied depending on the
necessary deblocking filtering strength. When performing horizontal filtering and vertical filtering for
applying the deblocking filter, the horizontal filtering and the vertical filtering may be performed in
parallel.

[0061] The offset correction module may correct an offset of the picture performed the deblocking from
the original picture in the unit of pixels. A method of partitioning the pixels of a picture into a
predetermined number of regions, determining a region to be subjected to the offset correction, and
applying the offset correction to the determined region or a method of applying the offset correction in
consideration of edge information of each pixel may be used to perform the offset correction on a
specific picture.

[0062] The ALF (Adaptive Loop Filter) may perform filtering on the basis of comparison result of the
filtered reconstructed picture and the original picture. The pixels included in a picture may be
partitioned into predetermined groups, a filter to be applied to each group may be determined, and the
filtering may be differently performed for each group. Information on whether the ALF should be
applied may be transferred by the coding units (CU) and the size and coefficients of the ALF to be
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applied to each block may vary. The ALF may have various types and the number of coefficients
included in the corresponding filter may vary. The filtering-related information (such as filter coefficient
information, ALF ON/OFF information, and filter type information) of the ALF may be included and
transferred in a predetermined parameter set of a bitstream.

[0063] The memory 150 may store the reconstructed block or picture output from the filter module 145
and the stored reconstructed block or picture may be supplied to the prediction module 110 when
performing the inter prediction.

[0064] FIG. 2 is a block diagram illustrating an image decoding device according an embodiment of the
invention.

[0065] Referring to FIG. 2, an image decoding device 200 includes an entropy decoding module 210, a
rearrangement module 215, an inverse quantization module 220, an inverse transform module 225, a
prediction module 230, a filter module 235, and a memory 240.

[0066] VWhen an image bitstream is input from the image encoding device, the input bitstream may be
decoded in the inverse order of that in the image encoding device.

[0067] The entropy decoding module 210 may perform entropy decoding in the inverse order of the
entropy encoding process performed the entropy encoding module of the image encoding device. The
residual values performed the entropy decoding by the entropy decoding module may be input to the
rearrangement module 215.

[0068] The entropy decoding module 210 may decode information associated with the intra prediction
and the inter prediction performed by the encoding device. As described above, there are
predetermined restrictions in performing the intra prediction and the inter prediction, the entropy
decoding module may perform the entropy decoding based on the restrictions to get the information of
a current block associated with the intra prediction and the inter prediction.

[0069] The rearrangement module 215 may perform rearrangement on the bitstream entropy-decoded
by the entropy decoding module 210 on the basis of the rearrangement method of the encoding
module. The rearrangement module may reconstruct and rearrange coefficients expressed in the form
of one-dimensional vector into two-dimensional block type coefficients. The rearrangement module 215
may be supplied with information associated with the coefficient scanning performed by the encoding
module and may perform the rearrangement using a method of inversely scanning the coefficients on
the basis of the scanning order in which the scanning is performed by the encoding module.

[0070] The inverse quantization module 220 may perform inverse quantization on the basis of the
quantization parameters supplied from the encoding device and the rearranged coefficient values of
the block.

[0071] The inverse transform module 225 may perform the inverse DCT and inverse DST depending
on the DCT and DST, which has been performed by the transform module in the image encoding
device. The inverse transform may be performed on the basis of a transfer unit determined by the
image encoding device. The transform module of the image encoding device may selectively perform
the DCT and DST depending on plural information elements such as the prediction method, the size of
the current block, and the prediction direction, and the inverse transform module 225 of the image
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decoding device may perform the inverse transform on the basis of the transform information
performed by the transform module of the image encoding device.

[0072] The inverse transform may be performed by the coding units instead of the transform units
having been subjected to the transform.

[0073] The prediction module 230 may generate a predicted block on the basis of predicted block
generation information supplied from the entropy decoding module 210 and the previously-decoded
block or picture information supplied from the memory 240.

[0074] As described above, similarly to the operation of the image encoding device, when the size of a
prediction unit and the size of a transform unit are equal to each other at performing the intra
prediction, the intra prediction on the prediction unit is performed on the basis of pixels located on the
left side of the prediction unit, a pixel located at the left-upper end, and pixels located at the upper end.
On the other hand, when the size of a prediction unit and the size of a transform unit are different from
each other at perform intra prediction, the intra prediction may be performed using reference pixels
based on the transform unit. Intra prediction using NxN partitioning for only the minimum coding unit
may be performed.

[0075] The prediction module 230 includes a prediction unit determination module, an inter prediction
module, and an intra prediction module. The prediction unit determination module may receive a
variety of information such as prediction unit information input from the entropy decoding module,
prediction mode information of the intra prediction method, and motion prediction-related information of
the inter prediction method, may determine a prediction unit from the current coding unit, and may
determine which of the inter prediction and the intra prediction should be performed on the prediction
unit. The inter prediction module may perform the inter prediction on the current prediction unit on the
basis of information included in at least one picture of a previous picture and a subsequent picture of
the current picture including the current prediction unit using information necessary for the inter
prediction of the current prediction unit supplied from the image encoding device.

[0076] In order to perform the inter prediction, it may be determined which of a skip mode, a merging
mode, and an AMVP mode is the motion prediction method of the prediction unit included in the coding
unit on the basis of the coding unit.

[0077] The intra prediction module may generate a predicted block on the basis of pixel information in
the current picture. When a prediction unit is the prediction unit applied to the intra prediction, the intra
prediction may be performed on the basis of the intra prediction mode information of the prediction unit
supplied from the image encoding device. The intra prediction module may include an MDIS filter, a
reference pixel interpolation module, and a DC filter. The MDIS filter performs filtering on the reference
pixels of the current block. It is determined whether the filter should be applied depending on the
prediction mode of the current prediction unit. The MDIS filter may perform filtering on the reference
pixels of the current block using the prediction mode of the prediction unit and the MDIS filter
information supplied from the image encoding device. When the prediction mode of the current block is
a mode in which the MDIS filtering is not performed, the MDIS filter may not be applied.

[0078] When the prediction mode of the prediction unit is a prediction unit to be applied to the intra
prediction on the basis of the pixel values obtained by interpolating the reference pixels, the reference
pixel interpolation module may generate reference pixels in the unit of pixels less than an integer by
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interpolating the reference pixels. When the prediction mode of the current prediction unit is a
prediction mode in which a predicted block is generated without interpolating the reference pixels, the
reference pixels may not be interpolated. When the prediction mode of the current block is the DC
mode, the DC filter may generate a predicted block through filtering.

[0079] The reconstructed block or picture may be supplied to the filter module 235. The filter module
235 includes a deblocking filter, an offset correction module, and an ALF.

[0080] Information on whether the deblocking filter is applied to the corresponding block or picture and
information on which of the strong filter and the weak filter has been applied when the deblocking filter
has been applied may be supplied from the image encoding device. The deblocking filter of the image
decoding device may be supplied with the deblocking filter-related information from the image
encoding device and may perform deblocking filtering on the corresponding block in the decoding
device. Similarly to the image encoding device, the vertical deblocking filtering and the horizontal
deblocking filter are first performed, where at least one of the vertical deblocking filtering and the
horizontal deblocking filtering may be performed on an overlapping portion. The vertical deblocking
filtering or the horizontal deblocking filtering which is not previously performed may be performed on
the portion in which the vertical deblocking filtering and the horizontal deblocking filtering overlap. The
parallel processing of the deblocking filtering processes may be performed through this deblocking
filtering.

[0081] The offset correction module may perform offset correction on the reconstructed picture on the
basis of the type of the offset correction and the offset value information applied to the picture in
encoding.

[0082] The ALF may perform the filtering on the basis of the comparison result between the
reconstructed picture subjected to the filtering and the original picture. The ALF may be applied to the
coding unit on the basis of the ALF application information and the ALF coefficient information supplied
from the encoding device. The ALF information may be included and supplied in a specific parameter
set.

[0083] The memory 240 may store the reconstructed picture or block for use as a reference picture or
a reference block and may supply the reconstructed picture to an output module.

[0084] As described above, in the embodiments of the invention, the coding unit is used as a term
representing an encoding unit, but may be used as a unit of decoding as well as encoding.

[0085] An image encoding method and an image decoding method to be described later in the
embodiments of the invention may be performed by the constituents of the image encoding device and
the image decoding device described above with reference to FIGS. 1 and 2. The constituents may
include software process units which may be performed through algorithms, as well as hardware
constituents.

[0086] FIG. 3 is a conceptual diagram illustrating locations of luma samples and chroma samples
according to an embodiment of the invention.

[0087] Referring to FIG. 3, the sampling rate and the sampling positions of luma samples 300 and
chroma samples 320 may be different from each other.
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[0088] The luma samples 300 and the chroma samples 320 may constitute a picture in various
formats. For example, when YUV 4:2:0 sampling is used for the luma samples 300 and the chroma
samples 320 of a picture, the chroma samples 320 Cb and Cr may be located between the luma
samples 300. Therefore, the luma samples 300 and the chroma samples 320 do not match in position,
and the amount of data in the horizontal and vertical directions of the chroma samples 320 is a half of
the luma samples.

[0089] According to an embodiment of the invention, the luma samples may be used to calculate the
predicted values of the chroma samples.

[0090] Expression 1 expresses the predicted values of the chroma samples.
Expression 1

E(x,y) =ax05x[F (2x,2y)+ P, (2x,2y+ )]+

P

(4
represents the predicted value of a chroma sample in a block and P;«(x,y) = 0.5%[P;(2x,2y) + P (2x,2y

+ 1)] represents a luma sample of a reconstructed block. Parameters a and B may be derived from
previously-reconstructed samples around the current block.

[0091] The sampling rate of the chroma samples may be half the sampling rate of the luma samples
and may have a phase difference of 0.5 pixels in the vertical direction. The reconstructed luma
samples may be down-sampled in the vertical direction and sub-sampled in the horizontal direction so
as to match the phase and the size of the chroma samples.

[0092] Therefore, in the chroma sample prediction method according to the embodiment of the
invention, it is possible to calculate the predicted values of the chroma samples reflecting the phase
difference between the chroma samples and the luma samples by using the value of Py«(x, y) =

0.5x[P;(2x,2y) + P;(2x,2y + 1)] as the sample value of the reconstructed luma block in consideration of

the phase difference.

[0093] Expression 2 is a mathematic formula representing a method of calculating parameters a and
Expression 2

. R(P,..P.)
R(B,., )
B=M(B.)~axM(B,)

[0094] In Expression 2, R(e,e) may be defined as a function of calculating the relation value of input
variables. For example, it is a correlation function or an auto covariance function which is a function of
calculating the relation value between two variables P~ and Pc. M(e) Represents a function of
calculating an average value. That is, a and B may be values calculated using linearly-interpolated
sample values as variables. The method of calculating a and B using the linearly-interpolated sample
values as variables belongs to the scope of the invention.
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[0095] P~ represents a linearly-interpolated value of a reconstructed luma sample calculated in

consideration of the phase difference as shown in Expression 3.
Expression 3

Pa(x,) = 0.5X[F,(22,2y) + P, (2, 2y +1)]

[0096] FIG. 4 is a diagram illustrating luma sample values located around and inside a current block
according to an embodiment of the invention.

[0097] Referring to FIG. 4, a first sample 400 represents a sub-sampled luma sample used to calculate
parameters a and B. A second sample 410 represents a sample obtained by linearly interpolating a
sub-sampled luma sample used to calculate parameters a and .

[0098] A third sample 420 represents a sub-sampled luma sample used to calculate a chroma sample.
A fourth sample 430 represents a sub-sampled luma sample performed linear interpolation and used
to calculate a chroma sample.

[0099] That is, in the chroma sample prediction method using luma samples according to the
embodiment of the invention, luma sample values may be calculated by performing the linear
interpolation in consideration of the difference in distance between the luma samples and the chroma
samples and linearly-interpolated luma sample, not luma sample itself, may be used to predict the
chroma samples. By using this linear interpolation method, it is possible to further accurately predict
the chroma signal in an image format in which the chroma signal and the luma signal are different in
position. The luma sample values may be calculated by performing the linear interpolation on the basis
of the difference in phase and sampling rate between the luma samples and the chroma samples. This
embodiment also belongs to the scope of the invention.

[0100] In an embodiment in which an LM is used, the following method may be used.

[0101] The following expressions represent calculating intra-predicted values of a chroma block using
the LM.

Expression 4
k3 =Max( 0, BitDepthe + Log2( nS)—14)
Py’ [ 3% =1 ] =€ Prgal 2%-1, =1 |+ 2%Ppp[ 2%, =1 1+ Pyl 2x+1, =1 1+ 2) >> 2, withx = 0.n8~1
Py’ [ =Ly 1= (P -1, 2y ]+ Pruf ~1, 2y+1 1)>> 1, with y = 0.nS-1

pv’ % y ] = (recSamplesy [ 2x, 2y | + recSamples; [ 2%, 2y+1 ])>> 1, with x, y= 0.n5-1

[0102] In Expression 4, a new first variable may be calculated using the linear interpolation as
described above.

[0103] A second variable for calculating a and p may be calculated using the first variable calculated

through Expression 4, as shown in Expression 5.
Expression 5

VPN SN AN
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L= Lrilpy'[*l, i+ %ill?y'[x, —HJ >> k3

y=0 x=0

C= (%lp[—l, yi+ %lp[x, —1]) >> k3
y=o

x=0

rS-1 nS-1
LL= (Z pr-L v+ Y py I, nuz] >> k3
y=0

x=0

y=0 y=0

Le= ('Z_;PY'['“L }’]* P["'la .Y]+"Z-:Pv‘[x: "1]* p[x,—l]] >> k3

K2 = Tog2( (2*nS) >>k3)

[0104] The values of a and B may be calculated on the basis of the second variable, which is

calculated through Expression 5, using Expression 6.
Expressicn 6

al =(LC<<k2)-L*C

a2  ={LL <<k2)-L*L

kl =Max( 0, Log2(abs(a2)) —5) — Max( 0, Log2( abs(al ) )= 14)+2
alg=al >> Max(0, Log2( abs(al)) - 14)

a2s=abs( a2 >> Max(0, Log2(abs(a2)) - 5))

a3 =a2s<170: Clip3(~2" 2"-1, als*ImDiv + (1 << (k1 — 1)) =kl

a =a3>>Max(0, Log2(abs(a3})~6)
k =13 -Max(0,Log2(abs(a))~6)

Be(L-((*C)=>k1)+(1<<(12- 1)) =12

[0105] The chroma block samples using the LM may be calculated on the basis of a and 8, which are

calculated through Expression 6, using Expression 7.
Expression 7

predSamples] x, y ] = Cliplc{{{py[x y]1*a)}>> k) + B), with x, y = 0.n5~1

[0106] In Expressions 4 to 7, similarly to the above-mentioned method, linear interpolation may be
performed on the basis of the relation between the chroma sample and the luma sample, a and p may
be calculated using the relation between the calculated variables, and intra prediction may be
performed using the LM in the chroma block on the basis of the calculated values.

[0107] This method premises that an image format is YUV 4:2:0. When the image format is an image
format other than the YUV 4:2:0 (for example, 4:4:4 or 4:0:0), the above-described linear interpolation
expression may vary depending on the positional relation between the chroma sample and the luma
sample. This embodiment also belongs to the scope of the invention.

[0108] Table 1 represents intra prediction modes and intra prediction mode indices mapped onto the
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intra prediction modes according to an embodiment of the invention.

Table 1

Intra prediction mode Associated names

0 Intra_Planar

1 Intra_DC

Otherwise (2..34) Intra_Angular

35 Intra_FromLuma (used only for chroma)

[0109] Referring to Table 1, the luma block may be intra-predicted using zeroth to 34-th intra prediction
modes. The zeroth intra prediction mode is a planar mode, the first intra prediction mode is a DC mode
as a non-directive intra prediction mode, and the second to 34-th intra prediction modes are directive
intra prediction modes. The intra prediction may be performed on the basis of prediction angles
different depending on the indices.

[0110] FIG. 5 is a conceptual diagram illustrating a directive intra prediction method according to an
embodiment of the invention.

[0111] Referring to FIG. 5, the directive intra prediction modes have different intra prediction directions
in the clockwise direction from the second intra prediction mode up to the 34-th intra prediction mode .

[0112] All the directive intra prediction modes shown in FIG. 5 may be used to perform intra prediction
on a luma block. However, all the directive intra prediction modes are not used but only some directive
intra prediction modes may be used to perform intra prediction on a chroma block.

[0113] The intra prediction on a chroma block may use an oblique intra prediction mode (the 34-th
intra prediction mode), a vertical intra prediction mode (the 26-th intra prediction mode), a horizontal
intra prediction mode (the tenth intra prediction mode), and a DC intra prediction mode. In addition, an
LM (Luma Estimated Mode) in which a chroma block is predicted on the basis of a reconstructed luma
block which is an intra prediction mode different from that of a luma block and a DM (Luma Directed
Mode) which is the same intra prediction mode as the luma block may be used to intra-predict a
chroma block.

[0114] Table 2 is a table illustrating the mapping relationship between the intra prediction mode and
the intra prediction mode index when the LM, the vertical intra prediction mode (VER), the horizontal
intra prediction mode (HOR), the DC intra prediction mode, and the DM are used to intra-predict a
chroma block.

Table 2
. Prediction mode of luma component
intra_chroma_pred_type
VER HOR DC ANG(X)

0 LM LM LM LM

1 n/a VER VER VER
2 HOR n/a HOR HOR
3 DC DC n/a DC

4 VER HOR DC X
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[0115] Referring to Table 2, the intra prediction on a chroma block may be performed using the LM
(Luma Estimated Mode) when intra_chroma_pred_type is 0, the vertical intra prediction mode (VER)
when intra_chroma_pred_type is 1, the horizontal intra prediction mode (HOR) when
intra_chroma_pred_type is 2, the DC intra prediction mode when intra_chroma_pred_type is 3, and the
DM (Luma Directed Mode) when intra_chroma_pred_type is 4.

[0116] When a luma block and a chroma block use the same intra prediction mode, the intra prediction
mode of the chroma block may be expressed by the DM and thus it is not necessary to map the intra
prediction mode index onto one intra prediction mode of the above-mentioned five intra prediction
modes of a chroma block. For example, when the intra prediction mode of a luma block is the vertical
intra prediction mode (VER) and the intra prediction mode of a chroma block is the vertical intra
prediction mode (VER), the intra prediction mode of the chroma block may be expressed by the DM of
intra_chroma_pred_type 4 and thus it is not necessary to map the intra prediction mode on the
intra_chroma_pred_type 1. In the same manner, when the intra prediction mode of a luma block is the
vertical intra prediction mode (VER), the horizontal intra prediction mode (HOR), and the DC intra
prediction mode (DC), the intra prediction mode of a chroma block may be expressed by four
intra_chroma_pred_types.

[0117] When the intra prediction mode of a luma block is the directive intra prediction modes other
than the vertical intra prediction mode, the horizontal intra prediction mode, and the DC mode, the DM
mode and the intra prediction mode of the luma block do not overlap and thus the intra prediction on
the chroma block may be performed using five intra_chroma_pred_types, unlike the case where the
DM mode and the intra prediction mode of the luma block overlap.

[0118] The intra prediction mode used to perform the intra prediction on a chroma block and the
mapping relationship between the intra prediction mode and the intra prediction mode index may
arbitrarily change. Whether the LM should be used for a chroma block may be determined in the
encoding and decoding step, and Table 2 may vary depending on whether the LM is used.

[0119] For example, as described in tables 3 and 4, the oblique intra prediction mode (the 34-th intra
prediction mode) and the planar mode may be additionally used as the intra prediction mode of a
chroma block.

[0120] Table 3 shows the mapping relationship between the intra prediction mode of a chroma block
and the intra prediction mode indices when the intra prediction on the chroma block is performed
without using the LM.

Table 3

] IntraPredMode[ xB][yB]

intra_chroma_pred_mode
0 26 10 1 X (0 <=X <35
34 0 0 0 0

26 34 26 26 26
10 10 34 10 10
1 1 1 34 1
0 26 10 1 X

AIWIN{2iO
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[0121] Referring to Table 3, intra_chroma_pred_mode 0 is mapped on the planar mode,
intra_chroma_pred_mode 1 is mapped on the vertical intra prediction mode (the 26-th intra prediction
mode), intra_chroma_pred_mode 2 is mapped on the horizontal intra prediction mode (the tenth intra
prediction mode), intra_chroma_pred_mode 3 is mapped on the DC mode (the first intra prediction
mode), and intra_chroma_pred_mode 4 is mapped on the DM.

[0122] When the intra prediction mode of a luma block is the planar mode, the vertical mode, the
horizontal mode, or the DC mode, the intra prediction mode of a chroma block may be expressed by
the DM. Accordingly, the oblique intra prediction mode (the 34-th intra prediction mode) instead of the
intra prediction mode expressed by the DM may be used as an additional intra prediction mode to
intra-predict a chroma block.

[0123] Table 4 shows the relationship between the intra prediction mode of a luma block and the intra
prediction mode of a chroma block when the intra prediction is performed on the chroma block using
the LM mode.

Table 4

) IntraPredMode[ xB][yB]

intra_chroma_pred_mode

0 26 10 1 X(0<=X<35

0 34 0 0 0 0

1 26 34 26 26 26

2 10 10 34 10 10

3 1 1 1 34 1

4 LM LM LM LM LM

5 0 26 10 1 X

[0124] Referring to Table 4, the intra prediction modes of a chroma block may be mapped on the
planar mode when intra_chroma_pred_mode is 0, the wvertical intra prediction mode when
intra_chroma_pred_mode is 1, the horizontal intra prediction mode when intra_chroma_pred_mode is
2, the DC mode when intra_chroma_pred_mode is 3, the LM when intra_chroma_pred_mode is 4, and
the DM when intra_chroma_pred_mode is 5.

[0125] Similarly to Table 4, the intra prediction mode of a luma block is the planar mode, the vertical
mode, the horizontal mode, and the DC mode, the intra prediction mode of a chroma block may be
expressed by the DM. Accordingly, the oblique intra prediction mode (the 34-th intra prediction mode)
instead of the intra prediction mode among the intra_chroma_pred_modes, which may be expressed
by the DM, may be used.

[0126] In the intra prediction modes of a chroma block mapped as described above, the intra
prediction mode information of a chroma block may be transferred through the use of a codeword
mapping method shown in Table 6.

[0127] The table like Table 3 in which the intra prediction modes of a luma block are mapped on the
intra prediction modes of a chroma block without including the LM is defined as a non-LM mapping
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table. The table like Table 4 in which the intra prediction modes of a luma block are mapped on the
intra prediction modes of a chroma block to include the LM is defined as an LM mapping table.

[0128] Referring to Tables 3 and 4, an intra prediction mode unnecessary due to the DM is set to the
oblique intra prediction mode (the 34-th intra prediction mode). However, the intra prediction modes
other than the 34-th intra prediction mode, such as the 18-th intra prediction mode and the second
intra prediction mode, may be used instead of the 34-th intra prediction mode. This embodiment also
belongs to the scope of the invention.

[0129] Information on what intra prediction mode should be used as a substituent intra prediction
mode may be expressed by pseudo codes as described in the below table.

Table 5
For(int i=2;i<6;i++)
{
If(chroma_modeli] = =luma_mode)
{
chroma_mode[i] =SU BSTITUTE_MODE
Break;
}

[0130] Referring to Table 5, when the intra prediction mode of a luma block and the intra prediction
mode of a chroma block are equal to each other, the intra prediction mode to substitute the same intra
prediction mode of a chroma block as the intra prediction mode of a luma block may be expressed by
syntax element information such as substitute_mode to perform the intra prediction on the chroma
block.

[0131] In order to signal the intra prediction mode of a chroma block as described in the above-
mentioned embodiments, codewords may be mapped on the intra prediction modes to signal the intra
prediction modes as described in the below table.

[0132] Table 6 is a table in which codewords are mapped on the intra prediction modes of a chroma
block according to an embodiment of the invention.

Table 6
Mode number Mode Name Codeword
0 Luma Directed Mode 0
Luma Estimated Mode 10
2 Vertical Mode 110
3 Horizontal Mode 1110
4 DC Mode 1111

[0133] Referring to Table 6, there are mode numbers, intra prediction mode names mapped on the
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mode numbers, and codewords corresponding thereto. The DM is mapped on codeword "0", the LM is
mapped on codeword "10", the vertical mode is mapped on codeword "110", the horizontal mode is
mapped on codeword "1110", and the DC mode is mapped on codeword "1111". As described in Table
6, a fixed codewords may be mapped on the intra prediction modes of a chroma block regardless of
the intra prediction modes of a luma block, or a method of not mapping a codeword on a non-used
intra prediction mode but mapping codewords on the used intra prediction modes depending on the
intra prediction mode of a luma block may be used.

Table 6-1
Prediction mode of luma component

intra_chroma_pred_type

VER HOR DC ANG(X)
0 10 10 10 10
1 n/a 111 111 111
2 111 n/a 110 1111
3 110 110 n/a 1110
4 0 0 0 0

[0134] Referring to Table 6-1, by not mapping a codeword on a non-used intra prediction mode but
mapping codewords on the used intra prediction modes depending on the intra prediction mode of a
luma block, the codewords for expressing the intra prediction modes of a chroma block may be flexibly
mapped depending on the intra prediction mode of a luma block.

[0135] As another method of mapping the intra prediction modes and the codewords, a fixed codeword
mapping method as described in Table 7 may be used when the intra prediction modes of a chroma
block are mapped on the codewords as described in Tables 3 and 4.

Table 7

mode_idx IHE ILC
DM 0 0
LM 10 X
mode 0 1100 100
mode 1 1101 101
mode 2 1110 110
mode 3 111 111

[0136] Referring to Table 7, in order to predict the intra prediction modes of a chroma block, the case
where the intra prediction is performed to include the LM and the case where the intra prediction is
performed without using the LM may be distinguished as described above, and the intra prediction
modes and the codewords corresponding to the intra prediction modes may be mapped according to
one of the cases.

[0137] When the intra prediction mode on a chroma block is performed to include the LM, the intra
prediction on a chroma block may be performed using the DM, the LM, and the four intra prediction
modes (mode 0, mode 1, mode 2, and mode 3). When the intra prediction on a chroma block is
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performed without using the LM, the intra prediction may be performed using the DM and four intra
prediction modes (mode 0, mode 1, mode 2, and mode 3).

[0138] The codewords described in Table 7 may be encoded and decoded through the use of a
bypassing method of bypassing the values themselves without using any context. In the bypassing
method, all bits of a codeword may be bypassed, but bits representing the DM and bits representing
the LM may be encoded using a context. That is, when the LM mode is used, first two bits are encoded
using a context. When the LM mode is not used, only the first bit may be context-encoded. The
codeword encoding method is arbitrary and various methods may be used. For example, when
calculation does not have to be performed fast, contexts may be assigned to all bits of a codeword to
encode the bits. The variousbinarization method of the intra prediction mode may be used.

[0139] Table 8 is a table representing the mapping relationship between intra prediction modes and
codewords when mode 0 is the planar mode, mode 1 is the vertical intra prediction mode, mode 2 is
the horizontal intra prediction mode, and mode 3 is the DC intra prediction mode on the basis of the
mapping relationship between the intra prediction modes of a chroma block and the codewords shown
in Table 7.

Table 8
int:';alzﬁr?)fma chroma_pred_from_luma_enabled {chroma_pred_from_luma_enabled
prea mode _flag=1 _flag=0
5 0 n/a
4 10 0
0 1100 100
1 1101 101
2 1110 110
3 111 111

[0140] Referring to Table 8, chroma_pred_from_luma_enabled_flag=1 represents that the intra
prediction on a chroma block is performed using the LM. Codewords may be fixedly mapped on the
corresponding intra prediction modes such as the DM when intra_chroma_pred_mode is 5, the LM
when intra_chroma_pred_mode is 4, the planar mode when intra_chroma_pred_mode is 0, the VER
when intra_chroma_pred_mode is 1, the HOR when intra_chroma_pred_mode is 2, and the DC when
intra_chroma_pred_mode is 3.

[0141] Chroma_pred_from_luma_enabled_flag=0 represents that the intra prediction on a chroma
block is performed without using the LM mode. Codewords may be fixedly mapped on the
corresponding intra prediction modes such as the DM when intra_chroma_pred_mode is 4, the planar
mode when intra_chroma_pred_mode is 0, the VER when intra_chroma_pred_mode is 1, the HOR
when intra_chroma_pred_mode is 2, and the DC when intra_chroma_pred_mode is 3.

[0142] FIG. 6 is a flowchart illustrating a method of calculating an intra prediction mode of a chroma
block according to an embodiment of the invention.

[0143] Referring to FIG. 6, flag information on whether the LM is used is decoded (step S600).
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[0144] When performing the intra prediction on a chroma block, the LM may be selected used and
whether the LM is used to perform the intra prediction on a chroma block may be determined on the
basis of the flag information representing whether the LM is used. As described above, the codeword
expressing the same intra prediction mode information may vary depending on whether the LM is
used.

[0145] The codeword including the intra prediction mode of a chroma block is received (step S610).

[0146] The codeword information encoded on the basis of the mapping relationship between the intra
prediction modes and the codewords as described in Tables 6 and 7 may be received.

[0147] The intra prediction mode information of a chroma block is decoded on the basis of the
received codeword information (step S620).

[0148] As described above, there are various mapping tables between the codewords and the intra
prediction modes. The intra prediction mode information of a chroma block may be decoded on the
basis of a lookup table representing the mapping relationship between the codewords and the intra
prediction modes.

[0149] For example, when the intra prediction on a chroma block is performed using the LM, the
encoding device may encode information representing that a chroma block is encoded in the intra
prediction mode including the LM as flag information, and the decoding device may decode the intra
prediction mode information of the chroma block on the basis of the flag information.

[0150] The received codeword information may be decoded into the intra prediction mode information
on the basis of a lookup table.

[0151] For example, in Table 7, when the intra prediction mode information of a chroma block
represents the LM, the encoding may be performed using "10" as the codeword information and "10"
which the encoded codeword information may be received as the codeword information of the chroma
block by the decoding device.

[0152] The decoding device may determine that the intra prediction mode of the chroma block which is
being decoded currently is the LM on the basis of Table 7, and may decode the chroma block on the
basis thereof.

[0153] FIG. 7 is a conceptual diagram illustrating a part of a prediction module that decodes an intra
prediction mode of a chroma block according to an embodiment of the invention.

[0154] Referring to FIG. 7, the prediction module includes an LM mode use determination module 700
and an intra chroma block prediction mode derivation module 720.

[0155] The LM mode use determination module 700 may determine whether the LM is used as the
intra prediction mode of a chroma block of a current block on the basis of LM use flag information of

the encoding device.

[0156] The intra chroma block prediction mode derivation module 720 may derive the intra prediction
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mode information on by what intra prediction mode to encode and decode the current chroma block on
the basis of the mapping relationship between the codewords and the intra prediction modes of a
chroma block.

[0157] For example, by using chroma_pred_flag_luma_enabled_pred_mode which is the flag
information as described in Table 7, it may be determined whether the LM is used for the intra
prediction mode of the current chroma block. When the LM is used and "110" is received as the
codeword information, it represents that the second intra prediction mode is used as the intra
prediction mode (intra_chroma_pred_mode) of the current chroma block. It is possible to derive the
intra prediction mode information of the current chroma block in consideration of the intra prediction
mode information of a Iluma block using Table 7 on the basis of the information of
intra_chroma_pred_mode.

[0158] By using the above-mentioned intra prediction mode including the LM, it is possible to express
the use of the LM by the use of the flag information depending on the nature of a picture and to
perform the intra prediction. The value of intra_chroma_pred_mode may be derived by using different
codeword mapping tables depending on whether the LM is used. The intra prediction mode of a
chroma block may be derived using the LM mapping table or the non-LM mapping table based on
whether the LM is used depending on the derived value of intra_chroma_pred_mode. By employing
this method, it is possible to reduce the number of bits which is unnecessarily wasted and to transfer
only necessary intra prediction mode information.

[0159] The image encoding method and the image decoding method described above may be
embodied by the constituents of the image encoding device and the image decoding device described
above with reference to FIGS. 1 and 2.
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Patentkrav

1. Billedafkodningsfremgangsmade med et billedafkodningsapparat (200), hvilken

fremgangsmade omfatter:

10

15

20

25

30

at modtage videoinformation omfattende
intralumaforudsigelsestilstandsinformation og

intrakromaforudsigelsestilstandsinformation;

at bestemme en intraforudsigelsestilstand af en lumablok baseret pa

intralumaforudsigelsestilstandsinformationen;

at opna en intraforudsigelsestilstand af en kromablok relateret til
lumablokken baseret pa intrakromaforudsigelsestilstandsinformationen,
hvor intrakromaforudsigelsestilstandsinformationen indikerer en af
intrakromaforudsigelsestilstandsindekser, hvor intraforudsigelsestilstanden
af kromablokken bestemmes baseret pa den indikerede af
intrakromaforudsigelsestilstandsindekserne og intraforudsigelsestilstanden
af lumablokken; og

at generere en forudset blok af kromablokken baseret pd den opnaede
intraforudsigelsestilstand af kromablokken,

hvor intrakromaforudsigelsestilstandsinformationen repraesenterer en
binzer kode relateret til det ene af intrakromaforudsigelsestilstandsindekser
omfattende:

- et fgrste indeks relateret til en planar tilstand for
intraforudsigelsestilstanden af kromablokken,

- et andet indeks relateret til en vertikal tilstand for
intraforudsigelsestilstanden af kromablokken,

- et tredje indeks relateret til en horisontal tilstand for
intraforudsigelsestilstanden af kromablokken,

- et fjerde indeks relateret til en DC-tilstand for
intraforudsigelsestilstanden af kromablokken og

- et femte indeks der repraesenterer, at intraforudsigelsestilstanden
af kromablokken er den samme som intraforudsigelsestilstanden af
lumablokken, og
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2

hvor en fgrste bit af den binzere kode for
intrakromaforudsigelsestilstandsinformationen afkodes baseret pa en
kontekst-baseret afkodning og resterende bit af den binaere kode afkodes

baseret pa en bypassafkodning, og

hvor den binzere kode for intrakromaforudsigelsestilstandsinformationen er
en af kandidat-binaere koder omfattende en binaer kode for det fgrste
indeks, som repraesenteres af '100', en binzer kode for det andet indeks,
som repraesenteres af '101', en binzer kode for det tredje indeks, som
repraesenteres af '110', en binaer kode for det fjerde indeks, som
repraesenteres af '111', og en binaer kode for det femte indeks, som

repraesenteres af '0".

2. Fremgangsmaden ifglge krav 1, hvor den fgrste bit af den binsere kode for
intrakromaforudsigelsestilstandsinformationen afkodes baseret pa den kontekst-
baserede afkodning nar en LM-tilstand for intraforudsigelsestilstanden af

kromablokken ikke er aktiveret.

3. Fremgangsmaden ifglge krav 1, hvor, nar
intrakromaforudsigelsestilstandsinformationen repraasenterer det fgrste indeks og
intraforudsigelsestilstanden af lumablokken er den planare tilstand,
intraforudsigelsestilstanden af kromablokken er en right-up-diagonal-intratilstand,

hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
fgrste indeks og intraforudsigelsestilstanden af lumablokken er en
intraforudsigelsestilstand anderledes end den planare tilstand,
intraforudsigelsestilstanden af kromablokken er den planare tilstand,

hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
andet indeks og intraforudsigelsestilstanden af lumablokken er den
vertikale tilstand, intraforudsigelsestilstanden af kromablokken er right-up-

diagonal-intratilstanden,

hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
andet indeks og intraforudsigelsestilstanden af lumablokken er en
intraforudsigelsestilstand anderledes end den vertikale tilstand,
intraforudsigelsestilstanden af kromablokken er den vertikale tilstand,
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hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
tredje indeks og intraforudsigelsestilstanden af lumablokken er den
horisontale tilstand, intraforudsigelsestilstanden af kromablokken er right-

up-diagonal-intratilstanden,

5 hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
tredje indeks og intraforudsigelsestilstanden af lumablokken er en
intraforudsigelsestilstand anderledes end den horisontale tilstand,
intraforudsigelsestilstanden af kromablokken er den horisontale tilstand,

hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
10 fjerde indeks og intraforudsigelsestilstanden af lumablokken er DC-
tilstanden, intraforudsigelsestilstanden af kromablokken er right-up-

diagonal-intratilstanden, og

hvor, nar intrakromaforudsigelsestilstandsinformationen repraesenterer det
fjerde indeks og intraforudsigelsestilstanden af lumablokken er en

15 intraforudsigelsestilstand anderledes end DC-tilstanden,
intraforudsigelsestilstanden af kromablokken er DC-tilstanden.

4. Billedafkodningsapparat (200), omfattende organ konfigureret til at udfgre
fremgangsmaden ifglge et hvilket som helst af kravene 1 til 3.
20

5. Billedkodningsfremgangsmade med et billedkodningsapparat (100), hvilken
fremgangsmade omfatter:

at udlede en intraforudsigelsestilstand af en lumablok og en
intraforudsigelsestilstand af en kromablok, hvor kromablokken er relateret
25 til lumablokken;

at udlede en intrakromaforudsigelsestilstandsinformation for at indikere en
af intrakromaforudsigelsestilstande, hvor intraforudsigelsestilstanden af
kromablokken bestemmes baseret pa den indikerede af
intrakromaforudsigelsestilstanden og intraforudsigelsestilstanden af

30 lumablokken; og

at kode billedinformation omfattende

intrakromaforudsigelsestilstandsinformationen,
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4

hvor intrakromaforudsigelsestilstandsinformationen repraesenterer en
binzer kode relateret til det ene af intrakromaforudsigelsestilstandsindekser
omfattende:

- et fgrste indeks relateret til en planar tilstand for
intraforudsigelsestilstanden af kromablokken,

- et andet indeks relateret til en vertikal tilstand for
intraforudsigelsestilstanden af kromablokken,

- et tredje indeks relateret til en horisontal tilstand for
intraforudsigelsestilstanden af kromablokken,

- et fjerde indeks relateret til en DC-tilstand for
intraforudsigelsestilstanden af kromablokken og

- et femte indeks der repraesenterer, at intraforudsigelsestilstanden
af kromablokken er den samme som intraforudsigelsestilstanden af
lumablokken,

hvor fgrst en bit af den binzere kode for
intrakromaforudsigelsestilstandsinformationen kodes baseret pa en
kontekst-baseret kodning, og resterende bit af den binaere kode kodes
baseret pa en bypass-kodning, og

hvor den binzere kode for intrakromaforudsigelsestilstandsinformationen er
en af kandidat-binaere koder omfattende en binaer kode for det fgrste
indeks, som repraesenteres af '100', en binzer kode for det andet indeks,
som repraesenteres af '101', en binzer kode for det tredje indeks, som
repraesenteres af '110', en binaer kode for det fjerde indeks, som
repraesenteres af '111', og en binaer kode for det femte indeks, som
repraesenteres af '0".

6. Fremgangsmaden ifglge krav 5, hvor den fgrste bit af den binaere kode for
intrakromaforudsigelsestilstandsinformationen afkodes baseret pa den kontekst-
baserede afkodning nar en lineaer model, LM, -tilstand for
intraforudsigelsestilstanden af kromablokken ikke er aktiveret, og

hvor LM-tilstanden er en intraforudsigelsesfremgangsmade til at generere den
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5

forudsete blok af kromablokken baseret pa linezert interpolerede rekonstruerede
prgver af lumablokken.

7. Billedkodningsapparat (100), omfattende organ konfigureret til at udfgre
fremgangsmaden ifglge et hvilket som helst af kravene 5 til 6.

8. Afkoderlaesbart lagringsmedie, som lagrer den kodede billedinformation
genereret af billedkodningsfremgangsmaden ifglge et hvilket som helst af kravene
5 til 6.
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FIG. 6
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FIG. 7
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