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METHOD, APPARATUS, AND MEDIUM FOR VIDEO PROCESSING

FIELDS

[6061] Embodiments of the present disclosure relates generally to video processing

techniques, and more particularly, to a bi-directional optical flow (BDOF) process.
BACKGROUND

160621 In nowadays, digital video capabilities are being applied in various aspects of
peoples’ lives. Multiple types of video compression technologies, such as MPEG-2Z,
MPEG-4, ITU-TH.263, ITU-TH 264/MPEG-4 Part 10 Advanced Video Coding (AVC),
ITU-TH.265 high efficiency video coding (HEVC) standard, versatile video coding
(VV) standard, have been proposed for video encoding/decoding. However, coding

efficiency of video coding techuigues is generally expected to be further improved.
SUMMARY
[06083] Embodiments of the present disclosure provide a solution for video processing.

[0084] In a first aspect, a method for video processing is proposed. The method
comprises: determining, for a conversion between a current video block of a video and a
hitstream of the video, at least one subblock for a current subblock of the current video
block from a plurality of subblocks of the current video block, a motion vector (MV) of
cach of the at least one subblock and an MV of the current subblock meet one of the
following conditions: the MV of each of the at least one subblock is the same as the MV
of the current subblock, or a difference metric between the MV of each of the at least
oune subblock and the MV of the current subblock is smaller than a threshold; obtaining a
combined subblock by combining the at least one subblock and the current subblock;
and performing the conversion based on applying a bi-directional optical flow (BDOF)

process on the combined subblock.

[6985] According to the method in accordance with the first aspect of the present
disclosure, more than one subblocks with the same MV or similar MVs are combined,
and the BDOF process 1s applied on the combined subblock, rather than being applied
on each of the more than one subblocks individually. Compared with the conventional

solution where the BDOF process s applied on subblocks individually, the proposed
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method can advantagecusly perform the BDOF process more efficiently. Thereby, the

coding efficiency can be improved.

160667 In a second aspect, an apparatus for video processing is proposed. The
apparatus comprises & processor and a non-transitory memory with tnsiructions thereon,
The instructions upon execution by the processor, cause the processor to perform a

method in accordance with the first aspect of the present disclosure.

(80677 In a third aspect, a non-trassitory computer-readable storage wedium s
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

disciosure.

[06068] In a fourth aspect, another non-transitory computer-readable recording medium
is proposed. The non-transitory computer-readable recording medium stores a bitstream
of a video which is generated by a method performed by an apparatus for video
processing. The method comprises: determining at least one subblock for a current
subblock of a current video block of the video from a plurality of subblocks of the
current video block, a motion vector (MV) of each of the at least one subblock and an
MY of the current subblock meet one of the following conditions: the MV of each of the
at least one subblock is the same as the MV of the current subblock, or a difference
metric between the MV of each of the at least one subblock and the MV of the current
subblock is smaller than a threshold; obtaining a combined subblock by combining the
at least one subblock and the current subblock; and generating the bitstream based on

applying a bi-directional optical flow (BDOF) process on the combined subblock.

[6989%] In a fifih aspect, a method for storing a bitstream of a video is proposed. The
method comprises: determining at least one subblock for a current subblock of a current
video block of the video from a plurality of subblocks of the current video block, a
motion vector (MV) of each of the at least one subblock and an MV of the current
subblock meet one of the following conditions: the MV of each of the at least one
subblock is the same as the MV of the current subblock, or a difference meiric between
the MV of each of the at least one subblock and the MV of the current subblock is
smaller than a threshold; obtaining a combined subblock by combining the at least one
subblock and the current subblock; generating the bitstream based on applying a bi-

directional optical flow (BDOF) process on the combined subblock; and storing the

b
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bitstream in a non-transitory computer-readable recording medium.

{68108} This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor

is it intended to be used to limit the scope of the claimed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS

(6811} 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 example
embodiments of the present disclosure, the same reference numerals usually refer to the

same components.

16612} Fig 1 illustrates a block diagram that illustrates an example video coding

system, in accordance with some embodiments of the present disclosure;

[6913] Fig. 2 itllustrates a block diagram that illustrates a first example video encoder,

in accordance with some embodiments of the present disclosure;

(6614} Fig. 3 illustrates a block diagram that illustrates an example video decoder, in

accordance with some embodiments of the present disclosure;

[6015] Fig 4 illustrates extended coding unit (CU) region used in BDOF;

160161 Fig. 5 illustrates decoding side motion vector refinement;

(6917} Fig. 6 illustrates diamond regions in the search area;

[6018] Fig. 7 illustrates weights generated with an example Gaussian distribution;

(60191 Fig. 8 illustrates weights generated with a further example Gaussian

distribution;

[60201 Fig. 9 illustrates weights generated with a still further example (Gaussian

distribution,

[6021] Fig. 10 illustrates weights generated with a still further example Gaussian

distribution;

i6022] Fig 11 illustrates different filter shapes applied on the data;
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(6023} Fig. 12 illustrates a flowchart of a method for video processing in accordance

with embodiments of the present disclosure, and

160247 Fig. 13 illustrates a block diagram of a computing device in which various

embodiments of the present disclosure can be implemented.

{6925} Throughout the drawings, the same or similar reference numerals usually refer

to the same or similar elements.
DETAILED DESCRIPTION

16626} Prnciple 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 illustration and help those skilled 1o the art to understand and
implement the present disclosure, without suggesting any limitation as to the scope of
the disclosure. The disclosure described herein can be tmplemented iv various manners

other than the ones described below.

(69271 In the following description and claims, unless defined otherwise, all technical
and scientific terms used herein have the same meaning as commonly undersicod by one

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

{00287 References in the present disclosure to “one embodiment,” “an embodiment,”
“an example embodiment,” and the like indicate that the embodiment described may
include a particular feature, structure, or characteristic, but it 1s not necessary that every
embodiment includes the particular feature, structure, or characteristic. Moreover, such
phrases are not necessarily referring to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an example
embodiment, it is submitted that i1t is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection with other embodimenis

whether or not explicitly described.

166291 It shall be understood that although the terms “furst” and “second” ete. may be
used herein to describe various elements, these elements should not be limited by these
terms. These terros are only used to distinguish oue element 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
E J

'
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the listed terms.

16630] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As used
heretn, the singular forras “a”, “an” and “the” are intended to 1nclude the plural forms as
well, unless the context clearly indicates otherwise. It will be further understood that
the terms “comprises”, “comprising”, “has”, “having”, “includes” and/or “tncluding”,
when used herein, 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, elements,

components and/ or combinations thereof.

Example Environment

{6831} Fig. 1 is a block diagram that tllustrates an example video coding system 100
that may utilize the technigues of thig disclosure. As shown, the video coding system
100 may include a source device 110 and a destination device 120. The source device
110 can be also referred to as a video encoding device, and the destination device 120
can be also referred to as a video decoding device. In operation, the source device 110
can be configured to generate encoded video data and the destination device 120 can be
configured to decode the encoded video data generated by the source device 110. The
source device 110 may include a video scurce 112, a video encoder 114, and an

input/output (/0) interface 116

[6032] The video source 112 may include a source such as a video capture device.
Examples of the video capture device include, but are not limited to, an interface to
receive video daia from a video content provider, a computer graphics system for

generating video data, and/or a combination thereof.

[68633] The video data may comprise one or more pictures. The video encoder 114
encodes the video data from the video source 112 to generate a bitstream. The bitstream
may include a sequence of bits that form a coded representation of the video data. The
bitstream may include coded pictures and associated data. The coded picture is a coded
representation of a picture. The associated data may include sequence parameter sets,
picture parameter sets, and other syntax structures. The VO interface 116 may wnclude a
modulator/demodulator and/or a transmitter.  The encoded video data may be

transmitied directly to destination device 120 via the /O interface 116 through the
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network 130A.  The encoded video data may also be stored onto a storage

medium/server 1308 for access by destination device 120,

160347 The destination device 120 may include an VO interface 126, a video decoder
124, and a display device 122, The VO interface 126 may include a receiver and/or a
modem. The /O interface 126 may acquire encoded video data from the source device
110 or the storage medium/server 130B. The video decoder 124 may decode the
encoded video data. The display device 122 may display the deceded video data to a
user. The display device 122 may be integrated with the destination device 120, or may
be external to the destination device 120 which is configured to interface with an

external display device.

[6035] The video encoder 114 and the video decoder 124 may operate according to a
video compression standard, such as the High Efficiency Vides Coding (HEVC)
standard, Versatile Video Coding (VVC) standard and other current and/or further

standards.

(60361 Fig. 2 is a block diagram illustrating an example of a video encoder 200, which
may be an example of the video encoder 114 in the systern 100 illustrated in Fig. 1, in

accordance with some embodiments of the present disclosure.

1606377 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
plurality of functional compounents. The techniques described in this disclosure may be
shared among the various components of the video encoder 200, In some examples, a
processor may be configured to perform any or all of the techniques described in this

disclosure.

[6038] In some embodiments, the video encoder 200 may include a partition unit 201,
a prediction unit 202 which may include a mode select unit 203, a motion estimation
unit 204, a motion compensation unit 205 and an intra-prediction unit 206, a residual
generation urit 207, a transform unit 208, & quantization unit 209, an inverse
quantization unit 210, an inverse transform unit 211, a reconstruction unit 212, a buffer

213, and an entropy encoding unit 214,

160639} In other examples, the video encoder 200 may include more, fewer, or different

functional components. In an example, the prediction unit 202 may include an intra
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block copy (IBC} unit. The IBC unit may perform prediction in an IBC mode in which

at least one reference picture is a picture where the current video block is focated.

160407 Furthermore, although some components, such as the motion estimation unit
204 and the motion compensation unit 205, may be integrated, but are represented 1o the

example of Fig 2 separately for purposes of explanation,

[6041} The partition unit 201 may partition a picture into one or more video blocks.

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

160421 The mode select unit 203 may select one of the coding modes, intra or inter,
e.¢., based on error resulis, and provide the resulting intra-coded or inter-coded block to
a residual generation unit 207 to generate residual block data and to a reconstruction
unit 212 to reconstruct the encoded block for use as a reference picture. In some
examples, the mode select umt 203 may sslect a combination of intra and inter
prediction {CIIP} mode in which the prediction 1s based on an inter prediction signal and
an tntra prediction signal. The mode select unit 203 may also select a resolution for a
motion vector (e.g., a sub-pixel or integer pixel precision) for the block in the case of

inter-prediction.

{00431 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 based on the wotion information and decoded samples of pictures from the buffer

213 other than the picture associated with the current video block.

[0044] The motion estimation umit 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 wsed herein,
an “I-slice” may refer to a portion of a picture composed of macroblocks, all of which
arg 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.

(8045} In some examuples, the motion estimation unit 204 may perform uni~directional

prediction for the current video block, and the motion estimation unit 204 may search

~3
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reference pictures of list O or list 1 for a reference video block for the current video
block. The motion estimation unit 204 may theu generate a reference index that
indicates the reference picture in list O or list 1 that contains the reference video block
and a motion vector that indicates a spatial displacement between the current video
block and the reference video block. The motion estimation unit 204 may ocutput the
reference index, a 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.

[6046] Alternatively, in other examples, the motion estimation unit 204 may perform
bi-directional prediction for the current 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 may also search the reference pictures in list 1 for another reference
video block for the current video block. The motion estimation unit 204 may then
generate reference indexes that indicate the reference pictures in list 0 and list 1
containing the reference video blocks and motion vectors that indicate spatial
displacements between the reference 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 uunit 205 may generate the predicted video block of the current
video block based on the reference video blocks indicated by the motion information of

the current video block,

[68471 In some examples, the motion estimation unit 204 may ocutput a full set of
motion information for decoding processing of a decoder.  Alternatively, in 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 information
of the current video block is sufficiently similar to the motion information of a

neighboring video block.

{08431 In one example, the motion estimation unit 204 may indicate, tn a syntax
structure associated with the current video block, a value that indicates to the video
decoder 300 that the current video block has the same motion information as the another

video block.
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(6049} In another example, the motion estimation unit 204 may identify, in a syntax
siructure associated with the current video block, another video block and a motion
vector difference (MVYD}. The motion vector difference indicates a difference between
the motion vector of the current video block and the motion vector of the indicated
video block. The video decoder 300 may use the motion vector of the indicated video
block and the motion vector difference to determine the motion vector of the current

video block.

160501 As discussed above, video encoder 200 may predictively signal the motion
vector. Two examples of predictive signaling technigues that may be implemented by
video encoder 200 include advanced motion vector prediction (AMVP) and merge mode

signaling.

[8851] 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 prediction unit 206 may generate prediction data for the current video
block based on decoded samples of other video blocks in the same picture. The
prediction data for the current video block may include a predicted video block and

various syntax elements.

[6952] The residual generation unit 207 wmay generate residual data for the current
video block by subtracting {(e.g., indicated by the minus sign} the predicted video block
(s} of the current video block from the current video block. The residual data of the
current video block may include residual video blocks that correspond to different

sample components of the samples in the current video block

[6953] In other examples, there may be no residual data for the current video block for
the current video block, for example in a skip mode, and the residual generation unit 207

may not perform the subtracting operation,

16654} The transform processing unit 208 may generate one or more transform
coetticient video blocks for the current video block by applying one or more transtforms

to a residual video block associated with the current video block

[6055]  After the transform processing unit 208 generates a transform coefficient video
block associated with the current video block, the quantization unit 209 may quantize

the transtform coefficient video block associated with the current video block based on
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one or more quantization parameter {QP) values associated with the current video block.

[00586] The inverse quantization unit 210 and the inverse transform unit 211 may
apply inverse quantization and inverse transforms to the transform coefficient video
block, respectively, o reconstruct a residual video block from the transtorm coefficient
video block. The reconstruction unit 212 may add the reconstructed 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 cusrent

video block for storage in the buffer 213,

(60871 After the reconstruction unit 212 reconstructs the video block, loop filtering

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

[6038] The entropy encoding unit 214 may receive data from other functional
components of the video encoder 200, When the entropy encoding unit 214 recetves the
data, the entropy encoding unit 214 may perform one or more eniropy encoding
operations to generate entropy encoded data and output a bitstream that includes the

entropy encoded data.

[60358] Fig. 3 is a block diagram llustrating an example of a video decoder 300, which
may be an example of the video decoder 124 in the system 100 illustrated in Fig. 1, in

accordance with some embodiments of the present disclosure.

[6960] The video decoder 300 may be configured to perform any or all of the
techniques of this disclosure. In the example of Fig. 3, the video decoder 300 includes a
plurality of functional compounents. The techniques described in this disclosure may be
shared among the various compoenents of the video decoder 300. In some examples, a
processor may be configured to perform any or all of the techniques described in this

disclosure.

(6061} In the example of Fig 3, the video decoder 300 includes an entropy decoding
unit 301, a motion compensation unit 302, an intra prediction unit 303, an inverse
gquantization unit 304, an inverse transformation unit 305, and a reconstruction unit 306
and a buffer 307, The video decoder 300 ruay, in some examples, perform a decoding
pass generally reciprocal to the encoding pass described with respect to video encoder

200,

{6862} The entropy decoding unpit 301 may retrieve an encoded bitstream. The
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encoded bitstream may include entropy coded video data (e.g., encoded blocks of video
data). The entropy decoding unit 301 may decode the entropy coded video data, and
from the entropy decoded video data, the motion compensation unit 302 may determine
motion information including motion vectors, motion vector precision, reference picture
list indexes, and other motion information. The motion compensation unit 302 may, for
example, determine such information by performing the AMVP and merge mode.
AMVP 1s used, including derivation of several most probable candidates based on data
from adjacent PBs and the reference picture. Motion information typically includes the
horizontal and vertical motion vector displacement values, one or two reference picture
indices, and, in the case of prediction regions in B slices, an identification of which
reference picture list is associated with each index. As used herein, in some aspects, a
“merge mode” may refer to deriving the motion information from spatially or temporally

neighboring blocks.

[6063] The motion compensation unit 302 may produce motion compensated blocks,
possibly performing interpolation based on interpolation filters.  Identifiers for
interpolation filters to be used with sub-pixel precision may be included in the syntax

elements.

[6964] The motion compensation unit 302 may use the interpolation {ilters as used by
the video encoder 200 during encoding of the video block to calculate interpolated
values for sub-integer pixels of a reference block. The motion compensation unit 302
may determine the interpolation filters used by the video encoder 200 according to the

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

[68653] The motion compensation unit 302 may use at least part of the syntax
information 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 is partitioned, modes indicating how each
partition is encoded, one or more reference frames {(and reference frame lists) for each
inter-encoded block, and other information to decode the encoded video sequence. As
used herein, in some aspects, a “slice” may refer to a data structure that can be decoded
independently from other slices of the same picture, in terms of entropy coding, signal
prediction, and residual signal reconstruction. A slice can either be an entire picture or a

region of a picture.
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[6066] The intra prediction unit 303 may use intra prediction modes for example
recetved in the bitstream to form a prediction block from spatially adjacent blocks. The
inverse quantization umt 304 inverse quantizes, i.¢., de-quantizes, the quantized video
block coefficients provided in the bitstream and decoded by entropy decoding unit 301,

The inverse transform unit 305 applies an inverse transform.

{6067} 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 in the buffer 307, which provides reference blocks
for subsequent motion compensation/inira prediction and also produces decoded video

for presentation on a display device.

[6068] 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 in 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 techmques are applicable to other video coding technologies also. Furthermore,
while some embodiments describe video coding steps in detail, it will be understood that
corresponding steps decoding that undo the coding will be implemented by a decoder.
Furthermore, the term video processing encompasses video coding or compression,
video decoding or decompression and video transcoding in which video pixels are
represented from one compressed format into another compressed format or at a
different compressed bitrate.

f. Brief Summary

This disclosure is related to video/image coding technologies. Specifically, it is related to bi-
directional optical flow. It may be applied to the existing video coding standard like HEVC,
YV, or the next generation video coding standard like beyond VVC exploration such as
ECM. It may also be 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 ISO/HEC standards. The [TU-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

12
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Video and H264/MPEG-4 Advanced Video Coding (AVC) and H265/HEVC standards.
Since H.262, the video coding standards are based on the hybrid video coding structure
wherein temporal prediction plus transform coding are utilized. To explore the future video
coding technologies beyond HEVC, Joint Video Exploration Team (JVET) was founded by
VCEG and MPEG jointly in 2015, As of July 2020, it has also finalized the Versatile Video
Coding (VVC) standard, aiming at vet another 50% bit-rate reduction and providing a range
of additional functionalities. After finalizing VVC, activity for beyond VVC has started. A
description of the additional tools on top of the VVC tools has been summarized in M. Coban,
F. Léannec, K. Naser, and J. Strdm " Algorithm description of Enhanced Compression Model
5 (ECM 5)," document JVET-Z2025, 26th JVET meeting: by teleconference, 20 — 29 April
2022, and its reference SW is named as ECM.

2.1 Bi-directional optical {low (BDOF) in VVC

The bi-directional optical flow (BDOF) tool is included in VVC. BDOF, previously referred
to as BIO, was included in the JEM. Compared to the JEM version, the BDOF in VVC is a
simpler version that requires much less computation, especially in terms of number of
multiplications and the size of the multiplier.

BDOF is used to refine the bi-prediction signal of a CU at the 44 subblock level. BDOF is

applied to a CU if 1t satisfies all the following conditions:

The CU is coded using * " bi-predict e, i.e., 3 W ence pictures i
The CU is coded using “true” bi-prediction mode, i.e., one of the two reference pictures is
prior to the current picture in display order and the other 13 after the current picture in

display order.

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

same.
— Both reference pictures are short-term reference pictures.
The CJ 1s not coded using affine mode or the SbTMVP merge mode.
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 1s not enabled for the current CU.

—  CHP mode is not used for the current CU.
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BDOF is only applied to the luma component. As its name indicates, the BDOF mode is
based on the optical flow concept, which assumes that the motion of an object is smooth. For
each 4x4 subblock, a motion refinement (},?x) vy> is calculated by minimizing the difference

between the LO and L1 prediction samples. The motion refinement 1s then used to adjust the

(93]

bi-predicted sample values in the 4x4 subblock. The following steps are applied in the BDOF
PrOCess.
. . . . NP g1 o
First, the horizontal and vertical gradients, 7;;"(\&, j} and W(‘I" ¥, k=01, of the two
prediction signals are computed by directly calculating the difference between two
neighboring samples, 1.¢,
oIt
dx

@)

dy

(0 = (UM + 1) » shiftd) — %~ 1) » shiftl))

G = (UWGE )+ 1) » shifel) — 90, — 1) » shiftl))

10 where I'%)(i, /) are the sample value at coordinate (i, /) of the prediction signal in list k,
k = 0,1, and shift] 1s calculated based on the luma bit depth, bitDepth, as shift! = max{ 6,
bitDepth-6).

Then, the auto-~ and cross-correlation of the gradients, Sy, 55, 52, 85 and S, are calculated as:
Sy = Dopea Abs(Pe (L)), 82 = Do pen 800 ))  Sign{y, (i, 1))
So= i) Sign(y(i.0)
(i, ))E

S5 = T nea Abs(Py (0103, Ss = T ea 001 - Sign(, (L))

kS

where
o fem are
Wl f) = “'3}“(.&}) = (L) >»n,
/
a1 5700)

(i n ) v

4

{4,j) = (i, ]) + —

¥y (L f) 3y ¢ 1) iy
81, 1) = (10 ) » ) = (106G ) » )

15 where {lis a 6x6 window around the 4x4 subblock, and the values of n, and n), are set equal
to min{ 1, bitDepth — 11 ) and min( 4, bitDepth — 8 ), respectively.

The motion refinement (vx, vv) is then derived using the cross- and auto-correlation terms

using the following:
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v, = 5y > 07clip3 (~ith§3m, thie, —{(S5+ 2™} » llog, 51,0) 0

i/"y = 3‘5 > (}? Ciip:g (""t}l:{;‘ya, fh}i}]()' — ((5‘6 . Zv,‘lb——?’l.a

B ((Ux vz,mj} « ng, + UxSZ,S)/’Z) » oy, ‘sﬂ)) ]

where Sy = Sy 3 nig, a5 = 5,&(272 — 1), thi = 2036527 115 the floor funetion,
and g, = 12.
Based on the motion refinement and the gradients, the following adjustment 1s caleulated for

gach sample in the 4x4 subblock:

s 4
hix, vy =rnd (z/y(\

+ 1) /2

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

oIV (x,yy 219, y) . 01 (x,y)  319x,y)
dx ax 1’3'(\ dy Ay

follows:
predppos(x,y) = (1 © e, y) + 1B, y) + Bx, y) + ﬂoffset) > shift

These values are selected such that the multipliers in the BDOF process do not exceed 15-bit,
and the maximum bit-width of the intermediate parameters in the BDOF process is kept
within 32-bit.

In order to derive the gradient values, some prediction samples [9(i, j) in Hst k (b = 0,1)
outside of the carrent CU boundaries need to be generated. As depicted in Fig. 4, the BDOF
in VVC uses one extended row/column around the CU’s boundaries. In order fo 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 positions (using tloor() operation on the coordinates) directly without
interpolation, and the normal 8-tap motion compensation interpolation filter is used to
generate prediction samples within the CU (gray positions). These extended saraple values are
used in gradient calculation only. For the remaining sieps in the BDOF process, if any sample
and gradient values outside of the CU boundaries are needed, they are padded (i.e. repeated)
from their nearest neighbors.

When the width and/or height of a CU are larger than 16 luma samples, it will be split into
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subblocks with width and/or height equal to 16 luma samples, and the subblock boundaries
are treated as the CU boundaries in the BDOF process. The maxumum uuit size for BDOF
process 1s limited to 16x16. For each subblock, the BDOF process could skipped. When the
SAD of between the initial LO and L1 prediction samples is smaller than a threshold, the
BDOF process is not applied to the subblock. The threshold is set equal to (8 * WH(H>> 1},
where W indicates the subblock width, and H indicates subblock height. To avoid the
additional complexity of SAD calculation, the SAD between the initial LO and L1 prediction
samples caleulated in DVMR process is re-used here.

If BCW 13 enabled for the current block, 1.¢., the BCW weight index indicates unequal weight,
then bi-directional optical flow is disabled. Similarly, if WP is enabled for the current block,
disabled. When a CU is coded with symmetric MVD mode or CIIP mode, BDOF is also
disabled.

2.1.1 BDOF in ECM: Sample-based BDOF

In the sample based BDOF, instead of deriving motion refinement (Vx, Vy) on a block basis,
it is performed per sample.

The coding block is divided into 8x8 subblocks. For each subblock, whether to apply BDOF
or not is determined by checking the SAD between the two reference subblocks against a
threshold. I decided to apply BDOF to a subblock, for every sample in the subblock, a shiding
5x5 window is used and the existing BDOF process is applied for every sliding window to
derive ¥x and Vy. The derived motion refinement {(Vx, Vy} is applied to adjust the bi-
predicted sample value for the center sample of the window.

2.2 Becoder side motion vector refinement (DMVR} in VYV

In order to increase the accuracy of the MVs of the merge mode, a bilateral-matching (BM)
based decoder side motion vector refinement is applied in VVC. In bi-prediction operation, a
refined MV is searched around the inttial MVs in the reference picture list LO and reference
picture list L1. The BM method calculates the distortion between the two candidate blocks in
the reference picture list LO and list LI As illustrated in Fig. 5, the SAD between the red
blocks based on each MV candidate around the initial MV is caleulated. The MV candidate
with the lowest SAD becomes the refined MV and used to generate the bi-predicted signal.

In VVC, the application of BMVR 1s restricted and is only applied for the CUs which are

coded with following modes and features:

— LU level merge mode with bi-prediction MV,
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One reference picture is in the past and another reference picture is in the future with

respect to the current picture.

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

same.
Both reference pictures are shori~term reference pictures.
C1J 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.

—  CHP mode s not used for the current block.

The refined MV derived by DMVR process is used to generate the inter prediction samples
and also used in temporal motion vector prediction for future pictures coding. While the
original MV is used in deblocking process and also used in spatial motion vector prediction
for future CU coding.

The additional features of DMVR are mentioned in the following sub-clauses.

In DVMR, the search points are surrounding the initial MV and the MV offset obey the MV
difference mirroring rule. In other words, any poiuts that are checked by DMVR, denoted by

candidate MV pair (MV0, MV1) obey the following two equations.

MV = MVO+ MV _offset

MYV =MV — MV offset
Where MV _of [set represents the refinement otfset between the initial MV and the refined
MY in one of the reference pictures. The refinement search range 18 two integer luma samples
from the witial MV. The searching includes the integer sample offset search stage and

fractional sample refinement stage.

25 points full search is applied for integer sample offset searching. The SAD of the nitial MV
pair is first calculated. If the SAD of the initial MV pair is smalier than a threshold, the
integer sarple stage of DMVR is terminated. Otherwise SADs of the remaining 24 points are
calculated and checked in raster scanning order. The point with the smallest SAD is selected
as the output of integer sample offset searching stage. To reduce the penalty of the uncertainty

of DMVR refinement, it is proposed to favor the original MV during the DMVR process. The

~J
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SAD between the reference blocks referred by the initial MV candidates is decreased by 1/4

of the SAD value.

The integer sample search is followed by fractional sample refinement To save the
calculational complexity, the fractional sample refinernent is derived by using parametric
error surface equation, instead of additional search with SAD comparison. The fractional
samnple refinement is conditionally invoked based on the output of the integer sample search
stage. When the integer sample search stage is terminated with center having the smaliest
SAD in either the first iteration or the second iteration search, the fractional sample

refinement is further applied.

In parametric ervor 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

equation of the following form

£ (Xs }’) - A(’C r’cmrﬁn;3 + B (y = Ymind™ F ¢
where { X, Viund Correspouds to the fractional position with the least cost and C
corresponds i 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:

Xpin = (E(=10) = E(LO)/CE-LY) + £(LY) - 2E(0,0))
Vi = (B0, =1) — E(0,1))/(2({E®, -1} + E(0,1) = 2ZE(0.O)))

The value of x5, and v, are automatically constrained to be between — 8 and 8 since all
cost values are positive and the smallest value is £{0,0). This corresponds to half peal offset
with 1/16th-pel MV accuracy in VYV, The computed fractional (X1, Vi) are added to the

integer distance refinement MV 1o get the sub-pixel accurate refinement delta MV,

in VVC, the resolution of the MVs is 1/16 luma samples. The samples at the fractional
position are interpolated using a 8-tap interpolation filter. In DMVR, the search points are
surrcunding the initial fractional-pel MV with integer sample offset, therefore the samples of
those fractional position veed to be wterpolated for DMVR search process. To reduce the
calculation complexity, the bi-linear interpolation filter is used to generate the fractional
samples for the searching process in DMVR. Anocther important effect is that by using bi-
linear filter is that with 2-sample search range, the DVMR does not access more reference
samples compared to the normal motion compensation process. After the refined MV 15
attatned with DMVR search process, the normal 8-tap iuterpolation fiiter is applied to

generate the final prediction. In order to not access more reference samples to normal MC

i8
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process, the samples, which is not needed for the interpolation process based on the original
MY but is needed for the tnterpolation process based on the refined MV, will be padded fromw
those available samples.

When the width and/or height of a CU are larger than 16 luma samples, it will be further split
into subblocks with width and/or height equal to 16 luma samples. The maximum unit size for
DMVR searching process s limit to 16x16.

2.3. Multi- pass decoder-side motion vector refinement (ECM)

A multi-pass decoder-side motion vector refiuement is applied. 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 each 8x8 subblock is
refined by applying bi-directional optical flow (BDOF). The refined MVs are stored for both

spatial and temporal motion vector prediction.

2.3.1 First pass — Block based bilateral matching MV refinement

In the first pass, a refined MV is derived by applying BM to a coding block. Similar to
decoder-side motion vector refinement (DMVR), i bi~prediction operation, a refined MV 13
searched around the two initial MVs (MV0 and MV1) in the reference picture lists LO and L1,
The refined MVYs (MVO pass! and MV1 passl) are derived around the initiate MVs based on
the minimum bilateral matching cost between the two reference blocks in LO and 1.1,

BM perforrus local search to derive integer sample precision intDeltaMV . The local search
applies a 3x3 square search pattern to loop through the search range [-sHor, sHor} in
horizontal direction and [—sVer, sVer] in vertical direction, wherein, the values of sHor and
sVer are determined by the block dimension, and the maximum value of sHor and sVer is 8.
The bilateral matching cost s calculated as: bilCost = mvDistanceCost + sadCost. When the
block size cbW * cbH 1s greater than 64, mean-removal SAD (MRSAD) cost function is
applied to remove the DC effect of distortion between reference blocks. When the bilCost at
the center potnt of the 3x3 search pattern has the minimum cost, the intDeltaMV local search
is terminated. Otherwise, the current minimurm cost search point becomes the new center
point of the 3»3 search pattern and continue to search for the minimum cost, until 1t reaches
the end of the search range.

The extisting fractional sample refinement is further applied to derive the final deliaMV. The

refined MVs after the first pass is then derived as:

e MVO passi=MV0 + deltaMV,
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s MV passi=MVI1 - deltaMV.
2.3.2 Second pass — Subblock based bilateral matching MV refinement

In the second pass, a refined MV is derived by applying BM to a 16x16 gnd subblock. For
each subblock, a refined MV is searched around the two MVs (MV0 passl and MV passt),
obtained on the first pass, tn the reference picture hist LO and L1. The refined MVs
{(MV0 pass2(sbldx2) and MV1 pass2(sbldx2}) are derived based on the minimum bilateral
matching cost between the two reference subblocks in LO and L1

For each subblock, BM performs full search to derive integer sample precision intDeltaMV.
The full search has a search range [-sHor, sHor] in horizontal direction and [- sVer, sVer] in
vertical direction, wherein, the values of sHor and sVer are determined by the block
dimension, and the maximum value of sHor and sVeris 8.

The bilateral matching cost is calculated by applying a cost factor to the SATD cost between
two reference subblocks, as: bilCost = satdCost * costFactor. The search area (2%sHor + 1) *
{2*sVer + 1} 18 divided up to 5 diamond shape search regions shown on Fig. 6. Each search
region is assigned a costFactor, which is determined by the distance (intDeltaMV} between
each search point and the starting MV, and each diamond region is processed in the order
starting from the center of the search area. In each region, the search points are processed o
the raster scan order starting from the top left going to the bottom right corner of the region,
When the minimum bilCost within the current search region is less than a threshold equal to
sbW * shH, the int-pel full search is terminated, otherwise, the int-pel full search continues to
the next search region until all search points are examined. Additionally, if the difference
between the previous minimum cost and the current minimum cost in the iteration is less than
a threshold that is equal to the area of the block, the search process terminates,

The existing VVC DMVR fractional sample refinement is further applied to derive the final

deliaMV(sbldx2) . The refined MVs at second pass is then derived as:

e MV0 pass2(sbldx2)=MV( pass] + deltaMV{sbldx2})
¢ MV pass2(sbldx2)=MVI1 passl — deltaMV{sbidx2).

2.3.3 Third pass - Subblock based bi-directional optical flow MV refinement

In the third pass, a refined MV 15 derived by applying BDOF to an 8x8 gnid subblock. For

each 8x8 subblock, BDOF refinement is applied to derive scaled Vx and Vy without clipping
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starting from the refined MV of the parent subblock of the second pass. The derived
bioMv{Vx, Vy}is rounded to /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:

o MVO pass3{sbldx3)=MVO0 pass2(sbldx2) + bioMv,
e MV pass3(sbidx3)=MVC pass2(sbidx2) - bioMv.
In all aforementioned sub- clauses, when wrap around motion compensation is enabled, the

motion vectors shall be clipped with wrap arcund offset taken into consideration.
2.3.4 Adaptive decoder-side motion vector refinement

Adaptive decoder side motion vector refinement method is an extension of multi-pass DMVR
which consists of the two new merge modes to refine MV only in one direction, either LO or
L1, of the bi prediction for the merge candidates that meet the DMVR conditions. The multi-
pass DMVR process 1s applied for the selected merge candidate to refine the motion vectors,
however either MVD0 or MVD is set to zero in the 1% pass (i.e., PU level) DMVR.

The merge candidates for the new merge mode are derived from spatial neighboring coded
blocks, TMVPs, non-adjacent blocks, HMVPs, paur-wise candidate, similar as in the regular
merge mode. The difference is that only those meet DMVR conditions are added into the
candidate list. The same merge candidate list is used by the two new merge modes. If the list
of BM candidates contains the inherited BCW weights and DMVR process is unchanged
except the computation of the distortion is made using MRSAD or MRSATD if the weights
are non-equal and the bi-prediction is weighted with BCW weights. Merge index is coded as
in regular merge mode.

3. Problems

There are several parts in the BDOF MV refinement / sample adiustment may be improved.

- The current formulas which is used to drive BDOF parameters, are not accurate formulas.

- There are no weights to indicate the importance of each sample in the final formula.

~ There is no filtering process to smooth out the final derived MV refinement / sample
adjustment.

- There is no clear distinction for conditions of applying BDOF for MV refinement / sample
adjustment. Similarly, no distinction for their formula.

4. Detatled 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 sclutions can
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be combined in any manner.
The methods disclosed below may be applied to bi-directional optical flow, decoder side
motion vector refinement, and any extensions of them.

On BDOF MV refinement parameter derivation

(¥ 4]

in the following section general equation for deriving BDOF parameters (vx and vy) is
defined as:

2.Gx.Gx ¥ vx +2GR.Gy *vy =2d1. G P sl Fvx +s2 Fvy =453,

TOx Gy *vx +2Gy.Gy Fvy =2dl Gy =B s Fvx + 55 F vy =36,

where, Gx and Gy represents summation of horizontal and vertical gradients for 2 reference
10 pictures, respectively. dl represents the difference between 2 reference pictures. Summations
(%) are inside of the predefined area, which could be an NxM block around current sample
{for sampie adjustment BDOF), or arcund the current prediction subblock (for MV refinement
BDOF).

1. It is proposed that a method of deriving gradients ditferent to that of BDOF in VVC

15 may be used to calculate horizontal and/or vertical gradients.
a. In one example gradients are computed by directly calculating the difference
between two neighboring samples, i.e.,
(i)} = (UPE+L0 > D -0®E-1)» D)
@I(;(\; hY I's -
G (WG +0» D -0®RE -D» D)
b. In another example gradients are computed by calculating the difference
between two shifted neighboring samples, e,
ai® - \
mé-?(z, J =M+ 1) » shiftd) — (00— 1, 7) » shift1))
it ; y
5y {i,j)= ((!““(i,j +1)» shift2) ~ (Wi~ 1) » shift2)}
20 1. shiftl and shift2 may be any integers such as 0, 1, 2, 6, ... or even

negative infegers.
¢. In another example gradients may be caleulated with Nb samples before and

Na samples after current samples as a weighted sum:

a1 N
0= Y )
35‘» o= —-Nb
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51%) <
(L) = Z wp < 190 j + p)
av = -—Nb

i Weights, i.e., wp, may be any integer number such as -6, 0, 2, 7... or
any real number such as 6.3, ~0.77,0.1,30, ...
i1, Weights for calculating horizontal and vertical gradients may be

different from each other.

5 {1) Alternatively, the weights for calculating horizontal and vertical
gradients may be the same.
itt. Weights may be signaled from an encoder to a decoder.
tv. Weights may be derived using information decoded.
v. Nb and Na may be any integer numbers such as ¢, 3, 10, ...
10 vi. Nb and Na may be different for calculating gradients for horizontal and
vertical ditections.
(i} Alternatively, they may be the same for calculating gradients
for both horizontal and vertical directions.
vil. In one example,
a1 N \
5 (i, /) = Z wp « 18+ p,j) + Of fset | > shift
Ao ne . ) )
5 (i) = Z wyp « [T, j +p) + Of fset | » shift
p=~Nb /
15 (iy alternatively, furthermore, the variable offset may be set to 0, or
{(1<=<(shift-1}).
2. Rt is proposed that a complete linear equation formula may be used to derive the final
MV refinement.
a. In one example afier calculating all the gradients, s1, 82, s3, s5, and s6 are
20 calculated as explained above:
2Ox.Gx Fvx +20x. Gy Fvy =2d Gy, = sl F vk +s2 ¥ vy =353,
SO Gy ¥ vx +20Gv.Gy Yvy =241 Gy =B s2 Fux + 85 F vy =s6.
i. In one example, to derive the final MV of a M*N block, samples in a
(M) * (N+K2) region around the original block may be wvolved.
25 For example, K1 and K2 may be any integer numbers such as 6, 2, 4, 7,

10, .

~
g
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In one example after calculating all the s, s2, 83, 55, and s6, the determinate
values, D, Dx, and Dy are calculated as:

D = (sl >> shTem) * (s5 >> shTem) - (s2 >> shTem)} * (s2 >> shTem),

Dy = {3 >> shTem) * (35 >> shTem) - (36 >> shTem)} * (52 >> shTem),

Dy = (sl >>shTem) * (s6 >> shTem) - {83 >> shTem) * (s2 >> shTem}.

1. In one example shTem maybe any integer numbersuch as 0, 1,3, ...

in one example atter calculating DD, Dx, and Dy; vx and vy may be derived as:
vx = Dx/ D and vy = Dy/D.

1. In anocther example if abs{D>) 1s smaller than a predefined threshold, C,
vx and vy are set to zero. C may be any non-negative number such as 0,
10,17, ...

In one example any amount of the shifts and clipping may be involved to
derive the final vx and vy,

i. In one example the numerator and/or denominator, may have an extra
shift, in a way that overall, it is left shified by K so that the final
derived vx and vy have higher precision. K may be any integer number
suchas 0, 1,3, 4,6, ...

ii. In one exampie these shifis may come in any order, such as having the
shifts at the beginning, and/or having the shift for intermediate
variables and/or having the shift on the final MVs.

iti. In one example the final vx and vy may be clipped between -B and B,

where B may be any integer number such as 2, 10, 17, 32, 100, 156,

In one example the final vx and vy may be multiplied {or similarly divided) by
a number before getting used for motion compensation procedure.
i. In one example vx and vy may be multiplied by R, where R is any real
number, suchas 1.25,2, 3.1, 4, ...,
i1, In another example vx and vy may be divided by R, where R 13 any
real number, such as 1.25,2, 3.1, 4, ...
iti. In one example the value of the number to multiply {or divide) the final
vx, vy with may be different for vk and vy.
iv. In one example the value of the number to multiply (or divide} the final
vx, vy, may depend ou the block size, sequence resolution, block

characteristics, and so on.
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3. It is proposed that a partial linear equation solution may be used to derive the final
MYV refinement.
a. In one example after calculating all the gradients, s1, 52, 83, 85, and s6 are
calculated as explained above:
2O Gx Fvx + GGy ¥vy =2dl Gx.o=P sl ¥ yx + 82 F vy =53,
2OX.Gy Fvx +2Gyv.Gy Fvy =2dl Gy = g2 Fvx 83 Fvy =56
b. In one example after calculating all the si, s2, 83, s5, and s6, approximated
version of vx and vy may be calculated as:
vX = §3/s1,
vy = {s6 —s2 ¥ vx}/ 5.
¢. In another example after calculating vx similar to above, partial amount of the
vx may be put in the second formula to derive the vy.
1. In one example vy may be dertved as vy = (80 — s2 * vx/T} / 85, where
T may be any real number suchas 1.1, 2, 4, ...
d. In one example after calculating all the 81, s2, 83, s§, and s6, approximated
version of vx and vy may be calculated as:
ASSUmMe VX is zero. vy = 56/s5,
Insert vy in the first formula: vx = (33 ~s2 * vy) / s}.
e. In another exaruple after calculating vy similar to above, partial amount of the
vy may be inserted in the second formula to derive the vx.
1. In one example vx may be derived as v = (53 — s2 * vy/T} / 51, where
T may be any real number suchas 1.1, 2,4, ...
£ In one example after calculating all the s1, 2, 33, s5, and $6, approximated
version of vx and vy may be calculated as:
Assume vy is zero; vx = s3/s1,
ASSUME VX 18 7e10! vy = 36/85.
4. Itis proposed that a simplified sclution may be used to derive the final MV refinement.
a. In one exampie the method explained in the background section for VVC
BDOF may be used to derive the approximated version of s1, s2, 83, 85, and s6.
b. In one example after calculating approximated version of the 81, s2, 83, 85, and
s6, the determinate values, 2, Dx, and Dy are calculated as:
D =31 >>shTem) * (35 >> shTem} — (82 >> shTem) * (52 >> shTem),
Dy = (s3 >> shTem} * (s5 >> shTem) — (86 >> shTem) * (s2 >> shTem),
Dy =(s1 >> shTem} * (s6 >> shTem} — (83 >> shTem) * (52 >> shTem).
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i. In one example after calculating D, Dx, and Dy; vx and vy may be
derived as:
vx =Dx/ D and vy = Dy/D.
1. In one example shTem maybe any integer number such as 0, 1,3, ..
c. In one example after calculating approximated version of the s, s2, 83, s5, and
s6, approximated version of vx and vy may be calculated as:
Assume vy is zero: vx = s3/sl,
Substitute vx in the second formula: vy = (86 — 82 * vx) /85
1. Oralternatively, a modified vx may be inserted in the second formula:
vy = {86 — 82 * vx/T)/ 85, where T may be any real number such as 1.1,
2,4, ...
i1, Alternatively, first vx may be assumed zero, and vy may be dernived,
after that either vy or a scaled version of it may be inseried into the first
equation and vx may be derived.
5. It is proposed any combination of the methods explained above may be used to derive
the final MV refinement.
a. In one example any combination of the methods explained above (2, 3, and 4)
may be combined and used together.

On BDOF sample adiustment parameter derivation

6. It is proposed that any of the method explained above for BDOF MV refinement may
also be used for BDOF sample adjustment parameter derivation.
a. In one example after calculating all the gradients, 51, §2, §3, 35, and s6 are
calculated as explained above:
TOxGx Fvx +E0x. Gy Fvy = Ldl Gx. =P sl Fvx +82 F vy =85,
26rGy Fvx + 3Gy Gy Fvy =34l Gy P o2 Fyx + S F vy =6
1. In one example samples in a KxI region around the sample may be
involved in the derivation. K may be any integer number such as 1, 3, 4,
57,10, ..
b. In one example after calculating si, 82, s3, s5, and s6, the determinate values,
D, Dx, and Dy are calculated as:
D = {s1 >>shTem) * (s5 >> shTem} ~ {s2 >> shfem)} * {s2 >> shTem)},
Dx = {s3 >> shTem) * (s5 >> shTem) - (s6 >> shTem} * {s2 >> shTem),
Dy = (s1 >> shTem} * (s6 >> shTem} ~ {s3 >> shTem} * {s2 >> shTem).
i. shTem mavbe any integer number suchas 0, 1,3, ...

o)
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ii. In one example after calculating D, Dx, and Dy, vx and vy may be
derived as:
vx =Dx/ D and vy = Dy/D.

1. In another example if abs(DD} 1s smaller than a predefined threshold, C,

5 vx and vy are set to zerc. C may be any non-negative number such as ¢,
16, 17, ...
c. In one example after calculating 51, 82, §3, 55, and 86, approximated version of
vx and vy may be calculated as:
vx = §3/81,
10 vy = {86 —s2 ¥ vx}/ s5.
1. Or alternatively a modified vx may be put in the second formula:
vy = {36 — 52 * vx/T}/ 85, where T may be any real number such as 1.1,
2.4,
ii. Alternatively, first vx may be assumed zero, and vy may be derived,
15 after that cither vy or a scaled version of it may be substituted into the
first equation and vx may be derived.
d. In one example the method explained in the background section for VVC
BDOYF may be used to derive the approximated version of s1, 82, s3, s5, and s6.
e. In one example the final vx and vy may be multiplied {or divided or shifted) by
20 a number before getting used for sample adjustment procedure.
i. In one example vx and vy may be multiplied by R, where R is any real
pumber, suchas 1.25,2,3.1.4, ...
ii. In another example vx and vy may be divided by R, where R is any
real number, such as 1.25, 2, 3.1, 4, ...
25 iti. In one example the value of the number to multiply {or divide) the final
vx, vy with may be different for vx and vy,
tv. In one example the value of the number to multiply (or divide) the final
vx, vy, may depend on the block size, sequence resolution, block
characteristics, position in the block, and so on.
30 QOn applving weights o paratoeter derivation

7. It is proposed that any weights may be applied before adding BDOF iantermediate

parameters for MV refinement.
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In one example during adding parameters to get sl, s2, s3, s3, and s6, inside of
the target region of £2 (a M_ext * N _ext region arcund the current block), all
the values are added with similar weight (of 1).

In another example during adding parameters to get sl, s2, 83, s5, and s6,

inside of the target region of {3 (a M_ext * N_ext region around the current
block), the values are added after being multiplied with a predefined weight
depending on their position in the extended block {target region of £2}.
in one example these predefined weights are defined as:
wo= {x 2= (wadth/2) 7 width - x ox o+ 1) F {y >= (height/2) 7 height -y v + 1)
for x from 0 to width - 1 and y from 0 to height - L.
Width and height represent the width and height of the target region.
In another example these predefined weights may be generated with some
known probability distribution such as Gaussian distribution with any value of
the standard deviations (o = 1, 1.5, 4, or any other real number) and center
position.

i. In one example these weights are generated with Gaussian distribution

with ¢ = 2.5 for a 12x12 region as depicted i Fig. 7.
ii. In one example these weights are generated with Gaussian distribution
with & = 4 for a 12x12 region as depicted in Fig. 8.

In another example during adding parameters to get si, s2, 53, 85, and s6,
inside of the target region of £ (a M ext * N ext region around the current
block), the values are added after being shifted with a predefined values
depending on their position in the extended block {target region of (2}
In one example the weight matrix may be represented as left {or right) shift
matrix, and depending on the matrix entries, the data gets shifted (left or right)

hefore summation.

8 In one example depending on the block size, block shape, block characteristics,

sequence resolutions, and so, different weights may be applied.

i. Or allernatively depending on the block size, block shape, block
characteristics, sequence resolutions, and so on, no weight may be
applied.

ii. The weight matrix may be coded explicitly in sequence parameter set

(SPS), picture parameter set {PPS), or shce header (SH).
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9. It is proposed that any weights may be applied before adding BDOF intermediate

parameters for sample adjustment.

a.

b.

in one example during adding parameters to get si, s2, s3, s5, and s6, inside of
the target region of  {a K1 * K2 region around the current sample), all the
values are added with stmilar weight {of 1}. K1 and K2 may be any integer
numbersuchas 1,2 3,5, 8, ...
fn another example during adding parameters to get s1, 82, 83, sS, and s6,
inside of the target region of Q (a K1 * K2 region around the current sample),
the values are added after being multiplied with a predefined weight depending
on their position in the extended block (target region of ().
In one example these predetined weights are defined as:
W= >= (K12 7K -x x+ D) *(y>=(KY)TKZ-v:y+1),
for x from O to Ki - 1 and vy from 0 to K2 - 1.
K1 and K2 represent the width and height of the target region.
In another example these predefined weights may be generated with some
known probability distribution such as Gaussian distnibution with any value of
the standard deviations (¢ = 1, 1.5, 2, 4, or any other real number) and any
center position.
1. In one example these weights are generated with Gaussian distribution
with & = 1 for a 5%5 region as depicted in Fig 9.
ii. In one example these weights are generated with Gaussian distribution
with ¢ = 2 for a 5x5 region as depicted in Fig. 10.
In one example the weight matrix may be represented as a left (or right) shift
matrix, and depending on the matrix entries, the data gets shifted {Ieft or right)
before summation.
in one example depending on the block size, block shape, block characteristics,
sequence resolutions, and so, different weights muay be applied.
1. Or alternatively depending on the block size, block shape, block
characteristics, sequence resolutions, and so on, no weight may be

applied.

On appiving filters on the final MV refinement or sample adjustment

10. It 1s proposed that any type of the filters may be applied on the final derived MV

refinement (vx and vy). Some examples are depicted in Fig 11

29
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In one example any smoothing filter of any shape may be applied on all the
MVs derived by BIDOF for each subblock.
in one example during filter application all the MVs inside of the PU may be
used.
in another example during filter application, only MVs with similar 2™ round
of DMVR MVs, may be used for those MVs.
In one example a shape filter with any weights may be applied on the MVs.
i. In one stance the weight for the center may be 8, and the weight for 4
sides may be 1.
ii. In one stance the weight for the center may be 4, and the weight for 4
sides may be L.
iti. In one stance the weight for the center may be 4, and the weight for 4
sides may be 2.
iv. In one stance the weight for the center may be 4, and the weight for 4
sides may be 3.
v. In one stance the weight for the center may be I, and the weight for 4

sides may be 1.

i1. It is proposed that any type of the filiers may be applied on the final derived BDOF

sample MV adjustment, or final sample adjustment. Some examples are depicted in

Fig. 11.

a.

In one exampile filter is applied on all {vx,vv)s or final adjustment inside of the
subblock.
In one example, a shape filter with any weights may be applied on the (vx,vy)s
or final adjustroent.
i. In one stance the weight for the center may be 8, and the weight for 4
sides may be 1.
ii. In one stance the weight for the center may be 4, and the weight for 4
sides may be 1.
iii. In one stance the weight for the center may be 4, and the weight for 4
sides may be 2.
v, In one stance the weight for the center may be 4, and the weight for 4
sides may be 3.
v. In one stance the weight for the center may be 1, and the weight for 4

sides may be 1.
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On conditions for applving BDOF

12 W is proposed that there may be a condition on applyiog BDOF MV refinement or
BDOF sample adjustment.
a. In one example the condition of applying BDOF MYV refinement may be
similar to the condition of applying BDOF sample adjustment.
b. In another example, the condition of applying BDOF MV refinement may be
ditferent of the condition of applying BDOF sample adjustment. For example,
BDOF MV refinement may be applied to bi-prediction coded CU with un-
equal weight, while BDOF sample adjustment may only be applied to bi-
prediction coded CU with equal weight.
13. It is proposed that the cost for evaluatiog the BDOF condition may depend on a cost
between 2 reference picture blocks.
a. In one example different cost functions may be used to derive the cost.
i. In one example this cost may be Sum of Absolute Difference (SAD)
between the 2 reference picture blocks.
it. In one example this cost may be Sum of Absolute Transformed
Ditference (SATD) or any other cost measure between the 2 reference
picture blocks.
i, In one example this cost may be Mean Removal based Sum of
Absolute Difference (MR-SAD) between the 2 reference picture blocks.
iv. In one example this cost may be a weighted average of SAD/MR-SAD
and SATD between the 2 reference picture blocks.
v. In one example, the cost function between 2 reference picture blocks
moay be:
{1y Sum of absolute differences (SADY mean-removal SAD (MR-
SAD),
(i1} Sum of absolute transformed differences (SATD)mean-
removal SATD (MR-SATD),
{11} Sum of squared differences (SSD)/ mean-removal SSD (MR-
SSD);
(iv} SSE/MR-SSE;
(v} Weighted SAD/weighted MR-SAD;
{(vi)yWeighied SATD/weighted MR-SATID;
{vit)  Weighted SSD/weighted MR-SSD;

31
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(viti)  Weighted S5E/weighted MR-SSE;

(ix) Gradient information.

On BDOF MV refinement subblock size

i4. | 1s proposed any subblock size, depending on the conditions, may be used as BDOF

LA

MYV refinement subblock size.
a. In one example subblock size may be a fixed size such as NxM, where N and
M could be any positive integer, such as 1,2, 3,4, 5,8, 12,32, ...
b. In ancther example subblock size may depend on the current PU, or CU size.
As an exarmple, for block size WxH, subblock size of WixHI may be used,
10 where W1 and HI depend on W and H, and could be any positive integer
number.
i. In one example for blocks with number of samples (i.e., width times
height (W*H)) between C 1 and C (1+1), subblock size of W 1 x H 1

may be used. C 1 s could be any non-negative number such as 0, 4, 20,

J—
(]

128, 256, 951, 2048, 4100, .. and W i x H 1 may be any positive
integer pairs such as 2x2, 4x4,8x4, 4x8, 8x8, 16x16, 19x15, ...

ii. In one example for blocks with width W, between Cw 1 and Cw _(i+1),
and height H, between Ch_j and Ch_(j+1), subblock size of W 1 x H j
may be used. Cw 1 and Ch j s could be any non-negative numbers

20 such as 0, 4, 20, 128, 256, 951, 2048, 4100, ... and W i x H j may be

any positive integer patrs such as 2x2, 4x4,8x4, 4x8, &x8, 16x16,
o915, .
¢. In one example, the subblock size may depend on the color component and/or

color format.

]
(V3]
[

In one example subblock size may depend on the coded wtormation of current
block.
i, In one example, the coded information is the residual information.
ii. In one example, the coded information is the coding tool that is applied
to current block.
30 e. In one example subblock size may depend on the information of prediction
blocks.
f In one example subblock size may depend on the reference pictures

characteristics.
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In one example, subblock size may be determined by the similarity of
two predictors from two reference pictures. If two predictors are similar,
such as SAD between these two predictors is small, the larger subblock
size may be applied; Otherwise, the small subblock size may be applied.
In one example, subblock size may be determined by the distribution of
the difference between two predictors. Those subblocks with difference
energy, such as SAD or SSE, may be merged to a larger unit for MV

refinement to reduce the computation complexity.

In one example subblock size may depend on the termporal gradient of the 2

reference blocks.

i

In one example any cost function such as SAD, may be used for

calculating the 2 reference block gradients {or differences}.

In one example the spatial gradients of the reference blocks may be used to

determine the subblock size.

In one example the subblock size may depend on the Quantization Parameter

{gp) value.

i

1.

1.

iv,

A

Vi,

Vil

In one example for gp less than X the subblock size of W X x H X
may be used.

In one example for gp greater than X, the subblock size of W Xx H X
may be used.

In one example for gqp X, the subblock size of W_X x H X may be
used.

In one example X may be any non-negative integer such as 10, 22, 27,
32,37, 42, and W _Xand H X may be any positive integer such as 1,
2,3,4,8, 10, ...

In one example, gp can be the gp of current CU, or the qp of current
slice, or the gp of the whole sequence.

In one example the decision for subblock size may be a encoder
decision and it may ot may not be signaled to the decoder. Similarly, it
may be a decoder decision.

In one example increasing or decreasing the subblock size based on gp,

may be an encoder or decader decision.

In one example the subblock size may depend on the prediction type.

o~
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In one example the subblock size my depend on the DMVR first and/or 24
stage adjustment value.
in one example the subblock size may depend on the sequence resolution.
In one example the subblock size may depend on the coding tools applied to
current block.
In one example the subblock size may depend on the temporal layers.
i, In one example for temporal layers between Ti and T}, subblock size of
as ¢, 1, 3,4, ., and W _1j , H ij may be any positive integer such as 2,
4,6, 16,
In one exampie the subblock size may be a function of all or some of the
parameters mentioned above.
In above examples, the subblock size of luma and/or chroma blocks may be
determined according to above examples.
1. Alternatively, the subblock size for chroma blocks may be denved
according to that for luma blocks and color format and/or separate

plane coding enabled or not.

On asvmmetric BDOF

15 ¥t 1s proposed the MV adjustment for the first list and second list may not be

symmetric.

a.

In one example the MV refinement for ref pic G, may be (vx0, vy0) and the
MYV refinement for ref pic 1, may be {-vxi, -vy1), where vx0, vy0, vxi, vyl
may be any real or integer numbers. They may or may not have relationship
together.

in one example general equations for deriving vx0, vy0, vx1, vyl may be

written as following 4 equations:

2.06x0.Gx0 * vxO + 2.6x1.6x0 * vkl + 2Gy0.Gx0 * vy0 + 2.6yl . Gx0 * vyl = 2.dl . GxO.

2Gx0.GxE *vx0+ 20Gx1.Gxl Fvxl + 26v0.Gxl * vy0 + 26y 1.Gxl * vyl = 2dl . Gx1.
] ) y y

2.06x0.Gv0 ¥ vx0 + 20x1.Gy0 * vxl + 2Gy0.Gy0 * vyl + 2Gy1. Gy0 * vyl = 2dE . GyO.

26x0.Gy1 * vx0 + 2Gx1.Gyl * vxd + 2.G6v0.Gyl * vy0 + 2GyL.Gyl *Fvyl =2d1 . Gyl

where, Gx0, Gx1, Gv0 and Gyl represents horizontal gradients for ref pic 0,
horizontal gradients for ref pic 1, vertical gradients for ref pic and vertical

gradients for ref pic 1 respectively. dI represents the difference between 2

24
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reference pictures. Summations (20} are inside of the predefined arca, which
could be an NxM block around current sample (for sample adjustment BDOF),
or around the current prediction subblock (for MV refinement BBOF).

Alternatively in a matrix format they may be written as:

'Soo Sor Soz  Soz vx0 Nt
S16. Su Sz Sz vxli {51
Sap 821 Sz2 Sp3 vv3{ T {s2
S3p S3p S3z2 S33 vyl S3

where the parameters in the matrix format is matched with the parameters in
the equations.
in oue example determinant general formula may be used to solve the above
linear equations.
In one example Gaussian elimination approach may be used to solve the above
linear equations.
In one example any other method, including mairix decomposition may be
used to solve the above linear equations.
In one exarople vkl may equal k*vx0 and vyl may equal k*vy0, and k may be
any real or integer number suchas -0.3,0,0.1,2,3, ...
i, In one example any nonlinear method may be used to derive and solve
the nonlinear equation.
in one example any weighted sum described in the previous sections may be
used for the summation.
In one example asymmetric BDOF may be applied for both BDOF MV
refinement as well as BDOF sample adjustment.
in one example asymmetric BDOF may be applied only for the BDOF MV
refinement.
In one example asymmetric BDOF may be applied only for the BDOF sample
adjusiment.
In one example, whether to and/or how to apply asymmetric BDOF may
depend on POC or at least one POC distance.
i. In one example, whether to and/or how to apply asymmetric BDOF
may depend on [POC ref0-POC cur] and/or POC refl-POC cur|,
wherein POC_ref0 and POC refl represent the POC of two reference

pictures and POC cur 1s the POC of the current picture.
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m. In one example, whether to and/or how to apply asymmetric BDOF may

n.

depend on BCW weights.
In one example, whether to and/or how to apply asymmetric BDOF may
depend on at least one template of the current block.
i. Furthermore, whether to and/or how to apply asymmetric BDOF may
depend on at feast one reference template of the template of the current

block.

On condition of applving BDOF and its combination with other tools

16. It is proposed BDOF and/or asymmetric BDOF (MV refinement or sample adjustment

or both)} may be used in combination or excluded with other tools.

d.

4o

In one exarople BDOF way be applied for the blocks coded with non-equal
BCW weight.
i. In one example BDOF may be applied with BCW weights from a
predefined set, such as {3}, or {3, 5} or {-1, 3}.
In one example BDOF may be applied for the blocks with both reference
pictures on the same side of the current frame.
in one example BDOF may be applied for the blocks with reference pictures
on the opposite side of the current frame.
1. In one example they may have the same distance to the current frame.
ii. In another example they may have different distance from the current
frame.
In one example the BDOF may be applied 1o combination with LIC.
i Alternatively, it may be off if block uses LIC.
In one example the BDOF may be applied in combination with OBMC.
1. Alternatively, it may be off if block uses OBMC.
in one example the BDOF may be applied in combination with CCIP.
i. Alternatively, it may be off if block uses CIIP.
In one example the BDOF may be applied in combination with SMVD.
i, Alternatively, it may be off if block uses SMVD.
In one example, BDOF DMVR or BDROF sample may be controlled separately.
For example, the BBOF DMVR is applied, but BDOF sample is not applied.

i. The controlling can be at sub-PU level, or at CU level, or at CTU level.

On merging subblocks with simiar MV before applving BDOF DMVR or BDOF samole
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17. It is proposed that multiple subblocks may share the same MV after/before a MV
refinernent process such as BDOF or DMVR.
a. In one example, it is proposed to check for similar MVs for neighboring

subblocks, and combining them before applying BDOF DMVR or BDOF

(¥ 4]

sample process.

b. In one example, multiple subblocks sharing the same MV may perform motion
compensation as a whole.

¢. In one example N1 neighbor subblocks in one row with similar MVs may be
merged.

10 i. NI may be any integer numbersuchas 2, 3,4, 10,

d. In one example N2 neighbor subblocks in one colurn with sumular MVe roay
be merged.

i, N2 may be any integer number such as 2, 3,4, 10, ..

e. In one example all the neighbor subblocks in one row till rth (first, second, ...}

J—
(941

round of the DMVR sub-PU boundaries, with similar MVs may be merged.
These sub-PU boundaries may happen every K pixel, where K may be any
integer number such as 8 16, 19,32, ...
f. In one example all the neighbor subblocks in one column il rth (first,
second, ..} round of the DMVR sub-PU boundaries, with similar MVs may be
20 merged. These sub-PU boundaries may happen every K pixel, where K may be
any integer number such as 8, 16, 19, 32, ...
g. In one example decision to merge row based or column based, may depend on
the block size width (W) and/or height (H).
1. In one example if W >= H, row-based merging approach may be used.
25 Gtherwise, column-based merging approach may be used.
i, Alternatively, if W < H, row-based merging approach may be used.
{Otherwise, column-based merging approach may be used.
h. In one example for each subblocks inside of a bigger MxN subblock, the MV

checking and merging process may be applied. M and N may be any integer

(8]
<

suchas 4, 5,10, 16,32, . .
1. In one example all 4x4 {or 8x8) subblocks inside of a 16x16 or 8x8 or
16x8 or 32x32 may be merged.
i1, In one exarople these M and N may be variable or may be fixed.

. In one example all the subblocks inside of a PU or CU may be merged.
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i. In one example, in all the above scenarios, subblocks with almost similar MVs
{and not necessarily identical} may be merged too. Almost similar criteria may
be defined as if the first order, or second order Euclidian distance of the MVs
are smaller than a threshold. The merged MV, may be the average, mode, . of
all the MVs. Or it could be center or top left or bottom right, or other position’s
MV,

k. Alternatively, furthermore, when two subblocks with similar motion, the
motion information of one or both subblocks may be modified before being
used such that the two subblocks will use the same motion for the preceding
operations.

t. In one example, when two motion use the same reference pictures and MVs
are similar {e.g., MV differences is smaller than a threshold), they are treated
as similar motions.

m. The above examples may be applied for each prediction direction.

1. Alternatively, they may be applied for all prediction directions together.

On parallelization. code optimization, and applving shifts for BDOFV

8. It is proposed to apply paraliclization for calculating BDOF parameters.
a. In one example all the related functions” SIMD implementation may be used.
b. In one example during caleulating the sum of the parameters for BDOF sample
{or DMVR}, K sums of samples’ sum at one iteration may be derived. K may
be any integer suchas 2, 3,4, 5,8, ...
¢. In one example the weighted sums, may be implemented as proper left shifts.
i. In one example multiplication with weight w i may be replaced with
feft shift of log2{1+w 1},
19 K 15 proposed to have several code optimizations for BDOF.
a. In one example BDOF DMVR parameters would not be calculated all the time.
its calculation may be delayed and be conditioned if it is actually needed.
i, In one example it will only be calculated if no BDOF sample is applied.
b. In one example BDOF sample parameters would not be calculated all the time.
Its calculation may be delaved and be conditioned if it is actually needed.
1. In one example it will only be calculated if BDOF DMVR stage,
resulted in no MV update.

i1, In one example it will ouly be caleulated if no BDOF DMVR is applied.
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In one example for the blocks with BDOF DMVR off, a different subblock
size may be used to check BDOF sample applying conditions.

i. In one example this new subblock size may be bigger or smaller than

the BDOF DMVR subblock size. It may be MxN, where M and N may

be any integer numbers. Here are some examples for MxN sizes: Ix2,

4x4, 4x38, 8x4, 8x8, ...

20. It is proposed to add shifts {(night or left} at different stage of BDOF parameter

derivation in order to remove noise, or avoid overflow, or reduce the bandwidth of the

data, or increase accuracy of the derived parameters.

a
b.

o

A shift operation may be a right shift or a left shift.

Aun offset may be added before and/or after the shifting operation.

The shifted results may be clipped to a range.

In one example the data may be shified by Shift] before/after calculating
gradients. Shift] maybe any right shift or left shift with any integer value such
as0, 1,3, 4,6, ...

in one example the data may be shifted by Shift2 before/after calculating
difference of luminance. Shift2 maybe any right shift or left shift with any
integer value such as 0, 1,3, 4, 6, ...

In one example the data may be shifted by Shift3 before/after multiplying the
gradients or luminance differences. Shift3 maybe any right shift or left shift
with any integer value such as 0, 1, 3,4, 6, ...

In one examuple the data may be shifted by Shiftd before/after calculating the
summation of the parameters. Shiftd maybe any right shift or left shift with any
integer value such s 0, 1,3, 4,6, ..

in one example the data may be shifted by Shitt5 before/after calculating the
determinants (multiplications of final parameters). ShiftS maybe any right shift
or left shift with any integer valuesuchas 0, 1,3, 4,6, ...

In one example the data may be shifted by Shifto before/atter calculating the
determinants’ division to get final scaled MV adjustment. Shift6 mavbe any
right shift or left shift with any integer value such as 0, 1,3, 4,6, ...

In one example the data may be shifted by Shift7 before/after calculating the
sample adjustment. Shift7 maybe any right shift or left shift with any integer

valuesuch as G, 1, 3,4, 6

PRI

in one example, the shift parameter may be dependent to the bit-depth.
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General aspects

21 In ove example, the division operation disclosed in the document roay be replaced by
non-division operations, which may share the same or similar logic to the division-

replacement logic in CCLM or CCCM.

5 22. Whether to and/or how to apply the methods described above may be dependent on
coded information.

a. In one example, the coded information may include block sizes and/or
temporal layers, and/or slice/picture types, colour component, et al.

23. Whether to and/or how to apply the methods described above may be indicated in the
10 bitstream.

a. The indication of enabling/disabling or which method to be applied may be
signalled at sequence level/group of pictures level/picture level/slice level/tile
group level, such as in sequence header/picture
header/SPS/VPS/DPS/DCYPPS/APS/slice header/tile group header.

15 b. The indication of cnabling/disabling or which method to be applied may be

signaled  at  PR/TB/CB/PU/TU/CU/NVPDU/CTU/CTU  row/slice/tile/sub-

picture/other kinds of region contain more than one sample or pixel.

[6969] More details of the embodiments of the present disclosure will be described
below which are related to a bi-directional optical flow (BDOF) process. The
20 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 10 any maunner,

[6078] As used 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

25 coding uait {(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 unit
comprising multiple samples/pixels, and/or the like. A block may be rectangular or non-
rectangular,

30 j6071} Fig 12 illustrates a flowchart of a method 1200 for video processing in
accordance with some embodiments of the present disclosure. The method 1200 may be
implemented during a conversion between a current video block of a video and a
bitstream of the video. As shown in Fig. 12, the method 1200 starts at 1202 where at
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least one subblock is determined for a current subblock of the current video block from

a plurality of subblocks of the current video block.

160721 In a first case, a motion vector {MV) of each of the at least one subblock and
an MV of the current subblock meet the foliowing coundition: the MV of each of the at
least one subblock is the same as the MV of the current subblock. In this case, only

subblock(s) that has the same MV as the current subblock is selected.

[8673] Iun a second case, the MV of each of the at least one subblock and the MV of
the current subblock meet the following condition: a difference metric between the MV
of each of the at least one subblock and the MV of the current subblock is smaller than a
threshold. In this case, in addition to the subblock(s) that has the same MV as the
current subblock, subblock(s) that has a MV similar to the current subblock may also be
selected. By way of example rather than limitation, the difference metric may comprise

a first order Euclidian distance, a second order Euclidian distance, or the like.

[6974] At 1204, a combined subblock is obtained by combining the at least one
subblock and the current subblock. For example, the at least one subblock and the
current subblock may be merged to obtain a new subblock that has a larger size.
Furthermore, the motion information for the combined subblock may be determined

based on motion wnformation of the at least one subblock and the current subblock.

[6875] For example, in the above-meuntioned first case, an MV of the combined
subblock may be the same as the MV of the current subblock. In the above-mentioned
second case, the MV of the combived subblock may be determived based on MVs of the
current subblock and the at ieast one subblock. In one example embodiment, the MV of
the combined subblock may be determined to be an average MV determined by
averaging MVs of the current subblock and the at least one subblock. In another
exarople embodiment, the MV of the combined subblock may be determined to be an
MYV that is the most frequently occurring MV in the MVs of the current subblock and
the at least one subblock. In a further example embodiment, the MV of the combined
subblock may be determined to be an MV of a subblock that is at a predetermined
position. By way of example rather than himitation, the predetermined position may be a
center position, a top left position, a bottom right position, and/or the like. 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.
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[6076] At 12006, the conversion is performed based on applying a bi-directional optical
flow (BDOF) process on the combined subblock. For example, the BDOF process may
be performed on the combined subblock to obtain at least one offset. That 1s, the BDOF
process is applied on the at least one subblock and the current subblock as a whole,
rather than being performed on each of the at ieast one subblock and the current

subblock. Furthermore, the conversion may be performed based the at least one offset,

166771 In some embodiments, the BDOF process may be a BDOF process for MV
refinement. In this process, for example, the at least one offset may be determined for

refintng the MV of a subblock. Altersatively, the BDOF process may be a BDOF

,
process for sample adjustment, which s also referred to as sampled-based BDOF. In
this process, for example, the at least one offset may be determined for adjusting one or
more samples in the subblock. It should be noted that the BDOF process may be
performed for several rounds. For example, the BDOF process may be performed as one
or more rounds of MV refinement process. By way of example rather than limitation,
during the MV refinement process, one or more rounds of decoder-side motion vector
refinement (DMVR) processes may be performed. Then, the BDOF process for MV
refinement may be performed for several rounds. Furthermore, one or more rounds of
BDOF process for sample adjustment may be performed. The proposed method may be

applied before at least one round of the BDOF process.

[6078] In some embodiments, the conversion may include encoding the current video
block into the bitstream. Alternatively or additionally, the conversion may include
decoding the current video block from the bitstream. It should be understood that the
above illustrations are described merely for purpose of description. The scope of the

present disclosure is not limited in this respect.

(80797 In view of the above, more than one subblocks with the same MV or simifar
MVs are combined, and the BDOF process is applied on the combined subblock, rather
than being applied on each of the more thao one subblocks individually. Compared with
the conventional solution where the BDOF process is applied on subblocks individually,
the proposed method can advantageously perform the BDOF process more efficiently.

Thereby, the coding efficiency can be improved.

160801 In some embodiments, the plurality of subblocks may comprise subblocks

neighboring to the current subblock. For example, adjacent and non-adjacent subblocks
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of the current subblock may be check for subblock(s) with the same MV as the current
subblock or subblock{(s) with an MV similar to the current subblock. In some
embodiments, a motion compensation may be applied on the combined subblock. For
example, a prediction may be determined for the combined subblock as a whole, based

on the motion informaiion determine for the combined subblock.

(6081} In some embodiments, the at least one subblock may comprise N neighboring
subblocks of the current subblock that are in the same row as the current subblock, and
N may be an integer. For example, N1 neighbor subblocks in one row with similar MVs

may be merged, N1 may be any integer number such as 2, 3, 4, 10, or the like.

{6082} In some embodiments, the at least one subblock may comprise M neighboring
subblocks of the current subblock that are in the same column as the current subblock,
and M may be an integer. For example, M1 neighbor subblocks in one column with
similar MVs may be merged. M1 may be any integer number such as 2, 3, 4, 10, or the

like.

[6083] In some embodiments, the at least one subblock may be within sub-prediction
unit (PU} boundaries of the i-th round of a decoder-side motion vector refinement
(DMVR) process, and 1 may be an integer, such as 1, 2 or the like. For example, only
subblocks within the same sub- PU boundaries are allowed to be combined. These sub-
PU boundaries may happen every K pixel, where K may be any integer number such as

8, 16, 19 32 or the like,

{0084} In some embodiments, whether the at least one subblock is in the same row as
the current subblock or in the same column as the current subblock may be dependent on
a size of the current video block. For example, if a width of the current video block 1s
larger than or equal to a height of the current video block, the at least one subblock may
be in the same row as the current subblock. That is, a row-based combination is
implemented, 1.e., only subblocks in the same row are allowed to be combined. If the
width is smaller than the height, the at least one subblock may be in the same column as
the current subblock. That is, a column-based combination is implemented, i.e, only

subblocks in the same column are allowed to be combined.
[0085) Alternatively, if a height of the current video block 1s larger than a width of the

current video block, the at least one subblock may be in the same row as the current

subblock. That is, a row-based combination is implemented. If the height is smaller
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than or equal to the width, the at least one subblock may be in the same column as the

current subblock. That is, a colurun-based combination is implemented.

160867 In some embediments, the plurality of subblocks is comprised in a subpartition
of the current video block that may be of a size larger than each of the plurality of
subblocks. For example, for each subblocks inside of a bigger MxN subblock, the MV
checking and merging process may be applied. M and N may be any integer such as 4, 3,
10, 16, 32, or the hike. This MxN subblock may be regard as a subpartition of the
current video block. The size of this subpartition may be variable or fixed. For example,
a size of the each of the plurality of subblocks may be 4 X 4, and the size of the
subpartition may be one of 16X 16, 8 X8, 16 X%, or 32X32. Alternatively, the size of
the each of the plurality of subblocks may be 8x8, and the size of the subpartition may
be one of 16x16, 16x8, or 32x32. It should be understood that the specific values
recited herein are intended to be exemplary rather than limiting the scope of the present

disclosure.

[606871 In some embodiments, the at feast one subblock may be allowed to comprise
all subblocks of the current video block. For example, all the subblocks inside of a PU

or a CU may be allowed to be merged.

[6088] In some embodiments, if the difference metric between an MV of a first
subblock and the MV of the current subblock is smaller than the threshold and a
reference picture for the first subblock may be the same as a reference picture for the
current subblock, motion information of at least one of the first subblock or the current
subblock may be meodified, such that a same motion information may be used for the

first subblock and the current subblock in a subsequent process.

160689} In some embodiments, the proposed method may be applied for at least one of
two prediction directions. For example, the two prediction directions comprise a
prediction direction corresponding to a first reference list (such as list LO or the like)
and a prediction direction corresponding to a second reference list (such as list L1 or the
like).

(80901 In some emwbodiments, the BDOF parameters used in the BDOF process may
be determined in parallel. For example, a plurality of functions related to the BDOF
process may be iroplemented based on a single instruction multiple data (SIMD) scheme.
The SIMD is a parallel processing technique that enables the execution of a single
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instruction on multiple data elements simultanecusly. Thereby, hardware-level
parallelism may be leveraged fo perform computations on arrays or vectors of data
efficiently. By way of example rather than himitation, a plurality of summation
operations may be performed at one iteration for determining a sum of BDOF
parameters. For example, instead of performing the summation operations in a one-by-
one manuner, the summation operations may be performed in parallel, such as in a four-
by-four manuer or the like. It should be understood that any other suitable parallel

processing technique may also be implemented.

[69%1] In some embodiments, a multiplication operation may be tmplemented with a
lett shift operation. For example, a multiplication with a weight w may be replaced with
a left shift of log2{i+w} Thereby, the muliiplication operation may be implemented

more etficiently.

160921 In some embodiments, one or more parameters used for the BDOF process for
MYV refinement may be determined based on a condition. For example, if the one or
more parameters are to be used, the one or more parameters may be determined.
Additionally or alternatively, if a BBOF process for sample adjustment is not applied,

the one or more parameters may be determined.

[6083] Similarly, one or more parameters used for the BDOF process for sample
adjustment may be determined based on a condition. For example, if the one or more
parameters are to be used, the one or more parameters may be determined. Additionally
or alternatively, if a BBOF process for MV refinement is not applied, the one or more
parameters may be determined. Additionally or alternatively, if a result of the BDOF
process for MV refinement indicates that MV update is not needed, the one or more

parameters may be determined.

{00941 Thereby, the parameters used for the BDOF process may be determined only
when they are actually needed, and thus the computation resource can be saved and the

coding efficiency can be improved.

[¢095] In some embodiments, a first subblock size used to determine whether a BDOF
process for MV refinement is to be applied may be different from a second subblock
size used to determive whether a BDOF process for sample adjustment is to be applied.
In one example, the second subblock size may be larger than the first subblock size.

Alternatively, the second subblock size ray be smaller than the first subblock size.
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[60%6] In some embodiments, a shift operation may be performed at one or more
stages for deterruining at least one BDOF parameter used in the BDOF process. In oue
example, the shift operation may comprise a right shift operation. The right shift
operation may be performed, so as to remove noise, avoid overflow, or reduce the
bandwidth of the data. In another example, the shift operation may comprise a left shift
operation. The left shift operation may be performed to increase accuracy of the derived

parameters.

160971 In addition, an offset may be added to an operand of the shift operation, and/or
a result of the chift operation. Additionally or alternatively, a result of the chift
operation may be clipped to a value range. By way of example, the value range may
comprise an upper limit and/or a lower himit, which is predetermined or indicated 1o the

bitstream.

[6098] In some embodiments, the shift operation may be performed before any stage
of parameter derivation, or during any stage of parameter derivation, or after any stage
of parameter derivation. By way of example, the shift operation may be performed on at
teast one of the following: an input for determining a gradient, an intermediate result for
determining the gradient, an cutput of determining the gradient, an input for determining
a difference of luminance, an intermediate result for determining the difference of
luminance, an output of determining the difference of luminance, an input for
determining a product of gradients, an intermediate result for determining the product of
gradients, an output of determining the product of gradients, an input for determining a
product of luminance differences, an intermediate result for determining the product of
luminance differences, an cutput of determining the product of fuminance differences,
an input for determining a summation of parameters, an intermediate result for
determining the summation of parameters, an output of determining the summation of
parameters, an input for determining a determinant, an intermediate result for
determining the determinant, an output of determining the determinant, an input for
determining a product of parameters, an intermediate result for determining the product
of parameters, an output of determining the product of parameters, an input for
determining a product of parameters, an intermediate result for determining the product
of parameters, an output of determining the product of parameters, an input for
performing a division of determinants, an intermediate result for performing the division

of determinants, an output of performing the division of determinants, an input for
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determining a sample adjustment, an intermediate result for determining the sample
adjustment, or an output of determining the sample adjustment. 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.

[6099] In some embodiments, 3 parameter of the shift operation may be dependent on
a bit-depth of the current video block. Alternatively, the parameter of the shift operation

may be indicated 1n the bitstream.

16168] For example, a right shift operation may be implemented, and an offset may be
added to a operand of the right shift operation. By way of example, a horizontal
gradient and a vertical gradient used for the BDOF process may be determined based on
the following:

g1

o
ax

(L) = (B2 wpwhp + 1@ +p. ) + AD) » BL

g1t

)= (Tng ypwup « 100, [ +p) + AZ) » B2,

where 1% (i, /) represents a sample value at coordinate (i, ) of a prediction signal of a
reference video block of the combined subblock tn a list k, k may be equal to 0 or 1,

af(kj
3x

(i, j) represents a value for the horizontal gradient at coordinate (i, j} of a prediction

: - . . . . TGO
signal of a reference video block of the combined subblock in a list k --5;-"{.1.,})

represents a value for the vertical gradient at coordinate (i, ) of a prediction signal for a
reference video block of the combined subblock in a list k, whp represents a weight for a
sample at coordinate (i +p, /), wvp represents a weight for a sample at coordinate
(i, +p), and each of Na, Nb, Al, B1, A2 and B2 represenis an integer. By way of
example rather than limitation, Al may be equal to 0 or I<<(B1-1), and A2 may be

equal t0 0 or I<<(B2-1).

[¢16%] In some embodiments, a size of the current subblock may be dependent on the
number of samples comprised in the current video block. For example, if the number of
samples comprised in the current video block is within a specific value range, the size of

the current subblock may be equal to a size corresponding to the specific value range.

[6182] Alternatively, the size of the current subblock may be dependent on a width

and a height of the current video block. For example, if the width and the height of the
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current video block is within a specific value range, the size of the current subblock may

be equal to a size corresponding to the specific value range.

161631 In some further embodiments, the size of the current subblock may be
dependent on a coding tool applied to the current video block., In some still further
embodiments, the size of the current subblock may be dependent on a temporal layer of
the current video block or a reference video block of the current video block. For
example, if the temporal layer is within a specific value range, the size of the current

subblock may be equal to a size corresponding to the specific value range.

[61064] In some embodiments, a subblock size for a luma block or a chvoma block of
the current video block may be dependent on at least one of the following: a size of a
current prediction unit (PU) comprising the current video block, a size of a current
coding unit (CU) comprising the current video block, a characteristic of a plurality of
reference video blocks of the current video block, a similarity of a plurality of predictors
from the plurality of reference video blocks, a distribution of difference between a
plurality of predictors from the plurality of reference video blocks, a temporal gradient
of the plurality of reference video blocks, a spatial gradient of the plurality of reference
video blocks, a prediction type, an adjustment value determined in a first pass of a
multi-pass decoder side motion vector refinement (BMVR), an adjustment value
determined in a second pass of the multi-pass DMVR, a sequence resolution, a color
component of the current video block, a color format of the current video block, coded
information of the current video block, information of at least one prediction block of
the current video block, or a value of a quantization parameter (QP) associated with the
current video bleck. It should be understood that the above examples are described
merely for purpose of description. The scope of the present disclosure 1s not limited in

this respect.

{01651 In one example embodiment, the coded information may comprise residual
information, a coding tool applied to the current video block, and/or the like.
Additionally or alternatively, the at least one prediction block may comprise a plurality
of prediction blocks from a plurality of reference picture lisis (such as, listO, listl,
and/or the like) of the current video block. In addition, the information of at least one
prediction block may comprise characteristics of the at least one prediction block, size
of the at least one prediction block, and/or the like. Furthermore, the quantization

parameter associated with the current video block may comprise a quantization
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parameter of the current video block, a quantization parameter of a current coding unit
(CU) comprising the current video block, a quantization parameter of a current slice
comprising the current video block, a quantization parameter of a sequence comprising

the current video block, or the like,

[61686] In some embodiments, a subblock size for a chroma block of the current video
block may be determined based on a subblock size for a luma block of the current video
block and at least one of the following: a color format of the current video block, or

information regarding whether separate plane coding enabled for the current video block.

[6187] In some embodiments, a BDOF process for MV refinement and a BDOF
process for sampie adjustment may be controlled separately. For example, the BDOF
process for MV refinement may be applied, while the BDOF process for sample
adjustment 1s not applied.  Alternatively, the BDOF process for sample adjustment may
be applied, while the BDOF process for MV refinement is not applied. For example, the
controlling may be performed at a sub-PU level, a coding unit (CU) level, a coding iree

unit (CTU) level, and/or the like.

(01881 In view of the above, the solutions in accordance with some embodiments of

the present disclosure can advantageously improve coding efficiency and coding quality.

[6169] According to further embodiments of the present disclosure, a non-transitory
computer-readable recording medium is provided. The non-transitory computer-readable
recording medium stores a bitstream of a video which is generated by a method
performed by an apparatus for video processing. In the method, at least one subblock is
determined for a current subblock of a current video block of the video from a plurality
of subblocks of the current video block. A motion vector (MV) of each of the at leasi
one subblock and an MV of the current subblock meet one of the following conditions:
the MV of each of the at least one subblock is the same as the MV of the current
subblock, or a difference metric between the MV of each of the at least one subblock
and the MV of the current subblock is smaller than a threshold. Furthermore, a
combined subblock is obtained by combining the at least oue subblock and the current
subblock. The bitstream is generated based on applying a bi-directional optical flow

(BIDOF) process on the combined subblock.

10810} According to still further embodiments of the present disclosure, a methed for

storing bitstream of a video is provided. In the method, st least one subblock is
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determined for a current subblock of a current video block of the video from a plurality
of subblocks of the current video block. A motion vector (MV) of each of the at least
one subblock and an MV of the current subblock meet one of the following conditions:
the MV of each of the at least one subblock is the same as the MV of the current
subblock, or a difference metric between the MY of each of the at least one subblock
and the MV of the current subblock i1s smaller than a threshold. Furthermore, a
combined subblock is obtained by combining the at least one subblock and the current
subblock. The bitstream is generated based on applving a bi-directional optical flow
{BDOF) process on the combined subblock, and stored in a non-transttory computer-

readable recording medium.

(6111} Twplemeniations of the present disclosure can be described in view of the

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

[6112] Clawse |. A method for video processing, comprising: determining, for a
conversion between a current video block of a video and a bitstream of the video, ag
least one subblock for a current subblock of the current video block from a plurality of
subblocks of the current video block, a motion vector (MV) of each of the at least one
subblock and an MV of the current subblock meet one of the following conditions: the
MV of each of the at least one subblock is the same as the MY of the current subblock,
or a difference metric between the MV of each of the at least one subblock and the MV
of the current subblock is smaller than a threshold, obtaining a combined subblock by
combining the at least one subblock and the current subbiock; and performing the
conversion based on applying a bi-directional optical flow (BDOF) process on the

combined subblock.

[6313] Clause 2. The method of clause I, wherein the difference metric comprises a

first order Euclidian distance or a second order Euclidian distance.

{6114} Clause 3. The method of any of clauses 1-2, wherein if the MV of each of the
at least one subblock is the same as the MV of the current subblock, an MV of the
combined subblock is the same as the MV of the current subblock, or if the difference
metric is smaller than the threshold, the MV of the combined subblock is determined

based on MVs of the current subblock and the at [east one subblock.

[6115] Clause 4 The method of any of clauses 1-3, wherein if the difference metric is

smaller than the threshold, the MV of the combined subblock is determined to be one of

194
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the following: an average MV determined by averaging MVs of the current subblock and
the at least one subblock, an MV that is the most frequently occurring MV in the MVs of
the current subblock and the at least one subblock, or an MV of a subblock that is at a

predetermined position.

{6316} Clawse 5 The method of clause 4, wherein the predetermined position
comprises one of the following: a center position, a top left position, or a bottom right

position,

16117} Clause 6. The method of any of clauses 1-5, wherein the BDOF process is a

BDOF process for MV refinement or a BDOF process for sample adjustment.

(6318} Clause 7. The method of clause 6, wherein the BDOF process is one round of a

MYV refinement process.

16119} Clause 8. The method of any of clauses 1-7, wherein the plurality of subblocks

comprises subblocks neighboring to the current subblock.

[6120] Clawse 9 The rethod of any of clanses 1-8, wherein a motion compensation is

applied on the combined subblock.

(6121} Clause 10. The method of any of clauses 1-9, wherein the at least one subblock
comprise N neighboring subblocks of the current subblock that are in the same row as

the current subbiock, and N is an integer.

16122} Clawse 11, The method of any of clauses 1-10, wherein the at least one
subblock comprise M neighboring subblocks of the current subblock that are in the same

column as the current subblock, and M is an integer.

1612317 Clause 12. The method of any of clauses 10-11, wherein the at least one
subblock is within sub-prediction unit {PU) boundaries of the i-th round of a deceder-

stde motion vector refinement (BMVR) process, and 1is an integer.

[6124] Clause 13. The method of any of clauses 1-12, wherein whether the at least one
subblock s in the same row as the current subblock or in the same column as the current

subblock is dependent on a size of the current video block.

1612387 Clause 14. The method of clause 13, wherein if 2 width of the current video
block is larger than or equal to a height of the current video block, the at least oue

subblock is in the same row as the current subblock, or if the width is smaller than the
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height, the at least one subblock is in the same column as the current subblock.

[0126] Clause 15 The method of clause 13, wherein if a height of the current video
block is farger than a width of the current video block, the at least one subblock is in the
same row as the current subblock, or if the height 18 smaller than or equal to the width,

the at least one subblock is in the same column as the current subblock.

(61271 Clause 16. The method of any of clauses 1-15, wherein the plurality of
subblocks are comprised in a subpartition of the current video block that is of a size

larger than cach of the plurality of subblocks.

[6128] Clause 17. The method of clause 14, wherein a size of the each of the plurality
of subblocks 18 4 X4, and the size of the subpartition is one of 16 X 16, 8 X &, 16 X§&, or
32X 32, or the size of the each of the plurality of subblocks is §x8, and the size of the

subpartition 1s one of 16x16, 16x8, or 32x32.

[6129] Clause 18, The method of any of clauses 16-17, wherein the size of the

subpartition is variable or fixed.

(61301 Clause 19 The method of any of clauses 1-18, wherein the at least one

subblock is allowed to comprise all subblocks of the current video block.

10131} Clause 20 The method of any of clauses 1-19, wherein if the difference metric
between an MV of a first subblock and the MV of the current subblock 18 smaller than
the threshold and a reference picture for the first subblock is the same as a reference
picture for the current subblock, motion information of at least oue of the first subblock
or the current subblock 1s modified, such that 2 same motion information 1s used for the

first subblock and the current subblock in a subsequent process.

[6832] Clause 21. The method of any of clauses 1-20, wherein the method is applied

for at least one of two prediction directions.

[0833] Clause 22, The method of clause 21, wherein the two prediction directions
comprise a prediction direction corresponding to a first reference list and a prediction

direction corresponding to a second reference list.

[6134] Clause 23. The method of any of clauses 1-22, wherein BDOF parameters used

in the BDOF process are determined in parallel
[03135] Clause 24. The method of any of clauses 1-23, wherein a plurality of functions
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related to the BDOF process are implemented based on a single instruction multiple data

{(SIMID) scheme.

161367 Clause 25. The method of any of clauses 1-24, wherein a plurality of
summation operations are performed at one iteration for determiming a sum of BDOF

parameters.

(61371 Clause 26. The method of any of clauses 1-25, wherein a multiplication

operation 1s implemented with a left shift operation.

161387 Clause 27. The method of clause 26, wherein a multiplication with a weight w

is replaced with a left shift of log2{1+w).

[613%] Clause 28. The method of any of clauses 1-27, wherein one or morg parameters

used for the BDOF process for MV refinement are determined based on a condition.

(01407 Clause 29. The method of clause 28, wherein if the one or more parameters are
to be used, the cne or more parameters are determined, or if a BDOF process for sample

adjustment is not applied, the one or more parameters are determined.

[6141] Clause 30. The method of any of clauses 1-29, wheretn one or more parameters

used for the BDOF process for sample adjustment are determined based on a condition.

0842} Clause 31. The method of clause 30, wherein 1f the one or more parameters are
to be used, the one or more parameters are determined, or if a BDOF process for MV
refinement is not applied, the one or more parameters are determined, or if a result of
the BDOF process for MV refinement indicates that MV update is not needed, the one or

more parameters are determined.

16143} Clause 32. The method of any of clauses 1-31, wherein a first subblock size
used to determine whether a BDOF process for MV refinement is to be applied is
different from a second subblock size used to determine whether a BDOF process for
sample adjustment is to be applied.

(6144} Clause 33. The method of clause 32, wherein the second subblock size is larger

than the first subblock size, or the second subblock size is smaller than the first

subblock size.

[61458] Clawse 34, The method of any of clauses 1-33, wherein a shift operation is

performed at one or more stages for determining at least one BDOF parameter used in

A
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the BDOF process.

[0146] Clause 35, The method of clause34, wherein the shift operation comprises a

right shift operation or a left shift operation.

16147} Clause 36. The method of any of clauses 34-353, wherein an offset is added to
at least one of the following an operand of the shift operation, or a result of the shift

operation.

10148} Clause 37. The method of any of clauses 34-36, wherein a vesult of the shift

operation is clipped to a value range.

16149} Clause 38. The method of any of clauses 34-37, wherein the shift operation is
performed on at least one of the following: an input for determining a gradient, an
intermediate result for determining the gradient, an output of determining the gradient,
aun input for determining a difference of luminance, an intermediate result for
determining the difference of luminance, an output of determining the difference of
luminance, an input for determining a product of gradients, an intermediate result for
determining the product of gradients, an output of determining the product of gradients,
an input for determining a product of huminance differences, an intermediate result for
determining the product of luminance differences, an output of determining the product
of luminance differences, an input for determining a summation of parameters, an
intermediate result for determining the summation of parameters, an output of
determining the summation of parameters, an input for determining a determinant, an
intermediate result for determining the determinani, an output of determining the
determinant, an input for determining a product of parameters, an intermediate result for
determining the product of parameters, an output of determining the product of
parameters, an input for determining a product of parameters, an intermediate result for
determining the product of parameters, an output of determining the product of
parameters, an input for performing a division of determinants, an intermediate result
for performing the division of determinants, an output of performing the division of
determinants, an input for determining a sample adjustment, an intermediate result for

determining the sample adjustment, or an output of determining the sample adjustment.

i6138] Clause 39 The method of any of clauses 34-38, wherein a parameter of the

shift operation is dependent on a bit-depth of the current video block.
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(6151} Clause 40. The method of any of clauses 1-39, wherein a horizontal gradient
and a vertical gradient used for the BDOF process are determined based on the
following:

31

dx

() = (ENE _ypwhp « I +p,f) + A1) » B1,

(k) ; YT -
ig‘““(i;j) = (TNa _owup « I900, j +p)y + 42) » B2,
dy K

wherein 7%, J) represents a sample value at coordinate ({, f) of a prediciion signal of a

- ¥1¢9]

reference video block of the combined subblock inalistk, kisequalto Qor 1, 13_'5;_" (i, 5)

represents a value for the horizontal gradient at coordinate (i, j) of a prediction signal of

. . . . . ar’ks .o
a reference video block of the combined subblock 1o a list k, = (i,]) represents a value

for the vertical gradient at coordinate (i,7) of a prediction signal for a reference video
block of the combined subblock in a list k, whp represents a weight for a sample at
coordinate (I + p, ), wvp represents a weight for a sample at coordinate (I, + p), and

each of Na, Nb, Al, B1, A2 and B2 represents an integer.

[6152] Clause 41. The method of clause 40, wherein Al is equal to 0 or I<<(B1-1),
and A2 is equal to O or 1<<{(B2-1}.
(61531 Clause 42. The method of any of clauses 1-41, wherein 3 size of the current

subblock is dependent on the number of samples comprised in the current video block.

i6184] Clause 43 The method of clause 42, wherein if the number of samples
comprised in the current video block is within a value range, the size of the current

subblock is equal to a size corresponding to the value range.

[0185] Clause 44. The method of any of clauses 1-41, wherein a size of the current

subblock is dependent on a width and a height of the current video block.

[61586] Clause 45 The method of clause 44, wherein if the width and the height of the
current video block are within a value range, the size of the current subblock 1s equal to

a size corresponding to the value range.

[06137] Clause 46. The method of any of clauses 1-45, wherein a size of the current

subblock is dependent on a coding tool applied to the current video block.
[61588] Clause 47. The method of any of clauses 1-46, whergin a size of the current
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subblock is dependent on a temporal layer of the current video block or a reference

video block of the current video block.

1615897 Clause 48. The method of clause 47, wherein if the temporal layer is within a
value range, the size of the current subblock is equal to a stze corresponding to the value

range.

(6160} Clause 49 The method of any of clauses 1-48, wherein a subblock size for a
turna block or a chroma block of the current video block is dependent on at least one of
the following: a size of a current prediction unit {PU) comprising the current video
block, a size of a current coding unit {CU) comprising the current video block, a
characteristic of a plurality of reference video blocks of the current videe block, a
similarity of a plurality of predictors from the plurality of reference video blocks, a
distribution of difference between a plurality of predictors from the plurality of
reference video blocks, a temporal gradient of the plurality of reference video blocks, a
spatial gradieni of the plurality of reference video blocks, a prediction type, an
adjustment value determined in a first pass of a multi-pass decoder side motion vector
refinement (BMVR), an adjustment value determined in a second pass of the multi~pass
DMVR, a sequence resolution, a color component of the current video block, a color
format of the current video block, coded information of the current video block,
information of at least one prediction block of the current video block, or a value of a

guantization parameter {(QP) associated with the current video block.

{6161} Clause 50. The method of any of clauses 1-48, wherein a subblock size for a
chroma block of the current video block is determined based on a subblock size for a
luma block of the current video block and at least one of the following: a color format of
the current video block, or information regarding whether separate plane coding enabled

for the current video block.

{81621 Clause 51. The method of any of clauses 1-50, wherein a BDOF process for

MYV refinement and a BDOF process for sample adjustment are controlled separately.

(6363} Clause 52. The method of clause 51, wherein the BDOF process for MV

refinement is applied and the BDOF process for sample adjustment is not applied.

164} Clause 53, The method of any of clauses 51-52, wherein the controlling is

performed at one of the following: a sub-PU level, a coding unit {(CU) level, or a coding
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tree unit (CTU) level.

[0165] Clause 54. The method of any of clauses 1-53, wherein the conversion includes

encoding the current video block into the bitstream.

[6166] Clause 55 The method of any of clauses 1-33, wherein the conversion includes

decoding the current video block from the bitstream.

[6167] Clause 56. 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 perforny a method in accordance with

any of clauses 1-55.

j6168] Clause 57. A gon-transitory computer-readable storage medium  storing
instructions that cause a processor to perform a method in accordance with any of

clauses 1-55

i8169] Clause 58. A non-transitory computer-readable recording medium storing a
bitstrearn of 4 video which is geverated by a rethod performed by an apparatus for
video processing, wherein the method comprises: determining at least ong subblock fora
current subblock of a current video block of the video from a plurality of subblocks of
the current video block, a motion vector {(MV} of each of the at least one subblock and
an MV of the current subblock meet one of the following conditions: the MV of each of
the at least one subblock is the same as the MV of the current subblock, or a difference
metric between the MV of each of the at least one subblock and the MV of the current
subblock is smaller than a threshold; obtaining a combined subblock by combining the
at least one subblock and the current subblock; and generating the bitstream based on

applying a bi-directional optical flow (BDOF) process on the combined subblock.

[637¢] Clause 59 A method for storing a bitstream of a video, comprising:
determining at least one subblock for a current subblock of a current video block of the
video from a plurality of subblocks of the current video block, a motion vector (MV} of
each of the at least one subblock and an MV of the current subblock meet one of the
following conditions: the MV of cach of the at least one subblock 15 the same as the MV
of the current subblock, or a difference metric between the MV of each of the at least
one subblock and the MV of the current subblock is smaller than a threshold; obtaining a

combined subblock by combining the at least one subblock and the current subblock;
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and generating the bitstream based on applying a bi-directional optical flow (BDOF)
process on the combined subblock, and storing the bitstrearm in a non-traository

computer-readable recording medium.

Example Device

[6371] Fig. 13 illustrates a block diagram of a computing device 1300 in which
vartous embodiments of the present disclosure can be implemented. The computing
device 1300 may be imaplemented as or included in the source device 110 (or the video

encoder 114 or 200) or the destination device 120 {or the video decoder 124 or 300).

168721 It would be appreciated that the computing device 1300 shown in Fig. 13 1s
merely for purpose of itllustration, without suggesting any limitation to the functions and

scopes of the embodiments of the present disclosure in any manner,

{6373} As shown in Fig. 13, the computing device 1300 includes a general-purpose
computing device 1300, The computing device 1300 mway at least comprise one or more
processors or processing units 1310, a memory 1320, a storage umt 1330, one or more
communication units 1340, one or more input devices 1350, and one or more output

devices 1360

(6174} In some embodiments, the computing device 1300 may be implemented as any
user terminal or server terminal having the computing capability. The server terminal
may be a server, g large-scale computing device or the like that is provided by a service
provider. The user terminal may for example be any type of mobile terminal, fixed
terminal, or portable terminal, including a mobile phone, station, unmit, device,
multimedia computer, multimedia tablet, Internet node, communicator, desktop
computer, laptop computer, notebook computer, netbook computer, tablet computer,
personal communication system (PCS) device, personal navigation device, personal
digital assistant (PDA), audio/video player, digital camera/video camera, positioning
device, television receiver, radio broadcast receiver, E-book device, gaming device, or
any combination thereof, including the accessories and peripherals of these devices, or
any combination thereof. It would be contemplated that the computing device 1300 can

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

{6375} The processing unit 1310 may be a physical or virtual processor and can

implement various processes based on programs stored in the memory 1320, In a multi-
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processor system, multiple processing units execute computer executable instructions in
parallel so as to improve the parallel processing capability of the computing device 1300,
The processing unit 1310 may also be referred to as a central processing unmt {CPU), a

microprocessor, a controller or a microcontroller.

[6176] The computing device 1300 typically includes various computer storage
medium. Such medium can be any medium accessible by the computing device 1300,
including, but not limited to, volatile and non-volatile medium, or detachable and non-
detachable medium. The memory 1320 can be a volatile memory (for example, a register,
cache, Random Access Memory (RAM}), a non-volatile moemory (such as a Read-Only
Memory (ROM), Electrically Frasable Programmable Read-Only Memory (EEPROM),
or a flash memory), or any combivnation thereof. The storage unit 1330 may be any
detachable or non-detachabie medium and may include a machine-readable medium
such as a memory, flash memory drive, magnetic disk or another other media, which can
be used for storing information and/or data and can be accessed in the computing device

1306,

i6177} The computing device 1300 may further include additional detachable/non-
detachable, volatile/non-volatile memory medium. Although not shown in Fig. 13, it is
possible to provide a magnetic disk drve for reading from and/or writing into a
detachable and non-volatile magnetic disk and an optical disk drive for reading from
and/or writing into a detachable non-volatile optical disk. In such cases, each drive may

be connected to a bus {not shown} via one or more data medium interfaces.

[6178] The communication unit 1340 communicates with a further computing device
via the communication medium. In addition, the functions of the components in the
computing device 1300 can be implemented by a single computing cluster or multiple
computing machines that can communicate via communication connections. Therefore,
the computing device 1300 can operate in a networked environment using a logical
connection with one or more other servers, networked personal computers {PCs) or

further general network nodes.

(61791 The input device 1350 may be one or more of a variety of input devices, such
as a mouse, kevboard, tracking ball, voice-input device, and the like. The output device
1360 may be one or more of 3 variety of output devices, such as a display, loudspeaker,

printer, and the like. By means of the communication unit 1340, the computing device
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1300 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
interact with the computing device 1300, or any devices {(such as a network card, a
modem and the like) enabling the computing device 1300 to communicate with one or
more other computing devices, if required. Such communication can be performed via

input/output (I/Q) interfaces {not shown).

{6188] In some embodiments, instead of being integrated in a single device, some or
all components of the computing device 1300 may also be arranged in cloud computing
architecture. In the cloud computing architecture, the components may be provided
remotely and work 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
vartous embodiments, the cloud computing provides the services via a wide area
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 & server at a remote position. The computing resources in the cloud computing
environment may be merged or distributed at locations in a remote data center. Cloud
computing infrastructures may provide the services through a shared data center, though
they behave as a single access point for the users. Therefore, the cloud computing
architectures may be used to provide the components and functionalities described
herein from a service provider at a remote location. Alternatively, they may be provided

from a conventional server or insialied directly or otherwise on a client device.

{0181} The computing device 1300 may be used to implement video
encoding/decoding in embodiments of the present disclosure. The memory 1320 may
include one or more video coding modules 1325 having one or more program
instructions. These modules are accessible and executable by the processing unit 1310 to
perform the functionalities of the various embodiments described herein.

161821 In the example embodiments of performing video encoding, the input device
1350 may receive video data as an input 1370 o be encoded. The video data may be
processed, for example, by the video coding module 1325, to generate an encoded
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bitstream. The encoded bitstream may be provided via the output device 1360 as an

ouiput 1380,

{6183} In the example embodiments of performing video decoding, the input device
1350 may receive an encoded bitstream as the input 1370, The encoded bitstream ruay
be processed, for example, by the video coding module 1325, to generate decoded video
data. The decoded video data may be provided via the cutput device 1360 as the output

1380,

{0184] While this disclosure has been particularly shown and described with
references to preferred embodimenis thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without departing
from the spirit and scope of the present application as defined by the appended claims,
Such variations are intended to be covered by the scope of this present application. As
such, the foregoing description of embodiments of the present application is not

intended to be limiting.
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I/We Claim:

1. A method for video processing, comprising:
determining, for a conversion between g current video block of a video and a bitsiream
of the video, at least one subblock for a current subblock of the current video block from a
plurality of subblocks of the current video block, a motion vector (MV} of each of the at least
one subblock and an MYV of the current subblock meet one of the following conditions:
the MV of each of the at least one subblock is the same as the MV of the
current subblock, or
a difference metric between the MV of each of the at least one subblock and
the MV of the current subblock 1s smaller than a threshold;
obtaining a combined subblock by combining the at least one subblock and the current
subblock; and
performing the conversion based on applying a bi-directional optical flow (BDOF)

process on the combined subblock.

2. The method of claim 1, wherein the difference metric comprises a first order

Fuclidian distance or a second order Buclidian distance.

3. The method of any of claims 1-2, wheretn if the MV of each of the at least one
subblock is the same as the MV of the current subblock, an MV of the combined subblock is
the same as the MV of the current subblock, or

if’ the difference metric is smaller than the threshold, the MV of the combined

subblock 15 determined based on MVs of the current subblock and the at least one subblock.

4. The method of any of claims 1-3, wherein if the difference metric 1s smaller than the
threshold, the MV of the combined subblock is determined to be one of the following:

an gverage MV determined by averaging MVs of the current subblock and the at least
one subblock,

an MV that is the most frequently occurring MV in the MVs of the current subblock
and the at least one subblock, or

an MV of a subblock that is at a predetermined position.
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5. The method of claim 4, wherein the predetermined position comprises one of the
following:

a center position,

a top left position, or

a bottom right position.

6. The method of any of claims 1-5, wherein the BDOF process i1s a BDOF process for

MYV refinement or a BDOF process for sample adjustment.

7 The method of claim 6, wherein the BDOF process is one round of a MV

refinement process.

8. The method of any of claims 1-7, wherein the plurality of subblocks comprises

subblocks neighboring to the current subblock.

o. The method of any of claims 1-8, wherein a motion compensation is applied on the

combined subblock.

10. The method of any of claims 1-9, wherein the at least one subblock comprise N
neighboring subblocks of the current subblock that are in the same row as the current

subblock, and N is an integer.

11. The method of any of claims 1-10, wherein the at least one subblock comprise M
neighboring subblocks of the current subblock that are in the same column as the current

subblock, and M is an integer.

12. The method of any of claims 10-11, wherein the at least one subblock is within
sub-prediction unit (PU) boundaries of the i-th round of a decoder-side motion vector

refinement (DMVR) process, and i 1s an integer.

13. The method of any of claims 1-12, wherein whether the at least one subblock 15 in
the same row as the current subblock or in the same column as the current subblock is

dependent on a size of the current video block.
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14, The method of claim 13, wherein if a width of the current video block is larger
than or equal to a height of the current video block, the at least one subblock 1s in the same
row as the current subblock, or

if the width is smaller than the height, the at least one subblock is in the same column

as the current subblock.

15, The method of claim 13, wherein if a height of the current video block is larger
than a width of the current video block, the at least one subblock is in the same row as the
current subblock, or

if the height is smaller than or equal to the width, the at least one subblock is in the

same column as the current subblock

16. The method of any of claims 1-15, wherein the plurality of subblocks are
comprised in a subpartition of the current video block that is of a size larger than each of the

plurality of subblocks.

17. The method of claim 16, wherein a size of the each of the plurality of subblocks is
444, and the size of the subpartition is one of 16X 16, 8 X8, 16 X8, or 32X 32, or
the size of the each of the plurality of subblocks 15 §#8, and the size of the subpartition

is one of 16x16, 16x8, or 3232

1€ The method of any of claims 16-17, wherein the size of the subpartition is variable

or fixed.

19. The method of any of claims 1-18, wherein the at least one subblock is allowed to

comprise all subblocks of the eurrent video block.

20. The wethod of any of clatms 1-19, wheretn if the difference metric between an
MY of a first subblock and the MV of the current subblock is smaller than the threshold and a
reference picture for the first subblock is the same as a reference picture for the current
subblock, motion information of at least one of the first subblock or the current subblock is
modified, such that g same motion information is used for the first subblock and the current

subblock in a subsequent process.
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21. The method of any of claims 1-20, wherein the method is applied for at least one

of two prediction directions.

22, The method of claim 21, wherein the two prediction directions comprise a
prediction direction corresponding to a first reference list and a prediction direction

corresponding to a second reference list.

23. The method of any of claims 1-22, wherein BDOF parameters used in the BDOF

process are determined in parallel.

24. The method of any of claims 1-23, wherein a plurality of functions related to the

BDOF process are implemented based on a single instruction multiple data (SIMD) scheme.

25. The method of any of claims 1-24, wherein a plurality of summation operations are

performed at one iteration for determining a sum of BDOF parameters,

26. The method of any of claims 1-25, wherein a multiplication operation 18

implemented with a left shift operation.

27. The method of claim 26, wherein a multiplication with a weight w is replaced with

a left shift of tog2{1+w}.

28. The method of any of claims 1-27, wherein one or more parameters used for the

BDOF process for MV refinement are determoined based on a condition.

29. The method of claim 28, wherein if the one or more parameters are to be used, the
one or more parameters are determined, or
if a BDOF process for sample adjustment is not applied, the one or more parameters

are determined.

30. The method of any of claims 1-29, wheretn one or more parameters used for the

BDOF process for sample adjustment are determined based on a condition.
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31. The method of claim 30, wherein if the one or more parameters are to be used, the
one or more parameters are determined, or

if a BDOF process for MV refinement is not applied, the one or more parameters are
determined, or

if a result of the BDOF process for MV refinement indicates that MV update is not

needed, the one or more parameters are determined.

32. The method of any of claims 1-31, wherein a first subblock size used to determine
whether a BDOF process tor MV refinement is to be applied is different from a second
subblock size used to determine whether a BDOF process for sample adjustment is to be

applied.

33 The method of claim 32, wherein the second subblock size is larger than the first
subblock size, or

the second subblock size 1s smaller than the first subblock size.

34. The method of any of claims 1-33, wherein a shift operation is performed at one or

more stages for determining at least one BDOF parameter used in the BDOF process.

35 The method of claim34, wherein the shift operation comprises a right shift

operation or a left shift operation.

36. The method of any of claims 34-35, wherein an offset is added to at least one of
the following:
an operand of the shift operation, or

a result of the shift operation.

37 The method of any of claims 34-36, wherein a result of the shift operation is

clipped to a value range.

38. The method of any of claims 34-37, wherein the shift operation is performed on at
least one of the following:
an input for determining a gradient,

an intermediate result for determining the gradient,
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an output of determining the gradient,

an input for determining a difference of luminance,

an intermediate result for determining the difference of luminance,
an output of determining the difference of luminance,

an input for determining a product of gradients,

an intermediate result for determining the product of gradients,

an output of determining the product of gradients,

an input for determining a product of luminance differences,

an intermediate result for determining the product of luminance ditferences,
an output of determining the product of luminance differences,

an wnput for determining a sununation of parameters,

an intermediate result for determining the summation of parameters,
an output of determining the summation of parameters,

an input for determining a determinant,

an intermediate resuli for determining the determinant,

an output of determining the determinant,

an input for determining a product of parameters,

an intermediate result for determining the product of parameters,
an output of determining the product of parameters,

an input for determining a product of parameters,

an intermediate result for determining the product of parameters,
an output of determining the product of parameters,

an input for performing a division of determinants,

an intermediate result for performing the division of determinants,
an output of performing the division of determinants,

an input for determining a sample adjustment,

an intermediate result for determining the sample adjustment, or

an output of determining the sample adjustment.

39. The method of any of claims 34-38, wherein a parameter of the shift operation is

dependent on a bit-depth of the current video block.

40. The method of any of claims 1-39, wherein a horizontal gradient and a vertical

gradient used for the BDOF process are determined based on the following:



10

20

B
(4]

30

WO 2024/206162 PCT/US2024/021180

2

(& 7 LN s . .
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dx p=

ﬂl(k)

5 () = (T2 Ly wop » 196+ p) + A2) » B2,

wherein [0 (i, j) represents a sample value at coordinate (i,j) of a prediciion signal of a
reference video block of the combined subblock in a list k, k 1s equal t0 0 or 1, igi(i, i)
represents a value for the horizontal gradient at coordinate (I, j) of a prediction signal of a
reference video block of the combined subblock in a list k, 2'}'7'(5"' (i, j) represents a value for the
vertical gradient at coordinate (i, /) of a prediction signal for a reference video block of the
combined subblock in a list k, whp represents a weight for a sample at coordinate (i + p, j),
wvp represents a weight for a sample at coordinate (7, j + p), and each of Na, Nb, Al Bl A2

and B2 represents an integer.

41. The method of claim 40, wherein Al is equal to 0 or 1<<(B1-1}, and A2 is equal to
0 or 1<<{B2-1).

42, The method of any of claims 1-41, wherein a size of the current subblock 1s

dependent on the number of samples comprised in the current video block.

43. The method of claim 42, wherein if the number of samples comprised in the
current video block is within a value range, the size of the current subblock is equal to a size

corresponding to the value range.

44 The method of any of clairos 1-41, wherein a size of the current subblock is

dependent on a width and a height of the current video block.

45. The method of claim 44, wherein if the width and the height of the current video
block are within a value range, the size of the current subblock 1s equal to a size

corresponding to the value range.

46. The method of any of claums 1-45, wherein a size of the current subblock is

dependent on a coding tool applied to the current video block.
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47 The method of any of claims 1-46, wherein a size of the current subblock is
dependent on a temporal laver of the current video block or a reference video block of the

current video block.

(¥4

48. The method of claim 47, wherein if the temporal layer is within a value range, the

size of the current subblock is equal to a size corresponding to the value range.

49. The method of any of claims 1-48, wherein a subblock size for a luma block or a
chroma block of the current video block is dependent on at least one of the following:
10 a size of a current prediction unit (PU) comprising the current video block,
a size of a current coding unit {CU) comprising the current video block,
a characteristic of a plurality of reference video blocks of the current video block,
a similarity of a plurality of predictors {rom the plurality of reference video blocks,
a distribution of difference between a plurality of predictors from the plurality of
reference video blocks,
a temporal gradient of the plurality of reference video blocks,
a spatial gradient of the plurality of reference video blocks,
a prediction type,
an adjustment value deterruined in a first pass of a multi-pass decoder side motion
vector refinement (BMVR),
an adjustment value determined in a second pass of the multi-pass DMVR,
a sequence resofution,
a color component of the current video block,
a color format of the current video block,
&3 coded information of the current video block,
information of at least one prediction block of the current video block, or

a value of a quantization parameter ((3P) associated with the current video block.

50. The method of any of claims 1-48, wherein a subblock size for a chroma block of
30 the current video block is determined based on a subblock size for a luma block of the current
video block and at least one of the following:
a color format of the current video block, or
information regarding whether separate plane coding enabled for the current video

block.

oY
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51. The method of any of claims 1-50, wherein a BDOF process for MV refinement

and a BDOF process for sample adjustment are controlled separately.

52 The method of claim 51, wherein the BDOF process for MV refinement is applied

and the BDOF process for sample adjustment is not applied.

53. The method of any of claims 51-52, wherein the controlling is performed at one of
the following:

a sub-PU level,

a coding unit (CU} level, or

a coding tree unit (CTU) level.

54. The method of any of claims 1-53, wherein the conversion includes encoding the

current video block into the bitstream.

55. The method of any of claims 1-53, wherein the conversion includes decoding the

current video block from the bitstream.

56. An apparatus for video processing comprising a processor and a noun-transitory
memory with instructions thereon, wherein the instructions upon execution by the processor,

cause the processor to perform a method in accordance with any of claims 1-55

57 A von-transitory computer-readable storage medium storing instructions that cause

a processor to perform a method in accordance with any of claims 1-55.

58 A non-transitory computer-readable recording medium sioring a bitstream of a
video which is generated by a method performed by an apparatus for video processing,
wherein the method comprises:

determining at least one subblock for a current subblock of a current video block of
the video from a plurality of subblocks of the current video block, a motion vector (MY} of
each of the at least one subblock and an MV of the current subblock meet one of the

following conditions:

~d
<
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the MV of each of the at least one subblock is the same as the MV of the
current subblock, or
a difference metric between the MV of each of the at least one subblock and
the MV of the current subblock ts smaller than a threshold;
obtaining a combined subblock by combining the at least one subblock and the current
subblock; and
generating the bitstream based on applying a bi-directional optical flow (BDOF)

process on the combined subblock.

59. A method for storing a bitstream of a video, comprising:
determining at least one subblock for a current subblock of a current video block of
the video from a plurality of subblocks of the current video block, a motion vector (MV) of
cach of the at least one subblock and an MV of the current subblock meet one of the
following conditions:
the MV of each of the at least one subblock is the same as the MV of the
current subblock, or
a difference metric between the MV of each of the at least one subblock and
the MV of the current subblock 1s smaller than a threshold;
obtaining a combined subblock by combining the at least one subblock and the current
subblock;
generating the bitstream based on applying a bi-directional optical flow (BDOF}
process ou the combined subblock; and

storing the bitstream in a non-transitory computer-readable recording medium.
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1200
N 1202

DETERMINE AT LEAST ONE SUBBLOCK FOR A CURRENT
SUBBLOCK OF THE CURRENT VIDEQ BLOCK FROM A PLURALITY OF
SUBBLOCKS OF THE CURRENT VIDEQ BLOCK

l 1204

OBTAIN A COMBINED SUBBLOCK BY COMBINING THE AT LEAST
{ONE SUBBLOCK AND THE CURRENT SUBBLOCK

l 1206

PERFORM THE CONVERSION BASED ON APPLYING A BDOF
PROCESS ON THE COMBINED SUBBLOCK
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