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METHOD, APPARATUS, AND MEDBIUM FOR VIDEO PROCESKING

CROSS REFERENCE TO RELATED APPLICATION
[8001] This application claums priority to U.S. Provisional Application Number
63/358,704 filed Julv 6, 2022, which is assigned to the assignee hereof, and incorporated

herein by reference in its entirety.
FIELDS

[8802] Embodiments of the present disclosure relates generally o video processing

techniques, and more particalarly, to an adjustment of a video block for video coding.
BACKGROUND

[8803] In nowadavs, digital video capabilities are being applied in various aspects of
peoples” hives. Multiple types of video compression techunologies, such as MPEG-2,
MPEG-4, ITU-TH.263, ITU-TH 264/MPEG-4 Part 10 Advasnced Video Coding (AV(),
ITU-TH 2635 high efficiency video coding (HEVC) standard, versatile video coding (VVC)
standard, have been proposed for video encoding/decoding. However, coding efficiency

of video coding techniques 1s generally expected to be further improved.
SUMMARY
[8004]  Embodiments of the present disclosure provide a solution for video processing.

[0005]  In a first aspect, a2 method for video processing is proposed. The mcethed
comprises: obtamning, for a conversion between a video and a bitstream of the video, a
first video block, the first video block being generated based on a first adjustment of a
current video block of the video, the first adjustment comprising at least one of adjusting
an orientation of the current video block or adjusting positions of samples 1o the current
video block; generating a second video block based on a second adjustment of the first
video block, the second adjustment being an mmverse process of the first adjustment; and

performing the conversion based on the second video block.

[8006]  According to the method in accordance with the first aspect of the present
disclosure, a geometry adjustment and a corresponding inverse geomeiry adjustment are
performed for coding a video block. Compared with the conventional solution, the
proposed method can advantageously adapt a coding scheme of a video block to ts signal

and texture distributions. Thereby, the coding efficiency can be improved.

i
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[86067] Inasecond aspect, an apparatus for video processing is proposed. The apparatus
comprises a processor and a non-transifory memory with instructions thereon. The
mstructions upon execution by the processor, cause the processor to perform a method in

accordance with the first aspect of the present disclosure.

[8808] In a third aspect, a non-transitory computer-readable storage medium is
proposed. The non-transitory computer-readable storage medium stores instructions that
cause a processor to perform a method in accordance with the first aspect of the present

disclosure.

[9009]  In a fourth aspect, another noun-transttory computer-readable recording medinm
is proposed. The non-fransitory computer-readable recording medium stores a bitstream
of a video which is generated by a method performed by an apparatas for video processing.
The method comprises: obtaining a first video block, the first video block being generated
bascd on a first adjusiment of a current video block of the video, the first adjustment
comprising at least one of adjusting an orientation of the current video block or adjusting
positions of samples in the current video block; generating a second video block based on
a second adjustment of the first video block, the second adjustment being an inverse
process of the first adjustment; and generating the bitstream based on the second video

block.

[9019]  In a fifth aspect, a method for storing a bitstream of a video 1is proposed. The
method comprises: obtaining a8 first video block, the first video block being generated
based on a first adjustment of a current video block of the video, the first adjustment
comprising at least one of adjusting an orientation of the current video block or adjusting
posttions of samples 1n the current video block; generating a second video block based on
a second adpustment of the first video block, the second adjustment being an inverse
process of the first adjustment; gencrating the bitstream based on the second video block;
and storing the bitstream in a non-transitory computer-readable recording medium.

{0011}  This Suromary 1s provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary 1s not
mtended to identify key features or essential features of the claimed subject matter, nor s

it intended to be used to limit the scope of the claimed subject matter.

10012]
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BRIEF BESCRIPTION OF THE DRAWINGS

{90131 Through the following detailed description with reference to the accompanying
drawings, the above and other objectives, features, and advantages of example
embodiments of the present disclosure will become more apparent.  In the cxample
embodiments of the present disclosure, the same reference numerals usually refer to the

same components,

[8014] Fig. 1 dlustrates a block diagram that illustrates an example video coding system,

i accordance with some embodiments of the present disclosure;

[8615] Fig. 2 iHustrates a block diagram that illustrates a first example video encoder,

in accordance with some emboduments of the present disclosure;

108016]  Fig. 3 dlustrates a block diagram that iHlustrates an example video decoder, in

accordance with some embodiments of the present disclosure;

8617] Fig. 4 illustrates nominal vertical and horizontal locations of 4:2:2 luma and

chroma samples in a picture;

18018]  Fig. 5 illustrates an example of encoder block diagram;

18019] Fig. 6 dlustrates 67 intra prediction modes;

[8028] Fig. 7 dlustrates reference samples for wide-anguiar intra prediction;
[8621] Fig. 8 ilustrates problem of discontinuity 1n case of directions beyond 43°;
[8022]  Fig. 9 illustrates tocations of the samples used tor the denvation of o and B;

10023] Fig. 10 dlustrates an example of classifying the neighboring samples mto two

Lroups;

{90241 Fig. 11 A is a schematic diagram iHustrating definition of samples used by PDPC

applied to a diagonal top-right mode;

[8825] Fig. 11B1s a schematic diagram dlustrating definition of samples used by PDPC

applied to a diagonal bottom-left mode;

[8026] Fig. 11C 15 a schematic diagram iHuastrating definition of samples used by PDPC

applied to an adjacent diagonal top-right mode;

00271 Fig. 11D is a schematic diagram iHustrating definition of samples used by PDPC
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applied to an adjacent diagonal bottom-left mode;
{00281 g, 12 idlustrates gradient approach for non-vertical/non-horizontal mode;

[8628] Fig. 13 illustrates nScale values with respect to nThH and mode number; for all

nscale<( cases gradient approach is vsed;
[9030] g, 14 dlustrates a flowchart: current PRPC (left), and propoesed PDPC (right);

[8831] Fig. 15 illustrates neighboring blocks (L, A, BL, AR, AL) used in the derivation
of a general MPM list;

[8032] Fig. 16 dlustrates an example on proposed intra reference mapping;

18033] Fig. 17 illustrates an example of four refercnce lines neighboring to a prediction

block:

{90341 g, 18A 15 a schematic diagram illustrating examples of sub-partitions for 4x38

and 8x4 CUs:

[8635] Fig. 18B 13 a schematic diagram iliustrating examples of sub-partitions for CUs

other than 4x&, 8x4 and 4x4;
[80346] Fig. 19 dlustrates matrix weighted intra prediction process,

[8637] Fig. 20 illustrates target samples, template samples and the reference samples of

template used m the DIMD;
[8038] Fig. 21 dlustrates proposed intra block decoding process;
[8639] Fig. 22 dlustrates Hols computation from a template of width 3 pixels;

[8048]  Fig. 23 illustrates prediction fusion by weighted averaging of two HoG modes

and planar;

[8841] Fig. 24 illustrates MMVD scarch point;

{90421 g, 25 idlustrates a symmetrical MVD mode;

10043] Fig. 26 illustrates extended CU region used 1o BDOF!
18044] Fig. 27 illusirates control point based affine motion model;

19045]  Fig. 23 tllustrates affine MVF per subblock;
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180461 Fig. 29 illustrates locations of inherited affine motion predictors;
{90471 g, 30 dlustrates control point motion vector inheritance;

[8848] Fig. 31 illustrates locations of candidates position for construcied affine merge

mode;

{90491 g, 32 15 illustration of motion vector usage for proposed combined method;
18058] Fig. 33 illustrates subblock MV V5B and pixel Aviij) {gray arrow};

[8051]  Fig. 34A dlustrates spatial neighboring blocks used by ATVMP;

19052]  Fig. 348 illustrates deriving sub-CU motion field by applving a motion shift
from spatial neighbor and scaling the motion information from the corresponding

collocated sub-CUs;

[B083]  Fig. 35 dlustrates location illumination compensation;

[8854] Fig. 36:llustrates that no subsampling for the short side is performed;
[B8058]  Fig. 37 dlustrates decoding side motion vector refincment;

[9056]  Fig. 38 tllustrates diamond regions in the scarch area;

180871 Fig. 39 illustrates posttions of spatial merge candidate;

[B058]  Fig. 40 idlustrates candidate pairs considered for redundancy check of spatial

merge candidates;

186591  Fig. 41 1s illustration of motion vector scaling for temporal merge candidate;
[8068] Fig. 42 dlustrates candidaie positions for temporal merge candidate, Co and Oy
18861] Fig. 43 illustrates VVC spatial neighboring blocks of the current block;

[8062] Fig. 44 15 ilustration of virtual block in the i~th search round;

18863] Fig. 45 illustrates examples of the GPM splits grouped by identical angles;
18064] Fig. 46 illustrates uni-prediction MV selection for geometric partitioning mode;

19065]  Fig. 47 illustrates exemplified geuneration of a bending weight we using

goometric partitioning mode;

18066] Fig. 48 illustrates spatial neighboring blocks used to derive the spatial merge
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candidates;

{90671 g, 49 illustrates template matching performs on a search arca around initial

MV,

[8668] Fig. 50 1 iHlustration of sub-blocks wherg OBMC apphies;

{8069  Fig. 51 dlustrates SBT position, tvpe and transform type;

[8878] Fig. 532 illustrates neighboring samples used for calculating SAD;

90711 Fig. 33 tllustrates neighboring samples used for calculating SAD for sub-CU

fevel motion information;

18872] Fig. 54 illustrates the sorting process;

[B8073]  Fig. 55 dlustraics reorder process in encoder;
108074]  Fig. 56 illustrates reorder process in decoder;
186751  Fig. 57 illustrates vertical flip;

[80746] Fig. 58 dlustrates honzontal flip;

[8677] Fig. 539 dlustrates 180° rotation;

[8078]  Fig. 60 dlustrates 90° clockwise rotation;
180879]  Fig. 61 illustrates 270° clockwise rotation;

80801  Fig. 62A illustrates an original reconstruction for ilustrating CCLM derved

fama sample adjustment 1n horizontal tlip;

19081] Fig. 628 illustrates a horizontally flipped reconstruction for illustrating CCLM

denved luma sample adjustment in horizontal flip;

[B082] Fig. 63A illustrates an oniginal reconstruction for iHustrating CCLM derived

fama sample adjestment in 180° rotation;

[8883] Fig. 63B illustrates a rotated reconstruction for iHlustrating CCLM derived luma
sample adjustment in 1806° rotation;
[8084] Fig. 64 dlostrates a flowchart of a method for video processing 1n accordance

with embodiments of the present disclosure; and
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[80685] Fig. 65 illustrates a block diagram of a computing device in which various

embodiments of the present disclosure can be implemented.

[8084] Throughout the drawings, the same or similar reference mumerals usually refer

to the same or sumtlar elements.
DETAILED DESCRIPTION

[8087]  Principle 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 iHustration and help those skilled in the art to understand and implement the
present disclosure, without suggesting any Hinutation as to the scope of the disclosure.
The disclosure described herein can be implemented in various manners other than the

ones described below.

10088]  In the followmg description and claims, unless defined otherwise, all technical
and scientific torms used herem have the same meaning as commonly understood by one

of ordinary skills in the art to which this disclosure belongs.

[808%] References in the present disclosure to “one embodiment,” “an embodiment,”
“an example embodiment,” and the hke indicate that the cmbodiment described may
include a particular feature, structure, or characteristic, but it 15 not necessary that every
embodiment includes the particular feature, structure, or characteristic. Moreover, such
phrases are not necessanly referring to the same embodiment. Further, when a particular
feature, structure, or characteristic i1s described in connection with an ¢xample
embodiment, 1t 1 subnutted that it is within the knowledge of one skilled 1n the art to
affect such feature, structure, or charactenstic in connection with other embodiments

whether or not explicitly described.

[8696] It shall be understood that although the terms “first” and “second” etc. may be
used herein to describe various clements, these clements should not be limited by these
terms. These terms are only used to distinguish one clement from another. For example,
a first element could be termed a second element, and similarly, a second element could
be termed a first element, without departing from the scope of example embodiments. As
used herein, the term “and/or” includes any and all combinations of one or more of the

listed terms.

8691] The terminoclogy used herein is for the purpose of describing particular

~J
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embodiments only and is not intended to be imiting of example embodiments. As used
herein, the singular forms “a”, “an” and “the” are mtended to include the plural forms as
well, uniess the context clearly indicates otherwise. It will be further undersiood that the
terms “comprises’, “comprising, “has”, “having”, “includes” and/or “including”, when
used hergin, specify the presence of stated features, elements, and/or components etc., but

do not preclude the presence or addition of one or more other features, clements,

components and/ or combinations thereof,

Example Environment

186921 Fig. 1 is a block diagram that illustrates an example video coding system 100
that may utilize the techniques of this disclosure. As shown, the video coding system 160
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 to generate encoded video data and the destination device 120 can be
configured to decode the encoded video data gencrated by the source device 110, The
source device 110 may mclude a video source 112, a video encoder 114, and an

mput/output {(/0O) interface 116,

[8093]  The video source 112 may include a source such as a video captare device.
Examples of the video capture device include, but are not limited to, an interface to receive
video data from a video content provider, a computer graphics system for generating video

data, and/or a combination thereof,

[8994] The video data may comprise one or more pictures. The video encoder 114
encodes the video data from the video sowrce 112 to gencraie a bitstream. The bitstream
may include a sequence of bits that form a coded representation of the video data. The
bitstream may nclude coded pictures and associated data. The coded picture is a coded
representation of a picture. The associaied data may include sequence parameter sets,
pictare parameter sets, and other syntax siructures. The VO interface 116 may mclade a
modulator/demoduiator and/or a transmitter. The encoded video data may be transmitied
directly to destination device 120 via the VO intertace 116 through the network 130A.
The encoded video data may also be stored onto a storage medium/server 130B for access

by destination device 120,
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[80695] The destination device 120 may include an VO interface 126, a video decoder
124, and a display device 122, The V0O interface 126 may include a receiver and/or a
modem. The /O interface 126 may acquire encoded video data from the source device
116 or the storage medium/server 130B. 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 mav be integrated with the destination device 120, or may be external
to the destination device 120 which is configured to nterface with an external display

devigce.

[8096]  The video encoder 114 and the video decoder 124 may operate according to a
video compression standard, such as the High Efficiency Video Coding (HEV) standard,

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

18097] Fig. 2 is a block diagram tllustrating an example of a video encoder 200, which
may be an example of the video encoder 114 in the svstern 100 illustrated 1o Fig. 1, 1o

accordance with some embodiments of the present disclosure.

18098] The video encoder 200 may be configured to implement any or all of the
techniques of this disclosure. In the example of Fig. 2, the video encoder 200 includes a
phurality of functional components. The techniques described 1 this disclosure may be
shared among the various corapouents of the video encader 200, In some examples, a
processor may be configured to perform any or all of the techniques described m this

disclosure.

(86991 In some embodimenis, the video encoder 2060 may include a partition unit 201,
a prediction unit 202 which may include a mode select unit 203, a motion ¢stimation unit
204, a motion compensation unit 205 and an intra-prediction unit 206, a residual
generation unit 207, a transtform unit 208, a quantization umt 209, an mverse quantization
untt 210, an inverse transform anit 211, a reconstruction anit 212, a buffer 213, and an

entropy encoding unit 214,

[8168] In other examples, the video encoder 200 may inchude more, fower, or different
functional components. In an example, the prediction vait 202 may include an intra block
copy (IBC) unit. The IBC unit may perform prediction in an IBC mode o which at least

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

8161} Furthermore, although some components, such as the motion estimation unit 204
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and the motion compensation umi 205, may be integrated, but are represented in the

cxamaple of Fig. 2 separately for purposes of explanation.

§102]  The partition unit 201 may partition a picture into one or more video blocks.
v yp P

The video encoder 200 and the video decoder 300 may support various video biock sizes.

8103] The mode select unit 203 may select one of the coding modes, intra or infer, ¢.9.,
based on crror resulis, and provide the resulting intra~coded or inter-coded block to a
residual generation antt 207 to generate residual block data and to a reconsiraction unit
212 to reconstruct the encoded block for use as a reference picture. In some examples,
the mode select unit 203 may sciect a combination of intra and inter prediction (CHP})
mode 1 which the prediction is based on an inter prediction signal and an intra 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 1o the case of inter-prediction.

19104]  To perform inter prediction on a current video block, the motion estimation unit
204 may generate motion information for the current video block by comparing one or
more reference frames from buffer 213 to the current video block. The motion
compensation unit 205 may determine a predicted video block for the current video block
bascd on the motion information and decoded samples of pictures from the buffer 213

other than the picture associated with the current video block.

{8105]  The motion estimation umii 204 and the motion compensation unit 205 may
perform different operations for a current video block, for example, depending on whether
the current video block is 1n an I-slice, a P-slice, or a B-slice. As used herein, an “I-shice”
may refer to a portion of a picture composcd of macroblocks, all of which are based upon
macroblocks within the same picture. Further, as used herein, in some aspects, “P-slices”
and “B-slices” may refer to portions of a picture composed of macroblocks that are not

dependent on macroblocks in the same picture.

181066] In some examples, the motion estimation vnit 204 may perform ani-directional
prediction for the current video block, and the motion estimation unit 204 may scarch
reference pictures of list 0 or list | for a refercnce video block for the current video block.
The motion estimation wmt 204 may then generate a reference index that indicates the
reference pictare in st 0 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

16
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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 block based on the reference video block indicated by the

motion information of the current video block.

18167] Alternatively, in other examples, the motion estimation unit 204 may perform
bi-directional prediction for the carrent video block. The motion estimation unit 204 may
search the reference pictures in list O for a reference video block for the current video
block and mav also scarch the reference pictures m hist § for another reference video block
for the current video block. The motion estimation unit 204 may then generate reference
mndexes that indicate the reference pictures in list 0 and list 1 containing the reference
video blocks and motion vectors that indicate spatial displacements between the refercnce
video blocks and the current video block. The motion estimation unit 204 may output 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 generate
the predicted video block of the current video block based on the reference video blocks

mdicated by the motion information of the current video block.

[8108] In some examples, the motion estimation unit 204 may ouiput a full set of motion
mformation for decoding processing of a decoder. Alternatively, 1n some embodiments,
the motion estimation unit 204 may signal the motion information of the current video
block with reference to the motion information of another video block. For example, the
motion estimation unit 204 may determine that the motion iformation of the current video

block is sufficiently similar to the motion information of a neighboring video block.

8169] In onec example, the motion estimation unit 204 may indicate, in a syntax
strocture associated with the current video block, a value that mdicates to the video
fccoder 300 that the current video block has the same motion information as the another

video block.

19118]  In another example, the motion estimation umit 204 may ideuntify, 1 a syntax
structure associated with the current video block, another video block and a motion vector
difference (MVD}. The motion vector difference mdicates a difference between the
motion vector of the current video block and the motion vector of the ndicated video
block. The video decoder 300 may use the motion vector of the mmdicated video block and

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

if
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[8111] As discussed above, video encoder 200 may predictively signal the motion
vector. Two examples of predictive signaling techoigues that may be implemented by
video encoder 200 include advanced motion vector prediction (AMVP) and merge mode

signaling.

8112] The intra prediction unit 206 may perform intra prediction on the current video
block. When the intra prediction unit 206 performs intra prediction on the current video
block, the intra prediciion unit 206 may gencrate prediction data for the current video
block based on decoded samples of other video blocks 1o the same picture. The prediction
data for the current video block may include a predicted video block and various syntax

elements.

[8113] The residual generation unit 207 may generate residueal data for the current video
block by subtracting {¢.g., indicated by the minus sign} the predicted video block (5) 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 current video block.

18114] 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 voit 267

may not perform the subtracting operation.

19115}  The transform processing unit 208 may generate one or more fransform
coctficient video blocks for the current video block by applving one or more transforms

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

[9116]  After the transform processing unit 208 generates a transform coefficient video
block associated with the current video block, the quantization unit 209 may guantize the
transform cocfficient video block associated with the current video block based on one or

more quantization paramecier {QP) values associated with the current video block.

9117}  The inverse guantization unit 210 and the nverse transform unit 211 may apply
mverse quantization and mverse transforms {o the transform coefficient video block,
block. The reconstruction uny 212 may add the recousiructed residual video block to
corresponding samples from one or more predicted video blocks generated by the

prediction unit 202 to produce a reconstructed video block associated with the current

iz
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video block for storage in the buffer 213,

[0118] After the reconstruction unit 212 reconstruets the video block, loop filtering

gperation may be performed to reduce video blocking artifacts in the video block.

18119} The entropy encoding unit 214 may receive data from other functional
components of the video encoder 200, When the entropy encoding unit 214 receives the
data, the entropy cncoding unit 214 may perform one or more entropy ¢ncoding operations
to generate entropy encoded data and output a bitstream that includes the entropy encoded

data.

[8128] Fig. 318 a block diagram dlustrating an example of a video decoder 300, which
may be an example of the video decoder 124 in the system 100 illustrated 1o Fig. 1. in

accordance with some embodiments of the present disclosure.

18121] The video decoder 300 may be configured to perform any or all of the technigues
of this disclosure. In the example of Fig. 3, the video decoder 300 mmeludes a plurality of
functional components. The techniques described in this disclosure may be shared among
the various components of the video decoder 300, In some examples, a processor may be

configured to perform any or all ot the techniques described in this disclosure.

191227  In the exampie of Fig. 3, the video decoder 300 includes an entropy decoding
unit 301, a motion compeunsation umit 302, an nira prediction uwnit 303, an inverse
guantization unit 304, an inverse transformation unit 305, and a reconstruction unit 306
and a buffer 307. The video decoder 300 may, in some examples, perform a decoding pass

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

19123} The entropy decoding unit 301 may retrieve an encoded bitstream. The encoded
bitstream may include entropy coded video data {¢.g.. encoded blocks of video data). The
entropy decoding unit 381 may decode the entropy coded video data, and from the entropy
decoded video data, the motion compensation unit 302 may determine motion information
mcluding motion vectors, motion vector precision, reference picture list indexes, and
other motion information. The motion compensation unmit 302 may, for example,
determine such information by performing the AMVP and merge mode. AMVP 5 used,
including derivation of several most probable candidates based on data from adjacent PBs
and the reference picture. Motion information tyvpically includes the horizoutal and

vertical motion vector displacement values, one or two reference picture indices, and, in
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the case of prediction regions in B slices, an identification of which reference pictare list
is associated with cach index. As used herein, in some aspects, a “merge mode” may refer

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

[8124] The motion compensation unit 302 may produce motion compensated blocks,
possibly performing interpolation based on terpolation filters.  Identifiers for
mterpolation filters to be used with sub-pixel precision may be included in the syntax

clements.

191258]  The motion compensation unit 302 may use the interpolation filters as used by
the video encoder 200 during encoding of the video block to calculate interpolated values
for sub-integer pixels of a refercnce block. The motion compensation unit 302 may
determine the interpolation filters ased by the video encoder 200 according to the received

syntax information and use the interpolation filters to produce predictive blocks.

[98126] The motion compensation unit 302 may use at least part of the syntax
mnformation to determine sizes of blocks used to encode frame(s) and/or slice(s) of the
encoded video sequence, partition information that describes how each macroblock of a
picture of the encoded video sequence 1s partitioned, modes indicating how sach partition
is ¢ncoded, one or more reference frames (and reference frame hists) for cach inter-
encoded block, and other information to decode the encoded video sequence. As used
herein, in some aspects, a “shice” mav refer fo a data structure that can be decoded
mdependently from other slices of the same picture, in terms of entropy coding, signal
prediction, and residual signal recounstruction. A shice can either be an entire picturc or a

region of a picture.

9127} The mtra prediction unit 303 may use intra prediction modes for example
received 1o the bitstream to form a prediction block from spatially adjacent blocks. The
mverse quantization umit 304 inverse quantizes, t.o., de-quantizes, the quantized video
block coefficients provided in the bitstream and decoded by entropy decoding umit 301,

The inverse transform unit 305 applics an nverse transform.,

{8128] The reconstruction unit 306 may obtain the decoded blocks, e g, by summing
the residual blocks with the corresponding prediction blocks generated by the motion
compensation unit 302 or intra-prediction unit 303, If desired, a deblocking filter may
also be applied to filter the decoded blocks in order to remove blockiness artifacts. The

decoded video blocks are then stored i the bufter 367, which provides reference blocks
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for subsequent motion compensation/intra prediction and also produces decoded video for

presentation on a display devige.

[8129] Some exemplary embodiments of the present disclosure will be described in
detailed hereinafter. 1t should be understood that section headings are used in the present
document to facilitate case of understanding and do not limit the embodiments disclosed
i a section to only that section. Furthermore, while certain embodiments are described
with reference to Versatile Video Coding or other specific video codecs, the disclosed
techoigues are applicable to other video coding techuologies alse. Furthermore, while
some embodiments describe video coding steps n detail, it will be understood that
corresponding steps decoding that ando the coding will be implemented by a decoder.
Furthermore, the term video processing cncompasses video coding or compression, video
decoding or decompression and video transcoding in which video pixels are represented
from one compressed format into another compressed format or at a different compressed

bitrate.

i.  Brief Summary

This disclosure 1 related to video coding technologies. Specifically, 1t 15 related a coding tool
that relocates frames and adjusts the corresponding cross components linear model 1n the blocks
of the relocated frames for a better coding cfficiency. It may be applied to the existing video
coding standard hike HEVC, or Versatile Video Coding (VVC). It may be also applicable to

future video coding standards or video codec.

2. Introduction

Video coding standards have evolved primarily through the development of the well-known
ITU-T and ISOAEC standards. The ITU-T produced H.261 and H 263, ISOAEC 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 hyvbnid video coding structure wherein
temporal prediction plus ransform coding are utilized. To explore the future video coding
technologies beyond HEVC, Joint Video Exploration Team (JVET) was founded by VUEG and
MPEG jomtly m 2015, Since then, many new methods have been adopted by IVET and put
mito the reference software named Jomt Exploration Model (JEM}. In April 2018, the Jomnt

Video Expert Team (JVET) between VUEG {(36/16) and ISOMAEC JTCT SC29/WGH (MPEG)

st
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was created to work on the VVC standard targeting at 50% bitrate reduction compared to HEVC.
2.1, Color space and chroma subsampling

Color space, also known as the color model {or color system), is 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
coordmate systom and sub-space.

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

YCbCr, Y'CbCr, orY Pb/Ch Pr/Cr, also written as YOBCR or Y'OBCR, 15 a fanuly of color
spaces used as a part of the color image pipeline in video and digital photography systems. Y’
15 the lumacomponent and CBansd CRare the Dblue-difference  and  red-
difference chroma components. Y' {with prime) is distinguished from Y, which s lunminance,
meaning that Hght intensity 1s nonhnearly encoded based on gamima correcied ROB primaries.
Chroma subsampling is the practice of encoding images by implementing less resolution for
chroma information than for luma information, taking advantage of the human visual system's
lower acuity for color differences than for lommance.

215 4:4:4

Fach of the three Y'CbCr components have the same sample rate, thus there is no chroma
subsampling. This scheme is sometimes used in high-end film scamuners and cinematic post
production.

2.1.2, 4:2:2

The two chroma components are sarmpled at half the sample rate of luma: the borizontal chroma
resolution 1s halved while the vertical chroma resolution is unchanged. This reduces the
bandwidth of an uncompressed video signal by one-third with hittle to no visual difference. An
example of spominal vertical and horizontal locations ot 4:2:2 color format 1s depicted in Fig. 4
m VVC working draft,

2.1.3, 4:2:0

In 4:2:0, the horizontal sampling 18 doubled compared to 4:1:1, but as the Cb and Cr channels
are only sampled on each alternate line 1n this scheme, the vertical resolution is halved. The
data rate 1s thus the same. Ch and Cr are each subsampled at a factor of 2 both horizondally and
vertically. There are three vanants ot 4:2:0 schemes, having different horizonial and vertical

siting.
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e In MPEG-2, Cb and Oy are costted horzontally. Ob and Cr are sited between pixels in the
vertical diroction {sited nterstitiadlyv).

s In IPEGAFIE, H261, and MPEG-E, Cb and Or are sited mtersotially, halfway between
alternate hima samples,

s In 420 DY, Tb and Or are co-sited i the horizonial divection. In the vertical direction,

they are co-sited on aliormating hines.

Table 2-1 SubWidthC and SubHeight(C values denved from chroma format ide and

separate_colour plane flag

chroma _format i | separate colour plane {1 Chroma SubWidth | SubHeight
de ag format C C
g 0 Monochrome 1 I
1 0 4:2:0 2 2
2 0 4:2:2 2 I
3 0 4:4:4 { I
3 1 4:4:4 1 i
2.2 Coding flow of a typical vides codec

Fig. S shows an example of encoder block diagram of VVC, which countains three in-loop
filtering blocks: deblocking filter (DF), sample adaptive offset (SAQ) and ALF. Unlike DF,
which uses predefined filters, SAQ and ALF utilize the original samples of the current picture
to reduce the mean square errors between the original samples and the reconstructed samples
by adding an offset and by applyving a finste mmpulse response (FIR} filter, respectively, with
coded side information signaliing the offsets and filter coefficients. ALF s located at the last
processing stage of cach picture and can be regarded ag a tool trying to caich and fix artifacts

created by the previous stages.

2.3, Intra mode coding with 67 intra prediction modes

To capture the arbitrary cdge directions presented in natural video, the number of directional
mntra modes 1s extended from 33, as used m HEVC, to 63, as shown m Fig. 6, 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 intra predictions,
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In the HEVC, every intra-coded block has a square shape and the length of each of s side s &
power of 2. Thus, no division operations are required {o generate an intra-predictor using DC
mode. In VVC, blocks can have a rectangular shape that necessitates the use of a division
operation per block in the general case. To avoid division operations for BC prediction, only

the longer side 1s used to compute the average for non-square blocks.

2.3.1. Wide angle intra prediction

Although 67 modes are defined m the VV, the exact prediction direction tor a given mntra
prediction mode mdex 1s further dependent on the block shape. Conventional angular mtra
prediction directions are defined from 45 degrees to —133 degrees in clockwise direction. In
YV, several conventional angular intra prediction modes are adaptively replaced with wide-
angle mira 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 number of intra prediction modes is unchanged. t.¢., 67, and the nira mode coding
method is unchanged.

To support these prediction directions, the top reference with length 2W+1, and the left
reference with length ZH+1, are defined as shown in Fig. 7.

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

a block. The replaced intra prediction modes are illustrated in Table 2-2.
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Aspect ratio Replaced mitra prediction modes
o ] Maodes 2,3.4.5,6,78,9,10,11,12,
W/ H=16
13,1415
W/ H== Modes 2,3,4.5,6,7.8,9,10,11,12, 13
W/ H==4 Modes 2,3,4,5,6,7.8.9,10,11
W/ H==2 Modes 2,3.4,5,6,7.8.9
W/ H==1 None
W/ H==12 Modes 39,60,61,62.63,64,63,66
- Mode
W/ H==1/4 o
57,58,59,60,61,62,63,64,65,66
, Modes 55,
W/ H==1/8
56,57.58,59,60,61,62,63,64,65,66
, Modes 53, 54, 35,
W/ H==1/16 -
56,57.58,59,60,61,62,63,64,65,66

As shown in Fig. & two vertically adiacent predicted samples may use two non-adjacent
reference samples in the case of wide-angle indra prediction. Hence, low-pass refercnce samples
filter and side smoothing are applied to the wide-angle prediction to reduce the negative effect
of the increased gap Apo. It a wide-angle mode represents a non-fractional offset. There are 8
modes in the wide-angle modes sansty this condition, which are |-14, ~12, 10, -6, 72, 76, 78,
80}, When a block s predicted by these modes, the samples in the reference buffer are directly
copied without applying any interpolation. With this modification, the number of samples
needed to be smoothing is reduced. Besides, it aligns the design of non-fractional modes in the
conventional prediction modes and wide-angle modes.

In VVC, 4:2:2 and 4:4:4 chroma formats arc supported as well as 4.2:0. Chroma derived mode
(DM} derivation table for 4:2:2 chroma format was mitially ported from HEVC extending the
muimber of eniries from 35 to 67 to align with the extension of intra prediction modes. Since
HEVYC specification does not support prediction angle below —135 degree and above 45 degree,
luma ntra prediction modes ranging from 2 to 3 are mapped to 2. Theretore, chroma DM
derivation table for 4:2:2: chroma format is updated by replacing some values of the entries of

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

2.4, Intra prediction mode coding for chroma component
For the chroma componert of an intra PU, the encoder selects the best chroma prediction modes

1%
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among five modes including Planar, DU, Honzontal, Vertical and a direct copy of the ntra
prediction mode for the luma component. The mapping between intra prediction direction and
wiira prediction mode mumber for chroma 1s shown i Table 2-3.

When the intra prediction mode number for the chroma component is 4, the intra prediction
direction for the luma component is used for the intra prediction sample generation for the
chroma component. When the intra prediction mode number for the chroma component s not
4 and 1t 1s wdentical to the mira prediction mode number for the luma component, the mira
prediction direction of 66 is used for the intra prediction sample generation for the chroma

component.

2.5 Inter prediction

For each mter-predicted CU, motion parameters consisting of motion vectors, reference picture
mdices and reference picture list usage index, and additional information needed for the new
coding feature of VVC to be used for inter-predicted sample generation. The motion parameter
can be signalied m an explicit or tuplicit manner. When a CU is coded with skip maode, the CU
1s associated with one PU and has no significant residual coetficients, no coded motion vector
delta or reference picture index. A merge mode is specified wherehy the motion parameters for
the current CU are obtained from neighbouring CUs, mehuding spatial and temporal candidates,
and additional schedules mitroduced in VVC. The merge mode can be applied to any mter-
predicted CU, not only for skip mode. The alternative to merge mode 18 the explicit transmigsion
of motion parameters, where motion vegtor, corresponding reference picture index for each
reference picture list and refercnce picture list usage flag and other needed information are

signalled explicitly per each CUL

2.6. Intra block copy (IBC)

Intra block copy (IBC) is a tool adopted in HEVC extensions on SCC. It is well known that i
significantly improves the coding efficiency of screen content matenals. Since IBC mode s
mmplemented as a block level codmg mode, block matching (BM) s performed at the encoder
to find the optimal block vector (or motion vector) for cach CU. Here, a block vector is used to
mdicatc the displacement from the currenmt block to a reference block, which is alrcady
reconstructed mside the current picture. The huma block vector of an IBC-~coded CU is n integer
precision. The chroma block vector rounds to integer precision as well, When combined with
AMVRE, the IBC mode can switch between 1-pel and 4-pel motion vector precisions. An IBC-

coded CU is freated as the third prediction mode other than intra or inter prediction modes. The
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IBC mode s applicable to the CUs with both width and height smaller than or equal to 64 lama
samples.

At the encoder side, hash-based motion estimation 1s performed for IBC. The encoder performs
R check for blocks with either width or height no larger than 16 luma samples. Fornon-merge
mode, the block vector search is performed using hash-based search first. If hash scarch doces
not return valid candidate, block matching based local scarch will be performed.

In the hash-based search, hash kev matching (32-bit CRC) between the current block and a
reference block s extended to all allowed block sizes. The hash key calculation for every
position in the current picture 18 based on 4x4 sub-blocks. For the current block of a larger size,
a hash key is determined to match that of the reference block when all the hash keys of alf 4x4
sub-blocks match the hash kevs in the corresponding refercnce locations. If hash keys of
multiple reference blocks are found to match that of the carrent block, the block vector costs of
cach matched reforence are caleolated and the one with the minimom cost s selected.

In block matching search, the search range s set to cover both the previous and current CTUs.
At CU level, IBC mode 1s signalied with a flag and it can be signalled as IBC AMVP mode or
IBC skip/merge mode as follows:

IBC skip/merge mode: a merge candidate index is used fo indicate which of the block
vectors 1n the list from neighbouring candidate IBC coded blocks is used to predict the current
block. The merge st consists of spatial, HMVP, and pairwise candidates.

IBC AMVP mode: block vector difference 1s coded in the same way as a motion vector
difference. The block vector prediction method uses two candidates as prediciors, one from foft
neighbour and one from above weighbour (if IBC coded) When cither neighbour 15 not
avatlable, a default block vector will be used as a predictor. A flag is signalled to indicate the

block vector predictor ndex.

2.7. Cross-component linear 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 limear model as follows:

prede{(L, ) = o vec, "G+ B {2-1)
where prede (i, §) represents the predicted chroma samples in a CU and recy (4, i} represents the

down-sampied reconstructed luma samples of the same CU.

The CCLM parameters (¢ and §) are derived with at most four neighbouring chroma samples
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and their comesponding down-sampled huma samples. Suppose the current chroma block

dimensions are WxH, then W' and H’ arc set as:

W o=W, H = H when LM mode is applied;
- W =W+ Hwhen LM T mode is applied;
- H =H-+Wwhen LM_L mode is apphied.

The above neighbouring positions are denoted as 5[0, ~1 1. 8{ W™ — 1, ~1] and the left
neighbouring positions are denoted as S{—1, 0 1.8 —1, H' — 1 |. Then the four samples are

selected as:

- S{W /4 -TLESI3 W /4 TS -LHE /4L8 -1 3*%H /4] when LM mode is
apphied and both above and left neighbounng samples arg available;
S{W /B ~TLSI3*W /B -1 LS[3*W /R -1 L8] 7*W /R ~1iwhentM T
maode is applied or only the above neighbouring samples are avaiiable;

— S{-L H/&LS-L3*H /8L S -LSHEH /8L S[-L THFH /8] when LM L

mode is applied or only the left neighbouring samples are available.

The four neighbounng luma samples at the selected positions are down-sampled and compared
four times to find two larger values: x%s and xl4, and two smaller values: x"s and x's. Their
corresponding chroma sample values are denoted as 94, vis, s and y's. Then v s, 32 and s
are derived as:
Xe=(x% + #1021 =" + x'p +1>>1; Vom0 + yl #1001 V=% + 32 s + 1>
{2-2}

Finally, the lincar model parameters o and f are obtained according to the following equations.

Y, Y
o= S @3)

Fig. 9 shows an example of the location of the left and above samples and the sample of the

carrent block involved in the CCLM mode.

The division operation o calculate parameier o 1s implemented with a look-up table. To reduce
the memory required {or storing the table, the 4iff value (difference between maxuoum and
mimmum values) and the parameter o are expressed by an exponential notation. For exanmple,
diff 1s approxamated with a 4-bit sigmiticant part and an exponent. Consequently, the table for
1/diff 1s reduced into 16 elements for 16 values of the sigmificand as follows:

Diviable [1={0.7,6,5,5.4,43,3, 22, LLL L0} (2-3)
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This would have a benefit of both reducing the complexity of the calenlation as well as the

memory size required for storing the needed tables.

Besides the above tomplate and left template can be used to calculate the linear model
cocfficients together, they also can be used alterpatively in the other 2 LM modes, called LM T,

and LM_L modes.

In LM T mode, only the above template is used to calenlate the linear model coefficients. To
get more samples, the above template is extended to (W-+H) samples. In LM L mode, only left
template 1s used to calculate the hnear model coefficients. To get more samples, the left

template 1s extended to (H+W) samples.
In LM mode, left and above templates are used to caleulate the linecar model coefticicnts.

To match the chroma sample locations for 4:2:0 video sequences, two tvpes of down-sampling
filter are applied to huma samples to achicve 2 to 1 down-sampling ratic i both borizontal and
vertical directions. The selection of down-sampling filter 1s specified by a SPS level flag. The
two down-sampling filters are as follows, which are corresponding o “tvpe-07 and “type-2”
content, reapectively.

veo (21 — 1,2 — 13+ 2 veq{2i — L2 — D) 4 rec 21+ 1.2 - 13 +

—::," ’\’ = .
Recy (4, ) { vec (20 — 1,2)) + 2 - vecy (24, 2j) + rec (2i + 1,2/} + 4

}>>3

{2-6)

vec {24, 2] — 1) +veq {2i — 1,2j) + 4 - rec {21, 2]}

rec (2 + 1,2]) +rec, (20,2 + 1) + 4 j »3 @D

an = |
MNote that only one luma line {gencral line buffer in intra prediction) is used to make the down-

sampled luma samples when the upper reference ling 1s at the CTU boundary.

This parameter computation is performed as part of the decoding process, and is not just as an
encoder scarch operation. As a result, no syotax is used to convey the o and §§ values to the

decoder.

For chroma intra mode coding, a total of 8§ intra modes are allowed for chroma mtra mode
coding. Those modes mclude five conventional intra modes and three cross-component hincar
model modes (LM, LM T, and LM L), Chroma mode signalling and derivation process are
shown in Table 2-3. Chroma mode coding directly depends on the ntra prediction mode of the
corresponding luma block. Since separate block partitioning structure for luma and chroma
components 1s enabled in 1 shices, one chroma block may correspond to multiple luma blocks.

Therefore, for Chroma DM mode, the intra prediction mode of the corresponding luma block
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covering the center position of the cerrent chroma block is directly mbherited.

Table 2-3 Denvation of chroma prediction mode from luma mode when CCLM is enabled

Corresponding huma intra prediction mode
Chroma prediction mode | 50 18 1 X
(0 <= X <= 66)

0 66 |0 0 { 0

i 30 (66 30 {50 |50

2 1% 18 |66 i i8

3 1 i i 66 i

4 { 30 18 i X

5 81 81 &1 81 81

6 82 |82 82 (8 |8

7 83 |83 (83 |83 |83

A single binanzation table is used regardless of the value of sps_cclm enabled flag as shown

it Table 2-4.

Table 2-4 Unified binarization table for chroma prediction mode

Valuc of N 4

mira_chroma pred mode Bin string

4 00

b 3100

i 0101

2 0110

3 0111

3 10

6 110

7 111

In Table 2-4, the first bin indicates whether it 15 regular {0) or LM modes (1}, it 1s LM mode,

then the next bin indicates whether it is LM_CHROMA (0) or not. f it 1s not LM_CHROMA,

next 1 bin indicates whether i 18 EM L (0) or LM T (1. For this case, when
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sps_cclm enabled flag is 0, 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 18 inferred 1o be 0 and henee not coded. This single binanzation table is used for both
spa_cclm_enabled flag equal to 0 and 1 cases. The first two bins 1n Table 2-4 are context coded
with its own context model, and the rest bins are bypass coded.

In addition, in order to reduce luma~chroma latency 1o dual tree, when the 64x64 luma coding
tree node is partitioned with Not Split (and ISP is not used for the 64x64 CU) or QT, the chroma

Cls in 32x32 / 32x16 chroma coding tree node s allowed to use CCLM m the following way:

{fthe 32432 chroma node is not split or partitioned Q1 split, alf chroma CUs in the

3232 node can use CCLM.

— Ifthe 32x32 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 1s not allowed for chroma

CuU.

2.8, Meolti-model linear model (MMLM)

With MMLM, there can be more than one lincar models between the luma samples and chroma
samples o a CU. In this method, neighboring luma samples and neighboring chroma samples
of the current block are classified mto several groups, each group s used as a training set to
derive a lincar model (i.c., particular o and B arc denived for a particular group). Furthermore,
the samples of the current luma block 1s also classified based on the same rule for the

classification of neighbonng luma samples.

The neighboring samples can be classified into M groups, where M s 2 or 3. The MMLM
method with M=2 and M=3 are designed as two appended Chroma prediction modes named
MMLM?2 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 to 2, Fig. 10 shows an example of classifying the neighboring samples mio
two groups. Threshold 1s calculated as the average value of the neighboring reconstructed Luma
samples. A neighboring sample with Rec’L{x y| <= Threshold is classified into group 1, while
ancighboring sample with Rec’ L{x,v] > Threshold is classified o group 2. Similarto CCLM,

there are 3 modes in MMLM, namely MMLM, MMLM_T, and MMLM L. Two models are
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derived as:

{ Pred.x. yl=a X Rec' [x. y1+ f,  if Rec',[x, y1< Threshold

¥ 2-8
| Pred {x, yl= o, xRec' [x, yi+ B, i/ Rec' {x, y]> Threshold (2-8)

The threshold which 1s the average of the luma reconstructed neighboring samples. The hmear
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 VYV, the results of intra prediction of BC, planar and several angular modes are further
modified by a position dependent intra prediction combination (PDPC) method. PDPC 15 an
mira prediction method which invokes a combination of the boundary reference samples and
HEVYC style mntra prediction with filtered boundary reference samples. PDPC is applied to the
following mtra modes without signalling: planar, DC, ntra angles less than or equal to
horizontal, and intra angles greater than or equal to vertical and less than or equal to 80 Hthe

current block is BEPCM mode or MRL index 18 larger than 0, PDPC 13 not applied.

The prediction sample pred{x’y’} is predicted using an intra prediction mode (DC, planar,
angudar) and a linear combination of reference samples according to the Equation 2-8 as follows:
pred{x’ 3y v Chp(0, (1 << BitDepth } — |, (winBRoyp +wi=fo -1 W64 —wl —wy=pred(x "y}
+32 6 (2-9)
where Re-1, -1y represent the reference samples located at the top and lefi boundaries of
current sample (x, ), respectively,
If PDPC 18 applied to DC, planar, borizontal, and vertical mtra modes, additional boundary
filters arc vot needed, as reguired in the case of HEVC D wode boundary filicr or
horizontal/vertical mode edge filters. PDPC process for DC and Planar modes is identical. For
angular modes, if the current angular mode 158 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 applicd to the block with both width and height
greater than or equal to 4.
Figs. 11A-11D iHustrate the definition of reference samples (#y-1 and #-1,,) for PRPC applied
over various prediction modes. Fig. 11A 15 a schematic diagram illustrating definttion of
samples used by PDPC apphied to a diagonal top-night mode. Fig. 11B is a schematic diagram
tHustrating definition of samples used by PDPC apphied to a diagonal bottom-left mode. Fig.

11C 15 a schematic diagram illustrating definition of samples used by PDPC applied to an
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adjacent diagonal top-night mode. Fig. 11D s a schematic diagram Hustrating definition of
samples used by PDPC applied to an adjacent diagonal bottom-left mode. The prediction
sample pred{x’, ¥y 1s located at (x’, ¥y within the prediction block. As an example, the

coordinate x of the reference sample Rv s given by, x =x"+y "+ 1, and the coordinate y of

bl

the reference sample R-1y 18 similarly given by: y=x7+ v+ 1 for the diagonal modes. For the
other angular mode, the reference samples Ro-1 and 81y could be located mn fractional sample

position. In this case, the sample value of the nearest integer sample location 1s used.

2140, Gradient PBPC
The gradicnt based approach is extended for non-vertical/non-horizontal mode, as shown in Fig.
12. Here, the gradient is computed as r{-1, v} — r{-1+ d, -1}, where d is the horizontal
displacement depending on the angular direction. A few pomtis to note here:
The gradient term of-1, v} - r(-1+ 4, -1} 13 needed to be computed once for every row, as it does
not depend on the x position.
The computation of d is already part of onginal intra prediction process which can be roused,
30 a separate computation of d 1s not needed. Accordingly, d 1s in 1/32 pixel accuracy.
Two tap (linear) filtering s used when d is at fractional posttion, 1.¢., if dPos 1s the displacement
i 1/32 pixel accuracy, dint is the (Hloored) integer part {dPos>>3), and dFract is the fractional
part in 1/32 pixel accuracy {dPos & 31), then v(~1+d) 1s computed as:

r(-i+d) = {32 — dFrac) * r{-1+dint) + dFrac * «{-1+dint+1).
This 2 tap filicring is performed once per row {if necded), as explained in a.
Fmally, the prediction signal is computed as:

Py = Clipt{ (64— wL(x)) * pley) + WL(x) * (-1, v) = (- 1+d 1)) + 32) 5> 6),
where wl{x} = 32 >> {{x<<1>>nScale?), and nScale? = (log2(nTbH} + log2{nThW} — 23 >>
2, which are the same as vertical/horizontal mode. In a nutshell, the same process s applied
compared to vertical/horizontal mode (in fact, d = 0 mdicates vertical/horizontal mode).
Second, the gradient based approach is activated for non-vertical/non-hornizontal mode when
{n&cale <) or when PDPC can™t be applied dug to unavaslability of secondary reference sample.
The values of nScale are shown 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, the flowchart for

current and proposed PDPC are shown

211, Secondary MPM
Secondary MPM lists is introduced. The existing primary MPM (PMPM} list consists of 6

b
~-3
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entries and the secondary MPM (SMPM} list imchudes 16 entries. A general MPM hst with 22
eniries 1s constructed first, and then the first 6 entries in this general MPM list are included nto
the PMPM list, and the rest of entries form the SMPM list. The first entry in the general MPM
list 1s the Planar mode. The remaining entries are composed of the itra modes of the left (L),
above (A}, below-left (BL}, above-right (AR}, and above-left (AL} neighbouring blocks as
shown i Fig. 15, the directional modes with added offsct from the first two available directional
maodes of neighbourmg blocks, and the default modes.

If a CU block 1s vertically oriented, the order of neighbouring blocks 1s A, L, BL, AR, AL;
otherwise, itis L, A, BL, AR, AL.

A PMPM flag 1s parsed first, 1f equal to | then a PMPM index s parsed to deternune which
entry of the PMPM list is selected, otherwise the SPMPM flag 1s parsed to determine whether

to parse the SMPM index or the remaining modes.

232, 6-tap intra interpolation filter
To tmprove prediction accuracy, U is propased to replace 4-tap Cubic interpolation filter with
6-tap mnterpolation filter, the filter coefficients are derived based on the same polynonual
regression model, but with polynomial order of 6.
Filter coefficients are listed below:

0, 0,256, 0, 0, 03}, // 0/32 position

i
{0, -4,253, 9, -2, G4}, // /32 posttion

-
g
o
N
=
NG

49, 17, -4, 0}, // 2/32 position

§ 1, ~10, 245, 25, -6, 1}, // 3/32 position
{ 1,~13, 241, 34, -8, 1}, /7 4/32 position
£ 2,-16, 235, 44 -10, 11}, /f 5/32 position
{2,-18,229, 53,-12, 2}, // 6/32 position
§02,-20,223, 63,14, 2%, // 7732 position
02,222, 2V7, 72, <15, 24, /7 &/32 position
§ 3,-23,209, 82,-17, 2%, // 9/32 position
{03,-24,202, 92, -19, 2%, // H0/32 position
{ 3,-25,194, 101, -20, 3%, /7 11/32 position
£ 3,-25, 185 111, -21, 3}, //12/32 position
£ 3,-26, 178 121, -23, 3}, // 13/32 position
§3,-25, 168, 131,-24, 3}, / 14/32 position
§ 3,-25, 159, 141,-25, 3}, //15/32 posttion
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{ 3,-25,150, 150, -25, 3 }. // half-pel position
The reference samples used for interpolation come from reconstructed samples or padded as in
HEVC, so that the conditional check on reference sample availability is not needed.
Instead of using nearest rounding operation to derive the extended Intra reference sample, 1t 1s
proposed to ase 4-tap Cubic interpolation filter. As shown i an example in Fig. 16, to derive
the value of reference sample P, a four tap interpolation filter is used, while in JEM-3.0 or HM,

P 1s divectly set as X1,

2.13. Multiple reference line (MRL) inira prediction

Multiple reference line (MRL) intra prediction uses more reference Hnes for intra prediction. In
Fig. 17, an example of 4 reference lines is depicted, where the samples of segments A and F are
not fetched from reconstructed neighbouring samples but padded with the closest samples from
Segment B and E, respectively. HEVC intra-picture prediction uses the nearest reference line
{i.e., reforence line 0}, In MRL, 2 additional lines (reference line 1 and reference line 2) are
used.

The index of selected reference line (mrl 1dx) 18 signalled and used to generate intra predictor.
For reference line index, which is greater than 0, only include additional reference line modes
m MPM list and only signal MPM index without remaining mode. The refercnce line index is
signalled before ntra prediction modes, and Planar mode 15 excluded from ntra prediction
modes in case a nonzero reference line index is signalled.

MRL s disabled for the first line of blocks mside a CTU to prevent using oxtended reference
samples outside the current CTU bine. Also, PIYPC 15 disabled when additional line 1s used. For
MRE mode, the denivation of DC value in BC mntra prediction mode for non-zero reference hine
mdices are aligned with that of reference line mdex 0. MRL requires the storage of 3
neighbouring luma reference lines with a CTU to generate predictions. The Cross-Component
Lincar Model (CCLM} tool also requires 3 neighbouring luma reference lines for its down-
sampling filters. The definition of MRL {0 use the same 3 lines 1s aligned as CCLM 1o reduce

the storage requurements for decoders.

2.314, Intra sub-partitions {(15P)

The mtra sub-partitions {(15P) divides fuma intra-predicted blocks vertically or horizongally into
2 or 4 sub-partitions depending on the block size. For example, munimum block size for ISP is
4x8 {or 8x4}. If block size is greater than 448 {or 8x4) then the corresponding block is divided

by 4 sub-partitions. It has been noted that the M X 128 {(with M £ 64)and 128 X N (with N <
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64} ISP blocks could generate a potential 1ssue with the 64 X 64 VDPU. For example, an M X
128 CUin the single tree case has an M » 128 luma TB and two corresponding i? x 64 chroma
TBs. If the CU uses ISP, then the luma TB will be divided mito four M = 32 TBs {only the
horizontal split is possible}, cach of thom smaller than a 64 X 64 block. However, n the current
design of ISP chroma blocks are not divided. Therefore, both chroma components will have a
size greater than a 32 X 32 block. Analogously, a similar sttuation could be created with a
128 x N CU using ISP. Hence, these two cases are an issue for the 64 X 64 decoder pipelme.
For this reason, the CU sizes that can use ISP is restricted to a maxuoum of 64 X 64 Figs. 18A-
188 show examples of the two possibilities. Fig. 18A 1s a schematic diagram ilustrating
examples of sub-partitions for 448 and 8x4 CUs. Fig. 18B is a schematic diagram illustrating
examples of sub-partitions for CUs other than 4x8, 8x4 and 4x4. All sub-partitions fulfill the
condition of having at least |6 samples.

In ISP, the dependence of IXIN/2XN subblock prediction on the reconstructed values of
previcusly decoded 1xIN/2xN subblocks of the coding block 1s not allowed so that the minimum
width of prediction for subblocks becomes four samples. For example, an 8xN {N > 4) coding
block that 1s coded using ISP with vertical sphit 1s split into two prediction regions cach of size
4xN and four transforms of size 2xN. Also, a 4xXN coding block that is coded using ISP with
vertical split is predicted using the foll 4xN block; four transform each of IxNis used. Although
the transform sizes of 1xN and 2xN are allowed, if is asserted that the transform of these blocks
in 4xN regions can be performed in parallel. For example, when a 4xN prediction region
contains four 12N transforms, there is no transform n the horizontal direction; the transform
the vertical direction can be performed as a single 4xXN transform in the vertical direction.
Similarly, when a 4xXN prediction region contains two 2XN transtorm blocks, the transform
operation of the two 2XN blocks i cach direction (horizontal and vertical} can be conducted 1n
parallel. Thus, there 15 no delay added in processing these smaller blocks than processing 444

regular-coded ntra blocks.

Table 2-3 Entropy coding coefficient group size
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Block Size Coefficient group Size

“““““““““ IxNNz16 | ixis
KNx1LN =16 16x1
ZXN N8 278
Nx2N=28 gx1
All other possible M X N cases 4% 4

For each sub-partition, reconstructed samples are obtained by adding the residual signal to the

prediction signal. Here, a residual signal i3 generated by the processes such as entropy decoding,

rverse quantization and inverse transforma. Therefore, the reconstructed sample values of cach

sub-partition are available to generate the prediction of the next sub-partition, and each sub-

partition s processed repeatedly. In addiion, the first sub-pastition to be processed is the one

containing the top-left sample of the CU and then continuuing downwards (honzontal split) or

nghtwards {vertical sphit}. As a result, reference samples used (o generate the sub-partitions

prediction signals are only located at the left and above sides of the lines. Al sub-partitions

share the same intra mode. The followings are summary of interaction of ISP with other coding

tools.

Multiple Reference Line (MRL): if a block has an MRLU index other than 0, then the ISP
coding mode will be nferred fo be O and thercfore ISP mode information will not be
sent to the decoder.
Entropy coding coefficient group size: the sizes of the entropy coding subblocks have
cen modified so that they have 16 samples in all possible cases, as shown in Table 2-5.
Note that the new sizes only affect blocks produced by ISP n which one of the dimen-
sions is less than 4 samples. In all other cases coefficient groups keep the 4 % 4 dimen-
RIONS.
CBF coding: it is assumed to have at least one of the sub-partitions has a non-zero UBF.
Hence, if n is the number of sub-partitions and the first n — 1 sub-partitions have pro-
duced a zero CBF, then the UBF of the n-th sub-partition is inferred to be 1.
Transform size restriction: all ISP transforms with a length larger than 16 points uscs
the DCT-HL
MTS flag: it a CU uses the ISP coding mode, the MTS CU tlag will be set to 0 and it
will not be sent to the decoder. Therefore, the encoder will not perform RD tests for the
different available transforms for cach resulting sub-partition. The transform choice for

the ISP mode will instead be fixed and selected according the intra mode, the processing
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order and the block size utilized. Hence, no signalling 1s required. For example, let ty
and £, be the horizontal and the vertical transformas selected respectively for the w X A
sub-~partition, where w is the width and £ 1s the height. Then the transform 1s selected
according to the following rules:

- HWw=1o0rhk =1, then there 1s no horizontal or vertical transform respectively.
Hw = 4dand w < 16, iy = DST-VI, otherwise, £ = BCT-IL
- Wh=4and h <16, &y = DST-VIL, otherwise, ¢y = DCT-IL

In ISP mode, all 67 mtra prediction modes are allowed. PDPC is also applied if corresponding
width and height is at least 4 samples long. In addition, the refercnce sample filtering process
{reference smoothing) and the condition for mtra inferpolation filier selection doesn’t exist
anymore, and Cubic (DCT-IF) filter 1s always applied for fractional position interpolation w

ISP mode.

218, Matrix weighted Intra Prediction (MIP}

Matrix weighted intra prediction {MIF) method i1s a newly added intra prediction technigue mto
VY. For predicting the samples of a rectangular block of width W and height &, matnx
weighted iotra prediction (MIP) takes one hine of H reconstructed neighbouring boundary
samples left of the block and one line of W reconstructed neighbouring boundary samples
above the block as mput. If the reconstructed samples are unavailable, thev are generated as
is done in the conventional intra prediction. The generation of the prediction signal is based on
the following three steps, which are averaging, matrix vecior moltiplication and linear

mterpolation as shown in Fig. 19,

2.15.1. Averaging neighbouring samples

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

on block size and shape. Specifically, the input boundaries bdry®™® and bdry'®/® are reduced
left ; ; ;

and bdryr;é by averaging neighbouring boundary samples

to smaller boundaries bdry, .,

. . . . top
according to predefined mile depends on block size. Then, the two reduced boundaries bdry .,
5 le F.f/ > . . ~
and bdry, 7 arc concatenated to a reduced boundary vector bdry,.,; which is thus of size four
for blocks of shape 4 % 4 and of size eight for blocks of all other shapes. If mode refers to the

MiP-mode, this concatenation is defined as follows:
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[bdry/ ol bdr y i ] for W = H = 4 and mode < 18
[ bairy!E bdryih | for W = H = 4 and mode > 18
i left . ear L ,
by, g = [bdr ;,fg L bdr ’V;,fa ] formax{W, H) = 8 and mode < 10 (2-10)
[bdr);;&”, b(ir},rff } formax{W,H) = 8 and mode = 10
[bdryt  bdry!?H] formax(W, H) > 8 and mode < 6
[ bdry..), “r hdr f‘;g}} formax{W, H) > 8 and mode = 6.
2.15.2. Matrix Maoltiplication

A matrix vector multiplication, followed by addition of an offset, is carried out with the
averaged samples as an input. The result is a reduced prediction signal on a subsampled set of
samples in the oniginal block. Out of the reduced mput vector bdry,,; a reduced prediction
signal pred, ., which is a signal on the down-sampled block of width W, ; and height H,.; 18
generated. Here, W,oy and H,..4 are defined as:

4 formax{(W,H) <8

VA== . o -
Wred F Lninw, 8)  for max(W, H) > 8 (211

4 for max(W,H) < 8

Hrea = 1 in(i.8) for max(W, 1) > 6.

(2-12)

The reduced prediction signal pred,. . ; is computed by calculating a matrix vector product

and adding an offset;

predeg = A-Bdry, . + b, {2-13)
Here, 4 is a matnix that has Wiy © Hyeg rows and 4 columns off W = H = 4 and 8 columns in
all other cases. b isavectorof size W,y - H,oy. The matrix 4 and the offset vector & are taken
from one of the sets Sp, 51, 52 One defines an index idx = idx{W, H} as follows:

0 forW=H=4

idx{W, H) = 51 Jormax{W,H) =8 {2-14)

2 formax(W,H) > 8.
Here, cach cocfficient of the matrix A 1 represented with 8 bit precision. The set 5, consists of
16 matrices A%, { € {0, ..., 15} each of which has 16 rovws and 4 columns and 16 offset veectors
Bi,i € {0, ..., 16} cach of size 16. Matrices and offset vectors of that set are used for blocks of
size 4 X 4. The set 5, consists of 8 matrices 45,1 € {0, ..., 7). each of which has 16 rows and 8
columns and 8 offset voctors b1, 1 € {0, ..., 7} cach of size 16. The set S, consists of 6 matrices
g;i € {0, ..., 5}, cach of which has 64 rows and & columns and of & offset vectors & Blie

{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 s a single step lincar interpolation in cach
direction. The mterpolation is performed firstly 1 the honzontal direction and then n the

vertical divection regardless of block shape or block size.

2.15.4. Signalling of MIF mode and harmonization with other coding tools

For each Coding Unit {CU} 1n mntra mode, a flag indicating whether an MIP roode s to be
applied or not 1s sent. If an MIP mode 1s 1o be apphed, MIP mode (predModelntra) is
signalled . For an MIP mode, a transposed flag (isTransposed), which deternunes whether
the mode is transposed, and MIF mode Id (modeld), which determines which matrix is to be

used for the given MIP mode 1s derived as follows:
isTransposed = predModeintra&l

maodeld = predModelntra >> 1. {2-15}

MIP coding mode 1s harmonized with other coding tools by considering following aspects:
o g o o

—  LFNST is enabled for MIP onlarge blocks. Here, the LENST transforms of planar mode
are used.
The reference sample derivation for MIP 1s performed exactly as for the conventional
mmtra prediction modes.

—  For the up-sampling step used in the MIP-prediction, ornginal reference samples are
used mnsiead of down-sampled ones.
Clipping is performed before up-sampling and not after up-sampling.

—  MIP s allowed up to 64064 regardless of the maxumum transform size.

The number of MIP modes 1s 32 for sizeld=0, 16 for sizeld=1 and 12 for sizeld=2.

2.16. BPecoder-side intra mode derivation

In JEM-2 0 intra modes are extended to 67 from 35 modes in HEVC, and they are derived at
encoder and explicitly signalled to decoder. A significant amount of overhead s spent on mitra
mode coding in JEM-2.0. For example, the mtra mode signalling overhead may be up to 5~10%
of overall bitrate 1n all intra coding configuration. This contribution proposes the decoder-side
mira mode dervation approach to reduce the mtra mode coding overhead while keeping
prediction accuracy.

To reduce the overhead of intra mode signalling, this contribution presents a decoder-side ntra
& o

34
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mode derivation (DIMDB) approach. In the proposed approach, instead of signalling intra mode
expligitly, the mformation 1s derived at both encoder and decoder from the neighbouring
reconstructed samples of current block. The intra mode derived by DIMD 5 used m two ways:
1) For ZNx2ZN CUs, the BIMD mode 18 used as the intra mode for intra prediction when the
corresponding CU-level DIMD flag 1s tumed ong
2y For NxN CUs, the DIMD mode 1 used to replace one candidate of the existing MPM list

to improve the efficiency of intra mode coding.

216,15 Templated based intra mode derivation
As lustrated in Fig. 20, the target denotes the current block {of block size N) for which intra
prediction mode is to be estimated. The templaie (indicated by the patterned region in Fig. 203
specifies a set of already reconstructed samples, which are used to dentve the intra mode. The
template size 1s denoted as the number of samples within the teraplate that extends to the above
and the left of the target block, 1.¢, L. In the current implementation, a template size of 2 (1.,
= 2} is used for 4x4 and 88 blocks and a template size of 4 (i.¢., L = 4} is used for 16416
and larger blocks. The reference of template (indicated by the dotted region wn Fig. 20} refers
1o a set of neighbouring samples from above and left of the template, as defined by JEM-2.0.
Unlike the teroplate samples which are alwayvs from reconstrucied 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 s utilized to substitute the
unavailable reference samples with the available reference samples.
For cach mtra prediction mode, the DIMD calculates the absolute difference (SAD) between
the reconstructed template samples and s prediction samples obtained from the reference
sampies of the template. The intra prediction mode that vields the mimmimum SAD is selected as

the final idra prediction mode of the target block.

2.16.2, BIMD for infra 2REN CUs

For wtra 2ZNx2N CUs, the DIMD 1s used as one additional intra mode, which 1s adaptively
selected by comparing the DIMD wira mode with the optimal normal intra mode (1., being
explicitly signalled 3. One flag 1s signalled for ecach mtra 2ZNXZN CU to mdicate the usage of
the DIMD. If the flag 18 one, then the CU 1s predicted using the intra mode denved by DIMD;
otherwisg, the DIMD 1s not applied and the CU s predicted using the intra mode explicitly
signatled 1n the bit-stream. When the DIMD s enabled, chroma components always reuse the
same mira mode as that devived for luma component, 1.¢., DM mode.

3

A
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Additionally, for each DIMB-coded CU, the blocks 1 the CU can adaptively select to derive
their intra modes at either PU-level or TU-level. Specifically, when the DIMD flag is one,
ancther Cl-level DIMD control flag is signalled to indicate the level at which the DIMD is
performed. If this flag is zero, 1t means that the DIMD 1s performed at the PU level and all the
TUs in the PU use the same derived mtra mode for their intra prediction; otherwise (i.e., the
DIMD control flag is one), it means that the DIMD is perfouned at the TU level and each TU
i the PU derives its own intra mode.

Further, when the BIMBD is enabled, the number of angudar directions increases to 129, and the
BC and planar modes still remain the same. To accommodate the mcreased granuvlarity of
angular mtra modes, the precision of intra interpolation filtering for DiMID-coded CUs
mereases from 1/32-pel to 1/6d-pel. Additionally, i order to use the derived intra mode of a
DIMD coded CU as MPM candidate for neighbouring mtra blocks, those 129 directions of the
DiMD-coded CUs are converted to “normal” intra modes {(i.c., 65 angular intra directions)

betore they are used as MPM.

2.16.3, BIMD for intra N«N CUs

In the proposed method, intra modes of wtra NXN CUs are always signalled. However, to
mmprove the efficiency of mira mode coding, the intra modes derived from DIMD are used as
MPM candidates for predicting the tntra 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 first place
i the MPM lbist and the last existing MPM candidate 1s removed. Also, pruming operation 1s

performed such that the DIMD candidate will not be added to the MPM list 1f it 1s redundant.

2.16 4. {ntra mode search algorithm of DIMD

In order to reduce encoding/decoding complexity, one straightforward fast intra mode search
algorithm is used for DIMD. Firstly, one imstial estimation process is performed to provide a
good starting point for intra mode search. Specifically, an mmitial candidate hist 1s created by
selecting N fixed modes from the allowed ntra modes. Then, the SAD 1s calculated for all the
candidate intra modes and the one that minimizes the SAD 1s selecied as the starting intra mode.
To achieve a good complexity/performance trade-off, the initial candidate list consists of 11
mtra modes, including BC, planar and every 4-th mode of the 33 angular inira directions as
defined m HEVC, 1e, intramodes 0, 1, 2, 6, 10... 30, 34,

If the starting intra mode s either DC or planar, € is used as the BIMBD mode. Otherwise, based

on the starting intra mode, one refinement process is then applied where the optimal intra mode

36
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i3 dentified through one iterative search. It works by comparing at each iteration the SAD
values for three intra modes separated by a given search inferval and maindain the intra mode
that nunumize the SAD. The scarch interval 1s then reduced to half, and the selected intra mode
from the last steration will serve as the center intra mode for the current eration. For the current
DIMD implementation with129 angular intra directions, up to 4 ierations are used in the

refinement process to find the optimal BIMD tdra mode.

237, Becoder-side intra mode derivation by calculating the gradients of neigh-
bouring samples

Three angolar modes are selected from a Histogram of Gradient (HoG) computed from the
neighboring pixels of current block. Once the three modes are selected, their predictors are
computed normally and then their weighted average 13 used as the final predictor of the block.
To determine the weights, corresponding amplitudes in the HoG are used for cach of the three
modes. The BIMD mode is used as an alternative prediction mode and is always checked 1n the
FullRIDD mode.

Current version of DIMD has modified some aspects i the signaling, Hols computation and
the prediction fusion. The purpose of this modification i3 to improve the coding performance
as well as addressing the complexity concerns raised during the last meeting (i.¢., throughput

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

2174 Signalling
Fig. 21 shows the order of parsing flags/mdices in VTMS, integrated with the proposed DIMD.
As can be seen, the DIMD flag of the block is parsed first using a single CABAC context, which

is mutialized to the default value of 154,

If flag = = 0, then the parsing continues normally.
Else (if flag = = 1}, only the ISP index is parsed and the following flags/indices are imferred to

be zero: BRDPCM flag, MIP flag, MRL mdex. In this case, the entire IPM parsing is also skipped.
During the parsmg phase, when a regular non-DIMD block maquires the IPM of 1ts DIMD
neighbor, the mode PLANAR IDX 15 used as the virtual IPM of the DIMD block.

2.17.2. Texture analysis
The texture analysis of DIMD includes a Histogram of Gradient (Ho() computation (Fig. 22},
The HoG computation is carned out by applymg horizontal and vertical Sobel filters on pixels

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

Y]
]
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CTU, then they will not be used in the texture analysis.

Once computed, the IPMs corresponding to two tallest histogram bars are selected for the black.
In previous versions, all pixels in the muddle ine of the template were involved m the HoG
cornputation. However, the carrent version improves the throughput of this process by applving
the Sobel filter more sparsely on 4x4 blocks. To this amm, only one pixel from left and one pixel
from above arc used. This is shown in Fig. 22.

In addition o reduction in the number of operations for gradient computation, this property also
simplifics the selection of best 2 modes from the HoG, as the resulting HoG cannot have more

than two non-zero amplitudes.

2173 Prediction fusion

Like the previous version, the current version of the method also uses a fusion of three
prediciors for each block. However, the choice of prediction modes is different and makes use
of the combined hypothesis intra-prediction method, where the Planar mode s considered to be
used 1o corobination with other modes when computing an mtra-predicted candidate. in the
current version, the two IPMs corresponding to two tallest HoG bars are combined with the
Planar mode.

The prediction fusion is applied as a weighted average of 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} 15 then
shared between the two HoG IPMs, proportionally to the amplitude of their HoG bars. Fig. 23

visualises this process.

2.18, Template-based intra mode derivation (TIMD)
This contribution proposes a template-based intra mode dervation (TIMDY) raethod using
MPMs, m which a TIMD mode is dertved from MPMs using the neighbouring template. The

TIMD mode is used as an additional 1ntra prediction method fora CU.

2.18.4, TIMD mode derivation

For cach intra prediction mode in MPMs, The SATD between the prediction and reconstruction
samples of the template 18 calculated. The intra prediction mode with the minimum SATD is
selected as the TIMD mode and used for intra prediction of current CU. Position dependent

mntra prediction combmation (PDPC) 1s included 1o the derivation of the TIMD mode.
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2.18.2. TIMD sigaalling

A flag is signalled in sequence parameter set {(SPS) to enable/disable the proposed method.
When the flag is true, a CU level flag is signalled to indicate whether the proposed TIMD
method 13 used. The TIMD flag 18 signalled right after the MIP flag. If the TIMD flag 1s equal
to trae, the remaining syntax clements related to luma intra prediction mode, wclading MRL,

ISP, and normal parsing stage for Juma iutra prediction modes, are all skipped.

2.18.3. Interaction with new coding tools

A DIMD method with prediction fusion using Planar was mtegrated in EE2. When EE2 DIMD
flag 15 cqual to true, the proposed TIMD flag 1s not signalled and set equal to falsc.

Similar to PDPC, Gradient PDPC 15 also included in the derivation of the TIMD mode.

When secondary MPM 15 enabled, both the primary MPMs and the secondary MPMs are used
to derive the TIMD mode.

S-tap interpolation filter 1s not used in the derivation of the TIMD mode.

2.184. Modification of MPM list construction in the derivation of TIMD mode

During the constraction of MPM list, mira prediction mode of a neighbouring block 15 devived
as Planar when it 1s mter-coded. To improve the accuracy of MPM lst, when a neighbouring
block is inter-coded, a propagated intra prediction mode is derived using the motion vector and
reference picture and used in the construction of MPM list. This modification is only apphied

to the dervation of the TIMD mode.

2.18.5, TIMD with fusion
Instead of sciecting 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 1ntra modes denived using
TIMD method and then fuse them with the weighis, and such weighted intra prediction 1s used
to code the current CU.
The costs of the two selected modes are compared with a threshold, 1o the test the cost factor
of 2 1s apphied as follows:
costMode2 < 2 7 costModel.
If this condition ts true, the fusion s applied, otherwise the only model 1 used.
Weights of the modes are computed from their SATD costs as follows:
weight! = costMode? / { costModel + costMode? };
weight? = 1 - weightl,
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219, Merge mode with MVYD (MMVD)

In addition to merge mode, where the implicitly derived motion information s directly used for
prediction samples generation of the current CU, the merge mode with motion vector
differences (MMVD) 1s introduced in VVC, A MMVD {lag 19 signalled night after sending a
regular merge flag to specify whether MMVD mode is ased fora CU.

In MMVD, aficr a merge candidate 15 selected, it is further refined by the sigoalled MV s
mformation. The further mformation ncludes a merge candidate flag, an mdex to specity
motion magmitude, and an mdex for indication of motion direction. In MMVD mode, one for
the first two candidaies in the merge list 1s selected o be used as MV basis. The MMVD
candidate tlag 15 signalled to specify which one is used between the first and second merge
candidates.

Dhstance index specifics motion magnitide mformation and indicate the pre-defined offset from
the starting point. As shown in Fig. 24, an offset 1s added to either horizontal component or
vertical component of starting MV, The relation of distance mmdex and pre-defined offset is

specified m Table 2-6.

Table 2-6 — The relation of distance mdex and pre-defined offset

Phistance IDX 0 i 2 3 4 5 & 7

Offset (in unt of

2
-L}_
o]

174 172 i 16 32

luma sample)

Direction index represents the direction of the MV D relative to the starting point. The direction
mdex can represent of the four directions as shown i Table 2-7, It's noted that the meaning of
MV sign could be variant according fo the mformation of starting MVs. When the starting
MVs is an un-prediction MV or bi-prediction MVs with both lists point to the same side of the
current picture {1.c. POCs of two references are both larger than the POC of the current picture,
or are both smaller than the POC of the current picture), the sign in Table 2-7 specifies the sign
of MV offset added to the starting MV, When the starting MVs s bi-prediction MVs with the
two MVs point to the differcnt sides of the current picture (1.e. the POC of one reference is
larger than the POC of the current picture, and the POC of the other reference is smaller than
the POC of the current picture}, and the difference of POC m hist 0 1¢ greater than the one in list
1, the sign in Table 2-7 specifies the sign of MV offset added to the List0 MV component of
starting MY and the sign for the list] MV has opposite vahie. Otherwise, f the difference of

POC o bist 1 15 greater than list 0, the sign 1o Table 2-7 specitics the sign of MV offsct added
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to the list] MV component of starting MV and the sign for the list0 MV has opposite value.

The MVYD is scaled according to the difference of POCs in cach direction. H the differences of
POCs m both lists are the same, no scaling 15 needed. Otherwise, if the difference of POC
tist O is larger than the one of hist 1, the MVD for list 118 scaled, by defining the POC difference
of L0 as td and POC difference of L1 as th, described in Fig. 26, If the POC difference of L1 18
greater than LA, the MV D for list 0 1s scaled tn the same way . Hf the starting MV 15 wu-predicted,

the MVD 15 added to the available MV,

Table 2-7 — Sign of MV offset specified by direction mdex

Direction IDX 00 01 10 11
X-a%18 + - N/A N/A
y-axis N/A N/A +

2.20. Symmetric MV coding

In VV, besides the normeal unidirectional prediction and bi-directional prediction mode MVD
signalling, svounetric MVD mode for bi-predictional MVD signalling 1s applied. In the
symmetric MVD mode, motion information includmg reference picture indices of both list-0
and list-1 and MVD of hst-1 are not signaled but derived.

The decoding process of the symmetric MVE mode is as follows:

1. At shice level, variables BiDirPredFlag, Refld<Symi0 and Refld<Symbl are derived as

follows:

{Otherwise, if the nearest reference picture in list-0 and the nearest reference picture in
list-1 form a forward and backward pair of reference pictures or a backward and forward
pair of reference pictures, BiDirPredFlag is set to 1, and both list-0 and list-1 reference

piciures are short-term reference pictures. Otherwise BiDurPredFlag 1s setto .

2. At CU level, a symmetrical roode flag indicating whether symmetrical mode 1s used or not
1s explicitly signaled if the CU 15 bi-prediction coded and BilhrPredFlag is equal to 1.

explicitly signaled. The reference ndices for hist-0 and list-1 are set equal to the pair of reference

pictares, respectively. MVD 1s set equal to (= MVDO ). The final motion vectors are shown

i below formula.
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{(mvxc., MUY, ) = {mvpxy + mvdxg, mvpys + mvdy,)
{ {mux,, myy, ) = (mvpx; — mvdxg, mvpy, — mvdyy)

Fig. 25 1s illustration for symmetrical MVD mode. In the encoder, symmetric MVD motion
cstimation starts with tnitial MV evaluation. A set of initial MV candidaies comprising of the
MV obtained from uni-prediction search, the MV obtained from hi-prediction scarch and the
MVs from the AMVP hist. The one with the lowest rate-distortion cost is chosen to be the imtial

MY for the symmetric MVD motion search.

2.21. Bi-directional optical flow (BBOF)}

The bi-directional optical flow (BDOF) tool is included in VVC. BDOF, previously reforred to

as BIO, was included in the JEM. Compared to the JEM version, the BDOF in VVC s asimpler

version that requires nuich less computation, especially m terms of number of multiplications
and the size of the multiphier.

BDOY 15 used 1o refine the bi-prediction signal of a CU at the 4x4 subblock level. BDOF s

apphied o a CU f it satisfies all the following conditions:

—  The CU 15 coded using “true” bi-prediction mode, 1.¢., one of the two reference piciures is
prior to the current picture in display order and the other is after the current picture in dis-
play order,

— The distances {i.e. POC difference) from two reference pictures to the current picture are

sarme.
Both refercnce pictures are short-term reference pictures.
-~ The CU 13 not coded using affine mode or the SbTMVP merge mode.
— U has more than 64 luma samples.
Both CU height and CU width are larger than or equal to 8 luma samples.
BCW weight index indicates equal weight.
WP i3 not enabled for the current CU.
—  CHP mode is not used for the current CUL

BDOF 13 only applied to the fuma compounent. As its name indicates, the BDOF mode is based
on the optical flow concept, which assumes that the motion of an object 1s smooth. For each
4x4 subblock, a motion refinement (vw 1.7y) 18 calculated by minimizing the difference between

the L0 and L1 prediction samples. The motion refinement is then used to adjust the bi-predicted
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sample vahies in the 4x4 subblock. The foliowing steps are apphied in the BDOF process.
. , . . . : ary ari ‘ .
First, the horizontal and vertical gradients, -5-;-(!., J) and -5-‘-;-(:'.,]), k= 0,1, of the two

prediction signals are computed by directly calculating the difference between two neighboring
samples, i.¢.,

arva . ,

@ = (70N + 1, 7Y > shiftl)y — W ~ 1, /) » shiftl))

81

Ey G0y = (WG + 1) » shifet) — (U7 — 1) » shift1))

where I%(i, j) are the sample value at coordinate (i, /) of the prediction signal in list k, k =
0,1, and shiftl 15 calculated based on the huma bit depth, bitDepth, as shift] = max{ 6, buDepth-
6.

Then, the avto- and cross-correlation of the gradients, §,, §,, Sa, 55 and 8¢, are calculated as

8 = BenenAbs{gn L)), Sa = Eapen 8070 Sign(y, (47D

So= > (L) Sign, (1) (2-3)
= /
(&.5)e0

Sg = E(i,j)eaAbS(’»in(i;j))‘, Sg = E(i.j)eﬂg(i'j) - Sign (771')3/(3);'))

where
ar® a1\
Bl = S )+ j)) g
\, l s
/ai(l) a](ﬁ) \\ (2"1)
Pyl f) ( Pl GOV R 57 (u)l) D N,
7/

8,7y = {IVEN » n )~ OG> ny)
where (1 is a 6x6 window around the 4x4 subblock, and the values of 1, and ny are set equal
to mind 1, bitBepth — 11 ) and mn( 4, bitDepth — 8 ), respectively.
The motion refinement (1’;(; vy) is then derived using the cross- and auto-correlation terms
using the following:

. oA H T i PRFANY
v, = 5y > 07 clip3{ —thho. thie, —{ (S5 - ™77 > Hog, 511}: 0

fx

AN 7
; ¢ ‘-
vy, = S5 > 07clip3 { ~thpio, thiio, — { ‘\55 A R {(yvgém‘) “ng, + 1‘7.“\”52,5)/2) (1.5
Ay \ - K g - )

whete Sy, = Sy 3 ng, Sp g = 5,822 — 1), thiy, = 293GEP77) L1 the floor function,
and ng, = 12,

Based on the motion refinement and the gradients, the following adjustment 15 calculated for
gach sample m the 4x4 subblock:
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3
. vY = rid I y /2
Blx.y)=rn k(l{‘( dx dx _/; i Y 3y ) -/;,

Finally, the BDOF samples of the CU are calculated by adjusting the bi-prediction samples as

{7 (a1 x vy 31900 v (eI vy B3Iy \
’( y)u ¥} { LYk { ~)\‘.+1 ii (2:6)
/I

follows:
vredgpae{x, y) = ,1(0)(35,“') + .((0 '\Y, '\’) +b{x, v+ o JIQ,,‘\' > shift. (27
¥ BDOF\X Y D b A offset s 4 3

These values are selected such that the multiplicrs 1 the BDOF process do not excesd 15-bit,
and the maxamum bit-width of the intermediate parameters o the BROF process 1s kept within
32-bit.

In order to derive the gradient values, some prediction samples [%9(, /) in list k ¢k = 0,1)
outside of the current CU boundaries necd to be generated. As depicted i Fig. 26, the BDOF
m VY uses one extended row/colummn around the CU’s boundaries. In order to control the
computational complexity of generating the out-of-boundary prediction samples, prediction
samples in the extended area (white positions) are generated by taking the reference samples at
the nearby integer posttions {using floor{) operation on the coordinates) divectly without
wierpolation, and the normal 8-tap motion compensation interpolation filier is used to generate
prediction samples within the CU {gray positions). These extended sample values are used in
gradient calculation only. For the remaining steps 1n the BDOF process, if any sample and
gradient values outside of the CU boundaries are needed, they are padded (1.¢. repeated) from
their nearest neighbors.

When the width and/or height of a CU are larger than 16 huma samples, it will be split into
subblocks with width and/or height equal to 16 luma samples, and the subblock boundaries are
treated as the CU boundaries 1o the BDOF process. The maximum unit size for BDOF process
is himuted to 16x16. For each subblock, the BDOF process could skipped. When the SAD of
between the mitial L0 and L1 prediction samples ts smaller than a threshold, the BDOF process
is not apphied to the subblock. The threshold is set equal to 8% WH(H>> 1}, where W
mdicates the subblock width, and H mdicates subblock height. To avoid the additional
complexity of SAD calculation, the SAD between the nitial L0 and L1 prediction samples
calculated 1n DVMR process is re-used here.

If BCW 15 enabled for the current block, 1.¢., the BCW weight index indicates unegual weight,
then bi-divectional optical flow 1s disabled. Similarly, if WP 13 enabled for the current block,
t.e., the luma weight Ix flag is 1 for either of the two reference pictares, then BDOF is also
disabled. When a CU is coded with symmetric MY D mode or CHP mode, BDOF is also
disabled.
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2.22. Combined inter and intra prediction (CIIP)

2.23. Affine motion compensated prediction

In HEVC, only translation motion model is applied for motion compensation prediction (MCP).
While in the real world, there are many kinds of motion, e.g., zoom w/oul, rotation, perspective
motions and the other rregular motions. In YV, a block-based affine transform motion
compensation prediction is applied. As shown Fig. 27, the affine motion field of the block is
described by motion information of two control point (4-parameter, as shown in subfigure 2700)

or three control point motion vectors {6-parameter, as shown m subfigure 2702).

For 4-parameter affine motion model, motion vector at sample location (x, ¥} in a block is

derived as:

MV~ MYy My Y
muy, = 1x 0% & + Y - b ¥ + Mgy
w W o 2.8
} MYy~ Mgy MWy~ MVgx (4“ )
{mvv = - x -+ : Y+ mug,
d W w < 3

For 6-parameter affine motion model, motion vector at sample location {x, 3} i a block is
derived as:

MY~y
(my, = —3—=Xx +
4 W

MV, Mgy

¥+ Mg,

mvzy---mvgyy P (2—"9)
aa Oy

MV~
my, = =%+
w H

\

where {mvey, mvey) 18 motion vector of the top-left comer control point, (mviy, mvyy} is motion
vector of the top-right corner control pomt, and {(mva, vz} 1s motion vector of the bottom-left

comer control point.

In order to simplify the motion compensation prediction, block based affine transform
prediction is applied. To derive motion vector of cach 4 x4 luma subblock, the motion vecior of
the center sample of each subblock, as shown m Fig. 28, is calculated according to above
equations, and rounded to 1/16 fraction accuracy. Then the motion compensation interpolation
filters are applied to generaie the prediction of cach subblock with derived motion vector. The
subblock size of chroma-components 1 also set to be 4x4. The MV of a 4x4 chroma subblock

i3 calculated as the average of the MVs of the four corresponding 4x4 luma subblocks.

As done for translational motion inter prediction, there are also two affing motion mter

prediction modes: affine merge mode and affine AMVP mode.

N
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2.23.1. Affine merge prediction

AF MERGE mode can be applied for Cls with both width and beight larger than or equal to
8. In this mode the CPMVs of the current CU is generated based on the motion information of
the spatial neighbourng CUs. There can be up to five CPMVP candidates and an index is
signalled to indicate the one to be uvsed for the current CU. The following three tvpes of CPVM

candidate are used to form the affine merge candidate list

inherited affine merge candidates that extrapolated from the CPMVs of the neighbour
CUs.

—  Constracted affine merge candidates CPMVPs that are derived using the translational
MVs of the neighbour CUs.

Zero MVs.

in VVC, there are maximum two inhented affine candidates, which are derived from affine
motion model of the neighbouring blocks, onc from left neighbouring CUs and one from above
neighbouring CUs. The candidate biocks are shown 1n Fig. 29. For the left predictor, the scan
order 18 A0->Al, and for the above predictor, the scan order 18 BO->B1->B2. Only the first
mherited candidate from each side 15 seiected. No pruning check is performed between two
inherited candidaies. When a neighbouring aftine CU s identified, its control point motion
veetors are used to derive the CPMVP candidate in the affine merge list of the current CU. As
shown in Fig. 30, if the peighbour left bottom block A is coded in affine mode, the motion
vectors v, , Vs and v, of the top left corner, above right corner and left bottom corner of the CU
which contains the block A are attaned. When block A is coded with 4-parameter affine modsl,
the two UPMVs of the current CU are calculated according to v, and v, In case that block A
1s coded with 6-parameter affine model, the three CPMVs of the cwrrent CU are calculated

according to vy , vy and v,.

Constructed affine candidate means the candidate is constructed by combining the neighbour
translational motion information of each control point. The motion information for the control
points is derived from the specified spatial neighbours and temporal neighbour shown in Fig.
31 CPMVi (k=1, 2, 3, 4) represents the k~th control point. For CPMV 1, the B2->B3->A2 blocks
are checked and the MV of the first avatlable block 1s used. For CPMV:, the BI->B0 blocks
are checked and for CPMVs;, the A1->AQ blocks are checked. For TMVP 15 used as CPMVs if
it’s available.

After MVs of four control points are attained, affine merge candidates are constructed based on

that motion mfomation. The following combinations of control point MVs are wsed to
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constract in order:

{CPMY, CPMVo, CPMVaL, {CPMV,, CPMV,, CPMVs), {CPMV, CPMV;, CPMVs},
{CPMVa, CPMV:, CPMV YL, { CPMV L, CPMVLE, § CPMY, CPMVE.

The combmation of 3 CPMVs constructs a 6-parameter affine merge candidate and the
combination of 2 UPMVs construets a 4-parameter affine merge candidate. To avoid motion
scaling process, if the reference indices of control pomnts are different, the related combination
of control point MV is discarded.

Fig. 31 shows locations of candidates position for constructed affine merge mode. After
inherited affine merge candidaies and constructed affine merge candidate are checked, if the

list is still not full, zero MVs are inserted to the end of the list.

2.23.2. Affine AMVP prediction

Affine AMVP mode can be apphied for CUs with both width and height larger than or equal to
16. An affine flag in CU lovel is signalled in the bitstream to indicate whether affine AMVP
maode is used and then another flag 1s signalled to ndicate whether 4-parameter affine or 6-
parameier atfine. In this mode, the difference of the CPMVs of current CU and their predictors
CPMVPs is signalled in the bitstream. The affine AVMP candidate Bist size 15 2 and it is

generated by using the following four types of CPVM candidate in order:

Inherited affine AMVP candidates that extrapolated from the CPMVs of the neighbour
CUs.

—~  Constracted atfine AMVP candidates CPMVPs that are derived using the translational
MVs of the neighbour CUs.
Translational MVYs from neighbouring CUs,

—  Zero MVs.

The checking order of inherited affine AMVP candidates is same to the checking order of
mherited affine merge candidates. The only difference is that, for AVMP candidate, ondv the
affine CU that has the same reference picture as in carrent block is conmdered. No pruning

process ts applied when inserting an inherited affine motion predictor into the candidate list.

Constructed AMVP candidate is derived from the specified spatial neighbours shown 1 Fig.
31. The same checking order is used as done in affine merge candidate construction. In addition,
reference picture index of the neighbouring block is also checked. The first block 1 the
checking order that is inter coded and has the same reference picture as 1n current CUs g used.

There 1s only one When the current CU is coded with 4-parameter affine mode, and mve and
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mvr are both available, they are added as one candidate in the affing AMVP hist. When the
current CU s coded with S-parameter affine mode, and all three CPMVs are available, they are
added as one candidate in the affine AMVP list. Otherwise, constructed AMVP candidate is set

as unavailable.

If affine AMVP hist candidates is still less than 2 aticr inherited affine AMVP candidates and
Constracted AMVYP candidate are checked, mvo, mvi, and sz will be added, m order, as the
translational MVs to predict all control point MVs of the current CU, when available. Finally,

zero MVs are used to fill the affine AMVP hist if it 1s still not full.

2.23.3. Affine motion information storage

In VVC, the CPMVs of affine CUs are stored in a separate buffer. The stored CPMVs are only
ased to generate the mherited CPMVPs in affine merge mode and affine AMVP mode for the
lately coded CUs. The subblack MVs derived from CPMVs are used for motion compensation.,

MV denvation of merge/AMVP Iist of translational MVs and de-blocking.

To avoid the picture hine buffer for the additional UPMVs, affine motion data inheritance from
the CUs from above CTU is treated differently to the inheritance from the normal neighbouring
Cls. H the candidate CU for affine motion data inherttance 15 m the above UTU line, the
bottom-left and bottom-right sabblock MVs in the line buffer instead of the CPMVs are used
for the affine MVP devivation. In this way, the CPMVs are only stored in local buffer. If the
candidate CU is 6-parameter affine coded, the affine model 1s degraded to 4-parameter model.
As shown in Fig. 32, along the top CTU boundary, the bottom-left and bottom right subblock

motion vectors of a CU are used for affine inherttance of the CUs in bottom CTUs.

2.23.4. Prediction reflinement with optical {low for atfine mode

Subblock based affine motion compensation can save memory access bandwidth and reduce
computation complexity compared to pixel-based motion compensation, at the cost of
prediction accuracy penalty. To achieve a finer granularity of motion compensation, prediction
refinement with optical flow {(PROF) is used to refine the subblock based affinc motion
compensated prediction without increasing the memory access bandwidth for motion
compensation. In VVC, after the subblock based affine motion compensation is performed,
huma prediction sample is refined by adding a difference derived by the optical flow equation.
The PROF is described as foliowing four steps:

Step 1) The subblock-based affine motion compeusation 1s perforraed o generate subblock
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prediction I, /).
Step2) The spatial gradients g, (i, /) and g, (i, j) of the subblock prediction are calculated at
cach sample location using a 3~tap filter [—1, 0, 1]. The gradient calculation is exactly the same
as gradient calenlation in BDOF.
Gl ) = QU+ 173 shiftl) — (I — L j) » shiftl) {2-10)
gylL ) = ({6 f + 1) 2 shiftly — (I{,j — 1) » shiftl) (2-11)
shiftl is used to control the gradient’s precision. The subblock {i.c. 4x4) prediction is exiended
by one sample on cach side for the gradient calcelation. To avoid additional memory bandwidth
and additional interpolation computation, those extended samples on the extended borders are
copied from the nearest integer pixel position in the reference picture.
Step 3) The luma prediction refinement is calculated by the following optical flow cquation.
8D = g v () + g, (L) Bvy (&, /) (2-12)
where the Av{i, J) 18 the difference between sample MV computed for sample location (i, /),
denoted by v(i, /), and the subblock MV of the subblock to which sample (i, /) belongs, as
shown in Fig. 33. The Av(i, /) 8 quantized 1 the unit of 1/32 lnam sample precision.
Since the affine model parameters and the sample location relative to the subblock center are
not changed from subblock to subblock, Av(i, j} can be caleulated for the first subblock, and
reused for other subblocks in the same CU. Let dx(i, j) and dy{i, j} be the horizontal and
vertical offset from the sample location (1, §) to the center of the subblock (x25, vsg), Av{x, v)

can be derived by the following equation:

0 . 2-13
Ly =~ v S
Av, (L) =Cxdx(L, 3+ D=dv({i,[) .14
iﬂ“y(i.-]'} =Exdx(i,j}+ Fxdy({ij) W

In order to keep accuracy, the enter of the subblock (x¢p. ¥sp) is calculated as
{({Wsep— 1 Y2, {Hss—1)/2). where Wss and Hse are the subblock width and height,
respectively.

For 4-parameter affine model,

For 6-parameter affine model,
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Y = Vix—Vox
w
Vax—Vox
vay vy (2-16)
W
iy Voy
R

whete (Yo, Yoyt (V1 Y1y}, (Vax, 1725, are the top-lefl, top-right and bottorn-lefl control pomnt
motion vectors, w and £ are the width and height of the CU.
Step 4) Finally, the huma prediction refinement /{7, J) is added to the subblock prediction
I{i,7). The final prediction /' is generated as the following cquation.

P@fy = TG0+ A (2-17)
PROF 13 not applied in two cases for an affine coded CU: 1} all control pomt MVs are the same,
which indicates the CU only has transiational motion; 2) the atfine motion parameters are
greater than a specified hmit because the subblock based affine MC is degraded to CU based
MC 1o avoid large memory access bandwidth requarement.
A fast cneoding method is applied to reduce the encoding complexity of affine motion
estimation with PROF. PROF 15 not applied at affine motion estimation stage in following two
situations: a} ifthis CU 1s not the root block and its parent block does not sclect the affine mode
as its best mode, PROF is not applied since the possibility for current CU to select the affine
mode as best mode is low; b} if the magnitude of four affine parameters (C, D, E, F) are all
smaller than a predetined threshold and the current picture is not a low delay picture, PROF s
not applied because the improvement introduced by PROF is small for this case. In this way,

the affine motion estimation with PROF can be accelerated.

2.24. Sebblock-based temporal motion vector prediction (ShTMVE)

/VC supports the subblock-based temporal motion vector prediction (ShTMVP) method.
Similar to the temporal motion vector prediction (TMVP) in HEVC, SbTMVP uses the motion
field in the collocated picture to improve motion vector prediction and merge mode for CUs i
the current picture. The same coliocated picture used by TMVP 15 used for SbTVMP. SETMVE

differs from TMVP 1n the following two mamn aspects:

—  TMVP predicts motion at CU level, but SbTMVP predicts motion at sub-CU lovel;
—~  Whereas TMVP fetches the temporal motion vectors from the collocated block in the
collocated picture (the collocated block is the bottom-nght or center block relative to

the current CU), SBTMVP applics a motion shift before fetching the temporal motion
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mformation from the collocated picture, where the motion shift is obtained from the

motion vector from one of the spatial neighboring blocks of the current CU.

The SHTVMP process s ilustrated m Figs. 34A and 34B. Fig. 34A iHusirates spatial
neighboring blocks used by ATVMP. Fig. 348 illustrates denving sub-CU motion field by
applying a motion shift from spatial neighbor and scalimg the motion mformation from the
corresponding collocated sub-CUs. SHTMVP predicts the motion vectors of the sub-ClUs
within the carrent CU in two steps. In the first step, the spatial neighbor Al in Fig. 34A is
exannned. If Al has a motion vector that uses the collocated picture as its reference picture,
this motion vector is selected o be the motion shuft to be applied. Ifno such motion is identified,

then the motion shift 1s set to (0, 0},

In the second step, the motion shift identified 1 Step 1 15 applied (1.¢., added to the current
block’s coordinates) to obtam sub-CU-level motion information (motion vectors and reference
mdices) from the collocated picture as shown 1o Fig. 34B. The example in Fig. 348 assumes
the motion shift is set to block A1’s motion. Then, for each sub-Cl, the motion information of
its corresponding block (the smallest motion grid that covers the center sampie) m the
collocated picture 1s used to derive the motion mformation for the sub-ClU. Afier the motion
mwformation of the collocated sub-CU 18 identified, 1t 18 converted to the motion vectors and
reference indices of the current sub-CU i a sumilar way as the TMVP process of HEVC, where
temporal motion scaling is applied to align the reference pictures of the torporal motion vectors

to those of the current CUL

In VYV, a corabined subblock based merge list which contans both ShTVMP candidate and
affine merge candidates 1s used for the signalling of subblock based merge mode. The SbTVMP
mode 18 enabled/disabled by a sequence parameter set (SPS) flag. If the SPTMVP mode 1s
enabled, the SbTMVYP predictor is added as the first entry of the list of subblock based merge
candidates, and followed bv the affine merge candidates. The size of subblock based merge hist

13 signalled 1n SPS and the maxamum allowed size of the subblock based merge histis S VVC.
& 2

The sub-CU size used in SBTMVP s fixed to be 8x&, and as done for atfine merge mode,
SETMVP mode 1s only applicable to the CU with both width and height are larger than or equal
o 8.

The encoding logic of the additional SbTMVP merge candidate is the same as for the other

merge candidates, that s, for each CU in P or B shice, an additional R check 1s performed to

decide whether to use the ShTMVP candidate.
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2.25, Adaptive motion vector reselution (AMVR)

In HEVC, motion vector differences (MVDs) (hetween the motion vector and predicted motion
veetor of a CU) are signalled in units of guarter-lisa-sample when use_integer mv_flag is
equal {o 0 the slice header. In VVC, a CU-evel adaptive motion vector resolution {AMVR)
scheme is introduced. AMVR allows MVD of the CU to be coded in different precision.
Dependent on the mode {(normal AMVEP mode or affine AVMP mode) for the current CU, the

MVDs of the current CU can be adaptively selected as follows:

—  Normal AMVP mode: guarter-luma-saraple, hatf-luma-sample, mnteger-luma-sample or
four-tuma-sample.

Affine AMVP mode: quarter-luma-sample, integer-luma-sample or 1/16 luma-sample.

The CU-level MVD resolution mdication s conditionally signalied if the current CU has at
least one non-zero MVD component. If all MVD components (that is, both horizontal and
vertical MV Bs for reference list LG and reference list L1} are zero, quarter-luma-sample MVD

resolution is mferred.

For a €U that has at least one non-zero MVD component, a first flag 1s signalled to mndicate
whether quarter-luma-sample MVD precision is used for the CU. If the first flag 15 0, no further
signaling 15 needed and quarter-luma-sample MV precision is used for the current CU.
Otherwise, a second flag 1s signalled to indicate half-luma-sample or other MVD precisions
(integer or four-luma sampie) is used for normal AMVP CU. In the case of half-luma-sample,
a 6-tap interpolation filter mstead of the default 8-tap iwierpolation filter 15 used for the half-
huma sample position. Otherwise, a third tlag 1s signalled to mdicate whether integer-luma-
sample or fosr-luma-sample MYD precision is used for normal AMVP CU. Inthe case of affine
AMVYP CU, the second flag is used to indicate whether mteger-luma-sample or 1/16 luma-
sample MV} precision is used. In order to enswre the reconstructed MV has the intended
precision {quarter-luma-sample, half-loma-sample, micger-luma-sample or four-luma-sample),
the motion vector predictors for the CU will be rounded to the same precision as that of the
MVD before being added together with the MY D, The motion vecior predictors are rounded
toward zero {that 1s, a negative motion vector predictor is rounded toward positive infinity and
a positive motion vector predictor 1s rounded toward negative infinity).

The encoder deternunes the motion vector resolution for the current CU using R check. To
avoid always performing CU-level RD check four times for each MVD resolution, m VIMILL,

the RE check of MVD precisions other than quarter-luma-sample 1s only invoked conditionally.
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For normal AVMP mode, the RD cost of quarter-huma-sample MVD precision and integer-
huma sample MV procision is computed first. Then, the RD cost of integer-luma-sample MVD
precision 15 compared to that of quarter-luma-samaple MV precision to decide whether it is
necessary to further check the RD cost of four-luma-sample MVD precision. When the RD cost
for quarter-luma-sample MVD precision is much smaller than that of the mteger-hima-sample
MVD precision, the RD check of four-luma-sample MVD precision is skipped. Then, the check
of half-luma-sample MVD precision 1s skipped if the RD cost of mteger-luma-sample MVD
precision is significantly larger than the best RD cost of previously tested MVD precisions. For
affine AMVP mode, if affine inter mode is not selected after checking rate-distortion costs of
affine merge/skip mode, merge/skip mode, guarter-luma-sample MVD precision normal
AMVP mode and quarter-luma-sample MVD precision affine AMVP mode, then 1/16 luma-
sample MV precision and 1-pel MV precision affine inter modes are not checked. Furthermore,
affine paramcters obtamed in quarter-luma-sample MV precision affine inter mode 1s used as
starting scarch point m 1/16 lama-sample and quarter-luma-sample MV precision affine mier

modes.

2.26. Bi-prediction with CU-level weight (BCW)

In HEVC, the bi-prediction signal is generated by averaging two prediction signals obtained
from two different reference pictures and/or using two differcnt motion vectors. In VVC, the
bi-prediction mode is extended bevond simple averaging to allow weighted averaging of the
two prediction signals.

Poiprea = ((B—w)* Py +w P+ 4} » 3 (2-1%)

Five weights are allowed in the weighted averaging bi~prediction, w € {—2,3,4,5, 10}, For
cach bi-predicted CU, the weight w 1s determined in one of two wavs: 1) for a non-merge CU,
the weight index 1s signalied after the motion vector difference; 2} for a merge CU, the weight
index is inferred from neighbouring blocks based on the merge candidate index. BCW is only
applied to CUs with 236 or more luma samples (.., CU width times CU beight 1s greater than
or equal to 256). For low-delay pictures, all 5 weights are used. For non-low-delay pictures,
only 3 weights {w< {3.4,5}} are used.

— At the encoder, fast search algorithms are applied to find the weight 1ndex without signifi-

cantly increasing the encoder complexity. These algonithms are summarized as follows. For

further details readers are referred to the VTM software. When combined with AMVE,
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unequal weights are only conditionally checked for 1-pel and 4-pel motion vector precisions
if the current picture is a low-delay picture.

—  When combmed with affine, affine ME will be performed for unequal weights f and only
if the affime mode is selected as the current best mode.

When the two reference pictures in bi-prediction are the same, unequal weights are only
conditionally checked.

-~ Unequal weights are not searched when certain conditions are met, depending on the POC
distance between current picture and its reference pictures, the coding QP, and the temporal
fevel.

The BOCW weight mdex is coded using one context coded bin followed by bypass coded bins.

The first context coded bin indicates if equal weight 1s used; and if uncgual weight 1s used,

additional bins are signalled using bypass coding to mdicate which unegual weight is used.

Weighted prediction {WP) is a coding tool supported by the H264/AVC and HEVC standards

to efficiently code video content with fading. Support for WP was also added into the VVC

standard. WP allows weighting parameters (weight and offset) to be signalled for each refergnce
picture in cach of the refercnec picture lists L0 and L1, Then, during motion compensation, the
weight(s) and offsct(s) of the corresponding reference picture(s) are applied. WP and BCW arc
designed for different types of video content. In order to avoud interactions between WP and
BOW, which will complicate VVC decoder design, if a CU uses WP, then the BCW weight
mndex is not signatled, and w i3 inferred to be 4 (.¢. equal weight is applied).For a merge CU,
the weight index s mferred from neighbouring blocks based on the merge candidate index. This
can be applied to both normal merge mode and inhented affine merge mode. For constructed
affine merge mode, the affine motion information is constructed based on the motion
mformation of up to 3 blocks. The BCW index for a CU using the construcied affine merge
mode s simply set egqual to the BCW index of the first control point MV.
in VVC, CHP and BCW cannot be jointly apphed for a CU. When a CU is coded with (TP

mode, the BOCW index of the current CU is setto 2, e.g., equal weight.

2.27. Local ilomination compensation {LI1C)

Local iHumination compensation {(LIC} 1s a coding tool to address the issue of local iHlumination
changes between current picture and its temporal reference pictures. The LIC is based on a
hnear model where a scaling factor and an offset are applied to the reference samples to obtan

the prediction samples of a current block. Specifically, the LIC can be mathematically modeled
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by the following equation:
Plx,y)y= «- P,..(x + Uy, Y+ vy} +f

where P{x,v} is the prediction signal of the current block at the coordinate {(x,v) .
P,.(x + Uy, ¥+ vy) is the reference block pomnted by the motion vector (vx, vy); o and f3 arc
the corresponding scaling factor and offset that are applied to the refercnce block. Fig. 33
tHustrates the LIC process. In Fig. 33, when the LIC 1s apphed for a block, a least mean square
crror (EMSE)Y method is employed to derive the valugs of the LIC parameters (i¢., o and ) by
minimizing the difference betwoen the neighbormg samples of the current block (e, the
template 7' in Fig. 35) and their corresponding reference samples in the temporal reference
pictares (.., either 70 or 7/ 1n Fig. 35). Additionally, to reduce the computational complexity,
both the template samples and the refergnce template samples are subsampled {(adaptive
subsampling} to derive the LIC parameters, 1.¢., only the shaded samples m Fig. 35 arc used to

derive ¢ and 5.

To tmprove the coding performance, no subsampling for the short side 1s performed as shown

in Fig. 36.

2.28. Becoder side meotion vector refinement (BMVE)

In order to ncrease the accuracy of the MVs of the merge mode, a bilateral-matching (BM)
based decoder side motion vector refinement is applied in VVC. In i-prediction operation, a
refined MV is scarched around the mmtial MVs in the reference picture list LO and reference
picture bist L1, The BM method calculates the distortion between the two candidate blocks
the reference picture hist LO and Iist L1 Ag illustrated n Fig. 37, the SAD between the two
blocks based on each MV candidate (e.g., MV and MV 17} around the mitial MV 1s calculated.
The MV candidate with the lowest SAD becomes the refined MY and used to generate the bi-
predicted signal,

In VYV, the application of DMVR is restricted and is only applied for the CUs which are coded

with following modes and features:
CU level merge mode with bi-prediction MV,

- {Une reforence picture is m the past and another reference picture 18 in the future with respect

to the current pictare;
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The distances {1.e. POC difference} from two reference pictures to the current picture are

sarme;

Both refercnee pictures are short-term reference pictures;

CU has more than 64 luma samples;
—  Both CU height and CU width are larger than or equal to 8 luma samples;
- BCW weight index indicates equal weight;

WP is not enabled for the current block;

CIP mode 1s not used for the current block.

The refined MV denved by DMVR process s used to generate the infer prediction samples and
also vsed i temporal motion vector prediction for future pictures coding. While the onginal
MYV 15 used in deblocking process and also used in spatial motion vector prediction for future
CU coding.

The additional features of BDMVR are mentioned in the followmg sub-clauses.

2.28.1. Searching scheme
In DVMR, the search points are surrounding the initial MV and the MV offset obey the MV
difference murroring rule. In other words, anv points that are checked by DMVKR, devoted by

candidate MV pair (MV0, MV 1) obey the following two equations:

MVO' = MVO + MV _of fset {2-19)
MV1 = MV1—~ MV offset {2-20)
Where MV _of fsel represents the refinement offset between the initial MV and the refined MV
i one of the reference pictures. The refinement search range 18 two integer luma samples from
the initial MV. The scarching includes the integer sample offset scarch stage and fractional

sample refincment stage.

25 points full search is applied for integer sample offset searching. The SAD of the mitial MV
pair is first calculated. Ifthe SAD of the inttial MV pair is smaller than a threshold, the mieger
sample stage of DMVR is terminated. (therwise SADs of the remaining 24 points are
calculated and checked in raster scanning order. The point with the smallest SAD s selected as
the output of integer sample offset searching stage. To reduce the penalty of the uncertainty of
DMVER refinement, @ 1s proposed to favor the original MV during the DMVR process. The

SAD between the reference blocks referred by the mitial MV candidates 1s decreased by 1/4 of
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the SAD value.

The integer sample search is followed by fractional sample refinement. To save the
calculational complexity, the fractional sample refinement is derived by using parametric error
surface equation, stead of additional scarch with SAD comparison. The fractional sample
refinement is conditionally invoked based on the ouiput of the integer sample search stage.
When the mieger sample search stage is termmated with center having the smallest SAD
cither the first iteration or the second iteration search, the fractional sample refinement is further

applied.

In parametric error surface based sub-pixel offsets estimation, the center position cost and the
costs at four neighboring positions from the center are used to fit a 2-D parabolic error surface

cquation of the followmng form:

E{x, }') = A(A’f x’min>2 + B (}" - ¥ min)z + ¢ 2“2”
where (Xmins Ymin) corresponds to the fractional position with the least cost and C corresponds
to the minimum cost value. By solving the above equations by using the cost value of the five

search points, the (X, Ymin) 18 computed as:
Ko = (E(—1,0) = E(LO)/(2(E(~1,0) + E(LO) ~ 2E(0,0)); (2-22)
Vmin = (E(0,~1} — E{0,1))/(2 ({E 0.~ + E01) ~ 25’(0,@))). (2-23)
The value of x,,,;,, and y,,,;,, arc automatically constrained to be between — 8 and 8 since all cost
values are positive and the smallest vahue is £(0,0). This corresponds to half peal offsct with
1/16th-pel MV accuracy in YV, The computed fractional (X,,0n, Yinim } are added to the mteger

distance refincment MV to get the sub-pixel accuraie refinement delta MV,

2.28.2, Bilinear-interpolation and sample padding

In VV, the resolution of the MVs is 1/16 luma samples. The samples at the fractional position
are mterpolated using an &-tap mterpolation filter. In BMVR, the scarch points are surrounding
the mitial fractional-pel MY with integer sample offset, therefore the samples of those fractional
position need to be interpolated for DMVR scarch process. To reduce the calculation
complexity, the be-linear interpolation filter is used to generate the fractional samples for the
searching process in DMVE. Another tmportant cffect is that by using bi-linear filier is that
with 2-sample scarch range, the DVMR does not access more reference samples compared to
the normal motion compensation proccss. After the refined MV 1s attained with DMVR search

process, the normal 8-tap mterpolation filter 15 applied to generate the final prediction. In order
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o not access more reference samples to normal MO process, the samples, which is not negeded
for the interpolation process based on the original MY but is needed for the interpolation

process based on the refined MV, will be padded from those available samples.

2.28.3. Maximum DMVR processing unit
When the width and/or height of a CU are larger than 16 loma samples, it will be further split
into subblocks with width and/or height equal to 16 fuma samples. The maximum unit size for

DMVR searching process 1s ot to 16x16.

2.29. Maulti-pass decoder-side motion vector refinement

In this contribution, a multi-pass decoder-side motion vector refinement is applied instead of
DMVR. In the first pass, hilateral matching (BM) is applied to a coding block. In the second
pass, BM 1g applied to cach 16x16 subblock within the coding block. In the third pass, MV in
cach 8x8 subblock is refined by applying bi-directional optical flow (BDOF). The refined MV

are stored for both spatial and temporal motion vector prediction.

2.2%9.1. First pass — Block based hilateral matching MV refinement

1o the first pass, a refined MV 15 derived by applying BM 1o a coding block. Similar to decoder-
side motion vector refinement (BMVR), the refined MV is searched around the two mitial MV
(MYV0 and MV1) in the reference pictore lists LO and L1, The refined MVs (MV0_pass! and
MV1 passl)are derived arcund the initiate M Vs based on the minimu bilateral matching cost
hetween the two reference blocks 1o L0 and L1

BM performs local search to derive integer sample precision intDeltaMV and half-pel sample
precision halfDeliaMy. The local scarch applies a 3%3 square search pattern to loop through the
scarch range |—sHor, sHor| in a horizontal direction and |—sVer, sVer] in a verical direction,
wherein, the values of sHor and sVer are determined by the block dimension, and the maximuam
value of sHor and sVeris 8.

The bilateral matching cost is calculated as: bilCost = mvDhstanceCost + sadCost. When the
block size ¢cbW * cbH 1s greater than 64, MRSAD cost function is applied to remove the DC
cffect of the distortion between the reference blocks. When the bilCost at the center pomt of the
3%3 search pattern has the mimimum cost, the mtDeltaMV or halfDeltaMV local search is
terminated. Otherwise, the current minimum cost search pomt becomes the new center point of
the 3x3 search pattern and the scarch for the minimum cost continues, until it reaches the end

of the search range.
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The existing fractional sample refinement is further applied to derive the final deltaMV. The

refined MV after the first pass are theo denved as:

e  MVO passi = MV + deltaMV;
= MV passi=MVI] - dchaMV.

2.29.2. Second pass — Subblock based bilateral matching MV refinement

In the second pass, a refined MV is derived by applying BM to a 16216 grid subblock. For each
subblock, the retfined MV 15 scarched around the two MVs (MV0 pass] and MV passl),
obtained on the fust pass for the reference picture list LO and L1 The refined MVs
MV pass2{sbidx2} and MV1 passZ?(sbldx2}} are derived based on the minimum bilateral
matching cost between the two reference subblocks in L6 and L1,

For cach subblock, BM performs full scarch to derive integer saraple precision mthDeltaMV.
The full scarch has a search range [-sHor, sHor| m a horizontal direction and [-sVer, sVer] n
avertical direction, wherein, the values of sHor and sVer are determined by the block dimension,
and the maximum value of sHor and sVer s 8.

The bilateral matching cost s calculated by applving a cost factor 1o the SATD cost between
the two reference subblocks, as: bilCost = satdCost * costFactor. The search area (2*sHor + 1}
* (2¥sVer -+ 1) 1s divided up to 5 diamnond shape search regions shown on Fig. 38, Each search
region 18 assigned a costFactor, which 1s determined by the distance (wdDcltaMV) between
cach scarch point and the starting MV, and cach diamond region is processed i the order
starting from the center of the scarch arca. In cach region, the search points are processed in the
raster scan order starting from the top left going to the bottom right comer of the region. When
the manimum bilCost within the current search region 13 less than a threshold equal to sbW #
sbH, the int-pel full search is terminated, otherwise, the int-pel foll search contimies to the next

search region uniif all search points are examined.

BM performs local scarch to derive half sample precision halfDeltaMy. The search pattern and
cost function are the same as defined in 2.9.1.
The existing VVC DMVR fractional sample refinement is further applied to denive the final

deltaMV{sbldx2). The refined MVs at second pass is then denved as:

¢ MV pass2{sbldx2} = MVU{ passt + deltaMV{sbldx2};
e MVi passZ{sbidx2}=MV1 passi - deltaMV{sbldx2}.

L5y
K]



WO 2024/011140 PCT/US2023/069657

2.29.3. Third pass - Subblock based bi-directional optical flow MV refinement

1n the third pass, a refined MV is derived by applving BDOF to an 8x8§ grid subblock. For each
8x8 subblock, BDOF refinement is applied to derive scaled Vx and Vy without chipping starting
from the refined MV of the parent subblock of the second pass. The derived bioMv{Vx, Vv) is
rounded to 1/16 sample precision and clipped between -32 and 32.

The refined MVs (MV0 pass3(sbldx3) and MV pass3{sbldx3)} at third pass are derived as:

s MVO pass3(sbidx3)=MV0 pass2(sbldx?) + bioMv;
¢ MV pass3(sbldx3) =MV pass2{sbldx2) - bioMv.

2.30. Sample-based BBOF

In the sample-based BDOF, instead of deriving motion refinement (Vx, Vy) on a block basis,
it 1s pedformed per sample.

The coding block s divided o 8x8 subblocks. For cach subblock, whether to apply BDOF or
not is determined by checking the SAD between the two reference subblocks against a threshold.
Ifdecided to apply BDOF 1o a subblock, tor every sample 1o the subblock, a shiding 5x35 window
is used and the existing BBOF process is applied for every shding window to derive Vx and
Vy. The derived motion refinement {(Vx, Vy) is applied (o adjust the bi-predicied sample value

for the center sample of the window.

2,31, Extended merge prediction

In VVC, the merge candidate bist is constructed by including the following five types of
candidates m order:

(1) Spatial MYP from spatial neighbour CUs;

{2) Temporal MVP from collocated CUs;

{3} History-based MVP from a FIF( table;

{4} Pairwise average MVP;

{3} Zero MVs,

The size of merge list is signalled 1n sequence parameter set header and the maximum allowed
size of merge list is 6. For cach CU code in merge mode, an index of best merge candidate is
encoded using truncated unary binarization {TU). The fust bin of the merge ndex is coded with
context and bypass coding s used for other bins.

The derivation process of each category of merge candidates is provided in this session. As

dong in HEVC, VVC also supports paratlel derivation of the merging candidate lists forall CUs
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within a certain size of area.

2.31.1. Spatial candidates derivation

The derivation of spatial merge candidates in VVC is same to that in HEVC except the positions
of first two merge candidates arc swapped. A maximum of four merge candidates are selected
among candidates located in the positions depicted Fig. 39, The order of denivation is BO, AQ,
Bli. Al and B2. Position B2 is considered only when one or more than one CUs of position BO,
AG,BI, Al are not available {c.g. because it belongs to another slice or tile) or is indra coded.
After candidate at position Al is added, the addition of the remaining candidates 1s subject to a
redundancy check which ensures that candidates with same motion information are excluded
from the list so that coding cfficiency ts mmproved. To reduce computational complexity, not
all possible candidate pairs are considered 1n the mentioned redundancy check. Instead only the
pairs linked with an arrow in Fig. 40 are considered and a candidate is only added to the hstif

the corresponding candidate used for redundancy check has not the same motion information.

2.31.2, Temporal candidates derivation

In this step, only one candidate 1s added to the hist. Particudarly, m the denvation of this temporal
merge candidate, a scaled motion vector is derived based on co-located CU belonging to the
collocated reference picture. The reference picture st to be used for derivation of the co-located
CU 1s exphicitly signalied in the slice header. The scaled motion vector for temporal merge
candidaie 1s obtained as illustrated by the dotted line in Fig. 41 , which 1s scaled from the motion
vector of the co-located CU using the POC distances, tb and td, where th 18 defined to be the
POC dufference between the reforence picture of the current picture and the carrent picture and
td 1s defined to be the POC difference between the reference picture of the co-located picture
and the co-located picture. The reference picture index of temporal merge candidate s set equal
to zero.

The position for the temporal candidate is sclected between candidates C0 and C1, as depicted
m Fig. 42, 1f CU at position 0 1s not available, 18 intra coded, or 18 outside of the current row
of CTUs, position C1 15 used. Otherwise, position CO s used in the dertvation of the temporal

merge candidate.

2.31.3. History-based merge candidates derivation
The history-based MVP (HMVP} merge candidates are added to merge hist after the spatial

MVP and TMVP. In this method, the motion information of a previously coded block is stored
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i g table and used as MVP for the current CU. The table with multiple HMVP candidates 15
maintained during the encoding/decoding process. The table 13 reset {ompticd} when a new
CTU row is encountered. Whenever there 1s a non-subblock mter~-coded CUJ, the assocated
motion information is added to the last entry of the table as a new HMVP candidate.

The HMVP table size S is set to be 6, which indicates up to 6 History-based MVP (HMVP}
candidates may be added to the table. When inserting a now motion candidaie to the table, a
constrained first-in-first-out (FIFO) rule 1s utilized wherein redundancy check is firstly applied
to find whether there is an identical HMVP in the table. I found, the identical HMVP is
removed from the table and all the HMVP candidates afterwards are moved forward.

HMVP candidates could be used in the merge candidate Hst construction process. The latest
several HMVP candidates 1o the table are checked in order and mnserted to the candidate hist
after the TMVP candidate. Redundancy check is applied on the HMVP candidates to the spatial
or temporal merge candidate.

To reduce the number of redundancy check operations, the following simplifications are
mtroduced:

Number of HMPV candidates is used for merge list generation is st as (N <t=4 3 7 M {8~ N},
wherein N indicates nwber of existing candidates in the merge list and M indicates number of
avatlable HMVP candidates in the table.

Omee the total number of availabie merge candidates reaches the maxamally allowed merge

candidaies nunus 1, the merge candidate list construction process from HMVP is terminated.

2.31.4 Pair-wise average merge candidates derivation

Pairwise average candidates are generated by averaging predefined pairs of candidaies in the
existing merge candidate list, and the predefined pairs are defined as {(, 1), €0, 2}, (1, 2}, (0,
33, (1, 3}, (2, 33}, where the numbers denote the merge indices to the merge candidate list. The
averaged rootion vectors are calculated separately for cach reference hist. {f both motion vectors
are available m one list, these two motion vectors are averaged even when they point to different
reference pictures; if only one motion vector is avatlable, use the one directly; if no motion
veetor 18 avadable, keep thus list valid.

When the merge hist is not full afier pair-wise average merge candidates are added, the zero

MV Ps are inserted 1o the end unti] the maximum merge candidate number 1S encountered.

2.31.5. Merge estimation region

Merge estimation region {MER) allows independent derivation of merge candidate list for the
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CUs in the same merge estimation region {MER). A candidate block that 1s within the same
MER to the current CU is not ncluded for the generation of the merge candidate list of the
current CU. In addition, the updating process for the history-based motion vector predicior
candidate Hst is updated only if (xCh + cbWidth ) >> Log2ParMrglevel is greater than
xCh >> Log2ParMrglevel and  (yCh + cbHeight } >> Log2ParMrglevel s great than
{ vCh >> Log2ParMrglevel } and where { xCh, vCb ) s the top-left luma sample position of
the current CU in the picture and { cbWidth, cbHeight } is the CU size. The MER size is
selected at encoder side and signalled as log? parallel merge level minus? in the sequence

parameter st

2.32. New merge candidates

2,320, Nou-adjacent merge candidates derivation

In VV, five spatially neighboring blocks shown in Fig. 43 as well as one temporal neighbor
are used to derive merge candidates.

It 1s proposed to denive the additional merge candidates from the positions non-adjacent to the
current block using the same pattern as that in VVC. To aclieve this, for each search round 4, a
virtual block is gencrated based on the current block as follows:

First, the relative position of the virfual block to the current block is calculated by:

Offseix =1xgndX, Offsety = -ixgnd¥,

where the Offsetx and Offsety denote the offset of the top-lett comer of the virtual block relative
to the top-left corner of the current block, gridX and gndY are the width and height of the search
grid.

Second, the width and height of the vitual block are caleunlated by:

newWidth = 122»gndX+ currWidth  newHeight = 1x2xgndY + carrHeight

where the currWidth and currHeight are the width and height of current block. The newWidth
and newHeight are the width and height of new virtual block.

eridX and gndY are currently set to currWidth and currHeight, respectively.

Fig. 44 15 illostration of virtual block in the 1-th scarch round.

After generating the virtual block, the blocks Ay, By, €, Di and Ej can be regarded as the YVC
spatial neighboring blocks of the virtual block and their positions are obtained with the same
pattern as that m VVC. Obvicusly, the virtual block is the current block if the search round 115
0. In this case, the blocks Ay, By, Ci, D and Ei are the spatially neighboring blocks that are used

m VV merge mode.
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When constructing the merge candidate list, the pruning is performed to guarantes each clement
in merge candidate st to be unique. The maximum search round is set to 1, which means that
five non-adjacent spatial neighbor blocks are utilized.

Non-adjacent spatial merge candidates are inserted into the merge hist after the temporal merge

candidate in the order of B1-—>A1->Ci->D->Eq.
2.32.2. STMYP

it 15 proposed to derive an averaging candidate as STMVP candidate using three spatial merge

candidates and one temporal merge candidate.

STMVP 15 mnserted before the above-left spatial merge candidate.

The STMVP candidate 1s proned with all the previous merge candidates in the merge Hst.

For the spatial candidates, the first three candidaies in the current merge candidate hist are used.
For the teraporal candidate, the same position as VIM / HEVC collocated position is used.

For the spatial candidates, the first, second, and third candidates inserted in the current merge

candidate list before STMVP are denoted as F, 8. and T

The temporal candidate with the same position as VIM / HEVC collocated position used in

TMVP is denoted as Col.

The motion vector of the STMVP candidate in prediction direction X {denoted as mvEX) 15

derived as follows:

1} If the reference indices of the four merge candidates are all valid and are all equal to zero

in prediction direction X (X =0or 1),
myvLX = mvlX F+movlX 8§+ mviX T+ mvLX Coly >>2

2y IWreference mdices of three of the four merge candidates are valid and are equal to zero

prediction direction X (X =G or 1},
mvLX = (mvLX Fx3+mvLX 8 x3+mvEX Col x 2)>>3 or
avEX = {mvEX F o« 3+ v X Tx 3 +mvlX Col x 2} >>3 or
mvEX = (mvLlX S x 3 +mvLlX T x3 +mvLX Col x 2)>>3

3y I reference indices of two of the four merge candidates are valid and are equal to zere in

prediction direction X (X =0 or 1},
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vl X = (mvEX F+mvlX Coby >>1 or
mvEX = {mvLX S+ mvLX Coby >>1 or
mvEX = (mvLX T -+mvlX Coly>>1.

Note: If the temporal candidate is unavailable, the STMVP mode is off.

2.32.3. Merge fist size

If considering both non-adjacent and STMVP merge candidates, the size of merge hist g

signalled in sequence paramcter set header and the maximum allowed size of merge histis 8.

2.33. Geometric partitioning mode (GPRM)

In VVC, a geometric partitioning mode 15 supported for inter prediction. The geometric
partiioning mode 15 signalled using a CU-level flag as one kind of merge mode, with other
merge modes including the regular merge mode, the MMVD mode, the CHP mode and the
subblock merge mode. In total 64 partitions are supported by geometric paritioning mode for
each possible CU size w x b = 2" X 2" withm,n € {3 - 6} excluding 8x64 and 64x8.
When this mode is used, a CU is split into two parts by a geometrically located straight bine
(Fig. 45). The location of the splitting line 1s mathematically denived from the angle and offset
parameters of 8 specific partition. Each part of a geometric partition in the CU 18 inter-predicted
using its own motion; only uni-prediction is allowed for cach partition, that is, each pait has
one motion vector and one reference index. The uni-prediction motion constramt 15 applied to
ensure that same as the conventional bi-prediction, only two motion compensated prediction
are needed for cach CU. The uni-prediction motion for cach partition is derived using the
process described 10 2.19.1.

If geometnie partitioning mode 15 used for the current CU, then a geometne partition index
mdicating the partiion mode of the geometric partition (angle and offset), and two merge

indices {onc for each partition} arc further signalied. The mumber of maximum GPM candidate

After predicting each of part of the geometnie partition, the sample values along the geometric
partition edge are adjusted using a blendimg processing with adaptive weights as in 2.19.2. This
1s the prediction signal for the whole CU, and transform and guantization process will be applied
to the whole CU as m other prediction modes. Fmally, the motion field of a CU predicted using

the geometric partition modes is siored as 1n 2.19.3,

N
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2.33.1. Uni-prediction candidate list construction

The wni-prediction candidate st 1s denived directly from the merge candidate list constructed
according to the extended merge prediction process i 2,17, Denote 1 as the index of the uni-
prediction motion i the geometric uni-prediction candidate list. The LX motion vector of the
n-th extended merge candidate, with X equal to the parity of n, 15 used as the n-th uni-prediction
motion vector for geometric partitioning mode. These motion vectors are marked with “x”
Fig. 46. In case a comresponding LX motion vector of the n-the extended merge candidate does
not exist, the L{1 — X)) motion vector of the same candidate 18 used mstead as the wi-prediction

motion vector for geometric partitioning mode.

2.33.2. Blending along the geometric partitioning edge

Afier predicting each part of a geometnic partition using its own motion, blending is applied to
the two prediction signals to derive samples around geometric partition edge. The blending
weight for each position of the CU are derived based on the distance between individual
position and the pariition edge.

The distance for a position (x, ) to the partition edge are derived as:

d{x,y) = (22 + 1 —wycos(e) + @y + 1~ Ay sin{gy) ~ p; (2-24)
g; = Py jcos(@) + py ; sin{gy) (2-25}
. 0 %16 = Bor{(i% 16 = Qandh = w) 2263
Prj = §+(} X W) 3 2 ctherwise —
- f I VA I {0 16 o T
= {i(; X Ea) » 2 i%16 = Bor (i "/0 .1_6'7& Jandh = w) (2-27)
7 0 otherwise

where i, f are the indices for angle and offsct of a geometric partition, which depend on the
signaled geometnic partition index. The sign of g, ; and p,, ; depend on angle ndex £,
The weights for each part of a geometric partition are derived as following:

widxL(x,y) = partidx 732 + d{x, v}: 32 — d{x, v} {2-28}

Clip3(0,8,{wIdxL{x,y)+4)>3)
3

wolx, ¥} =

wi (%, y) =1 —we(x, v} (2-30)

The partlds depends on the angle index i One example of weigh wy 15 illastrated in Fig. 47,

2.33.3. Motion field storage for geometric partitioning mode
Mv1 from the first part of the geomctric partition, Mv2 from the sccond part of the geometric
partition and a combined Mv of Mvl and Mv2 are stored m the motion filed of a geometric

partitioning mode coded CU.
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The stored motion vector type for cach mdivideal position in the motion filed are determined
as:
sType = abs(motionidx) < 327 2 : {motionldx < 0?1 — partldx }: partidx )
(2-31)
where motionfdx is equal to d{4x + 2,4y + 2). which is recalculated from equation (2-18).
The partldx depends on the angie index {.
IfsTvpe is egual to O or 1, My or Myl are stored in the corresponding motion ficld, otherwise
if sTvpe 1s equal to 2, a combined My from Mv0 and Mv2 are stored. The combined Mv are

generated using the following process:

1y Myl and Mv2 are from different reference picture hists {one from LO and the other
from L1), then Myl and Mv2 are simply combined to form the bi-prediction motion

VeCIOrs.

Gtherwise, if Myl and Mv2 are from the same hist, only uni-prediction motion My?2 is stored.

2.34. Melti-hypothesis prediction
In multi-hypothesis prediction {MHP), up to two additional predictors are signalled on top of
mter AMVP mode, regular merge mode, affine merge and MMVD mode. The resulting overall
prediction signal 1s accumulated iteratively with each additional prediction signal.

Pary = (3= @ J8n + dngs ftn gy

The weighting factor a is specified according to the following Table 2-8.

Table 2-8 — weighting factor for MHP

add_hyp_weight idx &
t 1/4
1 -1/8

For wnter AMVP mode, MHP is only apphied if non-equal weight in BCW 1s selected 1o bi-
prediction mode.

The additional hypothesis can be cither merge or AMVP mode. In the case of merge mode,
the motion information is mdicated by a merge index, and the merge candidate ist 15 the same
as in the Geometnie Partition Mode. In the case of AMVP mode, the reference index, MVP

mdex, and MY} are signaled.
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2.35. Non-adjacent spatial candidate

The non-adjacent spatial merge candidates are nserted after the TMVP in the regular merge
candidate hst. The pattern of the spatial merge candidates is shown on Fig. 48, The distances
between the non-adjacent spatial candidates and the current coding block are based on the width

and height of the current coding block,

2.36. Template matching (THW)

Template matching (TM) 1s a decoder-side MV denvation method to refine the motion
mformation of the current CU by finding the closest mateh between a template (e, top and/or
lett neighbouring blocks of the current CU} in the current picture and a block {(i.e., same size to
the template) m a reference picture. As tlustrated in Fig. 49, a betier MV 1s to be searched
around the inittal motion of the carrent CU within a |~ 8, +&]-pel search range. The template
matching that was previously proposed is adopted in this contribution with two modifications:
scarch step size is determuned based on AMVYR mode and TM™M can be cascaded with bilateral
matching process i merge modes.

in AMVP mode, an MVP candidaie is determined based on template matching error to pick up
the one which reaches the minimum difference between current block template and reference
block template, and then TM performs only for this particular MVP candidate for MV
refinement. TM refines this MVP candidate, starting from full-pel MV D precision {or 4-pel for
4-pel AMYR mode) within a |-8, +8}-pel scarch range by using iterative diamond scarch. The
AMVP candidate may be further refined by using cross scarch with full-pel MVD precision {or
4-pel for 4-pel AMVRE mode), followed sequentially by half-pel and quarter-pel ones depending
on AMVYR modg as specified in Table 2-9. This search process ensures that the MVP candidate

still keeps the same MV precision as indicated by AMVR mode after TM process.

Table 2-9 — Search patterns of AMVR and merge mode with AMVER.

AMVR mode Merge mode

Search pattern | d-pel | Full-pel | Half- Quarter-pel | ARTF=0 | Al-
pel tiF=1

4-pel diawound v
4-pel cross v
Full-pel dia- b v v v v
mond
Full-pel cross v v v v v
Halt-pel cross v v v A
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Quarter-pel ¥ v
CYOS8
1/8-pel cross v

In merge mode, similar search method is applied to the merge candidate indicated by the merge
index. As Table 2-9 shows, T™M may perform all the way down to 1/8-pel MV D precision or
skipping those beyound half-pel MVD precision, depending on whether the alternative
mierpolation filter (that s used when AMVR 15 of halfipel mode) 1s used according to merged
motion wformation. Besides, when TM mode is enabled, template matching may work as an
mdependent process or an extra MV refinement process between block-based and subblock-
based bilateral matching (BM) methods, depending on whether BM can be enabled or not

according to its enabling condition check.

2.37. Overlapped block motion compensation {OBM)

Overlapped Block Motion Compensation (OBMC) has previously been used in H.263. in the
FEM, unlike i H.263, OBMC can be switched on and off using svntax at the CU level. When
OBMC is used in the JEM, the OBMC is performed for all motion compensation (MC} block
boundaries except the night and bottom boundaries of a CU. Morgover, it is applied for both the
luma and chroma components. In the JEM, a MC block 1s corresponding to a coding block.
When a CU 15 coded with sub-CU mode {(inchides sub-CU merge, affine and FRUC mode),
cach sub-block of the CU 15 a MC block. To process CU boundaries in a vniforn fashion,
OBMC 15 performed at sub-block level for all MC block boundaries, where sub-block size is

set equal to 4x4, as itlustrated m Fig. 50

When OBMC applies to the current sub-black, besides current motion vectors, motion vectors
of four counected veighbouring sub-blocks, if available and are vot identical to the current
motion vector, are also used fo derve prediction block for the current sub-block. These multiple
prediction blocks based on multiple motion vectors are combined to gencrate the final

prediction signal of the current sub-block.

Prediction block based on motion vectors of a neighboaring sub-block is dencted as Py, with N
indicating an index for the neighbounng above, below, lefi and right sub-blocks and prediction
black based on motion vectors of the current sub-block is denoted as #c. Wher v 1s based on
the motion information of a neighbouring sub-block that contains the same motion information
to the current sub-block, the OBMC 13 not performed from Py, Otherwise, every sample of Fv

1s added to the same sample in o, .o, four rows/colemns of Py are added to £c. The weighting

6%



WO 2024/011140 PCT/US2023/069657

factors {174, 1/8, /16, 1/32} are used for Pvand the weighting factors {3/4, 7/8, 15/16, 31732}
are used for Po. The exception are small MC blocks, (i.e., when height or width of the coding
block 1s equal to 4 or a CU 15 coded with sub-CU mode), for which only two rows/columns of
P are added to Po. In this case weighting factors {1/4, 1/8} are used for Py and weighting
factors {3/4, 7/8} are used for Pc. For Py generated based on motion vectors of vertically
{horizontally) neighbouring sub-block, samples in the same row {column} of Py arc added to

Pc with a same weighting factor.

In the JEM, for a CU with size less than or equal to 2536 huma samples, a CU level flag is
signalled to indicate whether OBMC 15 applied or not for the current CU.L Forthe CUs with size
larger than 256 luma samples or not coded with AMVP mode, OBMC 15 applied by default. At
the encoder, when OBMC 1s applied fora CU, its impact is taken into account during the motion
cstimaation stage. The prediction signal formed by OBMC using motion information of the top
neighbouring block and the left neighbouring block 1s used to compensate the top and eft
boundaries of the original signal of the current CU, and then the normal motion estimation

process is apphed.

2.38, Maultiple transform selection (MT5} for core transform

In addition to DCT-II which has been emploved m HEVC, a Multiple Transform Selection
(MTS) scheme is used for residual coding both inter and intra coded blocks. It uses multiple
selected transforms from the DCTS/DSTT. The newly introduced transform matrices are DST-

Vi and DCT-VIL Table 2-10 shows the basis functions of the selected DST/DCT.

Table 2-10 — Transform basis functions of DCT-IY VI and DSTVH for N-point toput
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In order to keep the orthogonality of the transform matrix, the transform matrices are guantized
more accurately than the transform matrices in HEVC. To keep the mtermediate values of the
transformed coefficients within the 16-bit range, after horizontal and after vertical transform,

all the coeflicients are to have 10-bit.

In order to control MTS scheme, separate enabling flags are specified at SPS level for intra and
mter, respectively. When MTS 15 enabled at SPS, a CU level flag is signalled to indicate
whether M'TS is applied or not. Here, MTS is applicd only for loma. The MTS signaling is

skipped when one of the below conditions is applied.

The position of the last significant coefficient for the luma TB is less than 1 (e, BC
only).

The last significant coctficient of the luma TB 18 located mside the MTS zero-out region.

IEMTS CU fiag 1s equal to zero, then DCT2 s applied 1o both directions. However, if MTS CUJ
flag 1s equal to one, then two other flags are additionally signalied to indicate the transform type
for the horizontal and vertical directions, respectively. Transform and signalling mapping table
as shown in Table 2-11. Unified the transform selection for ISP and implicit MTS 15 used by
reqoving the intra-mode and biock-shape dependencies. I current block is ISP mode or if the
current block 1s intra block and both intra and inter explicit MTS is on, then only DST7 15 used
for both horizontal and vertical transform cores. When it comes to transform matnx precision,
8-bit primary transtorm cores are used. Therefore, all the transform cores used in HEVC are

kept as the same, including 4-pomnt DCT-2 and DST-7, &-point, 16-point and 32-point DCT-2.
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Also, other transform cores mchuding 64-point DCT-2, d-point DCT-E, &-point, 16-point, 32-

point BST-7 and DCT-E, use 8-bit primary transform cores.

Table 2-11 — Transtorm and signalling mapping table

MTS CU fla | MTS Hor fla | MTS Ver fla | Intra/inier
Homzonta | Vertical
i
{ D12
0 0 DST7 DST7
0 i DCTS DST7
i i 0 DST7 DCTR
i i DCTS DCTR

To reduce the complexity of large size DST-7 and DCT-8, High frequency transform
cocfficients are zeroed out for the DST-7 and BUT-8 blocks with size (width or height, or both
width and height} equal to 32. Only the coefficients within the 16x16 lower-frequency region
are retained.

As 1 HEVC, the residual of a block can be coded with transform skip mode. To avoid the
redundancy of symtax coding, the transform skip flag is not signalled when the CU level
MTS _CU flag is not equal to zero. Note that implicit MTS transform is set to DCT2 when
LEFNST or MIP 15 activated for the current CU. Also the implicit MTS can be still enabled when

MTS is enabled for mnter coded blocks.

2.3%, Subblock transform (SBT)

In VTM, subblock transform is introduced for an mter-predicted CU. In this transform mode,
only a sub-past of the residual block 1s coded for the CU. When mter-predicted CU with cu_cbf
cqual to 1, cu_sbt flag may be signaled to mdicate whether the whole residual block or a sab-
part of the residual block is coded. In the former case, inter MTS mformation is firther parsed
to determne the transform type of the CU. In the latter case, a part of the residual block is coded
with mferred adaptive transform and the other part of the residual block is zeroed out.

When SBT s used for an inter-coded CU, SBT type and $BT position information are signaled
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i the bitstream. There are two SBT types and two SBT positions, as indicated in Fig. 51, For
SBT-V {or SBT-H), the TU width {or hoight) may equal to half of the CU width {or height} or
/4 of the CU width {or height), resulting i 2:2 sphit or 1:3/3:1 split. The 2:2 sphit is like a
binary tree {BT) sphit while the 1:3/3:1 split 1s like an asymmetric binary tree (ABT) split. In
ABT splitting, only the small region contains the non-zero residual. If one dimension of a CU
1s 8 in luma samples, the 1:3/3:1 split along that dimension is disallowed. There are at most 8
SBT modes fora CU.

Position-dependent transform core selection is apphed on luma transform blocks in SBT-V and
SBT-H {(chroma TB always using DCT-2). The two positions of SBT-H and SBT-V are
associated with duferent core transforms. More specifically, the horizontal and vertical
transforms for each SBT position is specified in Fig. 51. For example, the horizontal and vertical
transforms for SBT-V position 0 is DCT-8 and DSTY7, respectively. When one side of the
residual TU is greater than 32, the transform for both dimensions s set as DCT-2. Therefore,
the subblock transform jomtly specifies the TU tiling, ¢bf, and honzontal and vertical core
transform type of a residaal block.

The SBT is not applied to the CU coded with combined inter-intra mode.

2.40. Template matching based adaptive merge candidate reorder

To mprove the coding efficiency, after the merge candidate list is constructed, the order of each
merge candidate is adjusted according to the template maiching cost. The merge candidates are
arranged in the list in accordance with the template matching cost of ascending order. It is
operated in the form of sub-group.

The template matching cost is measured by the SAD (Sum of absolute differences) between the
neighbouring samples of the current CU and their corresponding reference samples. If a merge
candidate inchides bi-predictive motion information, the corresponding reference samples are
the average of the corresponding reference samples 1 reference g0 and the corresponding
reference samples in reference listl, as illustrated in Fig. 52, If a merge candidate includes sub-
CU level motion information, the corresponding reference samples consist of the neighbouring
samples of the corresponding refercuce sub-blocks, as tlustrated 1 Fig. 33.

The sorting process 18 operated m the form of sub-group, as tHustrated in Fig. 34. The first three
merge candidates are sorted together. The following three merge candidates are sorted together.
The template size {width of the left tomplate or height of the above tomplate) 15 1. The sub-

group size 1s 3.
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2.41. Adaptive Merge Candidate List
It is assumed that the number of the merge candidates is & The first 5 merge candidates are
taken as a first subgroup and the following 3 merge candidates are taken as a second subgroup
{(1.¢., the last subgroup).
For the encoder, after the merge candidate list is constructed, some merge candidates asre
adaptively reordered i an ascending order of costs of merge candidates as shown i Fig. 55,
More specifically, the template matching costs for the merge candidates 1o all subgroups except
the last subgroup are computed; then reorder the merge candidates m their own subgroups
except the last subgroup; finally, the final merge candidate list will be got.
For the decoder, afier the merge candidate list 1s constructed, some/no merge candidates are
adaptively reordered in ascending order of costs of merge candidates as shown in Fig. 56. In
Fig. 36, the subgroup the selected (signaled) merge candidate located mn is called the selected
subgroup.
More specifically, if the selected merge candidate 18 located i the last subgroup, the merge
candidate list construction process is ternnated after the selected merge candidate is derived,
no reorder 1s performed and the merge candidate hist is not changed; otherwise, the execution
process 18 as follows:
The merge candidate list construction process is terminated after all the merge candidates in the
selected subgroup are derived; compute the template matching costs for the merge candidates
i the selected subgroup; reorder the merge candidates in the selected subgroup; finally, a new
merge candidate hist will be got.
For both encoder and decoder:
A template matching costis derived as a function of T and RT, wherein T is a sct of samples in
the template and RT is a set of reforence samples for the template.
When denving the refercunce samples of the template for a merge candidate, the motion vectors
of the merge candidate are rounded to the mteger pixel accuracy.
The reference samples of the template (RT} for bi-directional prediction are derived by
weighted averaging of the reference samples of the tomplate 1n reforence List0 (874 and the
reference samples of the template 1n reforence listl (RT)) as follows.

RT ={(8 —w)*RTy +w=RT, +4} » 3 (2-32)
where the weight of the reference template in reference hist0 (8-w) and the weight of the
reference template in reference list! (w) are decided by the BCW mdex of the merge candidate.

BCW mdex equal to {0,1,2,3,4} corresponds to w equal to {-2,3,4,5,10}, respectively,

B
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If the Local Hlumination Compensation (LIC} flag of the merge candidate 1s true, the reference
samples of the template are derived with LIC method.

The template matching cost is calculated based on the sum of absolute differcnces (SADY of T
and RT.

The template size 15 1. That means the width of the left template and/or the height of the above
termplate is 1

If the coding mode is MMVD, the merge candidates to derve the base merge candidates are
not reordered.

If the coding mode 1s GPM, the merge candidates to derive the uni-prediction candidate list are

not reordered.

2.42. Geometric prediction mode with Motion Vector Difference

In Geometnic prediction mode with Motion Vector Difference (GMVD}, cach geometric
partition in GPM can decide to use GMVD or not. HGMVD s chosen for a geometric region,
the MV of the region 1s calculated as a sum of the MV of a merge candidate and an MVD. All
other processing s kept the same as in GPM.

With GMVD, an MVD is signaled as a pair of direction and distance. There are nine candidate
distances {¥%-pel, Ya-pel, 1-pel, 2-pel, 3-pel, 4-pel, 6-pel. B-pel, 16-pel}, and cight candidate
directions (four horizontal/vertical directions and four diagonal directions) involved. In addition,
when pic_fpel mmvd enabled flag 1z equal to 1, the MVD m GMVD 1s also left shifted by 2
as m MMVD,

2.43. Affine MMVD

In affine MMV D, an affine merge candidate (which 1s called, base affine merge candidate) s
selected, the MVs of the control points are further refined by the signalled MVD mformation.
The MVD information for the MVs of all the control points are the same in one prediction
direction.

When the starting MVs is bi-prediction MVs with the two MVs pout to the different sides of
the current picture (1.¢. the POC of one reference 13 larger than the POC of the current picture,
and the POC of the other reference is smaller than the POC of the current picture), the MY
offset added to the histh MV component of starting MV and the MV offsct for the list] MV has
opposite value; otherwise, when the starting MVs is bi-prediction MVs with both lists pomt to
the same side of the current picture (.. POCs of two references are both larger than the POC

of the current picture, or are both smaller than the POC of the current picture), the MV offset

~3
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added to the listG MV component of starting MV and the MV offset for the list] MV are the

same.

2.44, Adaptive decoder side motion vector refinement (ADMVR)

In ECM-2.6, a multi-pass decoder-side motion vector refinement {BMVR) method s applied
i regolar merge mode if the selected merge candidate meets the DMVR conditions. In the first
pass, bilateral matching (BM) is applied to the coding block. In the second pass, BM is applied
to each 16x16 subblock within the coding block. In the third pass, MV in cach 8x8 subblock is
refined by applving bi-directional optical flow (BDOF).

Adaptive decoder side motion vector refinement method consisis of the two new merge modes
mtroduced to refine MV only in one direction, either LO or L1, of the b1 prediction for the merge
candidates that meet the DMVR conditions. The multi-pass DMVR process 1s apphied for the
selected merge candidate to refine the motion vectors, however either MVDO or MVDI 15 set
to zero in the 1st pass (1.e., PU level) DMVE,

Like the regular merge mode, merge candidates for the proposed merge modes are dertved from
the spatial neighboring coded blocks, TMVPs, non-adjacent blocks, HMVPs, and pair-wise
candidate. The difference 18 that only those meet DMVR conditions are added mto the candidate
fist. The same merge candidate list (1o, ADMYR merge list} is used by the two proposed merge

modes and merge index is coded as in regular merge mode.

3. Problems

1. In the current design of the codec, a frame is coded as its onginal relative locations and
oricutation. However, this way may limit the comapression efficiency due to that this fixed
coding sequence 18 not always beneficial for frames with different signal and texture distri~

butions.

)

In the current design of CCLM, 1 assumes frames arc coded with the fixed same coding
order. However, the location relationship between chroma and luma components emploved

by CCLM filters have varied, when relocating a frame for a better coding efficiency.

4,  Detailed Solutions
The detailed solutions below should be considered as examples to explain general concepts.
These solutions should not be interpreted in a narrow way. Furthermore, these sohutions can be

combined 10 a0y Manner.
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In this disclosure, the term “block” may represent a coding block (UB), or a coding unit {CU},

or a prediction block (PB). or a prediction unit (PU}, or a transform block (TB}, or a transform

unit {TU}, or a coding tree block (TUTB), or a coding tree unit (CTU), or a rectangular region of

samples/pixels.

in the following discussion, SatShifi(x, n} is defined as:

S | (ctoffssety>>n i x20
SatShift(x,my=q N N
—{(~x+offseth>>ny i x<O

Shift{x, n} 15 defined as Shift{x, n} = (x+ offsctOy>n.

In one example, offsetl and/or offsetl are set to (I<<ny>>1 or (1<

<{n-1}}. In another example,

offset and/or offsetl are set to 0.

In another example, offset=offsetl= ({1<<np>>13-1 or {(I<<{m-1}}}-1.

Clip3¢{mun, max, x} is defined as:

[Min i x<Min
Clip30in Ma, xy={Max if x> Max

L X Otherwise

in the following discassion, a “picture”, an “image” and a “frame” may have the same meaning.

Frame modification.

I

it 15 proposed that a video uwmt with dimensions {(width, height}, such as a pic-

ture/shice/tile/block may be modified in a first way before it is encoded, and/or a decoded

video unit may be modified 10 a second way before 1t 18 cutput or being used as a refer-

enee picture.

a.

b.

d.

(€]

In one example, suppose P{x, v} represents a video anit, P{x, v} = F(P{x,y}} may
be encoded, wherein F is any function that can be applied to modity a picture.
In one example, suppose P77{x,v} represents a decoded video unit, P7(x, v} =
G{P(x.y}) may be output and/or stored and/or being used as a reference video
unit, wherein G is any function that can be applied to modify a picture.

In one example, G should be an anti~operation of F, 1.6, GF{X)} = X, where X 15
a picture,

In one example, F and G may be fhipping and/or rotation.

In one example, a video unit is flipped vertically. As shown in Fig. 57, the content
is fhipped vertically and theun the flipped video urut is used in the codec codmg
pipeline.

The vertical flip is defined as;

~3
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k.

F(P(x, v} = P {x, height - v - 1}.
In one example, a decoded video unit is fhipped vertically. As shown in Fig. 57,
the content s flipped vertically and then the flipped decoded video unit is out-
put/stored/used as a reference video unit,
The vertical flip is defined as:
GP(x, v} = P {x, height - v -~ 1}.
In one example, a video unit is fhipped horizontally. As shown in Fig. 38, the
gontent 1s flipped horizontally and then the flipped video unit is used in the codec

coding pipeline. The horizontal flip is defined as:

F(P{x, v} = Plwidth - x - 1, y}.

In one example, a decoded video unit is flipped honzontally. As shown i Fig.
38, the content is thipped honizoutally and then the flipped decoded video unit is
cuiput/siored/used as a reference video unit.

The horizontal flip is defined as:

GP{(x yp =P {width -x -1, ¥}

Inone example, a video unit is rotated with 180°. As shown in Fig. 59, the contont
i3 spun with 180° and then the spun video umt is used m the codec coding pipehine.

The 180° rotation s defined as:

FPx, vy =P (width—x— 1, beight - v - 1}.

In one example, a decoded video unit 1s rotated with 180° Ag shown in Fig. 59,
the content 1s spun with 180° and then the spun video umit 1s cutput/stored/used
as a reference video unit.

The 180° rotation is defined as:

GP(x, v} =P (width—x - 1, height - v - 1},

In one example, 8 video unit is rotated clockwise with 90°. As shown m Fig. 60,
the content 1s spun with clockwise 90° and then the spun video unit is used inthe
codec coding pipeline.

The clockwise 90° rotation is defined as:

F(P{x, y)) = Plheight ~ v - 1, x}.

In one example, a decoded video unit is rotated clockwise with 907, As shownin
Fig. 60, the content is spun with clockwise 90° and then the spun video unit is
output/stored/used as a reference video unit. The clockwise 90° rotation is de-

fined as:
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G{P"{(x, y3) = P(height - v - 1, ).

m. Inone example, a video unit is rotated clockwise with 270°, Ag shown in Fig. 61,
the content 1s spun with clockwise 270° and then the spun video unit s used in
the codec coding pipeline.

The clockwise 270° rotation is defined as:
FPx, vy =Py, width - x - 1}

n. In one example, a decoded video unit 1s rotated clockwise with 270° Ags shown
in Fig. 61, the content is spun with clockwise 270° and then the spun video unit
1s output/stored/used as a reference video unit.

The clockwise 270°

GP{x, v} =Py, width - x - 1},

rotation is defined as:

o. If'the modified video anit has a different dimension as the original video umit, the
width and/or height before and/or atter the modifications mav be signaled, such

as m SPS/PPS/picture header/slice header/CTU/CU/ ete.

luma/chroma sanmwle location adistments,

2. If a modified picture is encoded, and/or a picture is decoded, which will be modified
after decoding, luma/chroma sample corresponding relationship may be adjusted for a
cross-component prediction coding too! such as CCLM, L-CCLM, T-CCLM, MM-
CCLM, ete.

a. In one example, whether to and/or how to make the adjustment may depend on
the color format sach as 4144 or 4:2:2 or 4:2:0.
1. For example, no adjustment may be made for format 4:4:4.
4. For cxample, different adjustment may be made for format 4:2:0 and
4:2:2,
b. In one example, the adjustment uses which type of filter depending on the block
location and/or color format.
. For example, 6-tap filters may be used m the blocks with color format
4:2:0_ which are not located on the boundaries of CTU.
i, For example, 3-tap filters may be used in the blocks with color format
4:2:0, which are located on the boundaries of CTU.
11, For example, 3-tap filters may be used in the blocks with color format

4:2:2.
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¢. In one example, as shown in Figs. 62A and 62B, the correspondence between
fama and chroma samples is adjusted in horizontal thip. Specifically. as shown in
Figs. 62A-62B, rectangular blocks represent fuma samples while black pounis
represent chroma samples. As shown in Fig, 624, o-tap filters with coefficients
1-2-1-1-2-1 are used on the luma pixels of areas bordered with a dashed rectan-
gular. For example, No. 2, No. 3, No. 4, No.6, No.7, and No.8 luma samples are
with coethicients 1, 2, 1, 1, 2 and 1, respectively. In the horizontally flipped re-
gonstruction, as shown in Fig. 62B, the comresponding samples are adjusted with
N4, No. 3, No.2, No. 8, No .7, and No 6 pixels using the 6-tap filter of 1-2-1-1-
2-1 cocfficients.

d. In one example, the correspondence between tuma and chroma samples 1s ad-
justed i 180° rotation. Specifically, as shown m Figs. 63A and 63B, rectangular
blocks represent luma samples while black poinis represent chroma samples. As
shown m Fig. 63A, 6-tap filters with coefficients 1-2-1-1-2-1 are used on the
tema pixels of areas bordered with a dashed rectangular. For example, No .2, No 3,
Ng,4, No. 6, No. 7, and No. 8 loma samples are with coefficients 1,2, 1, 1, 2, and
1, respectively. bnithe 180° reconstruction, as shown m Fig. 63B, the correspond-
ing samples are adjusted with No.8, No. 7, No.6, No.4, No.3, and No.2 pixels

asing the 6-tap filter of 1-2-1-1-2-1 coetlicients.

Signaling and Rate-Distortion optimization {RDOG)Y

-
2

(¥

RB( can be applied at picture level to determine the picture modification method.

a. Inone example, all luma and chroma Rate-Distortion (R cost of every original
and modified picture are calculated, and then the encoder may select modifica-
tion or non-modification with least cost.

In one example, whether a modification on a decoded video unit 1s allowed or enabled
may depend on coding nformation such as pwture/slice type, temporal layer, QPF, color
format, color component, coding mode, dimensions of the video unit, efe.

a. Inone example, a modification is allowed only on [ slices.

where T 15 a threshold such as 1080,
In one exampile, whether to and/or how to apply a modification on a decoded video unt
may be signaled by at least one syntax element {SE} from the encoder to the decoder,

such as mn SPS/PPS/APS/picture header/slice header/CTU/ U ete.
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5.

©

g
h.

In one example, a first syntax element may be signaled to indicate whether a
modification method is applied or not.

In one example, a second svntax element may be signaled to indicate which mod-
tfication method 1s applied or not.

The sccond syntax element may be signaled only if the first syntax indicates a
modification method 1s applied.

A single SE may be signaled.

The SE(s) may be coded using fixed length coding, EG coding, truncated {unary)
coding, ¢ic.

The SE(s) may be coded with at least one context i anthmetic coding.

The SE(s) may be bypass coded.

The SE(s) may be signaled only if modification is aliowed.

In one example, the encoder may be simplified when trving 10 encode a picture with a
o - Lo

modification method.

a.

e

o

In one example, the fast algorithm codes the frame with CU size of 128 of quad
tree splitting while skipping all other CU sizes and coding tree structures.
In one example, the fast algorithm codes the frame with CU size of 64 of quad
tree sphiting while skipping all other CU sizes and coding tree structures.
In one example, the fast algorithm codes the frame with CU size of 32 of quad
tree splitting while skipping all other CU sizes and coding tree structures.
In one example, the fast algonithin codes the frame with CU size of 16 of quad
tree splitting while skipping all other CU sizes and coding tree structures.
In one example, the fast algonithm codes the frame with CU size of 8 of quad tree

splitting while skipping all other CU sizes and coding trec struchures.

General aspects

7.

Whether to and/or how to apply the disclosed methods above may be signalled at se-

quence level/group of pictures level/picture level/shice level/iile group level, such asm

sequence header/picture header/SPS/VPS/DPS/DCI/PPS/APS/slice header/tile group

header.

‘Whether to and/or how to apply the disclosed methods above may be dependent oncoded

mformation, such as block size, colour format, single/dual tree partitioning, colour com-

ponent, shice/pictars type.
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9. The proposed methods disclosed m this docoment may be used i other coding tools

which require frame relocation or CCLM adjustment,

[8138] More details of the embodiments of the present disclosure will be described
below which are related to an adjustment of a video block for video coding. The
embodiments of the present disclosure should be considered as examples to explain the
general concepts and should not be interpreted in a narrow way. Furthermore, these

embodiments can be applied individually or combined in any manner.

[8131]  Asused herein, the term “block™ may represent a color component, a sub-picture,
a picture, a slice, a tile, a coding tree unit {CTU), a CTU row, groups of CTU, a coding
unit {(CU), a prediction unit {(PU), a transform unit {TU), a coding tree block (CTB), a
coding block (CB), a prediction block (PB}, a transform block {TB), a sub-block of a video
block, a sub-region within a video block, a video processing unmit comprising multiple

samples/pixels, and/or the like. A block may be rectangular or non-rectangular.

[98132] Fig. 64 illustrates a flowchart of a method 6400 for video processing in
accordance with some embodiments of the present disclosure. The method 6400 may be
implemented during a conversion between a video and a bitstream of the video. As shown
in Fig. 64, the method 6400 starts at 6402 where a first video block is obtained. The first
video block is generated based on a {irst adjustment of a current video block of the video.
The first adjustment comprises at [east onc of adjusting an onentation of the current video
block or adjusting positions of samples in the current video block. As used herein, the

first adjustment may also be referred to as a geometry adjustment.

[8133] By way of example rather than limitation, the first video block may be generated
and encoded into the bitstream at an encoder. Furthermore, at a decoder, the first video

block may be obtained from the bitstream.

19134] At 6404, a second video block 1s generated based on a second adjustment of the
first video block. The second adjustment 1s an inverse process of the first adjustment. As
psed herein, the second adjpustment may also be referred to as an inverse geometry
adjustment. By way of example rather than limitation, 1n a case that the first adjustment
is rotate the current video block clockwise with 907, the second adjustment may be rotate
the first video block clockwise with 2707 In another case that the first adjustment is
rotate the current video block clockwise with 1807 the second adjustment may be rotate

the first video block clockwise with 180°.
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[8135] At 6406, the conversion is performed based on the second video block. In some
embodiments, the second video block may be output or stored. Additionally or
alternatively, the second video block may be used as a reference video block for coding a

further video block of the video different from the current video block.

[8136] In some embodiments, the conversion mayv include encoding the video nto the
bitstream. Alternatively or additionally, the conversion may include decoding the video
from the bitstream. It should be understood that the above illustrations and/or examples
are described merely for purpose of description. The scope of the present disclosure is

not himuted n this respect.

18137] In view of the above, a geometry adjustment and a corresponding inverse
geometry adjustment are performed for coding a video block. Compared with the
conventional solution, the proposed method can advantageously adapt a coding scheme of
a video block to s signal and texture distributions. Therchy, the coding efficiency can

be improved.

[8138] In some embodiments, the positions of samples 1o the current video block may
be adjusted by flipping the current video block. Moreover, the sccond adjustment may
comprise adjusting positions of samples in the first video block by tlipping the first video
block.

1913%]  In some embodiments, the current video block may be flipped vertically. By
way of example rather than limutation, a position of a first sample in the current video

block may be adjusted in the first adjastment based on the following:

xi” =l

vi7=Hl-vl -1,

where x17 represents an adjusted honizoutal position of the first sample, v17 represents an
adjusted vertical position of the first sample, x1 represents an original horizontal position
of the first sample, v1 represents an original vertical position of the first sample, and HI

represents a height of the current video block.

18148] Additionally, the first video block may be flipped vertically. By way of example
rather than linufation, a position of a second sample i1n the first video block may be

adjusted in the sccond adjustment based on the following:
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K27 = X2,
v2 =H2-v2- 1,

where x27 represenis an adjusted horizontal position of the second sample, v27 represents
an adjusted vertical position of the sccond sample, x2 represents an original horizontal
position of the second sample, v2 represents an original vertical position of the second

sample, and H2 ropresents a height of the first video block.

19141]  In somce embodiments, the current video block may be flipped horizontally. By
way of example rather than limitation, a position of a first sample 1n the cuorrent video

block may be adjusted in the first adjastment based on the following:
x}I"=Wl-xl-1,
‘}/7} ? = }/‘1 R
where x17 represents an adjusted honizoutal position of the first sample, v1” represents an
adjusted vertical position of the first sample, x1 represents an original horizontal position
of the first sample, v1 represents an original vertical position of the first sample, and W1
represents a width of the current video block.
8142] In addition, the first video block may be flipped horizontally. By way of
cxaraple rather than limitation, a posttion of a second sample 10 the first video block may
be adjusted in the second adjustment based on the following:
X2 =W2-x2-1,
v2 =y,

where x27 represents an adjusted horizontal position of the second sample, v27 represents
an adjusted vertical position of the second sample, x2 represents an original horizontal
position of the second sample, v2 represents an original vertical position of the second

sample, and W2 represents a width of the first video block.

[8143]  Insome embodiments, the onentation of the current video block may be adpusted
by rotating the current video block. Furthermore, the second adjustment may comprise

adjusting positions of samples 1o the first video biock by rotating the first video block.

i8144] In some ¢mbodiments, the current video block mav be rotated with 180° By

way of example rather than himitation, a position of a first sample 1 the current video
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block may be adjusted in the first adjastment based on the following:
xP'=WIl-xl-1,
yU=Hl-vyl~1,

where x17 represents an adjusted horizontal position of the first sample, v17 represents an
adjusted vertical position of the first sample, x1 represents an original horizontal position
of the first sample, y1 represents an original vertical position of the first sample, W1
represents a width of the current video block, and H1 represents a height of the current

video block.

18148]  Accordingly, the first video block mayv be rotated with 180°. By way of example
rather than himitation, a position of a second sample 1 the first video block may be

adjusted in the second adjustment based on the following:
x27=W2-x2 -1,
v2'=H2-v2- 1,

where x27 represents an adjusted horizontal position of the second sample, v27 represents
an adjusted vertical position of the second sample, x2 represents an original horizontal
position of the second sample, v2 represents an original vertical position of the second
sample, W2 represents a width of the first video block, and H2 represents a height of the

first video block.

18146]  In some embodiments, the current video block may be rotated clockwise with
50°. By way of example rather than himitation, a position of a first sample in the current

video block may be adjusted in the first adjostment based on the following:
xP = HL -yl - 1
yi17=x1,

where x17 represents an adjusted hornizontal position of the first sample, v17 represents an
adjusted vertical position of the first sample, x1 represents an original horizontal position
of the first sample, v1 represents an original vertical position of the first sample, and H1

represents a height of the current video block.

181471 In addition, the first video block may be rotated clockwise with 270°. By way

of example rather than limitation, a position of a sccond sample in the first video block

o
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may be adjusted in the second adjustment based on the following:

x2” =v2,

v =W2-x2 - 1,

where x27 represents an adjusted horizontal position of the second sample, v2 represents
an adjusted vertical position of the second sample, x2 represents an original horizontal
position of the second sample, y2 represents an original vertical position of the second

sample, and W2 represents a width of the first video block.

i8148] In some ¢mbodiments, the current video block may be rotated clockwise with
270°. By way of example rather than Bmitation, a position of a first sample in the current

video block may be adjusted n the first adjustment based on the following:

vIt=W1l-x1-1,

where x17 represents an adjusted horizontal position of the first sample, v17 represents an
adjusted vertical position of the first sample, x 1 represents an original horizontal position
of the first sample, v1 represents an original vertical position of the first sample, and W1

represents a width of the current vides block.

191491 Accordmgly, the first video block may be rotated clockwise with 90°. By way
of example rather than limitation, a position of a second sample n the first video block

may be adjusted in the second adjustioent basced on the following:
x27=H2-v2 -1,

}72, futuied ij

where x27 represents an adjusted horizontal position of the second sample, v27 represents
an adjusted vertical position of the second sample, x2 represents an original horizountal
position of the second sample, v2 represents an oniginal vertical position of the second

sample, and H2 represents a height of the first video block.

[81588] In some embodiments, if a dimension of the first video block is different from a
dimension of the current video block, dimension information regarding at least one of the
following may be indicated in the bitstream: a width of the current video block, a height

of the current video block, a width of the first video block, or a height of the first video

86



WO 2024/011140 PCT/US2023/069657

block. Additionally, the dimension information may be indicated in a sequence parameter
set {(§PS}, a picture parameter set {PPS), a picture header, a slice header, a coding tree

unit {CTU), a coding unat {CU), or the like.

18151]  In some embodiments, a corresponding relationship between luma and chroma
samples of the first video block may be adjusted for a cross-component prediction coding
tool. Alternatively, information regarding at least one of the following may be dependent
con a ¢olor format of the current video block: whether to adjust a corresponding
relationship between luma and chroma samples of the first video block for a cross-
component prediciion coding tool, or how to adjust the corresponding relationship. By
way of example rather than limitation, the cross-component prediction coding tool may
comprise a cross~component linear model {CCLM) mode, an L-CCLM mode, a T-CCLM

mode, an MM-CCLM mode, and/or the hike.

91521 [Io some cmbodiments, if the color format is format 4:4:4, the corresponding
relationship may be not adjusted.  Additionally or alternatively, if the color format s
format 4:2:0 or format 4:2:2, the corresponding relationship may be adjusted.
Furthermore, if the color format is format 4:2:0, the corresponding relationship may be
adjusted 10 a first manner, and it the color format is format 4:2:2, the corresponding
relationship may be adjusted in a second manner different from the first manner. In other

words, different adjustment may be made for format 4:2:0 and 4:2:2.

191831 In some cmbodiments, a type of a filter for adjusting the corresponding
relationship may be dependent on a location of the current video block, the color format
of the current video black, and/or the like. By way of cxample rather than limitation, if
the color format i1s format 4:2:0 and the current video block is not located on boundaries
of a CTU of the video, the filter may be a 6-tap filter. If the color format is format 4:2:6
and the current video block is located on a boundary of a C'TU of the video, the filter may
be a 3-tap filter. If the color format 1s format 4:2:2, the filier may be a 3-tap filter. It
should be undersiood that the above examples are descnibed merely for purpose of

description. The scope of the present disclosare is not limited in this respect.

[8154] In some cmbodiments, the adjusted corresponding relationship between huma
and chroma samples of the first video block may be the same as a corresponding
relationship between luma and chroma samples of the current video block. With reference

to Fig. 62A, in the original state {corresponding to the state of the current video blocksy, a
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set of luma samples used for a cross-component prediction coding tool for the chroma
sample 6210 comprises 6 luma samples surrounding the chroma sample 6210, i.e., No. 2,
No. 3, No. 4, No.6, No.7, and No.8 luma samples with coefficients 1, 2, 1, 1, 2 and 1 for

a O-tap filter, respectively.

[8155] Tum to Fig. 628, 1n the horizontally flipped state (corresponding fo the state of
the first video block), if the corresponding relationship 18 not adjusted, the set of luma
samples used for a cross-component prediction coding tool for the chroma sample 6210
would comprise 6 luma samples surrounding the chroma sample 6210, 1.2, No. 17, No. 4,
No. 3, No. 18, No.8, and No.7 luma samples with coefficients |, 2, 1, 1, 2 and 1,
respectively, In aid of the adjustment of the corresponding relationship, a set of luma
samples used for a cross-component prediction coding tool for the chroma sampie 6210
sitll comprises No.4, No. 3, No.2, No.§, No.7, and No .6 luma samples with coefficients 1,

2,1, 1, 2 and 1 for a 6-tap filter, respectively, as shown i Fig. 628,

[8186] With reference to Fig. 63A, in the original state {corresponding to the state of
the current video block), a set of luma samples used for a cross-component prediction
coding tool for the chroma sample 6310 comprises 6 fuma samples swrrounding the
chroma sample 6210, i.e, No. 2, No. 3, No. 4, No.6, No.7, and No.8 luma samples with
cosfhicients 1, 2, 1, 1, 2 and 1, respectively. As shown in Fig. 63B, in the 180° rotated
state {correspounding to the state of the first video block), in aid of the adjustment of the
corresponding relationship, a set of luma samples used for a cross-component prediction
coding tool for the chroma sample 6210 still comprises No.8, No. 7, No.6, No.4, No.3,
and No.2 luma samples with coefficients 1, 2, 1, 1, 2 and 1 for a 6-tap filter, respectively,
as shown in Fig. 628. Thereby, the coding guality for cross-component prediciion coding

tool will not be degraded by the geometry adjustment.

{8187  In some embodiments, the first adjustment may be determined based on a rate-
distortion optimization {RDO) process. For example, luma and chroma rate-distortion
(RI¥} costs may be determined for a plurality of candidate adjustment schemes, and the
first adjustment may comprise a candidate adjustment scheme with the least cost. By way
of cxaraple rather than linutation, the RDO process may be applied at a picture fevel. Al
hima and chroma RD cost of every original and adjusted picture are calculated, and then
the encoder may sclect whether to perform the adjustment and how to perform the
adjustment based on the costs. In one example, the adjustment with the least cost may be
selected.
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[8158] In some embodiments, information regarding whether the second adjustment is
allowed or enabled for a third video block may be dependent on coding information of the
third video block. The third video block s obtained from the bitstream and different from
the second video block. By way of example rather than hinutation, the coding mformation
may comprise a preture type, a slice type, a temporal layer, a quantization parameter (P},

a color format, a color component, a coding maode, a dimension, and/or the fike.

81591  In some embodiments, if the third video block may be on an I-slice, the second
adjustment may be allowed for the third video block. Additionally or altematively, if a
height of the third video block may be larger than or equal to a threshold, the second
adjustment may be disallowed for the third video block. By way of example, the threshold
may be 1080 pixels. it should be understood that the above examples are descnibed merely
for purpose of deseription. The scope of the present disclosure 18 not limited in this

respect.

[8168] In some embodiments, at least one syniax clement indicating mformation
regarding at least one of the following may be included in the bitstream: whether to apply
the second adjustment on the first video black, or how to apply the second adjustment on
the first video block. By way of example, the at least one svntax element may be included
int g sequence parameter set (8PS}, a piciure parameter set {PPS), an adaptation parameter
sets {APS), a picture header, a slice header, a coding tree unit {CTV), a coding unit {CU},

or the hike.

19161]  In some embodiments, the at least one syntax element may comprise a first
syuntax ¢lement indicating whether o apply the sccond adjustment on the first video block.
Additionally or altemnatively, the at least one syntax element may comprise a second
syntax element indicating how to apply the second adjustment on the first video block. In
some further erobodiments, 1fthe first syntax clement indicates that the second adjustment
is applied on the first video block, the at feast one syntax element may further comprise a
second syntax element indicating how to apply the second adjustment on the first video
block. In some alternative cmbodiments, the at least one syntax element may comprise a
single svntax eicment ndicating whether to apply the second adjustment on the first video

block and how to apply the second adjustment on the first video block.

[8162] Insome embodiments, the at least one svntax element may be coded with a fixed

length coding, an exponential Golomb {EG) coding, a truncated unary coding, a unary
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coding, or the like. In some embodiments, the at least one syntax element may be coded
with at least one context in arithmetic coding. Altcrnatively, the at lcast one syntax

clement mayv be bypass coded.

18163] In some embodiments, if the second adjustment is allowed for the first video
block, at least one syntax element indicating information regarding at least one of the
following may be included in the bitstream: whether to apply the second adjustment on

the first video block, or how to apply the second adjustment on the first video block.

19164]  In some embodiments, the current video block may be comprised in a current
frame of the video. Morcover, the current frame may be code with a predetermined CU
size and a predetermined splitting scheme. Thereby, the coding process may be simplified,
and thas the coding efficiency may be further improved. By way of example rather than
Emitation, the predetermined splitting scheme may comprise a gquad tree splitting.
Additionally, the predeternuned CU size may comprise be 128 pixels < 128 pixels, 64
pixels # 64 pixels, 32 pixels « 32 pixels, 16 pixels # 16 pixels, 8 pixels x 8 pixels, or the
hike. It should be understood that the above examples are described merely for purpose

of description. The scope of the present disclosure is not limited in this respect.

8165] In some embodiments, whether to and/or how to apply the method may be
mdicated at a sequence level, a group of pictures level, a picture level, a slice level, a tile
group level, or the like. In some embodiments, whether to and/or how to apply the method
may be indicated in a sequence header, a picture header, a sequence parameter set {§PS),
a video parameter set {(VPS}, a dependency parameter set {DPS), a decoding capability

mformation {DC), a picture parameter set {PPS), an adaptation parameter sets (APS), a

slice header, atile group header, or the like.

[8166] In some embodiments, whether to and/or how to apply the method may be
dependent on coded information of the cwrrent video block. By way of example rather
than limitation, the coded mformation may comprise a block size, a color format, a single
tree partitioning, a dual tree partitioning, a color component, a slice tvpe, a picture type,

and/or the hike.

[8167] In some embodiments, the above-descnibed method may be applicable in any

other suitable coding tool requiring frame relocation or CCLM adjustment.

18168] According to further embodiments of the present disclosure, a non-transifory
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computer-readable recording medium is provided. The non-transitory computer-readable
recording medium stores a bitstream of a video which i3 generated by a method performed
by an apparatus for video processing. In the method, a first video block is obtained. The
first video block 1s generated based on a first adjustment of a current video block of the
video, and the first adjustment comprises af lgast one of adjusting an orientation of the
current video block or adjusting positions of samples in the current video block.
Furthermore, a second video block is generated based on a second adjustment of the first
video block, the second adjustment being an inverse process of the first adjustment.

Moreover, the bitstream is gencrated based on the second video block.

[8169]  According to still further embodiments of the present disclosure, a method for
storing bitstream of a video 1s provided. In the method, a first video block is obtained.
The first video block 13 generated based on a first adjustment of a current video block of
the video, and the first adjustment comprises at least one of adjusting an orientation of the
current video block or adjusting positions of samples in the current video block.
Furthermore, a second video block is generated based on a second adjustment of the first
video block, the second adjustment being an inverse process of the first adiustment.
Moreover, the bitstream is generated based on the second video block, and stored in a

non-transitory computer-readable recording mediom.

8178] Implcmentations of the present disclosure can be described in view of the

following clauses, the features of which can be combined 1 any reasonable manner.

19171] Clause 1. A method for video processing, comprising. obiaining, for a
conversion between a video and a bitstream of the video, a first video block, the first video
block being generated based on a first adjustment of a carrent video block of the video,
the first adjustment comprising at least one of adjusting an ortentation of the current video
block or adjusting positions of samples in the current video block; generating a second
video block based on a second adjustment of the first video block, the second adjustment
being an mmverse process of the first adjustent. and performing the conversion based on

the second video block.

18172] (lause 2. The method of ¢lause 1, wherein the first video block is generated and

encoded uuto the bitstream at an encoder.

191731  Clause 3. The method of any of clauses 1-2, whersin obtaining the first video

block comprises: obtaining the first video block from the bitstream.
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[8174] {Clause 4. The method of any of clauses 1-3, wherein the second video block s
used as a reference video block for coding a further video block of the video different

from the current video block.

18175] Clause 5. The method of any of clauses 1-4, wherein the second video block is

output or stored.

91761 Clause 6. The method of any of clauses 1-3, whercin the positions of samaples 1o
the current video block are adjusted by flipping the current video block, and the second
adjustment comprises: adjusting positions of sampies in the first video block by flipping

the first video block.

81771 Clawse 7. The method of clause 6, wherein the current video block is flipped

vertically.

18178] Clause 8. The method of clause 7, wherein a position of a first sample 1o the
current video block 1s adjusted n the first adjustiment based on the following: x17 = x|,
y1"=H1-yl-1, wherein x1’ represents an adjusted horizontal position of the first sample,
v1™ represents an adjusted vertical position of the first sample, x1 represents an original
horizontal position of the first sample, vl represents an original vertical position of the

first sample, and HI represents a height of the current video block.

19179] Clause ©. The method of any of clauses 7-8, wherein the first video block is
flipped vertically.

[8186] Clause 10, The method of clause 9, wherein a position of a second sample in the
first video block is adjusted in the second adjusiment based on the following: x27 = <2,
y2> =H2 -v2 - 1, wherein x2° represents an adjusted horizontal position of the second
sample, v2° represents an adjusted vertical position of the seccond sample, x2 represents
an origmal horizontal position of the second sample, v2 represents an original vertical
posttion of the second sample, and H2 represents a height of the first video block.

[9181] Clause 11. The method of clause 6, wheren the current video block is flipped
horizontally.

18182] {(lausse 12, The method of clause 11, wherein a position of a first sample in the
current video block is adjusted in the first adjustment based on the following: x17 = W1 -
x1-1,v1”=vl, whercin x1 represents an adjusted horizontal position of the first sample,
v1’ represents an adjusted vertical position of the first sample, 1 represents an original
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horizontal position of the first sample, y1 ropresents an original vertical position of the

first samaple, and W1 represents a width of the current vides block.

[8183] Clause 13, The method of any of clauses 11-12, wherein the first video block is

flipped horizontally.

18184] Clause 14, The method of clause 13, wherein a position of a second sample in
the first video block 1s adjusted in the sccond adjustment based on the following: x2° =
W2 -x2 -1, v2 =vy2 wherein x27 represents an adjusted horizontal position of the second
sample, v27 represents an adjusted vertical position of the second sample, x2 represents
an original horizowntal position of the second sample, yv2 represents an original vertical

position of the second sample, and W2 represents a width of the first video block.

[8185] Clause 13 The method of any of clauses 1-5, wherein the ornentation of the
current video block is adjusted by rotating the current video block, and the second
adjustment comprises: adjusting positions of samples in the first video block by rotating

the first video block.

18186] Clause 16. The method of clause 15, wherein the carrent video block is rotated

with 180~

19187}  (Clause 17. The method of clause 16, wherein a position of a first sample in the
current video block is adjusted in the furst adjustment based on the following: x1" = Wi -
xl - L vl =HI -yl -1, wherein 117 represents an adjusted horizontal position of the
first sample, v1~ represents an adjusted vertical position of the first sample, x1 represents
an original horizontal position of the first sample, v1 represents an original vertical
position of the first sample, W1 represents a width of the current video block, and Hl

represents a height of the carrent video block.

[8188] {(lause 18. The method of any of clause 16-17, wherein the first video block is

rotated with 130°.

[9189] Clause 19 The method of clause 18, wherein a position of a second sample in
the first video block 15 adjusted 1o the second adjustment based on the following: x2° =
W2 -x2-1,v2 =H2-vy2 -1, wherein x2° represents an adjusted borizontal position of
the second sample, v27 represents an adjusted vertical position of the second sample, x2
represents an original horizontal position of the second sample, y2 represents an original

vertical position of the second sample, W2 represents a width of the first video block, and
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HZ2 represents a height of the first video block.

[8196]  Clause 20, The method of clause 13, wherein the current video block is rotated

clockwise with 90°.

[8191] (lawsse 21. The method of clause 20, wherein a position of a first sample in the
current video block is adjusted in the first adjustment based on the following: x1” =H]1 -
vi-1, v’ =x1, whercin x17 represents an adjusted horizontal position of the first sample,
v1’ represents an adjusted vertical position of the first sample, 11 represents an original
horizontal position of the first sample, v represents an original vertical position of the

first sample, and H1 represents a height of the current video block,

81921 Clause 22. The method of any of clause 20-21, wherein the first video block is

rotated clockwise with 270°.

19193] Clause 23 The method of clause 22, wherein a position of a second sample in
the first video block 13 adjusted 1n the second adjustment based on the following: x27 =
y2,927 = W2 - x2 -1, wherein x2” represents an adjusted horizontal position of the second
sample, v2° represeunts an adjusied vertical position of the second sample, x2 represents
an original horizontal postiton of the second sample, v2 represents an original vertical

position of the second sample, and W2 represents a width of the first video block.

[8184] Clause 24. The method of clause 13, wherein the current video block 1s rotated

clockwise with 270°

[8195]  Clause 25. The method of clause 24, wherein a position of a first sample 1o the
carrent video block is adjusted in the first adjustment based on the following: <17 = y1,
y1” = W1 - xi - 1, wherein x1" represents an adjusted horizontal position of the first
sample, v1’ represents an adjusted vertical position of the first sample, x1 represents an
original horizontal position of the first sample, y1 represents an original vertical position
of the first sample, and W1 represents a width of the current video block.

[8194] Clause 26, The method of any of clause 24-25, wherein the first video block is
rotated clockwise with 90°.

18197] (lause 27. The method of clause 26, wherein a position of a second sample in
the first video block 1s adjusted in the second adjustment based on the following: x27 =
H2 -v2-1,v2 =x2 wherein x2° represents an adjusted borizontal position of the second
sample, vy27 represents an adjusted vertical position of the second sample, x2 represents
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an original horizontal position of the second sample, v2 represents an original vertical

position of the second sample, and HZ represents a height of the first video block.

[98198] Clause 28 The method of any of ¢lauses 1-27, wherein if a dimension of the first
video block i1s different from a dimension of the current video block, dimension
mformation regarding at least one of the following is indicated in the bitstream: a width
of the current video block, a height of the current video block, a width of the first video

block, or a height of the first video block.

191991 (lause 29 The method of clause 28, wherein the dimension information is
mdicated 1n one of the following: a sequence parameter set (SPS), a picture parameter set

{PP5}, a picture header, a shee header, a coding tree unit {CTU), or a coding unit (CU).

92007  Clause 30. The method of anv of clauses 1-29, wherein a corresponding
relationship between luma and chroma samples of the first video block is adjusted for a

cross-component prediction coding tool.

182061] Clause 31. The method of any of clauses 1-29, wherein mformation regarding at
least one of the following is dependent on a color format of the current video block:
whether to adjust a corresponding relationship between luma and chroma samples of the
first video block for a cross-component prediction coding tool, or how to adjust the

corresponding relationship.

82021 Clauwse 32. The method of any of clauses 30-31, wherein the cross-component
o b
prediction coding tool compriscs at ieast one of the following: a cross-compounent linear

maodel (CCLM) made, an L-CCLM mode, a T-CCLM mode, or an MM-CCLM mode.

19203]  Clause 33 The method of any of clauses 31-32, wherein if the color format is

format 4:4:4, the corresponding relationship is not adjusted.

{8204] Clause 34. The method of any of clauses 31-33, wherein if the color format is

format 4:2:0 or format 4:2:2, the corresponding relationship 1s adjusted.

18205] Clause 33, The method of any of clauses 30-34, wherein if the color format is
format 4:2:0, the corresponding relationship 1s adjusted in a first manner, and if the color
format is format 4:2:2, the corresponding relationship is adjusted i a second manner

different from the first manner.

19206]  Clause 36. The method of any of clauses 30-35, wherein a type of a filter for
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adiusting the corresponding relationship is dependent on at least one of the following: a

Iocation of the current video Block, or the color format.

[9207] Clause 37. The method of clause 36, wherein 1if the color format 1s format 4:2:0
and the current video block is not located on boundanes of a CTU of the video, the filter

is a G-tap filter,

[8208] Clause 38, The method of any of clause 36-37, wherein if the color format is
format 4:2:0 and the current video block is located on a boundary of a UTU of the video,

the filter i3 a 3-tap filter,

18209 Clause 39. The method of any of ¢lause 36-38, wherein if the color format s

format 4:2:2, the filter is a 3-tap filter.

109218] Clause 40 The method of anv of clauses 30-39, whergin the adpusted
corresponding relationship is the same as a corresponding relationship between luma and

chroma samples of the current video block.

9211} Clause 41. The method of any of clauses 1-40, wherein the first adjustment is

determined based on a rate-distortion optimization (RIBO) process.

18212] Clause 42. The method of clause 41, wherein luma and chroma rate-distortion
{RD) costs are determined for a plurality of candidate adjustment schemes, and the first

adjustment comprises a candidate adjustment scheme with the least cost.

192131 Clause 43. The method of any of clauses 1-42, wherein information regarding
whether the second adjustiment is allowed or enabled for a third video block is dependent
on coding information of the third video block, the third video block being obtained from

the bitstream and different from the second video block.

[6214] Clause 44, The method of clause 43, wherein the coding information comprises
at least one of the following: a picture type, a slice type, a temporal laver, a quantization
parameter (3P}, a color format, a color component, a coding mode, or a dimension.

18215] {(lause 45. The method of any of clauses 43-44 wherein if the third video block

is on an I-slice, the sccond adjustment is allowed for the third video block.

19216] Clause 46, The method of any of clauses 43-45, wherein if g height of the third
video block is larger than or equal to a threshold, the second adjustment 1s disallowed for

the third video block.
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18217) {(lawse 47. The method of clause 46, wherein the threshold 15 1080 pixels.

[8218] Clause 48. The method of any of clauses 1-47, wherein at least one syntax
clement indicating information regarding at least one of the following 18 included in the
bitstream: whether to apply the second adjustment on the first video block, or how to

apply the second adjustment on the first video block.

{8219] Clause 49. The method of clause 48, wherein the at least one syntax clement is
mcluded in one of the following: a sequence parameter setf {(SPS}, a picture parameter set
{PPS), an adaptation parameter sets (APS), a picture header, a slice header, a coding tree

unit {CTU}, or a coding unit (CUY.

18228] Clause 50, The method of any of clauses 48-49, wherein the at least one syntax
clement comprises a first syntax cloment indicating whether to apply the second

adjustment on the first video block.

19221} Clause 51. The method of any of clauscs 48-50, wherein the at least one syntax
clement comprises a second syniax element indicating how to apply the second adjustment

on the first video block.

[9222] Clause 52. The method of clause 50, wherein if the first syntax element indicates
that the second adjustment is applied on the first video block, the at least one gyntax
clement further comprises a second svniax clement indicating how to apply the second

adiustment on the first video block.

[8223] Clause 53, The method of any of clauses 48-49, wherein the at least one syntax
clement comprises a single syntax element indicating whether to apply the second
adjustment on the first video block and how to apply the second adjustment on the first

video block.

8224] Clause 54, The method of any of clauscs 48-33, wherein the at least one syntax
clement 1s coded with one the following: a fixed length coding, an exponential Golomb

(B} coding, a truncated unary coding, or 3 unary coding.

19225] Clause 55. The method of any of clauscs 48-53, wherein the at least one syntax

clement 13 coded with at least one context in arithmetic coding.

[8226] Clause 56, The method of any of clagses 48-33, wherein the at least one syntax

clement is bypass coded.
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18227)  Clause 57. The method of any of clauses 1-47, wheremn if the second adjustment
s allowed for the first video block, at least one syntax element mdicating information
regarding at teast one of the following s mcluded in the bustreany: whether to apply the
sccond adjustment on the first video block, or how to apply the second adjustment on the

first video block.

18228] {(lause 58. The method of any of clauses 1-37, wherein the current video block
is comprised in a current frame of the video, and the current frame is code with a

predetermined CU size and a predetermined sphitting scheme,

[9229] Clause 59, The method of clause 58, wherein the predetermined splitting scheme

comprises a quad tree splitting,

19230]  Clause 60, The method of any of clauses 38-39, wherein the predetermined CU
size comprises one of the following: 128 pixels x 128 pixels, 64 pixels x 64 pixels, 32

pinels x 32 pixels, 16 pixels = 16 pixels, or 8 pixels x 8 pixels.

18231] {lause 61. The method of any of clauses 1-60, wherein the current video block

5 a picture.

[98232] Clause 62 The method of any of clauses 1-61, wherein whether to and/or how
to apply the method is indicated at one of the following: a sequence level, a group of

pictures level, a picture level, a shice level, or a tile group level

[8233] Clause 63, The method of any of clauses 1-61, wherein whether to and/or how
to apply the method 18 indicated 1n one of the following: a scquence header, a picture
header, a sequence parameter set (SPS), a video parameter set (VPS), a dependency
parameter set {(DPS}, a decoding capability information {BCI), a picture parameter set

{PP5), an adaptation parameter sets (APS), a slice header, or a tile group header.

[8234] Clause 64. The method of any of clauses 1-63, wherein whether to and/or how

to apply the method s dependent on coded information of the current video block.

18235] Clause 63, The method of clause 64, wherein the coded information comprises
at least one of the following: a block size, a color format, a single trec partitioning, a dual

tree partitioning, a color component, a slice type, or a piciure type.

[8236] Clause 66. The method of any of ¢lauses 1-65, wherein the method is applicable

i a coding tool requiring frame relocation or CCLM adjustment.
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18237] {Clause 67. The method of any of clauses 1-66, wherein the conversion mcludes

encoding the video into the bitstream.

[9238] Clause 68. The method of any of clauses 1-66, wherein the conversion includes

decoding the video from the bitstream.

182391 Clause 69 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 i accordance with any of clauses

1-638.

18248] Clause 70. A non-transifory computer-readable storage mediom  storing
instructions that cause a processor to perform a method in accordance with any of clauses

1-68.

18241] Clause 71. A non-transitory computer-readable recording medium storing a
bitstream of a video which is generated by a method performed by an apparatus for video
processing, wherein the method comprises: obtaining a first video block, the first video
block being gencrated based on a first adjustment of a current video block of the video,
the fust adjustment comprising at least one of adjusting an orientation of the current video
block or adjusting positions of samples in the current video block; generating a second
video block based on a second adjustment of the first video block, the second adjustment
being an inverse process of the first adjustment; and generating the bitstream based on the

second video block.

{8242] Clause 72. A method for storing a bitstream of a video, comprising: obtaining a
first video block, the first video block being generated based on a first adjustment of a
carrent video block of the video, the first adjustment comprising at feast one of adjusting
an orientation of the current video block or adjusting positions of samples in the current
video block; generating a sccond video block based on a sccond adjustment of the first
video block, the second adjustment being an nverse process of the first adjustment;
generating the bitstream based on the second video block; and stonng the bitstream in a

non-transitory computer-readable recording medium.

Example Device

82431 Fig. 65 illustrates a block diagram of a computing device 6500 tn which various
embodiments of the present disclosure can be implemented. The computing device 6500
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may be tmplemented as or incloded in the source device 110 {(or the video encoder 114 or

200) or the destimation device 120 (or the video decoder 124 or 300).

[8244] It would be appreciated that the computing device 6500 shown i Fig. 63 is
merely for purpose of tlustration, without suggesting any limuation to the functions and

scopes of the embodiments of the present disclosure in any manner.

[8245] As shown in Fig. 63, the computing device 63060 includes a general-purpose
computing device 6500. The computing device 6500 may at least comprise one or more
processors of processing units 6510, a memory 6320, a storage unit 6530, one or more
communication units 6540, one or more input devices 53530, and one or more output

devices 6560,

8246] Io some cmbodiments, the computing device 6300 may be implemented as any
user terminal or server terminal having the computing capability. The server terminal may
be a server, a large-scale computing device or the like that is provided by a service
provider. The user terminal mayv for cxample be any type of mobile terminal, fixed
terminal, or portable termunal, including a mobile phone, station, unit, device, multimedia
computer, multimedia tablet, Intermet node, communicator, deskiop compater, laptop
computer. notcbook computer, netbook computer, tablet computer, personal
communication svstern (PCS) device, personal navigation device, personal digital
assistant (PDA), audio/video plaver, digital camera/video camera, positioning device,
television receiver, radic broadcast receiver, E-book device, gaming device, or any
combination thereof, including the accessories and peripherals of these devices, or any
combination thercof. {t would be counteraplated that the computing device 6500 can

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

{9247 The processing unit 6310 may be a physical or virtual processor and can

mmplement various processes based on programs stored 1n the memory 6520, In a multi-

processor system, multiple processing units execute computer executable instructions in

paralicl so as to tmprove the paraliel processing capability of the computing device 6500,

The processing unit 6510 may also be referred to as a central processing umit (CPUY, a
5 ;

microprocessor, a controller or a microcontroller.

[8248] The computing deviee 6500 typically includes various computer storage medivm.
Such medium can be any medivm accessible by the computing device 6500, including,

but not Timuted to, volaiile and non-volatile medium, or detachable and non-detachable
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mediom. The memory 6320 can be a volatile memory {for example, a register, cache,
Random Access Memory (RAM)), a non-volatile memory {such as a Read-Oniy Memory
{(ROM}, Electrically Erasable Programmable Read-Only Memory (EEPROM)}, or a flash
memory), or any combination thereof. The storage umit 6530 may be any detachable or
non-detachable mediom 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

mformation and/or data and can be accessed n the computing device 6500,

8249 The computing device 6300 may further inchide additional detachable/non-
detachable, volatile/non-volatile memory medinm. Although not shown m Fig. 65, it is
poessible to provide a magnetic disk drive for reading from and/or wniting into a detachable
and non-volatile magnetic disk and an optical disk drive for reading from and/or writing
mto a detachable non-volatile optical disk. In such cases, cach drive may be connected to

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

[8288] The communication unit 6540 communicates with a further computing device
via the commumcation mediom. In addition, the functions of the components in the
computing device 6500 can be implemented by a single computing cluster or multiple
computing machines that can communicate via communication connections. Thercfore,
the computing device 6300 can operate in 3 networked environment using a logical
connection with one or more other servers, networked personal computers (PCs) or further

general network nodes,

18251]  The mput device 6330 may be one or more of a variety of input devices, such as
amouse, keyboard, tracking ball, voice~input device, and the hike. The output device 6360
may be one or more of a vanety of output devices, such as a display, loudspeaker, printer,
and the bke. By means of the communication unit 6340, the computing device 6500 can
further communicate with one or more external devices {not shown) such as the storage
devices and display device, with one or more devices enabling the user to nicract with
the computing device 6500, or any devices (such as a network card, 2 modem and the like)
cnabling the computing device 6500 to communicate with one or more other computing
devices, if required. Such communication can be performed via input/output (1/0)

mterfaces (not shown}.

{92521  In some embodiments, instead of being infegrated in a single device, some or all

components of the computing device 6500 may also be arranged in cloud compating
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architecture. In the cloud computing architecture, the components may be provided
remoicly and waork together to implement the functionalities described in the present
disclosure. In some embodiments, cloud computing provides computing, software, data
access and storage service, which will not require end users to be aware of the physical
locations or configurations of the systems or hardware providing these services. In various
embodiments, the cloud computing provides the services via a wide arca network {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 components. The software or components of the cloud computing
architecture and corresponding data may be stored on a server at a remote position. The
computing resources n 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 cenier, though they behave as a single access point for the
asers. Therefore, the cloud computing architectures may be used to provide the
components and functionalities described herein from a service provider at a remote
location. Alicrnatively, they may be provided from a conventional server or installed

directly or otherwise on a client device.

19253]  The computing device 6500 may be used to iuplement video encoding/decoding
i embodiments of the present disclosure. The memory 6320 may mclude one or more
video coding modules 6525 having one or more program insiructions. These modules are
accessible and executable by the processing unit 6510 to perform the functionalities of

the varicus embodiments described bherein.

19254]  In the example embodiments of performing video encoding, the input device
6350 may receive video data as an input 6570 to be encoded. The video data may be
processed, for example, by the video coding module 6325, 1o generate an encoded
bitstream. The encoded bitstream may be provided via the cutput device 6560 as an cutput

6380,

{02581 In the example embodiments of performing video decoding, the input device
6550 may receive an encoded bitstream as the nput 6370, The encoded bustream may be
processed, for example, by the video coding module 6525, to generate decoded video data.

The decoded video data may be provided via the ouiput device 6560 as the output 6580,

[9256]  While this disclosure has been particularly shown and described with references
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to preferred embodiments thereof, 1t will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the spirit
and scope of the present application as defined by the appended claims. Such vanations
are intended to be covered by the scope of this present application. As such, the foregoing

description of embodiments of the present application 13 not intended to be hmiting.
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We Claim:

1. A method for video processing, comprising:

obtaining, for a conversion between a video and a bitstream of the video, a first video
block, the first video block being generated based on a first adjustment of a current video block
of the video, the first adjustment comprising at least one of adjusting an orientation of the
current video block or adjusting positions of samples in the current video block;

generating a second video block based on a second adjustment of the first video block,
the sccond adjustment bemg an inverse process of the first adjustment; and

performing the conversion based on the second video biock.

2. The method of clain 1, wherein the first video block 15 generated and encoded into

the bitstream at an encoder.

3. The method of any of claims 1-2, wherein ohtaining the first video block comprises:

obtaining the first video block from the bitstream.

4. The method of any of claims 1-3, wherein the second video block is used as a
reference video block for coding a further video block of the video different from the current

video block.
5. The method of any of claims 1-4, wherein the second video block 1s outpet or stored.

6. The method of any of claims 1-3, wheremn the posttions of samples in the current
video block are adjusted by flipping the current video block, and the second adjustment
COMmprises:

adjusting positions of samples 1o the first video block by thippiog the first video block.
7. The method of claim 6, wherein the current video block is flipped vertically.

&. The method of clarm 7, wherein a posttion of a first samiple 1o the corrent video block
13 adjusted in the first adjustment based on the following:

N

x17 =x1,
yi =Hl-yi-1,
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wherein x1’ represents an adjusted horizontal position of the first sample, v17 represents
an adjusted vertical position of the first sample, x1 represents an onginal horizontal position of
the first sampie, v1 reprosents an original vertical position of the first saraple, and HI represends

a height of the current video block.

9. The raethod of any of clatas 7-8, wherein the first video block is flipped vertically.

10. The method of claim 9, wherein a position of a second sample in the first video block

i5 adjusted 1o the second adjustment based on the following:

vy =H2 -2 -1,
wherein x2° represents an adjusted horizontal position of the second sample, v27
represents an adjusted vertical posttion of the second sample, x2 represents an onginal
honzontal position of the second sample, ¥v2 represents an ongmal vertical position of the

second sample, and H2 represents a height of the first video block.

11 The method of claim 6, wherein the current video block 1s flipped horizontally.

12. The method of claim 11, wheren a position of a first sample in the current video
block is adjusted in the first adiustment based on the following:
xU=Wi-xl-1,
vit=yl,
wherein x1 represents an adjusted horizontal position of the first sample, y17 represents
an adjusted vertical position of the first sample, x1 represents an onginal borizontal position of
the first sample, v1 represents an original vertical position of the first sample, and Wi represents

a width of the current video block.

13. The method of any of claims 11-12, whercin the first video block 15 flipped

hornzontally.

14, The method of claim 13, wherein a position of a second sample 1n the first video
block 1s adjusted in the second adjustment based on the following:
227 =W2 - x2 - 1,

}rZ’ = VA“-»(
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wherein x27 represents an adjusted horizontal position of the second sample, v27
represents an adjusted vertical position of the second sample, x2 represents an original
honizontal position of the second sample, v2 ropresents an ongmnal vertical position of the

second sample, and W2 represents a width of the first video block,

15, The method of any of claims 1-5, wherein the orientation of the current video block
18 adjusted by rotating the current video block, and the second adjustment comprises:

adjusting positions of samples i the first video block by rotating the first video block.

16, The method of claim 15, wherein the current video block is rotated with 1807

17. The method of claim 16, wherein a position of a first sample in the current video
block 1s adjusted 1n the first adjustment based on the following:
sPP=Wt-xf-1,
vIT=Hl-yl-1,
wherein x1 represents an adjusted horizontal position of the first sample, y17 represents
an adjusted vertical position of the first sample, x1 represents an onginal borizontal position of
the first sample, v1 represents an original vertical position of the first sample, W1 represents a

width of the current video block, and HI represenis a height of the current video block.

18. The method of any of claim 16-17, wherein the first video block is rotated with 180°.

19. The method of claim 18, wherein a position of a second sample 1n the first video
block 1s adjusted in the second adjustment based on the following:
x27=W2-x2 -1,
927 = H2 -v2 - 1,
wherein x2° represents an adjusted horizonmtal position of the second sample, v27
represents an adjusted vertical posttion of the second sample, x2 represents an onginal
honzontal position of the second sample, ¥v2 represents an ongmal vertical position of the
second sample, W2 represents a width of the first video block, and H2 represents a height of

the first video block.

20. The method of claim 15, wherein the current video block is rotated clockwise with

S4°.
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21, The method of claim 20, wherein a position of a first sample in the current video
black is adjusted m the first adjustioent based on the following:
xt"=Ht-vl-1,
yiI7=x1,
wherein x1’ represents an adjusted honizontal position of the first sample, v17 represents
an adjusted vertical position ot the first sample, x1 represents an onginal horizontal position of
the first sample, v1 represents an original vertical position of the first sample, and HI represents

a height of the current video block.

22. The method of any of claim 20-21, wherein the first video block 1s rotated clockwise

with 270°.

23, The method of claim 22, wherein a position of a second sample m the first video
block iz adjusted in the second adjustment based on the following:
x2" =y,
v2 =W2-x2~ 1,
wherein x2” represents an adjusted honzontal position of the sccond sample, v2°
represents an adjusted vertical position of the second sample, x2 represents an original
horizontal position of the second sample, y2 ropresenis an original vertical position of the

second sample, and W2 represents a width of the first video block.

24 The method of claum 15, wherein the current video block is rotated clockwise with

o]
~
<

e}

25. The method of claim 24, wherein a position of a first sample in the current video

block is adjusted in the first adiustment based on the following:

vy =Wt-xl-1,
wherein x1’ represents an adjusted horizontal position of the first sample, v17 represents
an adjusted vertical position of the first sample, x1 represents an onginal horizontal position of
the first sample, v1 represents an original vertical position of the first sample, and Wi represents

a width of the current video block.
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26. The method of any of claim 24-25, wherein the first video block 1s rotated clockwise

with 807,

27. The method of claim 26, wherein a position of a second sample m the first video
block 1s adjusted 0 the scoond adjustment based on the following:
x2=H2-v2-1,
v2 =x2,
wherein x27 represents an adjusted horizontal position of the second sample, v27
represents an adjusted vertical position of the second sample, x2 represents an original
honizontal position of the second sample, v2 ropresents an ongmnal vertical position of the

second sample, and H2 represents a height of the first video block.

28. The method of any of claims 1-27, wherein if 2 dimension of the first video block 15
different from a dimension of the current video block, dimension imformation regardmg at least
one of the following 13 mdicated in the bitstream:

a width of the current video block,

a height of the current video block,

a width of the first video block, or

3 height of the first video block.

29. The method of claim 28, wherein the dimension mformation is mdicated in onc of
the following:

a sequence parameter set (5PS),

a picture parameter set (PPS),

a picture header,

a shice header,

a coding tree unit ({CTU), or

a coding umit {CU).
30. The method of any of claims 1-29, wherein a corresponding relationship between

hima and chroma samples of the first video block is adjusted for a cross-component prediction

coding tool.
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31. The method of any of claims 1-29, wheremn information regarding at least one of the
following is dependent on a color format of the current video block:

whether to adjust a corresponding relationship between tuma and chroma samples of the
first video block for a cross-component prediction coding tool, or

how to adjust the corresponding relationship.

32 The method of any of claims 30-31, wheremn the cross-component prediction codmg
tool comprises at least one of the following:

a cross-component linear mode! ({CCLM) mode,

an L-CCLM mode,

a T-CCLM mode, or

an MM-CCLM mode.

33, The method of any of claims 31-32, wherein if the color format is format 4:4:4, the

corresponding relationship 1s not adjusted.

34, The method of any of claims 31-33, wherein 1f the color format is format 4:2:0 or

format 4:2:2, the corvesponding relationship is adjusted.

35, The method of any of claims 303-34, wherein if the color format is format 4.2:0, the
corresponding relationship is adjusted 1w a first manner, and if the color format is format 4:2:2,

the corresponding relationship 13 adjusted 1n a second manmner different from the first manner.

36, The method of any of clamms 30-35, wherein a type of a filter for adjusting the
corresponding relationship 1s dependent on at least one of the following:
a location of the current video block, or

the color format.

37. The method of claim 36, wherem if the color format 1s format 4:2:0 and the current

video block is not located on boundaries of a CTU of the video, the filter is a 6-tap filter.

38. The method of any of claim 36-37, wheremn 1t the color format 1s format 4:2:0 and

the current video block s located on a boundary of a CTU of the video, the filter is a 3-tap filter.
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39, The method of any of claim 36-38, wherein if the color format s format 4:2.2, the

filter 1s a 3-tap filter,

40, The method of anv of claims 30-39, wherem the adjusted corresponding relationship
ts the same as a corresponding relationship between huma and chroma samples of the current

video block.

41. The method of any of claims 1-40, wherein the first adiustment is determined based

on a rate~distortion optimization {RD{) process.

42. The method of claim 41, wherein huma and chroma rate-distortion (R costs are
determined for a plurality of candidate adjustment schemes, and the first adjustment comprises

a candidate adjustment scheme with the least cost.

43, The method of any of claims 1-42, wherein wnformation regarding whether the
second adjustment is allowed or enabled for a third video block is dependent on coding
mformation of the third video block, the thard video block being obtained from the bitstream

and different from the second video block.

44, The method of claim 43, wherein the coding information comprises at least ong of
the following:

a picture type,

a shice type,

a temporal layer,

3 quantization parameter {QP),

a color format,

a color component,

a coding mode, or

a dimension.

45, The method of any of claims 43-44, wherein if the third video block is on an f-slice,

the second adjustment 1s allowed for the third video block.
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46. The method of any of claims 43-45, wherein if a height of the third video block is

larger than or equal to a threshold, the second adjustment is disallowed for the third video block.

47. The method of claim 46, wherein the threshold 19 1080 pixels,

48. The method of anv of claims 1-47, whercin at least one svniax element mdicating
mformation regarding at least one of the following is included i the bitstream:
whether to apply the second adjustment on the first video block, or

how to apply the second adjustment on the first video block.

49. The method of claim 48, wherein the at least one svntax element 1s included in one
of the following:

a sequence parameter set (SPS),

a picture parameter set (PPS),

an adaptation parameter sets (APS),

a picture header,

a slice header,

a coding tree unit (CTU}, or

a coding unit ({CU).

56. The method of any of claims 48-49, wherem the at least one syotax clement
comprises a first syntax element mdicating whether to apply the second adjustment on the first

video block.

51, The method of any of claims 48-30, wherein the at least one svntax element
comprises a second syntax clement indicating how to apply the second adjustment on the first

video block.
52 The method of claim 50, wherein 1t the first syntax element indicates that the second

adjustment 15 applied on the first video block, the at least one syntax element further comprises

asecond syntax element indicating how to apply the second adjustment on the first video block.
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53, The method of any of claims 48-49, wherein the at least one syniax clement
comprises a single syntax clement indicating whether to apply the second adjustment on the

first viden block and how to apply the sccond adjustment on the first video block.

34, The method of any of claims 48-33, wherein the at least one syntax element 1s coded
with one the followmg:

a fixed length coding,

an exponential Golomb (EG) coding,

a truncated unary coding, or

a unary coding.

55, The method of any of claims 48-33, wherein the at least one syntax element 1s coded

with at least one context in arithmetic coding.

36. The method of any of claims 48-33, wherein the at least one svniax element s bypass

coded.

57 The method of any of claims 1-47, wherein if the second adjustment 1s allowed for
the first video block, at least one syntax clement indicating information regarding at least one
of the following is mchided in the bitstream:

whether to apply the second adjustment on the furst video block, or

how to apply the second adjustment on the first video block.

58 The method of any of claims 1-57, wherein the current video block is comprised n
a current frame of the video, and the current frame is code with a predetermined CU size and &

predetermined sphitting scheme.

59, The method of claim 38, wherein the predetermined splitting scheme comprises a

guad tree splitting,

60. The method of any of claims 58-39, wherein the predetermined CU size comprises
one of the following:

128 pixels » 128 pixels,

64 pixels x 64 pixels,
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32 pixels x 32 pixels,
16 pixels x 16 pixels, or

8 pixels 7 § pixels,

61. The method of any of claimas 1-60, wheretn the current video block is a picture.

62. The method of any of claims 1-61, wherein whether to and/or how to apply the
method 1s indicated at one of the following:

a sequence level,

a group of pictures level,

a picture level,

a shice fevel, or

a tile group level.

63. The method of any of claims 1-61, wherein whether to and/or how to apply the
method is indicated m one of the following:

a sequence header,

a picture header,

3 sequence parameter set (5PS),

a video parameter set {(VPS),

a dependency parameter set (DPS),

a decoding capability information (DCI),

a picture parameter set (PPS),

an adaptation parameter scts (APS),

a shice header, or

a tile group header.

64, The method of any of claims 1-63, wheremn whether to and/or how to apply the

method is dependent on coded nformation of the current video block.

65. The method of claim 64, wherein the coded mformation comprises at least one of
the following:
a block size,

a color format,
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a single tree partitioning,
a dual troe partitioning,
a color component,

a slice type, or

3 pichure type.

66. The method of any of claims 1-63, wherein the method 18 applicable 1n a coding tool

requiring frame relocation or CCLM adjustment.

67 The method of any of claims 1-66, wherein the couversion includes encoding the

video mito the bitstream.

68. The method of any of claims 1-66, wherein the conversion includes decoding the

video from the bitstream.

69. An apparatus for video processing comprising a processor and a non-transitory
memory with instructions thercon, wheretn the instructions upon execution by the processor,

cause the processor (o perform a method in accordance with any of claims 1-68,

70. A non-transitory computer-readable storage medium storing instructions that cause

a processor to perform a method in accordance with any of claims 1-68,

71. A nou-transitory computer-readable recording medium storing a bitstream of a video
which 15 generated by a method performed by an apparatus for video processing, wherein the
method comprises:

obtaining a first video block, the first video block being generated based on a first
adjustment of a current video block of the video, the first adjustment comprising at least one of
adjusting an orentation of the currcnt video block or adjusting positions of samples in the
current video block;

generating a second video block based on a second adjustment of the first video block,
the second adjustment being an mverse process of the first adjustment; and

generating the bitstream based on the second video block.

72. A method for storing a hitstream of a video, comprising:
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obtaining a first video block, the first video block being generated based on a first
adjustment of a current video block of the video, the first adjustment comprising at least one of
adjusting an onentation of the current video block or adjusting positions of samples 1o the
current video block;

generating a second video block based on a second adjustment of the first video block,
the second adjustment bemg an inverse process of the first adjustment;

generating the bitstream based on the second video block; and

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