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DESCRIPTION

[Technical Field]

[0001] The present invention relates to an apparatus for encoding an image.

[Background Art]

[0002] In image compression methods such as Motion Picture Experts Group (MPEG)-1,
MPEG-2, MPEG-4 and H.264/MPEG-4 Advanced Video Coding (AVC), one picture is divided
into macroblocks (MBs) to encode an image. Then, the respective MBs are encoded using
inter prediction or intra prediction.

[0003] In intra prediction, a current block of a current picture is encoded not using a reference
picture, but using values of pixels spatially adjacent to the current block. An intra prediction
mode with little distortion is selected by comparing a prediction block generated using the
adjacent pixel values with an original MB. Then, using the selected intra prediction mode and
the adjacent pixel values, prediction values of the current block are calculated. Differences
between the prediction values and pixels values of the original current block are calculated and
then encoded through transform coding, quantization and entropy coding. The intra prediction
mode is also encoded.

[0004] Intra prediction modes are generally classified into 4x4 intra prediction mode, 8x8 intra
prediction mode and 16x16 intra prediction mode for luminance components and intra
prediction mode for chrominance components.

[0005] In 16%16 intra prediction mode according to a prior art, there are four modes of a
vertical mode, a horizontal mode, a direct current (DC) mode and a plane mode.

[0006] In 4x4 intra prediction according to the prior art, there are nine modes of a vertical
mode, a horizontal mode, a DC mode, a diagonal down-left mode, a diagonal down-right
mode, a vertical right mode, a vertical left mode, a horizontal-up mode and a horizontal-down
mode.

[0007] Each prediction mode has indexed according to the frequency of use of the respective
modes. The vertical mode of which mode number is 0 shows the highest possibility of being
used most frequently for performing intra prediction on a target block, and the horizontal-up
mode of which mode number is 8 shows the highest possibility of being used most infrequently.

[0008] According to H.264 standards, a current block is encoded using a total of 13 modes,
that is, 4 modes of the 4x4 intra prediction and 9 modes of the 16x16 intra prediction. A bit
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stream of the current block is generated according to an optimal mode among these modes.

[0009] However, when some or all values of pixels adjacent to current block do not exist or
are not already encoded, it is impossible to apply some or all of the intra prediction modes to
the current block. Also, when intra prediction is performed by selecting prediction mode among
applicable intra mode, a residue signal between a prediction block and the current block
becomes large. Therefore, the coding efficiency is degraded. TUNG NGUYEN ET AL:
"Improved Context Modeling for Coding Quantized Transform Coefficients in Video
Compression”, PICTURE CODING SYMPOSIUM 2010; NAGOYA, (2010-12-08),
XP030082008, discloses the partitioning of transform coefficient blocks larger than 4x4 into 4x4
sub-blocks for the purpose of improved entropy coding. The sub-blocks are processed in zig-
zag scan order and the coefficients of each sub-block are scanned in a reverse zig-zag scan.

[0010] YEO C ET AL: "Mode-Dependent Coefficient Scanning for Intra Prediction Residual
Coding", 95. MPEG MEETING; DAEGU; no. m18796, (2011-01-21), XP030047366, discloses
mode-dependent scan order for intra prediction residual coding. For each Intra mode and each
transform block size one of four predetermined scan orders is allocated taking into account the
prediction direction.

[Disclosure]

[0011] The present invention is directed to an apparatus for encoding an image as specified in
the appended claims.

[Description of Drawings]

[0012]

FIG. 1 is a block diagram illustrating a moving picture coding apparatus according to the
present invention.

FIG. 2 is a flow chart illustrating an operation of a scanning unit according to the present
invention.

FIG. 3 is a block diagram illustrating a moving picture decoding apparatus according to the
present invention.

FIG. 4 is a block diagram illustrating an intra prediction unit according to the present invention.

FIG. 5 is a conceptual diagram showing positions of reference pixels used for intra prediction
according to the present invention.

FIG. 6 a flow chart illustrating a process of generating reference pixels according to the
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present invention.

FIG. 7 is a block diagram illustrating an intra prediction unit of a moving picture decoding
apparatus according to the present invention.

[Mode for Invention]

[0013] Hereinafter, various embodiments of the present invention will be described in detail
with reference to the accompanying drawings. However, the present invention is not limited to
the exemplary embodiments disclosed below, but by the technical features defined in the
appended claim 1. For image coding, each picture consists of a plurality of slices, and each
slice consists of a plurality of coding units. Since an image of a high-definition (HD) grade or
higher has many smooth regions, an image compression can be improved by encoding the
image with coding units of larger than an MB of which size is 16x16.

[0014] A size of the coding unit according to the present invention may be 16x16, 32x32 or
64x64. A size of the coding unit may also be 8x8 or less. A coding unit of the largest size is
referred to as a super macroblock (SMB). A size of SMB is indicated by a smallest size of the
coding unit and depth information. The depth information indicates a difference value between
the size of SMB and the smallest size of the coding unit.

[0015] Therefore, coding units to be used for coding pictures may be SMB or sub-block of
SMB. The coding units are set to defaults value or are indicated in a sequence header.

[0016] A SMB consists of one or more coding units. The SMB has a form of a recursive coding
tree so as to include the coding units and a division structure of the coding units. When the
SMB is not divided into four sub-coding units, the coding tree may consist of information
indicating that the SMB is not divided and one coding unit. When the SMB is divided into four
sub-coding units, the coding tree may consist of information indicating that the SMB is divided
and four sub-coding trees. Likewise, each sub-coding tree has the same structure as the SMB.
However, a coding unit of the smallest coding unit (SCU) size is not divided into sub-coding
units.

[0017] Meanwhile, each coding unit in the coding tree is subjected to intra prediction or inter
prediction in units of the coding unit itself or a sub-block. A unit in which the intra prediction or
the inter prediction is performed is referred to as a prediction unit. A size of the prediction unit
may be 2Nx2N or NxN for intra prediction. A size of the prediction unit may be 2Nx2N, 2NxN,
Nx2N or NxN for inter prediction. Here, 2N denotes horizontal and vertical lengths of a coding
unit.

[0018] A coding unit includes a prediction mode of the prediction unit and size information



DK/EP 2988501 T3

(partmode) on the prediction unit. To improve coding efficiency, the prediction mode and the
size information may be combined and joint-coded. In this case, each coding unit includes a
joint-coded prediction type (pred_type).

[0019] A coding unit includes one or more additional information container. Each additional
information container contains additional information required for generating a prediction block
of each prediction unit. In intra prediction, the additional information includes encoded intra
prediction information. In inter prediction, the additional information includes encoded motion
information. The motion information includes a motion vector and a reference picture index.

[0020] A coding unit also includes a residual signal container for residual signals of the coding
unit. The residual signal container contains one transform tree, one luminance residual signal
container and two chrominance residual signal containers. The transform tree indicates
whether the residual signals of the transform units in the residual signal container exist or not.
The residual signal container consists of a recursive tree structure. The residual signal
container for the coding unit is exampled. If the coding unit is not divided into four sub-coding
unit, the residual signal container contains quantization information (residual quantization
parameter) and an encoded residual signal. If the coding unit is divided into four sub-coding
unit, the residual signal container contains quantization information and four residual signal
sub-containers. Each residual signal sub-container has same structure of the residual signal
container of the coding unit, but does not contain the quantization information.

[0021] Meanwhile, only a case that the coding unit is equally divided into prediction units is
described. However, when the above-described equal division is used for an image that has a
boundary in a specific direction or at a specific position according to a characteristic, different
prediction units are used for similar pieces of data at the boundary, and a residual signal
cannot be effectively reduced.

[0022] In this case, for compressing a residual signal, it may be more effective to divide SMB
or MB in a specific direction according to a shape of the boundary of the image and perform
intra or inter prediction.

[0023] The simplest adaptive mode is to divide a coding unit into two blocks using a straight
line so as to extract statistical dependency of a prediction region on local topography. A
boundary of an image is matched to straight line and divided. In this case, dividable directions
may be limited to a predetermined number. For example, a method of dividing a block may be
limited to four directions of horizontal, vertical, upward diagonal and downward diagonal
directions. Also, the division may be limited to the horizontal and vertical directions only. The
number of dividable directions can be three, five, seven and so on. The number of dividable
directions may vary according to a size of the coding block. For example, for a coding unit of a
large size, the number of dividable directions may be relatively increased.

[0024] In inter prediction, when one coding unit is divided into two prediction units for more
adaptive prediction, motion estimation and motion compensation should be performed on each
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of prediction units. Motion information for each prediction unit is derived, and a residual signal
between a prediction block derived from the motion information for each prediction unit is
encoded.

[0025] After obtaining residual signals for the respective two prediction blocks divided from
one coding unit, the two residual signals may be added to generate one residual signal for one
cording unit. The residual signal for one coding unit is transformed and encoded. In this case, it
is a high possibility that there will be difference between overall distributions of the residual
signals of the respective two prediction blocks with the center of the boundary, and thus a
residual signal of one coding unit can be generated by multiplying a value of any one region by
a predetermined value. Also, boundary region of the two residual signals may be caused to
overlap, and smoothing may be performed on the overlapping boundary region to generate
one residual signal.

[0026] In another method, a block may be generated by performing padding according to
respective division regions of the block, and encoded. In other words, when a current division
region is encoded among the two division regions, one block may be configured by padding
another division region constituting the block with a value of the current division region, and
then subjected to two-dimensional (2D) transform coding.

[0027] FIG. 1 is a block diagram illustrating a moving picture coding apparatus according to
the present invention.

[0028] Referring to FIG. 1, a moving picture coding apparatus 100 according to the present
invention includes a picture division unit 110, a transform unit 120, a quantization unit 130, a
scanning unit 131, an entropy coding unit 140, an intra prediction unit 150, an inter prediction
unit 160, an inverse quantization unit 135, an inverse transform unit 125, a post-processing
unit 170, a picture storing unit 180, a subtracter 190 and an adder 195.

[0029] The picture division unit 110 analyzes an input video signal to divide each largest
coding unit (LCU) of a picture into coding units each of which has a predetermined size,
determine prediction mode of each coding unit, and determines size of prediction unit per each
coding unit. The picture division unit 110 sends the prediction unit to be encoded to the intra
prediction unit 150 or the inter prediction unit 160 according to the prediction mode. Also, the
picture division unit 110 sends the prediction units to be encoded to the subtracter 190.

[0030] The transform unit 120 transforms a residual block. The residual block consists of a
residual signal between an original block inputted and a prediction block generated by the intra
prediction unit 150 or the inter prediction unit 160. The residual block may consist of a coding
unit. The residual block consisting of a coding unit is divided into optimal transform units and
transformed. A transform matrix type may be adaptively determined according to a prediction
mode (intra or inter). Also, a residual signal of intra prediction has directivity according to an
intra prediction mode, and thus a transform matrix may be adaptively determined according to
the intra prediction mode. The transform unit may be transformed by two (horizontal and
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vertical) one-dimensional (1D) transform matrices. In inter prediction, one predetermined
transform matrix type is determined. In intra prediction, there is a high possibility that the
residual block will have vertical directivity when the intra prediction mode is horizontal. Thus, a
discrete cosine transform (DCT) based integer matrix is applied to the vertical direction, and a
discrete sine transform (DST) or Karhunen Loéve transform (KLT) based integer matrix is
applied to the horizontal direction. When the intra prediction mode is vertical, a DST or KLT
based integer matrix is applied to the vertical direction, and a DCT based integer matrix is
applied to the horizontal direction. Also, in intra prediction, the transform matrix may be
adaptively determined according to a size of the transform units.

[0031] The quantization unit 130 determines a quantization step size for quantizing
coefficients of the transformed residual block. The quantization step size is determined per
coding unit of a predetermined size or more. The predetermined size may be 8x8 or 16x16.
Using the determined quantization step size and a quantization matrix determined by a
prediction mode, the coefficients of the transform block are quantized. The quantization unit
130 uses quantization step sizes of coding units adjacent to a current coding unit as a
quantization step size predictor of the current coding unit. The quantization unit 130
sequentially retrieves coding units in the following scan order; a left coding unit of the current
coding unit, an above coding unit of the current coding unit, and an above left coding unit of
the current coding unit. Then, the quantization unit 130 generates the quantization step size
predictor of the current coding unit using one or two valid quantization step sizes. For example,
the first valid quantization step size encountered in the scan order may be determined as the
quantization step size predictor. An average of two valid quantization step size retrieved in the
scan order may be determined as the quantization step size predictor, and one valid
quantization step size is determined as the quantization step size predictor when only the one
quantization step size is valid. When the quantization step size predictor is determined, a
difference between the quantization step size and the quantization step size predictor is
transmitted to the entropy coding unit 140.

[0032] When a slice is divided into coding units, there may be none of a left coding unit, an
above coding unit and an above left coding unit of the current coding unit. But, there may be a
previous coding unit of the current coding unit in the coding order in the maximum coding unit.
Thus, coding units adjacent to the current coding unit and the previous coding unit of the
current coding unit in the coding order in the maximum coding unit may be candidates. In this
case, the above scan order may be changed to the following scan order; 1) the left coding unit
of the current coding unit, 2) the above coding unit of the current coding unit, 3) the above left
coding unit of the current coding unit and 4) the previous coding unit of the current coding unit.
The scan order may be changed, or the above left coding unit may be omitted in the scan
order.

[0033] The quantized transform block is provided to the inverse quantization unit 135 and the
scanning unit 131.

[0034] The scanning unit 131 scans the coefficients of the quantized transform block, thereby
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converting the coefficients into 1D quantized coefficients. Since distribution of the coefficients
of the transform block after quantization may be dependent on an intra prediction mode, a
coefficient scanning pattern is determined according to the intra prediction mode. The
coefficient scanning pattern may also be determined according to the size of the transform
unit.

[0035] The inverse quantization unit 135 inversely quantizes the quantized coefficients. The
inverse transform unit 125 restores a residual block of the spatial domain from the inversely
quantized transform coefficients. The adder generates a reconstructed block by adding the
residual block reconstructed by the inverse transform unit 125 and the prediction block from
the intra prediction unit 150 or the inter prediction unit 160.

[0036] The post-processing unit 170 performs a de-blocking filtering process for removing
blocking artifact generated in a reconstructed picture, an adaptive offset application process for
complementing a difference between the reconstructed picture and the original image per
pixel, and an adaptive loop filter process for complementing a difference between the
reconstructed picture and the original image in a coding unit.

[0037] The de-blocking filtering process may be applied to a boundary between prediction
units having a predetermined size or more and a boundary between transform units. The
predetermined size may be 8x8. The de-blocking filtering process includes a step of
determining a boundary to be filtered, a step of determining boundary filtering strength to be
applied to the boundary, a step of determining whether or not to apply a de-blocking filter, and
a step of selecting a filter to be applied to the boundary when it is determined to apply the de-
blocking filter.

[0038] Whether or not to apply the de-blocking filter is determined according to i) whether or
not the boundary filtering strength is greater than 0 and ii) whether or not a value indicating the
difference between boundary pixels of P block and Q block is smaller than a first reference
value determined according to a quantization parameter.

[0039] Two or more filters may exist. When an absolute value of a difference between two
pixels adjacent to the block boundary is equal to or larger than a second reference value, a
weak filter is selected. The second reference value is determined by the quantization
parameter and the boundary filtering strength.

[0040] The adaptive offset application process is intended to reduce a difference (distortion)
between a pixel subjected to the de-blocking filter and the original pixel. It may be determined
whether or not to perform the adaptive offset application process according to pictures or
slices. A picture or slice may be divided into a plurality of offset regions, and an offset mode
may be determined per the offset region. There may be four edge offset modes and two band
offset modes. In the case of an edge offset type, an edge type to which each pixel belongs is
determined, and an offset corresponding to the edge type is applied. The edge type is
determined on the basis of distribution of two values of pixels adjacent to a current pixel.
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[0041] The adaptive loop filter process may be performed on the basis of a value obtained by
comparing an original image and a reconstructed image to which the de-blocking filtering
process or the adaptive offset application process is applied. An adaptive loop filter (ALF) is
detected through one Laplacian activity value on the basis of a 4x4 block. The determined ALF
can be applied to all pixels included in a 4x4 block or an 8x8 block. Whether or not to apply an
ALF may be determined according to coding units. A size and coefficients of a loop filter may
vary according to each coding unit. A slice header may include information indicating whether
or not to apply the ALF to each coding unit, filter coefficient information and filter shape
information, and so on. In the case of chrominance components, whether or not to apply the
ALF may be determined in picture units. Unlike luminance, the loop filter may have a
rectangular shape.

[0042] The picture storing unit 180 receives post-processed image data from the post-
processing unit 160, and stores the image in picture units. A picture may be an image in a
frame or a field. The picture storing unit 180 has a buffer (not shown) capable of storing a
plurality of pictures.

[0043] The inter prediction unit 160 performs motion estimation using one or more reference
pictures stored in the picture storing unit 180, and determines reference picture indexes
indicating the reference pictures and motion vectors. According to the reference picture index
and the motion vector, the inter prediction unit 160 extracts a prediction block corresponding to
a prediction unit to be encoded from a reference picture selected among a plurality of
reference pictures stored in the picture storing unit 180 and outputs the extracted prediction
block.

[0044] The intra prediction unit 150 performs intra prediction using reconstructed pixel values
within a current picture. The intra prediction unit 150 receives the current prediction unit to be
predictively encoded, selects one of a predetermined number of intra prediction modes, and
performs intra prediction. The predetermined number of intra prediction modes may depend
on the size of the current prediction unit. The intra prediction unit adaptively filters the
reference pixels to generate the intra prediction block. When some of reference pixels are not
available, it is possible to generate the reference pixels at the unavailable positions using one
or more available reference pixels.

[0045] The entropy coding unit 140 entropy-codes the quantized coefficients quantized by the
quantization unit 130, intra prediction information received from the intra prediction unit 150,
motion information received from the inter prediction unit 160, and so on.

[0046] FIG. 2 is a flow chart illustrating an operation of the scanning unit 131 according to the
present invention.

[0047] It is determined whether the current quantized coefficients block is divided into a
plurality of subsets (S110). The determination is based on a size of the current transform unit.
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If the size of the current transform unit is larger than a first reference size, the encoded
quantized coefficients are divided into a plurality of subsets. The first reference size may be
4x4 or 8x8. The first reference size may be transmitted to a decoder by a picture header or a
slice header.

[0048] When the quantized coefficients block is not divided into a plurality of subsets, a scan
pattern to be applied to the quantized coefficients block is determined (S120). The step S120
may be performed prior to the step S110 or regardless of the step S110.

[0049] The quantized coefficients of the quantized coefficients block are scanned according to
the determined scan pattern (S130). The scan pattern is adaptively determined according to
the prediction mode and the intra prediction mode. In inter prediction mode, only one
predetermined scan pattern (for example, zigzag scan) can be applied. In intra prediction
mode, a scan pattern determined according to the intra prediction mode may be applied. Also,
one of a predetermined number of scan patterns may be selected to scan the coefficients, and
scan pattern information may be transmitted to the decoder. In intra prediction mode, a scan
pattern determined according to the intra prediction mode may be applied. For example, a
horizontal scan is applied to a vertical intra prediction mode and a predetermined number of
intra prediction modes adjacent to the vertical intra prediction mode. A vertical scan is applied
to a horizontal intra prediction mode and a predetermined number of intra prediction modes
adjacent to the horizontal intra prediction mode. The predetermined number varies according
to a number of allowed intra prediction modes of a prediction unit (or a number of directional
intra prediction modes) or a size of a prediction block. For example, if the number of allowable
intra prediction modes on the current prediction unit is 16, the predetermined number may be
two in each of both directions based on the horizontal or vertical intra prediction mode. If the
number of allowable directional intra prediction modes is 33, the predetermined number may
be four in each of both directions based on the horizontal or vertical intra prediction mode.
Meanwhile, Zigzag scan is applied to non-directional modes. A non-directional mode may be a
direct current (DC) mode or a planar mode.

[0050] If it is determined that the quantized coefficients block is divided into a plurality of
subsets, the quantized coefficients block is divided into a plurality of subsets (S140). The
plurality of subsets consist of one main subset and one or more remaining subsets. The main
subset is located at an upper left side and covers a DC coefficient, and the one or more
remaining subsets cover region other than the main subset.

[0051] A scan pattern to be applied to the subsets is determined (S150). The determined scan
pattern is applied to all the subsets. The scan pattern is adaptively determined according to the
prediction mode and the intra prediction mode. The step $S150 may be performed prior to the
step S110 or regardless of the step S110.

[0052] When the size of the quantized coefficients block (that is, the size of the transform unit)
is larger than a second reference size, the zigzag scan pattern may be applied to the
quantized coefficients block. The second reference size is, for example, 8x8. Therefore, the
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step S150 is performed when the first reference size is smaller than the second reference size.

[0053] In inter prediction mode, only one predetermined scan pattern (for example, zigzag
scan) can be applied to each subset. In intra prediction mode, the scan pattern is adaptively
determined as the same as the step $120.

[0054] The quantized coefficients in the subsets may be scanned in a reverse direction. In
other words, according to the scan pattern, the quantized coefficients other than 0 may be
scanned and entropy-coded in the reverse direction beginning with the last quantized
coefficient other than 0 in the subsets.

[0055] Next, the quantized coefficients of each subset are scanned according to the scan
pattern (S160). The quantized coefficients in each subset are scanned in the reverse direction.
That is, the quantized transform coefficients are scanned from a last non-zero coefficient to
other non-zero coefficients according to the scan pattern, and entropy-coded.

[0056] The zigzag scan may be applied to scan the subsets. The subsets may be scanned
beginning with the main subset to the remaining subsets in a forward direction, or can be
scanned in the reverse direction. A scan pattern for scanning the subsets may be set the same
as a scan pattern for scanning the quantized coefficients in the subsets.

[0057] The moving picture coding apparatus 100 according to the present invention transmits
information capable of indicating a position of the last non-zero quantized coefficient of the
transform unit to a decoder. The moving picture coding apparatus 100 also transmits
information capable of indicating a position of the last non-zero quantized coefficient in each
subset to the decoder.

[0058] FIG. 3 is a block diagram illustrating a moving picture decoding apparatus according to
the present invention.

[0059] The moving picture decoding apparatus according to the present invention includes an
entropy decoding unit 210, an inverse scanning unit 220, an inverse quantization unit 230, an
inverse transform unit 240, an intra prediction unit 250, an inter prediction unit 260, a post-
processing unit 270, a picture storing unit 280, an adder 290 and a intra/inter changing switch
295.

[0060] The entropy decoding unit 210 extracts intra prediction information, inter prediction
information and quantized coefficients information from a received bit stream. The entropy
decoding unit 210 transmits the inter prediction information to the inter prediction unit 260, intra
prediction information to the intra prediction unit 250 and the inverse transform unit 240 and
the inverse quantized coefficients information to the inverse scanning unit 220.

[0061] The inverse scanning unit 220 converts the quantized coefficients information into a
two dimensional quantized transform block. One of a plurality of inverse scan patterns is
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selected for the conversion. The inverse scan pattern is selected based on at least one of the
prediction mode and the intra prediction mode. An operation of the inverse scanning unit 220 is
the same as the inverse operation of the scanning unit 131 of FIG. 1. For example, if a size of
a current transform unit to be decoded is larger than the first reference size, each subset are
inversely scanned according to the selected inverse scan pattern and an inverse quantized
block having a size of the transform unit is generated using the plurality of subsets inversely
scanned.

[0062] The inverse quantization unit 230 determines a quantization step size predictor of the
current coding unit. The operation to determine the quantization step size predictor is same as
the procedure of the quantization unit 130 of FIG. 1. The inverse quantization unit adds the
determined quantization step size predictor and a received residual quantization step size to
generate a quantization step size of the current coding unit. The inverse quantization unit 230
restores inverse quantized coefficients using a quantization matrix determined by the
quantization step size. The quantization matrix varies according to the size of the current block
to be restored. The quantization matrix may be selected for a block having the same size on
the basis of at least one of a prediction mode and an intra prediction mode of the current block.

[0063] The inverse transform unit 240 inversely transforms the inverse quantized block to
restore a residual block. The inverse transform matrix to be applied to the inverse quantized
block is adaptively determined according to the prediction mode (intra or inter) and the intra
prediction mode. The determination procedure of the inverse transform matrix is the same as
the procedure in the transform unit 120 of FIG. 1.

[0064] The adder 290 adds the restored residual block restored by the inverse transform unit
240 and a prediction block generated by the intra prediction unit 250 or the inter prediction unit
260 to generate a reconstructed image block.

[0065] The intra prediction unit 250 restores the intra prediction mode of the current block
based on the intra prediction information received from the entropy decoding unit 210, and
generates a prediction block according to the restored intra prediction mode.

[0066] The inter prediction unit 260 restores reference picture indexes and motion vectors
based on the inter prediction information received from the entropy decoding unit 210, and
generated a prediction block using the reference picture indexes and the motion vectors. When
motion compensation with fractional precision is applied, the prediction block is generated
using an interpolation filter.

[0067] The post-processing unit 270 operates the same as the post-processing unit 160 of
FIG. 1

[0068] The picture storing unit 280 stores the post-processed reconstructed image by the
post-processing unit 270.
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[0069] FIG. 4 is a block diagram illustrating the intra prediction unit 150 of a moving picture
coding unit 100 according to the present invention.

[0070] Referring to FIG. 4, the intra prediction unit 150 includes a reference pixel generating
unit 151, a reference pixel filtering unit 152, a prediction mode determining unit 153, a
prediction block generating unit 154, a prediction block filtering unit 155 and a prediction mode
coding unit 156.

[0071] The reference pixel generating unit 151 determines that it is necessary to generate
reference pixels for intra prediction, and generates reference pixels if it is necessary to
generate the reference pixels.

[0072] FIG. 5 is a conceptual diagram showing positions of reference pixels used for intra
prediction according to the present invention. As shown in FIG. 5, the reference pixels consist
of above reference pixels, left reference pixels and a corner reference pixel of the current
prediction unit. The above reference pixels of the current prediction unit are pixels (regions C
and D) present over double the width of the current prediction unit, and the left reference pixels
of the current prediction unit are pixels (regions A and B) present over double the height of the
current prediction unit.

[0073] The reference pixel generating unit 151 determines whether the reference pixels are
available or not. If one or more reference pixels are not available, the reference pixel
generation unit 151 generates reference pixels at the unavailable positions using available
reference pixel.

[0074] First, a case in which all reference pixels in any one of upper and left regions of a
current prediction unit to be encoded are unavailable will be described.

[0075] For example, when the current prediction unit is located at the upper boundary of a
picture or a slice, the above reference pixels (regions C and D) and the corner reference pixel
of the current prediction unit do not exist. When the current prediction unit is located at the left
boundary of a picture or a slice, the left reference pixels (regions A and B) and the corner
reference pixel do not exist. In those cases, reference pixels are generated by copying the
value of an available pixel closest to the unavailable pixel. That is, when the current prediction
unit is located at the upper boundary of a picture or a slice, the above reference pixels can be
generated by copying the uppermost left reference pixel (that is, a reference pixel located in
the uppermost position of region A). When the current prediction unit is located at the left
boundary of a picture or a slice, the left reference pixels can be generated by copying the
leftmost above reference pixel (that is, a reference pixel located in the leftmost position of
region C). The above-mentioned method is applied by default, but the method may vary per
sequence, picture or slice if necessary.

[0076] Next, a case in which some of reference pixels in an above or left reference pixels of a
current prediction unit to be encoded are unavailable will be described. There are two cases in
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which 1) available reference pixels are present in only one direction with respect to the
unavailable reference pixels, and 2) available reference pixels are present in both directions
with respect to the unavailable reference pixels.

[0077] Case 1) will be described.

[0078] For example, when the current block is located at the right boundary of a picture or a
slice or a LCU, the reference pixels covering area D are not available. Also, when the current
block is located at the below boundary of a picture or a slice or a LCU, the reference pixels
covering area B are not available. In this case, the reference pixels are generated by copying
the values of available pixels closest to the unavailable pixel. Also, the reference pixels are
generated using two or more available pixels closest to the unavailable pixel.

[0079] Case 2) will be described.

[0080] For example, when the current block is located at the upper boundary of a slice and
the above left block of the current block is available, the reference pixels covering area C are
not available, but the reference pixels covering areas A and D are available. When available
reference pixels are thus present in both directions, one available reference pixel present at
the closest position in each direction is selected, and reference pixels at the unavailable
positions are generated using the selected reference pixels (i.e., the uppermost reference pixel
in region A and the leftmost reference pixel in region D).

[0081] Avalue obtained by rounding off an average of the two reference pixels (pixels present
at the closest positions in the respective directions) may be generated as a reference pixel
value. However, when an unavailable reference pixel region is large, there is a high possibility
that a step difference will occur between an available pixel and a generated pixel, and thus it is
useful to generate reference pixels using linear interpolation. Specifically, in consideration of a
position with respect to two available reference pixels, an unavailable reference pixel at the
current position can be generated.

[0082] Next, a case in which all reference pixels in above and left sides of a current prediction
unit to be encoded are unavailable will be described. For example, when a current prediction
unit is adjacent to a left upper boundary of a picture or a slice, there are no available reference
pixels.

[0083] In this case, some or all reference pixels can be generated using two or more pixels
present in the current prediction unit. The number of pixels that are present in the current

prediction unit and used for generating the reference pixels may be two or three.

[0084] FIG. 6 is a flow chart illustrating a process of generating reference pixels according to
the present invention.

[0085] Referring to FIG. 6, the process of generating reference pixels using two pixels is as
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follows. A left above pixel o and one of a right above pixel o, a left below pixel A and a right
below pixel V of the current prediction unit may be used. When the left above pixel o and the
right above pixel o of the current prediction unit are used, the left above pixel and the right
above pixel are copied to the corresponding positions on a upper side and the right above pixel
and the copied reference pixels are used to generate reference pixels covering area C. The
reference pixels are generated using an average or linear interpolation. The reference pixels
covering D are generated by copying the right above pixel o or by using a plurality of the
generated above pixels. When the left above pixel o and the left below pixel A of the current
prediction unit are used, the same method is applied. When the left above pixel o and the right
below pixel V are used, the right below pixel V is copied to the corresponding reference pixel
position in horizontal direction and vertical direction and then the residual reference pixels are
generated as the same as described above.

[0086] The process of generating reference pixels using three pixels is as follows. A left above
pixel o, a right above pixel o and a left below pixel A of the current prediction unit may be used.
The pixels are copied to the corresponding reference pixel position and then the residual
reference pixels are generated using the copied pixels. The residual reference pixels are
generated as the same as described above.

[0087] Meanwhile, when a method as described above is used, the values of the pixels used
to generate the reference pixels are transmitted to the decoder. To minimize the amount of bits
to be transmitted, the value of the left above pixel o and the difference between the value of
the left above pixel o and the values of other pixels. The value of the left above pixel may be a
quantized value or be entropy-coded.

[0088] When a slice type is intra (I), it is more effective to generate the reference pixels using
two or more pixels.

[0089] Another method of generating reference pixels when all reference pixels in upper and
left sides of a current prediction unit to be encoded are unavailable will be described. This
method is effective when a slice type is not intra (1).

[0090] First, it is determined whether pixels are present at the same positions as reference
pixels of a current prediction unit in a reference picture encoded previously to a current block.
When pixels are present, the pixels in the reference picture are copied to generate reference
pixels of the current prediction unit.

[0091] When pixels are not present, it is determined whether pixels are present at the closest
positions (1 pixel apart) to reference pixels of the current prediction unit. When pixels are
present, the pixels are copied and used as the reference pixels of the current prediction unit.

[0092] The reference pixel filtering unit 152 adaptively filters reference pixels of the current
prediction unit. Low-pass filter is applied to smooth a variance of pixel values between the
reference pixels. The low-pass filter may be a 3-tap filter [1, 2, 1] or a 5-tap filter [1, 2, 4, 2, 1].
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[0093] The filter may be adaptively applied according to a size of the current block. If the size
of the current block is equal to or smaller than a predetermined size, the filter may not be
applied. The predetermined size may be 4x4.

[0094] The filter may also be adaptively applied according to a size of the current block and
intra prediction mode.

[0095] If intra prediction mode is the horizontal mode or the vertical mode, pixels of a
prediction block are generated using one reference pixel. Therefore, a filter is not applied in
the horizontal mode and the vertical mode. In the DC mode, a prediction pixel is generated
using average of the reference pixels. Therefore, a filter is not applied in the DC mode
because the prediction pixel is not affected by the difference between the reference pixels.

[0096] In the intra prediction mode 3, 6 or 9 having a direction of 45° with reference to the
horizontal or vertical direction, a filter is applied regardless of the size of the prediction unit or
applied when the current block is larger than a smallest prediction unit. A first filter may be
applied to a prediction unit having a size smaller that a predetermined size, and a second filter
stronger than the first filter may be applied to a prediction unit having a size equal to or larger
than the predetermined size. The predetermined size may be 16x16.

[0097] In the intra prediction modes other than the vertical mode, the horizontal mode, the DC
mode and the intra prediction mode 3, 6 and 9, a filter may be adaptively applied according to
the size of the current prediction unit and the intra prediction mode. However, in the planar
mode, filtering of reference pixels may be performed.

[0098] Also, the filter may not be applied to some or all reference pixels generated through
linear combination.

[0099] The prediction block generating unit 153 generates a prediction block corresponding to
the intra prediction mode. The prediction block is generated using the reference pixels or linear
combination of the reference pixels based on the intra prediction mode. The reference pixels to
be used to generate the prediction block may be filtered by the reference pixel filtering unit
152.

[0100] The prediction block filtering unit 154 adaptively filters the generated prediction block
according to the intra prediction mode to minimize the residual signal between the prediction
block and the current block to be encoded. The difference between a reference pixel and a
prediction pixel adjacent to the reference pixel varies according to the intra prediction mode.
Therefore, filtering of the prediction pixel adjacent to the reference pixel enables the difference
to be decreased.

[0101] In the DC mode, the prediction block consists of averages of reference pixels, and a
step difference may occur between pixels in a prediction block adjacent to the reference pixels.
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Therefore, the prediction pixels of upper line and left line which are adjacent to the reference
pixels are filtered using the reference pixels. The upper left prediction pixel adjacent two
reference pixels (the upper reference pixel and the left reference pixel) is filtered by 3-tap filter.
The other prediction pixels (pixels of upper line and pixels of left line in the prediction block)
and adjacent to one reference pixel are filtered by 2-tap filter.

[0102] In the vertical mode (mode 0), the diagonal down-left mode (mode 6), and the intra
prediction modes (modes 22, 12, 23, 5, 24, 13, 25) between the mode 0 and mode 6, a
prediction block is generated using only above reference pixels of the prediction unit.
Therefore, the difference between a reference pixel and a prediction pixel adjacent to the
reference pixel and of the upper line in the prediction block may be larger as the position of the
prediction pixel goes down.

[0103] Also, in the horizontal mode (mode 1), the diagonal up-right mode (mode 9), and the
intra prediction modes (modes 30, 16, 31, 8, 32, 17, 33) between the mode 1 and mode 9, a
prediction block is generated using only left reference pixels. Therefore, the difference
between a reference pixel and a prediction pixel adjacent to the reference pixel and of the
upper line in the prediction block may be larger as the position of the prediction pixel goes
right.

[0104] Accordingly, some prediction pixels of the prediction block may be filtered for
compensate the difference in directional intra prediction mode other than DC mode.

[0105] In the mode 6, all or some prediction pixels adjacent to the left reference pixel and of
left line in the prediction block are filtered. The pixels of the left line may be, for example, N/2
pixels in a lower portion of the left line. Here, N is the height of the current prediction unit.

[0106] In the mode 9, all or some prediction pixels adjacent to the above reference pixel and
of upper line in the prediction block are filtered. The pixels of the upper line may be, for
example, M/2 pixels in a right portion of the upper line. Here, M is the width of the current
prediction unit.

[0107] In a predetermined number of directional intra prediction modes which are closer to the
mode 6 and exist between mode 0 and mode 6, the same filtering method as in the mode 6
can be used. In this case, the farther from mode number 6 a mode is, the smaller or equal the
number of pixels to be filtered may be.

[0108] The same filtering method can be used in the directional intra prediction modes
between mode 1 and mode 9.

[0109] Meanwhile, the filter is adaptively applied according to the size of the current prediction
unit. For example, a filtered is not applied to a predetermined size or less according to the intra
prediction mode.
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[0110] The prediction block filtering unit 154 may be integrated into the prediction block
generating unit 153. Also, a prediction block may be generated to bring about effects of the
prediction block filtering. In this case, the prediction block is generated by using the
combination of the generating operation and the filtering operation.

[0111] The intra prediction mode determining unit 155 determines the intra prediction mode of
a current prediction unit using reference pixels. The intra prediction mode determining unit 155
selects one intra prediction mode in which the amount of coding bits of a residual block is
minimized as the intra prediction mode of the current prediction unit. To generate a residual
block, a prediction block is generated according to each intra prediction mode. The prediction
block may be generated by using the reference pixels filtered by the reference pixel filtering
unit or may be a block filtered by the prediction block filtering unit 154.

[0112] The prediction block transmitting unit 157 transmits the prediction block generated
based on the intra prediction mode by the prediction mode determining unit 155 to the
subtracter.

[0113] The prediction mode coding unit 156 encodes the intra prediction mode of the current
prediction unit determined by the intra prediction mode determining unit 155. The intra
prediction mode coding unit 156 may be integrated into the intra prediction unit 150 or into the
entropy coding unit 140.

[0114] The prediction mode coding unit 156 encodes the intra prediction mode of the current
prediction unit using an above intra prediction mode of the current prediction unit and a left
intra prediction mode of the current prediction unit.

[0115] First, the above intra prediction mode and the left intra prediction mode of the current
prediction unit are derived. When there exist a plurality of above prediction units of the current
prediction unit, the plurality of above prediction units are scanned in a predetermined direction
(for example, from right to left) to determine the intra prediction mode of a first available
prediction unit as an above intra prediction mode. Also, when there exist a plurality of left
prediction units of the current prediction unit, the plurality of left prediction units are scanned in
a predetermined direction (for example, from bottom to top) to determine the intra prediction
mode of a first available prediction unit as a left intra prediction mode. Alternatively, among a
plurality of available prediction units, the intra prediction mode of an available prediction unit
having the lowest intra prediction mode number may be set as an above intra prediction mode.

[0116] When the above intra prediction mode or the left intra prediction mode is not available,
the DC mode (mode 2) may be set to as the above intra prediction mode or the left intra
prediction mode. The above intra prediction mode or the left intra prediction mode is treated as
unavailable when there does not exist a corresponding prediction unit.

[0117] Next, the above intra prediction mode or the left intra prediction mode is converted into
one of the predetermined number of intra prediction modes when the above intra prediction
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mode number or the left intra prediction mode number is equal to or greater than the number
of intra prediction modes permissible for the current prediction unit. The predetermined
number may vary according to a size of the current prediction unit. For example, when the size
of the current prediction unit is 4x4, the intra prediction mode is converted into one of nine
modes (mode 0 to mode 8), and when the size of the current prediction unit is 64x64, the intra
prediction mode is mapped into one of three modes (mode 0 to mode 2). The intra prediction
mode may be converted into one of the intra prediction modes permissible for the current
prediction unit.

[0118] Next, if the intra prediction mode of the current prediction unit is the same as any one
of the above and left intra prediction modes, a flag indicating that the intra prediction mode of
the current prediction unit is the same as any one of the above and left intra prediction modes
and a flag indicating one of the above and left intra prediction modes are transmitted to the
decoder. In this case, if the above and left intra prediction modes are same, the flag indicating
one of the above and left intra prediction modes can be omitted. Also, if only one of the above
and left intra prediction modes is available and the available intra prediction mode is same with
the intra prediction mode of the current prediction block, the flag indicating one of the above
and left intra prediction modes can be omitted.

[0119] But, if the intra prediction mode of the current prediction unit is not the same as any
one of the above and left intra prediction modes, the intra prediction mode number of the
current prediction unit is compared with the above intra prediction mode number and the left
intra prediction mode number. The number of cases in which the left or upper intra prediction
mode numbers is not greater than the intra prediction mode number of the current prediction
unit is calculated, and a value obtained by subtracting the number of cases from the intra
prediction mode number of the current prediction unit is determined as a final intra prediction
mode number of the current prediction unit to be transmitted. Here, when the left and upper
intra prediction mode numbers are identical, the left and upper intra prediction modes are
regarded as one.

[0120] According to whether or not the upper and left intra prediction modes are identical, a
table for entropy-coding the determined final intra prediction mode is determined.

[0121] FIG. 7 is a block diagram illustrating the intra prediction unit 250 of a moving picture
decoding apparatus 200 according to the present invention.

[0122] The intra prediction unit 250 according to the present invention includes a prediction
mode decoding unit 251, a reference pixel generating unit 252, a reference pixel filtering unit
253, a prediction block generating unit 254, a prediction block filtering unit 255 and a prediction
block transmitting unit 256.

[0123] The prediction mode decoding unit 251 restores the intra prediction mode of a current
prediction unit as follows.
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[0124] First, the prediction mode decoding unit 251 receives additional information included in
the additional information container for generating a prediction block. The additional
information includes a prediction flag and residual prediction information. The prediction flag
indicates whether the intra prediction mode of the current prediction unit is the same as one of
intra prediction modes of adjacent prediction units. The residual prediction information includes
information determined by the prediction flag. If the prediction flag is 1, the residual prediction
information may include an index of the intra prediction mode candidate. The index of the intra
prediction mode designates the intra prediction mode candidate. If the prediction flag is 0, the
residual information may include residual intra prediction mode number.

[0125] Intra prediction mode candidates of the current prediction unit are derived. The intra
prediction mode candidates are derived using intra prediction modes of adjacent prediction
units. For convenience, a case in which the intra prediction mode candidate of the current
prediction unit are limited to upper and left intra prediction modes will be described. When
there are a plurality of above prediction units or a plurality of left prediction units, the intra
prediction mode of the above or left prediction unit is determined as the same as described in
the operation of the intra prediction encoding unit 156 of the coding apparatus 100. Also, when
the mode number of an available intra prediction mode candidate is equal to or greater than
the number of intra prediction modes permissible for the current prediction unit, the available
intra prediction mode candidate is converted into one of the permissible modes for the current
prediction unit as described in the intra prediction encoding unit 156.

[0126] Next, when the received prediction flag indicates that the current prediction unit has the
same intra prediction mode as an adjacent prediction unit, and there is the prediction mode
candidate index, a prediction mode indicated by the prediction mode candidate index is
determined as the intra prediction mode of the current prediction unit.

[0127] If the received prediction flag indicates that the current prediction unit has the same
intra prediction mode as an adjacent prediction unit, but there is no prediction mode candidate
index and one available intra prediction mode of the adjacent prediction unit, the available intra
prediction mode is restored to the intra prediction mode of the current prediction unit.

[0128] If the received prediction flag indicates that the current prediction unit does not have
the same intra prediction mode as an adjacent prediction unit, a received residual intra
prediction mode value is compared with intra prediction mode numbers of the available intra
prediction mode candidates to restore the intra prediction mode of the current prediction unit.

[0129] The reference pixel generating unit 252 generates reference pixels using the same
method as described in the reference pixel generating unit 151 of the coding apparatus 100.
However, the reference pixel generator 252 is different from the reference pixel generator 151
of the coding apparatus 100 in that it adaptively generates reference pixels according to the
intra prediction mode restored by the prediction mode decoder 251. That is, the reference pixel
generating unit 252 may generate reference pixels only when the reference pixels used for
generating a prediction block and determined by the intra prediction mode are not available.
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[0130] The reference pixel filtering unit 253 adaptively filters the reference pixels based on the
intra prediction mode restored by the prediction decoding unit 251 and a size of the prediction
block. The filtering condition and a filter are same as those of the reference pixel filtering unit
152 of the coding apparatus 100.

[0131] The prediction block generating unit 254 generates a prediction block using the
reference pixels according to the intra prediction mode restored by the prediction mode
decoding unit 251.

[0132] The prediction block filtering unit 255 adaptively filters the prediction block according to
the intra prediction mode restored by the prediction mode decoding unit 251. The filtering
operation is the same as that of the prediction block filtering unit 154 of the coding apparatus
100.

[0133] The prediction block transmitting unit 256 transmits the prediction block received from
the prediction block generator 254 or the prediction block filtering unit 255 to the adder 290.
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PATENTKRAYV

Apparat til kodning af et billede, hvor apparatet omfatter:

en intrapraediktionsenhed (150) indrettet til at danne en preediktionsblok
svarende til en aktuel blok ifglge en intrapraediktionsmodus valgt blandt
en flerhed af intrapreediktionsmodi;

en transformationsenhed (120) indrettet til af transformere en restblok
opnaet ved at beregne forskellen mellem en original blok af den aktuelle
blok og praediktionsblokken til at danne en transformationsblok;

en kvantiseringsenhed (130) indrettet til at kvantisere transformations-
blokken til at danne en kvantiseret transformationsblok ved anvendelse
af en kvantiseringstrinstorrelse;

en scannerenhed (131) indrettet til at scanne kvantiserede transforma-
tionskoefficienter af den kvantiserede transformationsblok til at danne
endimensionelle (1D) kvantiserede transformations-koefficienter; og

en entropikodningsenhed (140) indrettet til at entropikode de 1D kvanti-
serede transformationskoefficienter,

hvor scannerenheden (131), nér en starrelse af transformationsblokken
er starre end 4x4, deler de kvantiserede transformationskoefficienter i
flerhed af underblokke,

hvor intrapraediktionsenheden (150) indbefatter:

en referencepixeldannende enhed (151) indrettet til at danne
referencepixels ved at anvende tilgeengelige referencepixels af den
aktuelle blok, nar ikke-tilgeengelige referencepixels findes;

en referencepixelfiltreringsenhed (152) indrettet til adaptivt at filtrere
referencepixels greensende op til den aktuelle blok baseret p& den
valgte intrapreediktionsmodus og en starrelse af den aktuelle blok;

en praediktionsblokdannende enhed (153) indrettet til at danne pree-
diktionsblokken af den aktuelle blok ifglge den valgte intrapreediktions-

modus; og



10

15

20

25

30

DK/EP 2988501 T3

en preediktionsblokfiltreringsenhed (154) indrettet til adaptivt at filtrere
nogle preediktionspixels af praediktionsblokken baseret pa den valgte
intrapraediktionsmodus og starrelsen af den aktuelle blok,
kendetegnet ved, at

scannerenheden (131) scanner flerheden af underblokke og de kvan-
tiserede transformationskoefficienter af hver underblok ved at an-
vende et scanningsmgnster bestemt ifglge den valgte intrapraedik-
tionsmodus, hvor scanningsmgnsteret er et vertikalt scan, nar den

valgte intrapraediktionsmodus er en horisontal modus.

2. Apparatifelge krav 1, hvor scanningsmensteret er det vertikale scan, nar den
valgte intrapreediktionsmodus er et ud af en flerhed forudbestemt tal af intraprae-

diktionsmodi graensende op til den horisontale modus.

3.  Apparatifelge krav 2, hvor det forudbestemte tal er 8.

4. Apparat ifelge krav 1, hvor scanningsmgnsteret er et forudbestemt scannings-
mgnster, nar den valgte intrapraediktionsmodus er en ikke-retningsbestemt

modus.

5.  Apparatifglge krav 1, hvor kvantiseringsenheden (130) bestemmer en kvan-
tiseringstrinstgrrelse af en foregaende kodningsblok i scanningsorden som kvan-
tiseringstrinstorrelsespraediktoren for den aktuelle kodningsblok, nar en kvantise-
ringstrinstarrelse af en venstre kodningsblok af en aktuel kodningsblok og

en kvantiseringstrinstarrelse af en gvre kodningsblok af den aktuelle kodningsblok

ikke er tilgeengelige.

6. Apparat ifglge krav 1, hvor flerheden af underblokke scannes i en modsat

retning.
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7. Apparat ifglge krav 1, hvor kvantiseringstrinstarrelsen bestemmes per kod-

ningsblok af en forudbestemt starrelse.
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FIG. 7
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