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METHOD, APPARATUS, AND MEDIUM FOR VIDEQ PROCESSING

FIELDS

{08061} Embodiments of the present disclosure relates generally to video processing

5 technigues, and more particularly, to ¢ross component prediction model candidate hist.
BACKGROUND

1060621 In nowadays, digital video capabilities are being applied in various aspects of
peoples’ hives. Multiple types of video compression technologies, such as MPEG-2.
MPEG-4_ ITU-TH 263, ITU-TH 264/MPEG-4 Part 10 Advanced Video Coding (AVC),
10 ITU-TH. 268 high efficiency video coding (HEVC) standard, versatile video coding {(VV()
standard. have been proposed for video encoding/decoding. However, coding efficiency

of video coding techniques is generally expecied to be further improved.
SUMMARY
{0003]  Embodiments of the present disclosure provide a solution for video processing.

15 [0004] In a {rst aspect, a method for video processing 1s proposed. The mwethod
comprises: determining. for a conversion between a current video block of a video and a
bitstream of the video, a list of component prediction (CCP) model candidaltes;
determining a target CCP model for the current video block based on the hist of CCP model
candidates: and performing the conversion based on the target CCP model. wherein

20+ whether a further candidate or a further entryv of CCP information is to be added into the
{ist 15 based on at feast one of: a first comparison between an existing candidate mn the list
and the further candidate, or a second comparison between an existing entry of CCP
information inx the list and the further entry. The method in accordance with the first aspect
of the present disclosure determines the CCP model candidate list based on a comparison

25 between the further candidate and the existing candidate in the list. The coding efficiency

and coding effectiveness can thus be improved.

{0805]  [o asecond aspect, another method for video processing is proposed. The method
comprises: determining, for a conversion between a current video Mock of a video and a
bitstream of the video, a history table of cross component prediction {CUPYy models or a

30 list of CCP model candidates: determining a target CCP model for the current video block
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based on the history table or the list; and performing the conversion based on the target
CCP model. The method in accordance with the second aspeci of the present disclosure
uses the CCP model i the CCP model history table or the CCP model candidate list. The

coding efficiency and coding effectiveness can thus be improved.

{3006] In a third aspect, an apparatus for video processing is proposed. The apparatus
comprises a processor and a non-transitory memory with insiructions thereon. The
instructions upon execution by the processor, cause the processor to perform a method in

accordance with the first aspect or the second aspect of the present disclosure.

10007]  In a fourth aspeci, a noun-fransitory computer-readable storage medium
proposed. The non-transitory computer-readable storage medium stores instructions that
cause a processor 1o perform a method in accordance with the first aspect or the second

aspect of the present disclosure.

10808] In a hifth aspect, another non-transitory compuler-readable recording medium is
proposed. The non-transitory computer-readable recording medium stores g bitstream of
a video which is generated by a method performed by an apparatus for video processing.
The method comprises: determining a list of component prediction (CCP) model
candidates; determining a target CCP model for a current video block of the video based
on the list of CCP mode! candidates: and generating the bitstream based on the target CCP
model, wherein whether a further candidate or a further entry of CCP information is to be
added into the hist is based on at least one of a first comparison betwesn an existing
candidate in the list and the further candidaie, or a second comparison between an existing

entry of CCP information in the list and the further entry.

10809]  In a sixth aspect, a method for storing a bitstream of a video 1s proposed. The
method comprises: determining a list of component prediction (CCP) model candidates;
determining a target CCP model for a current video block of the video based on the list of
CCP model candidates; generating the bitstream based on the target CCP model; and
storing the bitsiream in a non-transitory computer-readabie recording medium,. wherein
whether a further candidate or a further entry of CCP imformation 15 10 be added nto the
{151 1s based on at least one of’ a first companison between an existing candidate n the list
and the further candidate, or a second comparison between an existing entry of CCP

information in the list and the further entry.

{0018]  In aseventh aspect, another non-transitory computer-readable recording medium

(5]
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is proposed. The non-iransitory computer-readable recording medium stores a bitstream
of a video which is generated by a method performed by an apparatus for video procegssing.
The method comprises: determining a history table of cross component prediction {CCP)
models or a list of CCP model candidates: determining a target CCP model for a current
video block of the video based on the history fable or the list; and generating the bitstream

based on the target CCP model.

[{0611]  In an eighth aspect, a method for storing a bitsiream of a video 15 proposed. The
method comprises: determuning a history table of cross component prediciion (CCP)
models or a hist of CCP model candidates; determining a target CCP model for a current
video block of the video based on the historv table or the list; generating the biistream
based on the target CCP model; and storing the bitstream in a non-transitory compuler-

readable recording medium.

100127 This Summary is provided to introduce g selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
wntended to 1dentify key features or essential features of the claimed subject matter, nov is

il intended to be used to limit the scope of the claimed subject matter,
BRIEF DESCRIPTION OF THE DRAWINGS

{0613]  Through the following detailed descniption with reference {o the accompanving
drawings, the above and other objectives, features, and advantages of example
embodiments of the present disclosure will become more apparent  In the example
embodiments of the present disclosure, the same reference numerals usually refer {o the

same components.

[0614] Fig. | dlustrates a block diagram that dlustrates an example video coding system,

in accordance with some embodiments of the present disclosure;

{0015] Fig. 2 ilustrates a block diagram that illustrates a first exarople video encoder,

in accordance with some embodiments ¢f the present disclosurg:

[0016]  Fig. 3 illustrates a block diagram that illustrates an example video decoder. 1n
accordance with some embodiments of the present disclosure;

~

{08171 Fig. 4 tllustrates nominal vertical and honzontal locations of 4:2:2 luma and

chroma samples in a picture;
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[0818] Fig. S :illustrates an example of encoder block diagram;

j0019] Fig 6 illustrates 67 intra prediction modes:

108620)  Fig 7 illustrates reference samples for wide-angular inira prediction;
10821}  Fig. 8 iliustrates problem of discontimunty in case of directions beyond 457 ;
106221 Fig. 9 illustrates locations of the samples used for the derivation of ¢ and §;

[0023]  Fig 10 illustrates an example of classitving the neighboring samples into two

fod

groups:

{0024] Fig 11A1is aschematic diagram illustrating definition of samples used by PDPC

applied to a diagonal top-right mode;

{08251 Fig 11Bis a schematic diagram illustrating definition of samples used by PDPC

applied 10 a diagonal bottom-left mode;

108261 Fig. 11C is a schematic diagram illustrating definition of samples used by PDPC

apphied 1o an adjacent diggonal top-right mode:

{6027] Fig. 11Das a schemanic diagram tllustrating definition of samples used by PDPC

applied to an adjacent diagonal bottom-left mode;

3028 Fig. 12 1s a schematic diagram illusirating gradient approach for non-
g g g g Py

vertical/non-horizontal mode;

100291 Fig 13 is a schematic diagram illustrating nScale values with respect to n'TbH

and mode number; for all nScale<® cases gradient approach 13 used;

{0030] Fig. 14 is a schematic diagram iliustrating {lowcharts of current PDPC and

proposed PDPC:

031 Fig. 1515 a schematic diagram illustrating neighbouring blocks (L, A, BL, AR,
e o & & e

AL) used in the derivation of a general MPM list;

[0032] Fig 16 18 a schematic diagram illustrating an example on proposed intra

eference mapping;

[0033] Fig 17 is a schematic diagram illusirating an example of four reference lines

neighbouring to a prediction block;
{0034] Fig. 18A is a schematic diagram iliustrating examples of sub-partitions for 4x8

4
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and 8x4 CUs:

{08635] Fig 18B is a schematic diagram illustrating examples of sub-partitions for CUs

ather than 4xQ, 874 and 474,

{08361 Fig. 12 is a schematic diagram iHustrating mairix weighted itra prediction

process:;

{08371 Fig. 2019 a schematic diagram iHostrating target samples, template samples and

the reference samples of teroplate used in the DIMD;
{00838] Fig. 2115 aschematic diagram iltustrating proposed inira block decoding process;

[0839] Fig. 2215 aschemalic diggram illustrating HoG computation from a template of

width 3 pixels;

10040] Fig 23 is a schematic diagram illustrating prediction fusion by weighted

averaging of two HoG modes and planar;
[0041] Fig. 241s a schematic diagram dlustrating spatial part of the convolutional filter;

{0042] Fig 25 is a schematic diagram illustrating reference area (with its paddings)

used to denive the filter coefficients;

[0043] Fig. 26 is a schematic diagram illustrating four Sobel based gradient patterns for

GLM;

[0044] Fig 27 is a schematic diagram llustrating spatial samples used for GL-CCCOM;
[0045]  Fig 28 15 a schematic diagram illustrating non-down-sampled luma samples;
jpnds]  Fig. 29 1llustrates spatial GPM candidates;

{0047 Fig 30 illustrates GPM templates:

[0048] Fig 31 illustrates GPM blending:

[0049]  Fig. 32 illusirates binarization of cross-component prediction modes in ECM.
“CCLM” in Fig. 32 may be replaced by “CCCM™;

[0088]  Fig 33 illustrates possible positions of candidate regions;
[0081]  Fig 34A to Fig 34C illustrate possible templates;

{00821 Fig. 35 illustrates a flowchart of a method for video processing in accordance
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with embodiments of the present disclosure;

{0853]  Fig 3¢ illustrates a flowchart of a method for video processing in accordance

with embodiments of the present disclosure;

[0654] Fig. 37 illustrates a block diagram of a computing device in which vanous

embodiments of the present disclosure can be implemented.

{08351 Throughout the drawings, the same or similar reference numerals usually refer

to the same or simlar elements.
PBETAILED DESCRIPTION

{08561 FPrinaiple of the present disclosure will now be described with reference to some
embodiments. It is to be understood that these embodiments are described only for the
purpose of tllustration and help those skilled in the art to understand and impiement the
present disclosure, without suggesting any himitation as to the scope of the disclosure.
The disclosure described herein can he implemented in varous manners other than the

ones described below.

{0037]  In the following description and claims, unless defined otherwise, all technical
and scientific terms used herein have the same meaning as comumonly understood by one
of ordinary skills in the art to which this disclosure helongs.

[0838] References in the present disclosure to “one embodiment,” “an embodiment.”

29

“an example embodiment,” and the Like wndicate that the embodirnent described may
include g particular feature, structure, or characteristic, but it 1s not necessary that every
embodiment includes the particular feature, stracture, or characterisiic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a particular
Feature, structure, or characteristic is described in connection with an example
embodiment, il is submitted that it is within the knowledge of oneg skilled in the art 1o
affect such feature, structure, or characleristic in connection with other embodiments

whether or not explicitly described.

{0058 It shall be undersiond that although the terms “first” and “second™ etc. may be
used herein 1o describe varicus elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element from another. For example,
a first element could be termed a second element, and similarly, a second element could

¢ termed a first element. without departing from the scope of exarple emboduments. As

6
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used herein, the term “and/or™ includes any and all combinations of one or more of the

listed terms.

[0668] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be himiting of example embodiments. As used
herein, the singular forms “a”, “an” and “the” are intended to include the plural forms as
well, unlegs the context ¢learly indicates otherwise. It will be further understood that the

terms “comprises”, “comprising”, “has”, “having”, “includes” and/or “including”, when
used herein, specify the presence of stated features, elements, and/or componenis ete., but
do not preclude the presence or addition of one or more other features, elements,

components and/ or combinations thereof.

Example Environment

{6061] Fig 1 is a block diagram that tllustrates an example video coding system 100
that may utilize the techniques of this disclosure. As shown, the video coding systam 100
may include a source device 110 and a destination device 120, The source device 110 can
be also referred to as a video encoding device, and the destination device 120 can be also
referred to as a video decoding device. In operation, the source device 110 can be
configured 1o generate encoded video data and the destination device 120 can be

configured to decode the encoded video data generated by the source device 110, The

}

curce device 110 may include a video souwrce 112, a video encoder 114, and an

input/output (/0) imterface 116,

{08621 The video source 112 may include a source such as a video capture device,
Examples of the video capture device include, but are not imited to, an inter{ace to receive
video data from a video condent provider, a computer graphics system for generating video

data. and/or a combination thereof.

{0063]  The video data may comprise one or more pictures. The video encoder 114
encodes the video data from the video source 112 to generale a bitstream. The bitsiream
may include a sequence of bits that form a coded represeniation of the video data. The
bitstreamn may include coded pictures and associated data. The coded picture 1s a coded
representation of a picture. The associated data may include sequence parameter sets,
picture parameter sets, and other syntax structurves. The VO interface 116 may mclude a

modulator/demodulator and/or a transmutier. The encoded video data may be fransmatied

-3
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directly to destination device 120 via the I/O interface 116 through the network 130A.
The encoded video data may also be stored onto a storage mediunvserver 130B {or access

by destination device 120.

{0064] The destination device 120 may include an /0 mterface 126, a video decoder
124, and a display device 122, The /O interface 126 may mclude a receiver and/or a
modem. The /O interface 126 may acquire encoded video data from the source device
110 or the storage mediumy/server 1308, The video decoder 124 may decode the encoded
video data. The display device 122 may display the decoded video data to a user. The
display device 122 mayv be integrated with the destination device 129, or may be external
to the destination device 120 which is configured to interface with an external display

device.

10865] The video encoder 114 and the video decoder 124 may operate according io a
video compression standard, such as the High Efficiency Video Coding (HEVC) standard,

Versatile Video Coding {(VVC) standard and other current and/or further standards.

[0066] Fig. 2 1s a block diagram iHlustrating an example of a video encoder 200, which
may be an example of the video encoder 114 in the system 100 illustrated in Fig. 1, in

accordance with some embodimenis of the preseni disclosure.

{0667 The video encoder 200 may be configured to implement any or all of the
technigues of this disclosure. In the example of Fig. 2, the video encoder 200 includes a
phurality of functional components. The techniques described in this disclosure may be
shared among the various components of the video encoder 200, In some examples, a
processor may be configured to perform any or all of the techniques described in this

disclosure.

{00638] In some embodiments, the video encoder 200 may include a pariition unit 201,
a prediction unit 202 which may inclode a mode select unit 203, a motion estimation unit
204, a motion compensation umit 205 and an intra-prediction unit 206, a residual
generation unit 207, a transform unit 208, a gquantization unii 209, an inverse quantization
unit 210, an inverse {ransform unit 211, a reconstruction unit 212, a buffer 213, and an

entropy encoding unit 214,

[086%] In other examples, the video encoder 200 mav include more, fewer, or different

functional componenis. In an example, the prediction unit 202 may include an intra block
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copy (IBC) unit. The IBC unit may perform prediction in an [BC maode in which at least

one reference picture 1s a piclure where the current video block is located.

[0878] Furthermore, although some components, such as the motion estimation wut 204
and the wotion compensaiion umt 205, mayv be tegrated, but are represented in the

example of Fig. 2 separatelv for purposas of explanation.

[0071] The partition unit 201 may parfition a picture into one or more video blocks.

The video encoder 200 and the video decoder 300 may support varicus video block sizes.

106721 The mode select unit 203 may select one of the coding modes, intra or inter. e.g.,
based on error resulis, and provide the resulting intra-coded or inter-coded block 1o a
residual generation unit 207 to generate residual block data and (o a reconstruction unit
212 to reconstruct the encoded block for use as a reference picture. In some examples,
the mode select unit 203 may select a combination of intra and inter prediction (CIEP)
mode in which the prediction is based on an inter prediction signal and an 1utra prediction
signal. The mode select unit 203 may also select a resolution for a motion vector (e.g., a

sub-pixel or integer pixel precision} for the block in the case of inter-prediciion.

{00731 To perform inter prediction on a current video block. the motion estimation umit
204 may generate motion information for the current video block by comparing one or
more reference frames from buffer 213 {o the current video block.  The motion
compensation unit 2035 may determine a predicted video block for the current video block
based on the motion information and decoded samples of pictures from the buffer 213

other than the picture associated with the current video block.

[06874] The motion estimation unit 204 and the motion compensation unit 205 may
perform different operations lor a current video block, for example, depending on whether
the current video block is in an I-slice, a P-slice, or a B-slice. As used herein, an “I-slice”™
may refer 1o a portion of a picture composed of macroblocks, all of which are basad upon
macroblocks within the same picture. Further, as used herein, in some aspects, “P-slices™
and “B-slices™ may refer 1o portions of a picture composed of macroblocks that are not

dependent on macroblocks in the same picture.

108751 In some examples. the motion estimation unmit 204 may perform uni-directional
prediction for the current video block, and the motion estimation unit 204 may search

reference pictures of list 0 or hist 1 for a reference video block for the current video block.
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The motion estimation unit 204 may then generaie a reference index that indicates the
reference picture in list O or list 1 that contains the reference video block and a motion
vector that indicates a spatial displacement between the current video block and the

reference video block. The motion estimation unit 204 may output the reference index, a

|9

prediction direction indicator, and the motion vector as the motion information of the
current video block. The motion compensation unit 205 may generate the predicted video
block of the current video hlock based on the reference video block indicated by the

motion information of the current video block.

{0076] Aliernativelv, in other examples, the motion estimation unit 204 mav perform
10 bi-directional prediction for the current video block. The motion estimation unit 204 may
scarch the reference pictures in hist O for a reference video block for the current video
block and may also search the reference pictures in list | for another reference video block
for the current video block. The motion estimation unit 204 may then generate reference
indexes that indicate the reference pictures in list 0 and list 1 containing the reference
15 video blocks and motion veciors that indicate spatial displacements between the reference
video blocks and the currend video block. The motion estimation unit 204 may outlput the
reference indexes and the motion vectors of the current video block as the motion
information of the current video block. The motion compensation unit 205 may generaie
the predicted video block of the current video block based on the reference video blocks

20 indicated by the motion information of the current video block.

{08771 Insome examples, the motion estimation umt 204 mayv ouiput a {ull set of motion
information for decoding processing of a decoder. Alternatively, in some embodiments,
the motion estimation vt 204 may signal the motion information of the current video
block with reference to the motion information of another video block. For example. the
25  motion estimation unit 204 may determine that the motion information of the current video

block is sufficlenily sitmilar io the motion information of a neighboring video block.
b g 2

{08781 In one example, the wotion estimation unit 204 mayv indicate, in a syntax
structure associated with the current video block. a value that indicates to the video
decoder 300 that the current video block has the same motion information as the another

3¢ wideo block.

[06079] In another example, the motion estimation unit 204 may identify, in a syntax

structure associated with the current video block, another video block and a motion vector

10
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difference (MV D). The motion vector difference indicates a difference between the
motion vector of the current video block and the motion vector of the mdicated video
block. The video decoder 300 may use the motion vector of the indicated video block and

the motion vector difference to determine the motion vector of the current video block.

v 4

[0080]  As discussed above, video encoder 200 may predictively signal the motion
vector. Two examples of predictive signaling techniques that mav be implemented by
video encoder 200 include advanced motion vector prediction (AMVP) and merge mode

signaling,

{0081]  The wmirg prediction unt 206 may perform otra prediction on the current video
10 block. When the intra prediction unit 206 performs intra prediction on the current video
block, the intra prediction unit 206 may generate prediction data for the current video
block based on decoded samples of other video blocks in the same picture. The prediction
data for the current video block mav include a predicted video block and various svntax

elements.

pnd
LA

{0082] The residual generation unit 207 may generate residual data for the current video
block by subtracting (e.g., indicated by the minus sign) the predicted video block (s} of
the current video block from the current video block. The residual data of the current
video block may include residual video blocks that correspond to different sample

components of the samples in the cwrrent video block.

20 [0083] In other examples, there may be no residual data for the current video block for
the current video block, for example in a skip mode, and the residual generation unit 207
may not perform the subtracting operation.

§8841 The transform processing umgt 208 may generate one or more transform
L) v <

coefficient video blocks for the current video block by applving one or more transforms

&2
A

10 a residual video block associated with the current video block.

[0085]  After the transform processing unit 208 generates a transform coefficient video
block associated with the current video block, the quantization unit 209 may quantize the
transform coefficient video block associated with the current video block based on one or

more quantization parameter (3P} values associated with the current video biock.

3¢ [0086F The nverse quantization unit 210 and the mverse transform unit 211 may apply

inverse quantization and inverse transforms to the transform coefficient video block,
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respectively, 16 reconstruct a residual video block from the transform coefficient video
block. The reconstruction unit 212 may add the reconstrucied residual video block {o
corresponding samples from one or more predicted video blocks generated bv the
prediction unit 202 to produce a reconstrucied video block assoctated with the current

video block for storage in the buffer 213

[0087]  After the reconstruction unit 212 reconstructs the video block, loop filtering

operation may be performed to reduce video blocking artifacts in the video block,

[0088] The entropy encoding unit 214 may receive data from other funclional
components of the video encoder 200, When the entropy encoding umit 214 receives the
data, the entropy encoding unit 214 may perform one or moreg entropy encoding operations
to generate entropy encoded data and culput a bitstream that includes the entropy encoded

data.

[0089] Fig. 3 1s a block diagram illustrating an example of a video decoder 300, which
may be an example of the video decoder 124 i the system 100 iltustrated in Fig. 1.1

accordance with some embodimenis of the present disclosure.

{00890] The video decoder 300 may be configured to perform any or all of the techniques
of this disclosure. In the example of Fig. 3, the video decoder 300 includes a plurality of
functional components. The technigues described in this disclosure may be shared among
the various components of the video decoder 300, In some examples. a processor mav be

configured to perform anv or all of the tachniques described in this disclosure.

[860%1] In the example of Fig. 3, the video decoder 300 includes an entropy decoding
unit 301, a motion compensation unit 302, an inira prediction unit 303, an inverse
quantization unit 304, an inverse transformation unit 365, and a reconstruciion unt 306
and a buffer 307 The video decoder 300 may, in some examples, perform a decoding pass

generaliv reciprocal to the encoding pass described with respect to video encoder 200,

{06092] The entropy decoding wnit 301 may retrieve an encoded bitstream. The encoded
iistream may inchude entropy coded video data {e.g.. encoded blocks of video data). The
entropy decoding urit 301 may decode the entropy coded video data, and from the entropy
decoded video data, the motion compensation unit 302 may determine motion information
including motion vectors, motion vector precision, reference picture list indexes, and

other motion information. The motion compensation wnit 302 may, for example,
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determine such information by performing the AMVP and merge mode. AMVP is used,
including denivation of several most probable candidates based on data {rom adjacent PBs
and the reference picture. Motion wformation typically ncludes the honzootal and
vertical motion vector displacement values, one or two reference picture indices, and, in
the case of prediciion regions in B slices, an identification of which reference picture list
is associated with each index. As used herein, in some aspects, a “merge mode” may refer

to deriving the motion information from spatially or temporally neighboring blocks.

[0093]  The motion compensation unit 302 may produce motion compensated blocks,
possibly performing interpolation based on interpolation filters.  Identifiers for
interpolation filters o be used with sub-pixel precision may be included in the syniax

elements.

10894] The motion compensation unit 302 may use the mterpolation filters as used by
the video encoder 200 during encoding of the video block to calculate interpolated values
for sub-integer pixels of a reference block  The motion compensation unit 302 may
determine the interpolation filters used by the video encoder 200 according to the recetved

syntay information and use the 1wterpolation flters to produce prediciive blocks.

[0093] The motion compensation umi 302 may use at least part of the syntax
information o determine sizes of blocks used to encode frame(s) and/or slice{s) of the
encoded video sequence, partifion information that describes how each macroblock of a
picture of the encoded video sequence is partitioned, modes indicating how each partition
13 encoded, one or more reference frames {and reference frame lists) for each inter-
encoded block, and other information to decode the encoded video sequence. As used
herein, in some aspects, a “slice” may refer to a data structure that can be decoded
independently from other shices of the same picture, 1n terms of entropy coding, signal
prediction, and residual signal reconstruction. A slice can either be an entire piciure or a

region of a picture.

10896 The intra prediction unit 303 may use intra prediction modes for example
received 1n the bitstream to form a prediction block from spatially adjacent blocks. The
inverse guaniization unit 304 inverse quantizes, t.e., de-quantizes, the quantized video
block coefficients provided in the bitstream and decoded bv entropy decoding unit 301,

The inverse transform unit 305 applies an inverse transform.

[0097] The reconstruction unit 306 mayv obtain the decoded blocks, e.g., by summing
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the residual blocks with the corresponding prediction blocks generated by the motion
compensation unit 302 or mira-prediction unit 303, 1If desired, a deblocking {ilter may
also be applied to filter the decoded blocks in order to remove blockiness artifacis. The
decoded video blocks are then stored 1n the buffer 307, which provides reference blocks
for subsequent motion compensation/intra prediction and also produces decoded video for

presentation on a display device.

[0098] Some exemplary embodiments of the present disclosure will be described in
detailed hereinafter. It should be understood that section headings are used in the present
document to facilitate ease of understanding and do not limit the embodiments disclosed
in a section 1o only that section. Furthermore, while certain embodimenis are described
with reference to Versatile Video Coding or other specific video codecs, the disclosed
technigues are applicable to other video coding technologies also. Furthermore, while
some embodiments describe video coding steps i detail, it will be understood that
corresponding steps decoding that undo the coding will be implemented by a decoder.
Furthermore, the term video processing encompasses video coding or compression, video
decoding or decompression and video transcoding in which video pixels are represented
from oue compressed formal into another compressed format or at a difterent compressed

bitrate.

1. Brief Summary

This disclosure is refated to video coding technologies. Specifically, it is related to cross-
component prediction. It may be applied to the existing video coding standard like HEVC, or
Versatile Video Coding (VV{). It may be also applicable to future video coding standards or

video codec.

2. introduction

Video coding standards have evolved primarnly through the development of the well-known
fTU-T and ISO/MEC standards. The I'TU-T produced H 261 and H 263, ISGNAEC produced
MPEG-1 and MPEG-4 Visual, and the two organizations jointly produced the H.262/MPEG-2
Video and H.264/MPEG-4 Advanced Video Coding (AVC) and H 265/HEVC standards. Since
H.262, the video coding standards are based on the hvbnd video coding structure wherein
temporal prediction plus transform coding are wtilized. To explore the fimure video coding
technologies beyond HEVC, Joint Video Exploration Team {JVET} was founded by VCEG and
MPEG jointlv in 2015, Since then, many new methods have been adopted by JVET and put
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into the reference software named Joint Exploration Model JEM). In April 2018, the Joint
Video Expert Team (JVET) between VCEG (Q6/10) and ISO/AEC JTC SC2Z9/WG1T (MPEG)
was created to work on the VVC standard targeting at 50% bitrate reduction compared to HEVC.

2.1, Color space and chroma subsampling

Colorspace, also known as the color model {or color systemy), 15 an abstract mathematical model
which simply describes the range of colors as tuples of numbers, typically as 3 or 4 values or
color components {e.g., RGB). Basically speaking, color space is an elaboration of the
coordinate system and sub-space.

For video compression, the most frequently used color spaces are YUbCr and RGB.

YCbCr, Y'CbCr, or Y PWCh Pr/(r, also written as YUBCR or Y'UBCR. 15 3 family of color
spaces used as a part of the color image pipeline in video and digital photography systems. Y’
is  thelumacomponent and CBand CRare the blue-difference and  red-
difference chroma components. Y’ (with prime) is distinguished from Y, which is luminance.
meaning that light intensity is nonlinearly encoded based on gamoma corrected RGB primanes.
Chroma subsampling is the practice of encoding images by implementing less resolution for
chroma information than for luma imformation, taking advantage of the human visual system's
lower acuity for color differences than for luminance.

211 444
Each of the three Y'ChCr components have the same sample rate, thus there iz no chroma
subsampling. This scheme is sometimes used in high-end film scanners and cinematic post

production.

2.02. 422

The two chroma components are sampled at half the sample rate of luma: the horizontal chroma
resolution 15 halved while the vertical chroma resolution s unchanged. This reduces the
bandwidih of an uncompressed video signal by one-third with hittle to no visual difference. An
example of nominal vertical and horizontal locations of 4:2:2 color format is depicted in Fig. 4
m VVC working drall. Fig. 4 illusirates nominal vertical and honizontal locations of 4:2:2 tuma

and chroma samples in a piclure,

2.3 420

i 4:2:0, the horizontal sampling is doubled compared to 4:1:1, but as the Ch and Cr channels
arg onlv sampled on gach altemaie ling m this scheme, the vertical resolution 13 halved. The
data rate is thus the same. b and Cr are each subsampled at a factor of 2 both horizontally and
verticallv. There are three vanands of 4:2:0 schernes, having different honzontal and vertical
siting.

s In MPEG-2, Ch and Cr are costied horizontally. Cb and Cr are sited between pivels in the
vertical direction (sited interstitially ),
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« In JPEG/IFIF, H 261, and MPEG-1, Cb and Cr are sited interstitially, halfway between
alternate luma samples.

« In 4:2:0 BV, Cb and Cr are co-sited m the horizontal direction. In the vertical direction,
thev are co-sited on alternating hines.

Table 1 SubWidthC and SubHeightC values dertved from chroma format ide and

separate_colour plane flag

chroma format § | sepavate colowr plane fi Chroma SubWidth | SubHeight
de ag format C C
¢ 0 Menochrome i 1
i Q 4:2:6 2 2
5 0 4:2:2 2 1
3 0 4:4:4 1 i
3 i 4:4:4 i i

2.2, Coding flow of a typical vides codec

Fig 5 shows an example of encoder block diagram of VVC, which contains three mn-loop
filtering blocks: deblocking filter (DF), sample adaptive offset (SAD) and ALF. Unlike DF,
which uses predefined filters, SAO and ALF utilize the oniginal samples of the current picture
to reduce the mean square errors between the ongmal saroples and the reconsirucied samples
by adding an offset and by applving a finite impulse response (FIR) filter, respectively, with
coded side information signalling the offsets and filter coefficients. ALF is located at the last
processing stage of each picture and can be regarded as a tool tryving to caich and fix artifacts

created by the previous stages.
2.3. Intra mode coding with 67 intra prediction modes

To capture the arbitrary edge directions presented m natural video, the number of directional
intra modes 1 extended from 33, as used in HEV, 1o 65, as shown in Fig. 6 which illustrates
67 intra prediction modes, and the planar and DC modes remain the same. These denser
directional intra prediction modes apply for all block sizes and for both luma and chroma ntra

predictions,

In the HEVC, every intra-coded block has a square shape and the length of each of s side s a
power of 2. Thus, no division operations are required 1o generate an intra-predictor using DC
mode. fn VVC. blocks can have a rectangular shape that necessitates the use of a division

16
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operation per block in the general case To avoid division operations for DC prediction, only

the longer side is used to compuie the average for non-square blocks.
2.3.1, Wide angle infra prediction

Although 67 modes are defined in the VVC, the exact prediction direction for a given inlra
prediction mode index is further dependent on the block shape. Conventional angular inira
prediction directions are detined from 45 degrees to —135 degrees 1o clockwise direction. In
VYV, several conventional angular intra prediciion modes are adaptively replaced with wide-
angle intra prediction modes for non-square blocks. The replaced modes are signalled using the
original mode indexes, which are remapped to the indexes of wide angular modes after parsing.
The total mumber of mira prediction modes 1s unchanged, t.e, 67, and the intra mode coding
method is unchanged.

Fig. 7 illustrates reference samples {or wide-angular intra prediction. To support these
prediction directions, the top reference with length 2W+1, and the left reference with length
2H+1, are defined as shown m Fig. 7.

The number of replaced modes in wide-anguiar direction mode depends on the aspect ratio of

a block. The replaced intra prediction modes are iliustrated in Table 2.

Table 2 lntra prediction modes replaced by wide-angular modes

Aspect ratio Replaced intra prediction modes

Modes 2,3,4,5,6,7.8,9,10,11,12,

W/ H==16
13,1413

W/ H == 8 Modes 2,.3,4.5.6,7.8.9.10,11,12, 13

W/ H =4 Modes 2.3,4.5.6,7.89.10.11

W/ == Modes 2,3,4.56,78 9

W/ H==1 None

W/ H==1/2 Modes 39.60,61 62,6364 .63 66
Mode

W/H==1/4 o ) o B
57 58,59 60.61.62 63 64,65 66

Modes 88,

56,57 58,59 61,61.62.63 64,65 66
Modes 53, 54, 55,
56,57.58.59,611,61.62,63.64.65.66

Fig. ¥ illustrates problem of discontimuty in case of directions bevond 45° . As shown i Fig.
8. two vertically adiacent predicted samples may use two non-adjacent reference samples in the
case of wide-angle intra prediction. Hence, low-pass reference samples filter and side
sroothing are applied 1o the wide-angle prediction to reduce the negative effect of the increased
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2ap Ape. If a wide-angle mode represents a non-fractional offset. There are 8 modes in the wide-
angle modes satisfy this condition, whuch are [—14, 12, —10, —6, 72, 76, 78, 80|. When a block
is predicied by these modes, the samples in the reference buffer are divectly copied without
applying any mterpolation. With this modification, the number of samples needed to be
smoothing 15 reduced. Besides. it aligns the design of non-fractional modes in the conventional
prediction modes and wide-angle modes.

In VV, 4:2:2 and 4:4:4 chroma formats are supported as well as 4.2:0. Chroma derived mods
(M) derivation fable for 4:2:2 chroma format was mitially ported from HEVC extending the
number of entries from 35 to 67 to align with the extension of intra prediction modes. Since
HEV specification does not support prediction angle below —135 degree and above 45 degree,
fuma intra prediction modes ranging from 2 {o S are mapped to 2. Therefore, chroma DM
derivation table for 4:2:2: chroma format is updated bv repiacing some values of the entries of

the mapping table to convert pradiction angle more precisely for chroma blocks.

2.4, Intra prediction mode coding for chroma component

For the chroma component of an intra PU, the encoder selects the best chroma prediction modes
among five modes including Planar, DC, Horizontal, Vertical and a direct copv of the intra
prediction mode for the luma component. The mapping between inira prediction direciion and
intra prediction mode number for chroma is shown m Table 3.

When the intra prediction mode number for the chroma component is 4. the intra prediction
direciion for the luma component is used for the wira prediciion sample generation for the
chroma component. When the intra prediction mode number for the chroma component is not
4 and i 1s identical to the intra prediction mode number for the luma component, the nira
prediction ditection of 66 is used for the wnira prediction sample generation for the chroma

componernt.
2.5, Inter prediction

For each inter-predicted CU, rootion parametiers consisting of motion vectors, reference picture
indices and reference picture hist usage index, and additional mformation needed for the new
coding feature of VV to be used for inter-predicted sample generation. The motion parameter
can be signatled m an explicit or implicit manner. When a CU is coded with skap mode, the CU
is associated with one PU and has no significant residual coefficients, no coded motion vector
delta or reference picture index. A merge mode is specified whereby the motion parameters for
the current CU are obtained from neighbouring CUs, including spatial and temporal candidates,
and additional schedules miroduced in VVC. The merge mode can be applied to anv inter-
predicted CU, not only for skip mode. The alternative to merge mode is the explicit transmission
of motion parameters, where motion vector, corresponding reference pictwre mdex for each
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reference picture list and reference picture list usage flag and other neaded information are

signalled explicitly per each CU.
2.6, Intra Block copy (IBC)

Intra block copy (IBC) is a tool adopted in HEVC extensions on SCC. It is well known that it

(o4

significantly improves the coding efficiency of screen content materials. Since IBC mode is
implemented as a block level coding mode, block maiching (BM) is performed ai the encoder
1o find the optimal block vector {or motion vector) for each CU. Here, a block vector is used to
mdicate the displacement from the cuwrrent block 1o a reference block, which is already
reconstructed imside the current picture. The luma block vector of an IBC-coded CU is inindeger
10 precision. The chroma block vector rounds to integer precision as well When combined with
AMVER, the IBC mode can switch between 1-pel and 4-pel motion vector precisions. An IBC-
coded T g treated as the third prediction mode other than mira or inter prediction modes. The
IBC mode is applicable fo the CUs with both width and height smaller than or equal {o 64 luma

samples.

nnnt
(4]

At the encoder side, hash-based motion estimation is performed for IBC. The encoder performs
RID check for blocks with either width or height no farger than 16 luma samples. Fornon-merge
mode, the block vector search 1s performed using hash-based search first. I hash search does
not return vahd candidate, block matching based Tocal search will be performed.
in the hash-based search, hash key matching {32-bit CRC) between the current block and a
20 reference block is extended to all allowed block sizes. The hash kev calculation for every
position in the current picture is based on 44 sub-blocks. For the current block of alarger size,
a hash key is deternuned to maich that of the reference block when all the hash keys of alf 44
sub-blocks maich the hash kevs in the corresponding reference locations. If hash kevs of
multiple reference blocks are found to match that of the current block, the block vector costs of
25  cach maiched reference are calculated and the one with the minimum cost is selected.
In block matching search, the search range 15 set to cover both the previous and corrent CTUs.
At CU level, IBC mode is signalled with a flag and 1t can be signalled as IBC AMVP mode or
[BC skip/merge mode as follows:
- IBC skip/merge mode: a merge candidate index 15 used 1o indicate which of the block
30 vectors in the hist from neighbouring candidate 1BC coded blocks is used to predict the current
block. The merge hist consists of spatial, HMVP, and pairwise candidates.
- IBC AMVP mode: block vector difference 15 coded in the same way as a motion vector
difference. The block vector prediction method uses two candidates as predictors, one from left
neighbour and one from above neighbour (f IBC coded) When etther neighbour is not
35 available, a default block vector will be used as a predictor. A flag is signalled to indicate the

block vector predicior index.
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2.7, Crass-component near model prediction

To reduce the cross-component redundancy, a cross-component linear model {CCLM)
prediction mode is used in the VVC, for which the chroma samples are predicted based on the

reconstructed luma samples of the same CU by using a linear model as follows:

3 prede{i.j) = a-rec (L)) + B (2-1)
where pred. (1, ) represents the predicied chroma samples in a CU and recy (3, |) represents the

down-sampled reconstructed huma saraples of the same CU.

The CCLM parameters {o and $) are derived with at most four neighbouring chroma samples
and their corresponding down-sampled fuma samples. Suppose the current chroma block
10 dimensions are WxH, then W and H’ are set as
— W =W H =H when LM mode i3 applied;

W =W + H when LM _T mode s applied:
— H = H A+ W when LML mode 15 applied;

The above neighbouring positions are denoted as S0, —1 ... 8] W —1, —1] and the left
15 neighbouring positions are denoted as ${—1, 0 1. 8] ~1, H = 1 |. Then the four samples are
selected as
SIW7 /4, -1 1,S{3*W /4, -1LS][-1.H /4L 5[~ 3%H /4] when LM modeis
applied and both above and left neighbourning samples are available;
- S{W /B -TLSI3*W /& ~1LS[5FW /8 ~1LS{T¥W /8, ~1]when LM T
20 mode is apphied or only the above neighbouring samples are available;
— [~ I/8L S[~L 3FH/RLS[~1, SFH/RL S~ TFH /&) when LM L
mode is applied or only the lefi neighbouring samples are available:

The four neighbouring huma samples at the selected positions are down-sampled and compared
four times to find two larger values: x°, and x'4, and two smaller values: x% and x's. Their
25 corresponding chroma sample values are denoted as y%4, Vo4 1% and ¥'5. Then x4, x5, va and s
are dertved as:
Xl + x40 o= + e +1pn L Yl + v #1001 V(0 + vl +1
2-23

Finally, the linear model parameters o and § are obtained according to the followimg equations.

- ¥, —¥n )
30 € I e {(2-3)
Xy—Xn, A .

B=1,—a- X, Q-4

Fig. 9 shows an example of the location of the left and above samples and the sample of the
current block involved i the CCLM mode. Fig. 9 dlustrates focations of the samples used for
the derivation of o and p.

35 The division operation to calculate parameter « s implemented with a look-up table To reduce

the memory required for storing the table, the diff value (difference between maximum and

20
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mintmm values) and the parameter o are expressed by an exponential notation. For example,

diff 1s approximated with a 4-hit significant part and an exponent. Consequently, the table for
V/difY is reduced into 16 elements for 16 values of the signiticand as follows:

DivTable | |={0.7,6,5,5,4,4,3.3,2.22.1,1,1,1,0} (2-5)

5 This would have a henefit of both reducing the complexity of the calculation as well as the

memory size required for storing the needed tables.

Besides the above template and left template can be used to calculate the linear model
coefficients together, they also can be used alteratively in the other 2 LM modes, called LM T,
and LML modes.

10 I EM_T mode, only the above template 1s used to caleulate the linear model coefficients. To
get more samples, the above template s exiended to (W+H+H) samples. In LML mode, only left
template is used to calculate the linear model coefficients. To get more samples, the lefi

teroplate is extended to (H+W) samples.
in LM mode, left and above templates are used to calculate the linear model coefficients.

15 To maich the chroma sampie locations for 4:2:0 video sequences, two types of down-sampling
filter are apphed to luma samples o achieve 2 to 1 down-sampling ratic in both horizontal and
vertical directions. The selection of down-sampling filter 15 specified by a SPS level flag The

~es

two down-sampling filfers are as follows, which are corresponding to “type-07 and “type-2
R ! v

content, respectively.

n e oy o ree (20— 1,2/ -1+ Zrveq (20— 12) — 1) +req (20 + 1,2) — 1) mE -
20 Req{u)) { recy (20— 1,2)) + 2 - recy (24, 2)) +rec (20 + 1,2)) + 4 |73
(2-6)

e o Jrec (L2 — 1) +ree (20— L27) A+ 4 - recy (21 2;’)E 3 27

rec ) = +recy (20 + 1,2j) +rec (20,2 + 1} + 4 . (=

Mote that only one luma line (general hine buffer in inira prediction) is used to make the down-

saropled Juma samples when the upper reference line 18 at the CTU boundary,

b
W

This parameter computation s performed as part of the decoding process, and 1S not just as an
encoder search operation. As a result, no svntax is used to convev the ¢ and § values 1o the
decoder.

For chroma ntra mode coding, a total of 8 inira modes are allowed for chroma intra mode
coding. Those modes mmclude five conventional 1ntra modes and three cross~component Hnear
30 model modes (LM, LM T, and LM L} Chroma mode signalling and derivaiion process are
shown in Table 3. Chroma mode coding directly depends on the mtra prediction mode of the
corresponding fuma block. Since separaie block partitioming structure for loma and chroma
components is enabled in I slices, one chroma block may correspond to muliiple luma blocks,
Therefore. for Chroma DM mode, the intra prediction mode of the corresponding luma block

35 covering the center postiion of the current chroma block 1s directly inhenited.
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Table 3 Derivation of chroma prediction mode from luma mode when CCLM 15 enabiled

Corresponding luma intra prediction mode
Chroma prediction mode
0 50 18 i X0 <= X <= 66)
O 66 0 0 0 ]
1 30 66 56 50 50
2 18 1% 66 13 {8
3 t i ! 66 i
4 G 50 18 1 X
5 81 &t &1 &1 81
6 82 82 82 82 &2
7 &3 83 83 %3 83

A single binarization table 1s used regardless of the value of sps_cclin enabled {lag as shown

1 Table 4.

Table 4 Unified binarization table for chroma prediction mode

Vahue of ) )
mra_chroma pred yeode B string

4 00

0 0100

I 0104

2 0110

3 giil

3 10

& 110

7 1i1

In Table 4, the first bin indicates whether 1t 15 regular (03 or LM modes (1), 1Tt 18 LM mode,
then the next bin indicates whether it is LM_CHROMA (0) or not. If it is pot LM CHROMA,
next 1 bin indicates whether # s LM L (0) or LM T (1). For this case. when
sps_cclm enabled flag 1s O, the first bin of the binanzation table for the corresponding
intra _chroma pred mode can be discarded prior to the entropy coding. Or, in other words, the
first bin s nferred 1o be 0 and hence not coded. This single binanzation table 1s used for both
sps_cclmo_enabled flag equal to 0 and 1 cases. The first two bins in Table 4 are context coded
with its own context model, and the rest bins are bypass coded.

in addition, in order to reduce luma-chroma latency in dual tree. when the 64464 luma coding
tree node 18 partitioned with Not Split (and ISP 15 not used for the 64x64 CUY or BT, the

]

chroma CUs in 32%32/ 32x16 chroma coding tree node is allowed 1o use CCLM in the

22
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following way:
if the 32232 chroma node is not split or partitioned QT split, all chroma CUs in the
32x32 node can use CCLM.
It the 32232 chroma node is partitioned with Horizontal BT, and the 32x16 child

node does not split or uses Vertical BT split, all chroma CUs in the 32x16 chroma
node can use CCLM.

In all the other luma and chroma coding tree split conditions, CCLM i3 not allowed for chroma
CU.

2.8, Multi-model linear model (MMLRM)

With MMLM, there can be more than one lingar models between the Juma samples and chroma
samples i a CU. In this method, neighboring tuma samples and neighboring chroma samples
of the current block are classified into several groups, each group 15 used as a fraiming set o
derive 3 lingar model (e, particular ¢ and § are derived for g particular group). Furthermore,
the sampies of the current huma block is also classified based on the same rule for the

classification of neighboring luma samples.

The neighboring samples can be classified into M groups, where M i1s 2 or 3. The MMLM
method with M=2 and M=3 are designed as two appended Chroma prediction modes named
MMIELM2 and MMLM3, besides the original LM mode. The encoder chooses the optimal mode

in the RDO process and signal the mode.

When M is equal 1o 2, Fig. 10 shows an example of classifying the neighboring sampies into

{wo groups. Threshold is calculated as the average value of the neighboring reconsiructed Luma

samples. A neighboring sample with Rec’L{x,y] <= Threshold Recy[x, 9] = Thresheld i
classified into group 1: while a neighboring sample withRed', {x, y] > Threshold Rec’Lixy] >
Threshold is classified mnte group 2. Stmular to CCLM, there are 3 modes in MMLM, namely
MMEM, MMLM T, and MMLM L. Two models are derived as

Pred fx, vi=oy xRee' {x. ¥+ if Rec' [x, v} < Threshold (2-8).

\PreLz’C fx. yi=a,xReo' [x. yi+ 5, if Rec' [x. y}> Threshold '
The thresheld which s the average of the foma reconstrucied neighboring samples. The linear
maodel of each class is derived by using the Least-Mean-Square (LMS) method, if enabled, or

min/max method of VVC.

2.9, Position dependent intra prediction combination

In YV, the results of intra prediction of DC, planar and several angular modes are further

modified bv a position dependent mntra prediction combination (PDPC) method. PDPC 15 an
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intra prediction method which invokes a combination of the boundary reference samples and
HEVC style intra prediction with filtered boundary reference samples. PDPC 15 applied to the
following initra modes without signalling: planar, DC, inira angles less than or equal to
horizontal, and intra angles greater than or equal to vertical and less than or equal 1o 80, H the
currend block 1s BDPCM mode or MRL index is larger than 0, PDPC 1s not applied.

The prediction sample pred(x ',y ) is predicted using an ntra prediction mode (DC, planar,
angular) and a linear combination of reference samples according to the Fquation 2-8 as
tollows:
predix’y ¥ Clip(0. (1 << BitDepth } — 1. (wl xRy, + WX H64 —wL —wiyxpredix »'}
+32 P26y (2-9)
where K., R represent the reference saraples located at the fop and lefi boundaries of
current sample {x. vy}, respectively.
If PDPC 1s applied to DC. planar, horizontal, and vertical intra modes. addittonal boundary
filters are not veeded, as required 1n the case of HEVC BC mode boundary filier or
horizontal/vertical mode edge {ilters. PDPC process for DC and Planar modes is identical. For
angular modes, if the corrent angular moede 1s HOR DX or VER DX, left or top reference
samples is not used, respectively. The PDPC weights and scale factors are dependent on
prediction modes and the block sizes. PDPC 15 applied to the block with both width and height
greater than or equal to 4.
Fig. 11A 15 a schematic diagram illustrating defimition of samples used by PDPC applisdto a
diagonal top-right mode. Fig 118 is a schematic diagram illustrating definition of samples
used by PDPC applied to a diagonal bottom-left mode. Fig 11C 15 a schematic diagram
iHustrating definttion of samples used by PDPC applied to an adiacent diagonal top-right mode.
Fig. 11D 15 a schematic diagram illustrating definition of samples used by PDPC applied to an
adjacent diagonal bottom-left mode.
Fig. 11A to Fig. 11D iHustrate the definition of reference samples (K. 1 and R} for PDPC
applied over various prediction modes. The prediction sample pred(x’, v} is located at {x”, ¥
within the prediction block. As an example, the coordinate x of the reference sample 8.1 15
given by: x =x + v -+ 1, and the coordinate y of the reference saraple 8.1, 15 similarly given
by y=x"+y’ + 1 for the diagonal moedes. For the other angular mode, the reference samples
£ and R-1, could be located in fractional sample position. In this case, the sample value of

the nearest integer sample location is used.
2.10. Gradient PBPC
The gradient based approach is extended for non-vertical/non-horizontal mode, as shown in Fig,

12. Here, the gradienl is computed as r(-1, v} - -1+ d, -1}, where d is the horizontal

displacement depending on the angular direction. A few points o note here:
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The gradient term 1{-1. v} ~ r{-1+ d, -1} is needed 10 be computed once for every row, as it does
not depend on the X position.

The compuiation of d is already part of original intra prediction process which can be reused,
50 a separate computation of ¢ is not needed. Accordingly, d 15 in 1/32 pixel accuracy.

Two tap (linear) fltering are used when d is at fractional position, 1e., if dPos 15 the
displacement in 1/32 pixel accuracy, dint is the (floored) integer part (dPos>>5} | and dFract is
the fractional part m 1/32 pixel accuracy (dPos & 31}, then r(-1+d} is computed as:

o{-1+dy = (32 - dFrac) * r{-i+dint) + dFrac * r{-1+dint+1).

This 2 tap filtering is performed once per row (if needed), as explained in a

Finally, the prediction signal is computed.

p{x,y) = Clip({ (64 — whL{x)) F pxv)} + whi{x) * (-1 y) - r{-1+d.- 1)) + 32) >> 6)

Where wlL{x} = 32 >> ({x<<<1}>>n8cale?), and nScale? = (log2{nTbH) + log2{nThW) - 2} >>
2. which are the same as vertical/horizontal mode. In a nuishell, the same process is applied

compared to vertical/horizontal mode (in {act, d = 0 mdicates vertical/horizontal mode).

Second. the gradient based approach is activated for non-vertical/non-horizontal mode when
(nScale <0} or when PDPC can’t be applied due to anavailability of secondary reference sample.
We have shown the values of nScale in Fig. 13, with respect to TB size and angular mode, to
better visualize the cases where gradient approach is used. Additionally. in Fig. 14, we bave
shown the Howchart for current and proposed PDPC. Fig. 14 s a schematic diagram iHustrating
flowcharts of current PDPC (left) and proposed PDPC (right}.

2.11. Secondary MPM

The existing primoary MPM (PMPM) list consists of 6 entries and the secondary MPM (SMPM)
list includes 16 entries. A general MPM lst with 22 entries is constructed first, and then the
first 6 entries in this general MPM hist are included into the PMPM hist, and the rest of entries
form the SMPM list. The first entry in the general MPM list 15 the Planar mode. The remaining
entries are composed of the intra modes of the left (L), above (A}, below-left (BL), above-nght
(AR}, and above-left (AL) neighbouring blocks as shown m Fig. 13, the directional modes with
added offset from the first two available directional modes of neighbouring blocks, and the
default modes.

If a CU block is vertically ortented, the order of neighbouring blocks 15 A, L. BL, AR, AL;
otherwige, itis L, A, BL, AR, AL.

A PMPM flag 1s parsed first, if equal to 1 then a PMPM mdex is parsed 1o determine which
entry of the PMPM list 13 selected, otherwise the SPMPM flag is parsed to determine whether
to parse the SMPM index or the remaining modes.
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2.12. 6-tap intra interpolation filter

To umprove prediction accuracy, it is proposed to replace 4-tap Cubic interpolation {ifter with
6-tap interpoiation filter, the filter coefficients are derived based on the same polynomial
regression model, but with pelvuomial order of 6,

5 Filter coefficients are listed below,

€0, 0,236, 0, 0, 03}, // 0/32 posttion
C0, -4 253 9, -2 0}/ /32 postlion
{01, 27,249, 17, -4, 03}, /) 2/32 postiion

/32 position

<
¥
=
2
=
Ch

.25, -6, 1),/

3
4/32 position

§ 1,-13.241, 34, -8, 1}, 7/
{ 2.-16,235, 44,-10. 1}, // 5/32 position
{ 2.-18,220, 33, -12, 2%, /7 &/32 position
£02.-28) 223, 63, -14, 2%, /) 7732 position
15 $02,-22,217, 72,-15, 2%, /7 8/32 position
§ 3,-23,209, 82, -17, 2}, /1 9/32 position
{ 3,-24,202, 92.-19, 2}, //10/32 position
{3,-25,194, 101, -20, 3}, // 11/32 position
£03,.25 185, 111, <21, 3}, //12/32 position
20 £ 3,-26,178, 121, -23, 3} //13/32 position
§3,-25, 168,131, -24, 3}, // 14/32 position
{ 3,-25,159 141, 225, 31}, // 15/32 position
{325,150, 150, =25, 31}, // half-pel posiion.

The reference samples used for interpolation come from reconstructed samples or padded as in
25  HEWVC, so that the conditional check on reference sample availability 15 not needed.

Instead of using nearest rounding operation to derive the extended fntra reference sample, i1 s

proposed to use 4-tap Cubic interpolation filter. As shown in an example in Fig. 16, {0 derive

the value of reference sample P, a four tap interpolanion filter 15 used, while i JEM-3.0 or HM.

P is directly set as X1

30 213, Multiple veference line (MRL) intra prediction

Multiple reference hine (MRL) intra prediction uses more reference lines for intra prediction. In
Fig. 17 an example of 4 reference lines is depicied, where the samples of segmenis A and F are
not fetched {rom reconsiructed neighbouring samples but padded with the closest samples from

Segment B and E, respectively. HEVC intra-picture prediction uses the nearest reference line

[
A

{i.e., reference line 0). In MRL, 2 additional hnes {reference hine 1 and reference line 2) are

used,
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The index of selecied reference line (mwl 1dx} is signailed and used to generate intra predictor.
For reference line index. which is greater than 0. only include additional reference line modes
in MPM list and only signal MPM indes without remaining mode. The reference line index is
signalled before intra prediction modes, and Planar mode 15 exchuded from intra prediction
modes in case a nonzero reference line index 1s signalled.

MR is disabled for the first line of blocks mside a CTU {o prevent using exiended reference
samples ouiside the current CTU bne. Also, PDPC is disabled when additional line is used. For
MRL moede, the dentvation of DC value n DC jutra prediction mode for non-zevo reference line
indices are aligned with that of reference line index ¢ MRL requires the siorage of 3
netghbouring luma reference lines with a CTU {0 generate predictions. The Cross-Component
Linear Model (CCLM) tool also requires 3 neighbouring tuma reference Hines for its down-
sampling filters. The definition of MRL 1o use the same 3 lines is aligned as CCLM to reduce

the storage requirements for decoders.

2.14, Intra sub-partitions (ISP)

The intra sub-partitions (ISP} divides tuma intra~-predicted blocks vertically or horzontally inlo
2 or 4 sub-partitions depending on the block size. For example, minimum block size for I8P is
4x8 {or 8x4}. {f block size is greater than 4x8 (or 8x4} then the corresponding block is divided
by 4 sub~partitions. H has been noted that the M « 128 (with M < 64)and 128 X N (with N <
643 ISP blocks could generate a potential issue with the 64 x 64 VDPU. For example. an
M 2 128 CU in the single tree case has an M X 128 luma TB and two corresponding f? x 64
chroma TBs. If the CU uses ISP, then the luma TB will be divided mito four A X 32 TBs {only
the horizontal split is possible}, each of them smaller than a 64 X 64 block. However, in the
current design of ISP chroma blocks are not divided. Theretore, both chroma components will
have a size greater than a 32 x 32 block. Analogously, a similar situation could be crealed with
a 128 x N CU using ISP. Hence, these two cases are an issue for the 64 X 64 decoder pipeline.
For this reason. the CU sizes that can use ISP 1s restricted to a maximwum of 64 X 64, Fig. 18A
and Fig. 1¢B show examples of the two possibilities. All sub-partitions fulfill the condition of
having at least 16 samples.

In ISP, the dependence of IxN/2xN sobbiock prediction on the reconstrucied values of
previously decoded 1«N/2«N subblocks of the coding block 15 not allowed so that the minimum
width of prediction for subblocks becomes four samples. For exaraple, an 8xN (N > 4} coding
block that 15 coded using ISP with vertical split is split into two prediction regions each of size
4xN and four fransforms of size 2xN. Also, a 4« N coding block that is coded using ISP with
vertical split 1s predicted using the full 4xN block; four transform each of 1xNis used Although
the transform sizes of 1xN and 2«N are allowed, 11 is asserted that the transform of these blocks
m 4xN regions can be performed in parallel. For example. when a 4xN prediction region

contains four IxN transforms. there 15 no transform in the horizontal direction: the fransformin
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the vertical direction can be performed as a single 4« transform in the vertical direction.
Similarly, when a 4xN prediction region contains two 2xN transform blocks, the transform
operation of the two 2xN blocks 1o gach direction (horizontal and vertical) can be conducted in
paraliel. Thus, there is no delay added in processing these smaller blocks than processing 4x4

regular-coded intra blocks.
Fig. 18A is a schematic diagram illusirating examples of sub-partitions for 4=8 and 8x4 {Us.

Fig. 18B 1s a schematic diagram dlustrating examples of sub-partitions tor CUs other than
48, #x4 and 444,

Table S Entropy coding cosfficient group size

Block Size

1<NN>16

NXLN>16

XN N8 2 X8

NXZN2>8 8x32

sible 8 X A cases

For each sub-pastition, reconstructed samples are obtained by adding the residual signal to the
prediction signal. Here, aresidual signal is generated by the processeas such as entropy decoding,
inverse quantization and mverse transform. Therefore, the recovstrucied sample values of each
sub-partition are available to generate the prediciion of the next sub-pariition, and each sub-
partition is processed repeatedly. In addition, the first sub-partition to be processed is the one
containing the top-left sample of the CU and then continuing downwards ¢horizontal spht) or
rightwards (vertical split). As a result, reference samples used 1o generate the sub-partiiions
prediction signals are only located at the left and above sides of the lines. All sub-partitions
share the same intra mode. The followings are summary of interaction of ISP with other coding
tools.

—-  Muitiple Reference Line (MRL): 1f a block has an MRL index other than 0, then the ISP
coding mode will be mferred to be 0 and therefore ISP mode mformation will not be
sent to the decoder.

Entropy coding coefficient group size: the sizes of the entropy coding subblocks have
heen yoodified so that they have 16 saroples in all possible cases, as shown 1o Table 3.
Note that the new sizes only affect blocks produced by ISP in which one of the
dimensions iz less than 4 samples. In all other cases coefficignt groups keep the 4 < 4

dimensions.



WO 2024/148103 PCT/US2024/010196

CBF coding: it 1s assumed {o have at least one of the sub-partitions has a non-zero CBF.
Hence, H{ n 15 the number of sub-partitions and the first n — 1 sub-partitions have
produced a zero CBF, then the UBF of the n-th sub-partition 15 inferred to be 1.
—  Transform size vestriction: gl ISP transforms with a length larger than 16 ponts uses
5 the DOT-IL
—  MTS Hag: if a CU uses the ISP coding mode, the MTS CU flag will be set to O and 1t
will not be sent to the decoder. Therefore, the encoder will not perform RID tests for the
different available transforms for each resulting sub-partition. The transform choice for
the ISP mode will instead be fixed and selected according the intra mode, the processing
16 order and the block size utilized. Hence, no signalling 15 required. For example, let iy
and &y be the horizontal and the vertical transforms selected respectively forthe w x A
sub-partition, where w is the width and £ is the height. Then the transform is selected
according to the following rules:
w = 1o0rh =1, then there is no horizontal or vertical transform respectively.
5 - Hw=4andw < 16, £y = DST-VIHL otherwise, £y = DCT-L
~ Whz4and h <16, £, = DST-VII, otherwise, #, = DCT-IL
In ISP mode, all 67 mira prediction modes are allowed. PDPC 1s also applied if corresponding
width and height is at least 4 samples long. In addition. the reference sarple iltering process
(reference smoothing) and the condition for intra interpolation filter selection doesn’t exist
20 anymore, and Cubic (DCT-F) filter is always applied for fractional position interpolation in

ISP mode.

2,15, Matrix weighted Intra Prediction (MIP)

Matrix weighted intra prediction {(MIP) method is 2 newly added inira prediction technique into
YV, For prediching the samples of a rectangular block of widih W and height M, matrix

)
N

weighted intra prediction (MIP) takes one line of H reconstructed neighbouring boundary
samples ieft of the block and one line of W reconstructed neighbounng boundary sanmples
above the block as input. If the reconstructed samples are unavailable, they are generated as 1t
is done in the conventional inira prediction. The generation of the prediction signal is based on
the following three steps, which are averaging, matrix vector multiphication and linear

30 interpolation as shown in Fig. 19,
2151, Averaging neighbouring samples

Among the boundary samplas, four samples or sight samples are selected by averaging based

left

on block size and shape. Specifically, the input boundaries bdry™? and hdry'* are reduced
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1o smaller boundaries bdry, Y and bdry b\ averaging neighbouring boundary samples
ed ?ed }7 b

according to predefined rule depends on block size. Then, the two reduced boundaries bd.ry,fg:j
{aft . . . -

and bdry, o) are concatenated 1o a reduced boundary vector bdry,.y which is thus of size {our

for blocks of shape 4 X 4 and of size eight for blocks of all other shapes. If mode refers to the

MiIP-mode, this concatenahion 15 defined as {ollows:

[bd?”}r Jhdry et I for W = H = 4 and mode < 18
[bdr ’7 ;]  bdr ;;’5] for W = H = 4 and mode > 18
by, = [bd? 'v:;;j ,adryfp’ } formax{W, H) = 8 and made < 10 (2103
" [z)mvrm bdry P8 ] for max(W, H) = 8 and mode 2 10 '
{bdr;wd ,btirvj,,gff formas(W,H} > 8and mode < 6
[ batry 5 bdry™® | formax{W, H) > 8 and mode = 6.

2.15.2. Matrix Multiplication

A matrix vector multiplication, followed by addition of an offset, is carvied out with the
averaged samples as an input. The result 15 a reduced prediction signal on a subsampled set of
sarnples 1o the ongmnal block. Out of the reduced wmput vector bdry,..q a reduced prediction
signal pred,.q which is a signal on the down-sampled block of width W, and height H,.4 1s

generated. Here, W, ., and .., are defined as:

W _ 4 for max(W,H) < 8 211}
el T Lmin(W, 8)  for max(W, M) > et
- { 4 for max(W,H) < 8 (2-12)
ved T imin(H,8) for max(W,H) > 8 oo

The reduced prediction signal pred, 418 computed by calculating a matrix vector product

and adding an offsat:

ey = A bdvyeeq + b {2-13).
Here, A is a matrix that has W,y - Hyoq rows and 4 columns f W = H = 4 and 8 columns in
all other cases. b 15 a vecior of size W,oy + Hyog. The matrix 4 and the offset vector b are taken
from one of the sets Sg, 5. 5; One defines an index {dx = idx (W, H) as follows:
0 forW=H=4
idx{W, H) =<1 formax{(W,H)=28 {2-14}.
2 formax(W,H) >3
Here, each coefficient of the matrix A is represented with 8 bit precision. The set 5, consists of
16 matrices A}, ¢ € {0, ..., 15} each of which has 16 rows and 4 colurmns and 16 offset vectors
L1 €{D, .., 16} each of size 16. Matrices and offset vectors of that set are used for blocks of
size 4 X 4. The set $, consists of 8 matrices 44,1 € {0, ..., 7}, each of which has 16 rows and 8
colunms and § offset vectors bl, i € {0, ..., 7} each of size 16. The set §; consists of 6 matrices
AL, i €140, ..,5}, each of which has 64 rows and 8 columns and of 6 offset vectors bl,i €
{0, ...,5} of size 64.
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2.15.3. Interpolation

The prediction signal at the remaining positions is generated from the prediction signal on the
subsampled set by hnear interpolation which 1s a single step hinear interpolation in cach
direction. The interpolation 15 performed firstly in the honzondal divection and then 1o the

vertical diraction regardless of block shape or block size.

2154, Signalling of MIP mode and harmonization with other coding feols

For each Coding Unit {(CU) 1n mntra mode, a flag indicating whether an MIP mode is to be
applied or not 15 sent. I an MIP mode 15 1o be applied, MIP mode (predModelntra) is
signalled . For an MIP mode, a transposed flag {isTransposed}, which determines whether
the mode is transposed. and MIP mode 1d {modeld), which determuines which matnx 15 to be

used for the given MIP mode 13 derived as follows
isTransposed = predModeintra&l

modeld = predModelntra >> 1 (2-15).
MIP coding mode 1s harmonized with other coding tools by considening following aspects:
—  LFNST1s enabled {or MIP on large blocks. Here, the LENST transforms of planar mode
are used.
-~ The reference sample dentvation for MIP is performed exactly as for the conventional
ntra prediction modes.
—  For the up-sampling step used in the MIP-prediction, onginal reference samples are
used nstead of down-sampled ones.
Clipping is performed before up-sampling and not after up-sampling.
- MIP is allowed up (0 64x64 regardiess of the maximum transform size.
The mumber of MIP modes 15 32 tor sizeld=, 16 for sizeld=1 and 12 for sizeld=2.

2.16. Becoder-side intra mode derivation

I JEM-2.0 mtra modes are extended to 67 from 35 modes in HEVC, and thev are derived at
encoder and explicitly signalled to decoder. A significant amount of overhead is spent on intra
mode coding in JEM-2.0. For example, the intra mode signalling overhead may be up to 3~10%
of overall bitrate in all mtra coding configuration. This coninbution proposes the decoder-side
intra mode derivation approach to reduce the intra mode coding overhead while keeping
prediction accuracy,

To reduce the overhead of intra mode signalling, this coninbution presents a decoder-side intra
mode derivation (DIMDY) approach. In the proposed approach, mstead of signalhing intra mode
explicitly, the information is derived at both encoder and decoder from the neighbourmg
reconstructed samples of current block The intra mode dertved by DIMD ig used in two ways:

1} For 2Nx2N CUs, the DIMD mode is used as the intra mode for intra prediction when the
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corresponding CU-level DIMD {lag is tumed on;
23} For NxN CUs, the DIMD mode is used 10 replace one candidate of the existing MPM list
to ymprove the efficiency of intra mode coding.

2.16.1. Templated based intra mode derivation

Fig. 20 is a schematic diagram illustrating target samples, template samples and the reference
saroples of termplate used 1o the DIMD. As ilustrated m Fig. 20, the target denotes the current
block (of block size N} for which intra prediction mode is to be estimated. The template
(indicated by the patiemed region in Fig. 20} specifies a set of already reconstructed samples,
which are used to derive the intra mode. The femplate size is denoted as the number of samples
within the template that extends o the above and the lefi of the target block, 12, L. In the
current implementation, a template size of 2 (i.e, L = 2} is used for 4»4 and 8x8 blocks and a
template size of 4 (e, L = 4} 1g used for 16x16 and larger blocks. The reference of template
(indicated by the dotted region in Fig. 20} refers to a set of neighbowing samples from above
and left of the template, as defined by JEM-2 0. Unlike the template samples which are alwayvs
from reconsiructed region, the reference samples of template may not be reconstructed vet when
encoding/decoding the target block. In this case, the existing reference samples substitution
algorithm of JEM-2.0 is utthzed {0 substitute the wnavailable reference samples with the
available reference samples.

For each intra prediction maode, the DIMD calculates the absolute difference (SAD) between
the reconstructed templaie samples and its prediction samples obtained from the reference
samples of the template. The intra prediction mode that viglds the minimum SAD i3 selected as

the final intra prediclion mode of the target block.
2.16.2. BIMD for intra 2ZNx2ZN CUs

For mtra ZNx2N CUs, the DIMD 15 used as one additional nira mode, which is adaptively
selected by comparing the BIMD imnira mode with the optimal normal intra mode (1.¢., being
explicitly signalled). One flag is signalled for each mtra ZN«2N CU to indicate the usage ol the
DIMD. 1f the flag 15 one, then the CU is predicied using the inlra moede derived by DIMD;
otherwise, the DIMD is not applied and the CU is predicted using the intra mode explicitly
signalled in the bit-siream. When the DIMD 1s enabled, chroma components always reuse the
same intra mode as that derived for luma component, t.e.. DM mode.

Additionally, for sach DIMD-coded CU, the blocks i the CU can adaptively select to derive
thewr intra modes at either Pll-level or TU-level Specifically, when the DIMD {lag is one,
another CU-level DIMD control flag is signalied to mdicate the level at which the DIMD is
performed. I this flag is zero, it means that the DIMD is performed at the PU level and all the
TUs i the PU use the same derived intra mode for their mira prediction; otherwise {1.e., the
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DIMD control flag is one), it means that the BIMD s performed at the TU level and each TU
in the PU dertves its own indra mode.
Further, when the DIMD is enabled, the number of angular directions increases to 129, and the
BC and planar modes still remain the same. To accommodate the increased granularity of
5 aogular wira modes, the precision of intra unerpolation fillenng for DIMD-coded CUs
imncreases {rom 1/32-pel 1o 1/64-pel. Additionally, in order {o use the derived intra mode of a
DIMD coded CU as MPM candidate for neighbouring intra blocks, those 129 directions of the
DiMD-coded CUs are converted o "normal”™ mitra modes (1.c., 65 angular intra directions)
before they are used as MPM,

10 2.16.3. BIMD for tntra NxN CUs

in the proposed method, intra modes of intra NxN CUs are always signalled. However, to
improve the efficiency of inlra mode coding, the inira modes derived from DIMD are used as
MPM candidates for predicting the intra modes of four PUs in the CU. In order to not increase
the overhead of MPM index signalling, the DIMD candidate is always placed at the Grst place

nnnt
(4]

in the MPM list and the last existing MPM candidate i3 removed. Also, pruning operation is
performed such that the DIMD candidate will not be added to the MPM lis{ if it 15 redundant.

2.16.4. Intra meode search algorithm of BIMD

fn order 1o reduce encodimg/decoding complexity, one straighiforward fast intra mode search
algorithim is used for BIMD. Firstly, one mitial estimation process is performed to provide a
20 good starting pont for intra mode search. Specifically. an initial candidate list is created by
selecting &V fixed modes from the allowed intra modes. Then, the SAD s calculated for all the
candidate intra modes and the one that minimizes the SAD is selecied as the starting intra mode.
To acheve a good complexity/performance trade-~off, the witial candidate hist consists of 11
intra wodes, including BC, plapar and every 4-th mode of the 33 angular intra directions as
25 defined in HEVC, te, mtramodes 0, 1, 2, 6, 10... 30. 34.
It the starting inira mode s etther DC or planar, 1t 1s used as the DIMD moede. Otherwise, based
on the starting intra mode, one refinement process is then applied where the optimal intra mode
ig identified through one iterative search. It works by comparing at each iteration the SAD
values for three mira modes separated by a given search interval and maintam the intra moode
30 that minimurze the SAD. The search interval is then reduced to half, and the selected intra mode
from the last iteration will serve as the center intra mode for the current iteration. For the current
DIMD implementation with129 angular intra divections, up to 4 fterations are used in the

refinament process to find the optimal BMD intra mode.
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2.17. Decoder-side inira meode derivation by caleuniating the gradients of neighbeuring

samples

Three angular modes are selected frorn a Histegram of Gradient (HoG) computed from the

peighboring pixels of current block. Once the three modes are selected, thewr predictors are

(4

compuied normally and then their weighted average is used as the final predictor of the block.
To determine the weights, corresponding aroplitudes in the Ho( are used for each of the three
modes. The DIMD mode is used as an aliernative prediction mode and 1s always checked in the
FullRD mode.

Current version of DIMD has modified some aspects in the signaling, HoG computation and
10 the prediction fusion. The purpose of this modification is to improve the coding performance
as well as addressing the complexity concerns raised during the last meeting (e, throughput

of 4x4 blocks}. The following sections describe the modifications for each aspect.

2.17.3. Signalling

Fig 21 is a schematic diagram illustrating proposed intra block decoding process. Fig. 21
15 shows the order of parsing {lags/indices in VTMS, integrated with the proposed DIMD.

As can be seen, the DIMD flag of the block is parsed first using a single CABAU context, which

is imitialized 1o the default value of 154

if flag = = 0, then the parsing continues normally.

20 bezero: BDPCM flag, MIP flag. MR index In thus case, the entive IPM parsing 15 also skipped.
During the parsing phase, when a regular non-DIMD block nquires the IPM of its DIMD
neighbor, the mode PLANAR DX is used as the virtual IPM of the BIMD Hock

2.17.2. Texture analysis

Fig. 2215 aschematic diagram dlustrating Ho( cornputation froro a teruplate of width 3 pixels.
25 The texture analysis of DIMD includes a Histogram of Gradient (Ho() compuiation (Fig. 22).

The HoG computation is carriad out by applying horizontal and vertical Sobel filters on pixels

in a teraplate of width 3 around the block. Except, if above template pixels fall into a different

{TY, then they wili not be used in the texture analysis.

Unce computed, the IPMs corresponding to two tallest histogram bars are selected for the block.
30 In previous versions, all pixels in the middie hine of the template were involved in the HoG

computation. However, the current version improves the throughput of this process by applving

the Sobel filter more sparsely on 4x4 blocks. To this aim, ondy one pixel from left and one pixel

from above are used. This is shown in Fig. 22,

in addition to reduction 1n the mumber of operations for gradient computation, this properiv also
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simplifies the selection of best 2 modes from the HoG, as the resulting Ho( cannot have more

than two non-zero amplitudes.

2.17.3. Prediction fusion

The current method uses a fusion of three predictors for each block. However, the choice of
prediction modes s different and makes use of the combined hypothesis intra-prediction
meihod proposed, where the Planar mode is considered {0 be used in combination with other
modes when computing an intra-predicted candidate. In the current version, the two IPMs
corresponding to two taliest Ho(i bars are combined with the Planar mode.

The prediction fusion 1s apphied as a weighted average ol the above three predictors. To this
aim, the weight of planar is fixed to 21/64 (~1/3). The remaining weight of 43/64 {~2/3) is then
shared between the two HoG IPMs, proportionally to the amplitude of their Ho(s bars. Fig. 23
visualises this process. Fig 23 is a schematic diagram illustrating prediction fusion by weighted

averaging of two HoG modes and planar,

2.18. Tempiaie-based intra mode derivation (TIMD)

This contnibution proposes a template-based indra mode derrvation (TIMI3} method using
MPMsg, in which a TIMDB maode 1s derived from MPMs using the neighbouring template. The

TIMD mode is used as an additional intra prediction method for a CU.

2.18.1. TIMD mode derivation

For each intra prediction mode in MPMs, The SATD between the prediction and reconsiruction
samples of the template is calculated. The intra prediction mode with the minimum SATD 18
selecied as the TIMD mode and used for wira prediction of current CU. Posttion dependent
infra prediction combination (PDPC) is included i the derivation of the TIMD mode.

2.18.2. TIMD signalling

A flag is signalled 1n sequence parameter set {$PS} to enable/disable the proposed method.
When the flag is true, a CU level flag is signalled o mdicate whether the proposed TIMD
method is used. The TIMD flag is signalied right after the MIP flag. If the TIMD flag is equal
o true, the remainmg syotax elements related to luma utra prediction mode. mcludimg MRIL,

ISP, and normal parsing stage {or luma intra prediction modes, are all skipped.

2.18.3. Interaction with new coding tools

A DIMD method with prediction fusion using Planar was integrated in EE2. When EEZ DIMD
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flag 15 equal 1o trug, the proposed TIMD flag is not signalled and set equal to faise.

Simular to PDPC, Gradient PDPC is also included in the derivation of the TIMD mode.

When secondary MPM is enabled, both the primary MPMs and the secondary MPMs are used
{0 derive the TIMD mode.

5 o-tap nterpolation filter 1s not used in the denvation of the TIMD mode.
2.18.4. Modification of MPM list construction in the derivation of TIMD made

BDuring the construction of MPM list, intra prediction mode of a neighbouring block is derived
as Planar when i 1s inter-coded. To improve the accuracy of MPM list, when a neighbouring
block 1s inter-coded, a propagated indra prediction mode is denved using the motion vector and

10 reference picture and used in the construction of MPM list. This modification is only applied
to the dernvation of the TIMD mode.

2,18.5, TIMD with fusion

Instead of selecting the only one mode with the smallest SATD cost, this contribution proposes

to choose the first two modes with the smallest SATD costs for the indra modes derived using
15 TIMD method and then fuse them with the weighis, and such weighted intra prediction is used

to code the current CU

The costs of the two selected modes are compared with a threshold, in the test the cost factor

of 2 19 applied as follows:

costMode? < 2 » costModel.

20 If this condition is true, the fusion i1s applied, otherwise the only maodel is used.

Weights of the modes are computed from their SATD costs as {ollows:

weightl = costMaodeZ / { costModel + costMode2 ),

weight2 = 1 — weight!,

2.19, Convolutional cross-component model {CCCM) for intra prediction

25 It is proposed to apply convolutional cross-componeni model (CCCM} to predict chroma
samples from reconstructed luma samples in a similar spinit as done by the current CCLM
modes. As with CCLM, the reconsiructed luma samples are down-sampled to match the lower
resolution chroma grid when chroma sub-sampling is used.

Also, similarly to CCLM, there is an option of using a single model or multi-model variant of

30 CCCM. The multi-model vartant uses iwo models, one model derived for samples above the
average luma reference value and another model for the rest of the samples (following the spirit
of the CCLM design). Multi-model CCCM mode can be selected for PUs which have at least

128 reference samples available.
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2.19.1. Convolutional filter

The proposed convolutional 7-tap filter consist of a S-tap plus sign shape spatial component, a
nondingar term and a bias term. The input to the spatial 5-tap componenti of the filier congists of
a center (C) luma sample which is collocated with the chroma sample {o be predicied and iis
5 above/north {N), below/south (8}, left/west (W) and right/east {E)yneighbors as illustrated below
i Fig 24, which ilhustrates spatial part of the convolutional filter.
The nonlinear term P 15 represented as power of two of the center tuma sample € and scaled o
the sample value range of the content:
P={C¥C + midVal ) >> bitDepth.
10 That is, for 10-bit content it 15 calculated as;
P={C*+3123>>10.
The bias term B represents a scalar offset between the input and output (similarly o the offset
terrn i CCLM) and 1s set 1o middie chroma value (512 for 10-bit content).
Ouiput of the filter is calculated as a convolution between the filter coefficients ¢; and the input
15 wvalues and chipped to the range of valid chroma samples:
predChromaVal = coC + otN + S + GE + ceW + osP + ¢6B.

2.19.2. Calculation of flter coefficients

The filter coefficignts ¢ are calculated by mimnising MSE between predicted and
reconstructad chroma samples in the reference area. Fig. 25 is a schematic diagram ilustrating
20 reference area (with its paddings} used to derive the filter coefficients. Fig. 25 llustrates the
reference area which consists of 6 lines of chroma samples above and left of the PUI Reference
area extends one PU width o the night and one PU height below the PU boundaries. Area is
adjusted to include only avatiable samples. The axtensions to the area shown in blue are needed

{0 support the “side samples” of the plus shaped spatial filter and are padded when in

)
i

unavailable areas.

The MSE mumimization is performed by calculating autocorrelation matrix for the luma mput
and a cross-correlation vector between the luma nput and chroma output. Autocorrelation
mainx s LDL decomposed and the final filter coefficients are calculated using back-
substitution. The process follows roughly the calculation of the ALF filter coefficients in ECM.
36 however LDL deconposition was chosen instead of Cholesky decornposition 1o avoid using

square root operations. The proposed approach uses only integer arithmetic.

2.19.3. Bitstream signailing

Usage of the mode s signalled with a CABAC coded PU level flag. One new CABAC context

was included to support this. When it comes to signalling, CCCM 15 considered a sub-mode of
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CCLM. That 15, the CCCM flag s only signalled i intra prediction mode s
LM CHROMA DX {10 enable single mode CCCM) or MMEM CHROMA DX (to enable
multi-model CCCM).

2.28, Gradient Linear Model (GLM)

Compared with the CCLM, instead of down-sampled luma values. the GLM utihizes luma
sarople gradiends to denve the hnear model. Specifically, when the GLM is applied, the joput
1o the CCLM process, 1.¢., the down-sampled tuma samples L, are replaced by luma sample
gradients & The other parts of the CCLM (e.g., parameter derivation, prediction sample linear
transform) are kept unchanged.

C=a-G+f.
For signaling, when the CCLM mode 13 enabled to the current CU, two flags are signaled
separately for Cb and Cr components to indicate whether GLM 15 enabled 1o each component;
if the GLM is enabled for one component, one syniax element i1s further signaled to select one
of 4 gradient filters for the gradient calculation.
Four gradient iliers are enabled {or the GLM, as llustrated in Fig. 26
GLM with Luma

In BECM-6.0, GLM utilizes the gradient of luma samples to predict a chroma sample as:
prede(ijy = a -G, i3+ 8

where pred(i, j ) represenis the predicted value of a chroroa sample, G{i, j) represents the
gradient of the corresponding reconstructed loma samples, and the linear model parameters o
and f are derived by adjacent reconstrucied samples based on the hinear minimum mean
square error (LMMSE) method as CCLM.
A new GLM mode is proposed that a chroma sample is predicted based on both the
gradient & {i, /) of luma samples and the reconstructed value rec (i, /) of the down-sampled
luma sample with different parameters:

predo(Ljy = ay - G, )+ ay - rec) (i, ) + ay - midValue
where the model parameters oy, oy and ¢, are derived from six rows and columms adjacent

samples based on the LDL decomposition method as the COCM mode in ECM-6.0.

2.21, Gradient and location based convolutional cross-compenent model {GL-COUM} for

intra prediction

The proposed GL-CCCM method uses gradient and location information instead of the 4
spatial neighbor samples in the CCCM filter. The GL-CCUM filter for the prediction is:
predChromaVal = ¢oC + ¢ Gy + G + Y + X + osP + oB.
Where Gy and G are the vertical and horizontal gradients, respectively, and are calculated as:
Gy = (2N - NW + NE) - (28 + SW + SE).
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Gy = QW + NW + SW3 - (ZE + NE + SE).
Moreover, the Y and X parameters are the vertical and horizontal locations of the center luma
sample and they are calculated with respect to the top-left coordinates of the blogk,
The rest of the parameters are the same as CCCM tool. The reference area for the parameter
5 calculation s the same as CCCM method.
Fig. 27 1s a schematic diagram illustrating spatial samples used for GL-CCCM.
Bitstream signalling
Usage of the mode is signalled with a CABAC coded PU level flag Oune new CABAC
context was inchuded to support this. When i comes o signalling, GL-CCCM is considered a
10 sub-mode of CCUM. That s, the GL-CCCM flag is only signailed if original CCCM flag 15
{rue.
Encoder operation
The encoder performs two new RD checks in the chroma prediction mode loop, one for

checking single model GL-CCCM mode and one for checking multi-model GL-CCCM mode.
15 2.22. CCCM wsing non-down-sampled huma samples

2.22.1. Block fevel

In this contribution, the CCCM using non-down-sampled luma samples is proposed where the
chroma samples are directly predicted from the original reconstructed luma samples, 1.,
without down-sampling. Fig. 28 i3 a schematic diagrarn ilusirating non-down-sampled huma
20 samples. As shown in Fig. 28, the proposed CCCM filter consists of 6-tap spatial terms, two
nonlinear ferms and a bias ferm. The 6-tap spatial terms correspond 1o 6 neighborng luma

samples (e, Ly Ly, .. L5)10 the Chl”()m.i sampie (1.e., C) 10 be predicted.

€= Z Lk Za {(((Li—a)? + B) > bitDepth) + ag - 8

where o is the coefﬁmemt assoczated with £L; and £ is the offset. Same 1o the existing CCCM

)
N

design, up to 6 lines/columms of chroma samples above and lefl 1o the curreni CU are applied
to derive the filier coefficients. The filter coefficients are derived based on the same LDL
decomposition method used in CCCM. In the contribuiton, the proposed method s signaled as
one extra CCCM model besides the existing CCCM moedel. For signading, when the CCCM s
selected, one single flag 1s signaled and used for both two chroma components to indicate
30 whether the default CCCM oodel or the proposed CCCM model 1s applied

2.22.2. High level control

Subsampling of luma component may not be optimal for CCUM model derivation for the

content which has sharp details, such as SCC content. In this contribution it is proposed {o
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disable iuma subsampling, derive and appiy model on nonsubsampled luma samples directly.
CCCM model shape is diamond 5x3 if subsampling is not applied. SPS flag 15 signalled to
indicate whether hwna subsampling 15 applied for CCCM.

2.23. Spatial GPM (SGPM)

(o4

In spatial GPM, a candidate list is bunlt which includes partition split and two intra prediction
modes. Up to 11 MPMs of inira prediction modes are used to form the combinations, the
length of the candidate list ig set equal to 16. The selected candidate mdex 1s signalled.

Fig 29 dlustrates spatial GPM candidates. The list 15 reordered using template shown in Fig.
29. GPM blending process is not used in the template, and SAD between the prediction and

10 reconstruction of the template 15 used for ordering.

The SGPM mode 15 applied 10 blocks whose width and height meet the same resinichons as i
inter GPM.
Fig. 30 dlustrates GPM templates.

The following items ase considered:

—
AN

& Spatal GPM partition modes:

26 predefined modes.

Adaptive derivation algorithm based on the horizontal and vertical gradients ratio.
® Intra prediction mode selection:

1PM list with and without TIMD:

20 For each partitton mode. an 1PM list 15 dertved for each part using intra-inter GPM
list derivation. The IPM list size 15 3. In the Iist, TIMD derived mode is replaced by 2
derived modes with horizontal and vertical ortentations {using top or left templates) or
TIMD derived mode is excluded.

MPM hist:

25 A aniform MPM list, up to 11 elements, 15 used for all partition modes.

& Template size (left and above): 1 or 4.

® xiended block size:
Spatial GPM is extended 10 be further applied to 4x8, 8x4, 4x16 and 16x4 blocks, which
36 can be described as 4<=widih<=64, 4<=height<=64, widih<height*3, height<widih*8,
width*height>=32.
& Adaptive blending:
Adaptive blending 1s tested for spatial GPM, where blending depth 1 15 derived as

follows:

G2
A

g [ muin{widih, beighty==4, 1/2 715 selected.
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= else if min{width, height)==8, r is selected.
= else if mm{width, heighty==16. 2 7 15 selected.

2 glse, § 715 selected.

o)

Fig. 31 illustrates GPM blending.

2.24. Signaling of cross-compounent prediction modes in ECM

Fig. 32 illusirates binarization of cross-component prediction modes in ECM. “CULM™ in
Fig. 32 mav be replaced by “CCCM™.
In ECM-7. cross-components moodes mclude CCLM, CCLM-L, CCLM-T, MM-CCLM, MM-
1 CCLM-L, MM-CCLM-T, and CCOM, CCCM-L, CCCM-T, MM-CCCM, MM-CCCM-L,
MM-CCCM-T. One flag s signaled to deternmune whether it 15 a kind of CCCM mode or a kind
of CCLM mode. A truncated unary code is applied to indicate the CCLM mode or CCCM mode
shown in Fig. 32.
CCLM or CCCM: 0.
15 MM-CCLM or MM-CCCM: 10.
CCLM-L or CCCM-L: 110,
CCOLM-T or CCCM-T: 1110,
MM-CCLM-L or MM-CCCM-L: 11116
MM-CCLM-T or MM-CCCM-T: 11110,

20 2.25, Slope adjustment for CCLM

CCLM uses a model with 2 parameters to map tuma values to chroma values. The slope
parameter “a” and the bias parameter “b” define the mapping as follows:
chromaVal =a* lumaVal + b

It 15 proposed signal an adjustment 0 to the slope parameter to update the model (o the

D
W

following form:

chromaVal =a’ * lurnaVal + b

whare

a=atu,

b=h-u*v,.

30 With this selection the mapping function is tilied or rotated around the point with luminance
value vr. I 15 proposed 10 use the average of the reference luma samples used in the model
creation as v mn order to provide a meaningful modification o the model. Picture below

illustrates the process.
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2.26, Non-Adjacent cross-compeonent prediction

Non-adjacent cross-component prediction (NA-CCP) mode is proposed. With NA-CCP
mode, Samples in regions non-adjacent to the current block can be used to derive a CCCM
model for the current block. A candidate region list with 6 candidates 1s constructed by
5 checking potential 8>8 regions in order. H a checked region is available, it is put into the

candidate region list. The top-left positions of the potential 8x8 regions are predetermined as
{(-x8tep, 0}, (0, ~vSiep), (xStep, -vStep), {-xStep, vSiep), (-xStep, ~vSigp), {(~2*<Step, 0), (0, -
2*yStepy, (-2 * xStep, 2 F v8iep), {2 * xStep, -2 * vSiep), (-2 * «Step, vStep), (xStep, -2 ¥
vSiep). (-2 ¥ xStep. -vStep), (-xStep, -2 * vStep), (-2 * xStep, -2 * vSiep), (xStep/2, ), (0, -

10 vSiep/2), (Siep/2, -vSiep/2), (-xStep/2, vStep/2), {~xStep/2, -vSiep/2}}, where xStep =
Max{width, 16}, v8tep = Maxtheight, 163, Fig. 33 shows some possible positions of
candidate regions.
A flag is signaled 1o indicate whether NA-CCP 1s applied to a chiroma block, FNA-CCP s
applied. an index is signaled to indicate which candidate in the candidate region list is used to

15 denvethe CCCM model.

2.27. Fusion of chroma intra prediction modes

In the Test 1.2, it is proposed that the DM mode and the four default modes can be fused
with the MMLM LT mode as follows:
pred = {wl+ pred0 + wl * predl + (L L (shift — 1)) » shift

20 where pred is the predicior obtained by applying the non-LM mode, pred1 is the predictor
obtained by applying the MMLM LT mode and pred is the final predictor of the current
chroma block. The two weights, w0 and wl are determined by the intra prediction mode of
adjacent chroma blocks and shift is set equal 10 2. Specifically, when the above and left
adjacent blocks are both coded with LM modes, {w(, wii={1, 3}, when the above and lefi

)
i

adjacent blocks are both coded with non-LM maodes, {w0, wi}={3, 1} otherwise,
fwl,wli={2 2}

For the syntax design, if a non-LM mode is selecied. one flag 1s signaled o indicate whether
the tusion 1s applied. And the proposed fusion is only apphied to [ shices.

3. Problems

[ 3]
Py
jo

I The models of cross-component prediction are frained with adjacent neighbouring samples,
which may not be efficiant.

4. Detailed solutions
The detailed embodiments below should be considered as evamples to explaim general concepis.
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These embodiments should not be interpreted in a narrow wav. Furthermore, these

embodiments can be combined in any manner,

In the following discussion, CCCM may refer to the original CCCM mode, or it may referto a
vartance of CCCM, such as CCCM-L, CCCM-T, MM-CCCM, MM-CCCM-L, MM-CCCM-T.
In the following discussion, CCLM may refer to the original CCLM mode, or #t may refer to a
variance of CCLM, such as CCLM-L, CCLM-T, MM-CCLM, MM-CCLM-L, MM-CCLM-T,

etc.

In one following discussion, cross-component prodiction (CCP)Y may refer to any cross-

component prediction such as CCLM or CCCM or GLM or CCLM with slope adjustment.

Definition of Historv-based HT

1. Itis proposed that the moedel{s) of cross-component prediction (CCP), such as CCLM or

CCCM, v a block may be siored mto a history table (HT).

a.

€.

A HT is a list with ordered entries.
1. Each entry has an index. For example, the index of the first entrv is §, and
ndices of following entries are 1, 2, 3, ..
Model parameters of CCLM and its variants may comprise @, & and a shifi which
controls the calculation precision.
Model parameters of CCLM and ds variants may comprise linear parts such as
cO~c4 and nonlinear patt such as 3.
Models may include models for different color components such as Ch and Cr.
t. For example, models for Cb and Cr may be coupled m an entry.
I one example, different CCPs like CCLM and CCCOM mav share the saroe HT.
1. In one example, a segment in an entry of the HT may reflect the type of
CCP model(s) stored in the entry,
In one example, different CCPs like CCLM and CCCM may have different HTs,
. In one example, one CCLM_HT may store models of CCLM and s
varianis hke CCLM-L or CCLM-T.
i, In one example, one CCCM_HT may store models of CCCM and its
varianis like CCCM-T or CCCM-T.
In one example, CCP with a single mode! (like CCLM or CCCM} and CCP with
multiple models (like MM-CCLM or MM-CC{UM) may have different HTs.
Inn one example, CCP with a single model (ike CCLM or CCCM} and CCP with
muliiple models (ke MM-CCLM or MM-CCCM) may share the same HT,
i, In one example, a segment in an entry of the HT may reflect the mumber

of models stored in the entry.
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2

Ly

it. In one example, a segment in an entry of the HT may reflect at least one
threshold used to classify samples into different groups of models.

i Inone example, a first HT 15 used to store models of CCLM and s variants,

i In one example, CCLM variants mayv comprise CCLM-L. CCLM-T,
MM-CCLM, MM-CCLM-E, MM-CCLM-T, GEM and CCLM with
slope adjustments.

I} A segment in an entrv of the HT mayv retlect the number of models
stored in the entiy.

2y A segment in an entry of the HT may reflect at least one threshold
used to classify samples into different groups of models.

3} Asegmentin an entry of the HT may reflect whether GLM 1s applied.

4) A segment in an entry of the HT may reflect the down-sampling filter
of GLM.

1. Inone example, asecond BT is used 1o store models of CCCM and its vanants.

t. In one example, CCCM variants may comprise CCOM-L, CCCM-T,
MM-CCCM, MM-CCCM-L, MM-CCCM-T.

1y A segment 1o an entry of the HT may reflect the number of models
stored in the entry.
2} A segment in an entrv of the HT may reflect at [east one threshold
used to classity samples into different groups of models.
It is proposad that a block can be coded with history-based CCP (H-CCP) mode, in which
maode at least one CCP model usad by the carrent block 1s fetched or derived froma HT.

a. In one example, at least one syntax clement (SE) may be signaled to indicate
whether H-CCP 1s applied.

i In one example, the SE may be signaled conditionally. E g the SE is
signaled only if a specific mode is used, such as CCCM or CCLM.

1} For example, the SE 15 signaled only if the current mode is CCCM
or CCLM.

b. In one example. af least one syntax element {(SE) may be signaled to indicate
which entry i a HT is fetched to denve the model(s) of cross-component
prediction,

t. The SE may reflect an mmdex n the HT.

1} In ong example, the SE may be set equal to f{k} where k is an index

and {1s a function.
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2y In one cxample, the SE may be set equal to f{k, M) where k 1s an
mrdex, M is the number of valid eniries in the HT and {1s a {unction.
a) In another example, M 1s the size of HT.
3} In one example, the SE mav be set equal to k where ¥ 15 an index.
4} In oneexample, the SE may be set equal to M-1-k where K 1s an index
and M is the number of valid entries i the HT.
a} i ancther example, M is the size of HT.
ii. The SE mav reflect an index of a hist and the list mav be constructed based
on the HT.
Iy In one example, the list L 1s constructed by reversing the HT. For
exampig, LI=HT{M-1-1], wherein M 1s the mumber of valid entries
i the HT.
a} In another example, M 1s the size of HT.
b} Inone example, L may have a fixed size.
¢y Inone example, if L 13 not full, the vacant eniries are filled with
default eniries.
it In one example, the SE mav be signaled conditionally. E.g. the SE 18
signaled only if H-CCP is applicable.
tv. The SE may be signaled only if more than one entrv in the HT can be
selected.
v. The maximum value (denoted as V) of the SE is determined bv the
number of entries to be selected.
Iy Forexample, V=K, or V=K-1, or V=K+1, or V=K-2, or V=K+2,
¢ In one example, al least one synlax element (SE) may be signaled to mndicate
which HT is used.
. In one example, the SE may be signaled conditionally. E.g. the SE is
signaled only 1f H-CCP is applicable.
1. The SE may be signaled only if more than one HTs can be selected,
d. In one example, it mav be derived at encoder/decoder which HT 15 used.
. In one example, tf the current mode 15 CCLM, a first HT storing models
of CCLM and its vanants 1s used.
it. In one ecxample. if the current mode is CCCM, a second HT storing

models of CCUM and its vanants is used.
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e. In one example, the current block may be predicted with the CCP model fetchad
{rom the determined entry of the delernuned HT.
f  In one example, the current block may be predicted with either CCCM or CCLM

based on whether the first HT or the second HT is applied.

|9

In one example, the current biock mayv be predicted with multiple models.

4o

1. Whether single model or multiple models are apphed may be
derived/fetched from the determined entry of the determined HT.

i1, At least one threshold used to classify samples into different groups of
models moay be fetched/denived from the determined entry of the

10 determined HT.

Mamnlenance of the HT

~

3. The maximum size of a HT may be predetermined, such asto be S or 6.
a. Alematively, the maxtmun size of a HT may be signaled as a SE at block level/
sequence level/group of pictures fevel/picture level/shice level/tile group level,
15 such as in coding structures of CTU/CU/TU/PU/CTB/CB/TRB/PB, or sequence
header/pictire header/SPS/VRS/DPS/DUVPPS/APS/slice  header/tile  group
header.
b. Alternatively, the maximum size of a H1 may be derived using coding/decoding
mformation such as
20 1. The mode of the current block:
1. The mode of a neighbouring block;
iit.  The mode of a luma block in the coliocated region of the current block:
iv. The mode of a luma block in the coflocated region of a neighbowing
block;
25 v, QF,
vi. Slice/picture type;
vii,  Picture width/height:
viti. Block width/height;
ix. Reconsiructed samples.
30 4 A HT wmay be refreshed at the beginning of encoding/decoding &
sequence/picture/shice/tile/sub-picture/CTU row/CTL
a. For example, a HT may be refreshed by empiying the table.

b. Forexample, a HT may be refreshed by fulfilling the table with default entries.
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5. After encoding/decoding a block (such as a CU), a HT may be updated.
a. For example, the CU must be a chroma CUJ when dual-iree coding is apphed.
b. For example, the CU must be a CU with CCP modes.

¢. For example. which HT 1o be updated may depend on the coding mode of the

5 Cu.
t. For example, if the CU is coded with a CCLM mode (such as CCLM,
CCLM-L, CCLM-T. MM-CCLM. MM-CCLM-L, MM-CCLM-T, GLM
and CCLM with slope adjustments), the model(s) and related mformation
{such as threchold(s) used to classify samples mto different groups of
10 models) are stored 1o the first HT.
it. For example, if the CU is coded with a CCCM mode {(such as CCCM,
CCOM-L, CCCM-T, MM-CCCM, MM-CCCM-L, MM-CCCM-T), the
model(s) and related mformation {such as threshold(s) used fo classify
samples nto different groups of models) are stored 1o the first HT.
15 d. Forexample. a set of information related to the CCP model(s} used by the current
block may be put into the HT.
. The set may comprise one or mulfiple CCP models.
it. The set may comprise the number of models.
iti.  The set may comprise threshold(s) used to classify samples into different
20 groups of models).

tv. The set mav comprise slope adjustments.
g Inone example, the CCP model may be adjusted before being used to update the
HT, if the current block is coded with CCLM with siope adjustments.
6. How to put a new set of information related Lo the CCP model(s) into a HT may depend
25 ont whether the HT is full.
a. Forexample, if the HT is not full, the new set mav be put to the first vacant entry
of the HT.

1. For exarople, the first vacant entry 15 the vacant entry with the smallest

index,
30 ii. For example, the {irst vacant entry 15 the vacant eniry with the largesi
mdex.

i1 After being put into the HT, the new set may be put as the last occupied

eniry in the HT.

47



|9

16

15

30

WO 2024/148103 PCT/US2024/010196

1} The fast occupied entry may be the occupied entry with the largest
mndes.
2y The iast occupied entry may be the occupied entry with the smallest
mdex.
b. Forexample, if the HT is full, one existing entry in the HT may be removed.
1. In one example, the HT may be mavaged s a First In First Oul way,
ii. The existing entry with the smallest index may be removed.
13 The updated HT may be set as: HT i]=HTli+1} for O<=t <= N-2,
and HT{N-1]= new set, wherein N is the size of HT.
it The exisung entry with the largest jndex may be rernoved.
1} The updated HT” may be set as; HT [1J=HT[1-1], for 1<=1 <= N-1,
and HT{0}= new set, wheretn N 1S the size of HT.

7. In one example, the new set may be compared with ai least one of the exisling entries in
the HT {0 determane whether to put inlo the new set and/or how {o update the HT.

8. In one exampie, if the new set 13 the same or similar to one of the existing entries in the
HT, the new set is not put into the HT. Suppose the new set 15 the same or stmilar o a
special entrv of HT

a. For example, in such a case. the special entry may be put to the first of the HT,
and the entries originally before the special entry are pushed one position
backward.

1. For example. suppose entries are HT[i] with 1 =0, 1., and the special
entry i HT]k], then the updated HT" will be as: HT'{0] = HT{k]
HT [=HT[-1] for T<=i<=k; HT[i]=HTH] for i >k

b. For example, in such a case, the special entry may be put o the end of the HT,

and the entries origmally before the spacial entry are pushed one position forward.

i. For example, suppose eniries gre HT{i] with 1 = {0, 1. | and the special

entry 13 HTIK], then the updated HT™ will be as: HT'IN-1] = HT[K],
HT[{=HTli+1] for k<=i<=N-2; HT [1]=HTii] for t <k.

O In one example, whether 1o put into the new set and/or how 1o update the HT may depend
on the coding information of the CU with the new set.

18, In one example, if the new set 13 of a CU coded with H-CCP mode, the new set is not

put imto the HT. Suppose a special entry in HT 15 used by the {U coded with H-CCP.
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a. For example, in such a case, the special entry may be put o the first of the HT,
and the entries onginally before the special entry are pushed one posilion
backward.

i For example, suppose entries are HTji} with 1 =0, 1 .| and the special
entry 15 HT[k], then the updated HT” will be as: HT'{0] = HTIkL
HT {ii=HT[i-1] for =<k HT{i[=HThH] fori >k

|9

b, For example, in such a case, the special entry may be put to the end of the HT,
and the entries originally before the special entry are pushed one position forward.
1. For example, suppose entries are HTR} with 1 =0, 1..., and the special
10 entry is HT[k], then the updated BT will be as: HT'[N-1] = HT[kL
HT [i=HTli+ 1} for k<=<=N-2; HT[1}=HT{1] for 1 <k
11 1t is proposed that an entrv of HT may include models for more than oneg chroma
components, such as Cb and Cr.
a. I an enirv 1s selected, then the models for component Ch and Cr are applied on
15 the two components respectivaly,
12, 1t is proposed that an entry of HT may include models for only one component, such as
ChorCr
a. If an entry is selected, then the model for the specific component such as Cb or
Cr is applied on the specific component.

20 b, In one example, different HT may be butlt for different components.

List mode
13 1t 15 proposed that at least one hist with CCP models may be constructed.
a. In one exampie, a chroma block may be predicted with a CCP model in the list,
with a “hst mode™.
25 b. In one example, the list L may be filled with one type of CCP models, such as
CCCM.
¢. In one exaruple, the list may be filled with mudtiple types of CCP models, such
as both CCCM and CCLM.
1. In one example, the lype of the CCP model will be stored 1 the list
30 together with the CUP model.
d. In one example, at least one syntax element (SE)Y may be signaled to indicate

whether a CCP model in the list is used.
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t. In one example, the SE may be signaled conditionally. E.g. the SE is
signaled only if a specific mode 1s used, such as CCCM or CCLM.
1y For exarople, the SE 15 signaled only if the current mode 1s CCCM
or CCLM.
2} For example, the SE is signaled only if the “list mode™ is applicabls.
e. In one example, at least one syntax elemeni (SE) may be signaled to indicaie
which eniry in the kst is used to derive the model(s) of cross-component
prediction.
1. The SE may reflect an index in the list.
Iy In one example, the SE may be set equal to f{k) where K 1s an index
and f'is a function.
2} In one example, the SE may be set equal to fik, M) where k 15 an
ndex, M 1s the nuraber of valid entries in the list and f1g g function
a} In another example, M is the size of hst
33 In one example, the SE may be set equal to K where kK is an index.
4) Inone example, the SE may be set equal to M-1-k where k 15 an mdex
and M 15 the number of vahid entries in the hist
a} In another example, M is the size of list.
f  Inoneexample, L mayv have a fixed size.
g Inone example, multiple ists mav be constructed.
i. Forexample, at least one svntax element {SE} may be signaled to indicate
which list is used.
it. In one example, the SE may be signaled conditionally. E.g. the SE is
signaled only if “list mode” ts applicable.
i1 The SE mayv be signaled only if more than one list can be selected.
h. In one example, it may be derived at encoder/decodar which list is used.
1. In one example, if the current mode 1s CCLM, a first list storing models
of CCLM and its varnants is used.
ii. In one example, if the current mode 15 CCCM. a second list storing
models of CCCM and tts vananis is used.
14, #t 15 proposed that an entry of list may include models for more than one chroma
components, such as Cb and Cr.
a. If an eniry 13 selected, then the models for component Cb and Cr are applied on

the two components respectively,
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15. It is proposed that an entry of list may include models for only one component, such as

ChorCr

a.

I an entry 18 selected. then the model for the specific component such as Cb or

Cr s applied on the specific component.

16. Mulitiple candidates may be put into the list, including.

d.

b.

oo

g2

A CCP model of an adjacent neighbouring block.

A CCP model of a non-adjacent neighbouring block,

A CCP model of a collocated block in a reference picture.
A CCP model of a reference block in g reference picture.
A CCP model 1o a history table.

A CCP model denved from non-adjacent samples.

A default CCP mode.

17 In one example, a list may be constructed by checking possible candidates in an order.

&.

d.

For example, the order may be adjacent neighbouning blocks, non-adjacent
neighbowring blocks, models 1 a history table, models derived from non-
adjacent samples.

For example. the list construction is finished if the number of candidates in the
list achieves the mavimum allowed size of the list {such as 5 or 6}

For example, the list construction is {inished if the number of candidates in the
hist achieves 1{d), where d 15 the index of the selecied candidate and fis a funchion.
For example. f{dy=d+1.

For example, default models may be put into the list if all possible candidates

have been checked the construction 1s not finished.

18, In one example, if a potential candidate is pui into the hst, i may be compared with at

east one existing candidate in the list,

a.

For exampie. the potential candidate is not put inio the list, if it is the same or
similar to the existing candidate.
I ovne example, if a potential entry of CCP mformation is put o the history-
based table, 1t may be compared with at feast one existing entries in the list.

. For example, the potential entry 1s not put inte the hist, if it 1s the same or

simalar fo an existing entry.

In one example, two CCP candidates or entries are determined NOT to be the
same if;

1. The CCP types are different.

I
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The numbers of models are different.

The thresholds are different i the CCP has multiple models.

Atleast one modetl 1g different

The luma sample offset 1s different. (maybe only appiicable if the tvpe is
CCOM or GL-CCOM or GLM or CUCM with using non-down-sampled
fuma samples’.

The sample location shifts are different. (maybe only applicable if the
type is GL-CCCM).

19. For example, CCP information of an entry in the historv-based {able or of a candidate in

a CCP candidate list may compnse:

The type of the CCP method. such as CCLM or CCCM or GLM or GLM with

d.

tuma or GL-CCCM or CCCM using non-down-sampled luma samples.

1.

it.

iit.

In one example, GLM method using different down-sampling filters may
e considered as different types.

In one example, GLM with luma method using differsnt down-sampling
filiers may be considered as different types.

In one example, the types may be CCCM, CCLM, 4 types of GLM using
different down-sampling filters, 4 types of GLM with luma using
different down-sampling filters, GL-CCCM and CCCM using non-down-
sampled luma samples.

“Not coded with CCP” (denoted as NonCP) mav also be treated as a

tvpe.

The posttion {x, v).

The nunber of models.

i

it

For example, the number of models mav be 1 or 2.
in one example, the number of models mav be considered as a part of the
CCP type. For example, CCLM and MM-CCLM may be considered as

two types.

At least one threshold to classify samples for different models.

i

~

The threshold may be used only if the number of models is at least 2.

At least one fuma sample value offset.

t.

The huma sample value offset may be added to or subtracted from a luma
sample (which may be down sampled) when it is used to derive a chroma

prediction value.
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1. The luma sample value offset may be used only for specific ty pes such ag
CCCM, GLM with luma, GL-CCCM and CCCM using non-~-down-
sample lurna sampies.

f At least one chroma sample value offset.

t. The chroma sample value offset may be added 1o or subtracted from a
chroma prediction value derived by a CCP model o generale the final
prediction.

g At least one models for at least one chroma component.

1. For example, it may nchude different models for Ch and Cr components.

i1, For example, the number of models for each component may be included
as a part of the imformation.

11, The model mav be represented by the model form of CCLM or CCCMor
GLM or GEM with luma or GL-CCCM or CCCM using non-down-
sampled luma samples.
h. At least one sample location shift denoted as {(dX, dY).

t. The chroma sample location shift may be added to or subtracted from the
sample Tocation (x, v} when it 1s used to derive the chroma prediction
value.

it. The chroma sample location shift may be used only for specific types
such as GL-CCCM.

20 For example, the CCP coding mformation of a chroma block after being coded/decodad
may be stored in the history-based table or in the CCP candidate fist.
a. In one example, the CCP coding information may be stored only if the chroma
block s coded with a CCP mode.

i In one example, the CCP coding information may be stored if the chroma
block is coded with at least one CCP mode, such as with the fusion of
chroma intra prediction mode,

Iy The siored type may be set to be the CCP type used in the fusion of
chroma indra prediction mode.
b. In one example, the CCP coding information may be stored for any chroma block.

. If the chroma block is not coded with a CCP mode, the tvpe is stored as
“NonCCP”,

¢. If the chroma block is coded with a CCP mode, the type of information may be

stored as depending on the coding mode.
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t. The type is set 1o be “CCCM™ if the mode is CCCM, or CCCM-T, or
CCOM-L, or MM-CCOM. or MM-COCM-T, or MM-CCCM-1.
it. The type 15 set 1o be "CCLM” if the rmode 15 CCLM, or CCLM-T, or
CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L.

5 i1, The type is set to be "CCLM” if the mode 15 CCLM, or CCLM-T, or
CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-CCLM-L, with
slope adjustments.

tv. Thetypeis set to be "GLM using filter X7 if the mode 1s GLM using filter
X
10 v. The type is set to be “GLM with luma using filier X7 if the mode 1s GLM
with luma using filter X
vi. Thetypeis set to be "GL-CCCM” if the mode 1s GL-CCCM.
vii. The type is set 1o be "CCCM using non-~down-sample” if the mode 1s
CCOM using non-down-sample.
15 viit. The tvpe is set to be “CCLM™ f the mode 15 the fusion of chroma intra
prediction mode.
d. The number of models may be stored as the number of models of the chroma
block.
i. For example, the number of models is set to be 2 if the mode is MM-
20 CCLM, or MM-CCLM-T, or MM-CCLM-L, or MM-CCLM., or MM-
CCLM-T, or MM-CCLM-L or any other multi-model CCP modes {such
as GEM or GL-CCCM or CCOM using non-down-samplad luma samples
with multi-models).
e. Information such as the threshold. the luma/chroma sample value offset, sample
25 location shift may be stored as the information used by the chroma block.
£ The CCP modal of one component may be stored as the model used by the
chroma block.
1. The model may be derived by any CCP method such as CCLM, or
CCLM-T, or CCLM-L, or MM-CCLM, or MM-CCLM-T, or MM-
30 CCLM-L or CCCM, or CCOM-T, or CCOM-L, or MM-CCOM, or MM-

CCCM-T, or MM-CCOM-L or GLM using different down-sampling
filters, or GLM with huma using ditferent down-sampling filters, or GL-

CCCM or CCCM using non-down-sampled huma samples,
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1. The stored model may be the {imal applied one, such as the one afler been
modiflied by the slope adjustment.

21, fo one example, when CCP information of a CCP candidate in the candidate list or of an
entry in the historv-hased table is used to generate prediction for the current block, the
CCP will be performed following the CCP information.

a. CCCM, CCLM, 4 tvpes of GLM using different down-sampling filters, 4 {ypes
of GLM with luma using different down-sampling filters, GL-CCCM and CCCM
using non-down-sampled luma samples may be applied to the current block,
based on the CCP type of the candidate.

b, Oune model or multiple models with at least one threshold may be used, based on
the mode! number and thresholds of the candidate.

¢. The luma sample value offset of the candidate may be added to or subtracted
from the luma samples (which may be down-sampled) to be put into the CCP
model.

t. The process may be only applicable if the type 1s CCCM or GL-CCCM
or GLM or CCCM with using non-down-sampled huma samples.

d. The sample location shifts mayv be added to or subiracted from the location
coordinator to be put into the CCP model.

. The process may be only applicable if the type 1s GL-CCCM.

e. How to get down-sampled huma samples may be based on the CCP type.

i. The down-sampled luma samples may be obiained following the down-
sampling method required by the CCP mode corresponding to the type.

22, In example, the prediction value generated by a CCP candidate Tist or an entry in the
history-based table mav be modified before being used o obtain the reconsiruclion
sample value.

a. In one example, an offset D mav be added to or subtracted from the pradiction
value.

b, In one example, the offset may be derived based on luma/chroma samples of a
template. which is calculated using reconstructed samples neighbouring to the
current block, known as a “template” Fig. 34A o Fig. 34 € show examples of a
template,

. In one example, the template mayv consist of reconstructed samples left to
the current block, if reconstructed samples lefl to the current block are

avatiable.
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it. In one example, the template may consist of reconsiructed samples above
io the current block, if reconsiructed samples above to the current block
are available.

it Inone example, the template may consist of reconstructed samples above

5 or left to the current block, if reconstructed samples above/left to the
current block are available,
iv. Corresponding luma samples of the template may be down-sampled with
the same manner as luma samples inside the current biock.
¢ In one exarople, if there are N models (such as two models) required by the CCP

10 type, N offsets denoted as {D°, ..., D™ may be derived for the N models.

1. Offset I¥ mav be added to or subtracted from the prediction value

generated by model 1.

d. Inone example, the CCP method indicated by the type of the CCP candidate may
be applied on the template.

15 t. Forexample, for the k-th sample of the template, Si = R~ Py 15 calcudated,
where R and Pi represent the reconstructed sample value and the
prediction value with CCP of the k-th sample. respectivelv, 1s calculated.

1) Forexample, D is calculated as the average value of {8},

2} For example, suppose the number of Spis M, D is caleulated as D =

20 sign{sum) X ((sum] + of f) » W), where sum = 311 S, and

W = {log,|suml}
ii. For example, for the k-th sample using model i of the template. 8% = Riy-

Py is calculated, where R and Py represent the reconstructed sample

value and the prediction value with CCP of the k-th sample using mode

25 i, respectively, 1 calculated

1) For example, I} is calculated as the average value of {8}

2} Forexample. suppose the number of S is M, D is calculated as D¢ =
sign{swm) X ({Jsum| +of f3 > W) . where sum = }_:f:_; st
and W = {log,|sum|}.

36 1. o one example, no division operation: is used to calculate D or DU

1) For example, a lookup table mav be used to calculate D or ',
g. For example, only specific types of CCP may apply the modifications, such as

CCLM and CMMM with multiple models.
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23. In one example, a history table of CCP information after coding/decoding a region {such
as a CU/CTU/CTU line) may be stored, known as a stored table.

a. The history table of CCP wmformation maintained for the current block (known
as an onling table) may be used together with the stored history table of CCP
information.

b, In one example, eniries in a stored table and in an on-line table may be checked
in an order 10 generate new candidates.

1. In one example, entries in the on-line iable may be checked before all
entries in the stored table.
i, In one example, entries n the stored table may be checked before all
entries in the on-line table.
1. For example, k-th entry in the stored table mav be checked after the k-th
entry in the on-line table.
iv. For example, k-th entrv in the on-line table may be checked after the k-th
entry in the stored table.
v. For example, k-th entry in the on-line table may be checked after all the
mi-th enines, in the stored table, for m=0... 8 where § 1s an inleger.
vi. For example, k-th entry in the stored table may be checked after all the
nm-th entries, in the on-line table, form = 6... S where § is an integer.
vii. For example, k-th entry in the on-line table may be checked alter all the
m-th entries, in the stored tabie. form =58, maxT, where § is an integer
and maxT is the iast entry.
viit.  For example, k-th entrv in the stored table may be checked after all the
ni-th entries, in the on-hine table, lorm =8, maxT, where S 15 an inleger
and maxT is the last entry.

¢. In one example, which stored table{s) to be used may depend on the dimension

and/or location of the current block.
1. For example, the table siored i the CTU above the current CTU may be
used.
1. For example, the table stored in the CTU lefi-above 1o the current CTU
may be used.
it For example, the table stored in the CTU right-above to the current CTU

may be used.
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d. In one example, whether to and/or how to use a stored table may depend on the
dimension and/or location of the current block.

1. In one example, whether 1o and/or bow 1o use a stored table may depend
on whether the current CU s at the top boundary of a CTU and the above
neighbouring CTU is avatiable.

I}y For example, a stored table may be used only if the current CU 15 at
the top boundary of a CTU and the above neighbouring CTU is
available.

2y Forexample, at least one entry 1n a stored table may be put {0 a more
forward position 1f the curvent CU is af the top boundary of a CTU
and the above neighbouring CTU is available.

e. In one example, entries in two stored tables may be checked 1n an order to
generate new candidates.

1. For example, a first {or a second) siored table may be stored in the CTU
above the carrent CTU may be used.

it. For example, a fivst {or a second} stored table may be stored in the CTU
lefi-above to the current CTU mav be used.

i1, For example, a first (or a second} stored table may be stored in the CTU

right-above 1o the cwrrent CTU may be used.

General claims

24 A svatax element disclosed above mav be binanzed as a flag, a fixed length code, an
EGI(X) code. a unary code. a truncated unarv code. a truncated binary code, etc. It can be
signed or unsigned.

25. A syntax element disclosed above may be coded with at least one context model. Or it
may be bypass coded.

26. A syntax element disclosed above may be signaled in a conditional way.

a. The SE is signaled only if the corresponding function is apphicable.,
h. The SE is signaled only 1f the dimensions (width and/or height) of the block
satisly a condition.

27. A syntax element disclosed above may be signaled at block level/ sequence level/group
of pictures level/picture tevel/shice level/tile group level, such as m coding structures of
CTU/CUTU/PU/CTR/CB/TB/PB, or sequence header/picture
header/SPS/VPS/DPS/DCEPPS/APS/slice header/tile group header.
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28. Whether to and/or how to apply the disciosed methods above may be signalled at block
fevel/ sequence level/group of pictures level/picture level/slice level/lile group level,
such as 1o coding structures of CTU/CU/TUPU/CTR/CB/THR/PB, or sequence
header/picture header/SPS/VPR/DPS/DCI/PPS/APS/slice header/tile group header.

29. Whether to and/or how to apply the disclosed methods above may be dependent on coded
information, such as block size, color format, single/dual tree partitioning, color
component, slice/picture tvpe.

30. The proposed methods disclosed in this document may be used in other coding tools

which require chroma fusion.

{08991 Fig. 35 illustrates a flowchart of a method 3500 for video processing m
accordance with embodiments of the present disclosure. The method 3500 15 implemented
during a conversion between a current video block of a video and a bitstream of the vides.
In some embodiments, the conversion may include sucoding the current video block into
the bitstream.  Altematively, or in addition, the conversion may include decoding the

current video block from the bitstream.

[0300] At block 3510, a hst of component prediction (CCP) model candidates is
determined. At block 3520, a target CCP model 1s determined for the current videso block
based on the list of CCP model candidates. At block 3538, the conversion is performed
based on the target CCP model.  In construction of the hist of CCPF model candidates,
whether a further candidate or a further entry of CCP information is to be added into the
listis based on al igast one of: a first comparison between an existing candidate in the list
and the further candidate, or a second comparison between an exisiing entry of CCP

information in the list and the further entry.

{0101} The method 3500 enables determining the list of CCP model candidates based
on the comparison between a further candidate and an existing candidate. In this way, the

coding efficiency and coding effectiveness can be improved.

{01021 In some embodiments, if a difference between the further candidate and the
existing candudate 15 less than or equal to a threshold or if the further candidate and the
existing candidate are the same, the further candidate 13 not added into the list. In one
example, if a potential candidate is put into the list, it may be compared with at least one
existing candidate in the Hst. For example, the potential candidate is not pul into the list,

i{ 11 15 the same or similar to the existing candidate.
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{01031 In some embodiments, the further candidate is different from the existing
candidate based on at least one of: a CCP type of the {urther candidate being different
from a CCP tvpe of the existing candidate, the number of CCP models in the further
candidate being different from the number of CCP models in the existing candidate, at
least one first threshold for a group of CCP models in the further candidate being different
from at least one second threshold for & group of CCP models in the existing candidate,
at least one model in the further candidate being different at {east one medel in the existing
candidate. a luma sample offset of the further candidate being different from a luma
sample offset of the existing candidate, or a sample location shift of the further candidate

being dilferent frorn a sarnple location shift of the existing candidate.

{0104} Io some embodiments, the further candidate 1s different from the existing
candidate based on a luma sample offset of the further candidate being different from a
juma sampie offset of the existing candidate, and wherein a CCP type of the further
candidate comprises at least one of: a convolutional cross~component model (CCCM), a
gradient and location based convelutional cross-component moedel (GL-CCCM), a

gradient linear model (GLM ), or a CCCM with non-down-sampled luma samples.

I0305)  In some embodiments, the further candidate 1s different from the existing
candidate based on a sample focation shift of the further candidate being different from a
sample location shift of the existing candidate, and wheremw a CCP type of the further
candidate comprises a gradieni and location based convolutional cross-component model

(GL-CCCM).

{0106] In some embodiments, if a difference between the further entry and the existing
eniry 13 less than or equal 1o a threshold of if the further entrv and the existing entrv are
the same, the {urther entry 1s not added into the hist. In one example, if a potential entry
of CCP information is put inio the historv-based table, it may be compared with at {east
one existing entries in the list. For example, the potential entry is not put into the list, if

it i3 the same or similar 10 ap existing entry.

{0107]  Insowe embodiments, the further entry is different {rom the existing entry based
on at least one of: a CCP type of the further entry being different from a CCP tvpe of the
existing entry, the number of CCP models in the further entry being different from the
number of CCP models in the existing entry, at least one first threshold for a group of

CCP models in the further entry being different from at least one second threshold for a

60
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group of CCP models in the existing enfry, at feast one model in the further entry being
different at least one model in the existing entry, 4 luma sample of{set of the urther entry
being dufferent from a luma sample offset of the existing entrv, or a sample location shifi

of the further entry heing different from a sample location shift of the existing entry.

{0108] In some embodiments, the further entry 1s different from the existing entry basead
on a luma sample offset of the further entry being different from a luoma samplie offset of
the existing entry, and wherein a CCP {vpe of the further entry comprises at least one of
a convolutional cross-component maodel (CCCM), a gradiert and location based
convolutional cross-component model (GL-CCCM). a a gradient linear model (GLM}). or

a CCCM with non-down-sampled luma samples.

[0309]  In some embodiments, the further entry 15 different from the existing entry based
on a sample location shift of the further entry being different {rom a sample location shift
of the existing entrv, and wherein a CCP type of the further entrv comprises a gradient

and location based convolutional cross-component model (GL-CCCM).

{0110] According to further embodiments of the present disclosure, a non-transitory
compuier-readable recording medium 18 provided. The non-transiiory computer-readable
recording medium stores a bitsiream of a video which is generated by a method performed
by an apparatus for video processing. In the method, a list of component prediction (CCP)
model candidates is determined. A target CCP model is determined for a current video
block of the video based on the list of CCP model candidates. The bitstream is generated
hased on the target CCP model. Whether a further candidate or a further entry of CCP
information 1s 1o be added into the list 1s based on at least one of a first comparison
beitween an gxisting candidate 1o the hist and the further candidate, or a second comparison

etween an existing entry of CCP information 1 the list and the further entry .

[0111]  According to still further embodiments of the present disclosure, a method for
storing bitstream of a video s provided. In the method, a list of component prediction
{CCP) model candidates 1s determined. A target CCP model is determined for a current
video block of the video based on the list of CCP model candidates. The bitstream 13
generated based on the target CCP model. Whether a further candidate or a further entry
of CCP information is to be added into the list is based on at least one of a first
comparison between an existing candidate in the list and the further candidate, or asecond

comparison between an existing entry of CCP information i the list and the Rurther entry.
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The bitsiream is stored in a non-transitory computer-readable recording medium.

j03112] Fig 36 illustrates a flowchart of a method 3600 for video processing in
accordance with embodiments of the present disclosure. The method 3600 i1s implemented
during a conversion between a current video block of a video and a busiream of the video.
in soma embodiments, the conversion may include encoding the current video block inio
the bitstream. Altematively, or in addition, the conversion may include decoding the

current video block from the biistream.

[0313]  Atblock 3610, a history table of cross component prediction {CCPymodels or a

list of CCP ruodel candidaies 1s determined.

{0314] At block 3620, a target CCP model for the current video block 15 determined

based on the history table or the list.
[0315] At block 3630, the conversion 1s performed based on the target CCP model.

{0116] The method 3600 euables using the CCP model n the lstory table or the
candidate list. In this way, the CCP model may need not to be trained using neighboring

samples. Thus, the coding effectiveness and coding efficiency can be improved.

{0117 In some embodiments, CCP information of an entrv in the history table or a
candidate in the list comprises at least one oft a tvpe of CCP model, a position associated
with a CCP model, the number of CCP models, at least one threshold to classify samples
for different CCP models, at least one luma sample value offset. at least ong chroma
sample value offset, at lsast one model for at least one chroma component, or at least one

saraple location shift.

{0318]  In some embodiments, the tvpe of CCP model comprises at least one of a cross-
component linear model {CCLM), a convolutional cross-component model (CCCM), a
gradient linear model {(GLM)}, a GLM with luma, a gradient and locaiion based
convolutional cross-component model (GL-CCCM), or a CCCM with non-down-sampled

furna samples.

{0118]  In some embodiments, the {vpe of GLM comprises a plurality of tvpes of GLM

using a plurality of down-sampling filters.

{0820] In some embodiments, the type of GLM with luma comprises a plurality of types

of GLM with luma using a plurality of down-sampling filters.
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{01211  In some embodiments, the type of CCP model comprises CCCM, CCLM, 4 types
of GLM using a plurality of down-sampling Blters, 4 types of GLM with luma using a
pluraiily of down-~sampling filters, GL-CCCM and CCCM using non-~down-sampled fuma

samples.
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{0122] In some embodiments, the tvpe of CCP model comprises a Non{lCP tvpe, 1o the

Non{U P type, the current video block 1s not coded with CCP.
{08231  In some embodiments, the number of CUP models comprises 1 or 2.

{0124] In some embodiments, the number of CCP models is a part of the type of CCP

model.

10 [8125] In some embodiments. a cross-component linear model (CCLM) and a mulii-

model CCLM (MM-CCLM) are two tvpes of CCP models.

{0126] In some embodiments, if the number of CCP models 15 at least 2, the at feast one

threshold 15 used.

{0127]  In some embodiments, the method 3600 further compnises: determining a luma
15  samaple of the current video block, and determining a chroma prediction value of the
current video block based on the huma sample and the at least one luma sample value
offset. For example, the at least one luma sample value offset may be added to the luma

sample or be subiracted from the luma sample.
{0128] In some embodiments, the luma sample s down sampled.

20 {0129] v some embodiments, the at least one luma sample value offset 15 applied for at
least one of: atype of convolutional cross-component model (CCCM), a type of gradient
liear model (GLM} with luma, a gradient and location based convolutional cross-

component model (GL-CCCM), or a CCCM with non~-down-sampled luma samples.

[0130] In some embodiments, the method 3600 further comprises: determining a
25 chroma prediction value of the current video block; and deternuming a prediction of the
current video block based on the chroma prediction value and the al least one chroma
sample value offset. For example, the at [east one chroma sampie value offsgt may be

added 1o the chroma prediction value or be subiracted from the chroma prediction value.

{01311 In some embodiments, the chroma prediction value is determined based on the

30 at least one sample location shift and a sample location.
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{08321 In some embodiments, the at least one sample location shift comprises a chroma
sample location shifl, and the chroma sample location shifl is used for a predelined type

of CCP model

{01331  In some embodiments. the predefined type of CCP model comprises a gradient

and location based convolutional cross-component model (GL-CCCM),

{0134] In some embodiments, the at least one model for at least one chroma component
comprises a first model for a first chroma component and a second model for a second

chroma Component.

[03135] In some embodiments, the number of models for a color component i3 ingluded

as a part of CCP mmformation,

[0136]  Insome embodiments, a model for a color component comprises at least one off
a cross-component hoear model {(CCLM), a convolutional cross-component model
{CCOM3, a gradient linear model (GLM), a GLM with hima, a gradient and location based
convolutional cross-component model (GL-CCCM), or a CCCM with non-down-sampled

furna samples.

{01371 In some embodiments, CCP coding information of a chroma block being coded
is stored in the history table of CCP models or the list of CCP model candidates.

{0138] In some embodiments, if the chroma block is not coded with a CCP mode, the
stored CCP coding information comprises a type of NonCCP.

i0839]  In some embodiments, if the chroma block is coded with at least one CCP mode,
the CCP coding information is siored in the history table of CCP models or the list of CCP
model candidates.

{0346}  In some embodiments, the at least one CCP mode comprises a fusion of chroma
intra prediction mode.

{0341} In some embodiments, the stored CCP coding information comprises atyvpe of a
CCP type used in the fusion of chroma intra prediction mode.

103421  In some embodiments, the CCP coding information comprises a tvpe of CCP
model, the type of CCP model being determined based on a coding mode of the chroma
block.

[0¥43]  In some embodiments, the type of CCP model is convolutional crogs-component
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model (CCCM) based on the coding mode comprising at least one of) a CCCM, a CCUM-
L based on top neighboring samples of the current video block (CCCM-T), a CCCM-T
based on left neighboring samples of the current video block {CCCM-L), a multi-model
based CCCM (MM-CCCM), a multi-model based CCCM-T (MM-CCCM-T), or a multi-
model based CCCM-L (MM-CCCM-L).

[0844]  In some smbodiments, the type of CCP model is cross-component linear model
{CCLM) based on the coding mode comprising at least one of. a CCLM, a CCLM based
ou top neighboring samples of the current video block (CCLM-T), a CCLM based on left
neighboring samples of the current video block {(CCLM-L), a multi-model based CCLM
(MM-CCLM)}, a multi-model based CCLM-T (MM-CCUM-T), multi-mode] based
CCLM-L (MM-CCCM-L), or a gradieni linear model (GLM).

[0145]  In some embodiments, the tvpe of CCP model 1s CCLM further based on the

coding mode comprising a CCLM with slope adjustment.

{0146] In some embodiments. the tvpe of CCP model s CCLM further based on the

coding mode comprising a fusion of chroma intra prediction mode.

{0147]  In some embodiments, the type of CCP model 15 gradient linear model {(GLM)

using a first filter based on the coding mode comprising GLM using the first filter.

[0848]  In some embodiments, the type of CCP model 15 gradient inear model (GLM)
with luma using a {irst filter based on the coding weode comprising GLM with luma using

the first filter.

{0349]  In some embodiments, the tvpe of CCP model s gradient and location based
convolutional cross-component model (GL-CCCM) based on the coding mode comprising

GL-CCCOM.

[0¥50] In some embodiments, the type of CCP model 1s convolutional cross-component
model (CCCM) using non-down-sample based on the coding mode comprising CCCM

using non~down-sample.

{0151} In some embodiments, the CCP coding information of the chroma block

comprises the number of models of the chroma block.

{01582]  In some embodiments, if a coding mode of the chroma biock comprises a multi-

model CCP mode, the number of models 15 2.
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{01531 In some embodiments, the multi-model CCP mode comprises at least one of g
multi-model based cross~-componeni linear model (CCLEM) (MM-CCLM), a MM-CCLM
based on top neighboring samples of the current video block (MM-CCLM-T), a MM-

CCLM based on left neighboring samples of the current video block (MM-CCLM-L), a
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multi-model based conveolutional cross-component model (CCCM)Y (MM-CCCM), a MM-
CCCM based on top neighboring samples of the current video block (MM-CCCM-T), a
MM-CCCM based on feft neighboring samples of the current video block (MM-CCCM-
L. a gradient linear model (GLM), a gradient and focation based convolutional cross-
component model {GL-CCCM), or a CCUM using non-down~-sampled huma samples with

10 multi-models.

{0154] In some embodiments, the CCP coding information of the chroma block
comprises at feast one ofl a threshold for classifving sarmples for a pluralitv of CCP models,

a luma sample value offset, a chroma sample value offset, a sampie location shift.

[0§85] In some embodiments, the CCP coding formation of the chroma block

15 comprises a CCP model of a color component.

[0886] In some embodiments, the CCP model comprises at least one of a crosgs-
component linear model (CCLM), a CCLM based on top neighbonng samples of the
current video block (CCLM-T}, a CCLM based on left neighboring samples of the current
video block (CCLM-L). a multi-model based CCLM (MM-CCLM). a mulit-model based
20 CCLM-T (MM-CCCM-T), a wmulti-model based CCLM-L (MM-CCCM-L}, 2
convolutional cross-component model (CCCM), a CCCM-L based on top neighboring
samples of the current video block (UCCM-T), a CCCM-T based on left neighboring
samples of the current video block (CCCM-L}, a multi-model based CCCM (MM-CCCM]},
a multi-model based CCCM-T (MM-CCOM-T), or a multi-model based CCCM-L (MM-
25  CCCM-L). a gradient linear model (GLM) using a plurality of down-sampling filters, a
gradient and location based convelutional cross-component model (GL-CCCM), or a

CCCM uvsing non-down-sampled tuma samples.

{0187]  Insowe embodiments, the CCP model 15 awodel after being modified by a slope

adjustment.

30 [0I88]  According o further embodiments of the present disclosure, a non-transitory
computer-readable recording medium is provided. The non-transitory computer-readable

recording medium stores a bitstream of a video which is generated by a method performed
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by an apparatus for video processing. In the method, a history table of cross component
prediction {CCP) models or a list of CCP model candidates 1s determined. A target CCP
model for a current video block of the video 15 determined based on the history table or

the list. The bitstream is generated based on the target CCP model.

{0189]  According to still further embodiments of the present disclosure, a method for
storing bitsiream of a video is provided. In the method, a history table of cross component
prediction (CCP) models or a list of CCP model candidates is determined. A target CCP
model for a current video block of the video 1s determuned based on the history table or
the list. The bitstream is generated based on the target CCP model. The bitstream is stored

in a non-iransitory computer-readable recording medium,

[0168] In some embodiments, a svntax element in the bitstream is binarizad as at least
one of: a flag, a fixed length code, an exponential Golomb(x) {EG{x)) code, a unary code,
a truncated unarv code, or a truncated binary code, the syntax element comprising an

indication or a flag. In some embodiments, the syvntax element is signed or unsigned.

[0861]  In some embodiments, a syntax element in the bilstream is coded with at lsast

one context model, or bypass coded, the syntax element comprising an indication or a flag.

[0862] In some smbodiments, the syntax element is included in the bitstream based on

a condition that a function associated with the syniax element is applicable.

[0163] In some embodiments, the syntax element 1s at at least one of: a block Ievel, a

seguence level, a group of pictures level, a picture level, a slice level, or g tile group level

{0164] In some embodiments. the syuntax element s in at least one of the following
coding structures: a coding tree unit {CTU), a coding unit (CU), a transform unit {TU), a
prediction unit (PU), a coding treg block (CTB), a coding block (CB), a transform block
(T8}, a prediction block (PB), a sequence header, a picture header, a sequence parameter
set {(SPS). a Video Parameler Set (VPS), a decoded parameter set {(DPS). Decoding
Capability Information (BCI), a Picture Parameter Set {PPS), an Adaptation Parameter

Set {APS), a slice header or a tile group header.

[0165] In some embodiments, information regarding whether to and/or how o apply the

method 3500 and/or the method 3600 is included in the bitsiream.

[0166] In some embodiments, the mmformation 15 indicaied at one ofl a sequence level,

a group of prctures level, a picture level, a shice level or a tile group level
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{01671 In some embodiments, the information is indicated in at least one of the
following coding structures: a coding iree unit (CTU), a coding unit (CU), a transform
unit {TU). a prediction unit (PU), a coding free block (7B} a coding block {(CB), a
transform block {TB), a prediction block (PB), a sequence header, a picture header, a
seguence parameter set {(S8PR), a Video Parameter Set (VPS), a decoded parameier set
(DPS), Decoding Capability Information (I3CI), a Picture Parameter Set {(PPS), an

Adaptation Parameter Set {APS), a slice header or atile group header.

i03168]  In some embodiments, the information s based on coded wformation. By way
of example, the coded information comprises at least one of’ a block size. a color format,

a single or dual tres partitioning, a color component, a shice type, or a picture (ype.

{01691 In some embodiments, the method 3500 and/or the method 3600 is used in a

coding tool requining a chroma fusion.

101781 It is to be undersiood thal the method 3500 and/or the method 3600 can be
apphied separately, or in any combination. With the method 3500 and/or the method 3600,

the coding effectiveness and/or the coding efficiency can be improved.

{01711  Implementations of the present disclosure can be described in view of the

following clauses, the features of which can be combined in any reasonable manner.

{08721 Clawse 1. A method for video processing, comprising. determining, for a
conversion between a current video block of a video and a bitstream of the video, a hst of
component prediction {CCP)Y model candidates; determining a target CCP model for the
current video block based on the list of CCP model candidates; and performing the
conversion based on the target CCP model, wherein whether a further candidate or a
further entry of CCP information is to be added wnto the list 1s based on at least one ofh a
first comparison between an existing candidate in the list and the further candidate, or a
second comparison between an existing entry of CCP information in the list and the further
Sniry.

{03731 Clause 2. The method of clause 1, wherein if a difference between the further
candidate and the existing candidate 1s less than or equal to a threshold or 1f the further
candidate and the existing candidate are the same, the further candidate is not added into

the list.

108741 (lause 3. The method of clause 2, wherein the further candidate is different from
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the existing candidate based on ai least one oft a CCP type of the further candidate being
different from a CCP type of the existing candidate, the number of CCP models in the
further candidate being different from the number of CCP models 1n the existing candidate,

at least one first threshold for a group of CCP models 1o the further candidate being

|9

different from at least one second threshold for a group of CCP models m the existing
candidate, ai least one model 10 the {urther candidate being different at least one model in
the existing candidate, a luma sample offset of the further candidate being different from
a luma sample offset of the exasting candidate, or a sample location shift of the further

candidate being different from a sample location shift of the existing candidate.

10 [8375] (lause 4. The method of clause 3, wherein the further candidate i different from
the existing candidaie based on a luma sample offset of the further candidate being
different from a luma sample offset of the existing candidate. and wherein a CCP type of
the further candidate comprises at least one oft a convolutional cross-component model
{CCCM), a gradient and location based convolutional cross-component model (GL-

15 CCCM), a gradient linear model {GLM), or a CCCM with non-down-sampled luma

sarmaples.

10876] Clause 5. The method of clause 3. wherein the further candidate 1s different from
the existing candidate based on a sample location shift of the further candidate being
different {rom a sample Jocation shift of the existing candidate, and wherein a CCP tvpe
20 of the further candidate comprises a gradient and location based convolutional cross-

component model (GL-CCCM).

108771 Clause 6. The method of any of clauses 1-5, wherein if a difference between the
further entry and the existing entrv 13 less than or equal to a threshold of if the further

eniry and the existing enirv are the same, the further entry 1s not added into the Hist.

o)
N

{01781 Clause 7. The method of clause 6, wherein the further entry is different from the
existing eniry based ou at least one off a CCP type of the further entry being different
from a CCP tvpe of the existing entry, the number of CUP models in the further entry
being different from the number of CCP models in the existing entry, at least one first
threshold for a group of CCP models in the further entry being different from at teast one
30 second threshold for a group of CCP models in the existing entry. at least ons model 1n
the further entry being different at least one model in the existing entry, a luma sample

offset of the further entry being ditferent from a luma sample offset of the existing entry,

oY
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or a sample location shift of the further entry being different from a sample location shift

of the existing eniry.

101791  Clause 8. The method of clause 7, wherein the further entry is different from the
existing entry based on a luma saraple offset of the further entry being different from a
iuma sample offset of the existing entrv, and wherein a CCP tvpe of the further entry
comprises at least one oft a convolutional cross-component model (CCCM), a gradient
and location based convolutional cross-component model (GL-CCCM), a a gradieni linear

model {GLM). or a CCCM with non-down-sampled luma samples.

{0188 Clause 9. The method of clause 7, wheremn the further entry 1s different from the
existing eniry based on a sample location shift of the further entry being different from a
sample location shift of the existing entry, and wherein a CCP type of the further entry
compnses g gradienl and location based convolutional cross-component model (GL-

CCCM).

{01811 Clause 10, A method for video processing, comprising determining, for a
conversion between a current video block of a video and a bitstream of the video, a history
table of cross component prediction (CCP) models or a list of CCP model candidates;
determning a target CCP model for the current video block based on the history table or

the list; and performing the conversion based on the target CCP model.

{0382 Clause 11 The method of clause 10. wherein CCP information of an entry in the
hisiory table or a candidate in the list comprises at feast one oft a type of CCP model, a
position agsociated with a CCP model, the number of CCP models, at least one threshold
to classify samples for different CCP models, ai least one luma sample value offset, at
feast one chroma sample value offset, at least one model for at least one chroma

component, or at least one sample location shift.

{08831 Clause 12. The method of clause 11, wherein the type of CCP model comprises
at feast one of a cross-component linear model (CCLM}, a convolutional cross-
component model {CCCM}, a gradient hinear moodel (GLM), a GLM with luma, a gradient
and location based convolutional cross-component model {GL-CCCM), or a CCCM with

non~-down-sampled fuma samples.

{03841 (Clause 13. The method of clause 12, wheremn the type of GLM comprises a

plurality of types of GLM using a phluralitv of down-sampling filters.
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{08851 Clause 14 The methoed of clause 12, wherein the tvpe of GLM with luma
comprises a plurality of types of GLM with luma using a plurality of down-sampling

filters.

{0186] Clause 13, The method of clause 12, wherein the type of CCPF model comprises

v 4

CCCM, CCLM, 4 tvpes of GLM using a plurality of down-sampling filters, 4 types of
GLM with fuma using a plurality of down-sampling filters, GL-CCCM and CCCM using

non-down-sampled luma samples.

[0187] Clause 16, The method of any of clauses 11-13, wherein the type of CCP mode
comprises a Nonl'CP tvpe. n the NoanCCP tvpe, the current video block 1s not coded with
10 CCp.

{0388] (Clause 17 The method of anv of clauses 11-16, wherein the number of CCP

models comprises 1 or 2.

{01891 Clause 18 The method of any of clauses 11-17, wherein the number of CCP

models is a part of the type of CCP model

15 {01%8] C(lause 19 The method of anv of clavses 11-18, wherein a cross-component
finear wodel (CCLM) and a mulii-model CCLM (MM-CCLM) are two types of CCP

models.

{0891}  Clause 20 The method of anv of clauses 11-19, wherein if the number of CCP

models is at least 2, the at f=ast one threshold 15 used.

20 [0192] Clause Z1. The method of any of clauses 11-20. further comprising: determining
a luma sample of the current video block, and determining a chroma prediction value of
the current video block based on the luma sample and the at Jeast one luma sample value

offset.

[0193] Clause 22 The method of clause 21, wherein the luma sample 1s down sampled.
25 j0194] Clause 23, The method of any of clauses 11-22, wherein the at least one luma

sample value offset is applied for at least one of. a type of convolutional cross-component

model (CCCM), a tvpe of gradient linear model (GLM) with luma, a gradient and focation

based convolutional cross~-component model (GL-CCCM), or a CCCM with non-down-

sampled luma samples.

30 [9195)  Clause 24, The method of any of clauses 11-23, further comprising: determining

~J3
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a chroma prediction value of the current video block; and determining a prediction of the
current video block based on the chroma prediction value and the al least one chroma

sample value offset.

{0196] Clause 235, The method of clause 24, wherein the chroma prediction value 1s

determinad based on the at least one sample location shift and a sample location.

{0197]  Clause 26, The method of clause 25, wherein the at least one sample location
shift comprises a chroma sample location shift, and the chroma sample location shift is

used for a predefined tyvpe of CCP model,

[8198] (lause 27. The method of ¢lause 26, wherein the predefined type of CCP modesl
comprises a gradient and location based convolubional cross-component model (GL-
CCOM).

[0199]  Clause 28, The method of any of clauses 11-27, wherein the at least one model
for at least one chroma component comprises a first modei for a first chroma component

and a second model for a second chroma component.

[0200] Clause 29 The method of any of clauses 11-28, wherein the vurber of models

for a color component is included as a part of CCP mformation.

{0201] Clause 30. The method of clause 28 or 29, wherein a model for a color
component comprises at least ong oft a cross-component linear model (CCLM). a
convolutional cross-component model (CCUM), a gradient linear model {GLM}, 3 GLM
with luma. a gradient and location based convolulional cross-component model (GL-

CCCM), ot a CCCM with non-down-sampled uma samples.

[0202]  Clause 31 The method of any of clausesi0-340, wherein CCP coding information
of a chroma block being coded is storad in the history table of CCP models or the list of

CCP model candidates.

10203}  Clause 32. The method of clause 31, wherein if the chroma block is not coded

with a CCP mode, the stored CCP coding information comprises a type of NonCCP.

{0204 {(lause 33. The method of clause 31, wherein if the chroma block is coded with
at least one CCP mode, the CCP coding information is stored 1o the history table of CCP

models or the list of CCP model candidates.

10208)  Clause 34 The meothod of clause 33, wherein the at least one CCP mode
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comprises a fusion of chroma intra prediction mode.

{0206} Clause 35 The method of clause 34, wherein the stored CCP coding information

comprises a type of a CCP type used in the fusion of chroma ntra prediction mode.

1020671  Clause 36. The method of clause 33, wherein the CCP coding information
comprises a tvpe of CCP model, the type of CCP model being determined based on a

coding mode of the chroma block.

{0208] Clause 37. The method of clause 36, wherein the type of CCP model 1s
convolutional cross-component model (CCCM) based on the coding mode comprising at
least oune oft a CCCM, a CCOM-L based on top neighboring samples of the current video
block (CCCM-T}, a CCOM-T based on left neighboring samples of the current video block
(CCOM-L), a multi-model based CCCM (MM-CCCM}, a multi-model based CCCM-T
{(MM-CCCM-T), or a multi-model based CCCM-L (MM-CCCM-L).

{02091 Clause 38. The method of clause 36, wherein the type of CCP model s cross-
component linear model (CCLM) based on the coding mode comprising at fgast one oft a
CCLM, a CCLM based on top neighboring sarmples of the current video block (CCLM-
1), a CCLM based on left neighborig samples of the current video block (CCLM-L), a
multi-model based CCLM (MM-CCLM), a multi-model based CCLM-T (MM-CCCM-T),
multi-model based CCLM-L (MM-CUCM-L}, or a gradient linear model {GLM).

[0210] Clause 39, The method of clause 38, wherein the type of CCP model is CCLM

turther based on the coding mode comprising a CCLM with slope adjustment.

{0211] Clause 40. The method of clause 38, wherein the tvpe of CCP model is CCLM

further based on the coding mode comprising a fusion of chroma intra prediction mode.

{0212} Clause 41, The method of clause 36, wherein the type of CCP model is gradient
linear model (GLM) using a first filter based on the coding mode comprising GLM using

the first filter.

{02131 Clause 42, The method of clause 36, wherein the tvpe of CCP model is gradient
linear model (GLM) with luma using a first filter based on the coding mode comprising

GLM with luma using the first filter.

{0214] Clause 43. The method of clause 36, wherein the tvpe of CCP model is gradient

and location based convolutional cross-component model (GL-CCCM) based on the
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coding mode comprising GL-CCCM.

j0215) Clause 44, The method of clause 36, wherein the type of CCP model is
convolutional cross-component model (CCCM) using non-down-sample based on the

coding mode comprising CCCM using non-down-sample,

5 [0216] C(lause 45 The method of any of c¢lauses 31-44, wherein the CCP coding

information of the chroma block comprises the number of models of the chroma block.

{02171 Clause 46. The method of clause 45, wherein if a coding mode of the chroma

block comprises a multi-model CCP mode, the number of models is 2.

i0218) Clause 47, The method of clause 46. wherein the multi-model CCP mode
1 comprises at least one of: a multi-model based cross-component linear model (CULM)
(MM-CCLM), a MM-CCLM based on top neighboring samples of the current video block
(MM-CCLM-TY, a MM-CCLM based on left neighboring samples of the current video
block (MM-CCLM-L}, a multi-model based convolutional cross-component model
{CCOM)Y (MM-CCCM), & MM-CCCM based on top neighboring samples of the current
15 wvideo block (MM-CCCM-T), a MM-CCCM based on ieft neighboring samples of the
current video block (MM-CCCM-L), a gradient linear model {GLM)}, a gradient and
location based convolutional cross-component modsl (GL-CCCM;3, or a CCCM using

non-down-sampled huma samples with multi-models.

[0219] Clause 48. The method of any of clauses 31-47, wherein the CCP coding
20 mtormation of the chroma block comprises at least one ofr a threshold for classifving
samples for a plurality of CCP models. a luma sample value offset, a chroma sample value

offset, a sample location shift.

[0228] (lause 49 The method of any of clauses 31-48, wherein the CCP coding

information of the chroma block comprises a CCP wodel of a color component.

25 §022%1] Classe 50. The method of clanse 49, wherein the CCP model comprises at least
one of a cross-component linear model (CCLM), a CCLM based on top neighbornng
samples of the current video block ({CCLM-T}, a CCLM based on lefi neighboring samples
of the current video block ({CCLM-L), a mulii-model based CCLM (MM-CCLM), a multi-
model based CCLM-T (MM-CCCM-T). a mudti-model based CCLM-L (MM-CCCM-1},

3¢ a convolutional cross-component model {CCCM), a CCCM-L based on fop neighboring

samples of the current video block (CCCM-T), a CCCM-T based on left neighboring



|9

16

30

WO 2024/148103 PCT/US2024/010196

samples of the current video biock {CCCM-L}Y, a multt-model based CCCM (MM-CCCM),
a multi-model based CCCM-T (MM-CCCM-T), or a multi-model based CCCM-L (MM-
CCCM-L). a gradient linear model (GLM) using a plurality of down-~-sampling {ilters, a
gradient and location based convolutional cross-component model (GL-CCUM), or a

{CCCM using non-down-sampled luma samples.

02221  Clawse 51, The method of clause 49 or 50, wherein the CCP model is a model

after being modified by a slope adjustment.

[0223] Clause 52, The method of any of clauses 1-51, wherein a syntax element in the
bitstream 1s binarized as at least one oft a flag. a fixed length code. an exponential
Golomb{x) (EG(x)) code, a unary code, atruncated unary code, or a truncated binary code,

the svntax eiement comprising an indication or a flag.

102241 Clause 53, The method of clause 52, wherein the syniax element is signed or

unsigned.

102258]  Clause 54, The method of any of ¢lanses 1-53, wherein a syntax element in the
bitstream 15 coded with at least one coniext model, or bypass coded, the syntax element

comprising an indication or a flag.

{0226] Clause 55 The method of anv of clauses 32-34, wherein the svntax element is
included in the bitstream based on a condition that a function associated with the svntax

element 1s applicable.

{0227 Clause 56. The method of any of clauses 53255, wherein the syntax glement is
at at least ons of a block level, a sequence level, a group of pictures level, a picture level,

a slice level, or a tile group level

{0228] Clause 57. The method of anv of clauses 52-56, wherein the svntax element is
in at feast one of the following coding structures: a coding tree unit (CTU), a coding unit
{(CU), a ransform unit (TU), a prediction unit {PU), a coding tree block (CTR), a coding
block (CB), a transform block {(T8), a prediction block (PB), a sequence header, a picture
header. a sequence parameter set (SPS) a Video Parameter Set (VPS) a decoded
parameter set (DPS), Decoding Capability Information (BCY), a Picture Parameier Set

{PPS}, an Adaptlation Parameter Sct {APS), a slice header or a tile group header.
[0229]  Clause 58 The method of any of clauses 1-537, wherein information regarding
whether to and/or how 1o apply the method 15 included s the bitstream.

75
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{02301 Clause 59. The method of clause 58, wherein the information is indicated at one
of: asequence level, a group of pictures level, a picture fevel, a shice level or a tile group

level.

{0231] Clause 60. The method of clause 58 or 59, wherein the mformation 1s indicated
in at teast one of the following coding structures: a coding tree unit ({C'TU), a coding unit
(€U}, a transform unit {TU), a prediction unil (PU), a coding tres block (CTB), a coding
block (CB), a transform block {(TB), a prediction block (PB). a sequence header, a picture
header, a seguence parameter set {SPS), a Video Parameter Set (VPS), a decoded
parameter set (DP8). Decoding Capability Information (DCD, a Picture Parameter Set

(PPR), an Adapiation Parameter Set (APS), aslice header or a tile group header.

102321 Clause 61. The method of any of clauses 58-60, wherein the information is based

on coded mformation.

102331 Clause 62. The method of clause 61, wherein the coded information comprises
at least one of: a block size, a color format, a single or dual tree partitioning, a color

component, a slice type, or a picture type.

{06234] Clause 63, The method of any of clauses 1-62, wherein the method s used n a

coding tool requiring a chroma fusion.

[0235]  Clause 64. The method of any of ¢lanses 1-63, wherein the conversion includes

encoding the current video block into the bitstream.

[0236] Clause 65. The method of any of c¢lauses 1-63, wherein the conversion includes

decoding the current video block from the bitsiream

{0237] Clause 66 An apparatus for video processing comprising a processor and a non-
transitory memory with instructions thereon, wherein the instructions upon exacution by
the processor, cause the processor to perform a method in accordance with any of clauses

F-63.

[0238] C(Clause 67. A non-transitory computer-readable storage medium storing
nsiructions that cause a processor {o perform a method in accordance with anv of clauses

165

10239] Clause 68. A non-iransitory computer-readable recording medium storing a

biistream of a video which is generated by a method performed by an apparatus for video
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processing, wherein the method comprises: determiming a list of component prediction
{(CCP) model candidales: determining a larget CCP model for a current video block of the
video based on the list of CCP model candidates; and generaning the bitsiream based on

the target CCP model, wherein whether a further candidate or a Turther entry of CCP

|9

information is to be added into the list is based on at least one oft a first comparison
elween an existing candidate in the list and the further candidate, or a second comparison

between an existing entry of CCP information in the list and the further entry.

{0240] Clause 69. A method for storing a bitstream of a video. comprising: determining
a list of component prediction (CCP) model candidates; determining a target CCP modal
10 for a current video block of the video based on the hist of CCP model candidates;
generating the bitsiream based on the target CCP model; and storing the bitsiream in a
non-transitory computer-readable recording medium, wherein whether a further candidate
or a further entry of CCP mnformation is to be added into the list 15 based on at least one
of’ a firsi comparison between an existing candidate in the list and the further candidate,
15 or a second comparison beiween an existing entry of CCP wnformation in the list and the

further entry.

10241} Clause 70 A non-transitory computer-readable recording medium storning a
bitstreamn of a video which is generated by a method performed by an apparatus for video
processing, wherein the method comprises: determunming a historv fable of cross
20 component prediction {CCPF) models or a list of CCP model candidates; determining a
targel CCP model for a current video block of the video based on the history table or the

list; and generating the bitsiream based on the target CCP wodel.

{02421 Clause 71. A method for storing a bitstream of a video, comprising: determining
a history table of cross component prediction (CCPY models or a list of CCP model
25  candidates; determining a target CCP model for a current video block of the video based
on the history table or the lisi; generating the bilstream based on the target CCP model;

and storing the bitstream in a non-transitory computer-readable recording medium.

Example Device

{02431 Fig 37 tllustrates a block diagram of a computing device 3700 in which various
30 embodiments of the present disclosure can be implemented. The computing device 3700

may be implemented as or included 0 the source device 110 (ot the video encoder 114 or
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200} or the destination device 120 (or the video decoder 124 or 300).

{0244] It would be appreciated that the computing device 3700 shown in Fig. 37 is
merely for purpose of iflustration, without suggesting any limitation 1o the functions and

scopes of the embodimenis of the present disclosure in auy manner,

{02451 As shown in Fig. 37, the computing device 3700 ncludes a general-purpose
coraputing device 3700. The computing device 3700 way at least comprise one or more
processors or processing units 3710, a memory 3720, a storage unit 3730, one or more
communication units 3740, one or more inpul devices 3730, and one or more output

devices 3760

{0246]  In some embodiments, the computing device 3700 may be timplemenied as any
user terminal or server termiinal having the computing capability. The server terninal may
be a server, a large-scale computing device or the like that is provided by a service
provider. The user terminal may for example be any lype of mobile terminal, fixed
terminal, or portable terminal, mcluding a mobile phone, station, unit. device. muliimedia
compuier, multimedia tablet, Internet node, communicator, desktop computer, laptop
compuier, notebook computer, netbook compuier, tablet computer, personal
communicaiion system (PCS) device, personal navigation device, personal digital
assistant (PDA), audio/video plaver, digital camera/video camera, positioning devige,
television receiver, radio broadeast receiver, E-book device, gaming device, or any
combination thereof, including the accessorigs and peripherals of these devices, or any
combination thereof. It would be contemplated that the computing device 3700 can

support any type of interface to a user (such as “wearable” circuitry and the like).

102471 The processing wnit 3710 may be a physical or virtual processor and can
implement various processes based on programs stored in the memorv 3720. In a muiti-
processor svstemn, multiple processing units execute computer execulable instructions in
parallel s0 as to improve the parallel processing capability of the computing device 3700,
The processing unit 3710 may also be referred to as a central processing unit (CPU), a

microprocessor, a controller or a microcontiroller.

[0248] The computing device 3700 typically includes various computer storage medium.
Such medium can be any medium accessible by the computing device 3700, including,
but not Hmited to, volatile and non-volatile medium, or detachable and non-detachable

medium. The memaory 3720 can be a volatile memory {for example, a register, cache,
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Random Access Memory (RAM)), a non-volatife memory (such as a Read-Only Memory
(ROM)}, Electrically Erasable Programmable Read-Only Memory (EEPROM), or a flash
memorv), or any combination thereof. The storage unit 3730 ray be any detachable or
non-detachable medium and may include a machine-readable medium such as a memory,
flash memory drive, magnetic disk or another other media, which can be used for storing

information and/or data and can be accessed in the computing device 3700,

[0249] The compuiing device 3700 may further mnclude additional detachable/non-
detachable, volatile/non-volatile memory medium. Although oot shown in Fig 37, 1t s
possible to provide a magnetic disk drive for reading from and/or writing into a detachable
and non-volatile magnetic disk and an aptical disk drive for reading from and/or writing
into a detachable non-volatile optical disk. Iun such cases, cach drive may be connected to

a bus {not shown) via one or more data medium interfaces.

{0250) The communication unii 3740 conununicates with a further computing device
via the communication medium. In addition, the {unctions of the components in ths
computing device 3700 can be implemented by a single computing cluster or muliiple
compuiing machines that can coromunicate via communication counections. Therefore,
the computing device 3700 can operate in a networked environmeni using a logical
connection with one or more other servers, networked personal computers (P{s) or further

general network nodes,

[6251] The input device 3750 may be one or more of a variety of input devices, such as
a mouse, keyboard, tracking ball, volce-input device, and the like. The output device 3760
may be one or more of a variety of output devices, such as a display. loudspeaker, printer,
and the like. By means of the commumication umt 3740, the compuiing device 3700 can
further conumunicate with one or more external devices (not shown} such as the storage
{evices and display device, with ong or more devices enabling the user to interact with
the computing device 3700, or any devices (such as a network card, a modem and the like}
enabling the computing device 3700 to commumicate with one or more other compuling
devices, if required. Such commumication can be performed via nput/output (/0)

interfaces (not shown).

{02521  In some embodiments, instead of being integrated in a single device, some or all
components of the computing device 3700 may also be arranged in cloud computing

architecture. In the cloud computing architecture, the componenis mway be provided
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remotely and work together to implement the functionalities described in the present
disclosure. In some embodiments, cloud compuling provides computing, soflware, dala
access and storage service. which will not require end users 1o he aware of the physical

{ocations or configurations of the svstems or hardware providing these services. In various

|9

embodiments, the cloud computing provides the services via a wide area natwork (such
as Internet} using suitable protocols. For example, a cloud computing provider provides
applications over the wide area network, which can be accessed through a web browser or
any other computing componenis. The sofiware or components of the cloud computing
architecture and corresponding data may be stored on a server at a remote position. The
10 computing resources 1o the cloud computing environment may be merged or distributed
at locations In a remote data center. Cloud computing infrastructures may provide the
services through a shared data center, though they behave as a single access point for the
users. Therefore, the cloud computing architectures may be used to provide the
components and functionalifies described hersin from a service provider at a remote
15 location. Aliernatively, they may be provided from a conventional server or installed
directly or otherwise on a chient device.

{02831 The computing device 3700 may be used to iroplement video encoding/decoding

-t
I
i

in embodiments of the present disclosure. The memory 3720 may include one or more
video coding modules 3725 having one or more program instructions. These modules are
20 accessible and exgculable by the processing unit 3710 to perform the functionalities of

the various embodiments described herein.

[0284] In the example embodiments of performing video encoding, the input device
3750 may veceive video data as an input 3770 to be enceded. The video data may be
processed, for example, by the video coding module 3725 to generate an encoded
25 bitstream. The encoded bitstream may be provided via the sutput device 3760 as an output

37840,

[0238] In the example embodimenis of performing video decoding, the input device
3730 may receive an encoded biisiream as the mwput 3770, The encoded bitstream may be

=
ll

processed, for example, by the video coding module 3725, to generate decoded video data.
30 The decoded video data mayv be provided via the output device 3760 as the output 3780

{0256} hile this disclosure has been particalarly shown and described with references

to preferred embodiments thereof, 1t will be understood by those skilied in the art that

80
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various changes in form and details may be made therein without departing from the spirit
and scope of the present application as delined by the appended claims. Such variations
are intended to be covered by the scope of this present application. As such, the foregoing

description of embodiments of the present application is not intended to be himiting.
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¥ wWe Claim:

. A method for video processing, comprising:

determining, for a conversion between a current video block of a video and a biistream
of the video, a list of component prediction (CCP) model candidates;

determining a target CCP model for the current video block based on the list of CCP
maodel candidates; and

performing the conversion based on the target CCP model,

wherein whether a further candidate or a further eniry of CCP information 1s to be added
into the list is based on at least one of: a first comparison between an existing candidate in the
list and the further candidate, or a second comparison between an existing entry of C({P

mformation i the list and the further entry.

2. The method of claim 1, wherein if a difference between the further candidate and the
existing candidaie 1¢ Jess than or equal to a threshold or if the further candidate and the existing

candidate are the same. the further candidate is not added into the list.

3. The method of claim 2, wherein the further candidate is different from the existing
candidate based on at least one of!

a CCP tvpe of the further candidate being different from a CCP type of the existing
candidate,

the number of CCP models in the further candidate being different from the number of
CCP models in the existing candidaie,

at least one first threshold for a group of CCP models in the further candidate being
different from at least one second threshold for a group of CUP models in the existing candidate,

at least one model in the further candidate being different at least one model 1 the
existing candidate,

a luma sample offset of the further candidate being different from a luma sample oifset
of the exasting candidate, or

a sample focation shift of the further candidate being different from a sample location

shift of the existing candidate.

4. The method of claim 3, wherein the further candidate is different from the existing
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candidate based on a fuma sample offset of the further candidate being different from a fuma
sample offsetl of the existing candidate, and wherein a CCP tyvpe of the [urther candidate
comprises at least one of!

a convolutional cross-component model (CCUM),

a gradient and locaiion based convolutional cross-component model (GL-CCCM),

a gradient linear model (GLM), or

a CCCM with non-down-sampled huma samiples.

3. The method of claim 3, wherein the further candidate is different from the existing
candidate based on a saraple location shift of the further candidaie being different from a sample
focation shift of the existing candidate, and wherein a CCP type of the further candidate

comprises a gradient and location based convolutional cross-component model {GL-CCCM).

5. The method of any of claims 1-3, wheremn if a difference between the further entry
and the existing eniry 18 fess than or equal to a threshold of if the further entrv and the existing

entry are the same, the further entry 15 not added into the list.

7. The method of claim 6, wherein the further entry 15 different from the existing entry
based on ai least one of!

a CCP type of the further entry being different from a CCP type of the existing entry,

the number of CCP models 1n the further entry being different from the number of CCP
models in the existing entry,

at least one first threshold for a group of CCP models in the further entry being different
from at least one second threshold for a group of CCP models 1o the exisiing entry,

at feast one model in the further entry being different at least one model in the existing
entry,

a fuma sample offset of the further entry being different from a luma sample offset of
the existing entry, or

a sample location shift of the further entry being different from a sample location shift

of the existing entry.

8. The method of claim 7. wherein the further entry is different from the existing entry
tased on a luma sample offset of the further entry being different from a luma sample offset of

the existing entry, and wherein a CCP type of the further entrv comprises at feast one of

a3



30

WO 2024/148103

PCT/US2024/010196

a convoluiional cross-component model ({CCCM),

a gradient and location based convolutional cross-component model (GL-CCCM),

a a gradient hnear model (GLM), or

a CCCM with non-down-sampled fuma samples.

9. The method of claim 7, wherein the further entry is different from the existing entry
based on a sample location shift of the further entry being different from a sample location shift
of the existing enfrv, and wherein a CCP type of the further entrv comprises a gradient and

location based convolutional cress~component model (GL-CCCM).

10. A method for video processing, comprising:

determining, for a conversion between a current video block of a video and a biistream
of'the video, a history table of cross component prediction (CCP)Y models or a hist of CCP model
candidates;

determining a target CCP model for the current video block based on the history table
or the list; and

performing the conversion based on the target CCP model.

11. The method of ¢laim 10, wherein CCP information of an entry in the history table
or a candidaie in the list comprises at least one of

a type of CCP model.

a position associated with a CUP model,

the nuraber of CCP models,

al least one threshold to classify samples for dilferent CCP models,

at least one huma sample value offset,

at least one chroma sample value offset,

at least one wodel for at least one chroma component, or

at least one sample location shift.

12. The method of claimy 11, wherein the type of COP model comprises at least one of:
a cross~component hinear model {CCLM),

a convolutional cross-component model (CCUM),

a gradient Imear model (GLM},

a GLM with luma,

a4
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a gradient and location based convoluiional cross-component model {GL-CCCM), or

a CCCM with non-down-sampled luma samples.

13. The method of claim 12, wherein the type of GLM comprises a plurality of types of

A

GLM using a plurality of down-sampling filters.

14. The method of claim 12. wherein the tvpe of GLM with luma corprises a plurality

of types of GLM with luma using a pluralitv of down-samphing filters,

10 13, The method of claim 12, wherein the type of CCP model coraprises CCCM, CCLM,
4 types of GLM using a plurality of down-sampling filters, 4 types of GLM with luma using a
plurality of down-sampling filters, GL-CCCM and CCCM using non-down-sampled hima

samples.

16, The method of any of claims 11-15, wherein the type of CCP model comprises a

MNonCCP type, in the NonCCP tvpe, the current video block is not coded with CCP.

17. The method of any of claims 11-16, wherein the number of CCP models comprises
Tor2
20
18 The method of anv of claims 11-17. wherein the munber of CCP models 1s g part of

the type of CCP model.

19. The method of any of claims 11-18, whereln a cross-component linear model

25 (CCLM) and a muli-model CCLM (MM-CCLM) are two tvpes of CCP models.

20. The method of any of claims 1119, wherem if the number of CCP models i3 at Teast
2. the at least one threshold 15 used.
30 21 The method of anyv of claims 11-20, further comprising:
determining a luma sample of the current video block; and
determining a chroma prediction value of the current video block based on the luma

sample and the at least one luma sample value offset.



30

WO 2024/148103 PCT/US2024/010196

22. The method of claim 21, wherein the luma sample 18 down sampled.

23, The method of any of claims 11-22, wherein the at least one luma sample value
offsat 1s applied for at least one of!

a tvpe of convolutional cross-component model (CCUM),

a type of gradient linear model (GLM) with luma,

a gradient and location based convolutional cross-compeonent model {GL-CCCM), or

a CCCM with non-down-sampled fuma samples.

24, The method of any of claims 11-23, further comprising:
determining a chroma prediction value of the current video block; and
determining a prediction of the current video block based on the chroma prediction value

and the at least one chroma sample value offset.

25. The method of claim 24, wherein the chroma prediction value is determined basaed

on the at least one sample location shift and a sample location.

26. The method of claim 25, wherein the at least one sample location shift comprises a
chroma sample location shifi, and the chroma sample location shifl is used for a predefined type

of CCP model.

27. The method of claim 26, wherein the predefined type of CCP modsl comprises a

gradient and location based convolutional cross-component model (GL-CCOM).

28. The method of anv of claims 11-27, wherein the at least one model for at least one
chroma component comprises a first model for a first chroma component and a second model

for a second c¢hroma component.

29, The method of anv of claims 11-28, wherein the number of models for a color

component 1s included as a part of CCP nformation.

30. The method of claim 28 or 29, wherein a model for a color component comprises at
least one of:

a cross~component lingar model (CCLM),

36
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a convoluiional cross-component model ({CCCM),
a gradient hnear model {GLM),
a GLM with luma,

a gradient and Jocation based convolutional cross-component model (GL-CCCM), or

3 a CCCM with non-down-sampled fuma samples.

31. The method of any of claims10-30, wherein C{P coding information of a chroma
block being coded 13 stored in the history table of CCP models or the list of CCP model
candidates.

16

32. The method of claim 31, wherein if the chroma block is not coded with a CCP mode,
the stored CCP coding information comprises a type of NonCCP.

33. The method of claim 31, wherein if the chroma block 1s coded with at least one CCP

15 maode, the CCP coding mformation is stored in the history table of CCP medels or the list of
CCP model candidates.

34, The method of claim 33, wherein the at least one CUP mode comprises a fusion of

chroma intra prediction mode.
20

35. The method of claim 34, wherein the stored CUP coding mtormation comprises a
tvpe of a CCP type used in the fusion of chroma inira prediction mode.

36, The method of claim 33, wherein the CCP coding information comprises a type of

25

CCP model, the type of CCP model being determined based on a coding mode of the chroma

hlock.

37. The method of claim 36, wherain the type of CCP model 15 convolutional cross-
component model (CCCM;} based on the coding mode comprising at least one of
30 a CCOM,
a CCCM-L based on top neighboring samples of the current video block (CCCM-T),
a CCCM-T based on left neighboring samples of the current video block (CCCM-L},
a mudti-model based CCCM (MM-CCCM),
a mud~-model based CCOCM-T (MM-CCCM-T), or

a7
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a multi-mode! based CCCM-L (MM-CCCM-L).

38. The method of claimo 36, wherein the type of CCP model 1s cross-cormponent linear
model ({CCLM) based on the coding mode comprising at least one of)

a CCLM,

A

a CCLM based on top neighboring samples of the current video block (CCLM-T),
a CCLM based on left neighboring samples of the current video block {CULM-L).
a multi-model based CCLM (MM-CCLM),
a multi-mode! based CCLM-T (MM-CCCM-T),

10 multi-model based CCLM-L (MM-CCCM-L), or
a gradient hnear model (GLM},

39. The method of claim 38, wherein the type of CCP model 15 CCLM further hased o

the coding mode comprising a CCLM with slope adjustment.

40, The method of claim 38, wherein the tvpe of CCP model 1s CCLM further based on

the coding mode comprising a fusion of chroma intra prediction mode.

41. The method of claim 36, wherein the type of CCP model is gradient hinear model

30, : , ‘ : . . ,
“U (GLM) using a first filler based on the coding mode comprising GLM using the first filter,

42 The method of claim 36, wherein the type of CCP maodel is gradient linear model
(GLM)} with luma using a first filter based on the coding mode comprising GLM with luma

using the first filier.

43, The mathod of clatm 36, wherein the type of CCP model 15 gradient and location
based convolutional cross-component model (GL-CCCM) based on the coding wode
comprising GL-CCCM,

30 44, The method of claim 36, wherein the tyvpe of CCP model 18 convolutional cross-
component model (CCCM) using non-down-sample based on the coding mode comprising

CCCM using non-down-sample.

45, The method of any of claims 31-44, wherein the CCP coding mnformation of the

3%
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chiroma block comprises the mumber of models of the chroma block.

46, The method of claim 45, wherein if a coding mode of the chroma block comprises

a mutt-modetl CCP mode, the number of models 15 2.

A

47. The method of claim 46, wherein the multi-model CCP mode comprises al least one
oft
a multi-model based cross-component linear model (CCLM) (MM-CCLM),
a MM-CCLM based on top neighboring samples of the current vides block (MM-
10 coum-t),
a MM-CCLM based on left neighboring samples of the cuwrrent video block {(MM-
CCLM-L).
a mulit-model based convolutional cross-component model ({CCCM) (MM-CCCM),
a MM-CCCM based on top neighboring samples of the current video block (MM-
5 ceomeTy,
a MM-CCCM based on left neighboring samples of the current video block (MM-
CCCM-L),
a gradient hinear model (GLM),
a gradient and location based convolutional cross-component model (GL-CCCM), or

30 . . i i
<0 a CCCM using non-down~-sampled lama samples with mult-models.

4% The method of any of claims 31-47, wherein the CCP coding mformation of the
chroma block compnses at least ong of!

a threshold for classifying samples tor a plurality of CCP models,

a luma sample value offset.

a chroma sample value offset,

a sample location chifi,

49 The method of any of claims 31-48, wherein the CCP coding mformation of the

30 chroma block comprises a CCP model of a color component.

5Q. The method of claim 49, wherein the CCP model comprises at feast one of
a cross-component {ingar model (CCLM),

a CCLM based on top neighboring samples of the current video block (CCLM-T7},

39
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a CCLM based on left neighboring samples of the current video block (CCLM-L),
a muti-model based CCLM (MM-CCLM),

a multi-rpodel based CCLM-T (MM-CCCM-T).

a multi-model based CCLM-L (MM-CCCM-L).

A

a convolutional cross-component model (CCUM),

a CCCM-L based on top neighboring samples of the current video block (CCLM-T),
a CCOM-T based on left neighbonng samples of the current video block (CCCM-L),
a multi-mode! based CCCM (MM-CCCM),

a multi-mode! based CCCM-T (MM-CCCM-T), or

10 a multi-roodel hased CCOM-L (MM-CCCM-L),

a gradient hinear model (GLM) using a plurality of down-sampling filters.

a gradient and focation based convolutional cross-component model (GL-CCCM), or

a CCCM using non-down-sampied luma samples.

51, The method of claim 49 or 530, wherein the CCP model is a model afier being

modified by a siope adjostment,

52. The method of any of claims 1-31, wherein a syniax element in the biistream is
hinarized as ai least one of: a flag, a fixed length code, an exponential Golomb{x} {EG{(x}} code,
=Y aunary code, a truncated unary code, or 8 fnmceated binary code, the syntax element comprising

an indication or a flag.
33, The method of claim 52, wherein the svntax element 1s signed or unsigned.

54, The method of any of claims 1-53, wherein a syntax element in the bitstream is
coded with at least one context model, or byvpass coded. the syntax clement comprising an

indication or a flag,

55. The method of any of claims 32-34, wherein the syntax glement 15 included in the

30 bitstream based on a condition that a function associated with the sviiax element is applhicable.

56. The method of any of claims 52-55, wherein the syntax element is at at least one of!
a block level, a sequence level, a group of pictures level, a picture level, a slice level, or a tile

group level
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57, The wethod of any of claims 52-56, wherein the syntax elernent is i at least one of
the following coding structures: a coding tree unit {CTU), a coding umt (CL). a transform unit
(1), aprediction unit (PU), a coding free block {CTB), a coding block {CB), aransform block
(TB), a pradiction block {PB), a sequence header, a picture header, a sequence parameter set
{§P8), a Video Parameter Set {VPS), a decoded parameter set (DPS), Decoding Capability
information {3C1), a Picture Parameter St (PPS), an Adaptation Parameter Set {APS), a slice

header or a tile group header.

38, The method of any of claims 1-57, wherein information regarding whether to and/or

how to apply the method is included in the bitstream.

$9. The method of claim 38, wherein the information 1s indicated af one of: a sequence

fevel, a group of pictures level, a picture tevel, a slice level or a file group level.

60, The method of claim 58 or 39, wheremn the information is indicated 1o at least ong
of the following codmg structures: a coding tree umt {CTU), a coding unit {(CL}, a transform
unit {TU}, a prediction untt {PU), a coding iree block (CTB), a coding block (CB), a transform
block (TB), a prediction biock (PB), a sequence header, a picture header, a sequence parameter
set (SPS), a Video Parameter Set (VPS), a decoded parameter set (DPS), Decoding Capability
information {¥C1), a Picture Parameter Set (PPS), an Adaptation Parameter Set {APS), a slice

header or a tile group header.

61. The method of any of claims 58-60, wherein the information 15 based on code

information.
62, The method of claim 61, wherein the coded imformation comprises at leasi one of a
block size, a color format, a single or dual free partiioning, a color componert, a slice type, or

a picture type.

63. The method of any of claims 1-62, wherein the method s used in a coding tool

requiring a chroma fusion.

64, The method of any of claims 1-63, whergin the conversion includes encoding the
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current video block mto the bitstream.

63, The method of any of claims -63, wherein the conversion ucludes decoding the

current video block from the bitstream.

66. An apparatus for video processing comprising a processor and a non-transitory
memory with instructions thereon, wherein the instructions upon execution by the processor,

cause the processor to perform a method in accordance with any of claims 1-65,

67. A non-transitory computer-readable storage medium storing mstructions that cause

a processor to perform a method in accordance with any of claims 1-65

58, A non-transitory computer-readable recording mediurm storing a bitstream of a video
which is generated by a method performed by an apparatus for video processing, wherein the
method comprises:

determining a list of component prediction {CCP) model candidates;

determining a farget CCP model for a current video block of the video based on the hist
of CCP model candidates; and

generating the biisircam based on the target CCP model,

wherein whether a further candidate or a further entry of CCP information is to be added
utto the list 1s based on at least one of! a first comparison between an existing candidate in the
list and the fwrther candidate, or a second comparison between an existing entry of CCP

information m the list and the further entry.

69. A method for storing a bitstream of a video, comprising:

determining a list of component prediction (CCP} model candidates;

determinng a target CCP model for a current video block of the video based on the list
of CCP model candidates;

generating the bitstream: based on the target CCP model: and

storing the bilsiream in a non-transitory computer-readable recording medium,

wherein whether a further candidate or a further entrv of CCP information s to be added
into the list is based on at least one of: a first comparison between an existing candidaie in the
list and the further candidate, or a second comparison between an existing entry of CCP

mformation i the list and the further entry.
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70. A non-transitory computer-readable recording medium sloring a bitstream of a video
which is generated by a method performed by an apparatus for video processing, wherein the
method comprises:

determining a history table of cross component prediction (CCPY models or alist of CCP
model candidates;

determining a target CCP model for a current video block of the video based on the
history table or the list; and

generating the bifstream based on the target CCP model.

71. A method for storing a bitstream of a video, comprising:
determining a history table of cross component prediction {CCPY models or alist of CCP
model candidates;

determining a target CCP model for a current video block of the video based on the

[
(]

history table or the hist;
generating the bitstream based on the target CCP model, and

storing the biistream in a non~transitory computer-readable recording medium,
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because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically: :

'

-3. Claims-Nos.: 17-67 )

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. I___I As all required additional search fees were timely paid by the applicant, this international search _reporf covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

1

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

E] The additional search fees were accompanied by the applicant’s protest but the applicable pfotest
fee was not paid within the time limit specified in the invitation.

|___| No protest accompanied the payment of additional search fees.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC

ADD. HO4N 19/132, HO4N 19/593 (2024.01)

ADD. H04N 19/132, HO4N 19/593

B.  FIELDS SEARCHED

- INV. HO4N 19/186, HO4N 19/184, HO4N 19/105, HO4N 19/159, HO4N 19/176 (2024.01)

CPC - INV. HO4N 19/186, HO4N 19/184, HO4N 19/105, HOAN 19/159, HO4N 19/176

L According to Intemational Patent Classification (IPC) or to both national classification and IPC

See Search History document ‘

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched , -

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2021/0211654 A1 (Beijing Bytedance Network Technology Co., Ltd et al.), 08 July 2021 1-3, 6-7/(1-3), 10-12, 15,
- (08.07.2021), entire document 68-71
A :

4-5, 6-7/(4-5), 8-9, 13-14
and 16
A US 2020/0195860 A1 (Beijing Bytedance Network Technology Co., Ltd.,); 18 June 2020 1-16, 68-71
(18.06.2020), entire document
A US 2020/0154100 A1 (TENCENT AMERICA LLC), 14 May 2020 (14.05.2020), entire document | 1-16, 68-71
A US 2022/0053192 A1 (Beijing Bytedance Network Technology Co., Ltd. et al.), 17 February 1-16, 68-71
2022 (17 02.2022), entire document
A US 2021/0329261 A1 (HUAWEI TECHNOLOGIES CO., LTD), 21 October 2021 (21.10.2021), [1-16, 68-71
entire document
A US 2022/0239897 A1 (Lemon Inc.), 28 July 2022 (28.07.2022), entire document 1-16, 68-71
A US 2022/0030257 A1 (Beijing Bytedance Network Technology Co., Ltd. et al. ) 27 January 2022 | 1-16, 68-71
(27.01.2022), entire document .
A US 2021/0409732 A1 (TENCENT AMERICA LLC), 30 December 2021 (30 12.2021), entire 1-1, 68-71
document

l:l See patent family annex.

I:l. Further documents are listed in the continuation of Box C.

* Special categories, of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

“O” documentreferring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X"” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot

be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

17 March 2024 (17.03.2024) .

-Date of mailing of the international search report

APR 17 20%4

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300
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