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[DESCRIPTION]

[Invention Title]

METHOD OF REMOVING DEBLOCKING ARTIFACTS

[ Technical Field]

The present invention relates to a deblocking filtering method for removing
blocking artifacts in reconstructed image, and more particularly, to a method of
determining boundary strength on each edge of a transform boundary and a

prediction boundary.

[Background Art]

For compression of video data, a plurality of video standards has been
developed. Such video standards are, for example, MPEG-2, MPEG-4 and
H.264/MPEG-4 AVC. As a successor to H.264/MPEG-4 AVC, High Efficiency
Video Coding (HEVC) is currently under joint development by the ISO/IEC Moving
Picture Experts Group (MPEG) and ITU-T Video Coding Expert Group (VCEG).

According to HEVC, one picture is divided into largest coding units (LCUs),
one or more coding units of each LCU are encoded by generating a prediction block
using inter prediction or intra prediction. The difference between an original block
and the prediction block is transformed to generate a transformed block, and the
transformed block is quantized using a quantization parameter and one of a plurality
of predetermined quantization matrices. The quantized coefficients of the quantized
block are scanned by a predetermined scan type and then entropy-coded. The
quantized coefficients are inversely quantized and inversely transformed to generate
a residual block which is combined with the prediction block to generate
reconstructed image. The reconstructed image is adaptively filtered using a
deblocking filter to remove blocking artifacts.

FIG. 1 is a conceptual diagram illustrating a procedure of determining the
boundary strength according to HEVC under development.

As shown in FIG. 1, boundary strength is determined on every edge of all 4x4

blocks in the first step, and then the final boundary strength is determined on edges
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of 8x8 blocks. The edge of the 8x8 block is comprised of two consecutive edges of
4x4 blocks. The boundary strength of the edge of the 8x8 block is determined as a
maximum of boundary strength of two edges that constitute the edge of the 8x8
block. But, the technique of deblocking filter described in HEVC under
development deteriorates encoding and decoding performance because the technique
is too complicated.

Therefore, the standardization of HEVC under development focuses on the
technique reducing the complexity of the deblocking filter as well as improving the
performance of the deblocking filter. In particular, new techniques able to reduce
operational complexity and memory capacity required to perform the deblocking
filtering are required because HEVC focuses on encoding and decoding ultra high-

definition image.

[Disclosure]

[ Technical Problem]

The present invention is directed to a deblocking filtering method of reducing
the data quantity to be stored in memory and reducing operation complexity with

removing blocking artifacts effectively.

[ Technical Solution]

One aspect of the present invention provides a method of removing blocking
artifacts, comprising: determining a boundary strength for each 4-sample edge lying
on 8x8 sample grid, determining whether deblocking filtering is performed on the 4-
sample edge or not if the boundary strength is not equal to zero, selecting a
deblocking filter if the deblocking filtering is performed on the 4-sample edge, and
filtering the 4-sample edge using the selected filter.

[Advantageous Effects]

A method according to the present invention determines a boundary strength
for each 4-sample edge lying on 8x8 sample grid, determines whether deblocking

filtering is performed on the 4-sample edge or not if the boundary strength is not
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equal to zero, selects a deblocking filter if the deblocking filtering is performed on
the 4-sample edge, and filters the 4-sample edge using the selected filter.
Accordingly, the computational complexity required to determine the boundary
strength according to the present invention is reduced by 50% or more when
compared with the HEVC under development. Also, the memory capacity and
bandwidth required to determine the boundary strength are reduced by 50% or more

without deterioration of image quality.
[Description of Drawings]

FIG. 1 is a conceptual diagram illustrating a procedure of determining the
boundary strength according to HEVC under development.

FIG. 2 is a block diagram illustrating a moving picture encoding apparatus
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 flow chart illustrating a deblocking filtering process according to
the present invention.

FIG. 5 is a conceptual diagram illustrating a method of determining the
boundary strength according to the present invention.

FIG. 6 is a conceptual diagram illustrating a 4-sample edge according to the
present invention.

FIG. 7 is a conceptual diagram illustrating an exemplary disposition of
prediction units according to the present invention.

FIG. 8 is an exemplary diagram illustrating motion information to be stored
in a line buffer according to the present invention.

FIG. 9 is a conceptual diagram illustrating positions of samples used for

determining whether a block edge is filtered or not according to the present invention.

[Mode for Invention]

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 can be

implemented in various types. Therefore, many other modifications and variations
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of the present invention are possible, and it is to be understood that within the scope
of the disclosed concept, the present invention may be practiced otherwise than as
has been specifically described.

A moving picture encoding apparatus and a moving picture decoding
apparatus according to the present invention may be a user terminal such as a
personal computer, a personal mobile terminal, a mobile multimedia player, a
smartphone or a wireless communication terminal. The image encoding device and
the image decoding device may be include a communication unit for communicating
with various devices, a memory for storing various programs and data used to encode
or decode images.

FIG. 2 is a block diagram illustrating a moving picture encoding apparatus
1000 according to the present invention.

Referring to FIG. 2, the moving picture encoding apparatus 1000 includes a
picture division unit 1010, a transform unit 1020, a quantization unit 1030, a
scanning unit 1040, an entropy coding unit 1050, an intra prediction unit 1060, an
inter prediction unit 1070, an inverse quantization unit 1080, an inverse transform
unit 1090, a post-processing unit 1100, a picture storing unit 1110, a subtraction unit
1120 and an addition unit 1130.

The picture division unit 1010 divides a picture or a slice into plural largest
coding units (LCUs), and divides each LCU into one or more coding units. The
size of LCU may be 32x32, 64x64 or 128x128. The picture division unit 1010
determines prediction mode and partitioning mode of each coding unit.

An LCU includes one or more coding units. The LCU has a recursive quad
tree structure to specify a division structure of the LCU. Parameters for specifying
the maximum size and the minimum size of the coding unit are included in a
sequence parameter set.  The division structure is specified by one or more split
coding unit flags.  The size of a coding unit is 2Nx2N. If the size of the LCU is
64x64 and the size of a smallest coding unit (SCU) is 8x8, the size of the coding unit
may be 64x64, 32x32, 16x16 or 8x8.

A coding unit includes one or more prediction units. In intra prediction, the
size of the prediction unit is 2Nx2N or NxN. In inter prediction, the size of the
prediction unit is specified by the partitioning mode. The partitioning mode is one

of 2Nx2N, 2NxN, Nx2N and NxN if the coding unit is partitioned symmetrically.
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The partitioning mode is one of 2NxnU, 2NxnD, nLx2N and nRx2N if the coding
unit is partitioned asymmetrically.

A coding unit includes one or more transform units. The transform unit has
a recursive quad tree structure to specify a division structure of the coding unit. The
division structure is specified by one or more split transform unit flags. Parameters
for specifying the maximum size and the minimum size of the transform unit are
included in a sequence parameter set.

The transform unit 1020 transforms residual signals to generate a transformed
block. The residual signals are transformed in a transform unit basis. The residual
signals are derived by subtracting a prediction block which is generated by the intra
prediction unit 1060 or the inter prediction unit 1070 from an original block.

Different transform matrix may be used according to the prediction mode
(intra prediction mode or inter prediction mode). Also, in intra prediction mode, the
transform matrix may be adaptively determined based on an intra prediction mode.
The transform unit is transformed using two 1-dimentional transform matrixes
(horizontal matrix and vertical matrix). For example, in horizontal intra prediction
mode of intra prediction, a DCT-based integer matrix is applied to vertical direction
and a DST-based or KLT-based integer matrix is applied to horizontal direction
because the residual signals may have vertical directionality. In vertical intra
prediction mode of intra prediction, a DCT-based integer matrix is applied to
horizontal direction and a DST-based or KLT-based integer matrix is applied to
vertical direction. Alternatively, the kind of transform matrix is determined based on

the size of the transform unit.

The quantization unit 1030 determines a quantization parameter for
quantizing the transformed block. The quantization parameter is a quantization step
size. The quantization parameter is determined per a quantization unit. The
quantization unit is a coding unit larger than or equal to a predetermined size. The
predetermined size is called a minimum size of the quantization unit. The
quantization unit having the minimum size is called a minimum quantization unit.
If a size of the coding unit is equal to or larger than a minimum size of the
quantization unit, the coding unit becomes the quantization unit. A plurality of

coding units may be included in the minimum quantization unit. The minimum
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quantization unit may be an 8x8 block or a 16x16 block. The minimum size may be
is determined per picture.

The quantization unit 1030 generates a quantization parameter predictor and
generates a differential quantization parameter by subtracting the quantization
parameter predictor from the quantization parameter. The differential quantization
parameter is entropy-coded.

The quantization parameter predictor is generated as follows

[First embodiment]

The quantization parameters of a left coding unit, an above coding unit and
an above-left coding unit are sequentially retrieved in this order. The quantization
parameter predictor is generated using one or two available quantization parameters.
For example, the first available quantization parameter is set as the quantization
parameter predictor. Or an average of first two available quantization parameters is
set as the quantization parameter predictor, and if only one quantization parameter is
available, the available quantization parameter is set as the quantization parameter

predictor.

[Second embodiment]

There may be none of a left coding unit, an above coding unit and an above
left coding unit of the current coding unit. On the other hand, there may be a
previous coding unit of the current coding unit in coding order. Thus, the
quantization parameters of neighboring coding units adjacent to the current coding
unit and the previous coding unit may be used to generate the quantization parameter
predictor. The quantization parameters are retrieved as the following order; 1) the
quantization parameter of a left neighboring coding unit, 2) the quantization
parameter of an above neighboring coding unit, 3) the quantization parameter of an
above-left neighboring coding unit, and 4) the quantization parameter of the previous
coding unit.

Alternatively, the quantization parameters are retrieved as the following order;
1) the quantization parameter of a left neighboring coding unit, 2) the quantization
parameter of an above neighboring coding unit, and 3) the quantization parameter of
the previous coding unit.

An average of first two available quantization parameters is set as the

quantization parameter predictor when two or more quantization parameters are
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available, and when only one quantization parameter is available, the available
quantization parameter is set as the quantization parameter predictor. For example, if
the quantization parameters of the left and above coding units are available, an
average of the left and above quantization parameters is set as the quantization
parameter predictor.  If only one of the quantization parameters of the left and
above coding units is available, an average of the available quantization parameter
and the quantization parameter of the previous coding unit is set as the quantization
parameter predictor. If the quantization parameters of the left and above coding
units are unavailable, the quantization parameter of the previous coding unit is set as
the quantization parameter predictor. The average is rounded off.

The quantization unit 1030 quantizes the transformed block using a
quantization matrix and the quantization parameter to generate a quantized block.
The quantized block is provided to the inverse quantization unit 1080 and the
scanning unit 1040.

The scanning unit 1040 scans the quantized coefficients and transforms the
quantized coefficients into 1-dimentional quantized coefficient components applying
a scan pattern to the quantized block.

In intra prediction mode, the distribution of the quantized coefficients varies
according to the intra prediction mode and the size of the transform unit. Thus, the
scan pattern is determined based on the intra prediction mode and the size of the
transform unit. The scan pattern may be selected among a zigzag scan, vertical
scan and horizontal scan. The zigzag scan may be replaced with a diagonal scan.

For example, if the size of the transform unit is equal to or smaller than 8x8,
the horizontal scan is selected for the vertical mode and a predetermined number of
neighboring intra prediction modes of the vertical mode, the vertical scan is selected
for the horizontal mode and the predetermined number of neighboring intra
prediction modes of the horizontal mode, and the zigzag scan or the diagonal scan is
selected for the other intra prediction modes. When the size of the transform unit is
larger than 8x8, the zigzag scan or the diagonal scan is selected for all intra

prediction modes.

In inter prediction mode, a predetermined scan pattern is used. The

predetermined scan pattern may be a zigzag scan or a diagonal scan.
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When the size of the transform unit is larger than a predetermined size, the
quantized coefficients are divided into a plurality of subsets and then scanned. The
predetermined size may be 4x4. The scan pattern for scanning the subsets is the
same as the scan pattern for scanning quantized coefficients within each subset.
The quantized coefficients within each subset are scanned in the reverse direction.
The subsets are also scanned in the reverse direction.

A parameter indicating a last non-zero position is encoded and transmitted to
the decoder. The last non-zero position specifies position of last non-zero quantized
coefficient within the transform unit. A parameter indicating a position of a last non-
zero quantized coefficient within each subset is also transmitted to the decoding
apparatus.

The inverse quantization unit 1080 inversely quantizes the quantized
coefficients. The inverse transform unit 1090 inversely transforms the inverse-
quantized coefficients to generate residual signals.

The addition unit 1130 adds the residual signals generated by the inverse
transform unit 1090 and prediction signals generated by the intra prediction unit
1060 or the inter prediction unit 1070. The subtraction unit 1120 subtracts
prediction samples from original samples to generate residual signals.

The post-processing unit 1100 performs deblocking filtering process, a
sample adaptive offset process, and an adaptive loop filtering process.

The deblocking filtering process is performed to remove blocking artifacts
which appears in the reconstructed picture.

The sample adaptive offset process is performed after performing the
deblocking filtering process to reduce difference between an original sample and a
reconstructed sample. It is determined per picture or slice whether the sample
adaptive offset process is performed or not. The picture or the slice may be divided
into a plurality of offset areas, and an offset type may be determined per each area.
There are four edge offset types and two band offset types. If the offset type is one
of the edge offset types, an edge type is determined per each sample within the offset
area, and an offset corresponding to the edge type is added to the each sample. The
edge type is determined by comparing the current sample with neighboring two

samples.
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The adaptive loop filtering process may be performed by comparing the
reconstructed image and an original image to obtain filter coefficients. The filter
coefficients are applied all samples within 4x4 block or 8x8 block. Whether the
adaptive loop filtering is performed or not is determined per coding unit. Therefore,
the size and coefficients of the loop filter may be changed on a coding unit basis.

The picture storing unit 1110 receives reconstructed pictures from the post-
processing unit 1100 and stores them in a memory. The picture is a frame-based
picture or a field-based picture.

The inter prediction unit 1070 performs motion estimation using one or more
pictures stored in the picture storing unit 1110, and determines one or more reference
picture indexes specifying one or more reference pictures and one or more motion
vectors. The inter prediction unit 1070 generates a prediction block using the one
or more reference picture indexes and the one or more motion vectors.

The intra prediction unit 1060 determines an intra prediction mode of a
current prediction unit and generates a prediction block using the intra prediction
mode.

The entropy coding unit 1050 entropy-codes the quantized coefficient
components received from the scanning unit 1040, intra prediction information
received from the intra prediction unit 1060, motion information received from the
inter prediction unit 1070.

FIG. 3 is a block diagram illustrating a moving picture decoding apparatus
2000 according to the present invention.

The moving picture decoding apparatus 2000 includes an entropy decoding
unit 2010, an inverse scanning unit 2020, an inverse quantization unit 2030, an
inverse transform unit 2040, an intra prediction unit 2050, an inter prediction unit
2060, a post-processing unit 2070, a picture storing unit 2080 and an addition unit
2090.

The entropy decoding unit 2010 extracts and entropy-decodes the intra
prediction information, the inter prediction information and the quantized coefficient
components from a received bit stream. The entropy decoding unit 2010 transmits
the inter prediction information to the inter prediction unit 2060, transmits the intra
prediction information to the intra prediction unit 2050, and transmits the quantized

coefficient components to the inverse scanning unit 2020.
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The inverse scanning unit 2020 transforms the quantized coefficient
components into 2-dimential quantized block using an inverse scan pattern.

In intra prediction mode, the inverse scan pattern is selected based on the
intra prediction mode and the size of the transform unit. The inverse scan pattern
may be selected among a zigzag scan, vertical scan and horizontal scan. The zigzag
scan may be replaced with a diagonal scan.

For example, if the size of the transform unit is equal to or smaller than 8x8,
the horizontal scan is selected for the vertical mode and a predetermined number of
neighboring intra prediction modes of the vertical mode, the vertical scan is selected
for the horizontal mode and the predetermined number of neighboring intra
prediction modes of the horizontal mode, and the zigzag scan or the diagonal scan is
selected for the other intra prediction modes. When the size of the transform unit is
larger than 8x8, the zigzag scan or the diagonal scan is selected for all intra
prediction modes.

In inter prediction mode, a predetermined scan pattern is used. The
predetermined scan pattern may be a zigzag scan or a diagonal scan.

If the size of the current transform unit is larger than a predetermined size, the
quantized coefficient components are inversely scanned in a subset basis to construct
the quantized block. The subset has the predetermined size. The predetermined size
may be 4x4. If the size of the transform unit is equal to the predetermined size, the
quantized coefficient components of the transform unit are inversely scanned to
construct the transform unit. When the quantized coefficient components are
inversely scanned in a subset basis, the same inverse scanning pattern is applied to
the quantized coefficient components of each subset.

The multiple subsets are inversely scanned in reverse direction. The
quantized coefficient components are also inversely scanned in reverse direction.
The inverse scan pattern applied to the quantized coefficient components to construct
a subset is the same as the inverse scan pattern applied to the multiple constructed
subsets. The inverse scanning unit 2020 performs inverse scanning using the
parameter indicating a position of a last non-zero quantized coefficient of the

transform unit.
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The inverse quantization unit 2030 receives the differential quantization
parameter from the entropy decoding unit 2010 and generates a quantization
parameter predictor to obtain a quantization parameter of a current coding unit.

The quantization parameter predictor is generated as follows

[First embodiment]

The quantization parameters of a left coding unit, an above coding unit and
an above-left coding unit are sequentially retrieved in this order. The quantization
parameter predictor is generated using one or two available quantization parameters.
For example, the first available quantization parameter is set as the quantization
parameter predictor. Or an average of first two available quantization parameters is
set as the quantization parameter predictor, and if only one quantization parameter is
available, the available quantization parameter is set as the quantization parameter
predictor.

[Second embodiment]

There may be none of a left coding unit, an above coding unit and an above
left coding unit of the current coding unit. On the other hand, there may be a
previous coding unit of the current coding unit in coding order. Thus, the
quantization parameters of neighboring coding units adjacent to the current coding
unit and the previous coding unit may be used to generate the quantization parameter
predictor. The quantization parameters are retrieved as the following order; 1) the
quantization parameter of a left neighboring coding unit, 2) the quantization
parameter of an above neighboring coding unit, 3) the quantization parameter of an
above-left neighboring coding unit, and 4) the quantization parameter of the previous
coding unit.

Alternatively, the quantization parameters are retrieved as the following order;
1) the quantization parameter of a left neighboring coding unit, 2) the quantization
parameter of an above neighboring coding unit, and 3) the quantization parameter of

the previous coding unit.

An average of first two available quantization parameters is set as the
quantization parameter predictor when two or more quantization parameters are
available, and when only one quantization parameter is available, the available
quantization parameter is set as the quantization parameter predictor. For example, if

the quantization parameters of the left and above coding units are available, an
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average of the left and above quantization parameters is set as the quantization
parameter predictor.  If only one of the quantization parameters of the left and
above coding units is available, an average of the available quantization parameter
and the quantization parameter of the previous coding unit is set as the quantization
parameter predictor. If the quantization parameters of the left and above coding
units are unavailable, the quantization parameter of the previous coding unit is set as
the quantization parameter predictor. The average is rounded off.

The inverse quantization unit 2030 generates the quantization parameter of
the current coding unit by adding the differential quantization parameter and the
quantization parameter predictor. If the differential quantization parameter for the
current coding unit is not transmitted from an encoding side, the differential
quantization parameter is set to zero. The quantization parameter is generated per
quantization unit.

The inverse quantization unit 2030 inversely quantizes the quantized block.

The inverse transform unit 2040 inversely transforms the inverse-quantized
block to generate a residual block. The inverse transform matrix type is determined
based on the prediction mode (intra prediction mode or inter prediction mode) and
the size of the transform unit.

The addition unit 2090 generates reconstructed samples by adding the
residual block and a prediction block.

The intra prediction unit 2050 recovers the intra prediction mode of the
current prediction unit based on the intra prediction information received from the
entropy decoding unit 2010, and generates a prediction block according to the intra
prediction mode.

The inter prediction unit 2060 recovers one or more reference picture indexes
and one or more motion vectors based on the inter prediction information received
from the entropy decoding unit 2010, and generates a prediction block using the one
or more reference pictures and the one or more motion vectors.

The operation of the post-processing unit 2070 is the same of the post-
processing unit 1100 of FIG. 2.

The picture storing unit 2080 stores pictures which is post-processed by the

post-processing unit 2070.
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FIG. 4 is a flow chart illustrating a deblocking filtering process according to
the present invention.

The deblocking filtering process is performed by the post-processing unit
1100 of the moving picture encoding apparatus 1000 shown in FIG. 2 and by the
post-processing unit 2070 of the moving picture decoding apparatus 2000 shown in
FIG. 3.

When it is determined that deblocking filtering is performed on a slice, the
deblocking filtering process is applied to the slice. The moving picture decoding
apparatus uses a flag ‘diable_deblocking_filter_flag’ received from a bit stream to
determine whether the deblocking filtering is performed or not per slice.

The deblocking filtering is performed on each coding unit. The vertical
edges are filtered first starting with the edge of the left-hand side of the coding unit
toward the right-hand side of the coding unit. Then the horizontal edges are filtered
starting with the edge on the top of the coding unit towards the bottom of the coding
unit.

The deblocking filter is applied only to the prediction unit edges and the
transform unit edges. If the width or height of the prediction unit or the transform
unit is smaller than 8-sample length, the deblocking filter is applied only to the edges
lying on 8x8 sample grid.

The boundary strength is determined on each 4-sample edge lying on 8x8
sample grid (S110).

FIG. 5 is a conceptual diagram illustrating a method of determining the
boundary strength according to the present invention.

As shown in FIG. 5, the boundary strength of each edge within a coding unit
is determined through one step. The boundary strength is determined only on the 4-
sample edges lying on 8x8 sample grid. The present invention removes boundary
strength on the edges of 4x4 block which is not a part of 8x8 sample grid. The
present invention also removes the operation of generating boundary strength on 8-
sample edges. Instead, according to the present invention, each 4-sample edge has its
own boundary strength so as to align with deblocking decision on 4-sample edges.

Accordingly, the computational complexity required to determine the
boundary strength according to the present invention is reduced by 50% or more
when compared with the HEVC under development. Also, the present invention

reduces the memory capacity and bandwidth required to determine the boundary
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strength by 50% or more. Therefore, the present invention reduces the complexity of
hardware and software without deterioration of image quality.

FIG. 6 is a conceptual diagram illustrating a 4-sample edge according to the
present invention. As shown in FIG. 6, the 4-sample edge is located between a P
block containing sample p0O and a Q block containing sample q0. The sample pO
corresponds to one of the samples pOo~ p03, and the sample g0 corresponds one of
the samples q0o ~ q03. The block P and Q is a prediction unit or a transform unit.

The boundary strength is determined as follows. The boundary strength is
determined per 4-sample edge.

If the prediction unit containing the sample pO or the prediction unit
containing the sample g0 is intra-coded, the boundary strength of the 4-sample edge
is set equal to 2. The 4-sample edge is a prediction unit edge. That is, if the block P
and block Q are inter-coded, the boundary strength is set equal to O or 1.

If one or more following conditions are satisfied, the boundary strength is set
equal to 1.

1) The 4-sample edge is a transform unit edge, the transform unit containing
the sample p0O or the transform unit containing the sample q0 contains one or more
non-zero transform coefficients.

2) The 4-sample edge is a prediction unit edge, the prediction unit containing
the sample pO and the prediction unit containing the sample q0 are inter-coded, and
the prediction unit containing the sample pO or the prediction unit containing the
sample g0 have different reference pictures or a different number of motion vectors.

3) The prediction unit containing the sample pO and the prediction unit
containing the sample q0 are inter-coded, the prediction unit containing the sample
p0 and the prediction unit containing the sample q0 have one motion vector, and the
absolute difference between the horizontal or vertical component of the motion
vectors is greater than or equal to a predetermined value (for example, 1 sample).

The edge is not a part of a horizontal boundary of LCU.

4) The prediction unit containing the sample p0 and the prediction unit
containing the sample q0 are inter-coded, the prediction unit containing the sample
p0 and the prediction unit containing the sample q0 have two motion vectors, the
prediction unit containing the sample p0O and the prediction unit containing the

sample q0 have at least one same reference picture, and the absolute difference
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between the horizontal or vertical component of two motion vectors corresponding to
the same reference picture is greater than or equal to the predetermined value. The
edge is not a part of a horizontal boundary of LCU.

As described above, if the 4-sample edge is not lying on the 8x8 sample grid,
the boundary strength is set equal to 0.

On the other hand, when the edge is a horizontal edge of LCU and a
prediction unit containing the sample p0 is located above the horizontal edge of LCU,
the motion information of the prediction unit containing the sample p0 may be
replaced with the motion information of a left or right neighboring prediction unit of
the prediction unit containing the sample p0 based on the size and/or location of the
prediction unit containing the sample p0.

FIG. 7 is a conceptual diagram illustrating an exemplary disposition of
prediction units according to the present invention.

Deblocking filtering is applied to edges of 8x8 sample grid. Therefore, the
encoding apparatus and the decoding apparatus should store the motion information
of upper prediction units and above-right prediction units of a current LCU. Width
of each prediction unit as well as the motion information of each prediction unit is to
be stored to recover the motion information correctly. To reduce the quantity of
information to be stored, it is desirable to store motion information at every fixed
width to remove the width information to be stored. According to the present
invention, the fixed width is set to a multiple of the minimum allowable width (for
example, 2 times of the minimum allowable width) to reduce the capacity of the line
buffer. The fixed width may be set to 8-sample length.

FIG. 8 is an exemplary diagram illustrating motion information to be stored
in a line buffer according to the present invention.

The upper part of the FIG. 8 illustrates the sizes and the motion information
of above prediction units and above-right prediction units of the current LCU. The
lower part of the FIG. 8 illustrates motion information to be stored into the line
buffer.

As shown in FIG. 8, if the width of a prediction unit is 8-sample length, the
motion information C is stored as it is. If the width of a prediction unit is larger

than 8, same motion information H is stored per every fixed width of 8-sample length.
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But, if the width of a prediction unit is 4-sample length, the motion
information to be stored may be replaced based on the location of the prediction unit.
For example, motion information A’ is stored for the prediction unit having motion
information A and the prediction unit having motion information B. Motion
information D’ is stored for the prediction unit having motion information D and the
prediction unit having motion information E, and motion information F’ is stored for
the prediction unit having motion information F and the prediction unit having
motion information G.

The motion information A’, D’ and F’ may be set as the motion information
of left prediction unit of two prediction units.

Alternatively, the motion information A’, D’ and F° may be set as motion
information of the prediction unit bordering the vertical line of 16x16 sample grid of
the two prediction units. That is, the motion information A’ may be set as the
motion information A, the motion information D’ may be set as the motion
information D, and the motion information F may be set as the motion information
G.

Next, it is determined whether deblocking filtering is performed or not on the
4-sample edge (S120).

FIG. 9 is a conceptual diagram illustrating positions of samples used for
determining whether a block edge is filtered or not according to the present invention.
As shown in FIG. 5, the determination is performed on each 4-sample edge of the
8x8 block edge.

For each edge, deblocking filtering is performed if the following two
conditions are satisfied.

1) bS>0
2) d<B

The bS represents a boundary strength. The value of the variable B is
determined based on a boundary quantization parameter QPg.

The variable d is defined as follows.

In the first embodiment, d = dpo + dqo + dp3 + dg3 for area 1, d = dps + dga + dp7
+ dg7 for area 2, dpk = | p2k - 2-plx + pOx | and dgk = 1 g2« - 2-q1k + qOk I.

In the second embodiment, d = dyo + dgo + dp2 + dgz for area 1, d = dps + dgs +

dps + dge for area 2.
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In the third embodiment, d = dp1 + dq1 + dp2 + dg2 for area 1, d = dps + dgs +
dp6 + dge for area 2.

Next, if it is determined that deblocking filtering is applied to the 4-sample
edge, one deblocking filter is selected among a strong filter and a weak filter. But,
if it is determined that deblocking filtering is not applied to the 4-sample edge, the
deblocking filtering process ends for that edge. As shown in FIG. 9, a filter is
selected for each 4-sample edge.

If the following conditions are satisfied, the strong filter is selected for area 1.

1) d<(P>>2)
2) 1p3i-p0il+1qg3i-q0il < (B >>3) for each i, i=0, 3
3) 1p0i-q0il < (5*tc+ 1) >>1 for each i, i=0, 3

Or
1) di<(B>>1) for each i, i=0, 3
2) 1p3i-p0il+1qg3i-q0il < (B >>3) for each i, i=0, 3
3) 1p0i-q0il < (5*tc+ 1) >>1 for each i, i=0, 3
Otherwise, the weak filter is selected. The value of the variable tc is
determined based on the boundary quantization parameter QPg.
If the following conditions are satisfied, the strong filter is selected for area 2.
) d<(B>>2)
2) 1p3i-p0il+1q3i-q0il < (B>>3) foreachi,i=4,7
3) Ip0i-q0il< (5%t + 1)>>1 for each i, i=4, 7

Or
1) di<(B>>1)foreachi,i=4,7
2) 1p3i-p0il+1q3i-q0il < (B>>3) foreachi,i=4,7
3) Ip0i-q0il < (5*tc+ 1) >>1 for each i, i=4, 7

Otherwise, the weak filter is selected.

In another embodiment, i=0, 3 is replaced with i=0, 2 for area 1, and i=4, 7 is
replaced with i=5, 7 for area 2.

In another embodiment, i=0, 3 is replaced with i=1, 2 for area 1, and i=4, 7 is
replaced with i=5, 6 for area 2.

Next, if the deblocking filter is selected, the edge is filtered using the
deblocking filter (S140).

The strong filter is as follows.
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po'=(p2+2%p1 + 2*po + 2*qo+ qu +4 ) >>3)
p'=(p2+pi+po+qo+2)>>2
P2’ =(2%p3 +3*p2+p1+po+qo+4)>>3
qo’ = (p1 +2%po + 2%qo + 2*q1 + @ + 4 ) >> 3
qi=(po+qo+qi+q+2)>>2
QR=(po+qo+q1 +3*q +2%qz +4)>>3

The weak filter is as follows.
A = Clip3( —tc, tc, A)
po’ =Clipl(po+A)
qo' =Clipl(qo—A)
Ap =Clip3( —=(tc>> 1), tc>> 1, (((p2+po+1)>>1)-p1+A)>>1)
pt'=Clipl(p1 +Ap)
Aq=Clip3(—(tc>> 1), tc> L, (((q2+qo+1)>1)-qi—-A)>>1)
qi'=Clipl(qi1 +Aq)
The variables 3 and t. are determined by the boundary quantization parameter
QPs, and increases monotonically as the boundary quantization parameter QPg
increases. The relation between the parameters P and t,, and the quantization
parameter is defined as a table.
The boundary quantization parameter QPg is an average of the quantization
parameter QPp of P block containing sample pO and QPq of Q block containing
sample q0. The average is a value rounded off. If at least one of P block and Q

block is intra-coded, the parameter t. increases by 0, 1 or 2 as the QP5 increases by 1.

While the invention has been shown and described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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[CLAIMS]

[Claim 1]

A method for decoding image data, the method comprising:

generating a prediction block based on prediction mode;

generating a quantization block by inversely scanning quantization
coefficient information;

generating a transform block by inversely quantizing the quantization block
using a quantization parameter;

generating a residual block by inversely transforming the transform block;

generating a reconstructed block by using the prediction block and the
residual block;

determining a boundary strength per each 4-sample edge which is a boundary
of a transform unit or a prediction unit, and lies on 8x8 sample grid;

determining whether to apply deblocking filtering on the 4-sample edge when
the boundary strength of the 4-sample edge is not zero;

selecting a deblocking filter which is applied to the 4-sample edge when it is
determined to apply deblocking filtering on the 4-sample edge; and

filtering the 4-sample edge by using the selected deblocking filter,

wherein, in the operation of determining the boundary strength, the boundary
strength is not determined for a 4-sample edge which does not lie on the 8x8 sample
grid,

wherein the quantization parameter is derived by using residual quantization
parameter and quantization parameter predictor,

wherein the quantization parameter predictor is an average of two available
quantization parameters among a left quantization parameter, an above quantization
parameter, and a previous quantization parameter, and

wherein the previous quantization parameter is set as the quantization
parameter predictor when both of the left quantization parameter and the above

quantization parameter are unavailable.
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[Claim 2]

The method of claim 1, wherein the boundary strength is set to zero when the
4-sample edge is neither a boundary of a transform unit nor a boundary of a

prediction unit.

[Claim 3]

The method of claim 1, wherein the boundary strength of the 4-sample edge
is0, 1, or2.

[Claim 4]
The method of claim 1, wherein 4-sample horizontal edges are filtered after
4-sample vertical edges are filtered.
[Claim 5]

The method of claim 2, wherein, for a sample p0 and sample g0 which are
located on each side of the 4-sample edge, the boundary strength is set to 2 when a
prediction unit including the sample p0 or a prediction unit including the sample g0

is intra coded.

[Claim 6]

The method of claim 5, wherein the boundary strength is set to 0 or 1 when
the prediction unit including the sample p0 and the prediction unit including qO are

inter coded.

[Claim 7]

The method of claim 1, wherein the average of the two quantization
parameter is rounded off.





