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SYSTEMS AND METHODS FOR IMAGE CODING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Chinese Patent Application No.
201910191221.4 filed on March 12, 2019, Chinese Patent Application No.
201910186065.2 filed on March 12, 2019, Chinese Patent Application No.
201910523230.9 filed on June, 17, 2019, and Chinese Patent Application No.
201910555588.X filed on June, 25, 2019, the contents of each of which are
incorporated herein by reference in their entirety.
TECHNICAL FIELD
[0002] The present disclosure generally relates to image processing technology,
and in particular, to systems and methods for image coding.
BACKGROUND
[0003] In order to reduce the occupied resources during storage or transmission of
image data or video data, it is usually necessary to encode (or compress) the image
data or video data. The encoded data is referred to as a video coding stream.
The encoded data is transmitted to a user terminal through a wired or wireless
network, and then decoded for presentation. The encoding process includes
prediction, transformation, quantization, entropy encoding, or the like. Because
pixel values of adjacent pixels in an image (e.g., a single image or a video frame) are
usually similar, and the color of the adjacent pixels in the image generally does not
change sharp, this spatial correlation of the pixels in the image may be used to
perform compression. The prediction includes intra-prediction that is to remove
spatial redundancy of the image. The intra-prediction is to predict pixel values of
pixels in a target block to be encoded in the image using a target intra-prediction
mode according to one or more already encoded pixels (also referred to as reference
pixels) in the image. In order to improve compression efficiency, a most probable
prediction mode (MPM) list is determined to estimate the target intra-prediction
mode. Therefore, it is desirable to provide systems and/or method for determining

an MPM list for efficient intra-prediction.
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SUMMARY
[0004] Additional features will be set forth in part in the description which follows,
and in part will become apparent to those skilled in the art upon examination of the
following and the accompanying drawings or may be learned by production or
operation of the examples. The features of the present disclosure may be realized
and attained by practice or use of various aspects of the methodologies,
instrumentalities, and combinations set forth in the detailed examples discussed
below.
[0005] According to an aspect of the present disclosure, a system for intra
prediction may include one or more storage devices and one or more processors
configured to communicate with the one or more storage devices. The one or more
storage devices may include a set of instructions. When the one or more
processors executing the set of instructions, the one or more processors may be
directed to perform one or more of the following operations. The one or more
processors may obtain a target block to be encoded in a target image. The one or
more processors may determine a final most probably mode (MPM) list of the target
block based on at least one of (a) first intra-prediction modes configured to encode
two or more adjacent blocks of the target block, (b) a width and a height of the target
block, (c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, or (d)
texture features of a plurality of second encoded blocks associated with the target
block. The one or more processors may determine, based on the final MPM list, a
target intra-prediction mode corresponding to the target block. The one or more
processors may encode, based on the target intra-prediction mode, the target block.
[0006] In some embodiments, to determine the final MPM list of the target block, the
one or more processors may determine a preliminary MPM list based on the first
intra-prediction modes, wherein in the preliminary MPM list, the first intra-prediction

modes may be ranked based on a descending order of a correlation degree between
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each of the two or more adjacent blocks and the target block. The one or more
processors may determine the final MPM list based on the preliminary MPM list.
[0007] In some embodiments, the two or more adjacent blocks may include a first-
level adjacent block and a second-level adjacent block, wherein the correlation
degree between the first-level adjacent block and the target block may be greater
than the correlation degree between the second-level adjacent block and the target
block.

[0008] In some embodiments, at least a portion of a side of the first-level adjacent
block may overlap at least a portion of a side of the target block. Only a vertex of
the second-level adjacent block may overlap with a vertex of the target block.
[0009] In some embodiments, to determine the preliminary MPM list based on the
first intra-prediction modes, the one or more processors may obtain the first intra-
prediction modes by searching the two or more adjacent blocks according to a
searching order, wherein the searching order may include the descending order of
the correlation degree between each of the two or more adjacent blocks and the
target block. The one or more processors may obtain the preliminary MPM list by
merging intra-prediction modes of a same type in the obtained first intra-prediction
modes.

[0010] In some embodiments, to determine the final MPM list based on the
preliminary MPM list, the one or more processors may determine the final MPM list
based on the preliminary MPM list and one or more non-angular intra-prediction
modes, wherein the one or more non-angular intra-prediction modes may include at
least one of a planar mode or a direct-current (DC) mode, and the final MPM list may
include at least one of the one or more non-angular intra-prediction modes and one
or more top-ranked angular intra-prediction modes of the preliminary MPM list.
[0011] In some embodiments, to determine the final MPM list based on the
preliminary MPM list and the non-angular intra-prediction mode, in response to
determining that the preliminary MPM list includes at least one of the one or more

non-angular intra-prediction modes, the one or more processors may set a first
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element of the final MPM list as the planar mode. The one or more processors may
set a second element of the final MPM list as the DC mode. The one or more
processors may add, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list behind the
second element of the final MPM list according to an order of the one or more top-
ranked angular intra-prediction modes in the preliminary MPM list. In response to
determining that the preliminary MPM list does not include the one or more non-
angular intra-prediction modes in the preliminary MPM list, the one or more
processors may add, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list to the final
MPM list according to the order of the one or more top-ranked angular intra-
prediction modes in the preliminary MPM list, wherein a count of the one or more
top-ranked angular intra-prediction modes is two less than a count of elements in the
final MPM list. The one or more processors may add, as two elements of the final
MPM list, the planar mode and the DC mode behind the one or more top-ranked
angular intra-prediction modes of the preliminary MPM list.

[0012] In some embodiments, to determine the final MPM list based on the
preliminary MPM list and the non-angular intra-prediction mode, in response to
determining that the preliminary MPM list includes only one of the one or more non-
angular intra-prediction modes, the one or more processors may set a first element
of the final MPM list as the one of the one or more non-angular intra-prediction
modes in the preliminary MPM list. The one or more processors may add, as one
or more elements of the final MPM list, the one or more top-ranked angular intra-
prediction modes of the preliminary MPM list after the first element of the final MPM
list according to an order of the one or more top-ranked angular intra-prediction
modes in the preliminary MPM list. The one or more processors may add, as an
element of the final MPM list, another of the one or more non-angular intra-prediction

modes that is different from the one of the one or more non-angular intra-prediction
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modes in the preliminary MPM list behind the one or more top-ranked angular intra-
prediction modes.

[0013] In some embodiments, to determine the final MPM list based on the
preliminary MPM list and the non-angular intra-prediction mode, in response to
determining that the preliminary MPM list includes only one of one or more non-
angular intra-prediction modes, the one or more processors may set a first element
of the final MPM list as the one of the one of the one or more non-angular intra-
prediction modes. The one or more processors may set a second element of the
final MPM list as another of the one or more non-angular intra-prediction modes that
is different from the one of the one or more non-angular intra-prediction modes.

The one or more processors may add, as one or more elements of the final MPM list,
the one or more top-ranked angular intra-prediction modes of the preliminary MPM
list behind the second element of the final MPM list according to an order of the one
or more top-ranked angular intra-prediction modes in the preliminary MPM list.
[0014] In some embodiments, a count of the two or more adjacent blocks may be 2.
To determine the final MPM list based on the preliminary MPM list and the one or
more non-angular intra-prediction modes, in response to determining that the
preliminary MPM list includes one or two elements each of which is the planar mode
or the DC mode, the one or more processors may set first two elements of the final
MPM list as the planar mode and the DC mode. The one or more processors may
set third to sixth elements of the final MPM list as a vertical mode V, a horizontal
mode H, a mode V-4, and a mode H+4, respectively. In response to determining
that the preliminary MPM list includes only one element that is an angular intra-
prediction mode m, the one or more processors may set the first element of the final
MPM list as the angular intra-prediction mode m. The one or more processors may
set the second and third elements of the final MPM list as the planar mode and the
DC mode. The one or more processors may set the fourth to sixth elements of the
final MPM list as a mode m-1, a mode m+1, and a mode m-2, respectively. In

response to determining that the preliminary MPM list includes two elements mo and
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m+1 only one of which is the angular intra-prediction mode, and mo is ranked before
m1 in the preliminary MPM list, the one or more processors may set the first element
of the final MPM list as mo. The one or more processors may set the second
element of the final MPM list as m1. The one or more processors may add the
planar mode and the DC mode to the final MPM list. The one or more processors
may merge same modes in mo, m1, the planar mode, and the DC mode. The one or
more processors may set the fourth to sixth elements of the final MPM list as a mode
max{mo, m1}-1, a mode max{mo, m1}+1, and a mode max{mo, m1}-2, respectively.

In response to determining that the preliminary MPM list includes two elements mo
and m1 both of which are the angular intra-prediction modes, and mo is ranked
before m1 in the preliminary MPM list, the one or more processors may set the first
element of the final MPM list as mo. The one or more processors may set the
second element of the final MPM list as m1. The one or more processors may set
the third and fourth elements of the final MPM list as the planar mode and the DC
mode. The one or more processors may set the fifth and sixth elements of the final
MPM list as the mode max{mo, m1}-1 and the mode max{mo, m1}+1. If at least one
of the mode max{mo, m1}-1 and the mode max{mo, m1}+1 is the same as one of mo,
m1, the planar mode, and the DC mode, the one or more processors may set the fifth
and sixth elements of the final MPM list as the mode max{mo, m1}-2 and the mode
max{mo, m1}+2.

[0015] In some embodiments, a count of the two or more adjacent blocks may be 2.
To determine the final MPM list based on the preliminary MPM list and the non-
angular intra-prediction mode, in response to determining that the preliminary MPM
list includes the DC mode and an angular intra-prediction mode m, the one or more
processors may set a first element of the final MPM list as the DC mode. The one
or more processors may set a second and a third element of the final MPM list as the
planar mode and the mode m, respectively. The one or more processors may set
fourth to sixth elements of the final MPM list as a mode m-1, a mode m+1, and a

mode m-2, respectively. In response to determining that the preliminary MPM list
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includes the planar mode and the angular intra-prediction mode m, and m=2, 34, or
66, the one or more processors may set the first element of the final MPM list as the
planar mode. The one or more processors may set the second element of the final
MPM list as the mode m. The one or more processors may set the third element of
the final MPM list as the DC mode. The one or more processors may set the fourth
to sixth elements of the final MPM list as the mode m-1, the mode m+1, and the
mode m-2, respectively.

[0016] In some embodiments, in response to determining that there is at least one
pending element to be determined in the final MPM list, the one or more processors
may obtain a maximum angular intra-prediction mode in the preliminary MPM list.
The one or more processors may determine at least one nearby angular intra-
prediction mode of the maximum angular intra-prediction mode. The one or more
processors may set the at least one pending element in the final MPM list as the at
least one nearby angular intra-prediction mode.

[0017] In some embodiments, the target block may be encoded using multiple
reference lines, and the final MPM list may include at least one non-angular intra-
prediction mode and at least one angular intra-prediction mode. The one or more
processors may determine the final MPM list as a first final MPM list of a first
reference line of the multiple reference lines, wherein the first reference line may be
closest to the target block in the multiple reference lines. The one or more
processors may determine a second final MPM list of non-first reference lines of the
multiple reference lines based on the first final MPM list.

[0018] In some embodiments, to determine the second final MPM list of non-first
reference lines of the multiple reference lines based on the first final MPM list, the
one or more processors may add, as one or more elements of the second final MPM
list, one or more of the at least one angular intra-prediction mode of the first final
MPM list to the second final MPM list according to an order of the one or more of the

at least one angular intra-prediction modes in the first final MPM list.
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[0019] In some embodiments, to determine the second final MPM list of non-first
reference lines of the multiple reference lines based on the first final MPM list, the
one or more processors may obtain a maximum angular intra-prediction mode in the
preliminary MPM list. The one or more processors may determine at least one
nearby angular intra-prediction mode of the maximum angular intra-prediction mode.
The one or more processors may obtain the second final MPM list by replacing the at
least one non-angular intra-prediction mode in the first final MPM list with the at least
one nearby angular intra-prediction mode.

[0020] In some embodiments, the target block may be encoded using multiple
reference lines, and a count of the two or more adjacent blocks may be 2. The one
or more processors may determine the final MPM list as a first final MPM list of a first
reference line of the multiple reference lines, wherein the first reference line may be
closest to the target block in the multiple reference lines. The one or more
processors may determine a second final MPM list of non-first reference lines of the
multiple reference lines by an operation including one of: in response to determining
that the preliminary MPM list includes one or two elements each of which is a planar
mode or a DC mode, setting first to sixth elements of the second final MPM list as a
vertical mode, a horizontal mode, an angular mode 2, an angular mode 34, an
angular mode 66, and an angular mode 26, respectively; in response to determining
that the preliminary MPM list includes one or two elements only one of which is an
angular intra-prediction mode m, setting the first to sixth elements of the second final
MPM list as the mode m, a mode m-1, a mode m+1, a mode m-2, a mode m+2, and
a mode m-3, respectively; or in response to determining that the preliminary MPM list
includes two angular intra-prediction modes mo and m+, and mo is ranked before mj1
in the preliminary MPM list, setting the first element of the second final MPM list as
Mo; setting the second element of the second final MPM list as m1; and setting the
third to sixth elements as any four of 8 modes min{mo, m1}£1, max{mo, m1}£1,

max{mo, m1}£1, max{mo, m1}+2.
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[0021] In some embodiments, to determine the final MPM list of the target block, the
one or more processors may determine a preliminary MPM list of the target block,
the preliminary MPM list including a plurality of intra-prediction modes. The one or
more processors may obtain a size relation between the width and the height of the
target block. The width of the target block may be equal to a length of a first side of
the target block that is along a horizontal direction of the target block. The height of
the target block may be equal to a length of a second side of the target block that is
along a vertical direction of the target block. The one or more processors may
determine the final MPM list by adjusting the preliminary MPM list based on the size
relation.

[0022] In some embodiments, to determine the final MPM list by adjusting the
preliminary MPM list based on the size relation, the one or more processors may
adjust positions of at least two of the plurality of intra-prediction modes in the
preliminary MPM list based on the size relation.

[0023] In some embodiments, to adjust the positions of the at least two of the
plurality of intra-prediction modes in the preliminary MPM list based on the size
relation, in response to determining that the size relation indicates that the width of
the target block is greater than the height of the target block, the one or more
processors may determine the final MPM list by switching positions of a vertical
mode and a horizontal mode in the preliminary MPM list so that the vertical mode is
ranked in front of the horizontal mode in the final MPM list. In response to
determining that the size relation indicates that the height of the target block is
greater than the width of the target block, the one or more processors may determine
the final MPM list by switching positions of the vertical mode and the horizontal mode
in the preliminary MPM list so that the vertical mode is ranked behind the horizontal
mode in the final MPM list.

[0024] In some embodiments, to adjust the positions of the at least two of the
plurality of intra-prediction modes in the preliminary MPM list based on the size

relation, in response to determining that the size relation indicates that the width of
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the target block is greater than the height of the target block, the one or more
processors may determine the final MPM list by switching positions of an intra-
prediction mode of a first adjacent block of the target block and an intra-prediction
mode of a second adjacent block of the target block in the preliminary MPM list so
that the intra-prediction mode of the first adjacent block is ranked in front of the intra-
prediction mode of the second adjacent block. In response to determining that the
size relation indicates that the height of the target block is greater than the width of
the target block, the one or more processors may determine the final MPM list by
switching the positions of the intra-prediction mode of the first adjacent block of the
target block and the intra-prediction mode of the second adjacent block of the target
block in the preliminary MPM list so that the intra-prediction mode of the top adjacent
block is ranked behind the intra-prediction mode of the left adjacent block, wherein
the first adjacent block may be adjacent to the first side of the target block, and the
second adjacent block is adjacent to the second side of the target block.

[0025] In some embodiments, to determine the final MPM list by adjusting the
preliminary MPM list based on the size relation, the one or more processors may
replace one or more of the plurality of intra-prediction modes in the preliminary MPM
list based on the size relation.

[0026] In some embodiments, to replace the one or more of the plurality of intra-
prediction modes in the preliminary MPM list based on the size relation, in response
to determining that the size relation indicates that the width of the target block is
greater than the height of the target block, the one or more processors may
determine the final MPM list by replacing a horizontal mode in the preliminary MPM
list with a vertical mode. In response to determining that the size relation indicates
that the height of the target block is greater than the width of the target block, the
one or more processors may determine the final MPM list by replacing the vertical
mode in the preliminary MPM list with the horizontal mode.

[0027] In some embodiments, to replace the one or more of the plurality of intra-

prediction modes in the preliminary MPM list based on the size relation, in response
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to determining that the size relation indicates that the width of the target block is
greater than the height of the target block, the one or more processors may
determine the final MPM list by replacing a maximum ordinary angular mode or an
ordinary angular mode nearby the maximum ordinary angular mode in the
preliminary MPM list with a wide-angular mode adjacent to the maximum ordinary
angular mode. In response to determining that the size relation indicates that the
height of the target block is greater than the width of the target block, the one or
more processors may determine the final MPM list by replacing a minimum ordinary
angular mode or an ordinary angular mode nearby the minimum ordinary angular
mode in the preliminary MPM list with a wide-angular mode adjacent to the minimum
ordinary angular mode.

[0028] In some embodiments, to replace the one or more of the plurality of intra-
prediction modes in the preliminary MPM list based on the size relation, in response
to determining that the size relation indicates that the height and the width of the
target block are different, the one or more processors may obtain a first number of
encoded adjacent blocks corresponding to a longer side of the target block. The
one or more processors may obtain intra-prediction modes of the first number of
encoded adjacent blocks. The one or more processors may determine the final
MPM list by replacing one or more of the plurality of intra-prediction modes in the
preliminary MPM list with the intra-prediction modes of the first number of encoded
adjacent blocks.

[0029] In some embodiments, to determine the final MPM list of the target block, the
one or more processors may obtain the plurality of first encoded blocks or the
plurality of second encoded blocks associated with the target block. At least a
portion of the plurality of first encoded blocks or at least a portion of the plurality of
second encoded blocks may be in the target image or in a video frame prior to the
target image. The one or more processors may determine an MPM candidate list
based on the plurality of first encoded blocks or the plurality of second encoded

blocks. The one or more processors may determine a preliminary MPM list based
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on the first intra-prediction modes configured to encode the two or more adjacent
blocks of the target block. The one or more processors may determine the final
MPM list based on the preliminary MPM list and the MPM candidate list.

[0030] In some embodiments, to determine the MPM candidate list based on the
plurality of first encoded blocks or the plurality of second encoded blocks, the one or
more processors may obtain the second intra-prediction modes. The one or more
processors may determine the statistical information of the second intra-prediction
modes. The statistical information may include a statistical count of the second
intra-prediction modes of each type. The one or more processors may determine
the MPM candidate list based on the statistical information of the second intra-
prediction modes.

[0031] In some embodiments, to determine the MPM candidate list based on the
statistical information of the second intra-prediction modes, the one or more
processors may rank the second intra-prediction modes based on a descending
order of the statistical counts. The one or more processors may determine one or
more top-ranked second intra-prediction modes as one or more elements of the
MPM candidate list.

[0032] In some embodiments, to determine the MPM candidate list based on the
plurality of first encoded blocks or the plurality of second encoded blocks, the one or
more processors may obtain a first texture value of the target block and a second
texture value of each of the plurality of second encoded blocks. The one or more
processors may determine a texture difference between the first texture value and
the second texture value. The one or more processors may select at least one of
the plurality of second encoded blocks based on the texture differences, the texture
difference of the at least one selected second encoded block being within a range.
The one or more processors may determine one or more of the at least one selected
second encoded block as one or more similar blocks of the target block. The one or

more processors may obtain one or more third intra-prediction modes related to the
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one or more similar blocks. The one or more processors may determine the MPM
candidate list based on the one or more third intra-prediction modes.

[0033] In some embodiments, the one or more similar blocks of the target block
may include one of the at least one selected second encoded block corresponding to
which the texture difference is minimum in the at least one selected second encoded
block.

[0034] In some embodiments, the MPM candidate list may include the one or more
third intra-prediction modes. The one or more third intra-prediction modes may
include at least one of an optimal intra-prediction mode configured to encode the
similar block and one or more fourth intra-prediction modes in an MPM list of the
similar block.

[0035] In some embodiments, in the MPM candidate list, the optimal intra-prediction
mode may be ranked in front of the one or more fourth intra-prediction modes in the
MPM list of the similar block. An order of the one or more fourth intra-prediction
modes in the MPM candidate list may be consistent with an order of the one or more
fourth intra-prediction modes in the MPM list of the similar block.

[0036] In some embodiments, the first texture value may be represented as a
gradient value related to the target block.

[0037] In some embodiments, the gradient value related to the target block may
include a gradient value of the target block or a gradient value of an extended target
block. The extended target block may include the target block, first reference pixels
on a first side of the target block, and second reference pixels on a second side of
the target block, the first side being adjacent to the second side.

[0038] In some embodiments, the one or more processors may determine that an
absolute difference between the first texture value and the texture value of the
similar block is less than or equal to a value.

[0039] In some embodiments, to obtain the plurality of first encoded blocks or the
plurality of second encoded blocks associated with the target block, the one or more

processors may search for the plurality of first encoded blocks or the plurality of
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second encoded blocks in a region of at least one of the target image and one or
more video frames prior to the target image according to an order from left to right
and from top to bottom.

[0040] In some embodiments, to determine the final MPM list based on the
preliminary MPM list and the MPM candidate list, the one or more processors may
determine the final MPM list by inserting at least one element of the MPM candidate
list into the preliminary MPM list.

[0041] In some embodiments, to determine the final MPM list based on the
preliminary MPM list and the MPM candidate list, the one or more processors may
determine one or more elements to be replaced in the preliminary MPM list. The
one or more processors may determine the final MPM list by replacing the one or
more elements to be replaced with one or more top-ranked elements in the MPM
candidate list.

[0042] In some embodiments, the two or more adjacent blocks of the target block
may include a first adjacent block and a second adjacent block. The final MPM list
may include M elements, M=3. The one or more elements to be replaced may be
ranked behind (M-N)th element of the preliminary MPM list. N may be an integer
within [1, M-1] if the intra-prediction mode of the first adjacent block is the same as
the intra-prediction mode of the second adjacent block. Or N may be an integer
within [1, M-2] if the intra-prediction mode of the first adjacent block is different from
the intra-prediction mode of the second adjacent block.

[0043] In some embodiments, N may refer to a count of the one or more elements
to be replaced.

[0044] In some embodiments, the one or more elements to be replaced in the
preliminary MPM list may include at least one of a planar mode, a direct-current (DC)
mode, a vertical mode, a horizontal mode, or an intra-prediction mode adjacent to at
least one of the first intra-predication modes of the two or more adjacent blocks.
[0045] In some embodiments, the one or more elements to be replaced may include

a special mode in the preliminary MPM list. The special mode may include an intra-
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prediction mode different from the first intra-prediction modes of the two or more
adjacent blocks in the preliminary MPM list.

[0046] In some embodiments, to determine the final MPM list by replacing the one
or more elements to be replaced with the one or more top-ranked elements in the
MPM candidate list, the one or more processors may obtain one of the one or more
elements to be replaced in the preliminary MPM list as a target element to be
replaced. The one or more processors may obtain one of the one or more top-
ranked elements in the MPM candidate list as a reference mode. The one or more
processors may determine whether the reference mode is different from one or more
elements in the preliminary MPM list except the one or more elements to be
replaced. In response to determining that the reference mode is different from the
one or more elements in the preliminary MPM list except the one or more elements
to be replaced, the one or more processors may replace the target element to be
replaced with the reference mode.

[0047] In some embodiments, the one or more processors may determine a code
word of the target intra-prediction mode by encoding the target intra-prediction mode
based on the final MPM list.

[0048] According to another aspect of the present disclosure, a method for intra
prediction may include one or more of the following operations. One or more
processors may obtain a target block to be encoded in a target image. The one or
more processors may determine a final most probably mode (MPM) list of the target
block based on at least one of (a) first intra-prediction modes configured to encode
two or more adjacent blocks of the target block, (b) a width and a height of the target
block, (c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, or (d)
texture features of a plurality of second encoded blocks associated with the target
block. The one or more processors may determine, based on the final MPM list, a
target intra-prediction mode corresponding to the target block. The one or more

processors may encode, based on the target intra-prediction mode, the target block.



WO 2020/182167 PCT/CN2020/078870
16

[0049] According to yet another aspect of the present disclosure, a system for intra
prediction may include a first block obtaining unit configured to obtain a target block
to be encoded in a target image. The system may also include a first list
determination unit configured to determine a final most probably mode (MPM) list of
the target block based on at least one of (a) first intra-prediction modes configured to
encode two or more adjacent blocks of the target block, (b) a width and a height of
the target block, (c) statistical information of second intra-prediction modes
configured to encode a plurality of first encoded blocks associated with the target
block, or (d) texture features of a plurality of second encoded blocks associated with
the target block. The system may also include a first mode determination unit
configured to determine, based on the final MPM list, a target intra-prediction mode
corresponding to the target block. The system may also include an encoding unit
configured to encode, based on the target intra-prediction mode, the target block.
[0050] According to yet another aspect of the present disclosure, a non-transitory
computer readable medium may comprise at least one set of instructions for intra
prediction. The at least one set of instructions may be executed by one or more
processors of a computing device. The one or more processors may obtain a target
block to be encoded in a target image. The one or more processors may determine
a final most probably mode (MPM) list of the target block based on at least one of (a)
first intra-prediction modes configured to encode two or more adjacent blocks of the
target block, (b) a width and a height of the target block, (c) statistical information of
second intra-prediction modes configured to encode a plurality of first encoded
blocks associated with the target block, or (d) texture features of a plurality of second
encoded blocks associated with the target block. The one or more processors may
determine, based on the final MPM list, a target intra-prediction mode corresponding
to the target block. The one or more processors may encode, based on the target
intra-prediction mode, the target block.

[0051] According to yet another aspect of the present disclosure, a system for intra

prediction may include one or more storage devices and one or more processors
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configured to communicate with the one or more storage devices. The one or more
storage devices may include a set of instructions. When the one or more
processors executing the set of instructions, the one or more processors may be
directed to perform one or more of the following operations. The one or more
processors may obtain a target block to be encoded in a target image. The one or
more processors may determine a final most probably mode (MPM) list of the target
block based on at least one of (a) first intra-prediction modes configured to encode
two or more adjacent blocks of the target block, (b) a width and a height of the target
block, (c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, and (d)
texture features of a plurality of second encoded blocks associated with the target
block. The one or more processors may obtain a code word of a target intra-
prediction mode of the target block. The one or more processors may obtain the
target intra-prediction mode by decoding the code word of the target intra-prediction
mode based on the final MPM list. The one or more processors may decode the
target block based on the target intra-prediction mode.

[0052] According to yet another aspect of the present disclosure, a method for intra
prediction may include one or more of the following operations. One or more
processors may obtain a target block to be encoded in a target image. The one or
more processors may determine a final most probably mode (MPM) list of the target
block based on at least one of (a) first intra-prediction modes configured to encode
two or more adjacent blocks of the target block, (b) a width and a height of the target
block, (c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, and (d)
texture features of a plurality of second encoded blocks associated with the target
block. The one or more processors may obtain a code word of a target intra-
prediction mode of the target block. The one or more processors may obtain the

target intra-prediction mode by decoding the code word of the target intra-prediction
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mode based on the final MPM list. The one or more processors may decode the
target block based on the target intra-prediction mode.

[0053] According to yet another aspect of the present disclosure, a system for intra
prediction may include a second block obtaining unit configured to obtain a target
block to be encoded in a target image. The system may also include a second list
determination unit configured to determine a final most probably mode (MPM) list of
the target block based on at least one of (a) first intra-prediction modes configured to
encode two or more adjacent blocks of the target block, (b) a width and a height of
the target block, (c) statistical information of second intra-prediction modes
configured to encode a plurality of first encoded blocks associated with the target
block, and (d) texture features of a plurality of second encoded blocks associated
with the target block. The system may also include a second mode determination
unit configured to obtain a code word of a target intra-prediction mode of the target
block. The second mode determination unit may also be configured to obtain the
target intra-prediction mode by decoding the code word of the target intra-prediction
mode based on the final MPM list. The system may also include a decoding unit
configured to decode the target block based on the target intra-prediction mode.
[0054] According to yet another aspect of the present disclosure, a non-transitory
computer readable medium may comprise at least one set of instructions for intra
prediction. The at least one set of instructions may be executed by one or more
processors of a computing device. The one or more processors may obtain a target
block to be encoded in a target image. The one or more processors may determine
a final most probably mode (MPM) list of the target block based on at least one of (a)
first intra-prediction modes configured to encode two or more adjacent blocks of the
target block, (b) a width and a height of the target block, (c) statistical information of
second intra-prediction modes configured to encode a plurality of first encoded
blocks associated with the target block, and (d) texture features of a plurality of
second encoded blocks associated with the target block. The one or more

processors may obtain a code word of a target intra-prediction mode of the target
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block. The one or more processors may obtain the target intra-prediction mode by
decoding the code word of the target intra-prediction mode based on the final MPM
list. The one or more processors may decode the target block based on the target
intra-prediction mode.

BRIEF DESCRIPTION OF THE DRAWINGS
[0055] The present disclosure is further described in terms of exemplary
embodiments. These exemplary embodiments are described in detail with
reference to the drawings. These embodiments are non-limiting exemplary
embodiments, in which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:
[0056] FIG. 1 is a schematic diagram illustrating an exemplary image coding system
according to some embodiments of the present disclosure;
[0057] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary computing device according to some
embodiments of the present disclosure;
[0058] FIG. 3 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary terminal device according to some
embodiments of the present disclosure;
[0059] FIG. 4 is a schematic diagram illustrating an exemplary processing device
according to some embodiments of the present disclosure;
[0060] FIG. 5A is a flowchart illustrating an exemplary encoding process for intra-
prediction according to some embodiments of the present disclosure;
[0061] FIG. 5B is a flowchart illustrating an exemplary decoding process for intra-
prediction according to some embodiments of the present disclosure;
[0062] FIG. 6 is a schematic diagram illustrating exemplary directions of ordinary
angular modes with different indexes according to some embodiments of the present

disclosure;
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[0063] FIG. 7 is a schematic diagram illustrating exemplary directions of wide-
angular modes with different indexes according to some embodiments of the present
disclosure;

[0064] FIG. 8 is a schematic diagram illustrating exemplary reference lines
associated with a target block according to some embodiments of the present
disclosure;

[0065] FIG. 9 is a flowchart illustrating an exemplary process for determining a final
MPM list according to some embodiments of the present disclosure;

[0066] FIGs. 10A-10C are schematic diagrams illustrating exemplary adjacent
blocks of a target block according to some embodiments of the present disclosure;
[0067] FIG. 11 is a flowchart illustrating an exemplary process for determining a
preliminary MPM list according to some embodiments of the present disclosure;
[0068] FIG. 12 is a flowchart illustrating an exemplary process for a supplement
operation according to some embodiments of the present disclosure;

[0069] FIG. 13 is a flowchart illustrating an exemplary process for determining a
final MPM list according to some embodiments of the present disclosure;

[0070] FIGs. 14 and 15 are schematic diagrams illustrating exemplary intra sub-
partition (ISP) according to some embodiments of the present disclosure;

[0071] FIG. 16 is a flowchart illustrating an exemplary process for determining a
final MPM list according to some embodiments of the present disclosure;

[0072] FIG. 17 is a flowchart illustrating an exemplary process for determining a
candidate MPM list according to some embodiments of the present disclosure;
[0073] FIG. 18 is a flowchart illustrating an exemplary process for determining a
final MPM list according to some embodiments of the present disclosure;

[0074] FIG. 19 is a flowchart illustrating an exemplary process for determining a
final MPM list according to some embodiments of the present disclosure; and
[0075] FIG. 20 is a schematic diagram illustrating exemplary encoded blocks

according to some embodiments of the present disclosure.
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DETAILED DESCRIPTION
[0076] In the following detailed description, numerous specific details are set forth
by way of examples in order to provide a thorough understanding of the relevant
disclosure. However, it should be apparent to those skilled in the art that the
present disclosure may be practiced without such details. In other instances, well-
known methods, procedures, systems, components, and/or circuitry have been
described at a relatively high-level, without detail, in order to avoid unnecessarily
obscuring aspects of the present disclosure. Various modifications to the disclosed
embodiments will be readily apparent to those skilled in the art, and the general
principles defined herein may be applied to other embodiments and applications
without departing from the spirit and scope of the present disclosure. Thus, the
present disclosure is not limited to the embodiments shown, but to be accorded the

widest scope consistent with the claims.

” o ” o

[0077] It will be understood that the terms “system,” “engine,” “unit,” “module,”
and/or “block” used herein are one method to distinguish different components,
elements, parts, sections, or assemblies of different levels in ascending order.
However, the terms may be displaced by other expression if they may achieve the
same purpose.

” o

[0078] Generally, the words “module,” “unit,” or “block” used herein, refer to logic
embodied in hardware or firmware, or to a collection of software instructions. A
module, a unit, or a block described herein may be implemented as software and/or
hardware and may be stored in any type of non-transitory computer-readable
medium or other storage device. In some embodiments, a software
module/unit/block may be compiled and linked into an executable program. It will
be appreciated that software modules can be callable from other
modules/units/blocks or from themselves, and/or may be invoked in response to
detected events or interrupts. Software modules/units/blocks configured for

execution on computing devices (e.g., processor 220 illustrated in FIG. 2) may be

provided on a computer readable medium, such as a compact disc, a digital video
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disc, a flash drive, a magnetic disc, or any other tangible medium, or as a digital
download (and can be originally stored in a compressed or installable format that
needs installation, decompression, or decryption prior to execution). Such software
code may be stored, partially or fully, on a storage device of the executing computing
device, for execution by the computing device. Software instructions may be
embedded in firmware, such as an EPROM. It will be further appreciated that
hardware modules (or units or blocks) may be included in connected logic
components, such as gates and flip-flops, and/or can be included in programmable
units, such as programmable gate arrays or processors. The modules (or units or
blocks) or computing device functionality described herein may be implemented as
software modules (or units or blocks), but may be represented in hardware or
firmware. In general, the modules (or units or blocks) described herein refer to
logical modules (or units or blocks) that may be combined with other modules (or
units or blocks) or divided into sub-modules (or sub-units or sub-blocks) despite their
physical organization or storage.

[0079] It will be understood that when a unit, an engine, a module, or a block is

” o

referred to as being “on,” “connected to,” or “coupled to” another unit, engine,
module, or block, it may be directly on, connected or coupled to, or communicate
with the other unit, engine, module, or block, or an intervening unit, engine, module,
or block may be present, unless the context clearly indicates otherwise. As used
herein, the term “and/or” includes any and all combinations of one or more of the
associated listed items.

[0080] The terminology used herein is for the purposes of describing particular
examples and embodiments only and is not intended to be limiting. As used herein,

” o

the singular forms “a,” “an,” and “the” may be intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be further understood that
the terms “include” and/or “comprise,” when used in this disclosure, specify the
presence of integers, devices, behaviors, stated features, steps, elements,

operations, and/or components, but do not exclude the presence or addition of one
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or more other integers, devices, behaviors, features, steps, elements, operations,
components, and/or groups thereof.

[0081] In addition, it should be understood that in the description of the present
disclosure, the terms “first”, “second”, or the like, are only used for the purpose of
differentiation, and cannot be interpreted as indicating or implying relative
importance, nor can be understood as indicating or implying the order.

[0082] The flowcharts used in the present disclosure illustrate operations that
systems implement according to some embodiments of the present disclosure. ltis
to be expressly understood, the operations of the flowcharts may be implemented
not in order. Conversely, the operations may be implemented in an inverted order,
or simultaneously. Moreover, one or more other operations may be added to the
flowcharts. One or more operations may be removed from the flowcharts.

[0083] FIG. 1 is a schematic diagram illustrating an exemplary image coding system
according to some embodiments of the present disclosure. As shown, the image
coding system 100 may include a server 110, a network 120, an acquisition device
130, a user device 140, and a storage device 150.

[0084] The server 110 may be a single server or a server group. The server group
may be centralized or distributed (e.g., the server 110 may be a distributed system).
In some embodiments, the server 110 may be local or remote. For example, the
server 110 may access information and/or data stored in the acquisition device 130,
the user device 140, and/or the storage device 150 via the network 120. As another
example, the server 110 may be directly connected to the acquisition device 130, the
user device 140, and/or the storage device 150 to access stored information and/or
data. In some embodiments, the server 110 may be implemented on a cloud
platform. Merely by way of example, the cloud platform may include a private
cloud, a public cloud, a hybrid cloud, a community cloud, a distributed cloud, an
inter-cloud, a multi-cloud, or the like, or any combination thereof. In some
embodiments, the server 110 may be implemented on a computing device 200

including one or more components illustrated in FIG. 2 of the present disclosure.
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[0085] In some embodiments, the server 110 may include a processing device 112.
The processing device 112 may process information and/or data relating to image
coding to perform one or more functions described in the present disclosure. For
example, the processing device 112 may obtain a target block to be encoded in a
target image. The processing device 112 may determine a final MPM list of the
target block. The processing device 112 may determine a target intra-prediction
mode of the target block based on the final MPM list. The processing device 112
may encode the target intra-prediction mode based on the final MPM list. In some
embodiments, the processing device 112 may include one or more processing
devices (e.g., single-core processing device(s) or multi-core processor(s)). Merely
by way of example, the processing device 112 may include a central processing unit
(CPU), an application-specific integrated circuit (ASIC), an application-specific
instruction-set processor (ASIP), a graphics processing unit (GPU), a physics
processing unit (PPU), a digital signal processor (DSP), a field programmable gate
array (FPGA), a programmable logic device (PLD), a controller, a microcontroller
unit, a reduced instruction-set computer (RISC), a microprocessor, or the like, or any
combination thereof.

[0086] In some embodiment, the sever 110 may be unnecessary and all or part of
the functions of the server 110 may be implemented by other components (e.g., the
acquisition device 130, the user device 140) of the image coding system 100. For
example, the processing device 112 may be integrated into the acquisition device
130 or the user device140 and the functions (e.g., performing intra-prediction to an
image) of the processing device 112 may be implemented by the acquisition device
130 or the user device140.

[0087] The network 120 may facilitate exchange of information and/or data for the
image coding system 100. In some embodiments, one or more components (e.g.,
the server 110, the acquisition device 130, the user device 140, the storage device
150) of the image coding system 100 may transmit information and/or data to other

component(s) of the image coding system 100 via the network 120. For example,
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the server 110 may obtain an image to be coded from the acquisition device 130 via
the network 120. As another example, the server 110 may obtain an intra-
prediction mode associated with the image coding from the storage device 150. In
some embodiments, the network 120 may be any type of wired or wireless network,
or combination thereof. Merely by way of example, the network 120 may include a
cable network (e.g., a coaxial cable network), a wireline network, an optical fiber
network, a telecommunications network, an intranet, an Internet, a local area
network (LAN), a wide area network (WAN), a wireless local area network (WLAN), a
metropolitan area network (MAN), a public telephone switched network (PSTN), a
Bluetooth network, a ZigBee network, a near field communication (NFC) network, or
the like, or any combination thereof.

[0088] The acquisition device 130 may be configured to acquire an image (the
‘image” herein refers to a single image or a frame of a video). In some
embodiments, the acquisition device 130 may include a camera 130-1, a video
recorder 130-2, a sensor 130-3, etc. The camera 130-1 may include a gun camera,
a dome camera, an integrated camera, a monocular camera, a binocular camera, a
multi-view camera, or the like, or any combination thereof. The video recorder 130-
2 may include a PC Digital Video Recorder (DVR), an embedded DVR, or the like, or
any combination thereof. The sensor 130-1 may include an acceleration sensor
(e.g., a piezoelectric sensor), a velocity sensor (e.g., a Hall sensor), a distance
sensor (e.g., a radar, an infrared sensor), a steering angle sensor (e.g., a tilt sensor),
a traction-related sensor (e.g., a force sensor), or the like, or any combination
thereof. The image acquired by the acquisition device 130 may be a two-
dimensional image, a three-dimensional image, a four-dimensional image, etc. In
some embodiments, the acquisition device 130 may include a plurality of
components each of which can acquire an image. For example, the acquisition
device 130 may include a plurality of sub-cameras that can capture images or videos

simultaneously. In some embodiments, the acquisition device 130 may transmit the
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acquired image to one or more components (e.g., the server 110, the user device
140, the storage device 150) of the image coding system 100 via the network 120.
[0089] The user device 140 may be configured to receive information and/or data
from the server 110, the acquisition device 130, and/or the storage device 150 via
the network 120. For example, the user device 140 may receive a coded image
determined based on a plurality of predicted coding units corresponding to a plurality
of coding units in the image from the server 110. In some embodiments, the user
device 140 may process information and/or data received from the server 110, the
acquisition device 130, and/or the storage device 150 via the network 120. For
example, the user device 140 may decode the coded image received from the server
110. In some embodiments, the user device 140 may provide a user interface via
which a user may view information and/or input data and/or instructions to the image
coding system 100. For example, the user may view the decoded image via the
user interface. As another example, the user may input an instruction associated
with an image coding parameter via the user interface. In some embodiments, the
user device 140 may include a mobile phone 140-1, a computer 140-2, a wearable
device 140-3, or the like, or any combination thereof. In some embodiments, the
user device 140 may include a display that can display information in a human-
readable form, such as text, image, audio, video, graph, animation, or the like, or any
combination thereof. The display of the user device 140 may include a cathode ray
tube (CRT) display, a liquid crystal display (LCD), a light emitting diode (LED)
display, a plasma display panel (PDP), a three dimensional (3D) display, or the like,
or a combination thereof. In some embodiments, the user device 140 may be
connected to one or more components (e.g., the server 110, the acquisition device
130, the storage device 150) of the image coding system 100 via the network 120.
[0090] The storage device 150 may be configured to store data and/or instructions.
The data and/or instructions may be obtained from, for example, the server 110, the
acquisition device 130, and/or any other component of the image coding system 100.

In some embodiments, the storage device 150 may store data and/or instructions
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that the server 110 may execute or use to perform exemplary methods described in
the present disclosure. For example, the storage device 150 may store the
prediction mode associated with the image coding. In some embodiments, the
storage device 150 may include a mass storage, a removable storage, a volatile
read-and-write memory, a read-only memory (ROM), or the like, or any combination
thereof. Exemplary mass storage may include a magnetic disk, an optical disk, a
solid-state drive, etc. Exemplary removable storage may include a flash drive, a
floppy disk, an optical disk, a memory card, a zip disk, a magnetic tape, etc.
Exemplary volatile read-and-write memory may include a random access memory
(RAM). Exemplary RAM may include a dynamic RAM (DRAM), a double date rate
synchronous dynamic RAM (DDR SDRAM), a static RAM (SRAM), a thyristor RAM
(T-RAM), and a zero-capacitor RAM (Z-RAM), etc. Exemplary ROM may include a
mask ROM (MROM), a programmable ROM (PROM), an erasable programmable
ROM (EPROM), an electrically erasable programmable ROM (EEPROM), a compact
disk ROM (CD-ROM), and a digital versatile disk ROM, etc. In some embodiments,
the storage device 150 may be implemented on a cloud platform. Merely by way of
example, the cloud platform may include a private cloud, a public cloud, a hybrid
cloud, a community cloud, a distributed cloud, an inter-cloud, a multi-cloud, or the
like, or any combination thereof.

[0091] The storage device 150 may be configured to store data and/or instructions.
For example, the storage device 150 may store data and/or instructions that the
server 110 may execute or use to perform exemplary methods described in the
present disclosure. In some embodiments, the storage device 150 may be
connected to the network 120 to communicate with one or more components (e.g.,
the server 110, the acquisition device 130, the user device 140) of the image coding
system 100. One or more components of the image coding system 100 may
access the data or instructions stored in the storage device 150 via the network 120.
In some embodiments, the storage device 150 may be directly connected to or

communicate with one or more components (e.g., the server 110, the acquisition
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device 130, the user device 140) of the image coding system 100. In some
embodiments, the storage device 150 may be part of other components of the image
coding system 100, such as the server 110, the acquisition device 130, or the user
device 140.

[0092] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0093] FIG. 2 is a schematic diagram illustrating exemplary hardware and/or
software components of an exemplary computing device according to some
embodiments of the present disclosure. In some embodiments, the server 110 may
be implemented on the computing device 200. For example, the processing device
112 may be implemented on the computing device 200 and configured to perform
functions of the processing device 112 disclosed in this disclosure.

[0094] The computing device 200 may be used to implement any component of the
image coding system 100 as described herein. For example, the processing device
112 may be implemented on the computing device 200, via its hardware, software
program, firmware, or a combination thereof. Although only one such computer is
shown, for convenience, the computer functions relating to image coding as
described herein may be implemented in a distributed fashion on a number of similar
platforms to distribute the processing load.

[0095] The computing device 200, for example, may include COM ports 250
connected to and from a network connected thereto to facilitate data
communications. The computing device 200 may also include a processor (e.g., a
processor 220), in the form of one or more processors (e.9., logic circuits), for
executing program instructions. For example, the processor 220 may include
interface circuits and processing circuits therein. The interface circuits may be

configured to receive electronic signals from a bus 210, wherein the electronic
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signals encode structured data and/or instructions for the processing circuits to
process. The processing circuits may conduct logic calculations, and then
determine a conclusion, a result, and/or an instruction encoded as electronic signals.
Then the interface circuits may send out the electronic signals from the processing
circuits via the bus 210.

[0096] The computing device 200 may further include program storage and data
storage of different forms including, for example, a disk 270, a read-only memory
(ROM) 230, or a random-access memory (RAM) 240, for storing various data files to
be processed and/or transmitted by the computing device 200. The computing
device 200 may also include program instructions stored in the ROM 230, RAM 240,
and/or another type of non-transitory storage medium to be executed by the
processor 220. The methods and/or processes of the present disclosure may be
implemented as the program instructions. The computing device 200 may also
include an input/output (1/0) component 260, supporting input/output between the
computing device 200 and other components. The computing device 200 may also
receive programming and data via network communications.

[0097] Merely for illustration, only one processor is illustrated in FIG. 2. Multiple
processors 220 are also contemplated; thus, operations and/or method steps
performed by one processor 220 as described in the present disclosure may also be
jointly or separately performed by the multiple processors. For example, if in the
present disclosure the processor 220 of the computing device 200 executes both
operation A and operation B, it should be understood that operation A and operation
B may also be performed by two different processors 220 jointly or separately in the
computing device 200 (e.g., a first processor executes operation A and a second
processor executes operation B, or the first and second processors jointly execute
operations A and B).

[0098] FIG. 3 is a schematic diagram illustrating exemplary hardware and/or

software components of an exemplary terminal device according to some
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embodiments of the present disclosure. In some embodiments, the user device 140
may be implemented on the terminal device 300 shown in FIG. 3.

[0099] As illustrated in FIG. 3, the terminal device 300 may include a
communication platform 310, a display 320, a graphic processing unit (GPU) 330, a
central processing unit (CPU) 340, an I/O 350, a memory 360, and a storage 390.

In some embodiments, any other suitable component, including but not limited to a
system bus or a controller (not shown), may also be included in the terminal device
300.

[0100] In some embodiments, an operating system 370 (e.g., iOS™, Android™,
Windows Phone ™) and one or more applications (Apps) 380 may be loaded into the
memory 360 from the storage 390 in order to be executed by the CPU 340. The
applications 380 may include a browser or any other suitable mobile apps for
receiving and rendering information relating to image coding or other information
from the processing device 112. User interactions may be achieved via the 1/0 350
and provided to the processing device 112 and/or other components of the image
coding system 100 via the network 120.

[0101] FIG. 4 is a schematic diagram illustrating an exemplary processing device
according to some embodiments of the present disclosure. The processing device
112 may include an encoding module 410 and a decoding module 420. The
encoding module 410 may include a first block obtaining unit 411, a first list
determination unit 412, a first mode determination unit 413, and an encoding unit
414. The decoding module 420 may include a second block obtaining unit 421, a
second list determination unit 422, a second mode determination unit 423, and a
decoding unit 424.

[0102] The first block obtaining unit 411 may be configured to obtain a target block
to be encoded in a target image. The first list determination unit 412 may be
configured to determine a final most probably mode (MPM) list of the target block
based on at least one of (a) first intra-prediction modes configured to encode two or

more adjacent blocks of the target block, (b) a width and a height of the target block,
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(c) statistical information of second intra-prediction modes configured to encode a
plurality of first encoded blocks associated with the target block, or (d) texture
features of a plurality of second encoded blocks associated with the target block.
The first mode determination unit 413 may be configured to determine, based on the
final MPM list, a target intra-prediction mode corresponding to the target block. The
encoding unit 414 may be configured to encode, based on the target intra-prediction
mode, the target block. The encoding unit 414 may be further configured to
determine a code word of the target intra-prediction mode by encoding the target
intra-prediction mode based on the final MPM list.

[0103] The second block obtaining unit 421 may be configured to obtain a target
block to be encoded in a target image. The second list determination unit 422 may
be configured to determine a final most probably mode (MPM) list of the target block
based on at least one of (a) first intra-prediction modes configured to encode two or
more adjacent blocks of the target block, (b) a width and a height of the target block,
(c) statistical information of second intra-prediction modes configured to encode a
plurality of first encoded blocks associated with the target block, or (d) texture
features of a plurality of second encoded blocks associated with the target block.
The second mode determination unit 423 may be configured to obtain a code word
of a target intra-prediction mode of the target block and obtain the target intra-
prediction mode by decoding the code word based on the final MPM list. The
decoding unit 424 may be configured to decode, based on the target intra-prediction
mode, the target block.

[0104] The modules and units in the processing device 120 may be connected to or
communicated with each other via a wired connection or a wireless connection.

The wired connection may include a metal cable, an optical cable, a hybrid cable, or
the like, or any combination thereof. The wireless connection may include a Local
Area Network (LAN), a Wide Area Network (WAN), a Bluetooth, a ZigBee, a Near

Field Communication (NFC), or the like, or any combination thereof. Two or more
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of the modules may be combined into a single module, and any one of the modules
may be divided into two or more units.

[0105] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
For example, the processing device 112 may further include a storage module (not
shown in FIG. 4). The storage module may be configured to store data generated
during any process performed by any component of in the processing device 112.
As another example, each of components of the processing device 112 may
correspond to a storage module, respectively. Additionally or alternatively, the
components of the processing device 112 may share a common storage module.
As still another example, the decoding module may be omitted.

[0106] In some embodiments, the systems and/or method for image encoding in the
present disclosure may be applied to image intra-prediction for luminance
components or chrominance components.

[0107] FIG. 5A is a flowchart illustrating an exemplary encoding process for intra
prediction according to some embodiments of the present disclosure. In some
embodiments, the process 500-1 may be implemented as a set of instructions (e.g.,
an application) stored in the storage ROM 230 or RAM 240. The processor 220,
and/or the modules and/or the units in FIG. 4 may execute the set of instructions,
and when executing the instructions, the processor 220, and/or the modules and/or
the units may be configured to perform the process 500-1. The operations of the
illustrated process presented below are intended to be illustrative. In some
embodiments, the process 500-1 may be accomplished with one or more additional
operations not described and/or without one or more of the operations herein
discussed. Additionally, the order in which the operations of the process as

illustrated in FIG. 5A and described below is not intended to be limiting.
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[0108] In 511, the processing device 112 may obtain a target block in a target
image. In some embodiments, the target image may be a single image or a video
frame to be encoded (or compressed). In some embodiments, the target image
may be in a format of YUV (including a luminance component, a Cb chrominance
component, and a Cr chrominance component) or Red-Green-Blue (RGB) (which
may be converted into the YUV format). In some embodiments, the target image
may be divided into a plurality of coding units (CU). A coding unit may include a
plurality of pixels in the target image. A coding unit may be square or non-square
(e.g., rectangular) in shape. The sizes of the plurality of coding units may be the
same or different. The size of a coding unit may be defined by a number (or count)
of pixels in the coding unit. For example, the numbers (or counts) of the pixels
included in the plurality of coding units may be the same or different. The shapes of
the plurality of coding units may be the same or different. In some embodiments, at
least one of the plurality of coding units may be further divided into two or more sub-
units. In some embodiments, the division of the coding unit may include vertical
division, horizontal division, or the like. Details regarding the division of the coding
unit may be found elsewhere in the present disclosure (e.g., the description in
connection with FIG. 13, FIG. 14, and/or FIG. 15). The target image may be
encoded by individually encoding the plurality of coding units and/or the sub-units in
a certain order, such as from left to right and from top to bottom in the target image.
In some embodiments, the target block may be one of the plurality of coding units or
the sub-units that is to be encoded.

[0109] In 513, the processing device 112 may determine a preliminary most
probable mode (MPM) list of the target block. In some embodiments, the
preliminary MPM list may include a plurality of intra-prediction modes ranked in a first
order.

[0110] In 515, the processing device 112 may determine a final MPM list of the
target block based on the preliminary MPM list.  In some embodiments, the final

MPM list may include a plurality of intra-prediction modes ranked in a second order.
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[0111] In some embodiments, the processing device 112 may determine the final
MPM list based at least in part on at least one of:

(a) intra-prediction modes of two or more adjacent blocks of the target block,

(b) a width and a height of the target block, or

(c) intra-prediction modes related to a plurality of encoded blocks,

wherein when determining the final MPM list based on the intra-prediction modes of
the plurality of encoded blocks, the processing device 112 may consider a statistical
number (or count) of the intra-prediction modes of an encoded block, and/or a
similarity between the texture features of an encoded block and the target block.
[0112] Details regarding the determination of the preliminary MPM list and/or the
final MPM list may be found elsewhere in the present disclosure (e.g., the description
in connection with FIGs. 9-20).

[0113] In 517, the processing device 112 may determine a target intra-prediction
mode of the target block based on the final MPM list. The target intra-predication
mode may be configured to predict the pixel values of the pixels in the target block
according to one or more pixels that have already encoded (also referred to as
reference pixels) in the target image.

[0114] In some embodiments, according to the final MPM list, the target intra-
predication mode may be selected from a plurality of intra-predication modes. In
some embodiment, the intra-predication mode may include an angular mode or a
non-angular mode. The non-angular mode may include a planar mode, a direct-
current (DC) mode, or the like. The angular mode may include different types of
modes each of which may represent a prediction direction. For example, the
plurality of intra-predication modes may include 35 intra-prediction modes that
include the planar mode, the DC mode, and 33 angular modes each of which
represents a prediction direction. As another example, FIG. 6 shows 67 exemplary
intra-prediction modes according to some embodiments of the present disclosure.
As shown in FIG. 6, the plurality of intra-predication modes may include the 67

exemplary intra-prediction modes that include the planar mode, the DC mode, and
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65 angular modes each of which represents a prediction direction where an arrow
points. As shown in FIG. 6, the index of the planar mode may be 0. The index of
the DC mode may be 1. The indexes of the 65 angular modes may be 2-66,
respectively. As shown in FIG. 6, angular modes 18 and 50 may represent a
horizontal prediction direction and a vertical prediction direction, respectively. As
still another example, in addition to the 67 intra-prediction modes shown in FIG. 6,
the plurality of intra-prediction modes may further include a plurality of wide-angular
modes (as shown in FIG. 7) each of which represents a prediction direction where a
dashed arrow in FIG. 7 points. As shown in FIG. 7, the indexes of the wide-angular
modes may be -13-1 and 67-81. Angular modes 2-66 may be referred to as
ordinary angular modes. In some embodiments, when the wide-angular modes are
applied, the indexes of the planar mode and the wide-angular mode 0 may be
different, and the indexes of the DC mode and the wide-angular mode 1 may be
different. For example, the index of the planar mode may be designated as “0,” the
index of the DC mode may be designated as “1,” the index of the wide-angular mode
0 may be designated as “wide-angular 0,” and the index of the wide-angular mode 1
may be designated as “wide-angular 1.” As another example, the index of the
planar mode may be designated as “non-angular 0,” the index of the DC mode may
be designated as “non-angular 1,” the index of the wide-angular mode 0 may be
designated as “0,” and the index of the wide-angular mode 1 may be designated as
“1.”  As still another example, the index of the planar mode may be designated as
“non-angular 0,” the index of the DC mode may be designated as “non-angular 1,”
the index of the wide-angular mode 0 may be designated as “wide-angular 0,” and
the index of the wide-angular mode 1 may be designated as “wide-angular 1.”
[0115] As used in the present disclosure, terms “angular mode” and “angular intra-
prediction mode” may be used interchangeably. Terms “non-angular mode” and
“non-angular intra-prediction mode” may be used interchangeably. As used in the
present disclosure, an angular intra-prediction mode may be represented based on

its index. For example, an angular intra-prediction mode with an index m may be
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represented as an angular mode m, an angular intra-prediction mode m, a mode m,
or m, which may be used interchangeably. A non-angular intra-prediction mode
may be represented as the planar mode, Planar, the DC mode, or DC.

[0116] In some embodiments, the processing device 112 may determine the
reference pixels corresponding to the target block based on at least one reference
line. In some embodiments, the reference line may include a first portion nearby a
first side (e.g., a left side) and a second portion nearby a second side (e.g., a top
side) of the target block. The first side and the second side may be adjacent. A
portion (e.g., the first portion or the second portion) of a reference line is nearby a
side of the target block indicates that there may be a certain number (e.g., 0,1, 2, 3,
4, 5, etc.) of rows or columns of pixels between the portion of the reference line and
the side of the target block.

[0117] In some embodiments, the first side and the second side of the target block
may be physically adjacent rather than parallel to each other. For example, if the
first side is the left side of the target block, the second side may be the top side or a
bottom side of the target block, not a right side of the target block. In some
embodiments, since a reference line needs to include as many encoded pixels as
possible, the first side and/or the second side of the target block may be determined
based on an order of encoding/decoding the target image. For example, if the order
of encoding/decoding the target image is from the left to the right and from the top to
the bottom, the first side may be the left side of the target block and the second side
may be the top side of the target block or the first side may be the top side of the
target block and the second side may be the left side of the target block.

[0118] In some embodiments, the reference line may include multiple pixels of the
target block. For example, the first portion (or the second portion) of a reference
line may include at least a part of pixels in a pixel row or a pixel column nearby the
first side (or the second side) of the target block. In some embodiments, the pixels
included in the at least one reference line may be referred to as the reference pixels

of the target block. In some embodiments, the number (or count) of the reference
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pixels in the first portion (or the second portion) of a reference line may be greater
than or equal to a length of the first side of the target block (or a second side length
of the target block on the second side). As used herein, the length of a side of the
target block refers to a count or number of pixels on the side of the target block.
[0119] In some embodiments, the pixel value of a reference pixel may be
determined based on one or more pixel values of encoded pixels in the target image.
In some embodiments, for the first portion of a reference line, the pixel values of
reference pixels on the first portion may be determined successively according to a
specified direction (e.g., as shown in FIG. 8, from bottom to top or from left to right ).
When the pixel value of a reference pixel is determined to be not available, i.e., the
reference pixel has not been encoded, the pixel value of the reference pixel may be
determined based on a pixel value of an encoded reference pixel or set as a default
value. For example, for a 1st reference pixel in the first portion, if the pixel value of
the 1st reference pixel is determined to be not available, whether pixel values of
other reference pixels on the first portion are available may be determined one by
one along a specified direction (e.g., from bottom to top, from left to right) until a pixel
value of a t™" reference pixel on the first portion is determined to be available. Pixel
values of reference pixels between the 15t reference pixel and the tt" reference pixel
on the first portion may be set as the pixel value of the t'" reference pixel. If the
pixel values of other reference pixels on the first portion are determined to be not
available, the pixel values of the 15t reference pixel on the first portion may be set as
a default value. As another example, for a non-15t reference pixel in the first
portion, if the pixel value of the non-1%t reference pixel is determined to be not
available, the pixel value of the non-1st reference pixel may be set as a pixel value of
a reference pixel prior to the non-1%t reference pixel along the specified direction.
[0120] FIG. 8 is a schematic diagram illustrating exemplary reference lines
associated with a target block according to some embodiments of the present
disclosure. As illustrated in FIG. 8, r reference lines (e.g., LR1+TR1, LR2+TRz,

LRs+TRs, ..., LR+TRr) may be defined on the left and above the target block. Ther
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reference lines on the left and above the target block may include r first portions
(e.g., LR+, LRz, LRs, ..., LRr) located on the left of the target block and r second
portions (e.g., TR1, TR2, TRs, ..., TRr) located above the target block. Each of r
reference lines may be identified with an index. For example, the indexes of
LR1+TR1, LR2+TR2, LR3+TRs, ..., LR+TRr may be 0 (e.g., the first reference line), 1,
2, ..., r-1, respectively. The larger the index of a reference line is, the greater the
distance between the reference line and the target block may be. For example, LR1
may be adjacent to the left side of the target block and TR1 may be adjacent to the
top side of the target block. As described above, the first portion and/or the second
portion of each of the r reference lines may include a plurality of reference pixels and
pixel values of the plurality of reference pixels may be determined one by one along
a specified direction (e.g., as shown in FIG. 8, from bottom to top or from left to
right).

[0121] In some embodiments, the planar prediction mode may be used for
prediction of a region of the target image with relatively smooth image texture and
relatively gradual gradient of pixel values. According to the planar prediction mode,
the pixel values of the pixels in the target block may be predicted by performing
linear interpolation and/or averaging based on pixel values of the reference pixels
adjacent to the top, bottom, left, and/or right sides of the target block.

[0122] In some embodiments, the DC prediction mode may be used for a region of
the target image that is relatively smooth, and with relatively smooth texture and
relatively little gradient of pixel values. According to the DC prediction mode, an
average of pixel values of the reference pixels adjacent to a first side (e.g., the left
side) and a second side (e.g., the top side) of the target block may be determined as
an intermediate variable, and then all pixel values of the pixels in the target block
may be predicted according to the intermediate variable. For example, all pixel
values of the pixels in the target block may be predicted as the intermediate variable.
[0123] In some embodiments, a pixel value of a target pixel in the target block may

be predicted according to an angular mode and at least one reference line. For
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example, for each of the at least one reference line, a straight line may be
determined from the target pixel along a prediction direction of an angular mode. If
the straight line goes through only one reference pixel in the reference line, the pixel
value of the reference pixel may be determined as a candidate pixel value. If the
straight line goes through between two reference pixels in the reference line, a
candidate pixel value may be determined by performing interpolation based on the
pixel values of the two reference pixels. The candidate pixel value with a minimum
cost value may be determined as a prediction value of the target pixel.

[0124] In some embodiments, the target intra-prediction mode of the target block
may be an intra-prediction mode with a smallest rate-distortion cost (Rdcost) in the
final MPM list of the target block. In some embodiments, if a single one reference
line (e.g., the first reference line with the index=0) is used for intra-prediction of the
target block, the processing device 112 may determine a final MPM list
corresponding to the reference line. In some embodiments, if multiple reference
lines are used for intra-prediction of the target block, the processing device 112 may
determine a final MPM list corresponding to the multiple reference lines, or the
processing device 112 may determine a first final MPM list corresponding to the first
reference line, and determine a second final MPM list corresponding to the non-first
reference lines (e.g., reference lines with the index>0). The target intra-prediction
mode of the target block may be an intra-prediction mode with a smallest Rdcost in
the final MPM list. Because the prediction value of each pixel in the target block
(used to determine a residual data block corresponding to the target block) is
determined according to at least one reference line and the target intra-prediction
mode, in addition to the target intra-prediction mode of the target block, it is
necessary to determine the index of the at least one reference line corresponding to
the target intra-prediction mode.

[0125] In some embodiments, the processing device 112 may determine one or
more specific intra-prediction modes. The processing device 112 may select the

intra-prediction mode with a smallest Rdcost in the one or more specific intra-
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prediction modes and the final MPM list as the target intra-prediction mode of the
target block.

[0126] In some embodiments, if a single one reference line is used for intra-
prediction of the target block, the process for determining the target intra-prediction
mode may include a first preliminary selection stage, a second preliminary selection
stage, and an advanced selection stage.

[0127] In the first preliminary selection stage, the processing device 112 may select,
based on the Rdcosts of a plurality of intra-prediction modes, one or more first
preliminary modes from the planar mode, the DC mode, and angular modes of which
the indexes are even of the plurality of intra-prediction modes (e.g., modes 6, 30, 48,
etc. of modes 0-66 shown in FIG. 6). In some embodiments, the processing device
112 may select 3 first preliminary modes corresponding to 3 smallest Rdcosts,
respectively.

[0128] In the second preliminary selection stage, for each angular mode in the one
or more first preliminary modes, the processing device 112 may determine the
Rdcost of at least one nearby angular mode of the angular mode. The processing
device 112 may compare the Rdcosts of the nearby angular modes and the Rdcosts
of the one or more first preliminary modes, and retain the angular mode with the
smallest Rdcost based on the comparison to obtain one or more (e.g., 3) second
preliminary modes. For example, the nearby angular mode of the angular mode f
may include at least one of angular modes f£1, f£2, f+3, f+4, etc. If the first
preliminary modes include the DC mode and angular modes 18 and 36 (e.g., as
shown in FIG. 6), the nearby angular mode of the angular mode 18 and 36 may
include angular modes 17 and 19 corresponding to angular modes 18 and angular
modes 35 and 37 corresponding to angular mode 36. The processing device 112
may determine the Rdcosts of the angular modes 17, 19, 35, and 37. The
processing device 112 may compare the Rdcosts of the DC mode and the angular

modes 18, 36, 17, 19, 35, and 37. If the Rdcosts of the DC mode and the angular
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modes 19 and 36 are the 3 smallest Rdcosts among the 7 Rdcosts, the second
preliminary mode may include the DC mode and the angular modes 19 and 36.
[0129] In the advanced selection stage, the processing device 112 may add at least
one intra-prediction mode (e.g., the first one, two, or three modes) in the final MPM
list to the one or more second preliminary modes, and merge the same intra-
prediction modes to obtain a candidate mode list. The processing device 112 may
select the intra-prediction mode with the smallest Rdcost in the candidate mode list
as the target intra-prediction mode.

[0130] In some embodiments, if multiple reference lines are used for intra-prediction
of the target block, the process for determining the target intra-prediction mode may
include a first preliminary selection stage, a second preliminary selection stage, a
third preliminary selection stage, and an advanced selection stage.

[0131] In the first preliminary selection stage, the processing device 112 may select,
based on the Rdcosts of a plurality of intra-prediction modes, one or more first
preliminary modes from the planar mode, the DC mode, and angular modes of which
the indexes are even of the plurality of intra-prediction modes (e.g., modes 6, 30, 48,
etc. of modes 0-66 shown in FIG. 6). In some embodiemnts, the processing device
112 may select 3 first preliminary modes corresponding to 3 smallest Rdcosts,
respectively. In this stage, only the first reference line (reference line 0) of the
target block may be used. The index of the reference line corresponding to the one
or more first preliminary modes may be recorded as 0.

[0132] In the second preliminary selection stage, for each angular mode in the one
or more first preliminary modes, the processing device 112 may determine the
Rdcost of at least one nearby angular mode of the angular mode. The processing
device 112 may compare the Rdcosts of the nearby angular modes and the Rdcosts
of the one or more first preliminary modes, and retain the angular mode with the
smallest Rdcost based on the comparison to obtain one or more (e.g., 3) second
preliminary modes. For example, the nearby angular mode of the angular mode f

may include at least one of angular modes f£1, {2, {+3, f+4, etc. In this stage, only
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the first reference line (reference line 0) of the target block may be used. The index
of the reference line corresponding to the one or more second preliminary modes
may be recorded as 0.
[0133] In the third preliminary selection stage, the processing device 112 may
determine the Rdcosts of one or more intra-prediction modes in the second final
MPM list corresponding to the non-first reference lines, and compare these Rdcosts
with the Rdcosts of the one or more second preliminary modes. The processing
device 112 may select one or more (e.g., 3) third preliminary modes corresponding
to one or more (e.g., 3) smallest Rdcosts, respectively, based on the comparison.
The processing device 112 may record the index of the reference line corresponding
to each of the one or more third preliminary modes.
[0134] In the advanced selection stage, the processing device 112 may add at least
one intra-prediction mode (e.g., the first one, two, or three modes) in the first final
MPM list corresponding to the first reference line to the one or more third preliminary
modes, and merge the same intra-prediction modes to obtain a candidate mode list.
The processing device 112 may select the intra-prediction mode with the smallest
Rdcost to in the candidate mode list as the target intra-prediction mode.
[0135] In some embodiments, in the preliminary selection stage, the processing
device 112 may determine the Rdcost using a sum of absolute transformed
difference (SATD) cost (between the original image and the predicted image) with
relatively low complexity. In some embodiments, in the advanced selection stage,
the processing device 112 may determine the Rdcost using a sum of squared error
(SSE) cost (between the original image and the predicted image) with relatively high
complexity.
[0136] In some embodiments, the Rdcost of an intra-prediction mode may be
represented as Equation (1) below:

Rdcost =D + A*R (1)
wherein D and R respectively represent a distortion loss and the number (or count) of

bits when an intra-prediction mode is used to predict the target block, and A refers to
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a Lagrange factor.

[0137] In some embodiments, the processing device 112 may encode the target
block based on the target intra-prediction mode.

[0138] In 519, the processing device 112 may encode the target block based on the
target intra-prediction mode. For example, the processing device 112 may predict
the pixel values of the pixels in the target block using the target intra-prediction mode
according to a single reference line (e.g., the reference line 0) or multiple reference
lines.

[0139] In 521, the processing device 112 may determine a code word of the target
intra-prediction mode by encoding the target intra-prediction mode based on the final
MPM list.

[0140] Merely by way of example, the final MPM list may include 3 intra-prediction
modes, such as MPM:: [0]=Planar, MPM: [1]=DC, MPMs [2]=15. When the target
intra-prediction mode is the planar mode, the processing device 112 may determine
the code word of the target intra-prediction mode as a binary code word 0
corresponding to the index [0] that indicates the first location in the final MPM list.
When the target intra-prediction mode is the DC mode, the processing device 112
may determine the code word of the target intra-prediction mode as a binary code 10
corresponding to the index [1] that indicates the second location in the final MPM list.
When the target intra-prediction mode is the angular mode 15 (e.g., as shown in FIG.
6), the processing device 112 may determine the code word of the target intra-
prediction mode as a binary code word 110 corresponding to the index [2] that
indicates the third location in the final MPM list. When the target intra-prediction
mode is the angular mode 20 (e.g., as shown in FIG. 6) that is not included in the
final MPM list, the processing device 112 may determine the code word of the target
intra-prediction mode as a binary code word that has more than three bits.

[0141] In some embodiments, for multiple reference lines, the processing device
112 may further determine a code word of at least one of the multiple reference lines

corresponding to the target intra-prediction mode by encoding the at least one
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reference line. According to the code word of the target intra-prediction mode of the
target block and the code word of the at least one reference line, the processing
device 112 may determine a combination code word and write the combination code
word into a code stream.

[0142] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0143] FIG. 5B is a flowchart illustrating an exemplary decoding process for intra
prediction according to some embodiments of the present disclosure. In some
embodiments, the process 500-2 may be implemented as a set of instructions (e.g.,
an application) stored in the storage ROM 230 or RAM 240. The processor 220,
and/or the modules and/or the units in FIG. 4 may execute the set of instructions,
and when executing the instructions, the processor 220, and/or the modules and/or
the units may be configured to perform the process 500-2. The operations of the
illustrated process presented below are intended to be illustrative. In some
embodiments, the process 500-2 may be accomplished with one or more additional
operations not described and/or without one or more of the operations herein
discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 5B and described below is not intended to be limiting.

[0144] In 531, the processing device 112 may obtain a target block in a target
image.

[0145] In 533, the processing device 112 may determine an MPM list of the target
block.

[0146] In 535, the processing device 112 may obtain a code word of the target intra-
prediction mode of the target block.

[0147] In 537, the processing device 112 may obtain the target intra-prediction
mode by decoding the code word based on the MPM list.
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[0148] In 539, the processing device 112 may decode the target block based on the
target intra-prediction mode.

[0149] In some embodiments, the processing device 112 may decode a coding
stream encoded by an encoder. Taking the decoding of a target block in a target
image as an example, the processing device 112 may decode a code word of a
target intra-prediction mode of the target block to obtain the target intra-prediction
mode. When there are multiple reference lines, it is necessary to decode the
reference line corresponding to the target intra-prediction mode. According to the
reference line and the target intra-prediction mode, the reference pixels of the target
block may be determined, so the predicted pixel value of each pixel in the target
block may be obtained. According to data such as the residual pixel value of each
pixel, the target block may be decoded. During a process for decoding a code word
of a target intra-prediction mode, it is also necessary to establish an MPM list. The
process for determining MPM list for decoding the target block may be similar to the
processing for determining the MPM list (e.g., the final MPM list) for encoding the
target block. The decoding process for a target block may be similar to the
encoding process for the target block, which will not be repeated here.

[0150] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0151] FIG. 9 is a flowchart illustrating an exemplary process for determining a final
MPM list of a target block according to some embodiments of the present disclosure.
In some embodiments, the process 900 may be implemented as a set of instructions
(e.g., an application) stored in the storage ROM 230 or RAM 240. The processor
220, and/or the modules and/or the units in FIG. 4 may execute the set of
instructions, and when executing the instructions, the processor 220, and/or the

modules and/or the units may be configured to perform the process 900. The
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operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 900 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 9 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operations 513 and 515 of
the process 500 in FIG. 5 based on the process 900.

[0152] In 910, the processing device 112 may determine a preliminary most
probable mode (MPM) list of a target block according to intra-prediction modes of
two or more blocks (referred to as adjacent blocks for brevity) adjacent to the target
block. In some embodiments, an adjacent block may include a plurality of pixels
that have already encoded (also referred to as encoded pixels) in the target image.
The intra-prediction mode of an adjacent block may refer to the intra-prediction mode
used to encode the adjacent block.

[0153] In some embodiments, operation 910 may include: obtaining the two or more
adjacent blocks of the target block in the target image; obtaining the intra-prediction
modes of the two or more adjacent blocks; ranking the intra-prediction modes of the
two or more adjacent modes according to a correlation between each of the two or
more adjacent blocks and the target block; and determining the preliminary MPM list
based on the rank result. As used herein, a correlation between two blocks (e.qg.,
the adjacent block and the target block) may refer to a probability that the intra-
prediction modes used to encode the two blocks are the same.

[0154] In some embodiments, the adjacent block of the target block may include
one or more first-level adjacent blocks and one or more second-level adjacent
blocks. A first-level adjacent block may refer to a block of which at least a portion of
a side overlap at least a portion of a side of the target block, such as the top adjacent
block A and the left adjacent block L in FIG. 10A. A second-level adjacent block

may refer to a block of which only a vertex overlap a vertex of the target block, such
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as the bottom-left adjacent block BL, the top-left adjacent block AL, and the top-right
adjacent block AR in FIG. 10A.

[0155] The size of an adjacent block may be equal to, greater than, or smaller than
the size of the target block. For example, the number (or count) of the pixels in the
adjacent block may be equal to, greater than, or less than the number (or count) of
the pixels in the target block. In some embodiments, an adjacent block may be
square or non-square (e.g., rectangular) in shape. In some embodiments, the
shape of an adjacent block may be the same as or different from the shape of the
target block. In some embodiments, the sizes of the two or more adjacent blocks
may be the same or different. In some embodiments, the shapes of the two or
more adjacent blocks may be the same or different.

[0156] In some embodiments, the processing device 112 may obtain the two or
more adjacent blocks based on the encoding order of the target image. For
example, if the encoding order is from left to right and from top to bottom, the
processing device 112 may obtain two or more adjacent blocks (e.g., at least two of
blocks A, L, BL, AL, and AR in FIG. 10A) located above and/or on the left of the
target block to ensure that the obtained two or more adjacent blocks include
encoded pixels. For example, as shown in FIG. 10B, the processing device 112
may obtain three adjacent blocks A, L, and BL. As another example, as shown in
FIG. 10C, the processing device 112 may obtain two adjacent blocks A and L.
[0157] In some embodiments, the processing device 112 may obtain more than two
adjacent blocks, which may make full use of more adjacent blocks, make use of the
correlation between each adjacent block and the target block, and increase the
number (or count) of intra-prediction modes in the preliminary MPM list and the
number (or count) of intra-prediction modes in the final MPM list, thereby increasing
the probability that the target intra-prediction mode of the target block falls into the
final MPM list.

[0158] In some embodiments, the processing device 112 may rank the intra-

prediction modes of the two or more adjacent in a descending order of the
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correlation between each of the two or more adjacent blocks and the target block.
The correlation between a first-level adjacent block and the target block may be
higher than the correlation between a second-level adjacent block and the target
block. It may be understood that the stronger the correlation between an adjacent
block and the target block is, the stronger the correlation between the intra-prediction
mode used in the adjacent block and the target intra-prediction mode used in the
target block may be, and the greater the probability that the target intra-prediction
mode of the target block is the same as the intra-prediction mode of the adjacent
block may be.

[0159] In some embodiments, the processing device 112 may obtain at least two of
a top adjacent block (A), a left adjacent block (L), a top-left adjacent block (AL), a
bottom-left adjacent block (BL), and a bottom-right adjacent block (AR) shown in
FIG. 10A as the adjacent blocks of the target block.

[0160] In some embodiments, the descending order of the correlation between each
of blocks A, L, AL, BL, and AR, and the target block may include, but not limited to:
(I) L>A>BL>AL>AR,

(1) L>A>AL>BL>AR,

() A>L>BL>AL>AR,

(IV) A>L>AL>BL>AR, and

(V) A>L>AR>BL>AL.

[0161] In some embodiments, the processing device 112 may obtain more than two
of the top adjacent block (A), the left adjacent block (L), the top-left adjacent block
(AL), the bottom-left adjacent block (BL), and the bottom-right adjacent block (AR)
shown in FIG. 10A as the adjacent blocks of the target block. For example, as
shown in FIG. 10B, the processing device 112 may obtain the adjacent blocks of the
target block including the top adjacent block (A), the left adjacent block (L), and the
bottom-left adjacent block (BL). In some embodiments, the correlation between L

(or A) and the target block may be higher than the correlation between BL and the
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target block. The descending order of the correlation between each of the three
adjacent blocks and the target block may include L>A>BL, or A>L>BL.

[0162] In some embodiments, the processing device 112 may rank an L mode (the
intra-prediction mode used in block L), an A mode (the intra-prediction mode used in
block A), and a BL mode (the intra-prediction mode used in block BL) based on the
descending order of the correlation between each of L, A, and BL, and the target
block to obtain the preliminary MPM list. The elements in the preliminary MPM list
of the target block may sequentially be: the L mode, the A mode, and the BL mode,
or the A mode, the L mode, and the BL mode. As used in the present disclosure,
an element in a list (e.g., the preliminary MPM list, the final MPM list, the candidate
mode list, and the MPM candidate list) including one or more intra-prediction modes
may correspond to one of the one or more intra-prediction modes in the list. As
used in the present disclosure, a/the first element (or mode), a/the second element
(or mode), a/the third element (or mode), etc. in a list (e.g., the preliminary MPM list,
the final MPM list, the candidate mode list, and the MPM candidate list) may refer to
a/the first-ranked element (or mode), a/the second-ranked element (or mode), a/the
third-ranked element (or mode), etc. in the list.

[0163] Details regarding determining the preliminary MPM list may be found
elsewhere in the present disclosure (e.g., the description in connection with FIG. 11).
[0164] In 920, the processing device 112 may determine a final MPM list of the
target block according to the preliminary MPM list of the target block.

[0165] In some embodiments, the preliminary MPM list of the target block may be
designated as the final MPM list of the target block. In some embodiments, the
processing device 112 may determine the final MPM list by performing one or more
operations to the preliminary MPM list, such as deleting one or more elements (e.g.,
one or more prediction modes), adding one or more elements (e.g., one or more
prediction modes), adjusting a location of at least one element (e.g., one or more
prediction modes) in the preliminary MPM list, etc. In the adjusted preliminary MPM

list (e.g., the final MPM list), the order of the intra-prediction modes of the adjacent
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blocks may be consistent with the descending order of the correlation between each
adjacent block and the target block.

[0166] In some embodiments, the processing device 112 may determine the final
MPM list of the target block according to the preliminary MPM list and a non-angular
intra-prediction mode (e.g., the planar mode and/or the DC mode). The final MPM
list may include one or more angular intra-prediction modes (also referred to as a
type-B mode) that are ranked relatively high (e.g., top 1, top 2, top 5, top 1%, top
2%, top 5%, etc.) in the preliminary MPM list, and/or the non-angular intra-prediction
mode (also referred to as a type-A mode).

[0167] In some embodiments, the probability that the non-angular intra-prediction
mode is selected as the target intra-prediction mode may be relatively high. The
intra-prediction mode that is ranked relatively high in the preliminary MPM list may
have a higher probability of being selected as the target intra-prediction mode than
the intra-prediction mode that is ranked relatively low in the preliminary MPM list.
Therefore, the intra-prediction mode ranked relatively high in the preliminary MPM
list and the non-angular intra-prediction mode may have higher priority, and may be
ranked relatively high in the final MPM list to increase the probability that the target
intra-prediction mode falls into the final MPM list.

[0168] In some embodiments, the number (or count) of one or more angular intra-
prediction modes ranked relatively high in the preliminary MPM list (also referred to
as a type-B mode) may be less than or equal to a threshold, such as M-2, wherein M
refers to the number (or count) of elements (i.e., prediction modes) in the final MPM
list.

[0169] In some embodiments, the processing device 112 may determine the final
MPM list based on whether there is at least one non-angular intra-prediction mode
(e.g., the planar mode and/or the DC mode) in the preliminary MPM list, and the
order of the intra-prediction modes ranked (e.g., the order of the angular intra-
prediction modes, the order of the non-angular intra-prediction modes) in the

preliminary MPM list, which may improve the priority (e.g., the rank) of the non-
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angular intra-prediction mode in the final MPM list.

[0170] In afirst embodiment, if there is at least one non-angular intra-prediction
mode (e.g., the planar mode and/or the DC mode) in the preliminary MPM list of the
target block, the processing device 112 may set the first two elements in the final
MPM list as the planar mode and the DC mode, respectively. According to the
order of the one or more type-B modes in the preliminary MPM list, the processing
device 112 may successively add, as the elements of the final MPM list, at least a
portion of the one or more type-B modes after the planar mode and the DC mode.
[0171] If there is no non-angular intra-prediction mode (i.e., type-A mode) in the
preliminary MPM list of the target block, according to the order of the one or more
type-B modes in the preliminary MPM list, the processing device 112 may
successively add, as the elements of the final MPM list, at least a portion of the one
or more type-B modes to the final MPM list. The processing device 112 may
successively add, as the elements of the final MPM list, the planar mode and the DC
mode subsequently after the at least a portion of the one or more type-B modes.
[0172] In order to simplify the description, M (the number (or count) of the intra-
prediction modes in the final MPM list) may be set as 6. For example, the final
MPM list may include 6 elements, such as, in order, MPMs [0], MPM: [1], MPMs [2],
MPMs [3], MPMt [4], and MPM: [5].  The processing device 112 may obtain N (N=2)
adjacent blocks of the target block. The number (or count) of the intra-prediction
modes in the preliminary MPM list may be i (N=i). The preliminary MPM list may be
denoted as {mo, m1, ..., mi1}. Modes 0-66 in FIG. 6 may be applied.

[0173] Merely by way of example, a first solution (including case a and case b) for
determining the final MPM list may be described as follows.

[0174] In case a, If there is at least one non-angular intra-prediction modes in the
preliminary MPM list, the processing device 112 may set the first two elements in the
final MPM list as MPM:s [0]=Planar, and MPM: [1]=DC.

[0175] If there is no angular intra-prediction mode in the preliminary MPM list, the

processing device 112 may set the remaining four elements in the final MPM list as



WO 2020/182167 PCT/CN2020/078870
52

MPM: [2]=vertical mode (e.g., mode 50 in FIG. 6), MPMs [3]=horizontal mode (e.g.,
mode 18 in FIG. 6), MPMs [4]=vertical mode-4 (e.g., mode 46 in FIG. 6), MPMs
[5]=vertical mode+4 (e.g., mode 54 in FIG. 6).

[0176] If there are only n (O <n <i) angular intra-prediction modes (e.g., mo, m1, ...,
mn-1) in the preliminary MPM list, the processing device 112 may set the remaining
four elements based on the n modes based on the order of the n modes in the
preliminary MPM list. For example, if n>4, the processing device 112 may
successively set the remaining four elements as the first four of the n modes. As
another example, if 1=n<4, the processing device 112 may successively add the n
modes to the preliminary MPM list after the second element of the preliminary MPM
list. If there is still at least one pending element that is not determined in the final
MPM list, for example, when n is less than 4, the processing device 112 may perform
a supplement filling operation. Details regarding the supplement filling operation
may be found elsewhere in the present disclosure (e.g., the description in connection
with FIG. 12).

[0177] In case b, there is no non-angular intra-prediction mode in the preliminary
MPM list, that is, the i modes {mo, m1, ..., mi-1} in the preliminary MPM list are all
angular intra-prediction modes.

[0178] If 1<i<4, the processing device 112 may add {mo, m1, ..., mi-1} in the final
MPM list in order, and add the planar mode and the DC mode in order subsequently
after {mo, m1, ..., mi1}. If there is still at least one pending element that is not
determined in the final MPM list, e.g., i is less than 4, the processing device 112 may
perform the supplement filling operation. Details regarding the supplement filling
operation may be found elsewhere in the present disclosure (e.g., the description in
connection with FIG. 12).

[0179] If i>4, the processing device 112 may add the first 4 modes in {mo, m1, ..., Mi.
1} in the final MPM list in order, and add the planar mode and the DC mode in order
subsequently after the first 4 modes.

[0180] In a second embodiment, if there is only one type of the non-angular intra-
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prediction mode in the preliminary MPM list of the target block, the processing device
112 may designate the non-angular intra-prediction mode as the first element in the
final MPM list. The processing device 112 may add at least one angular intra-
prediction mode of the preliminary MPM list subsequently after the first element and
add another type of the non-angular intra-prediction mode subsequently after the
added at least one angular intra-prediction mode.

[0181] In order to simplify the description, M (the number (or count) of the intra-
prediction modes in the final MPM list) may be set as 6. For example, the final
MPM list may include 6 elements, such as, in order, MPMs [0], MPM: [1], MPMs [2],
MPMs [3], MPMt [4], and MPM: [5].  The processing device 112 may obtain N (N=2)
adjacent blocks of the target block. The number (or count) of the intra-prediction
modes in the preliminary MPM list may be i (N2i). The preliminary MPM list may be
denoted as {mo, m1, ..., mi1}. Modes 0-66 in FIG. 6 may be applied.

[0182] Merely by way of example, a second solution (including a case of N=2 and a
case of N>2) for determining the final MPM list may be described as follows.

[0183] In the case of N=2, if there are one or two modes in the preliminary MPM list,
and all of the one or two modes are the non-angular intra-prediction mode, the
processing device 112 may set the first two elements in the final MPM list as the
planar mode and the DC mode (e.g., MPM:: [0]=Planar, MPMt [1]=DC, or MPMs
[0]=DC, and MPMs [1]=Planar). The processing device 112 may set the remaining
four elements as MPMt [2]=vertical mode (e.g., mode 50 in FIG. 6), MPM¢
[3]=horizontal mode (e.g., mode 18 in FIG. 6), MPMt [4]=vertical mode-4 (e.g., mode
46 in FIG. 6), MPMs [5]=vertical mode+4 (e.g., mode 54 in FIG. 6).

[0184] If there is only one mode that is the angular intra-prediction mode m in the
preliminary MPM list, the processing device 112 may set the first element in the final
MPM list as the angular intra-prediction mode m (e.g., MPMs [0]=m). The
processing device 112 may set the second element and the third element as two
non-angular intra-prediction modes (e.g., MPMs [1]=Planar, MPM: [2]=DC, or MPM:

[1]1=DC, and MPMs [2]=Planar), and set the remaining three elements as angular
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modes m-1, m+1, and m-2 (e.g., MPMs [3]=m-1, MPMs [4]=m+1, MPM¢ [5]=m-2).
[0185] If there are two modes mo and m1 in the preliminary MPM list, and there is
only one angular intra-prediction mode in mo and m1, the processing device 112 may
set the first two elements as mo and m1 in order (e.g., MPMs [0]=mo, MPMs [1]=m1),
and add the two non-angular intra-prediction modes. The processing device 112
may combine the same modes (e.g., the same non-angular modes) and set the
remaining 3 elements as 3 angular modes max {mo, m1}-1, max {mo, m1}+1, and max
{mo, m1}-2 (e.g., MPMt [3]=max {mo, m1}-1, MPMs [4]=max {mo, m1}+1, MPMs [S]=max
{mo, m1}-2).

[0186] Alternatively, if there are two modes that are the DC mode and an angular
intra-prediction mode m in the preliminary MPM list, the processing device 112 may
set the first element in the final MPM list as the DC mode (e.g., MPM: [0]=DC), and
set the second element and the third element as the planar mode and m (e.g., MPM:k
[1]=Planar, MPMs [2]=m).

[0187] Alternatively, if there are two modes that are the planar mode and an angular
intra-prediction mode m in the preliminary MPM list, and m=2 or 34 or 66 (e.g., as
shown in FIG. 6), the processing device 112 may set the first element in the final
MPM list as the planar mode (e.g., MPMt [O]=Planar), set the second element as m
(e.g., MPMs [1]=m), and set the third element as the DC mode (e.g., MPMs [2]=DC).
[0188] If there are two angular intra-prediction modes mo and m1 in the preliminary
MPM list, the processing device 112 may set the first two elements in the final MPM
list as mo and m1, respectively in order(e.g., MPMs [0]=mo, MPMs [1]=m1), and add
the two non-angular intra-prediction modes (e.g., MPMt [2]=Planar, MPMs [3]=DC, or
MPM:: [2]=DC, and MPMs [3]=Planar). The processing device 112 may set the
remaining 2 elements as angular modes max {mo, m1}-1 and max {mo, m1}+1 (e.g.,
MPMs [4]=max {mo, m1}-1, MPMs [5]=max {mo, m1}+1). If at least one of max {mo,
m1}-1 and max {mo, m1}+1 is consistent with the determined 4 elements, the
processing device 112 may set the remaining 2 elements as max {mo, m1}-2, max

{mo, m1}+2 (e.g., MPM¢ [4]=max {mo, m1}-2, MPMs [5]=max {mo, m1}+2), and so on.



WO 2020/182167 PCT/CN2020/078870
55

[0189] When N>2, the process for determining the final MPM list may be the same
as the first solution.

[0190] Merely by way of example, a third solution (including a case of N=2 and a
case of N>2) for determining the final MPM list may be described as follows.

[0191] When N=2, the process for determining the final MPM list may be the same
as the first solution or the second solution. But when there are only the DC mode
and an angular intra-prediction mode m in the preliminary MPM list, MPM¢ [0]=DC,
MPMs [1]=Planar, and MPM [2]=m, or MPM¢ [1]=m, and MPM [2]=Planar. The
remaining elements may be determined based on the first solution or the second
solution.

[0192] When N>2, the process for determining the final MPM list may be the same
as the first solution, but when only the DC mode and one or more angular intra-
prediction modes exist in the preliminary MPM list (e.g., there is no planar mode in
the preliminary MPM list), MPM: [0]=DC, and the processing device 112 may add at
least one of the one or more angular intra-prediction modes and the planar mode
after the DC mode. In some embodiments, the planar mode may be ranked before
the added at least one angular intra-prediction mode in the final MPM list. In some
embodiments, the added at least one angular intra-prediction mode may be ranked
in front of the planar mode in the final MPM list. If the added at least one angular
intra-prediction mode includes multiple angular intra-prediction modes, the planar
mode may not be inserted between any two of the multiple angular intra-prediction
modes. The planar mode may be guaranteed in the final MPM list.  If there is still
at least one pending element that is not determined in the final MPM list, the
processing device 112 may perform the supplement filling operation.

[0193] Merely by way of example, a fourth solution (including a case of N=2 and a
case of N>2) for determining the final MPM list may be described as follows.

[0194] When N=2, the process for determining the final MPM list may be the same
as the first solution or the second solution, but when there is only the planar mode

and an angular intra-prediction mode m in the preliminary MPM list (e.g., the DC
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mode does not exist in the preliminary MPM list), and m=2 or 34 or 66 (e.g., as
shown in FIG. 6), MPM:t [O]=Planar, MPMt[1]=m, MPMs [2]=DC, and the remaining 3
elements may be set based on the first solution or the second solution.

[0195] When N>2, the process for determining the final MPM list may be the same
as the first solution, but when there is only the planar mode and one or more angular
intra-prediction modes in the preliminary MPM list, and there is only one of modes 2,
34, and 66 in the one or more angular intra-prediction modes, MPM [O]=Planar, and
the remaining 5 elements may add at least one of the one or more angular intra-
prediction modes and the DC mode after the planar mode. The added at least one
angular intra-prediction mode may be ranked in front of the DC mode in the final
MPM list. If the added at least one angular intra-prediction mode includes multiple
angular intra-prediction modes, the DC mode may not be inserted between any two
of angular intra-prediction modes, and the DC mode may be guaranteed in the final
MPM list. If there is still at least one pending element that is not determined in the
final MPM list, the processing device 112 may perform the supplement filling
operation.

[0196] Merely by way of example, a fifth solution (including a case of N=2 and a
case of N>2) for determining the final MPM list may be described as follows. The
fifth solution may be a combination of the third solution and the fourth solution.
[0197] In a third embodiment, if there is only one type of the non-angular intra-
prediction mode in the preliminary MPM list of the target block, the processing device
112 may take the non-angular intra-prediction mode as the first element in the final
MPM list, and take another type of the non-angular intra-prediction mode as the
second element, and add at least one angular intra-prediction mode of the
preliminary MPM list to the final MPM list according to the order of the at least one
angular intra-prediction mode in the preliminary MPM list.

[0198] For example, when only the DC mode and one or more angular intra-
prediction modes exist in the preliminary MPM list (e.g., there is no planar mode in

the preliminary MPM list), MPM: [0]=DC, and MPMs [1]=Planar. The processing
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device 112 may add the one or more angular intra-prediction modes in order in the
final MPM list until all elements of the final MPM list are determined or all angular
intra-prediction modes of the preliminary MPM list are added to the final MPM list.  If
there is still at least one pending element that is not determined in the final MPM list,
the processing device 112 may perform the supplement operation.

[0199] The detailed description of the third embodiment may also relate to the
contents of the second solution, the third solution, the fourth solution, and the fifth
solution, and details are not described herein again.

[0200] It may be understood that the process for determining the final MPM list to
increase the priority of the non-angular intra-prediction mode in the final MPM list
may be performed based on any one of the five solutions above, or any combination
thereof, or other solutions.

[0201] It may be understood that the non-angular intra-prediction mode may be
more possible to be selected as the target intra-prediction mode. VWhen the non-
angular intra-prediction mode exists in the preliminary MPM list, the priority of the
non-angular intra-prediction mode (e.g., the location in the final MPM list) should be
further increased in the final MPM list, because the probability that the non-angular
mode is selected as the target intra-prediction mode may be further increased. The
three embodiments above use different ways to further increase the priority of the
non-angular intra-prediction mode in the final MPM list, so it is further beneficial to
save bits and improve the compression rate.

[0202] In some embodiments, if one reference line (e.g., the reference line LR1+TR1
in FIG. 8) of the target block is obtained for intra-prediction, the final MPM list
determined in 920 may correspond to the one reference line (e.g., TR1+LR1 shown
in FIG. 8). In some embodiments, if multiple reference lines (e.g., two or more
reference lines of LR1+TR1, LR2+TR2, LR3+TR3, ..., LR+TRrin FIG. 8) of the target
block are obtained for intra-prediction, the processing device 112 may determine an
MPM list (e.g., the final MPM list determined in 920) for all of the multiple reference

lines. Alternatively, the processing device 112 may determine a first final MPM list
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(e.g., the final MPM list determined in 920) for the reference line O (the first reference
line), and determine a second final MPM list for the non-first reference lines based
on the first final MPM list. The reference line 0 (e.g., LR1+TR1in FIG. 8) (i.e., the
first reference line) may be a reference line with index=0 closest to the target block.
A non-first reference line may be a reference line with index>0.

[0203] In some embodiments, the processing device 112 may add, as the elements
of the second final MPM list, the angular intra-prediction modes in the first final MPM
list corresponding to the first reference line to the second final MPM list according to
the order of the angular intra-prediction modes in the first final MPM list. The
number (or count) of the elements of the second final MPM list may be equal to the
number (or count) of the angular modes of the first final MPM list.

[0204] Merely by way of example, there may be 4 angular modes and 2 non-angular
modes in the first final MPM list. In solution A, the processing device may set the
first 4 elements MPMz [0] ~ MPMg [3] of the second final MPM list as the 4 angular
modes of the first final MPM list according to the order of the 4 angular modes in the
first final MPM list. In solution A, there are only 4 elements in the second final MPM
list.

[0205] In some embodiment, the processing device 112 may determine the second
final MPM list by performing the supplement operation to replace the non-angular
mode in the first final MPM list with an angular mode. The number (or count) of the
second final MPM list may be equal to the number (or count) of the first final MPM
list.

[0206] Merely by way of example, there may be 4 angular modes and 2 non-angular
modes in the first final MPM list. In solution B, the processing device 112 may
determine the second final MPM list by performing the supplement operation to
replace the 2 non-angular modes (e.g., the planar mode and the DC mode) in the
first final MPM list with an angular mode. The number (or count) of the second final
MPM list may be equal to 6.

[0207] In some embodiments, because the difference between the Rdcosts of the
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planar mode (or the DC mode) of different reference lines is small, there is no need
to fill the planar mode and the DC mode into the second final MPM list. In some
embodiments, the processing device 112 may determine the second final MPM list
corresponding to the non-first reference lines based on the first final MPM list
corresponding to the first reference line, which may simplify the process for
determining the second final MPM list corresponding to the non-first reference lines.
[0208] In some embodiments, if there are multiple reference lines, the process
(including two cases of N=2 and N> 2) for determining the second final MPM list
corresponding to the non-first reference lines except the first reference line may be
described as follows.

[0209] In order to simplify the description, the first final MPM list and the second
final MPM list may include 6 elements. For example, the second final MPM list may
include, in order, MPMg [0], MPMz [1], MPMr2 [2], MPMz: [3], MPMz [4], and MPMzg
[5]. The processing device 112 may obtain N (N=2) adjacent blocks of the target
block. The number (or count) of the intra-prediction modes in the preliminary MPM
list may be i (N2i). Modes 0-66 in FIG. 6 may be applied.

[0210] When N=2, if the preliminary MPM list includes only the non-angular intra-
prediction mode, the processing device 112 may set the elements of the second final
MPM list as MPMr. [O]=vertical mode, MPMz. [1]=horizontal mode, MPMs.2 [2]=2,
MPMr2 [3]=34, MPMr: [4]=66, and MPMs: [5]=26 (e.g., as shown in FIG. 6).

[0211] If there are one or two modes in the preliminary MPM list, but only one of
which is the angular intra-prediction mode m, the processing device 112 may set the
elements of the second final MPM list as MPMz. [0]=m, MPMs2 [1]=m-1, MPMr
[2]=m+1, MPMg2 [3]=m-2, MPMs2 [4]=m+2, and MPMs2 [5]=m-3.

[0212] If there are two different angular modes mo and m1 in the preliminary MPM
list, the processing device 112 may set the first two elements in the second final
MPM list as MPMr. [0]=mo and MPMz [1]=m1. The processing device 112 may
select any four of the eight angular modes of min {mo, m1} £ 1, max {mo, m1} £ 1,

max {mo, m1} £ 1, max {mo, m1} £ 2, and set the remaining 4 elements of the second
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final MPM list as the four selected angular modes in any order. The four selected
angular modes may be different from mo and m1.

[0213] When N> 2, the processing device 112 may determine the second final MPM
list based on solution A or solution B.

[0214] In some embodiments, if there are multiple reference lines, the processing
device 112 may determine the first final MPM list corresponding to the first reference
line based on, for example, any one of the first solution, the second solution, the third
solution, the fourth solution, and the fifth solution above, and determine the second
final MPM list corresponding to the non-first reference lines based on the first final
MPM list and any one of solution A and solution B above.

[0215] Merely by way of example, the processing device 112 may search 5 adjacent
blocks (e.g., L, A, AL, BL, and AR in FIG. 10A) of the target block and obtain the
intra-prediction mode used in each adjacent block. The searching order may
include but is not limited to the following orders:

(I) L>A>BL>AL>AR,

(1) L>A>AL>BL>AR,

() A>L>BL>AL>AR,

(IV) A>L>AL>BL>AR, and

(V) A>L>AR>BL>AL.

[0216] The processing device 112 may select one of above 5 searching orders to
search the 5 adjacent blocks. After searching, the processing device 112 may
obtain the preliminary MPM list (e.g., {mo, m1, ..., mi1}, i<5) of the target block by
ranking the intra-predication modes of the adjacent blocks according to the
searching order, and combining the same modes.

[0217] The processing device 112 may determine, based on the preliminary MPM
list, the final MPM list of the target block (i.e., the first final MPM list and/or the
second final MPM list).

[0218] (1) For reference line O, there may be 6 elements in the final MPM list, such

as, in order, MPMs [0], MPM; [1], MPM [2], MPM [3], MPM [4], and MPM [5].
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[0219] a. If there is at least one non-angular mode in the preliminary MPM list, the
processing device 112 may determine that MPMs [O]=Planar and MPMs [1]=DC.
[0220] i. If all modes in the preliminary MPM list are the non-angular mode (e.g., the
modes of all adjacent blocks are not the angular mode), the processing device 112
may determine that MPMs [2]=vertical mode, MPM [3]=horizontal mode, MPMs
[4]=vertical mode-4, and MPMt [5]=horizontal mode-4.

[0221] ii. If there is only one angular mode m (m is greater than 1) in the preliminary
MPM list, the processing device 112 may determine that MPMt [2]=m, MPMs [3]=m-1,
MPMe [4]=m+1, and MPM [5]=m-2.

[0222] iii. If there are only two angular modes mo and m1 in the preliminary MPM list,
and the searching order is modes mo and m1 in order, the processing device 112
may determine that MPMs [2]=mo and MPMs [3]=m1. If 1 <| mo-m+ | <63, MPM:s
[4]=max {mo, m1}-1, and MPMs [5]=max {mo, m1}+1; otherwise MPMs [4]=max {mo,
m1}-2, and MPMt [5]=max {mo, m1}+2.

[0223] iv. If there are only three angular modes mo, m1, and mz in the preliminary
MPM list, and the searching order is modes mo, m1, and mz in order, MPMs [2]=mo,
MPMs [3]=m1, and MPM¢ [4]=m2. If max {mo, m1, m2}-middle {mo, m1, m2}>1, MPMs
[5]=max {mo, m1, mz2}-1. If max {mo, m1, mz}-middle {mo, m1, m2}=1, and max {mo,
m1, mz}+1#Min {mo, m1, mz}, MPMs [5]=max {mo, m1, m2}+1. In other cases, MPMs
[6]=max {mo, m1, mz2} -2.

[0224] v. If there are only four angular modes mo, m1, mz, and ms in the preliminary
MPM list, and the searching order is modes mo, m1, mz, and ms in order, MPMs
[2]=mo, MPM: [3]=m+, MPMs [4]=m2, MPMt [ 5]=ma.

[0225] b. There is no non-angular mode in the preliminary MPM list, that is, all of the
intra-prediction modes of the adjacent blocks are the angular modes with indexes
greater than 1.

[0226] i. If there is only one angular mode m in the preliminary MPM list (e.g., the
intra-prediction modes of all adjacent blocks are the same), MPM¢ [0]=m, MPMs

[1]=Planar, MPMs [2]=DC, MPM [3]=m-1, MPM [4]=m+1, and MPM [5]=m-2.
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[0227] ii. If there are only 2 angular modes of which the order is mo and m1 in the
preliminary MPM list, MPMs [0]=mo, MPM:s [1]=m+, MPM:s [2]=Planar, and MPMs
[3]=DC. If 1<|mo-m1|<63, MPMt [4]=max {mo, m1}-1, and MPM:s [5]=max {mo, m1}+1;
otherwise MPMs [4]=max {mo, m1}-2, and MPMs [5]=max {mo, m1}+2.

[0228] iii. If there are only 3 angular modes of which the order is mo, m1, and mz in
the preliminary MPM list, MPMs [0]=mo, MPMs [1]=m+, MPMs [2]=m2, MPM [3]=Planar,
and MPM¢ [ 4]1=DC. If max {mo, m1, mz}-middle {mo, m1, m2}>1, MPM:t [5]=max {mo,
m1, m2}-1.  If max {mo, m1, mz}-middle {mo, m1, mz2}=1, and max {mo, m1, mz2}+1#min
{mo, m1, mz2}, MPMs [5]=max {mo, m1, m2}+1. In other cases, MPMs [5]=max {mo,
m1, m2}-2.  As used herein, middle {mo, m1, mz} refers to one of mo, m1, and m2 with
the second-largest index among mo, m1, and ma.

[0229] iv. If there are only 4 angular modes of which the order is mo, m1, mz, and ms
in the preliminary MPM list, MPM [0]=mo, MPM:t [1]=m1, MPM:t¢ [2]=m2, MPMt [3]=ms3,
MPMs [4]=Planar, and MPMs [5]=DC.

[0230] v. If there are 5 angular modes in the preliminary MPM list, which are mo, m1,
mz2, m3, and m4 in order, the processing device 112 may determine the final MPM list
based on a process same as operation iv of b.

[0231] (2) There may be 4 elements (e.g., MPMz [0] ~ MPMs: [3]) in the second final
MPM list corresponding to the non-first reference lines of which the indexes are
larger than 0. The processing device 112 may set MPMz [0] ~ MPMg [3] as the 4
angular modes of the final MPM list based on the order of the 4 angular modes in the
final MPM list.

Example 1

[0232] The processing device 112 may select two (N=2) adjacent blocks (e.g., L and
Ain FIG. 10C). The searching order may be L>A. The processing device 112
may determine the first final MPM list based on the first solution, and determine the
second final MPM list based on solution A.  If the mode of block L (referred to as
mode L for brevity) is the planar mode and the mode of block A (referred to as mode

A for brevity) is the angular mode 2 (e.g., as shown in FIG. 6), the processing device
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112 may determine the final MPM list as MPMs [O]=Planar, MPM:[1]=DC, MPM:s
[2]=2, MPM [3]=65, MPMt [4]=3, and MPM¢ [5]=64. The processing device 112 may
determine the second final MPM list as MPMr2 [0]=2, MPMr2 [1]=65, MPMz [2]=3,
MPM [3] r2=64.

Example 2

[0233] The processing device 112 may select 5 (N=5) adjacent blocks (e.g., L, A,
BL, AL, and AR in FIG.10A). The searching order may be the order (l) above, i.e.,
L>A>BL>AL>AR. The processing device 112 may determine the final MPM list
based on the first solution, and determine the second final MPM list based on
solution A.  The mode of block L may be mode 2, the mode of block A may be mode
2, the mode of block BL may be 65, the mode of block AL may be mode 66, and the
mode of block AR may be mode 66. The processing device 112 may determine the
final MPM list as MPMr [0]=2, MPMt [1]=65, MPM:t [2]=66, MPMs [3]=Planar, MPM
[4]=DC, and MPMs [5]=64. The processing device 112 may determine the second
final MPM list as MPMz [0]=2, MPMr2 [1]=65, MPMz# [2]=66, and MPMs. [3]=64.
Example 3

[0234] The processing device 112 may select two (N=2) adjacent blocks (e.g., L and
Ain FIG. 10C). The searching order may be L>A. The processing device 112
may determine the final MPM list based on the second solution, and determine the
second final MPM list based on solution A.  The mode of block L may be mode 2,
and the mode of block A may be the DC mode. The processing device 112 may
determine the final MPM list as MPMs [0]=DC, MPM:t [1]=2, MPMt [2]=Planar, MPMt
[3]=65, MPM [4]=3, and MPMs [5]=64. The processing device 112 may determine
the second final MPM list as MPMr2 [0]=2, MPMr. [1]=65, MPMr2 [2]=3, and MPMs.
[3]=64.

Example 4

[0235] The processing device 112 may select 5 (N=5) adjacent blocks (e.g., L, A,
BL, AL, and AR in FIG.10A). The searching order may be the order | above, i.e.,
L>A>BL>AL>AR. The processing device 112 may determine the final MPM list
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based on the fourth solution, and determine the second final MPM list based on
solution A. If the mode of block L is mode 2, the mode of block A is mode 2, the
mode of block BL is DC, the mode of block AL is mode 66, and the mode of block AR
is mode 34, the processing device 112 may determine the final MPM list as MPMs
[0]=DC, MPMs [1]=2, MPMt [2]=66, MPMt [3]=34, MPM: [4]=Planar, and MPMs [5]=65,
and determine the second final MPM list as MPMs2 [0]=2, MPMs2 [1]=66, MPMr.
[2]=34, and MPMs. [3]=65. If the mode of block L is mode 2, the mode of block A is
mode 2, the mode of block BL is the planar mode, the mode of block AL is mode 18,
and the mode of block AR is mode 50, the processing device 112 may determine the
final MPM list as MPMr [O]=Planar, MPMs [1]=2, MPMr [2]=18, MPMt [3]=50, MPM:¢
[4]=DC, and MPMs [5]=65, and determine the second final MPM list as MPMrx [0]=2,
MPMs2 [1]=18, MPMs2 [2]=50, and MPMrx [3]=65.

[0236] In some embodiments, the construction of the final MPM list may try to
ensure that the target intra-prediction mode of the target block falls into the final
MPM list and is the same as the top-ranked element in the final MPM list as much as
possible. In some embodiments, the correlation between each adjacent block and
the target block may be fully utilized, because the intra-prediction modes in the
preliminary MPM list of the target block is ranked according to the descending order
of the correlation between each adjacent block and the target block, that is, the
correlation between each intra-prediction mode in the preliminary MPM list and the
target intra-prediction mode of the target block is ranked from large to small. When
the target intra-prediction mode falls in the final MPM list, for the final MPM list that is
obtained based on the preliminary MPM list, the probability that the element ranked
in top of the final MPM list is selected as the target intra-prediction mode, thus further
reducing the code word length of the target intra-prediction mode of the target block
and reducing the bit overhead.

[0237] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.

For persons having ordinary skills in the art, multiple variations and modifications
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may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0238] FIG. 11 is a flowchart illustrating an exemplary process for determining a
preliminary MPM list of a target block according to some embodiments of the present
disclosure. In some embodiments, the process 1100 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220, and/or the modules and/or the units in FIG. 4 may execute the
set of instructions, and when executing the instructions, the processor 220, and/or
the modules and/or the units may be configured to perform the process 1100. The
operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1100 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 11 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operation 910 of the process
900 in FIG. 9 based on the process 1100.

[0239] In 1110, the processing device 112 may obtain intra-prediction modes of the
two or more adjacent blocks of the target block by searching the two or more
adjacent blocks according to a searching order. In some embodiments, the
searching order of the two more adjacent blocks may be a descending order of the
correlation between each of the two or more adjacent blocks and the target block.
[0240] In some embodiments, the processing device 112 may select N adjacent
blocks (N=2) of the target block. For example, the processing device 112 may
select at least two of blocks L, A, AL, BL, and AR shown in FIG. 10A as the adjacent
blocks of the target block. The processing device 112 may select any one of orders
(I)-(V) described in FIG. 9as the searching order of the two or more adjacent blocks.
The intra-prediction mode of each adjacent block may be recorded after searching.
[0241] In 1120, the processing device 112 may obtain the preliminary MPM list of

the target block by ranking the intra-prediction modes of the two or more adjacent
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blocks and combining the same intra-prediction modes of the intra-prediction modes
of the two or more adjacent blocks.

[0242] In some embodiments, the processing device 112 may rank the intra-
prediction modes of the two or more adjacent blocks according to the searching
order. The processing device 112 may combine the same intra-prediction modes of
the intra-prediction modes of the two or more adjacent blocks by retaining one of the
same intra-prediction modes and removing the other of the same intra-prediction
modes to determine the preliminary MPM list {mo, m1, ..., mi-1}, isN.  For example,
the processing device 112 may retain one of the same intra-prediction modes that
ranks in top of the same intra-prediction modes and remove the other of the same
intra-prediction modes.

[0243] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0244] FIG. 12 is a flowchart illustrating an exemplary process for a supplement
operation according to some embodiments of the present disclosure. In some
embodiments, the process 1200 may be implemented as a set of instructions (e.g.,
an application) stored in the storage ROM 230 or RAM 240. The processor 220,
and/or the modules and/or the units in FIG. 4 may execute the set of instructions,
and when executing the instructions, the processor 220, and/or the modules and/or
the units may be configured to perform the process 1200. The operations of the
illustrated process presented below are intended to be illustrative. In some
embodiments, the process 1200 may be accomplished with one or more additional
operations not described and/or without one or more of the operations herein
discussed. Additionally, the order in which the operations of the process as

illustrated in FIG. 12 and described below is not intended to be limiting.



WO 2020/182167 PCT/CN2020/078870
67

[0245] In 1210, in response to determining that there is at least one pending
element in the final MPM list, the processing device 112 may determine a maximum
angular mode in the preliminary MPM list.

[0246] The maximum angular mode in the preliminary MPM list may refer to an
angular mode with the largest index in the preliminary MPM list. In some
embodiments, compared with the angular modes with relatively small indexes, the
angular modes with relatively large indexes may have a higher probability of being
selected as the target intra-prediction mode.

[0247] In 1220, the processing device 112 may set the at least one pending element
based on at least one nearby angular mode of the maximum angular mode. A
nearby angular mode of a specific angular mode (e.g., the maximum angular mode)
may refer to an angular mode with an index that is close to or in a range (e.g., 1, 2,
3, 4, etc.) of an index of the specific angular mode (e.g., the maximum angular
mode). For example, the nearby angular mode of an angular mode m may include,
but is not limited to, angular modes m=1, angular modes m%2, and angular modes
mz=3. In some embodiments, taking modes 0-66 in FIG. 6 as an example, mode
66x1 may be mode 3 and mode 65, respectively, mode 2+1 may be 3 and 65,
respectively, and mode 651 may be 2 and 64, respectively.

[0248] For example, the processing device 112 may select the maximum angular
mode mmax from the n angular intra-prediction modes in the preliminary MPM list.
The processing device 112 may determine whether the angular modes mmax-1
and/or mmax+1 is consistent with the determined elements in the final MPM list. The
processing device 112 may add the angular mode mmax-1 and/or mmax+1 that is not
consistent with the determined elements into the final MPM list.  If there is still at
least one pending element in the final MPM list after the angular modes mmax-1
and/or mmax+1 is added in the final MPM list, the processing device 112 may
determine whether the angular mode mmax-2 and/or mmax+2 is consistent with the
determined elements in the final MPM list. The processing device 112 may add the

angular mode mmax-2 and/or mmax+2 that is not consistent with the determined
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elements into the final MPM list. If there is still at least one pending element in the
final MPM list after the angular mode mmax-2 and/or mmax+2 is added in the final
MPM list, the processing device 112 may determine whether the angular mode mmax-
3 and/or mmax+3 is consistent with the determined elements in the final MPM list, and
add the angular mode mmax-3 and/or mmax+3 that is not consistent with the
determined elements into the final MPM list. In some embodiments, with respect to
adding priority in the final MPM list, mmax £ 1 may be higher than mmax + 2, and Mmmax
*+ 2 may be higher than mmax £ 3. The adding priority of Mmax-1 and mmax+1 may be
the same, the adding priority of mmax-2 and mmax+2 may be the same, and the adding
priority of mmax-3 and mmax+3 may be the same.

[0249] For example, if there is one pending element in the final MPM list, the
processing device 112 may select the maximum angular mode mmax from the n
angular intra-prediction modes in the preliminary MPM list. The processing device
112 may determine whether the angular mode mmax-1 and/or mmax+1 is consistent
with the determined elements in the final MPM list. if there is only one of the
angular modes mmax-1 and mmax+1 that is not consistent with the determined
elements, the processing device 112 may set the pending element of the final MPM
list as the angular mode mmax-1 or mmax+1 that is not consistent with the determined
elements. If both of the angular modes mmax-1 and mmax+1 are not consistent with
the determined elements in the final MPM list, the processing device 112 may set the
pending element of the final MPM list as any one of the angular modes mmax-1 and
Mmmax+1. |f both of the angular modes mmax-1 and mmax+1 are consistent with the
determined elements in the final MPM list, the processing device 112 may determine
whether the angular modes mmax-2 or mmax+2 is consistent with the determined
elements in the final MPM list, and so on.

[0250] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.

For persons having ordinary skills in the art, multiple variations and modifications
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may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0251] FIG. 13 is a flowchart illustrating an exemplary process for determining a
final MPM list of a target block according to some embodiments of the present
disclosure. In some embodiments, the process 1300 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220, and/or the modules and/or the units in FIG. 4 may execute the
set of instructions, and when executing the instructions, the processor 220, and/or
the modules and/or the units may be configured to perform the process 1300. The
operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1300 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 13 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operations 513 and 515 of
the process 500 in FIG. 5 based on the process 1300.

[0252] In 1310, the processing device 112 may determine a preliminary MPM list of
the target block.

[0253] In some embodiments, as illustrated in operation 511 of the process 500 in
FIG. 5A, the target block may be the coding unit or the sub-unit that is to be
encoded.

[0254] In some embodiments, intra sub-partition (ISP) may be used to divide a
coding unit into a plurality of sub-units. In some embodiments, the sizes of the
plurality of sub-units may be the same or different.

[0255] In some embodiments, intra-prediction related to ISP may include ISP,
reference pixel construction, filtering of reference pixels in the ISP mode,
construction of one or more MPM lists in the ISP mode, and a process for selecting a
prediction mode.

[0256] In some embodiments, the ISP may include vertical partition and horizontal
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partition. In the vertical partition, the coding unit may be divided into a plurality of
sub-units along a vertical direction of the coding unit. The lengths of sides of the
plurality of sub-units along a horizontal direction of the coding unit may be equal to
the length of a side of the coding unit along the horizontal direction. The lengths of
sides of the plurality of sub-units along the vertical direction may be the same or
different, a sum of which may be equal to the length of a side of the coding unit along
the vertical direction. In the horizontal partition, the coding unit may be divided into
a plurality of sub-units along the horizontal direction of the coding unit. The lengths
of sides of the plurality of sub-units along the vertical direction may be equal to the
length of the side of the coding unit along the vertical direction. The lengths of
sides of the plurality of sub-units along the horizontal direction may be the same or
different, a sum of which may be equal to the length of the side of the coding unit
along the horizontal direction.

[0257] For example, FIG. 14 is a schematic diagram of an exemplary partition
manner of ISP according to some embodiments of the present disclosure. As
shown in FIG. 14, the length of a side of a coding unit 1411 along the horizontal
direction (e.g., the X direction in FIG. 14) may be referred to as the width
(represented as W in FIG. 14) of the coding unit 1411. The length of a side of the
coding unit 1411 along the vertical direction (e.g., the Y direction in FIG. 14) may be
referred to as the height (represented as H in FIG. 14) of the coding unit 1411.  As
shown in FIG. 14, in horizontal partition, the coding unit 1411 was divided into two
sub-units (e.g., a sub-unit 1412 and a sub-unit 1413) with the same size. The
height of each of the two sub-units is equal to half of the height of the coding unit
1411. The width of the sub-unit is equal to the width of the coding unit 1411. In
vertical partition, the coding unit 1411 was divided into two sub-units (e.g., a sub-unit
1414 and a sub-unit 1415) with the same size. The width of each of the two sub-
units is equal to half of the width of the coding unit 1411. The height of the sub-unit
is equal to the height of the coding unit 1411.

[0258] As another example, FIG. 15 is a schematic diagram of an exemplary
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partition manner of ISP according to some embodiments of the present disclosure.
As shown in FIG. 15, the length of a side of a coding unit 1421 along the horizontal
direction (e.g., the X direction in FIG. 14) may be referred to as the width
(represented as W in FIG. 15) of the coding unit 1421. The length of a side of the
coding unit 1421 along the vertical direction (e.g., the Y direction in FIG. 14) may be
referred to as the height (represented as H in FIG. 15) of the coding unit 1421. As
shown in FIG. 15, in horizontal partition, the coding unit 1421 was divided into four
sub-units (e.g., a sub-unit 1422, a sub-unit 1423, a sub-unit 1424, and a sub-unit
1425) with the same size. The height of each of the four sub-units is equal to 1/4 of
the height of the coding unit 1421. The width of each of the four sub-units is equal
to the width of the coding unit 1421. In vertical partition, the coding unit 1421 was
divided into four sub-units (e.g., a sub-unit 1426, a sub-unit 1427, a sub-unit 1428,
and a sub-unit 1429) with the same size. The width of each of the four sub-units is
equal to 1/4 of the width of the coding unit 1421. The height of each of the four sub-
units is equal to the height of the coding unit 1421.

[0259] In some embodiments, the coding unit larger than 4 x 4 (the number (or
count) of pixels) may be divided into a plurality of sub-units. In some embodiments,
for the coding unit larger than 4 x 4, the coding unit of 4 x 8 or 8 x 4 may be divided
into 2 sub-units with the same size, and the coding unit with other sizes may be
divided into 4 sub-units with the same size.

[0260] In some embodiments, the processing device 112 may determine the
preliminary MPM list based on intra-prediction modes of two or more adjacent blocks
of the target block.

[0261] In some embodiments, the target block may be non-square (e.g.,
rectangular). The reference pixels adjacent to the longer side of the non-square
target block may be more relevant than the reference pixels adjacent to the shorter
side of the non-square target block. In this case, in addition to ordinary angular
modes (e.g., angular modes 2-66 in FIG. 6 and FIG. 7), some wide-angular modes

may be added to determine an MPM list of the target block, so that the reference
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pixels of the target block may be as close as possible to the longer side of the target
block. For example, as shown in FIG. 7, angular modes 2-66 may be the ordinary
angle modes, and the angular modes -13-1 and 67-81 may be the wide-angular
modes, which represent different prediction directions. Modes 18 and 50 may
represent the horizontal mode and the vertical mode, respectively. Among the
angular modes -13-81 shown in FIG. 7, the angular modes greater than or equal to
the angular mode 34 may be classified as intra-prediction modes in the vertical
direction, and the angular modes less than 34 may be classified as intra-prediction
modes in the horizontal direction.

[0262] In some embodiments, the processing device 112 may determine the
preliminary MPM list based on the intra-prediction modes of adjacent blocks A and L
(e.g., as shown in FIG. 10C). For multiple reference lines, the processing device
112 may determine a preliminary MPM list for the first reference line (index=0), and
determine a preliminary MPM list for the non-first reference lines (index>0).
Alternatively, the processing device 112 may determine a preliminary MPM list for the
multiple reference lines (index=0).

[0263] In the following tables (e.g., tables 1-9), A and L represent the intra-prediction
mode of the corresponding adjacent block (e.g., block A or L shown in FIGs. 10A-
10B), V represents the vertical mode (i.e., mode 18), and H represents the horizontal
mode (i.e., mode 50). Signs +/- indicates adding a certain value to or subtracting a
certain value from an index of an intra-prediction mode. In particular, mode 66+1
may represent mode 3 and mode 65, respectively, and mode 2+1 may represent
mode 65 and mode 3, respectively.

[0264] In some embodiments, the processing device 112 may determine the
preliminary MPM list for multiple reference lines in a non-ISP mode based on
operations as follows.

[0265] (1) The processing device 112 may determine a first preliminary MPM list for
the first reference line (index=0) based on the intra-prediction modes (referred to as

mode A and mode L for brevity) of adjacent blocks Aand L. For example, the first
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preliminary MPM list may include 6 elements as shown in Table 1.

Table 1
Condition MPM[0] | MPM[1] MPM[2] MPMI[3] MPMI[4] MPMI[5]
L=Planar L DC \ H V-4 V+4
L=A L=DC L Planar \ H V-4 V+4
L>DC L Planar DC L-1 L+1 L-2
L+A=DC L A \ H V-4 V+4
L>1&A>1&
Max Max
(L adjacent to L A Planar DC
{L, A}-2 {L, A}+2
A)
L>1&A>1
Max Max
L#A &(L not L A Planar DC
{L, A}-1 {L, A}+1
adjacent to A)
Min{L,A}=Planar Max Max Max
L A DC
&L+A>2 {L, A}-1 {L, A}+1 {L, A}-2
Min{L,A}=DC Max Max Max
L A Planar
&L+A>2 {L, A}-1 {L, A}+1 {L, A}-2

[0266] (2) The processing device 112 may determine a second preliminary MPM list
for the non-first reference lines (index>0) based on modes A and L, and one or more
angular modes. For example, the second preliminary MPM list may include 6
elements as shown in Table 2.

Table 2
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Condition MPMIO] MPMI[1] MPM[2] MPM[3] MPMI[4] MPMI5]
L<2&A<2 \% H 2 34 66 26
L=A L=2 L L-1 L+1 L-2 L+2 L-3
|L-Al=1& Min{L,A} | Max{L,A}+ Max{L,A}+
L A Min{L,A}-2
Min{L,A}=2 -1 1 2
|L-A|=2& Min{L,A} Min{L,A} [ Max{L,A}+ | Min{L,A}
L A
Min{L,A}=2 +1 -1 1 -2
|L-A|262& Min{L,A} | Max{L,A}- | Min{L,A} | Max{L,A}-
L#A L A
Min{L,A}=2 +1 1 +2 2
2<|L-A|<62& Min{L,A} Min{L,A} | Max{L,A}- | Max{L,A}+
L A
Min{L,A}=2 -1 +1 1 1
L+A=2& Max{L,A}- [ Max{L,A}+ | Max{L,A}- | Max{L,A}+ | Max{L,A}-
Max{L,A}
Min{L,A}<2 1 1 2 2 3

[0267] In some embodiments, in the non-ISP mode, the processing device 112 may

MPM list for the non-first reference lines based on the process 900 in FIG. 9.

determine the preliminary MPM list for the first reference line and/or the preliminary

[0268] If the first reference line is used in the ISP mode, the processing device 112

may determine a preliminary MPM list corresponding to the reference line O.

In the

ISP mode, the partition of the coding unit may include the horizontal partition and the

vertical partition.

preliminary MPM lists, respectively.

Therefore, the two partition ways may correspond to two

[0269] In some embodiments, the processing device 112 may determine a

preliminary MPM list including 6 elements based on modes L and A, and the partition
way of the target block. There may be no DC mode in the preliminary MPM list. In
the following tables, in a certain partition way, Mo indicates the mode of block A or L
that is closer to the certain partition way, and M1 indicates the mode of block A or L
that is farther from the certain partition way. For example, in the horizontal partition,

Mo represents mode A or L that is closer to the horizontal mode, and M+ represents
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mode A or L that is farther from the horizontal mode.
[0270] For example, in the horizontal partition, the preliminary MPM list

corresponding to the horizontal partition is shown in Table 3.

Table 3
Condition MPM[O0] MPM[1] MPM[2] MPM[3] MPM[4] MPM[5]
L<2&A<2 Planar H 25 10 65 Vv
L>2&L<34 L L-1 L+1 L-2 L+2 L-3
L=A
L=34 L L-1 L+1 H 5 Planar
|L-Al=1& Min{L,A} Max{L,A} Min{L,A} Max{L,A}
Mo My
Min{L,A}>2 -1 +1 -2 +2
|L-A|=2& Min{L,A} Min{L,A} Max{L,A} Min{L,A}
Mo My
Min{L,A}22 +1 1 +1 2
|L-A[262& Min{L,A} Max{L,A} Min{L,A} Max{L,A}
L#£A Mo My
Min{L,A}>2 +1 -1 +2 -2
2<|L-A|<62& Min{L,A} Min{L,A} Max{L,A} Max{L,A}
Mo My
Min{L,A}>2 -1 +1 -1 +1
L+A=2& Max{L,A} Max{L,A} Max{L,A} Max{L,A}
Planar Max{L,A}
Min{L,A}<2 -1 +1 -2 +2

[0271] As another example, in the vertical partition, the preliminary MPM list

corresponding to the vertical partition is shown in Table 4.

Table 4:
Condition MPM[O0] MPM[1] MPM[2] MPMI[3] MPM[4] MPMI[5]
L<2&A<2 Planar \% 43 60 3 H
L>34 L L-1 L+1 L-2 L+2 L-3
L=A
L>2&L<34 L L-1 L+1 Vv 63 Planar
|L-Al=1& Min{L,A} Max{L,A} Min{L,A} Max{L,A}
L#£A Mo My
Min{L,A}=2 -1 +1 -2 +2
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|L-A|=2& Min{L,A} Min{L,A} Max{L,A} Min{L,A}
Mo M
Min{L,A}22 1 1 +1 2
|L-A|262& Min{L,A} Max{L,A} Min{L,A} Max{L,A}
Mo M
Min{L,A}=2 +1 -1 +2 -2
2<|L-
Min{L,A} Min{L,A} Max{L,A} Max{L,A}
Al<62& Mo M
1 +1 1 +1
Min{L,A}=2
L+A>2& Max{L,A} Max{L,A} Max{L,A} Max{L,A}
Planar Max{L,A}
Min{L,A}<2 -1 +1 -2 +2

[0272] In 1320, the processing device 112 may determine a size relation between a
width and a height of the target block.

[0273] In some embodiments, similar to FIG. 14, the width of the target block may
refer to the length of a first side of the target block along the horizontal direction

(e.g., the X direction in FIG. 14), and the height of the target block may refer to the
length of a second side of the target block along the vertical direction (e.g., the Y
direction in FIG. 14).

[0274] In some embodiments, the size relation may include a relation that the width
is equal to the height (that is, the target block is a square), a relation that the width is
greater than the height, and a relation that the height is greater than the width.
[0275] In 1330, the processing device 112 may determine a final MPM list by
adjusting the preliminary MPM list based on the size relation.

[0276] In some embodiments, the processing device 112 may re-rank the intra-
prediction modes of the preliminary MPM list according to the size relation.

[0277] In some embodiments, when the width is greater than the height, the
processing device 112 may adjust the preliminary MPM list by switching the positions
of the vertical mode and the horizontal mode to make the vertical mode ranked in
front of the horizontal mode. When the height is greater than the width, the

processing device 112 may adjust the preliminary MPM list by switching the positions
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of the vertical mode and the horizontal mode to make the vertical mode ranked

behind the horizontal mode.

[0278] For example, in the non-ISP mode, the processing device 112 may

determine the final MPM list corresponding to the first reference line (index=0) by

adjusting the preliminary MPM list corresponding to the first reference line based on

the following operation.

[0279] When the width of the target block is larger than or equal to the height of the

target block, the processing device 112 may determine the preliminary MPM list as

the final MPM list (e.g., Table 1).

[0280] When the width of the target block is less than the height of the target block,

the processing device 112 may determine the final MPM list by switching the

positions of the vertical mode and the horizontal mode in the preliminary MPM list to

make the horizontal mode ranked in front of the vertical mode.

final MPM list is shown in Table 5.

For example, the

Table 5:
Condition MPMIO] MPMI[1] MPMI[2] MPMI[3] MPMI[4] MPMI5]
L=Planar L DC H \ V-4 V+4
L=A L=DC L Planar H \ V-4 V+4
L>DC L Planar DC L-1 L+1 L-2
L+A=DC L A H \ V-4 V+4
L>1&A>1& Max{L,A} | Max{L,A}
L A Planar DC
(L adjacent to A) -2 +2
L>1&A>1& Max{L,A} | Max{L,A}
L A Planar DC
L#A | (L not adjacent to A) -1 +1
Min{L,A}=Planar& Max{L,A} | Max{L,A} | Max{L,A}
L A DC
L+A=2 -1 +1 -2
Min{L,A}=DC& Max{L,A} | Max{L,A} | Max{L,A}
L A Planar
L+A=2 -1 +1 -2
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[0281] In some embodiments, when the width is greater than the height, the
processing device 112 may adjust the preliminary MPM list by switching the positions
of mode A and mode L to make mode A ranked in front of mode L. When the height
is greater than the width, the processing device 112 may adjust the preliminary MPM
list by switching the positions of mode A and mode L to make mode A ranked behind
mode L.

[0282] For example, in the non-ISP mode, the processing device 112 may
determine the final MPM list corresponding to the non-first reference lines (index>0)
by adjusting the preliminary MPM list corresponding to the non-first reference lines
based on the following operations.

[0283] When the height of the target block is larger than or equal to the width of the
target block, the processing device 112 may determine the preliminary MPM list as
the final MPM list (e.g., Table 2).

[0284] When the width of the target block is larger than the height of the target
block, the processing device 112 may determine the final MPM list by switching the
positions of mode A and mode L in the preliminary MPM list to make mode A ranked

in front of mode L. For example, the final MPM list is shown in Table 6.

Table 6:
Condition MPM[0] | MPM[1] MPM[2] MPM[3] MPM[4] MPMI[5]
L<2&A<2 v H 2 34 66 26
L=A L>2 L L-1 L+1 L-2 L+2 L-3
IL-Al=1& Min{L,A} | Max{L,A} | Min{L,A} | Max{L,A}
Min{L,A}22 A : -1 +1 -2 +2
|L-A|=2& Min{L,A} Min{L,A} | Max{L,A} | Min{L,A}
Min{L,A}22 A : +1 -1 +1 2
L#A
|L-A|262& Min{L,A} | Max{L,A} | Min{L,A} | Max{L,A}
Min{L,A}22 A : +1 -1 +2 2
2<|L-A|<62& Min{L,A} Min{L,A} | Max{L,A} | Max{L,A}
Min{L,A}22 A ) -1 +1 1 o
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L+A=2& Max{L,A} | Max{L,A} Max{L,A} Max{L,A} | Max{L,A}
Max{L,A}
Min{L,A}<2 -1 +1 -2 +2 -3

[0285] In some embodiments, the processing device 112 may determine the final
MPM list by replacing one or more intra-prediction modes of the preliminary MPM list
according to the size relation.

[0286] In some embodiments, when the width is greater than the height, the
processing device 112 may determine the final MPM list by replacing the horizontal
mode in the preliminary MPM list with the vertical mode. \When the height is greater
than the width, the processing device 112 may determine the final MPM list by
replacing the vertical mode in the preliminary MPM list with the horizontal mode.
[0287] For example, in the horizontal partition of ISP, when the width of the target
block (the sub-unit) is less than or equal to the height of the target block, the
processing device 112 may determine the preliminary MPM list as the final MPM list
(e.g., Table 3).

[0288] When the width of the target block is larger than the height of the target
block, as shown in Table 7, when L<2&A<2, the processing device 112 may
determine the final MPM list by exchanging the modes of MPM [1] and MPM [5] in
the preliminary MPM list. When L=A, L=34, and L>V+1|L<V-1, the processing
device 112 may determine the final MPM list by replacing the mode H of MPM [3]
with the mode V.

Table 7:
Condition MPMI[0] MPM[1] MPM[2] MPM[3] MPM[4] MPMI[5]
L<2&A<2 Planar \% 25 10 65 H
L>2&L <34 L L-1 L+1 L-2 L+2 L-3
L>34&
L=A L L-1 L+1 \% 5 Planar
(L>V+1|L<V-1)
L=34&L=V L L-1 L+1 H 5 Planar
L#A |L-Al=1& Mo M Min{L,A} | Max{L,A} | Min{L,A} | Max{L,A}
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Min{L,A}=2 -1 +1 -2 +2
|L-A|=2& Min{L,A} Min{L,A} Max{L,A} Min{L,A}
Mo M
Min{L,A}==2 +1 -1 +1 -2
|L-A|262& Min{L,A} Max{L,A} Min{L,A} Max{L,A}
Mo M
Min{L,A}=2 +1 -1 +2 -2
2<|L-A|<62& Min{L,A} Min{L,A} Max{L,A} | Max{L,A}
Mo M
Min{L,A}=2 -1 +1 -1 +1
L+A>2& Max{L,A} | Max{L,A} | Max{L,A} | Max{L,A}
Planar Max{L,A}
Min{L,A}<2 -1 +1 -2 +2

[0289] In some embodiments, when the width is greater than the height, the
processing device 112 may determine the final MPM list by replacing the maximum
ordinary angular mode (e.g., mode 66) or the ordinary angular mode nearby the
maximum ordinary angular mode (e.g., modes 65, 64, 63, etc.) in the preliminary
MPM list with a wide-angular mode adjacent to the maximum ordinary angular mode
(e.g., the wide-angular mode 68 in FIG. 7). When the height is greater than the
width, the processing device 112 may determine the final MPM list by replacing the
minimum ordinary angular mode (e.g., mode 2) or the ordinary angular mode nearby
the minimum ordinary angular mode (e.g., modes 3, 4, 5, etc.) in the preliminary
MPM list with a wide-angular mode adjacent to the minimum ordinary angular mode
(e.g., the wide-angular mode O in FIG. 7).

[0290] For example, in the non-ISP mode, the processing device 112 may
determine the final MPM list corresponding to the non-first reference lines (index>0)
by adjusting the preliminary MPM list corresponding to the non-first reference lines
based on the following operation.

[0291] When the height of the target block is equal to the width of the target block,
the processing device 112 may determine the preliminary MPM list as the final MPM
list (e.g., Table 2).

[0292] As shown in Table 8, when the width of the target block is larger than the
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height of the target block, and L<2&A<2, the processing device 112 may determine

the final MPM list by changing MPM [4] from mode 66 to mode 3. Because the

width is larger than the height, the processing device 112 may further automatically

adjust mode 3 to the wide-angular mode 68.

Table 8:
Condition MPM[O] MPM[1] MPM[2] MPM[3] MPM[4] MPM[5]
L<2&A<2 \% H 2 34 3 26
L=A L=2 L L-1 L+1 L-2 L+2 L-3
Min{L,A} | Max{L,A} | Min{L,A} | Max{L,A}
[L-A]=1&Min{L ,A}>2 L A
-1 +1 -2 +2
Min{L,A} Min{L,A} | Max{L,A} | Min{L,A}
|L-A]=2&Min{L ,A}=2 L A
+1 -1 +1 -2
|L- Min{L,A} | Max{L,A} | Min{L,A} | Max{L,A}
L#A L A
A|=62&Min{L,A}=2 +1 -1 +2 -2
2<|L- Min{L,A} Min{L,A} | Max{L,A} | Max{L,A}
L A
A|<62&Min{L ,A}=2 -1 +1 -1 +1
L+A>2& Max{L,A} | Max{L,A} | Max{L,A} | Max{L,A} | Max{L,A}
Max{L,A}
Min{L,A}<2 -1 +1 -2 +2 -3

[0293] As shown in Table 9, when the width of the target block is less than the

height of the target block, and L<2 & A<2, the processing device 112 may determine

the final MPM list by changing MPM [2] from mode 2 to mode 65. Because the

height is larger than the width, the processing device 112 may further automatically

adjust mode 65 to the wide-angular mode 0.

Table 9:
Condition MPM[0] | MPM[1] | MPM[2] | MPMI[3] | MPM[4] MPMI[5]
L<2&A<2 v H 65 34 66 26
L=A L>2 L L-1 L+1 L-2 L+2 L-3
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|L-Al=1& Min{L,A} | Max{L,A} | Min{L A} Max{L,A}
L A
Min{L,A}=2 -1 +1 -2 +2
|L-A|=2& Min{L,A} Min{L,A} | Max{L,A} Min{L,A}
L A
Min{L,A}=2 +1 -1 +1 -2
|L-A|262& Min{L,A} | Max{L,A} | Min{L A} Max{L,A}
L#A L A
Min{L,A}=2 +1 -1 +2 -2
2<|L-A|<62& Min{L,A} Min{L,A} | Max{L,A} Max{L,A}
L A
Min{L,A}=2 -1 +1 -1 +1
L+A>2& Max{L,A} | Max{L,A} | Max{L,A} | Max{L,A} Max{L,A}
Max{L,A}
Min{L,A}<2 -1 +1 -2 +2 -3

[0294] In some embodiments, when the width and the height of the target block are
different and there are a plurality of encoded blocks adjacent to the longer side of the
target block, the processing device 112 may select the intra-prediction modes of a
preset number (e.g., 0-6) of encoded blocks, and replace the preset number of intra-
prediction modes in the preliminary MPM list with the selected intra-prediction
modes.

[0295] For example, there may be 2 encoded blocks Lo and L1 adjacent to the left
side (which is the longer one) of the target block. If the intra-prediction mode of L+
is not in the preliminary MPM list, the processing device 112 may determine the final
MPM list by changing MPM [5] to the intra-prediction mode of L.

[0296] In some embodiments, the process for determining a final MPM list of the
target block may include: determining a preliminary MPM list of the target block;
determining a size relation between a width and a height of the target block; and
determining a final MPM list by adjusting the preliminary MPM list based on the size
relation. The first mode in the MPM list may be encoded with fewer code words,
and the last mode in the MPM list may be encoded with more code words.

Therefore, by ranking the intra-prediction modes in the MPM list, fewer code words

may be used to represent the target intra-prediction mode of the target block.
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When the target intra-prediction mode falls in the MPM list, there is no need to
encode the prediction mode number. Only the index of the target intra-prediction
mode in the MPM list is used to be encoded, so that the target intra-predication
mode is represented in the code stream. Therefore, by adjusting the intra-
prediction modes to increase the probability that the target intra-prediction mode falls
in the MPM list, fewer code words may be used to represent the target intra-
prediction mode.

[0297] In some embodiments, the processing device 112 may re-rank the intra-
prediction modes in the MPM list according to the width and the height of the coding
unit or the sub-unit, which may make the target intra-prediction mode in the MPM list
being represented using fewer code words.

[0298] In some embodiments, the processing device 112 may replace one or more
intra-prediction modes in the MPM list according to the width and the height of the
coding unit or the sub-unit, which may increase the probability that the target intra-
prediction mode falls in the MPM list.

[0299] In some embodiments, the target intra-prediction modes of all sub-units in a
coding unit may be the same. For example, the encoding direction of the target
image may be form left to right and from top to bottom. In the ISP mode, the target
image may be encoded by encoding the sub-units. When the reference pixels is
obtained in the ISP mode, the first reference line with index=0 (e.g., reference line
TR1+LR1 in FIG. 8) may be used. In the vertical partition, the reference pixels of
the first sub-unit (e.g., the sub-unit 1414 in FIG. 14 or the sub-unit 1426 in FIG. 15)
from left to right may be obtained based on the first reference line of the original
coding unit (e.g., the coding unit 1411 in FIG. 14 and FIG. 15). The first sub-unit
may be encoded based on the target intra-prediction mode and the reference pixels
of the first sub-unit. The reference pixels of the second sub-unit (e.g., the sub-unit
1415 in FIG. 14 or the sub-unit 1427 in FIG. 15) from left to right may be obtained
based on the first reference line of the original coding unit (e.g., the coding unit 1411

in FIG. 14 and FIG. 15) and the encoded pixels of the right side of the encoded first
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sub-unit. The second sub-unit may be encoded based on the same target intra-
prediction mode and the reference pixels of the second sub-unit. In the horizontal
partition, the reference pixels of the first sub-unit (e.g., the sub-unit 1412 in FIG. 14
or the sub-unit 1422 in FIG. 15) from top to bottom may be obtained based on the
first reference line of the original coding unit (e.g., the coding unit 1411 in FIG. 14
and FIG. 15). The first sub-unit may be encoded based on the target intra-
prediction mode and the reference pixels of the first sub-unit. The reference pixels
of the second sub-unit (e.g., the sub-unit 1413 in FIG. 14 or the sub-unit 1423 in FIG.
15) from top to bottom may be obtained based on the first reference line of the
original coding unit (e.g., the coding unit 1411 in FIG. 14 and FIG. 15) and the
encoded pixels of the bottom side of the encoded first sub-unit. The second sub-
unit may be encoded based on the same target intra-prediction mode and the
reference pixels of the second sub-unit.

[0300] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0301] FIG. 16 is a flowchart illustrating an exemplary process for determining a
final MPM list of a target block according to some embodiments of the present
disclosure. In some embodiments, the process 1600 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220, and/or the modules and/or the units in FIG. 4 may execute the
set of instructions, and when executing the instructions, the processor 220, and/or
the modules and/or the units may be configured to perform the process 1600. The
operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1600 may be accomplished with one or more
additional operations not described and/or without one or more of the operations

herein discussed. Additionally, the order in which the operations of the process as
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illustrated in FIG. 16 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operations 513 and 515 of
the process 500 in FIG. 5 based on the process 1600.

[0302] In 1610, the processing device 112 may determine an MPM candidate list of
the target block according to statistical information of intra-prediction modes of a
plurality of encoded blocks (e.g., the intra-prediction modes used to encode the
plurality of encoded blocks). In some embodiments, an encoded block may include
a plurality of encoded pixels. In some embodiments, the plurality of encoded blocks
may be in the target image where the target block belong to. For example, the
plurality of encoded blocks may be different from the adjacent block of the target
block. In some embodiments, the plurality of encoded blocks may be in an
encoded video frame prior to the target image. Each of the plurality of encoded
blocks may be encoded using an intra-prediction mode. In some embodiments, the
statistical information may include the number (or count) of each type of the intra-
prediction modes of the plurality of encoded blocks.

[0303] In some embodiments, an encoded block may be square or non-square
(e.g., rectangular) in shape. In some embodiments, the shapes of the plurality of
encoded blocks may be the same or different. In some embodiments, the shapes
of at least one of the plurality of encoded blocks and the target block may be the
same or different. In some embodiments, the sizes of at least two of the plurality of
encoded blocks may be the same or different. In some embodiments, the sizes of
at least one of the plurality of encoded blocks and the target block may be the same
or different. For example, if the size of the target block is 16x16, the size of an
encoded block may be 16x16, 4x4, 8x8, etc.

[0304] In some embodiments, the processing device 112 may search the target
image to determine the plurality of encoded blocks based on the encoded order of
the target image. For example, if the target image is encoded from left to right and
from top to bottom, the processing device 112 may search for the plurality of

encoded blocks from left to right and from top to bottom in the target image. In
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some embodiments, the processing device 112 may search a video frame prior to
the target image to find the plurality of encoded blocks in any order.

[0305] In some embodiments, a global or local search may be performed on a
search region of an image (e.g., the target image or a video frame prior to the target
image). The global search may refer to searching for all encoded blocks in the
search region. The local search may refer to searching for a portion of encoded
blocks in the search region. The search region may include all or a portion of the
image (e.g., the target image or a video frame prior to the target image).

[0306] In some embodiments, the processing device 112 may determine an final
MPM list of the target block according to the intra-prediction modes of the encoded
blocks, so it is necessary to perform a statistical analysis to the intra-prediction
modes of the encoded blocks, and determine the final MPM list of the target block by
selecting the intra-prediction modes that are used more frequently for intra-prediction
based on the statistical information. In some embodiments, compared to the intra-
prediction modes that are used less frequently in statistics, the probability of an intra-
prediction mode that is used more frequently in statistics being selected as the target
intra-prediction mode of the target block may be higher.

[0307] In some embodiments, operation 1610 may include determining the number
(or count) (also referred to as the statistical number) of the intra-prediction modes of
each type of the encoded blocks; and determining the MPM candidate list by ranking
the intra-prediction modes of each type in a descending order of the statistical
numbers. In some embodiments, the intra-prediction modes of one or more types
with the largest statistical number may be ranked at the top portion of the MPM
candidate list, and the intra-prediction modes of one or more types with the smallest
statistical number may be ranked at the bottom portion of the MPM candidate list. If
there are the intra-prediction modes of two or more types with the same statistical
number, the intra-prediction modes of the two or more types may be ranked
according to the indexes of the intra-prediction modes of the two or more types. For

example, the intra-prediction modes of the two or more types may be ranked in a
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descending order or ascending order of the indexes of the intra-prediction modes of
the two or more types.

[0308] For example, the processing device 112 may determine an MPM candidate
list including 67 elements {S[0], S[1], S[2], ...,S[66]}. Each element of the MPM
candidate list may correspond to the intra-prediction mode of a type of angular intra-
prediction modes 0-66. S[0] may indicate that the statistical number of the
corresponding intra-prediction mode of a type is largest. S[66] may indicate that the
statistical number of the corresponding intra-prediction mode of another type is
smallest.

[0309] In some embodiments, each video frame may have a sequence number
corresponding to a timestamp. If the sequence number of the target image (i.e.,
current frame) where the target block is located is 20, the encoded blocks may
include encoded blocks in 4 video frames with the sequence numbers 16-19. The
MPM candidate list determined based on the encoded blocks may include S[0]=0,
S[1]=3, S[2]=1, ..., and S§[66]=4, which indicates that in the MPM candidate list, the
intra-prediction modes of three types with the top three statistical numbers are the
planar mode, the angular mode 3, and the DC mode, and the angular mode 4 is
ranked last (e.g., the statistical number of the angular mode 4 is smallest).

[0310] In some embodiments, operation 1610 may include determining the
statistical number of the intra-prediction modes of each type the encoded blocks;
determining a ratio of each statistical number to a sum of the statistical numbers as a
weight of the intra-prediction modes of each type; selecting one or more intra-
prediction modes of one or more types that satisfy a weight condition as one or more
elements in the MPM candidate list. In some embodiments, the weight condition
being satisfied may include that the weight of the intra-prediction mode of a type is
greater than or equal to a weight threshold. The weight threshold may be between
0and 1, such as, 0.2, 0.1, 0.05, etc.

[0311] Details regarding determining the MPM candidate list may be found

elsewhere in the present disclosure (e.g., the description in connection with FIG. 17).



WO 2020/182167 PCT/CN2020/078870
88

[0312] In 1620, the processing device 112 may determine a final MPM list of the
target block according to the MPM candidate list of the target block.

[0313] In some embodiments, the processing device 112 may select one or more
intra-prediction modes ranked relatively high (e.g., top 1, top 2, top 5, top 1%, top
2%, top 5%, etc.) in the MPM candidate list as the final MPM list of the target block.
In some embodiments, the final MPM list of the target block may be obtained by
combining the elements in the MPM candidate list and one or more intra-prediction
modes of the adjacent blocks of the target block (e.g., the preliminary MPM list as
described in FIGs. 9-11). More descriptions for determining the final MPM list
based on the MPM candidate list and the preliminary MPM list may be found in FIG.
18. In some embodiments, according to the MPM candidate list, the processing
device 112 may select the intra-prediction modes ranked relatively high in the MPM
candidate list as the elements of the final MPM list. In some embodiments, the final
MPM list may also include other elements, such as one or more intra-prediction
modes of the adjacent blocks of the target block, the special mode (e.g., the planar
mode, the DC mode), etc.

[0314] In some embodiments, the construction of the final MPM list may ensure that
the target intra-prediction mode of the target block falls into the final MPM list and is
ranked at the top of the final MPM list. In some embodiments, considering the
correlation between the intra-prediction mode of the encoded block and the target
intra-prediction mode of the target block, the MPM candidate list may be constructed
according to the statistical count (i.e., the statistical number) of the intra-prediction
modes of each type of the encoded blocks and then the final MPM list is determined
according to the MPM candidate list. The intra-prediction modes ranked relatively
high in the MPM candidate list may be selected as the elements of the final MPM list.
For the final MPM list, the elements may be the intra-prediction modes that are used
more frequently in the encoded blocks that may be in the same video frame or
different video frames as the target block in statistics, which may increase the

probability that the target intra-prediction mode falls into the final MPM list, and
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reduce the code word length of the target intra-prediction mode of the target block
and the bit overhead.

[0315] Details regarding determining the final MPM list may be found elsewhere in
the present disclosure (e.g., the description in connection with FIG. 18).

[0316] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0317] FIG. 17 is a flowchart illustrating an exemplary process for determining an
MPM candidate list according to some embodiments of the present disclosure. In
some embodiments, the process 1700 may be implemented as a set of instructions
(e.g., an application) stored in the storage ROM 230 or RAM 240. The processor
220, and/or the modules and/or the units in FIG. 4 may execute the set of
instructions, and when executing the instructions, the processor 220, and/or the
modules and/or the units may be configured to perform the process 1700. The
operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1700 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 17 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operation 1610 of the process
1600 in FIG. 16 based on the process 1700.

[0318] In 1710, the processing device 112 may rank the intra-prediction modes of
the encoded blocks in a descending order of the statistical numbers of the intra-
prediction modes of each type.

[0319] In some embodiments, the processing device 112 may obtain a data set {mo,
m1, ..., Mk-1} by ranking the intra-prediction modes of the encoded blocks in the

descending order of the statistical numbers of the intra-prediction modes of each
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type. For example, k=67, and each element of the data set may correspond to an
intra-prediction mode of a type of intra-prediction modes 0-66. mo may represent
an intra-prediction mode of a type of which the statistical number is largest. mk-1
may represent an intra-prediction mode of a type of which the statistical number is
smallest. For example, if none of the encoded blocks is encoded using the mode
mk-1, the statistical number of the mode mk1 may be 0. The mode mk-1 may be
ranked last in the data set.

[0320] In 1720, the processing device 112 may select a preset number of top-
ranked intra-prediction modes as elements of the MPM candidate list.

[0321] In some embodiments, the intra-prediction modes ranked relatively high in
the data set may be selected as the elements of the MPM candidate list.
Accordingly, the elements in the MPM candidate list may be fewer and more
meaningful. Therefore, the final MPM list constructed based on the MPM candidate
list of this embodiment may be better. According to some embodiments in process
1700, the probability that the target intra-prediction mode falls into the final MPM list
may be increased, and the code word length of the target intra-prediction mode of
the target block and the bit overhead may be reduced.

[0322] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0323] FIG. 18 is a flowchart illustrating an exemplary process for determining a
final MPM list of a target block according to some embodiments of the present
disclosure. In some embodiments, the process 1800 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220, and/or the modules and/or the units in FIG. 4 may execute the
set of instructions, and when executing the instructions, the processor 220, and/or

the modules and/or the units may be configured to perform the process 1800. The
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operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1800 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 18 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operation 1620 of the process
1600 in FIG. 16 based on the process 1800.

[0324] In 1810, the processing device 112 may determine a preliminary MPM list of
the target block based on intra-prediction modes of two or more adjacent blocks of
the target block.

[0325] For example, referring to FIG. 10C, the two or more adjacent blocks of the
target block may include a top adjacent block (A) and a left adjacent block (L). The
elements in the preliminary MPM list may be mode L (the intra-prediction mode of
block L) and mode A (the intra-prediction mode of block A) in turn, or mode A and
mode L inturn.  VWhen mode A is the same as mode L, the preliminary MPM list may
only include mode L. In some embodiments, the preliminary MPM list may further
include the planar mode and/or the DC mode that may be even ranked at top portion
of the preliminary MPM list. For example, the preliminary MPM list may include the
planar mode, the DC mode, mode L, and mode A in turn.

[0326] In short, the processing device 112 may determine the preliminary MPM list
in various ways. For example, the processing device 112 may determine the
preliminary MPM list based on the process 900 (e.g., operation 910 and/or operation
920) in FIG. 9. The processing device 112 may determine the preliminary MPM list
or the final MPM list in the process 900 as the preliminary MPM list in operation
1810. As another example, the processing device 112 may determine the
preliminary MPM list based on the process 1300 (e.g., operation 1310 and/or
operation 1330) in FIG. 13. The processing device 112 may determine the
preliminary MPM list or the final MPM list in the process 1300 as the preliminary
MPM list in operation 1810.
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[0327] In 1820, the processing device 112 may determine a final MPM list of the
target block based on the preliminary MPM list and the MPM candidate list.

[0328] According to the MPM candidate list and the preliminary MPM list, the
obtaining the final MPM list of the target block may include, but is not limited to, the
following operations. (1) The processing device 112 may combine the MPM
candidate list and the preliminary MPM list to obtain the final MPM list. In some
embodiments, in the final MPM list, the intra-prediction modes from the MPM
candidate list may be ranked in front of the intra-prediction modes from the
preliminary MPM list. In some embodiments, in the final MPM list, the intra-
prediction modes from the MPM candidate list may be ranked behind the intra-
prediction modes from the preliminary MPM list.  In some embodiments, in the final
MPM list, the intra-prediction modes from the MPM candidate list and the preliminary
MPM list may be mixed. (2) The processing device 112 may select a first number of
elements from the MPM candidate list and a second number of elements from the
preliminary MPM list, and combine the first number of elements and the second
number of elements to obtain the final MPM list based on the combination way in (1).
(3) The processing device 112 may select a number of elements from the MPM
candidate list. The processing device 112 may obtain the final MPM list by adding
the selected elements to the preliminary MPM list or replacing some elements in the
preliminary MPM list with the selected elements. Alternatively, the processing
device 112 may select a number of elements from the preliminary MPM list. The
processing device 112 may obtain the final MPM list by adding the selected elements
to the MPM candidate list or replacing some elements in the MPM candidate list with
the selected elements. In some embodiments, the elements selected from the
MPM candidate list to obtain the final MPM list may include the elements ranked
relatively high in the MPM candidate list. In some embodiments, the order of the
selected elements in the MPM candidate list may be consistent with the order of the
selected elements in the final MPM list.

[0329] In some embodiments, operation 1820 may include determining one or more
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elements to be replaced in the preliminary MPM list; obtaining the final MPM list of
the target block by replacing the one or more elements to be replaced in the
preliminary MPM list with one or more top-ranked elements in the MPM candidate
list.

[0330] In some embodiments, the processing device 112 may replace one or more
elements to be replaced in the preliminary MPM list with the one or more top-ranked
elements in the MPM candidate list.

[0331] For example, an element to be replaced may include the special mode.

The special mode may refer to the intra-prediction mode that is not the mode of the
adjacent block of the target block. For example, when the preliminary MPM list is
determined based on Table1, the special mode may include at least one of the
following intra-prediction modes: the planar mode, the DC mode, the vertical mode
(V) (e.g., the mode 50 in FIG. 6), the horizontal mode (H) (e.g., the mode 18 in FIG.
6), the intra-prediction mode nearby the mode of the adjacent block, mode V4,
mode Hx4, or the like. The intra-prediction mode nearby the mode m of the
adjacent block may include modes mt1, modes m+2, modes m+3, modes m+4, and
soon. Insome embodiments, modes 66+1 may be mode 3 and mode 65,
respectively. Modes 2+1 may be mode 3 and mode 65, respectively. Modes 65+1
may be mode 2 and mode 64, respectively.

[0332] In some embodiments, the top-ranked elements in the MPM candidate list
may be more possible to be selected as the target intra-prediction mode of the target
block. It may be difficult to determine the possibility that the special mode in the
preliminary MPM list is selected as the target intra-prediction mode. Therefore, the
operation of using the top-ranked elements in the MPM candidate list to replace the
elements to be replaced (e.g., the special mode) in the preliminary MPM list may
increase the probability that the target intra-prediction mode falls into the final MPM
list. In some embodiments, the number (or count) of elements to be replaced in the
preliminary MPM list may be the same as or different from the number (or count) of

top-ranked elements in the MPM candidate list. In some embodiments, the number
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(or count) of elements in the preliminary MPM list may be the same as or different
from the number (or count) of elements in the final MPM list.

[0333] In some embodiments, the adjacent blocks of the target block may include a
first adjacent block and a second adjacent block. The final MPM list may include M
(M=3) elements located at positions [0]-[M-1], respectively. The processing device
112 may determine an element that is located at position [M-P] in the preliminary
MPM list. The processing device 112 may obtain the final MPM list of the target
block by replacing, with the top-ranked elements in the MPM candidate list, the
elements to be replaced within positions [M-P]-[M-1] in the preliminary MPM list.
[0334] In some embodiments, if the intra-prediction mode of the first adjacent block
is the same as the intra-prediction mode of the second adjacent block, P may be an
integer within the range [1, M-1].  If the intra-prediction mode of the first adjacent
block is different from the intra-prediction mode of the second adjacent block, P may
be an integer within [1, M-2].

[0335] In some embodiments, during the process for selecting the top-ranked
elements in the MPM candidate list and replacing the elements to be replaced in the
preliminary MPM list, it is necessary to retain the top-ranked elements in the
preliminary MPM list as much as possible, even if the top-ranked elements include at
least one special mode. The elements to be replaced within positions [M-P]-[M-1] in
the preliminary MPM list may be replaced, until all elements of the final MPM list are
determined. In some embodiments, the elements from position [0] to position [M-N-
1] in the final MPM list may include the top-ranked elements in the preliminary MPM
list, and at least one of the elements from position [M-N] to position [M-1] in the final
MPM list may include the top-ranked element in the MPM candidate list, which
combines the better modes in the preliminary MPM list with the better modes in the
MPM candidate list, further increasing the probability that the target intra-prediction
mode falls into the final MPM list.

[0336] Merely by way of example, the preliminary MPM list may include the mode L,

the mode A, and the special mode. There may be M elements in the preliminary
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MPM list and M elements in the final MPM list. The processing device 112 may
obtain the MPM candidate list based on the statistical numbers of the intra-prediction
modes of each type of the encoded blocks, and use the modes in the MPM
candidate list to replace one or more special modes in the preliminary MPM list.  If
the number of modes to be replaced in the preliminary MPM list is set to P, when the
mode L is the same as the mode A, the value range of P may be [1, M-1] and P<M.
When the mode L is different form the mode A, the value range of P may be [1, M-2]
and P<M-1. The final MPM list may be obtained by replacing the elements from
position [M-P] to position [M-1] in the preliminary MPM list.

[0337] In some embodiments, the processing device 112 may first compare the first
mode of the MPM candidate list with modes corresponding to MPM [0] ~ MPM [M-P-
1] of the preliminary MPM list.  If the first mode is different from the modes
corresponding to MPM [O]-MPM [M-P-1], MPM [M-P] of the preliminary MPM list may
be replaced with the first mode of the MPM candidate list; otherwise, the processing
device 112 may ignore the first mode and continue to judge the second mode in the
MPM candidate list. If the second mode is different from the modes corresponding
to MPM [0]-MPM [M-P-1], the processing device 112 may replace a mode
corresponding to MPM [M-P] with the second mode, and so on, until all of the M
elements in the final MPM list are determined.

[0338] For the purpose of illustration, Examples 1-3 are provided below. In
Example 1-3, the preliminary MPM list may be determined based on Table 1 as
shown in FIG. 13.

Example 1

[0339] The MPM candidate list may include 67 elements S[0]-S[66], M=6, and all
special modes in the preliminary MPM list may be replaced with the elements in the
MPM candidate list. If modes L and A are the same, and L=S[2], the final MPM list
may include {L, S[0], S[1], S[3], S[4], S[5]}. If modes L and A are different, and
L=S[1], A=S[6], the final MPM list may include {L, A, S[0], S[2], S[3], S[41}.

Example 2
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[0340] The MPM candidate list may include 67 elements S[0]-S[66], M=3, and one
special mode in the preliminary MPM list may be replaced with the element in the
MPM candidate list. If modes L and A are the same, and L#Planar, L=S[2],
S[0]#Planar, the final MPM list may include {L, Planar, S[0]}. If modes L and A are
different, and L=S[0], A=S[6], the final MPM list may include {L, A, S[1]}.

Example 3

[0341] The MPM candidate list may include 67 elements S[0]-S[66], M=6, and two
special modes in the preliminary MPM list may be replaced with the elements in the
MPM candidate list. If modes L and A are the same, and mode L is not the planar
mode, the DC mode, and the vertical mode, and L=S[1], S[0]=DC, S[3]=Planar, S[2]
and S[4] are not the vertical mode, the final MPM list may include {L, Planar, DC, V,
S[2], S[4]}. If modes L and A are different, and L=S[1], A=S[2], S[3]=Planar, S[0]
and S[4] are not the DC mode, the final MPM list may include {L, A, Planar, DC, S[0],
S[4]}.

[0342] In some embodiment, if a single reference line (e.g., the first reference line)
is used for intra-prediction of the target block, the processing device 112 may
determine the final MPM list corresponding to the first reference line based on the
process 1600, the process 1700, and/or the process 1800. In some embodiment, if
multiple reference lines are used for intra-prediction of the target block, the
processing device 112 may determine the final MPM list corresponding to the
multiple reference lines based on the process 1600, the process 1700, and/or the
process 1800. Alternatively, the processing device 112 may determine a first final
MPM list corresponding to the first reference line based on the process 1600, the
process 1700, and/or the process 1800. The processing device 112 may determine
a second final MPM list corresponding to the non-first reference lines. For example,
the processing device 112 may determine the second final MPM list based on the
first final MPM list as described in the process 900 in FIG. 9. As another example,
the processing device 112 may determine a preliminary MPM list corresponding to

the non-first reference lines as described in the process 1300 in FIG. 13 (e.g., Table
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2 or Table 6). The processing device 112 may determine the second final MPM list
based on the preliminary MPM list corresponding to the non-first reference lines as
described in operation 1620 of the process 1600 in FIG. 16 and/or the process 1800
in FIG. 18.

[0343] It should be noted that the above description is merely provided for the
purposes of illustration, and not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0344] FIG. 19 is a flowchart illustrating an exemplary process for determining a
final MPM list of a target block according to some embodiments of the present
disclosure. In some embodiments, the process 1900 may be implemented as a set
of instructions (e.g., an application) stored in the storage ROM 230 or RAM 240.
The processor 220, and/or the modules and/or the units in FIG. 4 may execute the
set of instructions, and when executing the instructions, the processor 220, and/or
the modules and/or the units may be configured to perform the process 1600. The
operations of the illustrated process presented below are intended to be illustrative.
In some embodiments, the process 1900 may be accomplished with one or more
additional operations not described and/or without one or more of the operations
herein discussed. Additionally, the order in which the operations of the process as
illustrated in FIG. 19 and described below is not intended to be limiting. In some
embodiments, the processing device 112 may perform operations 513 and 515 of
the process 500 in FIG. 5 based on the process 1900.

[0345] In 1910, the processing device 112 may obtain a plurality of encoded blocks,
and determine at least one of the plurality of encoded blocks as a similar block of the
target block. A difference between a first texture value of each of the plurality of
encoded blocks and a second texture value of the target block may be within a

range.
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[0346] Texture feature may be statistics of a gray distribution function of local
properties of an image. The texture value may be a value of the texture feature of a
block in an image. Blocks with similar texture features may have similar luminance
and chrominance values. The intra-prediction mode of a block may be related to
the texture direction of the block. Therefore, blocks with similar texture features
may correspond to a similar intra-prediction mode. According to the similarity
between texture features of an encoded block and the target block, the processing
device 112 may determine the target intra-prediction mode of the target block using
the intra-prediction modes of the encoded blocks that include texture features similar
to the texture feature of the target block.

[0347] In some embodiments, the difference between the first texture value and the
second texture value may be a relative difference or an absolute difference. The
absolute difference may refer to an absolute value of a difference between the first
texture feature value and the second feature value. The relative difference may
refer to a ratio of the absolute difference to a texture feature value of a reference
block. The relative difference may represent the similarity degree between the
texture features of two blocks (e.g., the encoded block and the target block). In
some embodiments, the range of the relative difference may be 0.05-0.3. For
example, the relative difference may be 0.1, 0.2, etc., that is, the similarity degree of
the texture feature of an encoded block and the target block is 90% or 80%.

[0348] In some embodiments, an encoded block may be in the target image and
different from the adjacent block of the target block, or may be in an encoded video
frame prior to the target image. Details regarding the encoded block and the
searching process for the encoded block may be similar to the corresponding
description in connection with FIG. 16.

[0349] Mere by way of example, FIG. 20 is a schematic diagram of an exemplary
target image including encoded blocks and a target block according to some
embodiments of the present disclosure. In this embodiment, a global search

strategy of searching for all encoded blocks in the target image may be used. The
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size of the target image is 64x64, and the size of the target block is 16x16. The
search region may include the encoded blocks on the top side and the left side of the
target block. The numbers 1-15 represent the indexes of the encoded blocks, and
the search order may be the order of the indexes of the encoded blocks. For
example, the processing device 112 may search the encoded blocks from block 1 to
block 15.

[0350] In some embodiments, each searched encoded block may be compared with
the target block in the texture feature. In some embodiments, the gradient value of
an image block (e.g., the target block or the encoded block) may be used to
represent the texture feature of the image block, because the gradient value of the
image block may reflect the texture direction of the image block. The gradient value
of an image block may be used as the texture value of the image value. In some
embodiments, the texture feature may be obtained in other ways, such as using a
local binary mode and a gray level co-occurrence matrix to obtain the texture feature
of the image block.

[0351] The gradient value of an image block may be obtained based on Equation

(2) below:

grad = ﬁzgl:l Yia(lpij = pijoal + Pij = Pical), (2)
wherein w and h represent the width and the height of the image block, respectively;
i and j represent a horizontal coordinate and a vertical coordinate of a pixel in the
image block, respectively; and p represents the pixel value of a pixel in the image
block. The width of the image block may refer to the number (or count) pixels in a
first side of the image block along a first direction (e.g., the horizontal direction X in
FIG. 14). The height of the image block may refer to the number (or count) pixels in
a second side of the image block along a second direction (e.g., the vertical direction
Y in FIG. 14).

[0352] The coordinate system of the image including the image block may have an
origin at a vertex of the image, a horizontal axis along the horizontal direction, and a

vertical axis along the vertical direction. For example, the origin is at the left-bottom
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vertex of the image, the horizontal axis is from left to right, and the vertical axis is
from bottom to top. A pixel (i, j) may refer to a pixel that is located in the it pixel
column of the image along the horizontal axis and the j" row of the image along the
vertical axis. For example, the coordinates of a pixel at the left-top corner of the
image may be (1, 1).

[0353] In some embodiment, the processing device 112 may determine an
extended gradient value of the image block. The extended gradient value may refer
to the gradient value of an extended image block that includes the image block and a
plurality of reference pixels of the image block. For example, in addition to the
target block, the extended target block may further include the reference pixels
adjacent to the top side of the target block and/or the reference pixels adjacent to the
left side of the target block.

[0354] For example, as shown in FIG. 20, if the encoding direction of the target
image is from left to right and from top to bottom, the extended target block may
include the target block, the reference pixels in dotted box 2010 adjacent to the top
side of the target block (also referred to as upper reference pixels), and the
reference pixels in dotted box 2020 adjacent to the left side of the target block (also
referred to as left reference pixels). The number of the upper reference pixels may
be equal to the width of the target block, and the number of the left reference pixels
may be equal to the height of the target block. For example, the size of the target
block may be 16x16. The extended target block may include the target block, a row
of 16 reference pixels adjacent to the top side of the target block, and a column of 16
reference pixels adjacent to the left side of the target block.

[0355] By extending the image block, during comparing the texture features, the
probability and accuracy of determining the similar block of the target block may be
increased.

[0356] After obtaining the gradient values of the searched encoded blocks and the
target block, the processing device 112 may compare each encoded block with the

target block in the gradient values, and select the encoded blocks whose relative
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differences of gradient values with the target block are within a preset range. The
processing device 112 may determine at least one of the selected encoded blocks
as a similar block of the target block. For example, the processing device 112 may
designate the encoded block with the smallest relative difference of gradient values
with the target block as the similar block (also referred to as the most similar block).
The encoded block with the smallest relative difference may be regarded as the
encoded block with the most similarity to the target block in the texture feature.
[0357] After determining the similar block, the processing device 112 may obtain the
intra-prediction mode related to the similar block. In some embodiments, the intra-
prediction mode related to the similar block may include at least one of the intra-
prediction mode used to encode the similar block (also referred to as an optimal
intra-prediction mode) and the intra-prediction modes in an MPM list of the similar
block.

[0358] In some embodiments, the processing device 112 may further determine
whether the absolute difference between the second texture value of the target block
and the first texture value of the similar block is less than or equal to a threshold. If
not, it indicates that the texture feature of the target block may be different from the
similar block, and the intra-prediction mode of the similar block may have no guiding
significance for predicting the target block, so it is not necessary to consider the
similar block. If yes, the intra-prediction modes related to the similar block may be
possible to be selected as an element in the final MPM list of the target block.
[0359] In 1920, the processing device 112 may determine a final MPM list of the
target block based on an intra-prediction mode related to the at least one similar
block.

[0360] In some embodiments, the processing device 112 may determine an MPM
candidate list based on the intra-prediction mode related to the at least one similar
block.

[0361] In some embodiments, if there is only one similar block (e.g., the most

similar block), the MPM candidate list may include the optimal intra-prediction mode
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of the similar block and/or one or more intra-prediction modes in the MPM list of the
similar block. The similar block may be an encoded block. During a process for
encoding the similar block, an MPM list of the similar block is needed to be
determined. As used herein, the MPM list of the similar block refers to an MPM list
that was determined during the process for encoding the similar block. In some
embodiments, the one or more intra-prediction modes may be a first preset number
(e.g., 1, 2, 3, etc.) of top-ranked elements in the MPM list of the similar block. In the
MPM candidate list, the optimal mode may be the first element. The one or more
intra-prediction modes may be ranked after the optimal mode in an order that is the
same as the order in the MPM list of the similar block. In some embodiments, the
one or more intra-prediction modes may be a second preset number (e.g., 1, 2, 3,
etc.) of elements in the MPM list of the similar block with the Rdcosts less than a
cost threshold. In the MPM candidate list, the optimal mode may be the first
element. The one or more intra-prediction modes may be ranked after the optical
mode in an ascending order of the Rdcosts.

[0362] In some embodiments, if there are two or more similar blocks, the MPM
candidate list may include the optimal mode of each similar block and/or one or more
intra-prediction modes in the MPM list of each similar block. In some embodiments,
in the MPM candidate list, the modes related to the two or more similar blocks may
be ranked based on the similarity between the texture value of each of the two or
more similar blocks and the texture value of the target block. The modes related to
the similar block with a higher texture similarity may be ranked before the modes
related to the similar block with a lower texture similarity. In the MPM candidate list,
the order of the modes related to the same similar block may be determined based
on the description above.

[0363] In some embodiments, in the MPM candidate list, the optimal modes of the
two or more similar blocks may be ranked before the modes in the MPM lists of the
similar blocks. The optimal modes of the two or more similar blocks may be ranked

based on a descending order of the texture similarity of the two or more similar
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blocks. After the optimal modes of the two or more similar blocks, the modes of the
MPM lists of the two or more similar blocks may be ranked based on a descending
order of the texture similarity of the two or more similar blocks. The modes in the
MPM list of the similar block with a higher texture similarity may be ranked before the
modes in the MPM list of the similar block with a lower texture similarity. In the
MPM candidate list, the order of the modes in the same MPM list may be determined
based on the description above.

[0364] In some embodiments, the processing device 112 may determine a
preliminary MPM list of the target block based on the intra-prediction modes of two or
more adjacent blocks of the target block. For example, the processing device 112
may determine the preliminary MPM list based on the process 900 (e.g., operation
910 and/or operation 920) in FIG. 9. The processing device 112 may determine the
preliminary MPM list or the final MPM list in the process 900 as the preliminary MPM
list in operation 1810. As another example, the processing device 112 may
determine the preliminary MPM list based on the process 1300 (e.g., operation 1310
and/or operation 1330) in FIG. 13. The processing device 112 may determine the
preliminary MPM list or the final MPM list in the process 1300 as the preliminary
MPM list in operation 1810.

[0365] In some embodiments, the processing device 112 may determine the final
MPM list of the target block based on the preliminary MPM list and the MPM
candidate list. Details regarding determining the final MPM list may be similar to the
description of determining the final MPM list in connection with the operation 180 of
the process 1800 in FIG. 18.

[0366] In some embodiments, the similarity between the texture features of image
blocks may be used to obtain one or more similar blocks of the target block. The
intra-prediction mode related to at least one of the one or more similar blocks may be
used as an element in the final MPM list of the target block, so that in addition to one
or more intra-prediction modes determined based on the adjacent blocks of the

target block, there are also one or more intra-prediction modes determined based on
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one or more similar blocks, which may improve the accuracy of selecting the target
intra-prediction mode of the target block.

[0367] For the purpose of illustration, Examples 1-2 are provided below. In
Examples 1-2, the preliminary MPM list may be determined based on Table 1. The
MPM candidate list may include the modes related to the most similar block. There
may be M1 elements in the final MPM list of the target block.

Example 1

[0368] M1=6, and the optimal intra-prediction mode K and all elements in the MPM
list of the most similar block are different. The preliminary MPM list of the target
block may include MPM1 [0], MPM1 [1], MPM1 [2], MPM1 [3], MPM1 [4], and MPM1
[5]. The MPM list of the most similar block may include MPMO [0], MPMO [1],
MPMO [2], MPMO [3], MPMO [4], and MPMO [5]. The MPM candidate list S1 may
include {S1 [0], S1[1], S1[2], S1 [3], S1 [4], S1[5], S1 [6]}, wherein S1 [0]=K, ST
[1]=MPMO [0], S1 [2]=MPMO [1], S1 [3]=MPMO [2], S1 [4]=MPMO [3], S1 [6]=MPMO
[4], S1 [6]=MPMO [5].

[0369] In solution 1, the intra-prediction modes (mods L and A) of the adjacent
blocks L and A of the target block may be the same as the planar mode that is the
same as S1 [2], that is, mode L=mode A=Planar=S1 [2]. According to Table 1, the
preliminary MPM list of the target block may include {L, DC, V, H, V-4,V 4}. The
processing device 112 may use the intra-prediction modes in S1 to replace all
special modes in the preliminary MPM list of the target block. Starting from the first
mode S1 [0] (the mode K) of S1, the processing device 112 may successively
compare each element in S1 with the mode L. If S1 [0]£L, the processing device
112 may use S1 [0] to replace MPM1 [1], that is, use the mode K to replace the DC
mode. The processing device 112 may continue to compare S1 [1] with L. If S1
[1]#£L, the processing device 112 may use S1 [1] to replace MPM1 [2], that is, use
the mode MPMO [0] to replace the mode V, and so on, until all of the special modes
are replaced. The final MPM list of the target block may include {L, S1 [0], S1 [1],
S1 [3], S1 [4], S1 [5]}.
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[0370] In solution 2, modes L and A may be different, L+A=DC, and L=S1 [1], A=S1
[6]. According to Table 1, the preliminary MPM list of the target block may include
{L, A, V,H, V-4, V+4}. The processing device 112 may use the modes in S1 to
replace all special modes in the preliminary MPM list of the target block. Starting
from the first mode S1 [0] (the mode K) of S1, the processing device 112 may
compare each element in S1 with the modes L and A, respectively. If S1 [0]£L and
S1 [0]#A, the processing device 112 may use S1 [0] to replace MPM1 [2], that is, use
the mode K to replace the mode V. The processing device 112 may continue to
compare S1[1] with modes L and A. If S1 [1]=L, the processing device 112 may
skip S1 [1] and compare S1 [2] with modes L and A.  If S1 [2]#£L and S1 [2]#A, the
processing device 112 may use S1 [2] to replace MPM1 [3], that is, use the mode
MPMO [1] to replace the mode H. The processing device 112 may continue to
compare S1 [3] with modes L and A.  If S1 [3]#£L and S1 [3]#A, the processing
device 112 may use S1 [3] to replace MPM1 [4], that is, the mode MPM1 [4] is
replaced by the mode MPMO [2], and so on, until all special modes in the preliminary
MPM list are replaced. The final MPM list of the target block may include {L, A,
§1[0], S1[2], S1[3], S1[4]}.

Example 2

[0371] M1=6, and the optimal intra-prediction mode K of the most similar block may
be the same as MPMO [2] in the MPM list of the most similar block. After MPMO [2]
is removed, the MPM candidate list S2 may include {K, MPMO [0], MPMO [1], MPMO
[3], MPMO [4], MPMO [5]}.

[0372] In solution 1, modes A and L may be the same and equal to the DC mode.
According to Table 1, the preliminary MPM list of the target block may include {L,
Planar, V, H, V-4, V+4}, and L=S2 [1], Planar=82 [3], and V=52 [0]. The processing
device 112 may use the modes in S2 to replace the two special modes in the
preliminary MPM list of the target block, such as V-4 and V+4. Starting from the
first mode S2 [0] (the mode K) of S2, the processing device 112 may successively

compare each element in S2 with the modes L, Planar, DC, and V. If S2 [0]=V, the
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processing device 112 may skip S2 [0], and compare S2 [1] with the modes L,
Planar, DC, and V. If S2 [1]=L, the processing device 112 may skip S2 [0], and
compare S2 [2] with the modes L, Planar, DC, and V. If S2 [2]#£L, S2 [2]#Planar, S2
[2]#V, and S2 [2]#H, S2 [2] may be used to replace MPM1 [4], that is, MPMO [1] is
used to replace the mode V-4. The processing device 112 may continue to
compare S2 [3] with L, Planar, DC, and V. If S2 [3]=Planar, the processing device
112 may skip S2 [3], and compare S2 [4] with L, Planar, DC, and V. If S2 [4]#£L, S2
[4]#Planar, S2 [4]#DC, and S2 [4]#V, the processing device 112 may use S2 [4] to
replace MPM1 [5], that is, use MPMO [4] to replace the mode V+4. The final MPM
list of the target block may include {L, Planar, DC, V, S2 [2], S2 [4]}.

[0373] In solution 2, modes L and A may be different, and L>1&A>1&(L and A are
adjacent). According to Table 1, the preliminary MPM list of the target block may
include {L, A, Planar, DC, Max{L, A}-2, Max{L, A}+2}, and L=S2 [1], A=S2 [2],
Planar=S2 [3]. The processing device 112 may use the prediction modes in S2 to
replace 2 special modes in the preliminary MPM list of the target block, such as
modes Max {L, A}-2, and Max {L, A}+2. Starting from the first mode S2 [0] (the
mode K) of S2, the processing device 112 may compare each element in S2 with L,
Planar, DC, and V. If S2 [O]J£L, S2 [O]#A, S2 [0]#Planar, S2 [0]#DC, the processing
device 112 may use S2 [0] to replace MPM1 [4], that is, use the mode K to replace
the mode Max{L, A}-2. The processing device 112 may continue to compare S2 [1]
with modes L, A, Planar, and DC. If S2 [1]=L, the processing device 112 may skip
S2 [1], and compare S2 [2] with L, A, Planar, and DC. If S2 [2]=A, the processing
device 112 may skip S2 [2] and compare S2 [3] with L, A, Planar and DC. If S2
[3]=Planar, the processing device 112 may skip S2 [3] and compare S2 [4] with L, A,
Planar and DC. If S2 [4]£L, S2 [4]#A, S2 [4]#Planar, S2 [4]#DC, the processing
device 112 may use S2 [4] to replace MPM1 [5], that is, use MPMO [4] to replace the
mode Max {L, A}+2. The final MPM list of the target block may include {L, Planar,
DC, V, S2[0], S2 [4]}.
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[0374] In some embodiments, according to the similarity between the texture
features of the encoded block and the target block, the optimal intra-prediction mode
and the MPM list of the encoded block that is similar to the target block in the texture
feature may be used to replace the special mode in the preliminary MPM list of the
target block, which may remove the uncertainty caused by the special mode and
improve the accuracy of selecting the target prediction mode of the target block, and
may be beneficial to remove spatial redundancy to increase the compression rate of
intra-frame encoding.

[0375] In some embodiment, if a single reference line (e.g., the first reference line)
is used for intra-prediction of the target block, the processing device 112 may
determine the final MPM list corresponding to the first reference line based on the
process 1600, the process 1700, and/or the process 1800. In some embodiment, if
multiple reference lines are used for intra-prediction of the target block, the
processing device 112 may determine the final MPM list corresponding to the
multiple reference lines based on the process 1600, the process 1700, and/or the
process 1800. Alternatively, the processing device 112 may determine a first final
MPM list corresponding to the first reference line based on the process 1600, the
process 1700, and/or the process 1800. The processing device 112 may determine
a second final MPM list corresponding to the non-first reference lines. For example,
the processing device 112 may determine the second final MPM list based on the
first final MPM list as described in the process 900 in FIG. 9. As another example,
the processing device 112 may determine a preliminary MPM list corresponding to
the non-first reference lines as described in the process 1300 in FIG. 13 (e.g., Table
2 or Table 6). The processing device 112 may determine the second final MPM list
based on the preliminary MPM list corresponding to the non-first reference lines as
described in operation 1620 of the process 1600 in FIG. 16 and/or the process 1800
in FIG. 18.

[0376] It should be noted that the above description is merely provided for the

purposes of illustration, and not intended to limit the scope of the present disclosure.
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For persons having ordinary skills in the art, multiple variations and modifications
may be made under the teachings of the present disclosure. However, those
variations and modifications do not depart from the scope of the present disclosure.
[0377] In some embodiments, the present disclosure may also provide an encoder
or a decoder including a processor (e.g., the processing device 112). The
processor may be configured to execute instructions to implement a process (e.g.,
process 500-1, process 500-2, process 900, process 1100, process 1200, process
1300, process 1600, process 1700, process 1800, and process 1900) described
elsewhere in the present disclosure. As used herein, the encoder may further
include a storage (not shown) storing instructions and data and the instructions and
data may be executed by the processor.

[0378] In some embodiments, the present disclosure may also provide a storage
storing instructions. The instructions may be executed to implement a process
(e.g., process 500-1, process 500-2, process 900, process 1100, process 1200,
process 1300, process 1600, process 1700, process 1800, and process 1900)
described elsewhere in the present disclosure. In some embodiments, the
instructions may be formed a program file and stored in the storage in a form of a
software product, so that a computer device (e.g., a personal computer, a server, a
network device, etc.) or a processor may execute the process described elsewhere
in the present disclosure. In some embodiments, the storage may include but not
limited to a U disk, a mobile hard disk, a read-only memory (ROM), a random access
memory (RAM), a disk, an optical disk, a terminal device (e.g., a computer, a server,
a mobile phone, a tablet, etc.), or the like, or any combination thereof.

[0379] Having thus described the basic concepts, it may be rather apparent to those
skilled in the art after reading this detailed disclosure that the foregoing detailed
disclosure is intended to be presented by way of example only and is not limiting.
Various alterations, improvements, and modifications may occur and are intended to

those skilled in the art, though not expressly stated herein. These alterations,



WO 2020/182167 PCT/CN2020/078870
109

improvements, and modifications are intended to be suggested by this disclosure,
and are within the spirit and scope of the exemplary embodiments of this disclosure.
[0380] Moreover, certain terminology has been used to describe embodiments of
the present disclosure. For example, the terms “one embodiment,” “an
embodiment,” and/or “some embodiments” mean that a particular feature, structure
or characteristic described in connection with the embodiment is included in at least
one embodiment of the present disclosure. Therefore, it is emphasized and should
be appreciated that two or more references to “an embodiment” or “one
embodiment” or “an alternative embodiment” in various portions of this specification
are not necessarily all referring to the same embodiment. Furthermore, the
particular features, structures or characteristics may be combined as suitable in one
or more embodiments of the present disclosure.

[0381] Further, it will be appreciated by one skilled in the art, aspects of the present
disclosure may be illustrated and described herein in any of a number of patentable
classes or context including any new and useful process, machine, manufacture, or
comlocation of matter, or any new and useful improvement thereof. Accordingly,
aspects of the present disclosure may be implemented entirely hardware, entirely
software (including firmware, resident software, micro-code, etc.) or combining
software and hardware implementation that may all generally be referred to herein
as a “unit,” “module,” or “system.” Furthermore, aspects of the present disclosure
may take the form of a computer program product embodied in one or more
computer readable media having computer-readable program code embodied
thereon.

[0382] A computer readable signal medium may include a propagated data signal
with computer readable program code embodied therein, for example, in baseband
or as part of a carrier wave. Such a propagated signal may take any of a variety of
forms, including electromagnetic, optical, or the like, or any suitable combination
thereof. A computer readable signal medium may be any computer readable

medium that is not a computer readable storage medium and that may
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communicate, propagate, or transport a program for use by or in connection with an
instruction execution system, apparatus, or device. Program code embodied on a
computer readable signal medium may be transmitted using any appropriate
medium, including wireless, wireline, optical fiber cable, RF, or the like, or any
suitable combination of the foregoing.

[0383] Computer program code for carrying out operations for aspects of the
present disclosure may be written in a combination of one or more programming
languages, including an object oriented programming language such as Java, Scala,
Smalltalk, Eiffel, JADE, Emerald, C++, C#, VB. NET, Python or the like, conventional
procedural programming languages, such as the "C" programming language, Visual
Basic, Fortran 2003, Perl, COBOL 2002, PHP, ABAP, dynamic programming
languages such as Python, Ruby, and Groovy, or other programming languages.
The program code may execute entirely on the user's computer, partly on the user's
computer, as a stand-alone software package, partly on the user's computer and
partly on a remote computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an external computer (for
example, through the Internet using an Internet Service Provider) or in a cloud
computing environment or offered as a service such as a Software as a Service
(SaaS).

[0384] Furthermore, the recited order of processing elements or sequences, or the
use of numbers, letters, or other designations thereof, are not intended to limit the
claimed processes and methods to any order except as may be specified in the
claims. Although the above disclosure discusses through various examples what is
currently considered to be a variety of useful embodiments of the disclosure, it is to
be understood that such detail is solely for that purpose, and that the appended
claims are not limited to the disclosed embodiments, but, on the contrary, are

intended to cover modifications and equivalent arrangements that are within the spirit
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and scope of the disclosed embodiments. For example, although the
implementation of various components described above may be embodied in a
hardware device, it may also be implemented as a software only solution, e.g., an
installation on an existing server or mobile device.

[0385] Similarly, it should be appreciated that in the foregoing description of
embodiments of the present disclosure, various features are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure aiding in the understanding of one or more of the various
embodiments. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed subject matter requires more features than
are expressly recited in each claim. Rather, claimed subject matter may lie in less

than all features of a single foregoing disclosed embodiment.
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WHAT IS CLAIMED IS:
1. A system for intra prediction, comprising:
at least one storage device including a set of instructions; and
at least one processor in communication with the at least one storage device,
wherein when executing the set of instructions, the at least one processor is directed
to cause the system to:
obtain a target block to be encoded in a target image;
determine a final most probably mode (MPM) list of the target block based
on at least one of

(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,

(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes configured
to encode a plurality of first encoded blocks associated with the target
block, or

(d) texture features of a plurality of second encoded blocks
associated with the target block;
determine, based on the final MPM list, a target intra-prediction mode

corresponding to the target block; and

encode, based on the target intra-prediction mode, the target block.

2. The system of claim 1, wherein the determining the final MPM list of the target
block includes:

determining a preliminary MPM list based on the first intra-prediction modes,
wherein in the preliminary MPM list, the first intra-prediction modes are ranked based
on a descending order of a correlation degree between each of the two or more
adjacent blocks and the target block; and

determining the final MPM list based on the preliminary MPM list.
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3. The system of claim 2, wherein the two or more adjacent blocks include

a first-level adjacent block and a second-level adjacent block, wherein

the correlation degree between the first-level adjacent block and the target block
is greater than the correlation degree between the second-level adjacent block and

the target block.

4. The system of claim 3, wherein

at least a portion of a side of the first-level adjacent block overlaps at least a
portion of a side of the target block; and

only a vertex of the second-level adjacent block overlaps with a vertex of the

target block.

5. The system of any one of claims 2-4, wherein the determining the preliminary
MPM list based on the first intra-prediction modes includes:

obtaining the first intra-prediction modes by searching the two or more adjacent
blocks according to a searching order, wherein the searching order includes the
descending order of the correlation degree between each of the two or more
adjacent blocks and the target block; and

obtaining the preliminary MPM list by merging intra-prediction modes of a same

type in the obtained first intra-prediction modes.

6. The system of any one of claims 2-5, wherein the determining the final MPM
list based on the preliminary MPM list includes:
determining the final MPM list based on the preliminary MPM list and one or
more non-angular intra-prediction modes, wherein
the one or more non-angular intra-prediction modes includes at least one of
a planar mode or a direct-current (DC) mode; and
the final MPM list includes at least one of the one or more non-angular

intra-prediction modes and one or more top-ranked angular intra-prediction
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modes of the preliminary MPM list.

7. The system of claim 6, wherein the determining the final MPM list based on
the preliminary MPM list and the non-angular intra-prediction mode includes:
in response to determining that the preliminary MPM list includes at least one of
the one or more non-angular intra-prediction modes,
setting a first element of the final MPM list as the planar mode;
setting a second element of the final MPM list as the DC mode; and
adding, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list behind the
second element of the final MPM list according to an order of the one or more
top-ranked angular intra-prediction modes in the preliminary MPM list; or
in response to determining that the preliminary MPM list does not include the
one or more non-angular intra-prediction modes in the preliminary MPM list,
adding, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list to the final
MPM list according to the order of the one or more top-ranked angular intra-
prediction modes in the preliminary MPM list, wherein a count of the one or more
top-ranked angular intra-prediction modes is two less than a count of elements in
the final MPM list; and
adding, as two elements of the final MPM list, the planar mode and the
DC mode behind the one or more top-ranked angular intra-prediction modes of

the preliminary MPM list.

8. The system of claim 6, wherein the determining the final MPM list based on
the preliminary MPM list and the non-angular intra-prediction mode includes:

in response to determining that the preliminary MPM list includes only one of the
one or more non-angular intra-prediction modes,

setting a first element of the final MPM list as the one of the one or more
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non-angular intra-prediction modes in the preliminary MPM list;

adding, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list after
the first element of the final MPM list according to an order of the one or
more top-ranked angular intra-prediction modes in the preliminary MPM list;
and

adding, as an element of the final MPM list, another of the one or more
non-angular intra-prediction modes that is different from the one of the one
or more non-angular intra-prediction modes in the preliminary MPM list

behind the one or more top-ranked angular intra-prediction modes.

9. The system of claim 6, wherein the determining the final MPM list based on
the preliminary MPM list and the non-angular intra-prediction mode includes:
in response to determining that the preliminary MPM list includes only one of
one or more non-angular intra-prediction modes,
setting a first element of the final MPM list as the one of the one of the
one or more non-angular intra-prediction modes;
setting a second element of the final MPM list as another of the one or
more non-angular intra-prediction modes that is different from the one of the
one or more non-angular intra-prediction modes; and
adding, as one or more elements of the final MPM list, the one or more
top-ranked angular intra-prediction modes of the preliminary MPM list behind
the second element of the final MPM list according to an order of the one or

more top-ranked angular intra-prediction modes in the preliminary MPM list.

10. The system of claim 6, wherein a count of the two or more adjacent blocks is
2: and
wherein the determining the final MPM list based on the preliminary MPM list

and the one or more non-angular intra-prediction modes includes:
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in response to determining that the preliminary MPM list includes one or two
elements each of which is the planar mode or the DC mode,
setting first two elements of the final MPM list as the planar mode and
the DC mode; and
setting third to sixth elements of the final MPM list as a vertical mode V,
a horizontal mode H, a mode V-4, and a mode H+4, respectively;
in response to determining that the preliminary MPM list includes only one
element that is an angular intra-prediction mode m,
setting the first element of the final MPM list as the angular intra-
prediction mode m;
setting the second and third elements of the final MPM list as the planar
mode and the DC mode; and
setting the fourth to sixth elements of the final MPM list as a mode m-1,
a mode m+1, and a mode m-2, respectively;
in response to determining that the preliminary MPM list includes two elements
mo and m1 only one of which is the angular intra-prediction mode, and mo is ranked
before m1 in the preliminary MPM list,
setting the first element of the final MPM list as mo;
setting the second element of the final MPM list as m1;
adding the planar mode and the DC mode to the final MPM list;
merging same modes in mo, m1, the planar mode, and the DC mode;
setting the fourth to sixth elements of the final MPM list as a mode
max{mo, m1}-1, @ mode max{mo, m1}+1, and a mode max{mo, m1}-2,
respectively;
in response to determining that the preliminary MPM list includes two elements
mo and m1 both of which are the angular intra-prediction modes, and mo is ranked
before m1 in the preliminary MPM list,
setting the first element of the final MPM list as mo;

setting the second element of the final MPM list as my;
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setting the third and fourth elements of the final MPM list as the planar
mode and the DC mode;

setting the fifth and sixth elements of the final MPM list as the mode
max{mo, m1}-1 and the mode max{mo, m1}+1; and

if at least one of the mode max{mo, m1}-1 and the mode max{mo, m1}+1
is the same as one of mo, m1, the planar mode, and the DC mode, setting the
fifth and sixth elements of the final MPM list as the mode max{mo, m1}-2 and

the mode max{mo, m1}+2.

11. The system of claim 6, wherein a count of the two or more adjacent blocks is
2: and
wherein the determining the final MPM list based on the preliminary MPM list
and the non-angular intra-prediction mode includes:
in response to determining that the preliminary MPM list includes the DC mode
and an angular intra-prediction mode m,
setting a first element of the final MPM list as the DC mode;
setting a second and a third element of the final MPM list as the planar
mode and the mode m, respectively; and
setting fourth to sixth elements of the final MPM list as a mode m-1, a mode
m+1, and a mode m-2, respectively; and
in response to determining that the preliminary MPM list includes the planar
mode and the angular intra-prediction mode m, and m=2, 34, or 66,
setting the first element of the final MPM list as the planar mode;
setting the second element of the final MPM list as the mode m;
setting the third element of the final MPM list as the DC mode; and
setting the fourth to sixth elements of the final MPM list as the mode m-1,

the mode m+1, and the mode m-2, respectively.

12. The system of any one of claims 6-11, wherein when executing the set of
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instructions, the at least one processor is directed to cause the system to:
in response to determining that there is at least one pending element to be
determined in the final MPM list,
obtain a maximum angular intra-prediction mode in the preliminary MPM
list;
determine at least one nearby angular intra-prediction mode of the
maximum angular intra-prediction mode; and
set the at least one pending element in the final MPM list as the at least

one nearby angular intra-prediction mode.

13. The system of claim 2, wherein the target block is encoded using multiple
reference lines, and the final MPM list includes at least one non-angular intra-
prediction mode and at least one angular intra-prediction mode; and

wherein when executing the set of instructions, the at least one processor is
further directed to cause the system to:

determine the final MPM list as a first final MPM list of a first reference line
of the multiple reference lines, wherein the first reference line is closest to the
target block in the multiple reference lines; and

determine a second final MPM list of non-first reference lines of the

multiple reference lines based on the first final MPM list.

14. The system of claim 13, wherein the determining the second final MPM list
of non-first reference lines of the multiple reference lines based on the first final MPM
list includes:

adding, as one or more elements of the second final MPM list, one or more of
the at least one angular intra-prediction mode of the first final MPM list to the second
final MPM list according to an order of the one or more of the at least one angular

intra-prediction modes in the first final MPM list.
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15. The system of claim 13, wherein the determining the second final MPM list
of non-first reference lines of the multiple reference lines based on the first final MPM
list includes:

obtaining a maximum angular intra-prediction mode in the preliminary MPM list;

determining at least one nearby angular intra-prediction mode of the maximum
angular intra-prediction mode; and

obtaining the second final MPM list by replacing the at least one non-angular
intra-prediction mode in the first final MPM list with the at least one nearby angular

intra-prediction mode.

16. The system of claim 2, wherein the target block is encoded using multiple
reference lines, and a count of the two or more adjacent blocks is 2; and
wherein when executing the set of instructions, the at least one processor is
further directed to cause the system to:
determine the final MPM list as a first final MPM list of a first reference line
of the multiple reference lines, wherein the first reference line is closest to the
target block in the multiple reference lines; and
determine a second final MPM list of non-first reference lines of the
multiple reference lines by an operation including one of:
in response to determining that the preliminary MPM list includes one
or two elements each of which is a planar mode or a DC mode, setting
first to sixth elements of the second final MPM list as a vertical mode, a
horizontal mode, an angular mode 2, an angular mode 34, an angular
mode 66, and an angular mode 26, respectively;
in response to determining that the preliminary MPM list includes one
or two elements only one of which is an angular intra-prediction mode m,
setting the first to sixth elements of the second final MPM list as the mode
m, a mode m-1, a mode m+1, a mode m-2, a mode m+2, and a mode m-

3, respectively; or
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in response to determining that the preliminary MPM list includes two
angular intra-prediction modes mo and m1, and mo is ranked before m1 in
the preliminary MPM list,
setting the first element of the second final MPM list as mo;
setting the second element of the second final MPM list as m1;
and
setting the third to sixth elements as any four of 8 modes min{mo,

m4}x1, max{mo, m1}x£1, max{mo, m1}x1, max{mo, m1}+2.

17. The system of claim 1, wherein the determining the final MPM list of the
target block includes:

determining a preliminary MPM list of the target block, the preliminary MPM list
including a plurality of intra-prediction modes;

obtaining a size relation between the width and the height of the target block,
the width of the target block being equal to a length of a first side of the target block
that is along a horizontal direction of the target block, the height of the target block
being equal to a length of a second side of the target block that is along a vertical
direction of the target block; and

determining the final MPM list by adjusting the preliminary MPM list based on

the size relation.

18. The system of claim 17, wherein the determining the final MPM list by
adjusting the preliminary MPM list based on the size relation includes:
adjusting positions of at least two of the plurality of intra-prediction modes in the

preliminary MPM list based on the size relation.

19. The system of claim 18, wherein the adjusting the positions of the at least
two of the plurality of intra-prediction modes in the preliminary MPM list based on the

size relation includes:
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in response to determining that the size relation indicates that the width of the
target block is greater than the height of the target block, determining the final MPM
list by switching positions of a vertical mode and a horizontal mode in the preliminary
MPM list so that the vertical mode is ranked in front of the horizontal mode in the
final MPM list; or

in response to determining that the size relation indicates that the height of the
target block is greater than the width of the target block, determining the final MPM
list by switching positions of the vertical mode and the horizontal mode in the
preliminary MPM list so that the vertical mode is ranked behind the horizontal mode

in the final MPM list.

20. The system of claim 18, wherein the adjusting the positions of the at least
two of the plurality of intra-prediction modes in the preliminary MPM list based on the
size relation includes:

in response to determining that the size relation indicates that the width of the
target block is greater than the height of the target block, determining the final MPM
list by switching positions of an intra-prediction mode of a first adjacent block of the
target block and an intra-prediction mode of a second adjacent block of the target
block in the preliminary MPM list so that the intra-prediction mode of the first
adjacent block is ranked in front of the intra-prediction mode of the second adjacent
block; or

in response to determining that the size relation indicates that the height of the
target block is greater than the width of the target block, determining the final MPM
list by switching the positions of the intra-prediction mode of the first adjacent block
of the target block and the intra-prediction mode of the second adjacent block of the
target block in the preliminary MPM list so that the intra-prediction mode of the top
adjacent block is ranked behind the intra-prediction mode of the left adjacent block,
wherein the first adjacent block is adjacent to the first side of the target block, and

the second adjacent block is adjacent to the second side of the target block.
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21. The system of claim 17, wherein the determining the final MPM list by
adjusting the preliminary MPM list based on the size relation includes:
replacing one or more of the plurality of intra-prediction modes in the preliminary

MPM list based on the size relation.

22. The system of claim 21, wherein the replacing the one or more of the
plurality of intra-prediction modes in the preliminary MPM list based on the size
relation includes:

in response to determining that the size relation indicates that the width of the
target block is greater than the height of the target block, determining the final MPM
list by replacing a horizontal mode in the preliminary MPM list with a vertical mode;
or

in response to determining that the size relation indicates that the height of the
target block is greater than the width of the target block, determining the final MPM
list by replacing the vertical mode in the preliminary MPM list with the horizontal

mode.

23. The system of claim 21, wherein the replacing the one or more of the
plurality of intra-prediction modes in the preliminary MPM list based on the size
relation includes:

in response to determining that the size relation indicates that the width of the
target block is greater than the height of the target block, determining the final MPM
list by replacing a maximum ordinary angular mode or an ordinary angular mode
nearby the maximum ordinary angular mode in the preliminary MPM list with a wide-
angular mode adjacent to the maximum ordinary angular mode; or

in response to determining that the size relation indicates that the height of the
target block is greater than the width of the target block, determining the final MPM

list by replacing a minimum ordinary angular mode or an ordinary angular mode
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nearby the minimum ordinary angular mode in the preliminary MPM list with a wide-

angular mode adjacent to the minimum ordinary angular mode.

24. The system of claim 21, wherein the replacing the one or more of the
plurality of intra-prediction modes in the preliminary MPM list based on the size
relation includes:

in response to determining that the size relation indicates that the height and the
width of the target block are different,

obtaining a first number of encoded adjacent blocks corresponding to a
longer side of the target block;

obtaining intra-prediction modes of the first number of encoded adjacent
blocks; and

determining the final MPM list by replacing one or more of the plurality of
intra-prediction modes in the preliminary MPM list with the intra-prediction

modes of the first number of encoded adjacent blocks.

25. The system of claim 1, wherein the determining the final MPM list of the
target block includes:

obtaining the plurality of first encoded blocks or the plurality of second encoded
blocks associated with the target block, at least a portion of the plurality of first
encoded blocks or at least a portion of the plurality of second encoded blocks being
in the target image or in a video frame prior to the target image;

determining an MPM candidate list based on the plurality of first encoded blocks
or the plurality of second encoded blocks;

determining a preliminary MPM list based on the first intra-prediction modes
configured to encode the two or more adjacent blocks of the target block; and

determining the final MPM list based on the preliminary MPM list and the MPM

candidate list.
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26. The system of claim 25, wherein the determining the MPM candidate list
based on the plurality of first encoded blocks or the plurality of second encoded
blocks includes:

obtaining the second intra-prediction modes;

determining the statistical information of the second intra-prediction modes, the
statistical information including a statistical count of the second intra-prediction
modes of each type; and

determining the MPM candidate list based on the statistical information of the

second intra-prediction modes.

27. The system of claim 26, wherein the determining the MPM candidate list
based on the statistical information of the second intra-prediction modes includes:

ranking the second intra-prediction modes based on a descending order of the
statistical counts; and

determining one or more top-ranked second intra-prediction modes as one or

more elements of the MPM candidate list.

28. The system of claim 25, wherein the determining the MPM candidate list
based on the plurality of first encoded blocks or the plurality of second encoded
blocks includes:

obtaining a first texture value of the target block and a second texture value of
each of the plurality of second encoded blocks;

determining a texture difference between the first texture value and the second
texture value;

selecting at least one of the plurality of second encoded blocks based on the
texture differences, the texture difference of the at least one selected second
encoded block being within a range;

determining one or more of the at least one selected second encoded block as

one or more similar blocks of the target block;
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obtaining one or more third intra-prediction modes related to the one or more
similar blocks; and
determining the MPM candidate list based on the one or more third intra-

prediction modes.

29. The system of claim 28, wherein the one or more similar blocks of the target
block includes one of the at least one selected second encoded block corresponding
to which the texture difference is minimum in the at least one selected second

encoded block.

30. The system of claim 28 or 29, wherein the MPM candidate list includes the
one or more third intra-prediction modes, the one or more third intra-prediction
modes including at least one of an optimal intra-prediction mode configured to
encode the similar block and one or more fourth intra-prediction modes in an MPM

list of the similar block.

31. The system of claim 30, wherein in the MPM candidate list, the optimal intra-
prediction mode is ranked in front of the one or more fourth intra-prediction modes in
the MPM list of the similar block, an order of the one or more fourth intra-prediction
modes in the MPM candidate list being consistent with an order of the one or more

fourth intra-prediction modes in the MPM list of the similar block.

32. The system of any one of claims 28-31, wherein the first texture value is

represented as a gradient value related to the target block.

33. The system of claim 32, wherein the gradient value related to the target
block includes a gradient value of the target block or a gradient value of an extended
target block, the extended target block including the target block, first reference

pixels on a first side of the target block, and second reference pixels on a second
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side of the target block, the first side being adjacent to the second side.

34. The system of any one of claims 28-33, wherein when executing the set of
instructions, the at least one processor is further directed to cause the system to:
determine that an absolute difference between the first texture value and the

texture value of the similar block is less than or equal to a value.

35. The system of any one of claims 25-34, wherein the obtaining the plurality of
first encoded blocks or the plurality of second encoded blocks associated with the
target block includes:

searching for the plurality of first encoded blocks or the plurality of second
encoded blocks in a region of at least one of the target image and one or more video
frames prior to the target image according to an order from left to right and from top

to bottom.

36. The system of any one of claims 25-35, wherein the determining the final
MPM list based on the preliminary MPM list and the MPM candidate list includes:
determining the final MPM list by inserting at least one element of the MPM

candidate list into the preliminary MPM list.

37. The system of any one of claims 25-35, wherein the determining the final
MPM list based on the preliminary MPM list and the MPM candidate list includes:

determining one or more elements to be replaced in the preliminary MPM list;
and

determining the final MPM list by replacing the one or more elements to be

replaced with one or more top-ranked elements in the MPM candidate list.

38. The system of claim 37, wherein

the two or more adjacent blocks of the target block include a first adjacent block
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and a second adjacent block;

the final MPM list includes M elements, M=3;

the one or more elements to be replaced are ranked behind (M-N)th element of
the preliminary MPM list;

N is an integer within [1, M-1] if the intra-prediction mode of the first adjacent
block is the same as the intra-prediction mode of the second adjacent block; or

N is an integer within [1, M-2] if the intra-prediction mode of the first adjacent

block is different from the intra-prediction mode of the second adjacent block.

39. The system of claim 38, wherein N refers to a count of the one or more

elements to be replaced.

40. The system of any one of claims 37-39, wherein the one or more elements
to be replaced in the preliminary MPM list include at least one of a planar mode, a
direct-current (DC) mode, a vertical mode, a horizontal mode, or an intra-prediction
mode adjacent to at least one of the first intra-predication modes of the two or more

adjacent blocks.

41. The system of any one of claims 37-39, wherein the one or more elements
to be replaced include a special mode in the preliminary MPM list, the special mode
including an intra-prediction mode different from the first intra-prediction modes of

the two or more adjacent blocks in the preliminary MPM list.

42. The system of any one of claims 37-41, wherein the determining the final
MPM list by replacing the one or more elements to be replaced with the one or more
top-ranked elements in the MPM candidate list includes:

obtaining one of the one or more elements to be replaced in the preliminary
MPM list as a target element to be replaced;

obtaining one of the one or more top-ranked elements in the MPM candidate list
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as a reference mode;

determining whether the reference mode is different from one or more elements
in the preliminary MPM list except the one or more elements to be replaced; and

in response to determining that the reference mode is different from the one or
more elements in the preliminary MPM list except the one or more elements to be

replaced, replacing the target element to be replaced with the reference mode.

43. The system of any one of claims 1-42, wherein when executing the set of
instructions, the at least one processor is further directed to cause the system to:
determine a code word of the target intra-prediction mode by encoding the

target intra-prediction mode based on the final MPM list.

44 A system for intra prediction, comprising:
at least one storage device including a set of instructions; and
at least one processor in communication with the at least one storage device,
wherein when executing the set of instructions, the at least one processor is directed
to cause the system to:
obtain a target block to be encoded in a target image;
determine a final most probably mode (MPM) list of the target block based
on at least one of

(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,

(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes
configured to encode a plurality of first encoded blocks associated with
the target block, and

(d) texture features of a plurality of second encoded blocks
associated with the target block;

obtain a code word of a target intra-prediction mode of the target block;
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obtain the target intra-prediction mode by decoding the code word of the
target intra-prediction mode based on the final MPM list; and

decode the target block based on the target intra-prediction mode.

45. A method for intra prediction implemented on a machine having one or more
storage devices and one or more processors, the method comprising:
obtaining a target block to be encoded in a target image;
determining a final most probably mode (MPM) list of the target block based on
at least one of
(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,
(b) a width and a height of the target block,
(c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, or
(d) texture features of a plurality of second encoded blocks associated
with the target block;
determining, based on the final MPM list, a target intra-prediction mode
corresponding to the target block; and

encoding, based on the target intra-prediction mode, the target block.

46. A method for intra prediction implemented on a machine having one or more
storage devices and one or more processors, the method comprising:
obtaining a target block to be encoded in a target image;
determining a final most probably mode (MPM) list of the target block based on
at least one of
(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,
(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes configured to
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encode a plurality of first encoded blocks associated with the target block,

and
(d) texture features of a plurality of second encoded blocks associated
with the target block;
obtaining a code word of a target intra-prediction mode of the target block;

obtaining the target intra-prediction mode by decoding the code word of the

target intra-prediction mode based on the final MPM list; and

decoding the target block based on the target intra-prediction mode.

47. A system for intra prediction, comprising:
a first block obtaining unit configured to obtain a target block to be encoded in a
target image;
a first list determination unit configured to determine a final most probably mode
(MPM) list of the target block based on at least one of
(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,
(b) a width and a height of the target block,
(c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block, or
(d) texture features of a plurality of second encoded blocks associated
with the target block;
a first mode determination unit configured to determine, based on the final MPM
list, a target intra-prediction mode corresponding to the target block; and

an encoding unit configured to encode, based on the target intra-prediction

mode, the target block.

48. A system for intra prediction, comprising:

a second block obtaining unit configured to obtain a target block to be encoded

in a target image;



WO 2020/182167 PCT/CN2020/078870
131

a second list determination unit configured to determine a final most probably
mode (MPM) list of the target block based on at least one of

(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,

(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block,
and

(d) texture features of a plurality of second encoded blocks associated
with the target block;

a second mode determination unit configured to

obtain a code word of a target intra-prediction mode of the target block;
and

obtain the target intra-prediction mode by decoding the code word of the
target intra-prediction mode based on the final MPM list; and

a decoding unit configured to decode the target block based on the target intra-

prediction mode.

49. A non-transitory computer readable medium, comprising at least one set of
instructions for intra prediction, wherein when executed by one or more processors
of a computing device, the at least one set of instructions causes the computing
device to perform a method, the method comprising:

obtaining a target block to be encoded in a target image;

determining a final most probably mode (MPM) list of the target block based on
at least one of

(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,
(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes configured to
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encode a plurality of first encoded blocks associated with the target block, or
(d) texture features of a plurality of second encoded blocks associated
with the target block;
determining, based on the final MPM list, a target intra-prediction mode
corresponding to the target block; and

encoding, based on the target intra-prediction mode, the target block.

50. A non-transitory computer readable medium, comprising at least one set of
instructions for intra prediction, wherein when executed by one or more processors
of a computing device, the at least one set of instructions causes the computing
device to perform a method, the method comprising:

obtaining a target block to be encoded in a target image;

determining a final most probably mode (MPM) list of the target block based on
at least one of

(a) first intra-prediction modes configured to encode two or more
adjacent blocks of the target block,

(b) a width and a height of the target block,

(c) statistical information of second intra-prediction modes configured to
encode a plurality of first encoded blocks associated with the target block,
and

(d) texture features of a plurality of second encoded blocks associated
with the target block;

obtaining a code word of a target intra-prediction mode of the target block;

obtaining the target intra-prediction mode by decoding the code word of the
target intra-prediction mode based on the final MPM list; and

decoding the target block based on the target intra-prediction mode.
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