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Method and apparatus for video encoding or decoding

performed by a video encoder or a video decoder incorporating a coding

tool for Intra prediction with multiple directional Intra prediction modes are disclosed. According to the present invention, one or
more coding tool settings are determined based on the Intra prediction mode when the Intra prediction mode is a directional mode
so that there is no need for explicitly signalling said one or more coding tool settings determined based on the Intra prediction
mode. At the encoder side, the Intra prediction and the coding tool are applied to the current block to generate Intra prediction
residues or transformed Intra prediction residues for the current block.
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(57) Abstract: Method and apparatus for video encoding or decoding performed
by a video encoder or a video decoder incorporating a coding tool for Intra pre-
diction with multiple directional Intra prediction modes are disclosed. Accord-
ing to the present invention, one or more coding tool settings are determined
based on the Intra prediction mode when the Intra prediction mode is a direction-
al mode so that there is no need for explicitly signalling said one or more cod-
ing tool settings determined based on the Intra prediction mode. At the encoder
side, the Intra prediction and the coding tool are applied to the current block to
generate Intra prediction residues or transformed Intra prediction residues for
the current block.
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METHOD AND APPARATUS OF IMPLICIT INTRA CODING TOOL SETTINGS WITH INTRA
DIRECTIONAL PREDICTION MODES FOR VIDEO CODING

FIELD OF INVENTION

The invention relates generally to video coding incorporating Intra prediction. In particular, the present
invention relates to techniques to improve coding efficiency or reduce complexity for video coding systems using
PDPC (Position Dependent Intra Prediction Combination) or ARSS (Adaptive Reference Sample Smoothing), or
AMT (Adaptive Multiple Transforms) coding tool with Intra prediction.

BACKGROUND OF THE INVENTION
The High Lfficiency Video Coding (HEVC) standard is developed under the joint video project of the ITU-T
Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group (MPEG) standardization

organizations, and is especially with partnership known as the Joint Collaborative Team on Video Coding (JCT-
VO).

In HEVC, one slice is partitioned into multiple coding tree units (CTU). In main profile, the minimum and the
maximum sizes of CTU are specified by the syntax elements in the sequence parameter set (SPS). The allowed
CTU size can be 8x8, 16x16, 32x32, or 64x64. For each slice, the CTUs within the slice are processed according to
a raster scan order.

The CTU is further partitioned into multiple coding units (CU) to adapt to various local characteristics. A
quadtree, denoted as the coding tree, is used to partition the CTU into multiple CUs. Let CTU size be MxM, where
M is one of the values of 64, 32, or 16. The CTU can be a single CU or can be split into four smaller units of equal
sizes (i.e., M/2xM/2), which are nodes of coding tree. If units are leaf nodes of coding tree, the units become CUs.
Otherwise, the quadtree splitting process can be iterated until the size for a node reaches a minimum allowed CU
size as specified in the SPS. This representation results in a recursive structure as specified by a coding tree (also
referred to as a partition tree structure) 120 in Fig. 1. The CTU partition 110 is shown in Fig. 1, where the solid
lines indicate CU boundaries. The decision whether to code a picture area using Inter-picture (temporal) or Intra-
picture (spatial) prediction is made at the CU level. Since the minimum CU size can be 8x8§, the minimum
granularity for switching between different basic prediction types is 8x8.

One or more prediction units (PU) are specified for each CU. Coupled with the CU, the PU works as a basic
representative block for sharing the prediction information. Inside each PU, the same prediction process is applied
and the relevant information is transmitted to the decoder on a PU basis. A CU can be split into one, two or four
PUs according to the PU splitting type. HEVC defines eight shapes for splitting a CU into PU as shown in Fig. 2.
Unlike the CU, the PU may only be split once. The partitions shown in the second row correspond to asymmetric
partitions, where the two partitioned parts have different sizes.

After obtaining the residual block by applying the prediction process based on the PU splitting type, a CU can
be partitioned into transform units (TUs) according to another quadtree structure, which is analogous to the coding

tree for the CU. In Fig. 1, the solid lines in block 110 indicate CU boundaries, and dotted lines in block 110 indicate
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TU boundaries. Similarly, the solid lines for the partition tree structure 120 corresponds to the CU partition tree
structure and the dashed lines for the partition tree structure 120 corresponds to the TU partition tree structure. The
TU is a basic representative block of residual or transform coefficients for applying the integer transform and
quantization. For each TU, one integer transform with the same size is applied to the TU to obtain residual
coefficients. These coefficients are transmitted to the decoder after quantization on a TU basis.

The terms, coding tree block (CTB), coding block (CB), prediction block (PB), and transform block (TB) are
defined to specify the 2-D sample array of one colour component associated with CTU, CU, PU, and TU,
respectively. Thus, a CTU consists of one luma CTB, two chroma CTBs, and associated syntax elements. A similar
relationship is valid for CU, PU, and TU. The tree partitioning is generally applied simultaneously to both luma and
chroma, although exceptions apply when certain minimum sizes are reached for chroma.

Alternatively, a binary tree block partitioning structure can be used as disclosed in ITU-T SG 16 (Study Period
2013), Contribution 966 (J. An, et al, “Block partitioning structure for next generation video coding”, ITU-T T13
S5G16 COM 16 — C 966 R3 — E, Geneva, September 2015). In the disclosed binary tree partitioning structure, a
block can be recursively split into two smaller blocks. There are several splitting types as shown in Fig. 3. The most
efficient and simplest ones are the symmetric horizontal and vertical splits as shown in the top two splitting types in
Fig. 3. Therefore, a system may choose to only use these two splitting types. For a given block of size MxM, a flag
can be signalled to indicate whether to split a block into two smaller blocks. If the flag indicates “yes”, another
syntax element is signalled to indicate which splitting type is used (i.e., horizontal or vertical). If the horizontal
splitting is used then it is split into two blocks of size M x M/2, otherwise if the vertical splitting is used then it is
split into two blocks of size M/2 x M. The binary tree splitting process can be iterated until the size (width or height)
for a splitting block reaches a minimum allowed block size (width or height) that can be defined in high level
syntax such as SPS (sequence parameter set). Since the binary tree has two splitting types (i.e., horizontal and
vertical), the minimum allowed block width and height should be both indicated. Non-horizontal splitting is
implicit when the splitting would result in a block height smaller than the indicated minimum. Non-vertical splitting
is implicit when splitting would result in a block width smaller than the indicated minimum. Fig. 4 illustrates an
example of block partitioning 410 and its corresponding binary tree structure 420.In each splitting (i.e., non-leaf)
node of the binary tree, one flag indicates which splitting type (horizontal or vertical) is used, 0 indicates horizontal
splitting and | indicates vertical splitting.

The proposed binary tree structure can be used for partitioning a block into multiple smaller blocks such as
partitioning a slice into CTUs, a CTU into CUs, a CU into PUs, or a CU into TUs, and so on. In one embodiment,
the binary tree is used for partitioning a CTU into CUs. In other words, the root node of the binary tree is a CTU
and the leaf nodes of the binary tree are CUs. The leaf nodes are further processed by prediction and transform
coding. In another embodiment, there is no further partitioning from CU to PU or from CU to TU to simplify the
block partitioning process. That means the CU is equal to the PU and also equal to TU. Therefore, the leaf nodes of
the binary tree are also the basic unit for prediction and transform coding in this case.

Binary tree structure is more flexible than quadtree structure, since much more partition shapes can be
supported, which is also a factor for coding efficiency improvement. However, the encoding complexity will also
increase in order to select the best partition shape. In order to balance the complexity and coding efficiency, a
method to combine the quadtree and binary tree structure has been adopted in JVET-E1001 (Chen et al.,
“Algorithm Description of Joint Exploration Test Model 5 (JEM 5)”, Joint Collaborative Team on Video Coding of
ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 5th Meeting: Geneva, CH, 12-20 January, 2017, Document:
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JVET-E1001), which is called quadtree plus binary tree (QTBT) structure. In the disclosed QTBT structure, a block
is firstly partitioned by a quadtree structure, the quadtree splitting can be iterated until the size for a splitting block
reaches the minimum allowed quadtree leaf node size. If the leaf quadtree block is not larger than the maximum
allowed binary tree root node size, it can be further partitioned by a binary tree structure, the binary tree splitting
can be iterated until the size (width or height) for a splitting block reaches the minimum allowed binary tree leaf
node size (width or height) or the binary tree depth reaches the maximum allowed binary tree depth. In the QTBT
structure, the minimum allowed quadtree leaf node size, the maximum allowed binary tree root node size, the
minimum allowed binary wee leaf node width and height, and the maximum allowed binary tree depth can be
indicated in the high level syntax such as in SPS. Fig. 5 illustrates an example of block partitioning 510 and its
corresponding QTBT structure 520. The solid lines indicate quadtree splitting and dotted lines indicate binary tree
splitting. In each splitting (i.e., non-leaf) node of the binary tree, one flag indicates which splitting type (horizontal
or vertical) is used, 0 indicates horizontal splitting and 1 indicates vertical splitting.

The disclosed QTBT structure can be used for partitioning a block into multiple smaller blocks such as
partitioning a slice into CTUs, a CTU into CUs, a CU into PUs, or a CU into TUs, and so on. For example, the
QTBT can be used for partitioning a CTU into CUs, i.e., the root node of the QTBT is a CTU, which is partitioned
into multiple CUs by a QTBT structure. The CUs are further processed by prediction and transform coding.
Simplification of the QTBT structure has been also disclosed in PCT/CN2015/096761, filed on Dec 09, 2015,
where no further partitioning is applied from CU to PU or from CU to TU. In other words, a CU is equal to a PU
and is also equal to a TU. Therefore, the leaf node of the QTBT structure is the basic unit for prediction as well as
for transform.

In HEVC, Intra Prediction mode supports 35 different prediction modes corresponding to DC and Planar
modes and other 33 directional prediction modes. After prediction, the predicted residues for one CU are divided
into transform units (TUs) and each TU is processed using transtorm and quantization. HEVC adopts Discrete
Cosine Transform type II (DCT-II) as its core transform due to its strong "energy compaction” property.

For the next generation Video Coding standard (i.e., Joint Exploration Model (JEM)) being developed under
Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, the 33 directional
prediction modes are extended to directional prediction modes are used. The more directional prediction modes
allow capturing finer edge directions presented in natural videos. The new directional modes are shown in dotted
arrows in between every two neighbouring directional modes of the original 33 modes, which are shown in solid
arrows in Fig. 6. The Planar and DC modes remain the same. These denser directional intra prediction modes can
be applied to all block sizes for both luma and chroma Intra predictions.

Besides more directional Intra prediction modes, the next generation coding being developed also support
some other Intra coding tools to improve the prediction quality for the Intra Prediction mode. For example in JVET-
D1001 (Chen et al., “Algorithm Description of Joint Exploration Test Model 4 (JEM 4)”, Joint Collaborative Team
on Video Coding of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 4th Meeting: Chengdu, CN, 15-21
October 2016, Document: JVET-D1001), position dependent Intra prediction combination (PDPC) is disclosed as a
post-processing method for Intra prediction, which invokes combination of HEVC Intra prediction with un-filtered
boundary reference samples. Fig. 7 illustrates an example of Intra prediction in 4x4 blocks according to HEVC and
the PDPC. The new prediction p[x,y] combines weighted values of boundary elements with the HEVC prediction
q[x,y] as following:

play) = (e > |y/dy | Jrix ~1] = (> y/dy [Jri=1,-11 + (& »
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lx/d,[) r[-1,y] - (cg") > [x/dxj)r[—l, —1] + b[x, ylq[x,y] + 64} >7. D

In the above equation, r and s represents the boundary samples with unfiltered and filtered references,

respectively. The HEVC Intra prediction (i.e., q[x,y]) is based on filtered reference s. The x and y are the horizontal
and vertical distance from the block boundary. Furthermore, C’{, (.‘127, C’11, C}Zl are stored prediction parameters, d,=1

for blocks with width smaller than or equal to 16 and d,=2 for blocks with width larger than 16, dy=l for blocks

with height smaller than or equal to 16 and dy=2 for blocks with height larger than 16. b[x, y] is a normalization

factor derived as follow:

[x,y] = 128 — (cg”) » [y/dyj) + (cg”) » [y/dyj) - (cg”) » [x/dxj) + (cg"> > [x/dxj) )
In JVET-D1001, a set of 7-tap low pass filters is used to smooth the boundary samples, where the impulse
response of a filter k is designated as hk and an additional stored parameter a for computing the filtered reference as
in equation (3).
s=ar+ (1—a)(h,*r) 3)
where “*” represents convolution.
According to JVET-D1001, one set of prediction parameters (0117, 0127, C’ll, C%, a and filter index k) is defined

per Intra prediction mode and block size, where neighbouring prediction directions are grouped. A CU level flag is
signalled to indicate whether PDPC is applied or not. Value 0 indicates that the existing HEVC Intra prediction
(with HEVC reference sample smoothing filter disabled) is used, and values 1 indicales the PDPC is applied. When
PDPC flag value is equal to 0, the adaptive reference sample smoothing method mentioned as described below is
applied to generate Intra prediction.

At encoder side, the PDPC flag for an Intra-coded CU is determined at CU level. When Intra mode rate-
distortion (RD) cost check is needed for a CU, one additional CU level RD check is added to select the optimal
PDPC flag between the value of O and 1 for an intra-coded CU.

Adaptive reference sample smoothing (ARSS) is another coding tool for Intra prediction adopted in JVET-
D1001, where a new reference sample filtering mechanism is introduced by using two low pass filters (LPF) to
process reference samples:

e 3-tap LPF with the coefficients of [1, 2, 1]/ 4

e 5S-tap LPF with the coefficients of [2, 3, 6,3, 2]/ 16

The ARSS coding tool goes through a set of decision to determine filter process for reference sampling, which
selects no filter, HEVC filter, the 3-tap LPF or the 5-tap LPF.

ARSS need to signal the selected filter option. In JVET-D1001, data hiding is used instead of signalling the
flag in the bitstream. In HEVC, the sign of the last coefficient of a coefficients group (CG) is hidden in the sum of
the absolute values of the CG’s coefficients. In JEM (i.e., Joint Exploration Test Model (JEM) software for the next
generating video coding being developed under JVET), a similar technique is used to hide the filtering flag that
indicates what of the two filters related to the same filter set and selected in accordance with block size and Intra
prediction mode. The transform coefficients of a given coding block that are located at an odd position are used to
hide the value of the filtering flag.

In JVET-D1001, ARSS is applied only for the luma component. In case that CU size is smaller than or equal
to 1024 luma samples and larger than or equal to 64 luma samples, at least one coefficient sub-group in the Luma

coding block has a sign bit hidden and the intra prediction mode is not DC mode. The condition of reference
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samples smoothing has been modified for luminance component compared to HEVC: the threshold of angle
between Intra mode and the closest horizontal or vertical axis has been reduced by 2. The selection rules for 4-taps
Intra interpolation filer has been also modified for the luma component: cubic Intra-interpolation is used for coding
block with all sizes.

In JEM, when PDPC flag is equal to 1 for a CU, ARSS is disabled in this CU.

To select optimal ARSS flag value for a coding block, two rounds of RD cost checks are needed at encoder-
side: one with ARSS flag set equal to zero and the other with it set equal to one. In JEM software, the following fast
encoder mechanism is used to simplify the ARSS computational complexity at the encoder side.

e When CBF equal to 0 for default reference sample smoothing (i.e. ARSS flag is zero), the RD-cost check is
skipped for the case of ARSS flag equal to one.

ARSS flag hiding is combined with sign hiding at the encoder side. It is noteworthy that coefficients
adjustment for sign hiding and for ARSS flag hiding is not a separate step. Both bits hiding are performed jointly
within a single step (i.e., “hiding procedure”). Encoder selects coefficients to modify with respect to both sign
hiding and ARSS flag hiding checksum values. Coefficients at both odd positions or at even positions are adjusted.
Hence, it makes possible to provide the desired combination of sign hiding and ARSS flag hiding checksum values.

In JVET-D1001, an Enhanced Multiple Transform (EMT) scheme is used for residual coding for both Intra
and Inter-coded blocks. In the literature, the EMT may also be referred as Adaptive Multiple Transform (AMT). It
utilizes multiple selected transforms from the DCT/DST families other than the current transforms in HEVC. The
newly introduced transform matrices are DST-VII, DCT-VIII, DST-1 and DCT-V. Table 1 summarizes the
transform basis functions of each transform for N-point input.

Table 1. Transform basis functions for N-point input

Transform Type Basis function Ti(j), 1, =0, 1,..., N-1
n oz n-i-(2j+1))
T:(j) = wy \/; cos (—21\/
DCT-II
2 i_9
where Wy ={ v =
1 i+#0

. 2 2mi-j
T; =Wy Wy —-cos( )
i) =wo w1+ |o— 1)

DCT-V 2
where Wy { l=0,w1= \/; j=0

1 j=0

DCT-VIIL 1'[ 2i+1)-2f+ 1))
2N+1 4N + 2
11' (i+1)-G+1)
ST T = ’ 1 N+1 )
DST.VII 1r Ri+1)- G+ 1))
2N + 1 2N+ 1

According to EMT, multiple transforms can be selected for one TU. For example, for Inter CUs, one EMT flag

can be coded to indicate that the HEVC transform is used (i.e., EMT flag equal to zero) or one of the new multiple
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transforms is used (i.e., EMT flag equal to one). When EMT flag is equal to one, there are two kinds of different
transforms in horizontal and vertical directions, respectively. An EMT index may be used to indicate the transform
selected for each of the horizontal and vertical directions. Overall, four different transforms are supported for each
CU when EMT flag is one. For Intra CUs, there are also four candidates in multiple transforms. However, these
four candidates are variants according to Intra prediction direction.

When new coding tools are developed and used with the Intra prediction mode, explicit signalling may be
needed. For example, one bit flag is required for PDPC and ARSS to signal whether it is turned on or off. For AMT,
multiple flags are required for signalling the corresponding multiple transforms being used. For encoder, it also
implies multiple trials (i.e., RD checks) to select the best modes or transforms, which in turn increases the encoder

complexity.

SUMMARY OF THE INVENTION

Method and apparatus for video encoding or decoding performed by a video encoder or a video decoder
incorporating a coding tool for Intra prediction with multiple directional Intra prediction modes are disclosed.
According to the present invention, one or more target settings for the coding tool are determined based on the Intra
prediction mode when the Intra prediction mode is a directional mode so that there is no need for explicitly
signalling said one or more coding tool settings determined based on the Intra prediction mode. At the encoder side,
the Intra prediction and the coding tool are applied to the current block to generate Intra prediction residues or
transformed Intra prediction residues for the current block. At the decoder side, the Intra prediction and the coding
tool are applied to the Intra prediction residues or transformed Intra prediction residues to generate a reconstructed
current block. The Intra prediction is applied according to the current Intra prediction mode and the coding tool is
applied according to said one or more target settings.

In one embodiment, the target settings for the coding tool correspond to a flag indicating the coding tool being
on or off, where the flag is set to indicate the coding tool being on if the current Intra prediction mode is an even-
numbered directional Intra prediction mode and the flag is set to indicate the coding tool being off if the current
Intra prediction mode is an odd-numbered directional Intra prediction mode. In another embodiment, the coding
tool on/off setting is set according to the even/odd numbered directional Intra prediction modes the opposite way. In
yet another embodiment, the coding tool on/off setting depends on whether the current Intra prediction mode
belongs to a mode group consisting of a predefined number of directional Intra prediction modes. In this case, the
mode group can be determined according to a table consisting of the predefined number of directional Intra
prediction modes or according to an equation.

In one embodiment, the coding tool corresponds to PDPC (Position Dependent Intra Prediction Combination)
or ARSS (Adaptive Reference Sample Smoothing), where PDPC coding tool generates a combined Intra predictor
by combining a first Intra predictor derived based on filtered boundary reference samples with un-filtered boundary
reference samples and ARSS coding tool generates a target Intra predictor from boundary reference samples by
applying no filter or applying one filter selecting from a set of filters to the boundary reference samples. Said one or
more target settings correspond to a flag indicating the PDPC being on or off, indicating the ARSS being on or off,
or an index indicating a selected ARSS filter when the ARSS is on. For PDPC and ARSS, the Intra prediction and
the coding tool are applied to the current block to generate Intra prediction residues at the encoder side, or applied
to the Intra prediction residues to generate reconstructed current block at the decoder side.

In another embodiment, the coding tool corresponds to AMT (Adaptive Multiple Transform), where AMT
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coding tool utilizes a second set of transforms different from a first set of transforms. In this case, said one or more
target settings correspond to a flag indicating the AMT being on or off or an index indicating a target transform
selected from the second set of transforms when the AMT is on. For the AMT coding tool, the Intra prediction
according to the current Intra prediction mode is applied to the current block to generate the Intra prediction
residues and the coding tool according to said one or more target settings is applied to the Intra prediction residues
to generate the transformed Intra prediction residues at the encoder side. At the decoder side, the coding tool
according to said one or more target settings is applied to the transformed Intra prediction residues to generate
reconstructed Intra prediction residues, and the Intra prediction according to the current Intra prediction mode is
applied to the reconstructed Intra prediction residues to generate the reconstructed current block.

In the case that said one or more target settings are determined based on said one or more coding parameters,
said one or more coding parameters comprise current block size, current block width, current block height,

quantization parameter associated with the current block, or slice type associated with the current block.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the subdivision of a CTU into CUs and TUs using a corresponding quadtree in HEVC (high
efficiency video coding).

Fig. 2 illustrates the eight partition types for splitting a CU (coding unit) into one or more PUs (prediction
units) in HEVC (high efficiency video coding).

Fig. 3 illustrates the possible splitting types for a binary tree.

Fig. 4 illustrates an example of block partition using a corresponding binary tree.

Fig. 5 illustrates an example of block partition using a corresponding quadtree plus binary tree (QTBT).

Fig. 6 illustrates the new directional Intra prediction modes that are shown in dotted arrows in between every
two neighbouring directional modes of the original 33 directional Intra prediction modes as shown in solid arrows.

Fig. 7 illustrates an example of Intra prediction in 4x4 blocks according to HEVC Intra prediction and the
PDPC (Position Dependent Intra Prediction Combination) intra prediction.

Fig. 8 illustrates a flowchart for an exemplary encoding system incorporating Intra prediction with a coding
tool with coding tool setting dependent on the Intra prediction or one or more coding parameters according to a
method of the present invention.

Fig. 9 illustrates a flowchart for an exemplary decoding system incorporating Intra prediction with a coding
tool with coding tool setting dependent on the Intra prediction or one or more coding parameters according to a

method of the present invention.

DETAILED DESCRIPTION

The following description is of the best-contemplated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of the invention and should not be taken in a limiting
sense. The scope of the invention is best determined by reference to the appended claims.

As mentioned before, several new coding tools, such as Position Dependent Intra Prediction Combination
(PDPC), Adaptive Reference Sample Smoothing (ARSS) and Adaptive Multiple Transform (AMT) are introduced
for Intra prediction incorporated in the next generation video coding. The use of these coding tools often involves
signalling related to the coding tool settings, which will increase required bandwidth. The present invention is

intended to improve the coding efficiency or reduce complexity for coding systems incorporating any of these
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coding tools with Intra prediction.

In this invention, the implicit signalling associated with coding tool setting is disclosed to replace the explicit
indications according to the directional Intra prediction modes. The implicit signalling is useful especially for the
case that the number of directions is getting large. In general, the finer the directional predictions are, the less
difference between adjacent directional predictors has. Therefore, it is preferred to assign different settings of the
coding tool to adjacent directional Intra prediction modes. [For example, the different settings of the new tools may
correspond to setting the coding tool on and off. In another example, the different settings of the new tools may
correspond to selecting different transforms if the coding tool corresponds to the AMT. If the adjacent directional
Intra prediction modes generate similar predictors, different tool settings can be tested. The different tool settings
may cause more distinct coding results for adjacent directional Intra prediction modes, which creates opportunities
for possible coding gain. With the implicit assignment, both the directional Intra prediction modes and coding tool
settings can be signalled at the same time using the original signalling for the Intra mode coding. The present
invention may also reduce the encoder complexity because when the directional modes are tested at the encoder, the
different tool settings can be determined at the same time without the need for extra checking for different coding
tool settings.

In one embodiment, when 65 (from 2 to 66) directional Intra prediction modes are used for Intra prediction
and PDPC is also enabled, the present invention determines the PDPC setting (or called the target setting for PDPC)
implicitly for directional Intra prediction modes. For example, the directional Intra prediction modes with even
numbers (i.e., 2, 4, 6, ..., 66) can be implicitly assigned with PDPC off while the directional Intra prediction modes
with odd numbers (i.e., 3, 5, 7, ..., 65) can be implicitly assigned with PDPC on. In another example, the PDPC
on/off can also be assigned in the opposite way.

As is known in the field, when Intra prediction with the PDPC coding tool is applied to a current block at the
encoder side, the Intra prediction according to a selected Intra prediction mode and the PDPC coding tool according
to the target coding tool setting are applied to the current block to generate Intra prediction residues for the current
block. According to the present invention, the target coding tool setting is determined based on the selected Intra
prediction mode if the selected Intra prediction mode is a directional Intra prediction mode. Therefore, there is no
need to signal target coding tool setting. At the decoder side, tfor an Intra-coded current block, the Intra prediction
mode is determined, such as being decoded from a bitstream. According to the present invention, the target coding
tool setting is determined based on the selected Intra prediction mode if the selected Intra prediction mode is a
directional Intra prediction mode. Therefore, there is no need to parse target coding tool setting from the bitstream.
Accordingly, the Intra prediction according to the determined Intra prediction mode and the coding tool according
to the derived target coding tool setting are applied to the Intra prediction residues of the current block to generate
the reconstructed current block.

In another embodiment, when 65 (from 2 to 66) directional Intra prediction modes are used for Intra prediction
and PDPC is also enabled, a predetermined number of directional Intra prediction modes can be implicitly assigned
with PDPC on while the rest directional Intra prediction modes can be implicitly assigned with PDPC off. The
PDPC on/off can also be assigned in the opposite way. The predetermined directional Intra prediction modes can be
specified by a table with fixed entries (e.g. {2, 18(Horizontal), 34(Diagonal), 50(Vertical), 66}) or specified by
fixed equations. For example, the set of predetermined directional Intra prediction modes may correspond to {2,
18(Horizontal), 34(Diagonal), S0(Vertical), 66} + offset, where offset can be predetermined or adaptively decided.

For example, if offset is equal to 1, the set of predetermined directional Intra prediction modes may correspond to
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{3,19, 35,51, 67}. In another example, the set of predetermined directional Intra prediction modes may correspond

to {directional modes % N == n}, where N and n are predetermined and “%” corresponds to the modulo operation.

In yet another embodiment, when 65 (from 2 to 66) directional Intra prediction modes are used for Intra
prediction and PDPC is also enabled, multiple implicit assignments can be combined to determine whether PDPC is
turned on or off. For example, the case that the odd directional Intra prediction modes are implicitly assigned with
the PDPC on and the case that a predetermined number of directional Intra prediction modes are implicitly assigned
with PDPC on as described previously can be combined.

In yet another embodiment, when 65 (from 2 to 66) directional Intra prediction modes are used for Intra
prediction and PDPC are also supported, the implicit assignments can be adaptively applied according to other
available coding parameters, such as CU size, CU width, CU height, quantization parameter or slice type. For
example, the odd-numbered directional Intra prediction mode assignment with PDPC on is only applied when the
CU area is larger than a predetermined threshold. In addition, the implicit assignments can be enabled or disabled
according to high level syntax, such as a flag in sequence, picture or slice header. The implicit assignment can be
also used together with explicit signalling.

The various embodiments incorporating implicit assignment as mentioned above for the PDPC coding tool can
be also used for the Adaptive Reference Sample Smoothing (ARSS) coding tool with directional Intra modes to
determine the on/off selections or filters for ARSS.

As is known in the field, when Intra prediction with the ARSS coding tool is applied to a current block at the
encoder side, the Intra prediction according to a selected Intra prediction mode and the ARSS coding tool according
to the target coding tool setting are applied to the current block to generate Intra prediction residues for the current
block. According to the present invention, one or more target coding tool settings are determined based on the
selected Intra prediction mode if the selected Intra prediction mode is a directional Intra prediction mode. Therefore,
there is no need to signal the coding tool settings. The target coding tool setting may correspond to a flag indicating
the ARSS on or off. When ARSS is on, additional coding tool setting may be required, such as an index to indicate
the selected filter for filtering the boundary reference samples. The index to indicate the selected filter may also be
dependent from the directional Intra prediction mode. At the decoder side, for an Intra-coded current block, the
Intra prediction mode is determined, such as being decoded from a bitstream. According to the present invention,
one or more target coding tool settings can be determined based on the selected Intra prediction mode if the selected
Intra prediction mode is 2 directional Intra prediction mode. Therefore, there is no need to parse target coding tool
setting from the bitstream or less coding tool setting needs to be parsed. Accordingly, the Intra prediction according
1o the determined Intra prediction mode and the ceding tool according to one or more derived target coding tool
settings are applied to the Intta prediction residues of the current block to generate the reconstructed current block.

The various embodiments incorporating implicit assignment as mentioned above for the PDPC coding tool can
be also used for the Adaptive Multiple Transform (AMT) coding tool with directional Intra modes to determine the
selection of different transforms.

As is known in the field, when Intra prediction with the AMT coding tool is applied to a current block at the
encoder side, the Intra prediction according to a selected Intra prediction mode is applied to the current block to
generate Intra prediction residues. The AMT coding tool according to the target cading tool settings is applied to
the Intra prediction residues to generate transformed Intra prediction residues for the current block. According to
the present invention, one or more target coding tool settings can be determined based on the selected Intra

prediction mode if the selected Intra prediction mode is a directional Intra prediction mode. Therefore, there is no
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need to signal target coding tool setting or less coding tool setting needs to be parsed. At the decoder side, for an
Intra-coded current block, the Intra prediction mode is determined, such as being decoded from a bitstream.
According to the present invention, one or more target coding tool settings are determined based on the selected
Intra prediction mode if the selected Intra prediction mode is a directional Intra prediction mode. Therefore, there is
no need to parse target coding tool setting from the bitstream less coding tool setting needs to be parsed.
Accordingly, the Intra prediction according to the determined Intra prediction mode and the coding tool according
to the derived target coding tool setting are applied to the Intra prediction residues of the current block to generate
the reconstructed current block.

Implicit coding tool settings according to Directional Intra prediction modes have been disclosed as above for
Position Dependent Intra Prediction Combination (PDPC), Adaptive Reference Sample Smoothing (ARSS) and
Adaptive Multiple Transform (AMT). There specific coding tools for Intra prediction are used as examples for
implicitly coding tool setting according to Directional Intra prediction modes. The implicit assignments can also be
used for directional Intra modes and other coding tools to determine the tool settings for improving the coding
performance associated with the Intra prediction.

Fig. 8 illustrates a flowchart for an exemplary encoding system incorporating Intra prediction with a coding
tool with coding tool setting dependent on the Intra prediction or one or more coding parameters according to a
method of the present invention. The steps shown in the flowchart may be implemented as program codes
executable on one or more processors (e.g., one or more CPUs) at the encoder side. The steps shown in the
flowchart may also be implemented based hardware such as one or more electronic devices or processors arranged
to perform the steps in the flowchart. According to this method, a current block to be encoded is received in step
810. A plurality of directional Intra prediction modes are identified when the current block is predicted using Intra
prediction in step 820. Also, a coding tool enabled for the current block is identified in step 830. A current Intra
prediction mode is selected for the current block in step 840. Whether the current Intra prediction mode is one
directional Intra prediction mode is checked in step 850. If the current Intra prediction mode is one directional Intra
prediction mode (i.e., the “yes” path from step 850), steps 860 and 870 are performed. Otherwise (i.e., the “no” path
from step 850), steps 860 and 870 are skipped. In step 860, a target setting for the coding tool is determined
according to the current Intra prediction mode tor the current block. In step 870, the Intra prediction and the coding
tool are applied to the current block to generate Intra prediction residues or transformed Intra prediction residues for
the current block, wherein the Intra prediction is applied to the current block according to the current Intra
prediction mode and the coding tool is applied to the current block according to the target setting.

Fig. 9 illustrates a flowchart for an exemplary decoding system incorporating Intra prediction with a coding
tool with coding tool setting dependent on the Intra prediction or one or more coding parameters according to a
method of the present invention. A bitstream comprising compressed data corresponding to Intra prediction
residues or transformed Intra prediction residues of a current block to be decoded is received in step 910. A current
Intra prediction mode for the current block is determined from the bitstream in step 920. Whether the current Intra
prediction mode is a directional Intra prediction mode and whether a coding tool is enabled for the Intra prediction
are checked in step 930. If the current Intra prediction mode is a directional Intra prediction mode and the coding
tool is enabled for the Intra prediction (i.e., the “yes” path in step 930), steps 940 and 950 are performed. Otherwise
(i.e., the “no” path in step 930), steps 940 and 950 are skipped. In step 940, a target setting for the coding tool is
determined according to the current Intra prediction mode or one or more coding parameters. In step 950, the Intra

prediction and the coding tool are applied to the Intra prediction residues or transformed Intra prediction residues to
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generate a reconstructed current block, wherein the Intra prediction is applied to the Intra prediction residues or
transformed Intra prediction residues according to the current Intra prediction mode and the coding tool is applied
to the Intra prediction residues or transformed Intra prediction residues according to the target setting.

The flowchart shown is intended to illustrate an example of video coding according to the present invention. A
person skilled in the art may modify each step, re-arranges the steps, split a step, or combine steps to practice the
present invention without departing from the spirit of the present invention. In the disclosure, specific syntax and
semantics have been used to illustrate examples to implement embodiments of the present invention. A skilled
person may practice the present invention by substituting the syntax and semantics with equivalent syntax and
semantics without departing from the spirit of the present invention.

The above description is presented to enable a person of ordinary skill in the art to practice the present
invention as provided in the context of a particular application and its requirement. Various modifications to the
described embodiments will be apparent to those with skill in the art, and the general principles defined herein may
be applied to other embodiments. Therefore, the present invention is not intended to be limited to the particular
embodiments shown and described, but is to be accorded the widest scope consistent with the principles and novel
features herein disclosed. In the above detailed description, various specific details are illustrated in order to
provide a thorough understanding of the present invention. Nevertheless, it will be understood by those skilled in
the art that the present invention may be practiced.

Embodiment of the present invention as described above may be implemented in various hardware, software
codes, or a combination of both. For example, an embodiment of the present invention can be one or more circuit
circuits integrated into a video compression chip or program code integrated into video compression software to
perform the processing described herein. An embodiment of the present invention may also be program code to be
executed on a Digital Signal Processor (DSP) to perform the processing described herein. The invention may also
involve a number of functions to be performed by a computer processor, a digital signal processor, a
microprocessor, or field programmable gate array (FPGA). These processors can be configured to perform
particular tasks according to the invention, by executing machine-readable software code or firmware code that
defines the particular methods embodied by the invention. The software code or firmware code may be developed
in different programming languages and different formats or styles. The software code may also be compiled for
different target platforms. However, different code formats, styles and languages of software codes and other means
of configuring code to perform the tasks in accordance with the invention will not depart from the spirit and scope
of the invention.

The invention may be embodied in other specific forms without departing from its spirit or essential
characteristics. The described examples are to be considered in all respects only as illustrative and not restrictive.
The scope of the invention is therefore, indicated by the appended claims rather than by the foregoing description.
All changes which come within the meaning and range of equivalency of the claims are to be embraced within their

scope.
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CLAIMS

1. A method for decoding video data, the method comprising:

receiving a bitstream comprising compressed data corresponding to Intra prediction
residues or transformed Intra prediction residues of a current block to be decoded;
determining from the bitstream a current Intra prediction mode for the current block; and
if the current Intra prediction mode is a directional Intra prediction mode and a coding tool
is enabled for the Intra prediction:
determining one or more target settings for the coding tool according to the current Intra
prediction mode or one or more coding parameters; and
applying the Intra prediction and the coding tool to the Intra prediction residues or
transformed Intra prediction residues to generate a reconstructed current block, wherein the
Intra prediction is applied to the Intra prediction residues or transformed Intra prediction
residues according to the current Intra prediction mode and the coding tool is applied to the
Intra prediction residues or transformed Intra prediction residues according to said one or
more target settings, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool
being on if the current Intra prediction mode is among a first group comprising several
directional Intra prediction modes and said one or more target settings correspond to the
coding tool being off if the current Intra prediction mode is among a second group
comprising directional Intra prediction modes, wherein the first group comprising several
directional Intra prediction modes is different from the second group comprising several
directional Intra prediction modes.
2. The method of Claim 1, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool being on if
the current Intra prediction mode is an even-numbered directional Intra prediction mode and said one

or more target settings correspond to the coding tool being off if the current Intra prediction mode is an

odd-numbered directional Intra prediction mode.
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3. The method of Claim 1, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool being on if
the current Intra prediction mode is an odd-numbered directional Intra prediction mode and said one or
more target settings correspond to the coding tool being off if the current Intra prediction mode is an

even-numbered directional Intra prediction mode.

4. The method of Claim 1, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings corresponding to the coding tool being on
if the current Intra prediction mode is one directional Intra prediction mode belonging to a mode group
consisting of a predefined number of directional Intra prediction modes and said one or more target
settings corresponding to the coding tool being off if the current Intra prediction mode is one

directional Intra prediction mode not belonging to the mode group.

5. The method of Claim 4, wherein the mode group is determined according to a table consisting

of the predefined number of directional Intra prediction modes or according to an equation.

6. The method of Claim 1, wherein the coding tool corresponds to PDPC (Position Dependent
Intra Prediction Combination) or ARSS (Adaptive Reference Sample Smoothing), wherein PDPC
coding tool generates a combined Intra predictor by combining a first Intra predictor derived based on
filtered boundary reference samples with un-filtered boundary reference samples, and wherein ARSS
coding tool generates a target Intra predictor from boundary reference samples by applying no filter or
applying one filter selecting from a set of filters to the boundary reference samples, and wherein the
Intra prediction according to the current Intra prediction mode and the coding tool according to said
one or more target settings are applied to the Intra prediction residues to generate the reconstructed

current block.

7. The method of Claim 6, wherein said one or more target settings correspond to the PDPC being
on or off, indicating the ARSS being on or off, or an index indicating a selected ARSS filter when the
ARSS is on.

8. The method of Claim 1, wherein the coding tool corresponds to AMT (Adaptive Multiple
Transform), wherein AMT coding tool utilizes a second set of transforms different from a first set of

transforms.
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9. The method of Claim 8, wherein said one or more target settings correspond to the AMT being
on or off or an index indicating a target transform selected from the second set of transforms when the
AMT is on, and wherein the coding tool according to said one or more target settings is applied to the
transformed Intra prediction residues to generate reconstructed Intra prediction residues, and the Intra
prediction according to the current Intra prediction mode is applied to the reconstructed Intra prediction

residues to generate the reconstructed current block.

10.  The method of Claim 1, wherein said one or more coding parameters comprise current block
size, current block width, current block height, quantization parameter associated with the current

block, or slice type associated with the current block.

11.  An apparatus for decoding video data, the apparatus comprising one or more electronic circuits

Or Processors arranged to:

receive a bitstream comprising compressed data corresponding to Intra prediction residues
or transformed Intra prediction residues of a current block to be decoded;
determine from the bitstream a current Intra prediction mode for the current block; and
if the current Intra prediction mode is a directional Intra prediction mode and a coding tool
is enabled for the Intra prediction:
determine one or more target settings for the coding tool according to the current Intra
prediction mode or one or more coding parameters; and
apply the Intra prediction and the coding tool to the Intra prediction residues or
transformed Intra prediction residues to generate a reconstructed current block, wherein the
Intra prediction is applied to the Intra prediction residues or transformed Intra prediction
residues according to the current Intra prediction mode and the coding tool is applied to the
Intra prediction residues or transformed Intra prediction residues according to said one or
more target settings, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool
being on if the current Intra prediction mode is among a first group comprising several
directional Intra prediction modes and said one or more target settings correspond to the

coding tool being off if the current Intra prediction mode is among a second group
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comprising directional Intra prediction modes, wherein the first group comprising several
directional Intra prediction modes is different from the second group comprising several

directional Intra prediction modes.
12. A method for encoding video data, the method comprising:

receiving a current block to be encoded,

identifying a plurality of directional Intra prediction modes when the current block is
predicted using Intra prediction;

identifying a coding tool enabled for the current block;

selecting a current Intra prediction mode for the current block;

if the current Intra prediction mode is one directional Intra prediction mode:

determining one or more target settings for the coding tool according to the current Intra
prediction mode for the current block; and

applying the Intra prediction and the coding tool to the current block to generate Intra
prediction residues or transformed Intra prediction residues for the current block, wherein the Intra
prediction is applied to the current block according to the current Intra prediction mode and the
coding tool is applied to the current block according to said one or more target settings, wherein
said one or more target settings correspond to the coding tool being on or off, and wherein said
one or more target settings correspond to the coding tool being on if the current Intra prediction
mode is among a first group comprising several directional Intra prediction modes and said one or
more target settings correspond to the coding tool being off if the current Intra prediction mode is
among a second group comprising directional Intra prediction modes, wherein the first group
comprising several directional Intra prediction modes is different from the second group
comprising several directional Intra prediction modes.

13.  The method of Claim 12, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool being on if

the current Intra prediction mode is an even-numbered directional Intra prediction mode and said one

or more target settings correspond to the coding tool being off if the current Intra prediction mode is an
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odd-numbered directional Intra prediction mode.

14.  The method of Claim 12, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool being on if

the current Intra prediction mode is an odd-numbered directional Intra prediction mode and said one or
more target settings correspond to the coding tool setting being off if the current Intra prediction mode

is an even-numbered directional Intra prediction mode.

15.  The method of Claim 12, wherein said one or more target settings correspond to the coding tool
being on or off, and wherein said one or more target settings correspond to the coding tool being on if
the current Intra prediction mode is one directional Intra prediction mode belonging to a mode group
consisting of a predefined number of directional Intra prediction modes and said one or more target
settings correspond to the coding tool being off if the current Intra prediction mode is one directional

Intra prediction mode not belonging to the mode group.

16.  The method of Claim 15, wherein the mode group is determined according to a table consisting

of the predefined number of directional Intra prediction modes or according to an equation.

17.  The method of Claim 12, wherein the coding tool corresponds to PDPC (Position Dependent
Intra Prediction Combination) or ARSS (Adaptive Reference Sample Smoothing), wherein PDPC
coding tool generates a combined Intra predictor by combining a first Intra predictor derived based on
filtered boundary reference samples with un-filtered boundary reference samples, and wherein ARSS
coding tool generates a target Intra predictor from boundary reference samples by applying no filter or
applying one filter selecting from a set of filters to the boundary reference samples, and wherein the
Intra prediction according to the current Intra prediction mode and the coding tool according to said

one or more target settings are applied to the current block to generate the Intra prediction residues.

18.  The method of Claim 17, wherein said one or more target settings correspond to the PDPC
being on or off, indicating the ARSS being on or off, or an index indicating a selected ARSS filter
when the ARSS is on.

19.  The method of Claim 12, wherein the coding tool corresponds to AMT (Adaptive Multiple
Transform), wherein AMT coding tool utilizes a second set of transforms different from a first set of

transforms.
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20.  The method of Claim 19, wherein said one or more target settings correspond to the AMT being
on or off or an index indicating a target transform selected from the second set of transforms when the
AMT is on, and wherein the Intra prediction according to the current Intra prediction mode is applied
to the current block to generate the Intra prediction residues and the coding tool according to said one
or more target settings is applied to the Intra prediction residues to generate the transformed Intra

prediction residues.

21.  The method of Claim 12, wherein said one or more coding parameters comprise current block
size, current block width, current block height, quantization parameter associated with the current

block, or slice type associated with the current block.

Date Regue/Date Received 2021-10-25
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