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TECHNICAL FIELD
[0002] This patent document relates to video processing techniques, devices and systems.
BACKGROUND
[0003] In spite of the advances in video compression, digital video still accounts for the
largest bandwidth use on the internet and other digital communication networks. As the number
of connected user devices capable of receiving and displaying video increases, it is expected that
the bandwidth demand for digital video usage will continue to grow.
SUMMARY
[0004] Devices, systems and methods related to digital video coding including a sub-region
based motion information refinement are described. The described methods may be applied to
both the existing video coding standards (e.g., High Efficiency Video Coding (HEVC)) and
future video coding standards (e.g., Versatile Video Coding (VVC)) or codecs.
[0005] In one representative aspect, the disclosed technology may be used to provide a
method for video processing which includes determining, for a conversion between a current

video block of a video and a coded representation of the video, that a motion information of the
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current video block is refined using an optical flow-based method in which at least one motion
vector offset is derived for a region within the current video block; clipping the at least one
motion vector offset to a range [-N,M], wherein N and M are integers based on a rule; and
performing the conversion based on at least one clipped motion vector off.

[0006] In another aspect, the disclosed technology may be used to provide a method for
video processing, comprising: selecting, as a refined motion vector during a decoder-side motion
vector refinement (DMVR) operation used to refine motion information, a motion information
that is equal to a result of applying a similarity matching function using one or more motion
vector differences associated with a current video block of a video; and performing a conversion
between the current video block and a coded representation of the video using the refined motion
vector.

[0007] In yet another example aspect, a method of video processing is disclosed. The method
includes deriving, for a conversion between a current video block of a video and a coded
representation of the video, motion information associated with the current video block; applying
a refinement operation to the current video block including a first sub-region and a second sub-
region according to a rule, such that the rule permits the first sub-region and the second sub-
region to have different motion information from each other due to the refinement operation; and
performing the conversion using refined motion information of the current video block.

[0008] In yet another example aspect, another method of video processing is disclosed. The
method includes deriving, for a conversion between a current video block of a video and a coded
representation of the video, motion information associated with the current video block;
determining, for a sub-region of the current video block, an applicability of a refinement
operation using a bi-directional optical flow (BIO) based on an output of a decoder-side motion
vector refinement (DMVR) used to refine the motion information; and performing the
conversion based on the determining,

[0009] In yet another example aspect, another method of video processing is disclosed. The
method includes deriving motion information associated with a current video block coded with a
merge mode with motion vector difference (MMVD) that includes a motion vector expression
including a distance table specifying a distance between two motion candidates; applying a
decoder-side motion vector refinement (DMVR) to the current video block to refine the motion

information according to a rule specifying how to refine the distance used for the MMVD; and
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performing a conversion between the current video block and a coded representation of the
video.

[0010] In yet another example aspect, another method of video processing is disclosed. The
method includes determining, for a sample or a sub-block of the current video block, according
to a rule based on derived motion information, an applicability of a bi-directional optical flow
(BDOF) in which derived motion information is refined using a spatial and/or a temporal
gradient; and performing the conversion based on the determining.

[0011] In yet another example aspect, another method of video processing is disclosed. The
method includes deriving, for a conversion between a current a current video block of a video
and a coded representation of the video, a motion vector difference (MVD); applying a clipping
operation to a derived motion vector difference to generate a clipped motion vector difference;
calculating a cost of the clipped motion vector difference using a cost function; determining,
according to a rule based on at least one of the derived motion vector difference, the clipped
motion vector difference, or the cost, to disallow a bi-directional optical flow (BDOF) operation
in which the derive motion vector difference is refined using a spatial and/or a temporal gradient;
and performing the conversion based on the determining.

[0012] In yet another example aspect, another method of video processing is disclosed. The
method includes deriving, for a conversion between a current video block of a video and a coded
representation of the video, a motion vector difference; refining a derived motion vector
difference based on one or more motion vector refinement tools and candidate motion vector
differences (MVDs); and performing the conversion using refined motion vector difference.
[0013] In yet another example aspect, another method of video processing is disclosed. The
method includes restricting a derived motion vector difference associated with a current video
block to a candidate set, the derived motion vector difference is used for a refinement operation
to refine motion information associated with the current video block; and performing a
conversion between a current video block of a video and a coded representation of the video
using the derived motion vector difference as a result of the restricting.

[0014] In yet another example aspect, another method of video processing is disclosed. The
method includes applying, during a bi-directional optical flow (BDOF) operation used to refine
motion information associated with a current video block of a video unit of a video, a clipping

operation using a set of clipping parameters that is determined according to a rule based on the
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video unit and/or usage of coding tool in the video unit; and performing a conversion between
the current video block and a coded representation of the video.

[0015] In yet another example aspect, another method of video processing is disclosed. The
method includes applying, during a refinement operation used to refine motion information
associated with a current video block of a video, a clipping operation according to a rule to clip x
component and/or y component of a motion vector difference (vx, vy); and performing a
conversion between the current video block and a coded representation of the video using the
motion vector difference, wherein the rule specifies to convert the motion vector difference to
zero or a value in a form of K™ before or after the clipping operation, whereby m is an integer.
[0016] In yet another example aspect, another method of video processing is disclosed. The
method includes selecting, for a conversion between a current video block of a video and a coded
representation of the video, a search region used to derive or refine motion information during a
decoder-side motion derivation operation or a decoder-side motion refinement operation
according to a rule; and performing the conversion based on derived or refined motion
information.

[0017] In yet another example aspect, another method of video processing is disclosed. The
method includes applying, for a conversion between a current video block of a video and a coded
representation of the video, a decoder-side motion vector difference (DMVR) operation to refine
a motion vector difference associated with the current video block by using a search region used
in the refining including a best matching integer position; and performing the conversion using
refined motion vector difference, wherein the applying of the DMVR operation includes deriving
a sub-pel motion vector difference (MVD) according to a rule.

[0018] In yet another example aspect, another method of video processing is disclosed. The
method includes applying, for a current video block of a video unit of a video, a decoder-side
motion vector difference (DMVR) operation to refine a motion vector difference associated with
the current video block; and performing a conversion between the current video block and a
coded representation of the video using refined motion vector difference, wherein the applying of
the DMVR operation includes determining to allow or disallow a sub-pel motion vector
difference (MVD) derivation depending on use of a bi-directional optical flow (BDOF) for the
video unit.

[0019] In yet another example aspect, another method of video processing is disclosed. The



WO 2020/228836 PCT/CN2020/090802

method includes deriving, during a refinement operation using an optical flow, a motion vector
difference of a first sample of a current video block of a video; determining a motion vector
difference of a second sample based on a derived motion vector difference of the first sample;
and performing a conversion between the current video block and a coded representation of the
video based on the determining,

[0020] In yet another example aspect, another method of video processing is disclosed. The
method includes deriving a prediction refinement sample by applying a refinement operation
using a bi-directional optical flow (BDOF) operation to a current video block of a video;
determining, according to a rule, an applicability of a clipping operation to clip the derived
prediction refinement sample to a predetermined range [-M, N], whereby M and N are integers;
and performing a conversion between the current video block and a coded representation of the
video.

[0021] In yet another example aspect, another method of video processing is disclosed. The
method includes determining coding group sizes for a current video block including a first
coding group and a second coding group that are coded using different residual coding modes
such that sizes of the first coding group and the second coding group are aligned according to a
rule; and performing a conversion between the current video block and a coded representation of
the video based on the determining,

[0022] In yet another example aspect, another method of video processing is disclosed. The
method includes determining, for a conversion between a current video block of a video and a
coded representation of the video, an applicability of a prediction refinement optical flow
(PROF) tool in which motion information is refined using an optical flow, based on coded
information and/or decoded information associated with the current video block; and performing
the conversion based on the determining.

[0023] In yet another representative aspect, the above-described method is embodied in the
form of processor-executable code and stored in a computer-readable program medium.

[0024] In yet another representative aspect, a device that is configured or operable to perform
the above-described method is disclosed. The device may include a processor that 1s
programmed to implement this method.

[0025] In yet another representative aspect, a video decoder apparatus may implement a

method as described herein.
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[0026] The above and other aspects and features of the disclosed technology are described in
greater detail in the drawings, the description and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] FIG. 1 shows an example of a bilateral matching,
[0028] FIG. 2 shows an example of a template matching.
[0029] FIG. 3 shows an example of unilateral ME in frame-rate up conversion (FRUC).
[0030] FIG. 4 shows an example of an optical flow trajectory.
[0031] FIG. 5a shows example of access positions outside of a block and FIG. 5b shows an
example of padding used in order to avoid extra memory access and calculation.
[0032] FIG. 6 shows an example of bilateral matching with six points search.
[0033] FIG. 7a shows an example of an adaptive integer search pattern and FIG. 7b shows an
example of a half sample search pattern.
[0034] FIG. 8 shows an example of integer positions where parametric error surface fit will
be performed.
[0035] FIG. 9 shows an example of positions wherein sub-pel MVD are derived in DMVR.
[0036] FIG. 10 shows an example of a Sub-block MV VSB and pixel Av(i, j).
[0037] FIG. 11 shows an example of MVD derived at size 4*4 in PROF. Position pair with
same color (shading) have opposite MVD value.
[0038] FIGS. 12A to 12F show flowcharts of example methods for video processing in
accordance with the disclosed technology.
[0039] FIGS. 13A to 13F show flowcharts of example methods for video processing in
accordance with the disclosed technology.
[0040] FIGS. 14A to 14F show flowcharts of example methods for video processing in
accordance with the disclosed technology.
[0041] FIG. 15 is a block diagram for an example of a hardware platform for implementing a
visual media decoding or a visual media encoding technique described in the present document.

[0042] FIG. 16 1s a block diagram of a video processing system.

DETAILED DESCRIPTION
[0043] The techniques and devices disclosed in this document provide motion information

refinement. Some implementations of the disclosed technology are related to sub-region based



WO 2020/228836 PCT/CN2020/090802

motion information refinement. Some implementations of the disclosed technology can be applied
to motion compensation in video coding and decoding.

[0044] Video coding standards have evolved primarily through the development of the well-
known ITU-T and ISO/IEC standards. The ITU-T produced H.261 and H.263, ISO/IEC produced
MPEG-1 and MPEG-4 Visual, and the two organizations jointly produced the H.262/MPEG-2
Video and H.264/MPEG-4 Advanced Video Coding (AVC) and H.265/HEVC standards. Since
H.262, the video coding standards are based on the 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. Since then, many new methods have been adopted by JVET and put into the reference
software named Joint Exploration Model (JEM). In April 2018, the Joint Video Expert Team
(JVET) between VCEG (Q6/16) and ISO/IEC JTC1 SC29/WG11 (MPEG) was created to work
on the VVC standard targeting at 50% bitrate reduction compared to HEVC.

[0045] 1.1. Pattern matched motion vector derivation

[0046] Pattern matched motion vector derivation (PMMVD) mode is a special merge mode
based on Frame-Rate Up Conversion (FRUC) techniques. With this mode, motion information of
a block is not signaled but derived at decoder side.

[0047] A FRUC flag is signaled for a CU when its merge flag is true. When the FRUC flag is
false, a merge index is signaled and the regular merge mode is used. When the FRUC flag is true,
an additional FRUC mode flag is signaled to indicate which method (bilateral matching or template
matching) is to be used to derive motion information for the block.

[0048] At encoder side, the decision on whether using FRUC merge mode for a CU 1is based
on RD cost selection as done for normal merge candidate. That is the two matching modes
(bilateral matching and template matching) are both checked for a CU by using RD cost selection.
The one leading to the minimal cost is further compared to other CU modes. If a FRUC matching
mode 1s the most efficient one, FRUC flag is set to true for the CU and the related matching mode
1s used.

[0049] Motion derivation process in FRUC merge mode has two steps. A CU-level motion
search is first performed, then followed by a Sub-CU level motion refinement. At CU level, an
initial motion vector is derived for the whole CU based on bilateral matching or template matching.

First, a list of MV candidates is generated and the candidate which leads to the minimum matching
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cost 1s selected as the starting point for further CU level refinement. Then a local search based on
bilateral matching or template matching around the starting point is performed and the MV results
in the minimum matching cost is taken as the MV for the whole CU. Subsequently, the motion
information is further refined at sub-CU level with the derived CU motion vectors as the starting
points.

[0050] For example, the following derivation process is performed for a W X H CU motion
information derivation. At the first stage, MV for the whole W X H CU is derived. At the second
stage, the CU is further split into M X M sub-CUs. The value of M is calculated as in (16), D is a
predefined splitting depth which is set to 3 by default in the JEM. Then the MV for each sub-CU
is derived.

[0051] M = max{4 min{;7, 5} (1)

[0052] As shown in the FIG. 1, the bilateral matching is used to derive motion information of
the current CU by finding the closest match between two blocks along the motion trajectory of the
current CU 1in two different reference pictures. Under the assumption of continuous motion
trajectory, the motion vectors MVO and MV1 pointing to the two reference blocks shall be
proportional to the temporal distances, 1.e., TDO and TD1, between the current picture and the two
reference pictures. As a special case, when the current picture is temporally between the two
reference pictures and the temporal distance from the current picture to the two reference pictures
is the same, the bilateral matching becomes mirror based bi-directional MV.

[0053] As shown in FIG. 2, template matching is used to derive motion information of the
current CU by finding the closest match between a template (top and/or left neighbouring blocks
of the current CU) in the current picture and a block (same size to the template) in a reference
picture. Except the aforementioned FRUC merge mode, the template matching is also applied to
AMVP mode. In the JEM, as done in HEVC, AMVP has two candidates. With template matching
method, a new candidate is derived. If the newly derived candidate by template matching is
different to the first existing AMVP candidate, it is inserted at the very beginning of the AMVP
candidate list and then the list size is set to two (meaning remove the second existing AMVP
candidate). When applied to AMVP mode, only CU level search is applied.

[0054] CU level MV candidate set

[0055] The MV candidate set at CU level consists of:
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[0056] 1) Original AMVP candidates if the current CU 1s in AMVP mode

[0057] 11) all merge candidates,

[0058] ii1) several MVs in the interpolated MV field, which is introduced in section 2.1.1.3.
[0059] 1v) top and left neighbouring motion vectors

[0060] When using bilateral matching, each valid MV of a merge candidate is used as an input
to generate a MV pair with the assumption of bilateral matching. For example, one valid MV of a
merge candidate is (MVa, refa) at reference list A. Then the reference picture refb of its paired
bilateral MV is found in the other reference list B so that refa and refb are temporally at different
sides of the current picture. If such a refb is not available in reference list B, refb is determined as
a reference which is different from refa and its temporal distance to the current picture is the
minimal one in list B. After refb is determined, MVDb is derived by scaling MVa based on the
temporal distance between the current picture and refa, refb.

[0061] Four MVs from the interpolated MV field are also added to the CU level candidate list.
More specifically, the interpolated MVs at the position (0, 0), (W/2, 0), (0, H/2) and (W/2, H/2) of
the current CU are added.

[0062] When FRUC is applied in AMVP mode, the original AMVP candidates are also added
to CU level MV candidate set.

[0063] At the CU level, up to 15 MVs for AMVP CUs and up to 13 MVs for merge CUs are
added to the candidate list.

[0064] Sub-CU level MV candidate set

[0065] The MV candidate set at sub-CU level consists of’

[0066] 1) an MV determined from a CU-level search,

[0067] 11) top, left, top-left and top-right neighbouring MVs,

[0068] 111) scaled versions of collocated MVs from reference pictures,
[0069] 1v) up to 4 ATMVP candidates,

[0070] v) up to 4 STMVP candidates

[0071] The scaled MVs from reference pictures are derived as follows. All the reference
pictures in both lists are traversed. The MVs at a collocated position of the sub-CU in a reference
picture are scaled to the reference of the starting CU-level MV.

[0072] ATMVP and STMVP candidates are limited to the four first ones.

[0073] At the sub-CU level, up to 17 MVs are added to the candidate list.
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[0074] Generation of interpolated MV field

[0075] Before coding a frame, interpolated motion field is generated for the whole picture
based on unilateral ME. Then the motion field may be used later as CU level or sub-CU level MV
candidates.

[0076] First, the motion field of each reference pictures in both reference lists is traversed at
4x4 block level. For each 4x4 block, if the motion associated to the block passing through a 4x4
block in the current picture (as shown in FIG. 3 which shows an example of a unilateral ME in
FRUC) and the block has not been assigned any interpolated motion, the motion of the reference
block is scaled to the current picture according to the temporal distance TDO and TD1 (the same
way as that of MV scaling of TMVP in HEVC) and the scaled motion is assigned to the block in
the current frame. If no scaled MV is assigned to a 4x4 block, the block’s motion is marked as
unavailable in the interpolated motion field.

[0077] Interpolation and matching cost

[0078] When a motion vector points to a fractional sample position, motion compensated
interpolation is needed. To reduce complexity, bi-linear interpolation instead of regular 8-tap
HEVC interpolation is used for both bilateral matching and template matching.

[0079] The calculation of matching cost is a bit different at different steps. When selecting the
candidate from the candidate set at the CU level, the matching cost is the absolute sum difference
(SAD) of bilateral matching or template matching. After the starting MV is determined, the
matching cost C of bilateral matching at sub-CU level search is calculated as follows:

[0080]  C =SAD +w - (IMV, — MV$| + |MV, — MV |) ®)

[0081] where w is a weighting factor which is empirically set to 4, MV and MV® indicate the
current MV and the starting MV, respectively. SAD is still used as the matching cost of template
matching at sub-CU level search.

[0082] In FRUC mode, MV is derived by using luma samples only. The derived motion will
be used for both luma and chroma for MC inter prediction. After MV 1s decided, final MC is
performed using 8-taps interpolation filter for luma and 4-taps interpolation filter for chroma.

[0083] MY refinement

[0084] MV refinement is a pattern based MV search with the criterion of bilateral matching

cost or template matching cost. In the JEM, two search patterns are supported — an unrestricted

10
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center-biased diamond search (UCBDS) and an adaptive cross search for MV refinement at the
CU level and sub-CU level, respectively. For both CU and sub-CU level MV refinement, the MV
1s directly searched at quarter luma sample MV accuracy, and this is followed by one-eighth luma
sample MV refinement. The search range of MV refinement for the CU and sub-CU step are set
equal to 8 luma samples.

[0085] Selection of prediction direction in template matching FRUC merge mode

[0086] In the bilateral matching merge mode, bi-prediction is always applied since the motion
information of a CU is derived based on the closest match between two blocks along the motion
trajectory of the current CU in two different reference pictures. There is no such limitation for the
template matching merge mode. In the template matching merge mode, the encoder can choose
among uni-prediction from list0, uni-prediction from listl or bi-prediction for a CU. The selection
is based on a template matching cost as follows:

[0087] If costB1 <= factor * min (costO, costl)

[0088] bi-prediction is used,;

[0089] Otherwise, if costO <= costl

[0090] uni-prediction from listO is used;

[0091] Otherwise,

[0092] uni-prediction from listl1 is used;

[0093] where costO is the SAD of listO template matching, costl is the SAD of listl template
matching and costBi is the SAD of bi-prediction template matching. The value of factor is equal
to 1.25, which means that the selection process is biased toward bi-prediction.

[0094] The inter prediction direction selection is only applied to the CU-level template
matching process.

[0095] 1.2 Hybrid intra and inter prediction

[0096] In JVET-L0100, multi-hypothesis prediction is proposed, wherein hybrid intra and
inter prediction is one way to generate multiple hypotheses.

[0097] When the multi-hypothesis prediction is applied to improve intra mode, multi-
hypothesis prediction combines one intra prediction and one merge indexed prediction. In a merge
CU, one flag 1s signaled for merge mode to select an intra mode from an intra candidate list when
the flag is true. For luma component, the intra candidate list is derived from 4 intra prediction

modes including DC, planar, horizontal, and vertical modes, and the size of the intra candidate list

11
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can be 3 or 4 depending on the block shape. When the CU width is larger than the double of CU
height, horizontal mode is exclusive of the intra mode list and when the CU height is larger than
the double of CU width, vertical mode is removed from the intra mode list. One intra prediction
mode selected by the intra mode index and one merge indexed prediction selected by the merge
index are combined using weighted average. For chroma component, DM is always applied
without extra signaling. The weights for combining predictions are described as follow. When DC
or planar mode is selected, or the CB width or height is smaller than 4, equal weights are applied.
For those CBs with CB width and height larger than or equal to 4, when horizontal/vertical mode
is selected, one CB is first vertically/horizontally split into four equal-area regions. Each weight
set, denoted as (w_intrai, w_interi), where 1 1s from 1 to 4 and (w_intra;, w_inter1) = (6, 2),
(w_intraz, w_inters) = (5, 3), (w_intras, w_inters) = (3, 5), and (w_intra4, w_inters) = (2, 6), will
be applied to a corresponding region. (w_intra;, w_inter:) is for the region closest to the reference
samples and (w_intra4, w_inters) is for the region farthest away from the reference samples. Then,
the combined prediction can be calculated by summing up the two weighted predictions and right-
shifting 3 bits. Moreover, the intra prediction mode for the intra hypothesis of predictors can be
saved for reference of the following neighboring CUs.

[0098] 1.3 Bi-directional optical flow

[0099] BIO is also known as BDOF (Bi Directional Optical Flow) In BIO, motion
compensation is first performed to generate the first predictions (in each prediction direction) of
the current block. The first predictions are used to derive the spatial gradient, the temporal gradient
and the optical flow of each subblock/pixel within the block, which are then used to generate the
second prediction, i.e., the final prediction of the subblock/pixel. The details are described as
follows.

[00100] Bi-directional Optical flow (BIO) is sample-wise motion refinement which is
performed on top of block-wise motion compensation for bi-prediction. The sample-level motion
refinement doesn’t use signalling.

[00101] Let /) be the luma value from reference k (k=0, 1) after block motion compensation,
and ﬂ(k)/ ax, o1 /6y are horizontal and vertical components of the / ®) gradient, respectively.

Assuming the optical flow is valid, the motion vector field (Vx,Vy) is given by an equation

12
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[00102]  ar/ar+v, a1 fax+v, a1 fey=0. 3)

[00103] Combining this optical flow equation with Hermite interpolation for the motion

trajectory of each sample results in a unique third-order polynomial that matches both the function
values 7*)and derivatives al(k)/ ax, al(k)/ O at the ends. The value of this polynomial at /=0 is the
BIO prediction:

[00104]  pred,,=12-(I” +1V +v,/2-(ra1" [ac—z, a1 fax)+v, [2- (ol Joy—z,a% [ (4)
[00105] Here, , and ;, denote the distances to the reference frames as shown in FIG. 4 which
shows an example of an optical flow trajectory. Distances 7, and 7, are calculated based on POC
for RefO0 and Refl: 10=POC(current) — POC(Ref0), 11= POC(Refl) — POC(current). If both
predictions come from the same time direction (either both from the past or both from the future)
then the signs are different (1.e., 7, - 7, < 0 ). In this case, BIO 1s applied only if the prediction is
not from the same time moment (i.e., z, = 7, ), both referenced regions have non-zero motion (
MVx ., MVy ,,MVx |, MVy | = 0 ) and the block motion vectors are proportional to the time distance
(Mvx , JMVx | = MVy ,/MVy | = -7, /7, )-

[00106] The motion vector field (Vx,Vy) is determined by minimizing the difference A between

values in points A and B (intersection of motion trajectory and reference frame planes on FIG. 4).

Model uses only first linear term of a local Taylor expansion for A:
00107]  A=(10 =1 v (ra1" fax +7, a1 fx)+v, (" foy + 7, a1 ) (5)

[00108] All values in Equation 5 depend on the sample location (i’,j’), which was omitted
from the notation so far. Assuming the motion is consistent in the local surrounding area, we
minimize A inside the (2M+1)x(2M+1) square window () centered on the currently predicted point

(i,)), where M is equal to 2:

[00109]  (v.v,)=argmin > A'[7/] (6)

ey o [,j]eQ
[00110] For this optimization problem, the JEM uses a simplified approach making first a

minimization in the vertical direction and then in the horizontal direction. This results in

[00111] v, = (s; +7) > m? clip3 (—thBIO, thBIO, - (sfir)) .0 7)

13
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[00112] v, = (s + 1) > m?clip3 (—thBIO, thBIO, —w) .0 (8)

(sg+1)

[00113] where,
8§ = Z (1181(1)/8x +7, 81(0)/8x)2; 8§, = Z (1(1) - I(O)Xrﬁl(l)/ﬁx + 1081(0)/8x)

[7./]eQ [r./]e
[00114] s5,= S (nar"/ox+, a1 ox o foy + =, a1 foy) 9)
[i’,/]eQ
so= S aray+zar® fayfis, = S (10— 19Yz0r" foy + 7,01 foy)
[,/ [7./]eQ

[00115] In order to avoid division by zero or a very small value, regularization parameters » and
m are introduced in Equations 7 and 8.

[00116] 7 =500-4%"8 (10)

[00117] m = 7004978 (11)

[00118] Here d is bit depth of the video samples.

[00119] In order to keep the memory access for BIO the same as for regular bi-predictive motion
compensation, all prediction and gradients values, | ) g1t /ox,01 (k) /0y, are calculated only
for positions inside the current block. In Equation (9), (2M+1)x(2M+1) square window () centered
in currently predicted point on a boundary of predicted block needs to accesses positions outside
of the block as shown in FIG. 5A. In the JEM, values of I%®), 1% /gx , 91®) / dy outside of the
block are set to be equal to the nearest available value inside the block. For example, this can be
implemented as padding, as shown in FIG. 5B. FIGS. 5A and 5B show examples of BIO without
a block extension. FIG. SA shows examples of access positions outside of the block and FIG. 5B
shows an example of padding used to avoid extra memory access and calculation.

[00120] With BIO, it’s possible that the motion field can be refined for each sample. To reduce
the computational complexity, a block-based design of BIO is used in the JEM. The motion
refinement is calculated based on 4x4 block. In the block-based BIO, the values of s, in Equation
9 of all samples in a 4x4 block are aggregated, and then the aggregated values of s, in are used to
derived BIO motion vectors offset for the 4x4 block. More specifically, the following formula is

used for block-based BIO derivation:
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s = Y Aotz o) s, = Y SV -1z ar® fox + 7,00 fox)

()b [ ey ()l [1./)eq
[00121] s, = > S (A" fax+ 7,01 x|z ar® foy + 7, o1 o)
() [1./]e
s = Y Sl ay+zd®ayfis, = S S -1Yzar? foy =01 foy)
R EED =N = (e [0

(12)
[00122] where bk denotes the set of samples belonging to the k-th 4x4 block of the predicted
block. s, in Equations 7 and 8 are replaced by ( (snsx) >> 4 ) to derive the associated motion vector
offsets.
[00123] In some cases, MV regiment of BIO might be unreliable due to noise or irregular
motion. Therefore, in BIO, the magnitude of MV regiment is clipped to a threshold value thBIO.
The threshold value is determined based on whether the reference pictures of the current picture
are all from one direction. If all the reference pictures of the current picture are from one direction,
the value of the threshold is set to 12 X 21*74; otherwise, it is set to 12 x 2134
[00124] Gradients for BIO are calculated at the same time with motion compensation
interpolation using operations consistent with HEVC motion compensation process (2D separable
FIR). The input for this 2D separable FIR is the same reference frame sample as for motion
compensation process and fractional position (fracX, fracY) according to the fractional part of
block motion vector. In case of horizontal gradient 31 /dx signal first interpolated vertically using
BlOfilterS corresponding to the fractional position fracY with de-scaling shift d—8, then gradient
filter BIOfilterG 1s applied in horizontal direction corresponding to the fractional position fracX
with de-scaling shift by 18—d. In case of vertical gradient 01 /3y first gradient filter is applied
vertically using BIOfilterG corresponding to the fractional position fracY with de-scaling shift d—8,
then signal displacement is performed using BIOfilterS in horizontal direction corresponding to
the fractional position fracX with de-scaling shift by 18—d. The length of interpolation filter for
gradients calculation BIOfilterG and signal displacement BIOfilterF is shorter (6-tap) in order to
maintain reasonable complexity. Table 1 shows the filters used for gradients calculation for
different fractional positions of block motion vector in BIO. Table 2 shows the interpolation filters
used for prediction signal generation in BIO.

[00125] Table 1: Filters for gradients calculation in BIO
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Fractional pel position

Interpolation filter for gradient (BIOfilterG)

0 { 8, -39, -3, 46, -17, 5}

1/16 { 8, =32, -13, 50, 18, 5}

1/8 { 7, -27, 20, 54, -19, 5}

3/16 { 6, -21, -29, 57, -18, 5}

1/4 { 4, =17, =36, 60, -—15, 4}

5/16 { 3, =9, 44, 61, -15 4}

3/8 { 1, -4, —48, 61, -13, 3}

7/16 { 0, 1, =54, 60, -9, 2}

1/2 { -1 4, =57, 57, -4, 1}

[00126] Table 2: Interpolation filters for prediction signal generation in BIO
Fractional pel position Interpolation filter for prediction signal (BIOfilterS)

0 { 0, 0, 64, O, 0, 0}

1/16 { 1, -3, 64, 4, -2, 0}

1/8 { 1, -6, 62, 9, -3, 1}

3/16 { 2, -8, 60, 14, =5, 1}

1/4 { 2, -9, 57, 19, -7, 2}

5/16 { 3, -10, 53, 24, -8, 2}

3/8 { 3, -11, 50, 29, -9, 2}

7/16 { 3, -11, 44, 35, -10, 3}

1/2 { 3, -10, 35, 44, -11, 3}

[00127]
different reference pictures. When LIC is enabled for a CU, BIO is disabled.
[00128] In the JEM, OBMC is applied for a block after normal MC process. To reduce the

In the JEM, BIO is applied to all bi-predicted blocks when the two predictions are from

computational complexity, BIO is not applied during the OBMC process. This means that BIO i1s
only applied in the MC process for a block when using its own MV and is not applied in the MC
process when the MV of a neighboring block is used during the OBMC process.

[00129] A two-stage early termination method is used to conditionally disable the BIO
operations depending on the similarity between the two prediction signals. The early termination

is first applied at the CU-level and then at the sub-CU-level. Specifically, the proposed method
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first calculates the SAD between the LO and L1 prediction signals at the CU level. Given that the
BIO is only applied to luma, only the luma samples need to be considered for the SAD calculation.
If the CU-level SAD is no larger than a predefined threshold, the BIO process is completely
disabled for the whole CU. The CU-level threshold is set to 2(BP¢Pth=9) per sample. If the BIO
process is not disabled at the CU level, and if the current CU contains multiple sub-CUs, the SAD
of each sub-CU inside the CU will be calculated. Then, the decision on whether to enable or disable
the BIO process is made at the sub-CU-level based on a predefined sub-CU-level SAD threshold,
which is set to 3 * 2(BDepth—10)

[00130] 1.4 Spec for BDOF (bidirectional optical flow) in VVC
[00131] Spec of BDOF (in JVET-N1001-v2) is as follows:

per sample.

[00132] 8.5.7.4 Bidirectional optical flow prediction process

[00133] Inputs to this process are:

[00134] - two variables nCbW and nCbH specifying the width and the height of the current
coding block,

[00135] - two (nCbW +2)x(nCbH + 2) luma prediction sample arrays predSamplesLO and
predSamplesL1,

[00136] - the prediction list utilization flags predFlaglLO and predFlagL1,

[00137] - the reference indices refldxL.O and refldxL1,

[00138] - the bidirectional optical flow utilization flags bdofUtilizationFlag[ xIdx ][ yIdx | with
xIdx =0..(nCbW >>2)—1, yldx =0..(nCbH>>2) — 1.

[00139] Output of this process is the (nCbW)x(nCbH) array pbSamples of luma prediction
sample values.

[00140] Variables bitDepth, shiftl, shift2, shift3, shift4, offset4, and mvRefineThres are derived
as follows:

[00141] - The variable bitDepth is set equal to BitDepthy.

[00142] - The variable shiftl is set to equal to Max( 2, 14 — bitDepth ).

[00143] - The variable shift2 is set to equal to Max( 8, bitDepth — 4 ).

[00144] - The variable shift3 is set to equal to Max( 5, bitDepth — 7).

[00145] - The variable shift4 is set equal to Max( 3, 15 — bitDepth ) and the variable offset4 is
setequal to 1 << (shift4—1).
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[00146] - The variable mvRefineThres is set equal to Max( 2, 1 << ( 13 — bitDepth ) ).
[00147] For xIdx=0.(nCbW>>2)—-1 and yldx=0.(nCbH>>2)—1, the following
applies:

[00148] - The variable xSb is set equal to (xIdx<<2)+1 and ySb is set equal to
(yldx <<2)+1.

[00149] - If bdofUtilizationFlag[ xSbldx ][ yldx ] is equal to FALSE, for x =xSb — 1..xSb + 2,

y =ySb — 1.. ySb + 2, the prediction sample values of the current subblock are derived as follows:

pbSamples| x ][ y | = Clip3( 0, ( 2bPerthy — 1 ( predSamplesLO[ x + 1 ][y + 1 ] + offset2 + (8-852)
predSamplesL1[ x+ 1 ][y +1]) >> shift2 )

[00150] - Otherwise (bdofUtilizationFlag[ xSbldx ][ yIdx ] is equal to TRUE), the prediction
sample values of the current subblock are derived as follows:

[00151] - For x =xSb —1..xSb +4, y =ySb — 1..ySb + 4, the following ordered steps apply:
[00152] 1. The locations ( hy, vy ) for each of the corresponding sample locations

(x,y ) inside the prediction sample arrays are derived as follows:

hx = Clip3( 1, nCbW, x ) (8-853)
vy =Clip3( 1, nCbH, y ) (8-854)
[00153] 2. The variables gradientHLO[ x ][ y ], gradientVLO[ x ][y ],

gradientHL1[ x ][ y ] and gradientVL1[ x ][ y | are derived as follows:
gradientHLO[ x ][y | = (predSamplesLO[ hs + 1 |[vy] — predSampleLO[ hx — 1 ][ vy] ) >> shift]l (8-855)
gradientVLO[ x ][y ] = (predSampleLO[ hy |[ vy + 1 ] — predSampleLO[ h¢][vy, — 1 ]} >> shift]l (8-856)
gradientHL1[ x ][y | = (predSamplesL1[ hi + 1 |[vy] — predSampleL1[ hy— 1 ][ vy] ) >> shift]l (8-857)
gradientVL1[ x ][y ] = (predSampleL1[ hy |[ vy + 1 ] — predSampleL1[ he][vy, — 1 ] ) >> shiftl (8-858)
[00154] 3. The variables temp[ x ][ v ], tempH[ x ][ y ] and tempV[ x ][ y ] are derived

as follows:
diff[ x ][ y | = (predSamplesLO[ hy ][ vy | >> shift2 ) — ( predSamplesL1[ hy ][ vy ] >> shift2 ) (8-859)
tempH[ x ][ v | = (gradientHLO[ x ][ v ] + gradientHL1[ x ][y ] ) >> shift3 (8-860)
tempV[ x ][ v | = (gradientVLO[ x ][ v ] + gradientVL1[ x ][y ] ) >> shift3 (8-861)
[00155] - The variables sGx2, sGy2, sGxGy, sGxdl and sGydl are derived as follows:
sGx2 = ZiZ; (tempH[ xSb +1 |[ ySb +j ] * tempH[ xSb +1 ][ ySb +j ] ) withi,j=-1.4 (8-862)
sGy2 = ZiZ(tempV[ xSb +i ][ ySb +j | * tempV[ xSb +i ][ ySb+j]) withi,j=—1.4 (8-863)
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sGxGy = ZiZi(tempH[ xSb +1 ][ ySb +j | * tempV[xSb+1i ][ ySb+j]) withi,j —1..4 (8-864)
sGxdI = %,%( — tempH][ xSb +1][ySb +j ] * diff[ xSb +i][ySb +j]) withi,j=-1.4 (8-865)
sGydI = %,%( — tempV[ xSb +1][ySb +j ] * diff[ xSb +i][ySb +j]) withi,j=-1.4 (8-866)
[00156] - The horizontal and vertical motion offset of the current subblock are derived as:
vx =5Gx2>0 ? Clip3( -mvRefineThres, mvRefineThres,  (8-867)
—(sGxdl <<3)>>Floor( Log2(sGx2))) : 0
vy =sGy2 >0 ? Clip3( —mvRefineThres, mvRefineThres, ( (sGydl <<3)— (8-868)
((vx * sGxGym ) << 12 +vx * sGxGys ) >> 1) >> Floor( Log2(sGx2))) : 0
[00157] - For x =xSb — 1..xSb + 2, y = ySb — 1..ySb + 2, the prediction sample values of the
current sub-block are derived as follows:
[00158] bdofOffset = Round( ( vx * ( gradientHL1[ x+ 1 ][y + 1] — gradientHLO[ x + 1 ][y +1]))>>1)
(8-869)
+Round( ( vy * (gradientVL1[ x +1 ][y + 1] - gradientVLO[x + 1 ][y +1]))>>1)
[00159] [Ed. (JC): Round() operation is defined for float input. The Round() operation seems redundant here
since the input is an integer value. To be confirmed by the proponent]
[00160] pbSamples| x ][y | = Clip3( 0, ( 2%ty — 1 ( predSamplesLO[ x +1 ][y + 1] +offsetd + (8-870)
predSamplesL1[ x + 1 ][ v + 1 ] + bdofOffset ) >> shift4 )
[00161] The spatial gradient is calculated as follows:

[00162]  gradientHLO[ x ][y | = (predSamplesLO[ hy + 1 ][vy] — predSampleLO[ he— 1 ][ vy | ) >> shiftl

(8-855)
[00163] On the other hand, temporal gradient is calculated as follows:
[00164]  diff x ][y ] = (predSamplesLO[ hy |[ vy ] >> shift2 ) — ( predSamplesL1[ hy |[ vy ] >> shift2 ) (8-859)
[00165] The calculation of spatial gradient and temporal gradient is not aligned.
[00166] 1.5 Decoder-side motion vector refinement
[00167] In bi-prediction operation, for the prediction of one block region, two prediction blocks,
formed using a motion vector (MV) of listO and a MV of listl, respectively, are combined to form
a single prediction signal. In JVET-K0217, the decoder-side motion vector refinement (DMVR)
method, the two motion vectors of the bi-prediction are further refined by a bilateral matching
process.
[00168] In the proposed method DMVR is applied only in Merge and Skip modes, if the
following condition is true:

(POC - POCO)*(POC - POC1) <0,

[00169] where POC — picture order count of current to be encoded picture, POCO and POC1 —

19



WO 2020/228836 PCT/CN2020/090802

picture order counts of the references for the current picture.
[00170] The signaled merge candidate pair is used as input to DMVR process and are denoted
initial motion vectors (MVO, MV1). The search points that are searched by DMVR obey the
motion vector difference mirroring condition. In other words any point that is checked by DMVR,
denoted by candidate motion vector pair (MVO', MV 1) obey the following two equations:

MVO" = MVO + MVy;f

MV1' = MV1—MVy s
[00171] Where MVifr represents the points in the search space in one of the reference pictures.
[00172]  After the construction of the search space the uni-lateral predictions are constructed
using regular 8-tap DCTIF interpolation filter. Bilateral matching cost function is calculated by
using MRSAD (mean removed sum of absolute differences) between the two predictions (see FIG.
6 which shows an example of a bilateral matching with 6 points search) and the search point
resulting in the minimum cost is selected as the refined MV pair. For the MRSAD calculation 16
bit precision of samples is used (which is the output of the interpolation filtering), and no clipping
and no rounding operations are applied before MRSAD calculation. The reason for not applying
rounding and clipping is to reduce internal buffer requirement.
[00173] In the proposed method the integer precision search points are chosen by the Adaptive
pattern method. The cost, corresponding to the central points (pointed by the initial motion
vectors) is calculated firstly. The other 4 costs (in sign shape) is calculated by the two predictions,
located at the opposite sides of each other by the central point. Last 6™ point at the angle is chosen
by the gradient of the previous calculated costs as shown in FIGS. 7a and 7b. FIG. 7a shows an
example an adaptive integer search pattern and FIG 7b shows an example of a half sample search
pattern.
[00174] The output of the DMVR process is the refined motion vector pair corresponding to the
minimal cost.
[00175] If after one iteration the minimum cost is achieved at the central point of the search
space, 1.e. the motion vectors are not changed, and the refinement process is terminated. Otherwise,
the best cost further is regarded as center, and the process continues, while the minimal cost does

not correspond to the central point and the search range is not exceeded.

[00176] Half sample precision search is applied only if application of half-pel search does not
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exceed the search range. In this case only 4 MRSAD calculations are performed, corresponding to
plus shape points around the central one, which is chosen as the best during the integer precision
search. At the end the refined motion vector pair is output that correspond to the minimal cost

point.

[00177] Some simplifications and improvements are further proposed in JVET-LO163.

[00178] Reference sample padding

[00179] Reference sample padding is applied in order to extend the reference sample block that
is pointed by the initial motion vector. If the size of the coding block is given by “w” and “h”, then
it is assumed that a block of size w+7 and h+7 is retrieved from the reference picture buffer. The
retrieved buffer is then extended by 2 samples in each direction by repetitive sample padding using
the nearest sample. Afterwards the extended reference sample block is used to generate the final
prediction once the refined motion vector is obtained (which can deviate from the initial motion
vector 2 samples in each direction).

[00180] It is noted that this modification eliminates the external memory access requirement of
DMVR completely without any coding loss.

[00181] Bilinear interpolation instead of 8-tap DCTIF

[00182] According to the proposal bilinear interpolation is applied during the DMVR search
process, which means that the predictions used in MRSAD computation are generated using
bilinear interpolation. Once the final refined motion vectors are obtained regular 8-tap DCTIF
interpolation filter 1s applied to generate final predictions.

[00183] Disabling of DMVR for small blocks

[00184] DMVR is disabled for blocks 4x4, 4x8 and 8x4.

[00185] Early termination based on MV difference between merge candidates

[00186] An additional condition is imposed on DMVR to confine the MV refinement process.
With it, DMVR is conditionally disabled when the below condition is satisfied.

[00187] The MYV difference between the selected merge candidate and any of the previous ones
in the same merge list is less than a pre-defined threshold (that is, Y4-, V2- and 1-pixel-wide intervals
for CUs with less than 64 pixels, less than 256 pixels and at least 256 pixels, respectively).

[00188] Early termination based on SAD cost at the center search coordinate

[00189] The sum of absolute difference (SAD) between the two prediction signals (LO and L1
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prediction) using the initial motion vectors of the current CU is calculated. If the SAD is no larger
than a predefined threshold, i.e., 2(BPePt=9 per sample, the DMVR is skipped; otherwise, the
DMVR s still applied to refine the two motion vectors of the current block.

[00190] DMVR application condition

[00191] The DMVR application condition is (POC — POC1)x(POC-POC2)<0 as it is
implemented in BMS2.1 is replaced by the new condition (POC — POC1)=—=(POC2 — POC). This

means that DMVR is applied only if reference pictures are in opposite time directions and are
equidistant to current picture.

[00192] MRSAD computation using every second row

[00193] The MRSAD cost is computed only for odd numbered rows of a block, the even

numbered samples rows are not considered. Accordingly, the number of operations for the
MRSAD calculation is halved.

[00194] Parametric error surface based sub-pixel offsets estimation

[00195] In JVET-KO0041, a parametric error surface fitted using integer distance position
evaluated costs to determine 1/16®-pel accurate sub-pixel offsets with very minimal computational
complexity was proposed.

[00196] This method is adopted into VVC and is summarized below:

1. The parametric error surface fit is computed only if the minimum matching cost of integer
MVD is not equal to 0, and the matching cost of zero MVD is larger than a threshold.

2. The best integer position is taken as the center position, cost of the center position and cost
of positions (-1,0), (0,-1), (1,0) and (0,1) (in unit of integer pixel) relative to the center
position are used to fit a 2-D parabolic error surface equation of the form:

E(x,y) = A(x — x0)* + B(y = y0)* + C
where (x,, yy) corresponds to the position with the least cost and C corresponds to the
minimum cost value. By solving the 5 equations in 5 unknowns, (xg, Vo) is computed as:
xo = (E(—1,0) — E(1,0))/(2(E(—1,0) + E(1,0) — 2E(0,0)))
vo = (E(0,—1) — E(0,1))/(2((E(0, —1) + E(0,1) — 2E(0,0)))
(x9, yo) can be computed to any required sub-pixel precision by adjusting the precision at
which the division is performed (i.e. how many bits of quotient are computed). For 1/16%-

pel accuracy, just 4-bits in the absolute value of the quotient needs to be computed, which
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lends itself to a fast shifted subtraction based implementation of the 2 divisions required
per CU.
3. The computed (xg, o) are added to the integer distance refinement MV to get the sub-pixel

accurate refinement delta MV.
[00197] Meanwhile, for the 5*5 search space, parametric error surface fit is performed only
when one of the center 9 positions is the best integer position, as shown in FIG. 8.
[00198] JVET-N0236: prediction refinement with optical flow
[00199] This contribution proposes a method to refine the sub-block based affine motion
compensated prediction with optical flow. After the sub-block based affine motion compensation
is performed, prediction sample is refined by adding a difference derived by the optical flow
equation, which is referred as prediction refinement with optical flow (PROF). The proposed
method can achieve inter prediction in pixel level granularity without increasing the memory
access bandwidth.
[00200] To achieve a finer granularity of motion compensation, this contribution proposes a
method to refine the sub-block based affine motion compensated prediction with optical flow.
After the sub-block based affine motion compensation is performed, luma prediction sample is
refined by adding a difference derived by the optical flow equation. The proposed PROF
(prediction refinement with optical flow) is described as following four steps.
[00201] Step 1) The sub-block-based affine motion compensation is performed to generate sub-
block prediction I(i, j).
[00202] Step2) The spatial gradients g,(i,j) and g, (i, j) of the sub-block prediction are
calculated at each sample location using a 3-tap filter [-1, O, 1].

gx(0) =1+1j) -1 —-1))
gy ) =107 +1) —1(,j—1)

[00203] The sub-block prediction is extended by one pixel on each side for the gradient
calculation. To reduce the memory bandwidth and complexity, the pixels on the extended borders
are copied from the nearest integer pixel position in the reference picture. Therefore, additional
interpolation for padding region is avoided.
[00204]  Step 3) The luma prediction refinement (denoted Al) as 1s calculated by the optical flow

equation.
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A () = gx(6)) * Ave (L)) + gy (6 ) * Avy (0, )

[00205]  where the delta MV (denoted as Av(i, j)) is the difference between pixel MV computed
for sample location (i, ), denoted by v (i, j), and the sub-block MV of the sub-block to which
pixel (I, j) belongs, as shown in FIG. 10.

[00206] Since the affine model parameters and the pixel location relative to the sub-block center
are not changed from sub-block to sub-block, Av(i, j) can be calculated for the first sub-block, and
reused for other sub-blocks in the same CU. Let x and y be the horizontal and vertical offset from
the pixel location to the center of the sub-block, Av(x, y) can be derived by the following equation,

Av,(x,y)=c*x+dx*y
{Avy(x,y):e*x+f*y

[00207] For 4-parameter affine model,

(PROF-eql)

Vix — Vox
c=f= "
Viy — U
e=—d=— oy
w
[00208] For 6-parameter affine model,
Vix — Vox
c =
w
Vpy — U
d = 2x - 0x
4
Viy — U
o = iy~ Yoy
w
Uzy - U()y
f=—7—"

[00209]  where (Vox, Voy), (V1x, V1y), (V2x, V2y) are the top-left, top-right and bottom-left
control point motion vectors, w and h are the width and height of the CU.
[00210] Step 4) Finally, the luma prediction refinement is added to the sub-block prediction
I(i, j). The final prediction I’ is generated as the following equation.

I'Gj) =107 +AIG )
[00211] Some details in JVET-N0236

a) How to derive the gradients for PROF
In JVET-N0263, the gradients are calculated for each sub-block (4x4 sub-block in VTM-4.0) for each

reference list. For each sub-block, the nearest integer samples of the reference block are fetched to pad

the four side outer lines of samples (refer to previous figure).
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Suppose the MV for the current sub-block is (MVx, MVy). Then the fractional part is calculated as
(FracX, FracY)=(MVx&15, MVy&15). The integer part is calculated as (IntX, IntY)=(MVx>>4,
MVy>>4). The offsets (OffsetX, OffsetY) are derived as:

OffsetX = FracX>771:0;

OffsetY = FracY>771:0;

Suppose the top-left coordinate of the current sub-block is (xCur, yCur) and the dimensions of the
current sub-block is WxH.

Then (xCor0, yCor0), (xCorl, yCorl), (xCor2, yCor2) and (xCor3, yCor3) are calculated as

(xCor0, yCor0) = (xCur+IntX+OffsetX-1, yCur+IntY+OffsetY-1);

(xCorl, yCorl) = (xCur+IntX+OffsetX-1, yCur+IntY+OffsetY+H);,

(xCor2, yCor2) = (xCur+IntX+OffsetX-1, yCur+IntY+OffsetY);

(xCor3, yCor3) = (xCur+tIntX+OffsetX+W, yCur+IntY+OffsetY);

Suppose PredSample[x][y] with x=0.. W-1, y=0.. H-1 stores the prediction samples for the sub-block.
Then the padding samples are derived as

PredSample[x][-1] = (Ref(xCorO+x, yCor() << Shift0) - Rounding, for x=-1..W;

PredSample[x]|[H] = (Ref (xCorl+x, yCorl) << Shift0) - Rounding, for x=-1..W;

PredSample[-1][y] = (Ref (xCor2, yCor2+y) << Shift0) - Rounding, for y=0..H-1;

PredSample[W]|y] = (Ref (xCor3, yCor3+y) << Shift0) - Rounding, for y=0..H-1;

where Rec represents the reference picture. Rounding is an integer, which is equal to 2" in the
exemplary PROF implementation. Shift0 = Max(2, (14 - BitDepth));

PROF attempts to increase the precision of the gradients, unlike BIO in VTM-4.0, where the gradients
are output with the same precision as input luma samples.
The gradients in PROF are calculated as below:

Shiftl = Shift0-4.

gradientH [ x ][y | = (predSamples [ x + 1 |[y] — predSample [ x — 1 ][ y] ) >> Shiftl
gradientV [ x ][y ] = (predSample[ x |[ y + 1 | — predSample [ x ][y — 1] ) >> Shiftl

It should be noted that predSamples|[x][y] keeps the precision after interpolation.
b) How to derive Av for PROF
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The derivation of Av (denoted as dMvH[posX][posY] and dMvV][posX][posY] with posX = 0. W-1,
posY=0..H-1) can be described as below

Suppose the dimensions of the current block is cbWidth x cbHeight, the number of control point motion
vectors is numCpMyv, and the control point motion vectors are cpMvLX[ cpldx |, with cpldx =

0.numCpMv — 1 and X being O or 1 representing the two reference lists.

The variables log2CbW and log2CbH are derived as follows:
log2CbW = Log2( cbWidth )

log2CbH = Log2( cbHeight )

The variables mvScaleHor, mvScaleVer, dHorX and dVerX are derived as follows:
mvScaleHor = cpMvLX[ 0 |[ O] <<7
mvScaleVer =cpMvLX[0 ][ 1] <<7
dHorX = (cpMvLX[ 1 ][0 ] —cpMVvLX[ 0 ][0 ]) << (7 — log2CbW )
dVerX = (cpMvLX[ 1][ 1]~ epMvLX[0][ 1]) << (7 —log2CbW )
The variables dHorY and dVerY are derived as follows:
—  If numCpMv is equal to 3, the following applies:
dHorY = (cpMvLX[ 2 ][ 0] - cpMVLX[ 0][ 0]) << ( 7 — log2CbH )
dVerY = (cpMvLX[2][ 1] - cpMvLX[0][ 1]) << (7 — log2CbH )
—  Otherwise ( numCpMy is equal to 2), the following applies:
dHorY = - dVerX

dVerY = dHorX
The variable qHorX, qVerX, qHorY and qVerY are derived as
gHorX = dHorX << 2;
qVerX =dVerX <<2;
gHorY = dHorY << 2;
qVerY =dVerY <<2;

dMvH]0][0] and dMvV]0][0] are calculated as
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dMvH][0]]0] = ((dHorX + dHorY) << 1) - ((qHorX + qHorY) << 1);
dMvV[0]]0] = ((dVerX + dVerY) << 1) - ((qVerX + gVerY) << 1);

dMvH][xPos][0] and dMvV [xPos][0] for xPos from 1 to W-1 are derived as:
dMvH[xPos][0] = dMvH[xPos-1][0] + qHorX;
dMvV[xPos][0] = dMvV][xPos-1][0] + qVerX;

For yPos from 1 to H-1, the following applies:
dMvH[xPos][yPos] = dMvH|[xPos][yPos-1] + gHorY with xPos=0.. W-1
dMvV[xPos][yPos] = dMvV[xPos|[yPos-1] + qVerY with xPos=0..W-1
Finally, dMvH[xPos][yPos] and dMvV[xPos]|[yPos] with posX =0.. W-1, posY=0.. H-1 are right shifted
as
dMvH]|xPos][yPos] = SatShift( dMvH[xPos]|yPos], 7+2-1);
dMvV|[xPos][yPos] = SatShift( dMvV[xPos]|yPos], 7+2-1);
where SatShift(x, n) and Shift (x,n) is defined as

(x+offsset0)>>n if x>0

SatShifi(x,n) :{ _
—((—x+offseth) >>n) if x<0
Shifi(x, n) = (x+ offset0)>>n

In one example, offset0 and/or offset! are set to (1<<n)>>1.

How to derive Al for PROF

For a position (posX, posY) inside a sub-block, its corresponding Av(i,j) is denoted as
(dMvH[posX][posY], dMvV[posX][posY]). Its corresponding gradients are denoted as
(gradientH[posX][posY], gradientV[posX][posY]).

Then Al(posX, posY) is derived as follows.

(dMvH[posX][posY], dMvV[posX][posY]) are clipped as

dMvH|posX][posY] = Clip3( -32768, 32767, dMvH|[posX][posY]);

dMvV][posX][posY] = Clip3( -32768, 32767, dMvV[posX][posY]);

Al(posX, posY)= dMvH[posX][posY] x gradientH[posX][posY] + dMvV[posX][posY] x
gradientV[posX][posY]; (PROF-eq2)

Al(posX, posY) = Shift(Al(posX, posY), 1+1+4);

Al(posX, posY) = Clip3( -(2'3-1), 213-1, Al(posX, posY));
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d) How to derive I for PROF
If the current block is not coded as bi-prediction or weighted-prediction,
I’(posX, posY) = Shift((I(posX, posY) + Al(posX, posY)), Shift0),
I’(posX, posY) = ClipSample (I'(posX, posY)),
where ClipSample clips a sample value to a valid output sample value.

Then I"(posX, posY) is output as the inter-prediction value.

Otherwise (the current block is coded as bi-prediction or weighted-prediction) I’(posX, posY) will be
stored and used to generate the inter-prediction value according to other prediction values and/or

weighting values.

[00212] Related methods

[00213] In the prior filings, PCT Application Nos. PCT/CN2018/096384,
PCT/CN2018/098691, PCT/CN2018/104301, PCT/CN2018/106920, PCT/CN2018/109250, and
PCT/CN2018/109425, a MV update method and a two-step inter prediction method are proposed.
The derived MV between reference block 0 and reference block 1 in BIO are scaled and added to
the original motion vector of list O and list 1. Meanwhile, the updated MV is used to perform
motion compensation and a second inter prediction is generated as the final prediction.

[00214] Meanwhile, in those prior PCT filings, the temporal gradient is modified by removing
the mean difference between reference block 0 and reference block 1.

[00215] In another prior filing, PCT Application No. PCT/CN2018/092118, for several sub-
blocks with different, only one set of MVs is generate for chrome component.

[00216] In JVET-NO145, DMVR is harmonized with MMVD (merge with MVD). DMVR is
applied to the motion vectors derived by MM VD when the distance of MMVD is larger than 2 pel.
[00217] 1.7 DMVR in VVC draft 4

[00218] The usage of DMVR in JVET-M1001 v7 (VVC working draft 4, version 7) is defined
as follows:

[00219] - When all of the following conditions are true, dmvrFlag is set equal to 1:

[00220] - sps_dmvr_enabled flag is equal to 1

[00221] - Current block is not coded with triangular prediction mode, AMVR affine mode,
sub-block mode (including merge affine mode, and ATMVP mode)

[00222] - merge flag[ xCb ][ yCb ] is equal to 1
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[00223] - both predFlagL.O[ 0 ][ O ] and predFlagL.1[ O ][ O ] are equal to 1

[00224] - mmvd_flag][ xCb ][ yCb ] 1s equal to O

[00225] - DiffPicOrderCnt( currPic, RefPicList[ O ][ refldxLO]) is  equal to
DiffPicOrderCnt( RefPicList[ 1 ][ refldxL1 ], currPic)

[00226] - cbHeight is greater than or equal to 8

[00227] - cbHeight*cbWidth is greater than or equal to 64

[00228] Drawbacks of existing implementations

[00229] The current design of DMVR/BIO has the following problems:

[00230] 1) When DMVR is applied to one block or one unit for processing DMVR (e.g.,
16x16), the whole unit/block will share the same refinement motion information. However, it 1s
possible that the refined motion information is not beneficial for partial of samples within the
whole unit/block.

[00231] 2) InJVET-NO145, DMVR could also be applied to MMVD coded blocks. However,
it is restricted that DMVR is only applied when the distance of MMVD is larger than 2 pel. The
selected MMVD distance is firstly used to derive the 1% refined motion vectors for current block.
If DMVR is further applied, the 2™ refined MMVD distance due to DMVR may be included in
MMVD distance table, which 1s unreasonable.

[00232] 3) DMVR/BIO is always applied to blocks which satisfy conditions of block
dimensions and POC distances. However, it doesn’t fully consider the decoded information of one
block which may result in worse performance after refinement.

[00233] 4) 5*5 square MVD space is searched in DMVR, which is computationally complex.
The horizontal MVD can range from -2 to 2, and the vertical MVD can range from -2 to 2.
[00234] 5) Parametric error surface fit is only performed for center 9 integer positions, which
may be inefficient.

[00235] ©6) The MVD values (i.e., the difference between the decoded MV and refined MV) in
BDOF/PROF, i.e., vx and vy derived in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF, or Av,(x,y) and
Av,(x,y) in PROF, could be in a large range, therefore, it is not possible to replace the
multiplications by shifts in the BDOF/PROF process.

[00236] 7) The derived sample prediction refinement (e.g., the offset to be added to the
prediction sample) for BDOF is not clipped, therefore, it may be unfriendly for storage. On the
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other hand, PROF is using the same OF flow as BDOF while PROF invokes a clipping operation
for the derived offset.

[00237] Problem in residual coding

[00238] 1) The coding group (CG) size used in transform skip mode and regular residual coding
mode (e.g., transform mode) are misaligned. In regular residual coding, 2*2 CG size is used for
2*¥2 2*4 and 4*2 residual blocks, and 2*8 and 8*2 CG sizes are used for 2*N and N*2 residual
blocks (N >= 8) respectively. On the other hand, in transform skip mode, 2*2 CG size 1s always
used for 2*N and N*2 (N >= 2) residual blocks.

[00239] Exemplary methods for coding tools with adaptive resolution conversion

[00240] Embodiments of the disclosed technology overcome the drawbacks of existing
implementations. The examples of the disclosed technology provided below are discussed to
facilitate the understanding of the disclosed technology and should be interpreted in a way to limit
the disclosed technology. Unless explicitly indicated to the contrary, the various features described
in these examples can be combined.

[00241] Denote MVO and MV1 as the MV of the block in prediction direction 0 and 1
respectively. For MVX (x =0 or 1), MVX][0] and MVX[1] represent the horizontal and vertical
component of MVX respectively. If MV’ s equal to (MVO+MVI1), then
MV’[0]=MVO[0]+MV1[0], and MV’[1]=MVO[1]+MV1][1]. If MV’ is equal to a*MVO, then
MV’[0]=a*MVO0[0] and MV’[1]=a*MVO[1]. Suppose the reference picture in list 0 and list 1 are
Ref0 and Ref1 respectively, the POC distance between the current picture and RefO 1s PocDistO
(1e., absolute value of (POC of current picture minus POC of Ref0)), and the POC distance
between Refl and the current picture is PocDistl (i.e., absolute value of (POC of Ref1 minus POC
of current picture)). Denote width and height of the block as W and H respectively. Suppose
function abs(x) returns the absolute value of x.

[00242] Suppose the horizontal MVD in DMVR can range from -MVD Hor TH1 to
MVD _Hor TH2, the vertical MVD can range from -MVD_Ver TH1 to MVD_Ver TH2. Denote
width and height of the block as W and H respectively. Suppose abs(X) returns the absolute value
of X, Max(X, Y) returns the larger value of X and Y. Suppose sumAbsHorMv = abs(MVO[0]) +
abs(MV1[0]), sumAbsVerMv = abs(MVO[1]) + abs(MVI1[1l]), maxHorVerMv =
Max(abs(MVO0[0], abs(MV1[0])), maxAbsVerMv = Max(abs(MVO0[1], abs(MV1[1])). Denote the
clipped vx and vy as clipVx and clipVy respectively.
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[00243] In the disclosure below, the term “absolute MV” of a MV=(MVx, MVy) may refer to
abs(MVx), or abs(MVy), or abs(MVx)+ abs(MVy), or Max(abs(MVx), abs(MVy)). The term
“absolute horizontal MV” refers to abs(MVx) and “absolute vertical MV” refers to abs(MVy).

[00244]  Suppose function logK(x) returns the logarithm of x in base K, function ceil(y) returns
the smallest integer greater than or equal to y (e.g., the integer value inty wherein y <= inty <y +
1), floor(y) returns the largest integer less than or equal to y (e.g., the integer value inty wherein y
— 1 <inty <=Yy). Function sign(x) returns sign of x, e.g., returns 0 if x >=0 and 1 if x <0. Suppose

0 x<0
2" x>0

0 x<yorx=0

x ~y1s equal tox” . Suppose function esp(x,y) = { ,and esp2(x)= {

277 x>yand x#0

[00245] Note that the proposed methods may be also applicable to other kinds of decoder side
motion vector derivation/refinement, prediction/reconstruction samples refinement methods.
[00246] DMVR is applied to one block or one unit for processing DMVR (e.g., 16x16), in the
following descriptions, a sub-region could be a part smaller than the processing unit.
[00247] BIO is also known as BDOF (Bi-Directional Optical Flow).
[00248] In the following discussion, the MVD utilized in the decoder side motion derivation
process (e.g., BDOF, PROF) may be denoted by v, vy, Av,(x, y) and Av,(x, ¥). In one example,
vx and vy may refer to “vy and vy derived in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF, or “Av,(x,y)
and Av),(x,y)” in PROF). In one example, Av,(x,y) and Av,, (x,y) may refer to “vx and vy”
derived in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF, or “Av,(x,y) and Av, (x, y)” in PROF).
[00249] The proposed methods regarding PROF/BDOF may be applied to other kinds of coding
methods that uses optical flow.
[00250] 1.The results of MRSAD or other rules (e.g., SAD, SATD) using a given MVD (or a
given MVD pair for two lists) may be further modified before being used to select the refined
motion vectors in the decoder side motion derivation process.
a. In one example, the results may be modified via being multiplied by a scaling
factor.
1. Alternatively, the results may be modified via being divided by a scaling
factor.
1. Alternatively, the results may be modified via being added/subtracted by a

scaling factor.
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In one example, the scaling factor may be dependent on the values of MVD.
1. In one example, the scaling factor may be increased for a larger
MVD (e.g., a larger absolute value of horizontal and/or vertical
component of MVD).
2. In one example, the scaling factor may be dependent on the sub-pel
position of a candidate MV with initialized MV plus the tested
MVD.
In one example, the scaling factors may be dependent on the allowed MVD
sets (e.g., the horizontal or vertical component of a candidate in the allowed
MVD set is within the range [-M, N] wherein M and N are non-negative

values).

[00251] 2. It is proposed that whether and/or how to apply DMVR or/and BIO may depend on

the coding information of the block.

a. In one example the coding information may include the motion vectors and POC

values of reference pictures.

1.

1.

In one example, the coding information may include whether the block is
coded with AMVP mode or merge mode.
1. In one example, for the AMVP coded blocks, BIO may be disabled.
In one example, whether to enable DMVR/BIO may depend on the sum of
two motion vectors (denoted by MV0O’ and MV1’ which are dependent on
MVO0 and MV1) or the absolute values of MV components.
1. In one example, if abs(MV0’[0] + MV1°[0]) > T1 or abs(MVO’[1]
+ MVI1’[1]) > T1, DMVR or/and BIO may be disabled. For
example, T1 = 10 integer pixel.
2. In one example, if abs(MVO0’[0] + MV1°[0]) > T1 and abs(MVO0’[1]
+ MV1°[1]) > T1, DMVR or/and BIO may be disabled.
3. In one example, if abs(MVO0’[0] + MV1’[0]) + abs(MVO’[1] +
MVT1’[1]) > T2, DMVR or/and BIO may be disabled. For example,
T2 =15 integer pixel.
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In one example, if abs(MVO0’[0] + MV1°[0]) < T1 or abs(MVO0’[1]
+ MVI’[1]) < T1, DMVR or/and BIO may be disabled. For
example, T1 = 10 integer pixel.
In one example, if abs(MV0’[0] + MV1°[0]) < T1 and abs(MVO0’[1]
+ MV1°[1]) < T1, DMVR or/and BIO may be disabled.
In one example, if abs(MVO0’[0] + MV1°[0]) + abs(MVO’[1] +
MVT1’[1]) < T2, DMVR or/and BIO may be disabled. For example,
T2 =15 integer pixel.
In one example, MVO’ is set equal to MVO and MV 1’ is set equal to
MVI.
In one example, MVO’ is set equal to MVO and MV1 may be scaled
to generate MV1’,

a. Inone example, MV1’ =MV1 * PocDistO / PocDist1.

b. Inoneexample, MV1’ =-MV1.
In one example, MV 1’ is set equal to MV1 and MVO0 may be scaled
to generate MVO’.

a. In one example, MV0’ = MVO0 * PocDist1 / PocDistO.

b. In one example, MV0’ = -MVO.
In one example, MVO’ may be set equal to MVO0*(POCRef1-
POCcur) and MV1’ may be set equal to MV 1*(POCcur-POCRef0),
wherein POCcur, POCRef0O and POCRefl may represent the POC
value of the current picture, the reference picture of MVO and the

reference picture of MV 1, respectively.

b. In one example, the information may include the merge index or and MVP index.

1.

For example, DMVR or/and BDOF may be allowed only for certain merge

index.

1.

For example, DMVR or/and BDOF may be allowed only for even
merge index.
For example, DMVR or/and BDOF may be allowed only for odd

merge index.
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3. For example, DMVR or/and BDOF may be allowed only for merge
index smaller than a threshold TT1.
4. example, DMVR or/and BDOF may be allowed only for merge
index larger than a threshold T1.
1. For example, BDOF may be allowed only for certain MVP index, e.g., even
or odd MVP index.
c. In one example, the information may include whether SBT mode is employed by
the block or not.
1. In one example, DMVR or/and BDOF may be disallowed when SBT mode
1s employed.
i1. In one example, DMVR or/and BDOF may be allowed only for the sub-
partitions with non-zero residual in SBT mode.
iii. In one example, DMVR or/and BDOF may be disallowed for the sub-

partition with non-zero residual in SBT mode.

[00252] 3. It is proposed that whether and/or how to apply DMVR or/and BIO may depend on
the relationship between the MV before refinement referring to a first reference list (e.g. denoted
as MVO in section 2.5) and the MV before refinement referring to a second reference list (e.g.
denoted as MV1 in section 2.5).
a. In one example, if MVO and MV1 are symmetric in a block, DMVR or/and BIO
may be disabled.
1. For example, if the block has symmetric motion vectors (such as
(MV0+MV1) has only zero components), BIO may be disabled. In one
example, the block may be coded with AMVP mode. In an alternative
example, the block may be coded with merge mode.
1. Whether MVO and MV 1 are symmetric may depend on POCs.
1. For example, MVO and MV1 are symmetric if MV1*(POCcur-
POCO)+ MVO0*(POC1-POCcur) is equal to zero motion vector.
POCcur, POCO and POCT1 represent the POC of the current picture,
the reference picture of MVO and the reference picture of MV1,

respectively.
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b. In one example, if MVO and MV 1 are nearly symmetric in a block, DMVR or/and
BIO may be disabled.
1. For example, MVO and MVI1 are nearly symmetric if
abs(MV0+MV1)<Thl, where Thl is an number such as 1 integer pixel.
1. Whether MVO and MV 1 are symmetric may depend on POCs.
1. For example, MVO and MV1 are nearly symmetric if
abs(MV1*(POCcur-POC0)+ MV0*(POC1-POCcur))< Th2, where
Th2 1s an number which may rely on POCs.
c. Inoneexample, if MVO and MV1 are far from symmetric in a block, DMVR or/and
BIO may be disabled.
1. For example, MVO and MVI are far from symmetric if
abs(MV0+MV1)>Thl, where Thl is an number such as 16 integer pixels.
1. Whether MVO and MV 1 are symmetric may depend on POCs.
1. For example, MVO and MVI1 are far from symmetric if
abs(MV1*(POCcur-POC0)+ MV0*(POC1-POCcur))> Th2, where
Th2 1s an number which may rely on POCs.

[00253] 4. Multiple-step refinement may be applied, with smaller refined regions when
increasing step size.

a. In one example, the k-th step is to refine one or multiple Mk*Nk units, and the j-th

step 1s to refine one or multiple Mj*Nj units wherein k>j, Mk*Nk is unequal to

Mj*Nj, and at least one of the two conditions is true: Mk<=Mj, Nk<=Mj.

[00254] 5. Refined motion information within one block may be different from one KxL sub-
region to another KxL sub-region.

a. In one example, a first KxL sub-region may use the decoded motion information,

and a second KxL sub-region may use the refined motion information which is

derived in the DMVR process applied to a unit covering the 2™ sub-region.

[00255] 6. Whether to apply BIO for a sub-region may depend on the output of DMVR process.
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a. In one example, for a sub-region within a block/unit that DMVR applies to, if the
motion information 1s unchanged after the DMVR process, BIO may be disabled

for the sub-region.

[00256] 7. It is proposed that N (N > 1) pairs of MVDs (such as (MVy;rr, —MVy;57) in Section
2.5) may be selected in DMVR to generate the final prediction sample wherein one pair includes
two motion vector differences with one for list O and one for list 1.
a. In one example, N =2, including the selected MVD pair in the DMVR process and
the all zero MVD pair.
b. Inone example, N=2. The 2 best pairs of MVDs (e.g., the 2 MVDs with minimum
cost) in the DMVR process may be used.
c. In one example, each KxL sub-region within the block may decide its own MVD
pairs.
d. In one example, with each pair of MVDs, two reference blocks can be identified.
Cost (e.g., SAD/SSE) between each sample or sub-block (e.g., 2*2 block or 4*4
block etc.) within the two reference blocks may be calculated. Then, the final
prediction sample may be generated as a combination of all reference block pairs
according to the cost value. Denote predKLX (K =1, 2, ..., N) as the reference
sample 1n list X (X = 0 or 1) identified by the Kth pair of MVDs and denote the
costK as the cost of the Kth pair of MVDs. Both predKLX and costK may be the
function of (x, y) (e.g., the position of the sample).
e. In one example, weighting of each sample may be inversely proportional to the
cost.

N_ predKLO(x,y)+predKL1(x,y))/costK(x,y)
k=1
2 *22’:1 1/costK(x,y)

i. In one example, Pred(x,y) =

ii. In one example, Pred(x,y) =

(predlLO(x,y)+pred1L1(x,y))*costz (x,y)+(predZLO(x,y)+pred2L1(x,y))*costl (x,y)
2(cost1(x,y)+cost2(x,y))

f. In one example, for each sample or sub-block, the MVD achieving the minimum

cost 1s used for generating the final prediction.

[00257] 8. It is proposed that when DMVR and MMVD are used together, DMVR may not be
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allowed to refine the MMVD distance to certain values.
a. In one example, the refined MMVD distance by DMVR shall not be included in
the MMVD distance table.
1. Alternatively, furthermore, when the refined MMVD distance by DMVR is
included in the MMVD distance table, DM VR is disallowed and the original
MMVD (e.g., the signaled MMVD distance) distance is used.
b. In one example, after generating the best integer MVD in DMVR, it is added to the
original MMVD distance to generate a rough refined MMVD distance. DMVR may
be disallowed if the rough refined MMVD distance is included in the MMVD
distance table.
c. In one example, DMVR may be allowed for all MMVD distances with above
constraints.

1. For example, DMVR may be allowed for 2-pel MMVD distance.

[00258] 9. It is proposed that BDOF may be disallowed for a sample or sub-block depending
on the derived MVD, and/or the spatial gradients, and/or the temporal gradients etc.

a. In one example, BDOF may be disallowed for a sample if the derived part makes
difference between the prediction sample in reference list O and the prediction
sample in reference list 1 larger.

i. For example, if 19 y) - IV y) < 0 and
vx(rlal(l)/éerro 61(0)/8x)+vy(1181(”/@/+10 61(0)/6)/) >0 (as shown in Eq. (5) in
section 2.3), BDOF may be disallowed for position (X, y).

ii. For example, if I9x y) - I9x y) > 0 and
v, (zal" facez, a0 o) +v, (zal" fv+r, % [v) <0, BDOF  may be
disallowed for position (x, y).

iii. For example, if 1%, vy) - Y y) > 0 and
vx(rlal(l)/éerro 61(0)/8x)+vy(1181(”/@/+10 61(0)/6)/) >0 (as shown in Eq. (5) in

section 2.3), BDOF may be disallowed for position (X, y).
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iv. For example, if 19, y) - I y) < 0 and

v, (zd" fac+z,d" fox)+v, (zd" [y +z, a0 [v) <0, BDOF  may be

disallowed for position (X, y).

v. Alternatively, the derived offset may be scaled by a factor denoted as fbdof
(fbdof < 1.0) if the derived part makes difference between the prediction
sample in reference list O and the prediction sample in reference list 1 larger.

1. For example,

predy, =210 +1" + octg (v, /2-( " foe—2, 8 fax)+v, 2 c00" [-7 20" /ay))).

b. In one example, BDOF may be disallowed for a sample or K*L (e.g., 2*2, 1*1)
sub-block if the derived part makes difference between the prediction sub-block in
reference list O and the prediction sub-block in reference list 1 larger.

1. For example, BDOF may be disallowed when A >A,  wherein

A =10 1"+, (" faxz, a0 fax) v, (cal” fov+z, a0 o)
Q

Az — z:l ](0) _ ](1)0
Q

and Q represents samples belong to the sub-block.

1. In one example, BDOF may be disallowed when A, > A, .

iii. In one example, the difference may be measured by SSE (sum of squared
error) or mean-removed SSE or SATD (Sum of Absolute Transformed

Difference). For example,

A=Y (10 1 v, (0" fox+ 7,80 o) vy, (rar® fov+ 7, o /ay))2
Q

& =01

iv. In one example, the difference may be calculated on certain samples of the

sub-block.

1. For example, the difference may be calculated on even or odd rows

of the sub-block.
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C.

v. Alternatively, the derived offset or/and vx or/and vy may be scaled by a
factor denoted as fbdof (fbdof < 1.0) if the derived part makes difference
between the prediction sub-block in reference list O and the prediction sub-
block in reference list 1 larger.

In one example, the derived offset (eg.,
v, (5" o +z, a1 [ox)+v, (zal" Jav+7, a1 [ov) ) or/and vy or/and vy may be scaled
by a factor denoted as fbdof (fbdof >= 1.0) if the derived part makes difference

between the prediction sub-block (or sample) in reference list 0 and the prediction

sub-block (or sample) in reference list 1 smaller.

[00259] 10. It 1s proposed that when the derived MVD (e.g., vx and vy) in BDOF is changed

after the clipping operation, the cost, e.g., S a?[s, '], wherein Ais defined in Eq. (5) and Q

[inieq

represents samples belong to the sub-block, may be calculated for the clipped MVD. Denote cost

of the originally derived MVD as costDerivedMvd, cost of the clipped MVD as costClipMvd and

cost of all zero MVD as costZeroMvd.

a.

b.

In one example, if costClipMvd > Th * costZeroMvd, BDOF may be disallowed.
In one example, if costClipMvd > Th * costDerivedMvd, BDOF may be
disallowed.

In one example, if costClipMvd > Th * costZeroMvd or costClipMvd > Th *
costDerivedMvd, the derived offset (eg.,

v, (qa](” Jox+1, 61(0)/6x)+vy (qa](” Jv+1, 61(0)/8)/)) may be scaled by a factor smaller

than 1.0.

Alternatively, if both vx and vy are changed after the clipping operation, BDOF may
be disallowed.

Alternatively, if either vx or vy is changed after the clipping operation, BDOF may
be disallowed.

Alternatively, if the absolute difference between vx and the clipped vx is larger than
a threshold T, BDOF may be disallowed.

Alternatively, if the absolute difference between vy and the clipped vy is larger than

a threshold T, BDOF may be disallowed.
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h. Alternatively, if the absolute difference between vx and the clipped vy is larger than
a threshold T1 and the absolute difference between vy and the clipped vy is larger
than a threshold T2, BDOF may be disallowed.

1. Inone example, T/T1/T2 may be 1 or 2 or 3 or 4 integer pixels.

J.  Inone example, when vx is not equal to clipVx, the cost may be calculated for some
specific MVDs, e.g., (0, 0), (clipVx/ 2, 0), (clipVx * 2, 0). The MVD achieving the
minimum cost may be selected as the final MVD.

k. Inoneexample, when vy is not equal to clipVy, the cost may be calculated for some
specific MVDs, e.g., (clipVx, 0), (clipVx, clipVy / 2), (clipVx, clipVy * 2). The
MVD achieving the minimum cost may be selected as the final MVD.

1. In one example, when vx is not equal to clipVx and vy is not equal to clipVy, the
cost may be calculated for some specific MVDs, e.g., (0, 0), (clipVx /2, 0), (clipVx
*2,0), (0, clipVy), (clipVx / 2, clipVy), (clipVx * 2, clipVy), (0, 2 * clipVy),
(clipVx / 2, 2 * clipVy), (clipVx * 2, 2 * clipVy),. The MVD achieving the
minimum cost may be selected as the final MVD.

m. In one example, when vx is not equal to clipVx and vy is not equal to clipVy.
Horizontal MVD and vertical MVD may be determined sequentially.

1. For example, horizontal MVD may be determined first assuming vertical
MVD is equal to certain value (e.g. 0). Then vertical MVD may be
determined based on the determined horizontal MVD.

1. In one example, the cost may be first calculated for some specific

horizontal MVD assuming the vertical MVD is equal to zero, e.g.,

MVDs (0, 0), (clipVx / 2, 0), (clipVx * 2, 0), the horizontal MVD

achieving the minimum cost may be selected as the final horizonal

MVD, denoted as finalVx. Then, the cost may be calculated for

some specific vertical MVDs, e.g., MVDs (finalVx, 0), (finalVx,

clipVy / 2), (finalVx, clipVy * 2). the vertical MVD achieving the
minimum cost may be selected as the final vertical MVD.

i1. For example, vertical MVD may be determined first assuming horizontal

MVD is equal to certain value (e.g. 0). Then horizontal MVD may be

determined based on the determined vertical MVD.

40



WO 2020/228836 PCT/CN2020/090802

1. In one example, the cost may be first calculated for some specific
vertical MVD assuming the horizontal MVD is equal to zero, e.g.,
MVDs (0, 0), (0, clipVy / 2), (0, clipVy * 2), the vertical MVD
achieving the minimum cost may be selected as the final vertical
MVD, denoted as finalVy. Then, the cost may be calculated for
some specific horizontal MVD, e.g., MVDs (0, finalVy), (clipVx /
2, finalVy), (clipVx * 2, finalVy). the horizontal MVD achieving
the minimum cost may be selected as the final horizontal MVD.
n. Inone example, different MVDs may have some common parts in the cost function,
which may not be recalculated in the comparison.
1. Alternatively, the common part is removed from the cost function for all

MVDs.

[00260] 11. Derived motion vector differences (i.e., MVD) in BDOF and other decoder
refinement tools (e.g., PROF) may be further refined based on a or multiple sets of candidate
MVDs which is dependent on the derived MVDs. And a block may be reconstructed based on the
signaled motion vectors and the refined MVDs. Denote the derived MVD by (vx, vy), and the

refined MVD by (refinedVy, refinedVy).
a. In one example, two-step refinements may be applied wherein a first set of
candidate MVDs used in the first step are based on the unmodified vy and modified
vx ; and a second set of candidate MVDs are based on the unmodified vx and

modified vy or vice versa.
b. In one example, a set of candidate MVDs is defined to include (vx + offsetX, vy)
wherein offsetX being in the range [-ThX1, ThX2] wherein ThX1 and ThX2 are
non-negative integer values. In one example, ThX1=ThX2=ThX wherein ThX is a
non-negative integer. In another example, ThX1=ThX2+1=ThX wherein ThX is a

non-negative integer.

1. In one example, ThX = 2. In one example, MVDs including (vx — 2, vy), (vx
-1, vy), (Vx, ), (vx T 1, vy) and (vx + 2, vy) may be checked after deriving

Vx.
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1. Alternatively, ThX = 1. In one example, MVDs including (vx — 1, vy), (vx,
vy) and (vx + 1, vy) may be checked after deriving vx.

iii. In one example, only partial of values (e.g., offsetX) in the range [-ThX,
ThX] may be allowed.

iv. Alternatively, vy is set equal to be O.

v. Alternatively, vx is set equal to refinedVy.

c. In one example, a set of candidate MVDs i1s defined to include (vx, vy + offsetY)
wherein offsetY being in the [-ThY1, ThY2] wherein ThY1 and ThY2 are non-
negative integer values. In another example, ThY 1=ThY2+1=ThY wherein ThY is
a non-negative integer..

1. Inone example, ThY =2. In one example, MVDs including (vx, vy —2), (s,
vy — 1), (vx, Vy), (Vx, vy T 1) and (v, vy + 2) may be checked after deriving

Vy.

—

1. Alternatively, ThY = 1. In one example, MVDs including (vx, vy — 1), (vx,
vy) and (vx, vy + 1) may be checked after deriving vy.

iii. In one example, only partial of values (e.g., offsetY) in the range [-ThY,

ThY] may be allowed.
iv. Alternatively, vx is set equal to refinedVx.
v. Alternatively, vx is set equal to O.
d. Inone example, vx and vy may be refined in order.
1. For example, v is refined first, e.g., according to bullet 10. b.

1. Alternatively, furthermore, vy is assumed to be equal to O.

1. For example, vy is refined first, e.g., according to bullet 10. c.
1. Alternatively, furthermore, vx is assumed to be equal to O.

e. In one example, vx and vy may be refined jointly. For example, a set of candidate
MVDs is defined to be include (vx + offsetX, vy + offsetY), wherein offsetX being
in the range [-ThX1, ThX2] and offsetY being in the range [-ThY1, ThY2].

1. For example, ThX1 = ThX2 =2 and ThY1 =ThY2=2.
1. For example, ThX1 = ThX2=1and ThY1 =ThY2=1.
iii. In one example, only partial values of (vx + offsetX, vy + offsetY) may be

included in the candidate MVD set.
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In one example, the number of candidate MVDs derived from vx and vy may be the
same, e.2., ThX1 = ThY1 and ThX2 = ThY2.
1. Alternatively, the number of candidate MVDs derived from vy and vy may
be different, e.g., ThX1 !=ThY1 or ThX2 !=ThY2.
Alternatively, furthermore, the MVD that achieves the minimum cost (e.g., the cost

defined in bullet 9) may be selected as the refined MVD.

[00261] 12. It is proposed that MVDs used in BDOF and other decoder refinement methods

(e.g., PROF) may be restricted to be within a given candidate set.

a.

Suppose the maximum and minimum value of horizontal MVD are denoted by MVDipaxx
and MVDynx, respectively; the maximum and minimum value of vertical MVD are
denoted by MVDuuw and MVDuiny, respectively. The number of allowed horizontal
MVDs candidates in the given candidate set shall be smaller than (1+MVDyyaxx - MV Dipinx)
and/or the number of allowed vertical MVDs candidates in the given candidate set shall be
smaller than (1+MVDpaxy - MVDiny).
In one example, the given candidate set may only have candidates with vx and/or
vy are in the form of K™, wherein m is an integer. E.g, K= 2.
1. Alternatively, furthermore, the given candidate set may also include the candidate
that vy and/or vy are equal to O.

1. Alternatively, the given candidate set for Av,(x,y) or/and Av, (x,y) may only
have candidates with Av,(x,y) or/and Av, (x,y) be zero or in the form of K™,
wherein m is an integer. E.g., K =2.

In one example, the given candidate set may only have candidates with v and/or vy or/and
Av,(x, y) or/and Av, (x,y) whose absolute values are zero or in the form of K™, wherein
m is an integer. E.g., K=2.

In one example, the given candidate set may only have candidates with vy and/or vy or/and
Av,(x,y) or/and Av,(x,y) are zero or in the form of K™ or -K™ wherein m is an integer.
Eg,K=2.

In one example, the MVD may be firstly derived using prior art (e.g., vx and vy

derived in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF) and then may be modified to be

one of allowed candidate in the given candidate set.
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1. In one example, X 1s set equal to abs(vx) or abs(vy), X’ 1s derived from X

and vyor vy 1s modified to sign(vx) * X or sign(vy) * X’.

1.
2.
3.

For example, X’ may be set equal to K * ceil(logK(X)).
For example, X* may be set equal to K * floor(logK(X)).
For example, X’ may be set equal to O if X is smaller than a threshold
T.
For example, X’ may be set equal to K " ceil(logK(X)) if
ceil(logK(X)) — X <= X — floor(logK(X)).
a. Alternatively, furthermore, X’ may be set equal to K *
floor(logK (X)), otherwise.
For example, X” may be set equal to K¢€il(108K(0) jf geeil(logk(X)) _
X <= X — Kfloor(logk(X))
a. Alternatively, furthermore, if Kcell(ogkX) _ x > x _
K f100r(0gK(D) X may be set equal to K 100T108K00)
For example, X” may be set equal to K¢€il(108K(0) jf geeil(logk(X)) _
X < X — Kfloor(logk(x))
a. Alternatively, furthermore, if K¢ell(08KX)) _ x >= x _
K f100r(0gK(D) X may be set equal to K 100T108K00)
In one example, K is set to 2.
In one example, X’ may be set equal to K cil10gKX+offset)) ' yheare
offset is an integer. For example, offset may be equal to X-1 or
X>>1.
a. Inoneexample, offset may depend on X. For example, offset
may be equal to K<!108K®)/2 4P where P is an integer such
as 0,1, -1.
In one example, X’ may be set equal to K floor(logkX+offset) yhare
offset is an integer. For example, offset may be equal to X-1 or

X>>1.
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In one example, offset may depend on X. For example, offset
may be equal to K°0r0gk®)/2 4P wwhere P is an integer such
as 0,1, -1.

10. In one example, conversion from X to X’ may be implemented by a

predefined look-up table.

a.

In one example, the look-up table may be derived from
above methods.

In one example, the look-up table may not be derived from
above methods.

In one example, when converting from X to X’, X may be
used as the index for accessing the look-up table.

In one example, when converting from X to X, the first N
(e.g., N = 3) most significant bits of X may be used as the
index for accessing the look-up table.

In one example, when converting from X to X, the first N
(e.g., N = 3) least significant bits of X may be used as the
index for accessing the look-up table.

In one example, when converting from X to X, certain N
(e.g., N =3) consecutive bits of X may be used as the index

for accessing the look-up table.

11. The above method may be also applicable to Av,(x,y) by replacing

ve with Av,(x, ).

12. The above method may be also applicable to Av,(x,y) by replacing

vy With Av,,(x,y).

In one example, a set of candidate values that are power of K may be

selected dependent on vxor vy for calculating the cost (e.g., the cost defined

in bullet 9). The value achieving the minimum cost is selected as the final

vxor vy. Denote 1gKZ = floor(logK(abs(vz))), where Z =x or y.

1. For example, the set of values may be sign(vz) * {K " IgKZ, K
(1gKZ + 1)}.
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2. For example, the set of values may be sign(vz) * {K "~ IgKZ, K »
(1gKZ + 1), 0}.
3. For example, the set of values may be sign(vz) * {K ~ 1gKZ, 0}.
4. For example, the set of values may be sign(vz) * {K " (1gKZ-1), K
MgKZ, K (1gKZ + 1)}
5. For example, the set of values may be sign(vz) * {K " (IgKZ -1), K
NgKZ, K~ (1gKZ + 1), 0}
6. For example, the set of values may be sign(vz) * {K " (1gKZ - 2), K
N(1gKZ - 1), KN IgKZ, K~ (1gKZ + 1), K~ (1gKZ + 2), 0}.
7. For example, the set of values may be sign(vz) * {K " (1gKZ - 2), K
N(IgKZ - 1), KN IgKZ, K~ (1gKZ + 1), K » (1gKZ + 2)}.
1. In one example, vx and vy may be modified in order.
1. In one example, vx may be first modified assuming vy is equal to
Zero.
a. Alternatively, furthermore, vy 1s derived based on the
modified vx.
2. In one example, vy may be first modified assuming vy is equal to
Zero.
a. Alternatively, furthermore, vx is derived based on the
modified vy.
f  Alternatively, only allowed candidates in the given candidate set may be checked
to derive the MVD.

1. Inone example, in BDOF, instead of deriving MVD (e.g., vx and vy derived
in 8.5.7.4 Eq. 8-867 and 8-868) explicitly from Eq. 7 and 8, vx and vy may
be selected from a set of candidate MVD values directly.

ii. In one example, vx and vy may be determined in order.
1. In one example, vx may be first determined assuming vy is equal to
Zero.
a. Alternatively, furthermore, vy 1s derived based on the

determined vx.
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2. In one example, vy may be first determined assuming vx is equal to
Zero.
a. Alternatively, furthermore, vx is derived based on the
determined vy.
iii. In one example, vx and vy are determined jointly.
iv. In one example, the candidate MVD value set may only include values in
the form of K~ N or -K ” N or zero, N is an integer, K> 0, e.g., K=2.
1. In one example, the candidate MVD value set may include values in
the form of M/ (K~ N), M is an integer, and N>=0,K >0, e.g., K
=2,
2. In one example, the candidate value set may include values in the
form of M/ (K~ N), M and N are integers, K> 0, e.g., K=2.
3. In one example, the candidate value set may include values zero or values
in the form of (K *M) / (K~ N), M and N are integers, K> 0, e.g., K=2.
g. Alternatively, only allowed MVD values may be derived for vx and vy.
1. In one example, vx 1s derived as follows, wherein function F1() and F2()
may be floor() or ceil().
vx =sGx2 >0 ? Clip3( —mvRefineThres, mvRefineThres, (8-867)
sign(—sGxdI)*esp ( F1( Log2( abs(sGxdl) <<3) ), F2( Log2( s
Gx2)))) : 0
1. In one example, vx is derived as sign(—sGxdI) * esp2(M) wherein M is the
integer that achieves the minimum cost(sGxdl << 3, sGx2) and function
cost() 1s defined as follows.
cost(x, y) = Abs(abs(x) * 2M — )
1. Alternatively, cost(x, y, M) = Abs(abs(x) * 2™ — abs(y)).
2. Alternatively, cost(x, y, M) = Abs(abs(x) * 2M ).
iii. In one example, vy is derived as follows, wherein function F1() and F2()
may be floor() or ceil().
tmp = (sGydl <<3 ) — ((vx * sGxGym ) << 12 + vx * sGxGys ) >> 1
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vy =sGy2>0 ? Clip3( —mvRefineThres, mvRefineThres,
sign(tmp)*esp ( F1( Log2( abs( tmp ) ) )(8-868)
,F2(Log2(sGx2)))) : O

iv. In one example, vy is derived as sign(tmp) * esp2(M) wherein M is the

integer that achieves the minimum cost(tmp, sGy2) and tmp is defined as

follows and function cost() is defined above.

tmp = ( sGydl << 3 ) — ((vx * sGxGym ) << 12 + vx * sGxGys ) >> 1

v. Suppose the numerator and denominator used for deriving vx are numX and

denoX respectively (e.g., vx is expected to be approximately numX/denoX).

vx may be derived as follows:

1.

In one example, vx may be derived as sign(numX*denoX) *

esp2(M) wherein M is the integer that achieves the minimum value

of cost(numX, denoX, M).

In one example, vx may be set equal to zero or sign(numX *

denoX) % KF1(logK(abs(numX)+offsetl))—F2(logK(abs(denoX)+offsetz))

where offset]l and offset2 are integers.

a.

For example, vx may be set equal to zero if abs(numX) <
abs(denoX) * T1 + T2. For example, T1 =12, T2 =0.

For example, vx may be set equal to zero if abs(numX) <=
abs(denoX) * T1 + T2. For example, T1 =12, T2 =0.

For example, vx may be set equal to zero if abs(numX) <
(abs(denoX) >> T1) + T2. For example, T1 =1, T2 =0.

For example, vx may be set equal to zero if abs(numX) <=
(abs(denoX) >> T1) + T2. For example, T1 =1, T2 =0.

For example, vx may be set equal to zero if denoX is equal
to zero.

For example, vx may be set equal to zero if numX is equal
to zero.

For example, vx may be set equal to zero if numX is eqaul

to zero or denoX is equal to zero.
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For example, vx may be set equal to zero if denoX is less
than T1.

For example, vx may be set equal to zero if numX is less
than T1.

For example, vx may be set equal to zero if numX is less
than T1 or denoX is less than T2.

For example, offset] may be set equal to numX — 1 or numX
>>1or0.

For example, offset2 may be set equal to denoX — 1 or denoX

>>1 or O.

. For example, offsetl may depend on numX. For example,

offset] may be equal to KeellogRumX)/> +p \where P is an
integer such as 0, 1, -1.

For example, offset] may depend on numX. For example,
offset] may be equal to Kceil(logK(abs(numX)))/2 +P,
where P is an integer such as O, 1, -1.

For example, offset] may be equal to KfloorlosKumX) > 4 p.

where P is an integer such as O, 1, -1.

For example, offset] may be equal to
Kfloor(logK(abs(numX)))/2 +P, where P is an integer such
as 0,1, -1.

For example, offset2 may depend on denoX. For example,

offset2 may be equal to KeelllosKWdenoX))» 4p where P is an
integer such as 0, 1, -1.

For example, offset2 may depend on denoX. For example,
offset2 may be equal to Kceil(logK(abs(denoX)))/2 +P,
where P is an integer such as O, 1, -1.

For example, offset2 may be equal to KfloorlogKdenoX)5 4 p.

where P is an integer such as O, 1, -1.

t) For example, offset2 may be equal to
Kfloor(logK(abs(denoX)))/2 +P, where P is an integer such
as 0,1, -1.

For example, F1() and F2() may be function floor() or ceil().
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one example, delta = floor(log2(abs(numX))) —

floor(log2(abs(denoX))), vx may be dervied as follows.

a.

For example, vx = abs(numX) < (T1 * abs(denoX) + T2) ?
T3 : sign(numX * denoX) * (1 << delta).
1. Inoneexample, T1 =1, T2=0, T3 =0.

1. Inone example, T1 =%, T2=0, T3 =0.

iii. In one example, T3 = numX.
For example, vx = abs(numX) <= (T1 * abs(denoX) + T2) ?
T3 : sign(numX * denoX) * (1 << delta).

1. Inoneexample, T1 =1, T2=0, T3 =0.

1. In one example, T1 =%, T2=0, T3 =0.

iii. In one example, T3 = numX.
For example, vx = ((denoX == 0) || (abs(numX) < (T1 *
abs(denoX) + T2))) ? T3 : sign(numX * denoX) * (1 <<
delta).
For example, vx = ((denoX = =0 || (abs(numX) <= (T1 *
abs(denoX) + T2))) ? T3 : sign(numX * denoX) * (1 <<
delta).
For example, vx = ((numX == 0) || (abs(numX) < (T1 *
abs(denoX) + T2))) ? T3 : sign(numX * denoX) * (1 <<
delta).
For example, vx = ((numX == 0 ) || (abs(numX) <= (T1 *
abs(denoX) + T2))) ? T3 : sign(numX * denoX) * (1 <<
delta).
For example, vx = (numX ==0) || (denoX ==0) ||
(abs(numX) < (T1 * abs(denoX) + T2))) ? T3 : sign(numX *
denoX) * (1 << delta).
For example, vx = (numX ==0) || (denoX ==0) ||
(abs(numX) <= (T1 * abs(denoX) + T2))) ? T3 : sign(numX
* denoX) * (1 << delta).
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For example, vx = (delta <T1) ? T3 : sign(numX * denoX)
* (1 << delta).

1. In one example, T1 =0, T3 =0.
For example, vx = (delta <= T1) ? T3 : sign(numX * denoX)
* (1 << delta).

1. In one example, T1 =0, T3 =0.
For example, vx = ((delta < T1) | | (denoX == 0)) ? T3 :
sign(numX * denoX) * (1 << delta).
For example, vx = ((delta <= T1) | | (denoX ==0)) ? T3 :
sign(numX * denoX) * (1 << delta).

. For example, vx = ((delta < T1) | | (numX ==0)) ? T3 :

sign(numX * denoX) * (1 << delta).

For example, vx = ((delta <= T1) | | (humX == 0)) ? T3 :
sign(numX * denoX) * (1 << delta).

For example, vx = ((delta <=T1) | | (numX == 0) | | (denoX
==0)) ? T3 : sign(numX * denoX) * (1 << delta).

For example, vx = ((delta < T1) | | (numX == 0) | | (denoX
==0)) ? T3 : sign(numX * denoX) * (1 << delta).

In one example, delta may be further modified as follows.

1. For example, if floor(log2(abs(numX))) is greater
than 0, and abs(humX) & (1 <<
(floor(log2(abs(numX))) — 1)) is not equal to zero,
delta may be increased by 1.

1. For example, if floor(log2(abs(denoX))) is greater
than 0, and abs(denoX) & (1 <<
(floor(log2(abs(denoX))) — 1)) is not equal to zero,
delta may be decreased by 1.

Alternatively, furthermore, when delta is less than 0, vx 1s

set to 0.

4. Such method is applicable to vy (e.g., replacing vx with vy in the

above methods) by replacing numX and denoX with numY and
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denoY respectively, wherein numY and denoY are the numerator
and denominator used for deriving vy.
In the above examples, vx may refer to “vy” used to derive
bdofOffset in BDOF, or “Av, (x,v)” used to derive Al in PROF (e.g
in PROF-eq2).

a. For example, numX and/or denoX may be set depending on

3

whether vx refers to “vx” used to derive bdofOffset in
BDOF, or “Av,(x,y)” used to derive Al in PROF.

b. For example, if “Av,(x,y)” used to derive Al in PROF,
numX may be set equal to Av,(x, y) derived from the affine
parameters in PROF (e.g. in PROF-eql).

c. For example, if “Av,(x,v)” used to derive Al in PROF,
denoX may be set equal to a fixed number such as 1.

In the above examples, vy may refer to “vy” used to derive
bdofOffset in BDOF, or “Av,,(x, y)” used to derive Al in PROF (e.g
in PROF-eq2).

a. For example, numY and/or denoY may be set depending on
whether vy refers to “vy” used to derive bdofOffset in
BDOF, or “Av, (x,y)” used to derive Al in PROF.

b. For example, if “Av,(x,y)” used to derive Al in PROF,
numY may be set equal to Av, (x,y) derived from the affine
parameters in PROF (e.g. in PROF-eql).

c. For example, if “Av,(x,y)” used to derive Al in PROF,

denoY may be set equal to a fixed number such as 1.

h. In one example, horizontal and/vertical component of MVD used in different tools

(e.g., BDOF and PROF) may be firstly derived using prior art, and further modified

to be belonging the given candidate set associated with the tool. The modification

process may be unified.

1.

Alternatively, the derivation process of MVDs used in different tools may

be directly unified.
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i1. In one example, horizontal and/vertical component of MVD used in BDOF

and PROF may be firstly derived using prior art, and further modified to be

belonging the given candidate set associated with the tool.

1.

Alternatively, furthermore, different inputs may be used to invoke
the unified modification process.

For example, these values may be derived as described in bullet
12.g.v. The input is a numerator and a denominator, and the output
is the derived MVD value that is either zero or a value in the form
of Km or -Km (K and m are integers, e.g., K =2).

In one example, when deriving the motion vector difference in
PROF, the numerators are the original Av,(x,y) or Av,(x,y) (e.g.,
values that are derived in section 2.6) before being modified
respectively, and the denominator is 1.

In one example, when modifying the motion vector difference in
BDOF, the numerators are the original vx or vy (e.g., values that are
derived in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF) before being
modified respectively, and the denominator is 1.

In one example, the original Av,(x,y) or Av,(x,y) may be left
shifted by a number N before being used as numerators, and the
denominator is 1 << N. In this case, the output MVD shall be right
shifted by N before being used.

In one example, the original vx or vy (e.g., values that are derived
in 8.5.7.4 Eq. 8-867 and 8-868 in BDOF) may be left shifted by a
number N before being used as numerators, and the denominator 1s
1 << N. In this case, the output MVD shall be right shifted by N

before being used.

1. In one example, when determining vxor vy in bullet 11 .b or/and 11 .c, a cost is

calculated for each candidate value, and the value achieving the minimum cost is

selected as the vxor vy.
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1. For example, the cost »  A*[i,;'], wherein A is defined in Eq. (5) and Q

[1',]']5{2

represents samples belong to the sub-block, may be used.

J.  The given candidate set may be pre-defined.

1.

1.

In one example, vx and/or vy could be only from -2”x/2”X wherein x is in

the range [-(X-1), (X-1)].

1.

Alternatively, furthermore, the given candidate set may also include
the candidate that vx and/or vy are equal to 0.
Alternatively, furthermore, the given candidate set may also include

the values 1n the form of 2"x/2"X.

In one example, the horizontal and/or vertical component of a candidate in

the given MVD candidate set (e.g., values of vx and/or vy used in BDOF,

Av,(x,y)or Av,(x,y) in PROF) could be only in the form of SXE—N, where
Sis1or-1.
1. In one example, N = 6. In other examples, N may be O, 2, or 4.

2.

In one example, m is within the range [a, b], suchasa=0and b =
N; ora=0and b =N-1.

Alternatively, furthermore, the given MVD candidate set may also

. . .. 2m

include O in addition to S><2—N.

Alternatively, furthermore, the given candidate set may include the
n m

values in the form of (—=S) X ;—Q in addition to S X z—N and/or 0.

a. Inone example, Q =6.
b. In one example, n is within the range [a, b], such as a =0 and
b=Q;ora=0and b=Q-1.
In one example, the horizontal and/or vertical component of a
candidate in the given MVD candidate set (e.g., values of vy and/or

vy used in BDOF, Av,(x,y)or Av,(x,y) in PROF) could be only

32 16 8 4 2 1 1 2 4 8 16 32

64’ 64 64 64 64 647 64’ 64’ 64° 64° 64° 64}'
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iii. In one example, vx and vy could be only from {-32, -16, -8, -4, -2, -1, 0, 1,
2,4,8,16,32}/64.
iv. In one example, vx or/and vy or/and Av,(x, y) or/and Av, (x,y) could only
be from {-32, -16, -8, -4, -2, -1, 0, 1, 2, 4, 8, 16, 32}.
v. In one example, vx or/and vy or/and Av,(x, y) or/and Av, (x,y) could only
be from {-32, -16, -8, -4, -2, -1, 0, 1, 2, 4, 8, 16, 32}/32.
vi. Inone example, Av,(x,y) or/and Av, (x, y) could only be from {-64, -32, -
16,-8,-4,-2,-1,0,1,2, 4,8, 16, 32, 64}.
vii. In one example, vx or/and vy or/and Av,(x, y) or/and Av, (x,y) could only
be from {-64, -32, -16,-8, -4, -2, -1,0, 1,2, 4, 8, 16, 32, 64}/64.
viii. In one example, vx or/and vy or/and Av,(x,y) or/and Av, (x, y) could only
be from {-128, -64, -32, -16, -8, -4, -2, -1,0, 1,2, 4, 8, 16, 32, 64, 128}/128.
ix. In one example, vx or/and vy or/and Av,(x, y) or/and Av, (x,y) could only
be from {-128, -64, -32, -16, -8, -4, -2,-1,0, 1,2, 4, 8, 16, 32, 64, 128}.
k. The given candidate set may be dependent on the coded information (e.g., block
dimension, mode).

1. It may be dependent on the block is coded with BDOF or PROF enabled.

1. The given candidate set may be signaled in sequence/picture/slice/brick/other video
unit-level.

m. In one example, the refinement process on a sample in BDOF or PROF exclude
multiplications operations.

1. For example, S° is derived as S’= S+ ((Gx+OffsetX)<<Bx)
+((Gy+OffsetY)<<By)+OffsetS, where S and S’ are the sample values
before and after the refinement. OffsetX, OffsetY and OffsetS are integers
such as 0.

1. In one example, S’ may be clipped.

2. In one example, S' may be right shifted.

[00262] 13. vxor/and vy in BDOF or/and Av,(x,y) or/and Av,(x,y) in PROF may be first

clipped to a predefined range (different ranges may be used for vx or/and vy or/and Av,(x,y)
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or/and Avy (x,y)), and then converted to zero or a value in a form of K™ or -K™ by proposed

method.

Alternatively, vx or/and vy in BDOF or/and Av,(x, y) or/and Av,(x,y) in PROF
may be first converted to zero or a value in a form of K™ or -K™ by proposed
method, then clipped to a predefined range (different ranges may be used for v
or/and vy or/and Av,(x, y) or/and Av, (x, ¥)).
i. Alternatively, furthermore, the range shall be in a form of [-K™, K"] or
[K™2, K"].
In one example, the numerator or/and the denominator in above method may be

clipped to a predefined range before being used.

[00263] 14. Clipping parameters (e.g., thBIO in Eq. 7 and 8) in BDOF may be different for

different sequence/picture/slice/tile group/tile/ CTU/CU.

a.

In one example, different thBIO may be used when clipping horizontal MVD and
vertical MVD.

In one example, thBIO may depend on the picture dimensions. E.g., a larger thBIO
may be used for picture with larger dimensions.

In one example, thBIO may depend on the decoded motion information of the
block.

1. For example, a larger thBIO may be used for a block with a larger absolute
MV, eg., “absolute MV” of MV[0] or “absolute MV” of MVJ[1] or
sumAbsHorMv or sumAbsVerMyv or sumAbsHorMyv + sumAbsVerMv.

1. For example, a larger thBIO may be used for clipping horizontal MVD for
block with a larger absolute horizontal MV, e.g., “absolute horizontal MV”
of MV[0] or “absolute horizontal MV” of MV[1] or sumAbsHorMv or
maxHorVerMv.

iii. For example, a larger thBIO may be used for clipping vertical MVD for
block with a larger absolute vertical MV, e.g., “absolute vertical MV” of
MV[0] or “absolute vertical MV” of MV[1] or sumAbsVerMv or
maxAbsVerMv.
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d. Clipping parameters may be decided at encoder and signaled to the decoder in
sequence parameter set (SPS), or/and video parameter set (VPS), or/and adaptation
parameter set (APS), or/and picture parameter set (PPS), or/and slice header, or/and

tile group header.

[00264] 15. Clipping parameters in BDOF may be dependent on whether coding tool X is
enabled or not.

a. Inone example, X is DMVR.

b. In one example, X is affine inter mode.

c. In one example, larger clipping parameters, e.g., the threshold thBIO in Eq. 7 an 8,
may be employed when X is disabled for the sequence/video/picture/slice/tile
group/tile/brick/coding unit/CTB/CU/block.

1. Alternatively, furthermore, smaller clipping parameters may be employed
when X is enabled for the sequence/video/picture/slice/tile

group/tile/brick/coding unit/CTB/CU/block.

[00265] 16. The MVD (such as (dMvH, dMvV) in section 2.6 for PROF or/and (vx, vy) in
section 2.3 for BDOF) derived in BDOF and PROF may be clipped to a same range [-N, M]
wherein N and M are integers.

d. In one example, N=M =31

¢. In one example, N=M =63.

f.  In one example, N=M=15.
g. Inone example, N=M=7.
h

In one example, N =M =3.

—

In one example, N =M = 127.
In one example, N = M =255.

.

k. Inone example, M =N, and 2 * M is not equal to a value of 2% (K is an integer).
1. In one example, M is not equal to N, and (M + N) is not equal to a value of 2% (K is an
integer).
m. Alternatively, MVD derived in BDOF and PROF may be clipped to different ranges.
1. For example, MVD derived in BDOF may be clipped to [-31, 31].
ii. For example, MVD derived in BDOF may be clipped to [-15, 15].
iii.  For example, MVD derived in BDOF may be clipped to [-63, 63].
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For example, MVD derived in BDOF may be clipped to [-127, 127].
For example, MVD derived in PROF may be clipped to [-63, 63].
For example, MVD derived in PROF may be clipped to [-31, 31].
For example, MVD derived in BDOF may be clipped to [-15, 15].
For example, MVD derived in BDOF may be clipped to [-127, 127].

[00266] 17. MVD (such as (dIMvH, dMvV) in section 2.6) associated with one sample may be

used to derive the MVD of another sample in the optical flow based methods (e.g., PROF).

n. In one example, the MVD in RPOF may be only derived using the affine model

(e.g., according to the PROF-eq1 in section 2.6) for certain positions and such MVD
may be used to derive the MVD of other positions. Suppose the MVD is derived at
size W * H in PROF.

In one example, the MVD may be only derived using the affine model for the upper
W * H/2 part, and the MVD of the lower W * H/2 part may be derived from the
MVD of the upper W * H/2 part. An example is shown in FIG. 11.

In one example, the MVD may be only derived using the affine model for the lower
W * H/2 part, and the MVD of the upper W * H/2 part may be derived from the
MVD of the lower W * H/2 part.

In one example, the MVD may be only derived using the affine model for the left
W/2 * H part, and the MVD of the right W/2 * H part may be derived from the
MVD of the left W/2 * H part.

In one example, the MVD may be only derived using the affine model for the right
W/2 * H part, and the MVD of the left W/2 * H part may be derived from the MVD
of the right W/2 * H part.

In one example, furthermore, the MVD derived using the affine model may be
rounded to a predefined precision or/and clipped to a predefined range, before being
used to derive the MVD of other positions.

1. For example, when MVD of the upper W * H/2 part is derived using the
affine model, such MVD may be rounded to a predefined precision or/and
clipped to a predefined range, before being used to derive the MVD of the
lower W * H/2 part.
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t. Inone example, forx=0,...,W—-1,y=H/2, ..., H—-1, the MVD of position (X,
y) 1s derived as follows, wherein MVDy and MVDy are the horizontal and vertical
MVD respectively.

1. MVDu(x,y)=-MVD(W-1-x,H-1-y)
ii. MVDy(x,y)=-MVDy(W-1-x,H-1-Yy)

[00267] 18. The derived sample prediction refinement (e.g., the offset to be added to the
prediction sample) in BDOF may be clipped to a predefined range [-M, N] (M and N are integers).
a. Inone example, N may be equal to M — 1.
i. In one example, M is equal to 2% For example, K may be equal to 11, 12, 13, 14,
or 15.
ii. Alternatively, N may be equal to M.
b. In one example, the predefined range may depend on the bit depth of the current color
component.
i. Inone example, M is equal to 2%, K =Max(K 1, BitDepth + K2), wherein BitDepth
is the bit depth of the current color component (e.g., luma, Cb or Cr, or R, G or B).
Max(X, Y) returns the larger value of X and Y.
ii. Inone example, M is equal to 2%, K = Min(K 1, BitDepth + K2), wherein BitDepth
is the bit depth of the current color component (e.g., luma, Cb or Cr, or R, G or B).
Min(X, Y) returns the smaller value of X and Y.
iii.  For example, K1 may be equal to 11, 12, 13, 14, or 15.
iv. For example, K2 may be equal to -2, -1, 0, 1, 2, or 3.
v. In one example, the three color component share the same bitdepth, therefore, the
range is purely dependent on the internal bit-depth or input bit-depth of samples in
a block.
¢. Inone example, the predefined range is the same as that used in PROF
d. Alternatively, furthermore, the refined sample in BDOF (e.g., the offset plus the sample
before being refined) may not be further clipped.

[00268] 19. It is proposed to align the coding group (CG) sizes in different residual coding
modes (e.g. transform skip (TS) mode and regular residual coding mode (non-TS mode)).

a. In one example, for a transform skip coded block (wherein transform is bypassed or
identify transform is applied) the CG size may depend on whether the block contains more
than (2*M) (e.g., M=8) samples and/or the residual block size.
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1. Inone example, if a block size is A*¥*N (N>=M), the CG size is set to A*M
ii. Inone example, if a block size is N*A (N>=M), the CG size is set to M*A.
iii.  In one example, if a block size is A*N (N<M), the CG size is set to A*A
iv. In one example, if a block size is N*A (N<M), the CG size is set to A*A.
v. Inone example, A =2.
In one example, for a non-TS coded block, the CG size may depend on whether the block
has either its width or height equal to K.
1. In one example, if either width or height is equal to K, then CG size is set to K*K
(e.g..K=2).
ii. Inone example, if minimum value of width and height is equal to K, then CG size
is set to K*K (e.g., K=2).
In one example, 2*2 CG size may be used for 2*N or/and N*2 residual blocks in both
transform skip mode and regular residual coding mode.
In one example, 2*8 CG size may be used for 2*N (N >= 8) residual blocks in both
transform skip mode and regular residual coding mode.
1. Alternatively, 2*4 CG size may be used for 2*N (N >= 8) residual blocks in both
transform skip mode and regular residual coding mode.
ii. Alternatively, 2*4 CG size may be used for 2*¥N (N >= 4) residual blocks in both
transform skip mode and regular residual coding mode.
In one example, 8*2 CG size may be used for N*2 (N >= 8) residual blocks in both
transform skip mode and regular residual coding mode.
1. 4*2 CG size may be used for N*2 (N >= 8) residual blocks in both transform skip
mode and regular residual coding mode.
ii. 4*2 CG size may be used for N*2 (N >= 4) residual blocks in both transform skip

mode and regular residual coding mode.

[00269] 20. Whether to enable/disable PROF for affine coded blocks may be dependent on the

decoded information associated with current affine coded block.

a.

In one example, PROF may be disabled when one reference picture is associated
with different resolution (width or height) as the current picture.

In one example, if current block is uni-predictive coding, PROF may be disabled
when the reference picture is associated with different resolution (width or height)

as the current picture.
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c. In one example, if current block is bi-predictive coding, PROF may be disabled
when at least one of the reference pictures is associated with different resolution
(width or height) as the current picture.

d. In one example, if current block is bi-predictive coding, PROF may be disabled
when all reference pictures are associated with different resolution (width or height)
as the current picture.

e. In one example, if current block is bi-predictive coding, PROF may be enabled
when all reference pictures are associated with same resolution (width or height),
even different from the current picture.

f. Whether to enable above methods may depend on the coded information of current
block, such as CPMVs of current block; resolution ratios between reference picture

and current picture.

[00270] 21. PROF may be disabled when certain conditions are true, such as:
a. Generalized bi-prediction (GB1, a.k.a, BCW) is enabled
b. Weighted prediction is enabled

c. Alternative half pixel interpolation filter is applied.

[00271] 22. The above methods which are applied to DMVR/BIO may be also applicable to
other decoder-side motion vector derivation (DMVD) methods, such as prediction refinement
based on optical flow for the affine mode.
[00272] 23. Whether to use the above methods and/or which method to be used may be signaled
in sequence/picture/slice/tile/brick/video unit-level.
[00273] 24. A non-square MVD region (e.g., Diamond-region, octagon-shape based MVD
region) may be searched in DMVR and/or other decoder derived motion methods.
a. For example, the following 5*5 diamond MVD region may be searched, e.g., the
MVD values listed below are in unit of integer pixel.
(0,-2),
(-1,-1), (0,-1), (1,-1),
(-2,0), (-1, 0),(0,0), (1, 0), (2, 0),
-1, 1), (0, 1), (1, 1),
(0, 2),
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b. For example, the following 5*5 octagon MVD region may be searched, e.g., the
MVD values listed below are in unit of integer pixel.
(-1,-2),(0,-2), (1,-2),
(-2-1), (-1,-1), (0,-1), (1,-1), (2.-1),
(-2,0), (-1, 0), (0, 0), (1, 0), (2, 0),
(-2 1), -1, 1), (0, 1), (1, 1), 2, 1),
(-1,2),(0,2),(1,2),

c. For example, the following 3*3 diamond MVD region may be searched, e.g., the
MVD values listed below are in unit of integer pixel.
(0,-1),
(-1,0),(0,0), (1, 0),
0, 1),

d. Inone example, unequal search ranges in the horizontal and vertical directions may
be applied, such as (MVD Hor TH1+ MVD Hor TH2+1) is unequal to
(MVD_Ver TH1+MVD_Ver TH2+1).

[00274] 25. The MVD region to be searched in DMVR and/or other decoder derived motion
methods may depend on the block dimensions and/or the block shape. Suppose the current block
dimensions are WxH.

a. Inone example, if W >=H + TH (TH >= 0), the horizontal MVD searching range
(e.g., MVD Hor TH1+MVD Hor TH2+1) may be greater than or no smaller than
the vertical MVD searching range (e.g., MVD Ver TH1+ MVD Ver TH2+1).

1. Alternatively, if W + TH <= H, the horizontal MVD searching range may
be greater than the vertical MVD searching range.
i1. For example, MVD Hor TH1 and MVD_Hor TH2 are set equal to 2, and
MVD Ver TH1 and MVD_ Ver THI are set equal to 1.
iii. For example, following 5*3 MVD region may be searched, wherein the
MVD values are in unit of integer pixel
(-1,-1), (01, (1,-1),
(-2, 0), (-1, 0), (0, 0, (1, 0), (2, 0),
(-1, 1), (0, 1), (1, 1),
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b. In one example, if W + TH <= H, the horizontal MVD searching range may be
smaller than or no greater than the vertical MVD searching range.
1. Alternatively, if W >=H + TH (TH >= 0), horizontal MVD searching range
may be smaller than vertical MVD range.
1. For example, MVD Hor TH1 and MVD_Hor TH2 are set equal to 1, and
MVD Ver TH1 and MVD_ Ver THI are set equal to 2.
iii. For example, following 3*S MVD region may be searched, wherein the
MVD values are in unit of integer pixel
(0,-2),
(-1,-1), (0,-1), (1,-1),
(-1,0), (0, 0), (1, 0),
-1, 1), (0, 1), (1, 1),
(0,2),
c. Inone example, if W <=H + TH and H <= W + TH, a diamond MVD region may
be searched.
1. For example, following 5*5 diamond MVD space may be searched, wherein
the MVD values are in unit of integer pixel.
(0,-2),
(-1,-1), (0,-1), (1,-1),
(-2,0), (-1, 0),(0,0), (1, 0), (2, 0),
-1, 1), (0, 1), (1, 1),
(0, 2),

[00275] 26. The MVD space to be searched in DMVR and/or other decoder derived motion
methods may depend on motion information of the block before being refined.
a. In one example, if sumAbsHorMv >= sumAbsVerMv + TH (TH >= 0), the

horizontal MVD searching range may be greater than the vertical searching MVD

range.
1. Alternatively, if sumAbsHorMv + TH <= sumAbsVerMv, the horizontal

MVD searching range may be greater than vertical MVD range.
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i1. For example, MVD Hor TH1 and MVD_Hor TH2 are set equal to 2, and

MVD Ver TH1 and MVD_ Ver THI are set equal to 1.
iii. For example, following 5*3 MVD space may be searched, wherein the
MVD values are in unit of integer pixel
(-1,-1), (0,1, (1,-1),
(-2,0), (-1, 0),(0,0), (1, 0), (2, 0),
-1, 1), (0, 1), (1, 1),
b. In one example, if sumAbsHorMv + TH <= sumAbsVerMy, the horizontal MVD
searching range may be smaller than the vertical MVD searching range.

1. Alternatively, if sumAbsVerMv + TH <= sumAbsHorMv, the horizontal
MVD searching range may be smaller than the vertical MVD searching
range.

1. For example, MVD Hor TH1 and MVD_Hor TH2 are set equal to 1, and
MVD Ver TH1 and MVD_ Ver THI are set equal to 2.

iii. For example, following 3*S MVD region may be searched, wherein the
MVD values are in unit of integer pixel
(0,-2),
(-1,-1), (0,-1), (1,-1),
(-1,0), (0, 0), (1, 0),
-1, 1), (0, 1), (1, 1),
(0, 2),
c. Inoneexample, if sumAbsHorMv <=sumAbsVerMv + TH and sumAbsVerMyv <=
sumAbsHorMv + TH, diamond MVD region may be searched.

1. For example, the following 5*5 diamond MVD space may be searched,

wherein the MVD values are in unit of integer pixel.
(0,-2),

(-1,-1), (0,-1), (1,-1),
(-2,0), (-1, 0),(0,0), (1, 0), (2, 0),
-1, 1), (0, 1), (1, 1),

(0, 2),
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d. In one example, the horizontal and/or vertical search range may depend on the
reference pictures.
1. In one example, if the reference pictures are far away from the current
picture, larger search ranges may be utilized.
i1. In one example, if a first reference picture has a lower QP than a second
reference picture, larger search ranges may be utilized for the first reference
picture.
e. In one example, the horizontal and/or vertical search range may depend on motion
vectors.
1. In one example, if the absolute values of the motion vectors are large, larger

search ranges may be utilized.

[00276] 27. Sub-pel MVD may be derived in DMVR even if the best integer position is at the
boundary of the integer search region.
a. In one example, if the left and right positions of the best integer position are both
included in the search region, the horizontal sub-pel MVD may be derived, e.g.,
using parametric error surface fit method. An example is illustrated in FIG. 9.
b. In one example, if the above and below positions of the best integer position are
both included in the search region, the vertical sub-pel MVD may be derived, e.g.,
using parametric error surface fit method. An example is illustrated in FIG. 9.
c. Inone example, sub-pel MVD may be derived for any position.
1. For example, cost of the best integer position and its N (e.g., N = 4) nearest
neighboring positions may be used to derive the horizontal and vertical sub-
pel MVD.
i1. For example, cost of the best integer position and its N nearest neighboring
positions may be used to derive the horizontal sub-pel MVD.
111, For example, cost of the best integer position and its N nearest neighboring
positions may be used to derive the vertical sub-pel MVD.
1v. Parametric error surface fit may be used for deriving the sub-pel MVD.
d. Alternatively, furthermore, if sub-pel MVD is not derived in certain direction (e.g.,

horizontal or/and vertical direction), it is set equal to zero.
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[00277] 28. Sub-pel MVD derivation may be disallowed in DMVR when BDOF is allowed for
the picture/slice/tile group/tile/CTU/CU.
a. Alternatively, sub-pel MVD derivation may be allowed only when BDOF is
disallowed for the picture/slice/tile group/tile/ CTU/CU.

[00278] 29. Which bullet to be applied may depend on the coded information, such as whether
BDOF or PROF is applied to one block

[00279] Embodiment

[00280] Deleted texts are marked with double brackets (e.g., [[a]] denotes the deletion of the
character “a”), and newly added parts are highlighted in bold and italic.

[00281] Example

[00282] An example of disabling sub-pel MVD derivation in DMVR when BDOF is allowed.
8.5.3.1 General

Inputs to this process are:

— a luma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock

relative to the top-left luma sample of the current picture,
— avariable sbWidth specifying the width of the current coding subblock in luma samples,
— avariable sbHeight specifying the height of the current coding subblock in luma samples,
— the luma motion vectors in 1/16 fractional-sample accuracy mvLO and mvL1,

— the selected luma reference picture sample arrays refPicLOr and refPicL 1.

Outputs of this process are:

— delta luma motion vectors dMvLO and dMvL1.

The variable subPelFlag is set equal to 0, the variable srRange is set equal to 2 and the integer
sample offset ( intOffX, intOffY ) is set equal to (0, 0).

Both components of the delta luma motion vectors dMvLO and dMvLI1 are set equal to zero and

modified as follows:

— For each X being O or 1, the (sbWidth + 2 * srRange ) x ( sbHeight + 2 * srRange ) array
predSamplesL X1 of prediction luma sample values is derived by invoking the fractional

sample bilinear interpolation process specified in 8.5.3.2.1 with the luma location ( xSb, ySb ),
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the prediction block width set equal to ( sbWidth + 2 * srRange ), the prediction block height
set equal to ( sbHeight + 2 * srRange ), the reference picture sample array refPicLXi, the

motion vector mvLX and the refinement search range srRange as inputs.

The variable minSad is derived by invoking the sum of absolute differences calculation process
specified in clause 8.5.3.3 with the width sbW and height sbH of the current coding subblock
set equal to sbWidth and sbHeight, the prediction sample arrays pLO and pL1 set equal to
predSamplesL.OL and predSamplesL11, and the offset ( dX, dY ) set equal to ( 0, 0 ) as inputs,

and minSad as output.
When minSad is greater than or equal to sbHeight * sbWidth, the following applies:

— The 2-D array sadArray[ dX +2 ][ dY + 2 ] with dX =-2..2 and dY =—-2..2 is derived by
invoking the sum of absolute differences calculation process specified in clause 8.5.3.3
with the width sbW and height sbH of the current coding subblock set equal to sbWidth
and sbHeight, the prediction sample arrays pLO and pL1 set equal to predSamplesL.OL and
predSamplesL. 11, and the offset ( dX, dY ) as inputs, and sadArray[ dX +2][dY +2] as
output.

— The integer sample offset (intOffX, intOffY ) is modified by invoking the array entry
selection  process  specified in  clause 8534 with the 2-D array
sadArray[ dX +2 ][ dY +2] with dX=-2..2 and dY =-2..2, the best integer sample
offset ( intOffX, intOffY ), and minSad as input, and the modified best integer sample
offset ( intOffX, intOffY ) as output.

—  When intOffX is not equal to —2 or 2, and intOffY is not equal to —2 or 2, subPelFlag is set

equal to 1.
— The delta luma motion vector dAMvLO is modified as follows:
dMVLO[ 0 ] += 16 * intOffX (8-420)
dMVLO[ 1 ] += 16 * intOffY (8-421)

— When subPelFlag is equal to 1 and bdofFlag is equal to 0, the parametric motion vector
refinement process specified in clause 8.5.3.5 i1s invoked with the 3x3 2-D array

sadArray[ dX +2 ][ dY +2] with dX =1ntOffX — 1, intOffX, intOffX + 1 and
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dY = intOffY — 1, intOffY, intOffY + 1, and the delta motion vector dMvLO as inputs and
the modified dMvVLO as output.

— The delta motion vector dMvL1 1s derived as follows:
dMVL1[ 0] =~dMvLO[ 0] (8-422)

dMVLI[1]=-dMvLO[ 1] (8-423)
[00283] Example
[00284] An example of octagon search region in DMVR.

8.5.3.1 General
Inputs to this process are:

— a luma location ( xSb, ySb ) specifying the top-left sample of the current coding subblock

relative to the top-left luma sample of the current picture,
— avariable sbWidth specifying the width of the current coding subblock in luma samples,
— avariable sbHeight specifying the height of the current coding subblock in luma samples,

— the luma motion vectors in 1/16 fractional-sample accuracy mvLO and mvL1,

the selected luma reference picture sample arrays refPicL.Or and refPicL1y.
Outputs of this process are:
— delta luma motion vectors dMvLO and dMvL1.

The variable subPelFlag is set equal to O, the variable srRange is set equal to 2 and the integer
sample offset ( intOffX, intOffY ) is set equal to ( 0, 0).

Both components of the delta luma motion vectors dMvLO and dMvLI1 are set equal to zero and

modified as follows:

— For each X being O or 1, the (sbWidth + 2 * srRange ) x ( sbHeight + 2 * srRange ) array
predSamplesL X1 of prediction luma sample values is derived by invoking the fractional
sample bilinear interpolation process specified in 8.5.3.2.1 with the luma location ( xSb, ySb ),

the prediction block width set equal to ( sbWidth + 2 * srRange ), the prediction block height
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set equal to ( sbHeight + 2 * srRange ), the reference picture sample array refPicLXi, the

motion vector mvLX and the refinement search range srRange as inputs.

The variable minSad is derived by invoking the sum of absolute differences calculation process
specified in clause 8.5.3.3 with the width sbW and height sbH of the current coding subblock
set equal to sbWidth and sbHeight, the prediction sample arrays pLO and pL1 set equal to
predSamplesL.OL and predSamplesL11, and the offset ( dX, dY ) set equal to ( 0, 0 ) as inputs,

and minSad as output.
When minSad is greater than or equal to sbHeight * sbWidth, the following applies:

— The 2-D array sadArray[ dX +2 ][ dY + 2 ] withdX =-2.2 and [[dY =-2..2]]dY =—1.1
or dX=-1.1 and dY =-2, 2, is derived by invoking the sum of absolute differences
calculation process specified in clause 8.5.3.3 with the width sbW and height sbH of the
current coding subblock set equal to sbWidth and sbHeight, the prediction sample arrays
pLO and pL1 set equal to predSamplesL.OL and predSamplesL 1L, and the offset ( dX, dY )
as inputs, and sadArray[ dX +2 ][ d Y + 2 ] as output.

— The integer sample offset (intOffX, intOffY ) is modified by invoking the array entry
selection  process  specified in  clause 8534 with the 2-D array
sadArray[ dX +2 [ dY +2 ] with dX =-2..2 and [[dY = ~2..2]] dY =—1..1 or dX =—1..1
and dY =—2, 2, the best integer sample offset ( intOffX, intOffY ), and minSad as input,
and the modified best integer sample offset ( intOffX, intOffY ) as output.

—  When intOffX is not equal to —2 or 2, and intOffY is not equal to —2 or 2, subPelFlag is set

equal to 1.
— The delta luma motion vector dAMvLO is modified as follows:
dMVLO[ 0 ] += 16 * intOffX (8-420)
dMVLO[ 1 ] += 16 * intOffY (8-421)

— When subPelFlag is equal to 1, the parametric motion vector refinement process specified
in clause 8.5.3.5 is invoked with the 3x3 2-D array sadArray[ dX +2 ][ dY +2 ] with
dX = intOffX — 1, intOffX, intOffX + 1 and dY = intOffY — 1, intOffY, intOffY + 1, and
the delta motion vector dMvLO as inputs and the modified dMvLO as output.
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— The delta motion vector dMvL1 1s derived as follows:
dMVL1[ 0] =~dMvLO[ 0] (8-422)

dMVLI[ 1 ]=—dMvLO[ 1 ] (8-423)
[00285] Example
[00286] An example of restricting motion vector refinement in BDOF and PROF to be zero or
in a form of K™ or -K™,
[00287] The proposed changes on top of JVET-O0070-CE4.2.1a-WD-r1.docx are highlighted
in bold and italic and the deleted parts are marked with double brackets (e.g., [[a]] denotes the

deletion of the character “a”).

8.5.1 Derivation process for motion vector arrays from affine control point motion vectors
Inputs to this process are:

— aluma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative to

the top-left luma sample of the current picture,

— two variables cbWidth and cbHeight specifying the width and the height of the luma coding
block,

— the number of control point motion vectors numCpMyv,

— the control point motion vectors cpMvLX] cpldx ], with cpldx = 0..numCpMyv — 1 and X being
Oorl,

— the reference index refldxLLX and X being O or 1,

— the number of luma coding subblocks in horizontal direction numSbX and in vertical direction

numSby.
Outputs of this process are:

— the Iluma subblock motion vector array —mvLX[xSbldx ][ ySbldx]  with
xSbldx = 0..numSbX — 1, ySbldx = 0 .. numSbY — 1 and X being 0 or 1,

— the chroma subblock motion vector array mvCLX[ xSbldx ][ ySbldx] with
xSbldx = 0..numSbX — 1, ySbldx =0 .. numSbY — 1 and X being O or 1.
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— the motion vector difference array diffMv.

The following  assignments are made for x=xCb.xCb+cbWidth—1

y =yCb..yCb + cbHeight — 1:

and

CoMVvLX[ X ][y ][O ] =cpMVvLX[ O]

(8-666)

CoMvLX[ x][v]I[1]=cpMvLX[ 1]

(8-667)

CoMvILX[ x ][y ]I[2 ] =cpMVLX][ 2]

The variables log2CbW and log2CbH are derived as follows:
log2CbW = Log2( cbWidth )
log2CbH = Log2( cbHeight )

The variables mvScaleHor, mvScaleVer, dHorX and dVerX are derived as follows:

(8-668)

(8-669)

(8-670)

mvScaleHor = cpMVLX[ 0 ][ 0] <<7

(8-671)

mvScaleVer =cpMvLX[ 0 ][ 1] <<7

dHorX = (cpMvLX[ 1 ][0] —cpMVLX[0][0]) << (7 — log2CbW )
dVerX =(cpMvLX[ 1 ][1]—cpMVLX[O][1])<<(7—10g2CbW )
The variables dHorY and dVerY are derived as follows:
— If numCpMy is equal to 3, the following applies:
dHorY = (cpMVLX[ 2][0] —cpMVLX[ 0][ 0] ) << (7 —1log2CbH )
dVerY =(cpMVLX[ 2 ][ 1 ]—cpMVLX[O][1]) << (7 —10g2CbH )
— Otherwise ( numCpMy is equal to 2), the following applies:

dHorY = — dVerX
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dVerY = dHorX (8-678)
The variables sbWidth and sbHeight are derived as follows:

sbWidth = cbWidth/numSbX (8-xxx)

sbHeight = cbHeight/numSbY (8-xxx)
The variable fallbackModeTriggered is set equal to 1 and modified as follows:
— The variables bxWXy, bxHX4, bxWXj, bxHX5, bxWXand bxHX are derived as follows:

maxW; = Max( 0, Max( 4 * (2048 + dHorX),
Max( 4*dHorY, 4 * (2048 + dHorX ) + 4 * dHorY ) ) ) (8-679)

minW4 = Min( 0, Min( 4 * ( 2048 + dHorX),
Min( 4*dHorY, 4 * (2048 + dHorX ) + 4 * dHorY ) ) ) (8-680)

maxHy = Max( 0, Max( 4 * dVerX,

Max( 4% ( 2048 + dVerY ), 4 * dVerX + 4 * (2048 + dVerY )))) (8-681)

minHy = Min( 0, Min( 4 * dVerX,
Min( 4* (2048 + dVerY ), 4 * dVerX + 4 * (2048 +dVerY )))) (8-682)

bxWXs = ((maxWy —minWy ) >>11)+9
(8-683)

bxHX4 = ( ( maxHs —minHy ) >>11)+9
(8-684)

bxWXn =
((Max( 0,4 * (2048 + dHorX ) ) —Min( 0, 4 * (2048 + dHorX ) ) )>>11)+9
(8-685)

bxHXn = ( (Max( 0,4 * dVerX ) —Min( 0,4 * dVerX ) )>>11)+9 (8-686)

bxWXy = ((Max( 0,4 * dHorY ) —Min( 0,4 * dHorY ))>>11)+9 (8-687)
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bxHXy
= ((Max( 0, 4 * (2048 + dVerY ) ) —Min( 0, 4 * ( 2048 + dVerY ) ) )>>11)
+9 (8-688)

— Ifinter pred_idc[ xCb ][ yCb ] is equal to PRED BI and bxWX4 * bxHX4 is less than or equal
to 225, fallbackModeTriggered is set equal to O.

— Otherwise, if both bxWXi * bxHXn 1s less than or equal to 165 and bxWXy * bxHXy 1s less
than or equal to 165, fallbackModeTriggered is set equal to O.

For xSbldx = 0..numSbX — 1 and ySbldx = 0.numSbY — 1, the following applies:
— The variables xPosCb and yPosCb are derived as follows
— If fallbackModeTriggered is equal to 1, the following applies:
xPosCb = ( cbWidth >> 1) (8-689)
yPosCb = ( cbHeight >> 1) (8-690)
— Otherwise (fallbackModeTriggered is equal to 0), the following applies:
xPosCb = 2 + ( xSbldx << 2 ) (8-691)
yPosCb = 2 + ( ySbldx << 2 ) (8-692)
— The luma motion vector mvLX[ xSbldx ][ ySbldx ] is derived as follows :

mvLX[ xSbldx ][ ySbldx ][ O ] = ( mvScaleHor + dHorX * xPosCb + dHorY * yP
osCb) (8-693)

mvLX[ xSbldx ][ ySbldx ][ 1 ] = ( mvScaleVer + dVerX * xPosCb + dVerY * yP
osCb) (8-694)

— The rounding process for motion vectors as specified in clause 8.5.2.14 is invoked with mvX
set equal to mvLX[ xSbldx ][ ySbldx ], rightShift set equal to 7, and leftShift set equal to O
as inputs and the rounded mvLX[ xSbldx ][ ySbldx ] as output.

— The motion vectors mvLX[ xSbldx ][ ySbldx ] are clipped as follows:

mvLX[ xSbldx ][ ySbldx J[ 0 ] = Clip3( —2'7, 2!7 — 1, mvLX[ xSbldx ][ ySbldx ][ 0 ])
(8-695)
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mvLX[ xSbldx ][ ySbldx ][ 1 ] = Clip3( -2, 217 — 1, mvLX[ xSbldx ][ ySbldx ][ 1])
(8-696)

For xSbldx = 0..numSbX — 1 and ySbldx = 0.numSbY — 1, the following applies:

— The average luma motion vector mvAvgLX is derived as follows:

mvAvgLX = mvLX][ ( xSbldx >> 1 << 1) ][ (ySbldx>>1<<1) ] +
(8-697)mvLX][ (xSbldx >>1 << 1)+ 1 ][ (ySbldx>>1<<1)+1 ]

mvAvgLX[ 0] =(mvAvgLX[ 0]+ 1 —(mvAvgLX[0]>=0)) >> 1 (8-698)
mvAvgLX[ 1]=(mvAvgLX[1]+1—(mvAvgLX[1]>=0)) >> 1 (8-699)

— The derivation process for chroma motion vectors in clause 8.5.2.13 is invoked with
mvAvgLX and refldxLX as inputs, and the chroma motion vector

mvCLX][ xSbldx ][ ySbldx ] as output.

[Ed. (BB): This way four 2x2 chroma subblocks (4x4 chroma block) share the same
motion vector which is derived from the average of two 4x4 luma subblock motion
vectors. In the decoding process motion compensation is still performed on 2x2 chroma
blocks which is however a motion compensation on a chroma 4x4 block because all
chroma MVs inside a 4x4 chroma block are the same. I would prefer an editorial change

that makes it more clear that affine chroma MC i1s performed on 4x4 chroma blocks.]
The motion vector difference array diffMv is derived as follows:

— If fallbackModeTriggered is equal to O, the following applies:
— The variable shiftl is set to equal to Max (6, bitDepth - 6).

— The variable dmvLimit is set to equal to 1 << shiftl.

— The variable posOffsetX and posOffsetY is derrived as follows:
posOffsetX = 6 * dHorX + 6 * dVerX
posOffsetY = 6 * dHorY + 6 * dVerY

— Forx=0..sbWidth - 1 and y = 0..sbHeight - 1, the following applies:

— The following applies:
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diffMv[x ][y ][0]=x* (dHorX <<2)+y* (dVerX << 2 ) — posOffsetX
diffMv[x][y][1]=x* (dHorY <<2)+y* (dVerY <<2) — posOffsetY
— For1=0..1, the following applieis:

— The rounding process for motion vectors as specified in clause 8.5.2.14 is invoked
with mvX set equal to diffMv[ x ][ y ][ 1], rightShift set equal to 7, and leftShift
set equal to O as inputs and the rounded diffMv as output.

— diffMv[ x ][ y ][ 1] 1s clipped as followings:
diffMv[ x ][ y ][ 1 ] = Clip3( -dmvLimit, dmvLimit—+, diffMv[ x [y ][ 1])

— diffMv[x [[y ][ i ] is derived by invoking the motion vector refinement derivation
process as specified in clause 8.5. 6.5 with numer set equal to diffMv[x [[y ][ i]
and denom set equal to 1 respectively.
— Otherwise (fallbackModeTriggered is equal to 1), for x =0..sbWidth - 1 and y = 0..sbHeight -
1, the following applies:

diffMv[x][y][0]=0

diffMv[x][y][1]=0

8.5.6 Decoding process for inter blocks

8.5.6.4 Bidirectional optical flow prediction process
Inputs to this process are:
— two variables nCbW and nCbH specifying the width and the height of the current coding block,

— two (nCbW +2)x(nCbH +2) luma prediction sample arrays predSamplesLO and
predSamplesL1,

— the prediction list utilization flags predFlagl.0 and predFlaglL.1,
— the reference indices refldxL0 and refldxL1,

— the bidirectional optical flow utilization flags bdofUtilizationFlag[ xIdx [ yldx ] with
xIdx =0..(nCbW >>2)—1, yldx =0..(nCbH>>2) — 1.
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Output of this process is the (nCbW)x(nCbH) array pbSamples of luma prediction sample values.
Variables bitDepth, shift1, shift2, shift3, shift4, offset4, and mvRefineThres are derived as follows:
— The variable bitDepth is set equal to BitDepthy.

— The variable shiftl is set to equal to Max( 6, bitDepth — 6).

— The variable shift2 is set to equal to Max( 4, bitDepth — 8).

— The variable shift3 is set to equal to Max( 1, bitDepth — 11 ).

— The variable shift4 is set equal to Max( 3, 15 — bitDepth ) and the variable offset4 is set equal
to 1 << (shiftd —1).

— The variable mvRefineThres is set equal to 1 << Max( 5, bitDepth — 7).
For xIdx =0..( nCbW >>2) — 1 and yldx = 0..( nCbH >> 2 ) — 1, the following applies:
— The variable xSb is set equal to ( xIdx << 2) + 1 and ySb is set equal to ( yldx <<2 )+ 1.

— If bdofUtilizationFlag[ xIdx ][ yldx ] is equal to FALSE, for x=xSb—1.xSb+2,

y=ySb—1.. ySb + 2, the prediction sample values of the current subblock are derived as

follows:

pbSamples[ x ][ y ] = Clip3( 0, ( 2%ty — 1,
( predSamplesLO[ x + 1 ][ y + 1 | + offsetd + (8-766)
predSamplesL1[x+1][y+1]) >> shift4)

—  Otherwise (bdofUtilizationFlag[ xIdx ][ yldx ] is equal to TRUE), the prediction sample values

of the current subblock are derived as follows:

— Forx=xSb—1.xSb+ 4, y=ySb— 1..ySb + 4, the following ordered steps apply:
1. The locations ( hx, vy ) for each of the corresponding sample locations ( x, y ) inside the

prediction sample arrays are derived as follows:
hx = Clip3( 1, nCbW, x ) (8-767)

vy = Clip3( 1, nCbH, y ) (8-768)
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2. The variables gradientHLO[ x ][ y ], gradientVLO[ x ][ y ], gradientHL1[ x ][ y ] and
gradientVL1[ x ][ y ] are derived as follows:

gradientHLO[ x ][ y ] = (predSamplesLO[ hy + 1 ][vy] — predSampleL.O[ hx — 1 ][ vy
1) >> shiftl (8-769)

gradientVLO[ x ][ y] = (predSampleLO[ hy ][ vy +1 ] — predSampleLO[ hx |[vy — 1
1) >>shiftl  (8-770)

gradientHL1[ x ][ y] = (predSamplesL1[ hy + 1 ][vy] — predSampleL1[ hx — 1 ][ vy
1) >> shiftl (8-771)

gradientVL1[ x ][ y] = (predSampleL1[ hy ][ vy +1 ] — predSampleL 1] hx J[vy — 1
1)>>shiftl  (8-772)

3. The variables diff[ x ][ y ], tempH][ x ][ y ] and tempV[ x ][ y ] are derived as follows:

diff] x ][ y ] = (predSamplesLO[ hx ][ vy ] >> shift2 ) — ( predSamplesL1[ hx ][ vy ] >
> shift2 ) (8-773)

tempH[ x ][ y ] = (gradientHLO[ x ][ y | + gradientHL1[ x ][ y ] ) >> shift3 (8-774)
tempV[ x ][ y ] = (gradientVLO[ x ][ y | + gradientVLI1[ x ][ y ] ) >> shift3 (8-775)
— The variables sGx2, sGy2, sGxGy, sGxdI and sGydI are derived as follows:

sGx2 = ZiZi( tempH[ xSb +1 ][ ySb+j ] * tempH[ xSb +1 ][ ySb +j ] ) with
i,j=-1.4 (8-776)

sGy2 = ZiZi(tempV[ xSb+1 ][ ySb+j ] * tempV[ xSb +1 ][ ySb +; ] ) with
i,j=-1.4 (8-777)

sGxGy = ZiZi( tempH[ xSb+1 ][ ySb+j | * tempV[ xSb +1 ][ ySb +j ] ) with
i,j —1.4(8-778)

sGxGym = sGxGy >> 12 (8-779)
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sGxGys = sGxGy & ((1<<12)—-1) (8-780)

sGxdI = Z;%;( —tempH][ xSb +1 ][ ySb +j ] * diff[ xSb +1 ][ ySb + ]) with
iLj=-1.4 (8-781)

sGydI = %% —tempV[ xSb +1 ][ ySb +j ] * diff[ xSb +1 ][ ySb +j ]) with
Lj=-1.4 (8-782)

— The horizontal and vertical motion offset of the current subblock are derived as:

1

If sGx2 is larger than zero, vy is derived by invoking the motion vector refinement
derivation process as specified in clause 8.5.6.5 with numer set equal to
—(sGxdl << 3 ) and and denom set equal to sGx2 respectively. Then, vy is clipped as
following.

vy = Clip3( —mvRefineThres, mvRefineThres, vy) (8-783)

Otherwise (sGx2 is equal to zero), vy is set equal to 0.

3. If sGy2 is larger than zero, v, is derived by invoking the motion vector refinement

derivation process specified in clause 8.5.6.5 with numer set equal to
((sGydl <<3) — ((vx * sGXGym ) << 12 + v, * sGxGys ) >> 1 ) and denom set equal
to sGy2. Then, v, is clipped as following.

vy = Clip3( —mvRefineThres, mvRefineThres, v)) (8-784)

Otherwise, vy is set equal to 0.

[[vi =5Gx2>0 ? Clip3( —mvRefineThres, mvRefineThres, (8-783)
—(sGxdl <<3)>>Floor( Log2(sGx2))) : O

vy =sGy2 >0 ? Clip3( -mvRefineThres, mvRefineThres, ( ( sGydl <<3)— (8-784)
((vx * sGxGym ) << 12 + vx * sGxGys ) >> 1 ) >> Floor( Log2( s
Gx2))) : 0]l

— Forx=xSb—1.xSb + 2, y=ySb — 1..ySb + 2, the prediction sample values of the current

sub-block are derived as follows:
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bdofOffset = Round( ( vx * (gradientHL1[ x+1 J[y+ 1] —gradientHLO[ x + 1 ][ y

t1]))>>1) (8-785)
+ Round( ( vy * (gradientVLI[x+ 1 ][y + 1] —gradientVLO[ x+ 1 ][y + 1
1))>>1)

[Ed. (JC): Round() operation 1s defined for float input. The Round() operation seems

redundant here since the input is an integer value. To be confirmed by the proponent]

pbSamples[ x ][ y ] = Clip3( 0, ( 2%®P™) — 1 ( predSamplesLO[ x + 1 ][y + 1] + off
setd + (8-786)
predSamplesL1[ x + 1 ][ y + 1 ] + bdofOffset ) >> shift4 )

8.5.6.5 Motion vector refinement derivation process
Inputs to this process are:

— avariable numer specifying the numerator

— avariable denom specifying the denominator.

Output of this process is the derived motion vector refinement dMvf.

shiftNum is set equal to numer == 02 0 : floor(log2(Abs(numer))).
shiftDenom is set equal to denom == 02? 0 : floor(log2(Abs(denom))).
— If Abs(numer) is smaller than Abs(denom), dMvf is set equal to 0.

—  Otherwise, dMvf'is set equal to Sign(numer) * (1 << (ShiftNum — shiftDenomy)).

Example

An example of clipping of MVD in BDOF and PROF to [-31, 31] is described.
[00288] The proposed changes on top of JVET-02001-vE.docx are highlighted in bold and
italic and deleted texts are marked with double brackets (e.g., [[a]] denotes the deletion of the

character “a”).
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8.5.5.9 Derivation process for motion vector arrays from affine control point motion vectors

Inputs to this process are:

a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative

to the top-left luma sample of the current picture,

two variables cbWidth and cbHeight specifying the width and the height of the luma coding
block,

the number of control point motion vectors numCpMyv,

the control point motion vectors cpMvLX[ cpldx |, with cpldx = 0. numCpMv — 1 and X
being O or 1,

the reference index refldxLLX and X being O or 1,

the number of luma coding subblocks in horizontal direction numSbX and in vertical direction

numSbY.

Outputs of this process are:

the luma  subblock motion vector array mvLX[xSbldx ][ ySbldx]  with
xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1 and X being O or 1,

the chroma subblock motion vector array mvCLX[ xSbldx |[ ySbldx] with
xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1 and X being O or 1,

the prediction refinement utilization flag cbProfFlaglL.X and X being 0 or 1,

the motion vector difference array difft MvLX[ xIdx ][ yIdx ] with
xIdx = 0..cbWidth / numSbX — 1, yIdx = 0..cbHeight / numSbY — 1 and X being 0 or 1.

The variable cbProfFlagl.X is derived as follows:

If one or more of the following conditions are true, cbProfFlagl.X is set equal to FALSE.

— sps_affine prof enabled flag is equal to O.
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— fallbackModeTriggered is equal to 1.

— numCpMv 1s equal to 2 and cpMvLX[1][0]is equal to cpMvLX[O][ 0] and

cpMVLX][ 1 ][ 1 ]1s equal tocpMVvLX[ O ][ 1].

— numCpMv 1s equal to 3 and cpMvLX[1][0]is equal to cpMvLX[O][ 0] and
cpMVLX[ 1 ][ 1]1s equal to cpMvLX[O][1] and cpMVvLX[2][0]is equal to

cpMVLX[ O ][ 0] and cpMVLX[ 2 ][ 1 ] 1s equal to cpMVLX[ O ][ 1 ].

— Otherwise, cbProfFlagLX set equal to TRUE.

When cbProfFlagl.X is 1, the motion vector difference array diffMv is derived as follows:

— The variables sbWidth and sbHeight, dmvLimit, posOffsetX and posOffsetY are derived as

follows:
sbWidth = cbWidth / numSbX
sbHeight = cbHeight / numSbY

[[dmvLimit = 1 << Max( 6, BitDepthy —6)
(8-731)]]

dmyvLimit = (1 << Max( 5, BitDepthy— 7)) —1
(8-731)

posOffsetX = 6 * dHorX + 6 * dVerX
posOffsetY = 6 * dHorY + 6 * dVerY
— Forx=0.sbWidth — 1 and y = 0..sbHeight — 1, the following applies:
difftMv[x [y ][0]=x* (dHorX <<2 ) +y* (dVerX << 2 ) — posOffsetX
difftMv[xJ[y][1]=x* (dHorY <<2)+y* (dVerY <<2)—posOffsetY

— For1=0..1, the following applieis:

(8-729)

(8-730)

(8-732)

(8-733)

(8-734)

(8-735)

— The rounding process for motion vectors as specified in clause 8.5.2.14 is invoked with

mvX set equal to diffMv[ x ][ y ][ 1 ], rightShift set equal to 7, and leftShift set equal to

0 as inputs and the rounded diffMv[ x ][ y ][ 1] as output.
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— The value of diffMv[ x ][ y ][ 1] 1s clipped as follows:

[[diffMv] x ][ y ][ 1 ] = Clip3( —dmvLimit, dmvLimit — 1, difftMv[x [[y ][ 1])
(8-736)]]

diffMv[ x ][y ][ i ] = Clip3( —dmvLimit, dmvLimit, diffMv[x[[y [[i]) (8-736)
8.5.6.5 Bi-directional optical flow prediction process
Inputs to this process are:
— two variables nCbW and nCbH specifying the width and the height of the current coding block,

— two (nCbW +2)x(nCbH +2) luma prediction sample arrays predSamplesLO and
predSamplesL1,

— the prediction list utilization flags predFlagl.0 and predFlagl.1,
— the reference indices refldxLL0 and refldxIL.1,

— the bi-directional optical flow utilization flags bdofUtilizationFlag[ xIdx ][ yIdx ] with
xIdx =0..(nCbW >>2)—1, yldx =0..(nCbH>>2) — 1.

Output of this process is the (nCbW)x(nCbH) array pbSamples of luma prediction sample values.
Variables bitDepth, shift1, shift2, shift3, shift4, offset4, and mvRefineThres are derived as follows:
— The variable bitDepth is set equal to BitDepthy.

— The variable shiftl is set to equal to Max( 6, bitDepth — 6 ).

— The variable shift2 is set to equal to Max( 4, bitDepth — 8).

— The variable shift3 is set to equal to Max( 1, bitDepth — 11 ).

— The variable shift4 is set equal to Max( 3, 15 — bitDepth ) and the variable offset4 is set equal
to 1 << (shiftd —1).

— The variable mvRefineThres 1is set equal to [[ 1<<Max(5,bitDepth—7)]]
(1 <<Max(5, bitDepth — 7)) —1.

For xIdx = 0..( nCbW >>2 ) — 1 and yldx = 0..( nCbH >> 2 ) — 1, the following applies:
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The variable xSb is set equal to ( xIdx << 2) + 1 and ySb is set equal to ( yldx <<2 )+ 1.

If bdofUtilizationFlag[ xIdx ][ yldx ] 1s equal to FALSE, for x=xSb—1.xSb+2,
y=ySb—1.. ySb + 2, the prediction sample values of the current subblock are derived as

follows:

pbSamples[ x ][ y ] = Clip3( 0, ( 20iDPepthy — 1,
( predSamplesLO[ x + 1 ][ y + 1 | + offsetd + (8-800)
predSamplesL1[x+1][y+1]) >> shift4)

Otherwise (bdofUtilizationFlag[ xIdx ][ yldx ] is equal to TRUE), the prediction sample values

of the current subblock are derived as follows:

— Forx=xSb—1.xSb+ 4, y=ySb— 1..ySb + 4, the following ordered steps apply:
1. The locations ( hy, vy ) for each of the corresponding sample locations ( x, y ) inside the

prediction sample arrays are derived as follows:
hx = Clip3( 1, nCbW, x ) (8-801)
vy = Clip3( 1, nCbH, y ) (8-802)

2. The variables gradientHLO[ x ][ y ], gradientVLO[ x ][ y ], gradientHL1[ x ][ y ] and
gradientVL1[ x ][ y ] are derived as follows:

gradientHLO[ x ][ y ] = ( predSamplesLO[ hx + 1 ][vy] >> shiftl ) — (8-803)
( predSampleLO[ hy — 1 ][ vy ] ) >> shiftl )

gradientVLO[ x ][ vy ] = ( predSampleLO[ hy ][ vy + 1 ] >> shiftl ) — (8-804)
( predSampleLO[ hy][vy — 1] ) >> shiftl )

gradientHL1[ x ][ y ] = ( predSamplesL1[ hx + 1 ][vy] >> shiftl ) — (8-805)
( predSampleL 1] hy — 1 ][ vy ] ) >> shiftl )

gradientVL1[ x ][ y] = (predSampleL1[ hy ][ vy +1 ] >> shiftl ) — (8-800)
( predSampleL 1] hy J[vy — 1 ]) >> shiftl )
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3. The variables diff[ x ][ y ], tempH][ x ][ y ] and tempV[ x ][ y ] are derived as follows:

diff] x ][ y ] = (predSamplesLO[ hx ][ vy ] >> shift2 ) — ( predSamplesL1[ hx ][ vy ] >
> shift2 ) (8-807)

tempH[ x ][ y ] = (gradientHLO[ x ][ y | + gradientHL1[ x ][ y ] ) >> shift3 (8-808)

tempV[ x ][ y ] = (gradientVLO[ x ][ y | + gradientVLI1[ x ][ y ] ) >> shift3 (8-809)

The variables sGx2, sGy2, sGxGy, sGxdI and sGydlI are derived as follows:

sGx2 = %% Abs( tempH[ xSb +1 ][ ySb +j ] ) with i, j =—1..4 (8-810)
sGy2 = Zi%; Abs( tempV[ xSb+1 ][ ySb +j 1) with i, j =—1..4 (8-811)

sGxGy = ZiZi( Sign( tempV[ xSb+1 ][ ySb+j]) * tempH[ xSb +1 ][ ySb + ] ) with
i,j=-1.4 (8-812)

sGxGym = sGxGy >> 12 (8-813)
sGxGys = sGxGy & ((1<<12)-1) (8-814)

sGxdI = 5;%( — Sign( tempH[ xSb +i ][ ySb +j 1) * diff[ xSb+i][ ySb +j ] ) with
ij=-1.4 (8-815)

sGydI = %;%( — Sign( tempV[ xSb +i ][ ySb +j 1) * diff[ xSb+i][ ySb +j ] ) with
iLj=-1.4 (8-816)

The horizontal and vertical motion offset of the current subblock are derived as:

vx =sGx2 >0 ? Clip3( -mvRefineThres, mvRefineThres, (8-817)
—(sGxdl <<3)>>Floor( Log2(sGx2))) : O

vy =sGy2 >0 ? Clip3( —-mvRefineThres, mvRefineThres, ( ( sGydl <<3)— (8-818)
((vx * sGxGym ) << 12 + vx * sGxGys ) >> 1 ) >> Floor( Log2( s
Gy2))): 0
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— Forx=xSb—1.xSb + 2, y=ySb — 1..ySb + 2, the prediction sample values of the current

sub-block are derived as follows:

bdofOffset = ( vx * (gradientHLO[ x + 1 J[y+ 1] —gradientHL1[ x+1 ][y +1]))
>> 1 (8-819)
+ (vy * (gradientVLO[ x + 1 ][y + 1 ] —gradientVL1[ x+ 1 ][y +1]))>>

pbSamples[ x ][ y ] = Clip3( 0, ( 2%®P™) — 1 ( predSamplesLO[ x + 1 ][y + 1] + off
setd + (8-820)
predSamplesL1[ x + 1 ][ y + 1 ] + bdofOffset ) >> shift4 )

Example

An example of deriving MVD of the lower W * H/2 part from MVD of the upper W * H/2 part
in PROF.

[00289] The proposed changes on top of JVET-02001-vE.docx are highlighted in bold and
italic and the deleted parts are marked with double brackets (e.g., [[a]] denotes the deletion of the

character “a”).

8.5.5.9 Derivation process for motion vector arrays from affine control point motion vectors

Inputs to this process are:

a luma location ( xCb, yCb ) of the top-left sample of the current luma coding block relative

to the top-left luma sample of the current picture,

— two variables cbWidth and cbHeight specifying the width and the height of the luma coding
block,

— the number of control point motion vectors numCpMyv,

— the control point motion vectors cpMvLX] cpldx ], with cpldx = 0.numCpMv — 1 and X
being O or 1,

— the reference index refldxL.X and X being O or 1,
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— the number of luma coding subblocks in horizontal direction numSbX and in vertical direction

numSby.
Outputs of this process are:

— the luma subblock motion vector array mvLX][ xSbldx ][ ySbldx]  with
xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1 and X being O or 1,

— the chroma subblock motion vector array mvCLX][xSbldx ][ ySbldx] with
xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1 and X being O or 1,

— the prediction refinement utilization flag cbProfFlagl. X and X being O or 1,

— the motion vector difference array difft MvLX[ xIdx ][ yIdx ] with
xIdx = 0..cbWidth / numSbX — 1, yIdx = 0..cbHeight / numSbY — 1 and X being 0 or 1.

The variable cbProfFlagl.X is derived as follows:

— If one or more of the following conditions are true, cbProfFlaglX is set equal to FALSE.

sps_affine prof enabled flag is equal to O.
— fallbackModeTriggered is equal to 1.

— numCpMv 1s equal to 2 and cpMvLX[1][0]is equal to cpMvLX[O][ 0] and
cpMVLX][ 1 ][ 1 ]1s equal to cpMVvLX[ O ][ 1].

— numCpMv 1s equal to 3 and cpMvLX[1][0]is equal to cpMvLX[O][ 0] and
cpMVLX[ 1 ][ 1]1s equal to cpMvLX[O][1] and cpMVvLX[2][0]is equal to
cpMVLX[ O ][ 0] and cpMVLX[ 2 ][ 1 ] 1s equal to cpMVLX[ O ][ 1 ].

— Otherwise, cbProfFlagLX set equal to TRUE.
When cbProfFlagl.X is 1, the motion vector difference array diffMv is derived as follows:

— The variables sbWidth and sbHeight, dmvLimit, posOffsetX and posOffsetY are derived as

follows:

sbWidth = cbWidth / numSbX (8-729)
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sbHeight = cbHeight / numSbY (8-730)

dmvLimit = 1 << Max( 6, BitDepthy —6)

(8-731)
posOffsetX = 6 * dHorX + 6 * dVerX (8-732)
posOffsetY = 6 * dHorY + 6 * dVerY (8-733)

[[For x =0..sbWidth — 1 and y = 0..sbHeight — 1, the following applies:]]
— Forx=0.sbWidth — I andy = 0..sbHeight/2 — 1, the following applies:
difftMv[x [y ][0]=x* (dHorX <<2 ) +y* (dVerX << 2 ) — posOffsetX (8-734)
difftMv[xJ[y][1]=x* (dHorY <<2)+y* (dVerY <<2)—posOffsetY (8-735)
— For1=0..1, the following applieis:

— The rounding process for motion vectors as specified in clause 8.5.2.14 is invoked with
mvX set equal to diffMv[ x ][ y ][ 1 ], rightShift set equal to 7, and leftShift set equal to
0 as inputs and the rounded diffMv[ x ][ y ][ 1] as output.

— The value of diffMv[ x ][ y ][ 1] 1s clipped as follows:
[[difftMv] x ][ y ][ 1 ] = Clip3( —dmvLimit, dmvLimit — 1, difftMv[ x ][y ][1])

(8-736)]]
diffMv[ x ][ y ]| i ] = Clip3( —dmvLimit + 1, dmvLimit — 1, diffMv[x [[y ][ i ])
(8-736)
— Forx=0.sbWidth — 1 and y = sbHeight/2..sbHeight — 1, the following applies:
—  Fori= 0.1, the following applieis:
diffmv[ x [[ v ][ i | = —diffMv[] sbWidth — 1 —x ][ sbHeight — 1 —y [[i]
(8-737)

[00290] FIG. 12A shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12A, the method 1210 includes, at step 1212, determining, for a conversion between a
current video block of a video and a coded representation of the video, that a motion information

of the current video block is refined using an optical flow-based method in which at least one
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motion vector offset is derived for a region within the current video block. The method 1210
further includes, at step 1214, clipping the at least one motion vector offset to a range [-N,M],
wherein N and M are integers based on a rule. The method 1210 further includes, at step 1216,
performing the conversion based on at least one clipped motion vector off.

[00291] FIG. 12B shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12B, the method 1220 includes, at step 1222, selecting, as a refined motion vector during
a decoder-side motion vector refinement (DMVR) operation used to refine motion information, a
motion information that is equal to a result of applying a similarity matching function using one
or more motion vector differences associated with a current video block of a video. The method
1220 further includes, at step 1224, performing a conversion between the current video block and
a coded representation of the video using the refined motion vector.

[00292] FIG. 12C shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12C, the method 1230 includes, at step 1232, deriving, for a conversion between a
current video block of a video and a coded representation of the video, motion information
associated with the current video block. The method 1230 further includes, at step 1234,
applying a refinement operation to the current video block including a first sub-region and a
second sub-region according to a rule, such that the rule permits the first sub-region and the
second sub-region to have different motion information from each other due to the refinement
operation. The method 1230 further includes, at step 1236, performing the conversion using
refined motion information of the current video block.

[00293] FIG. 12D shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12D, the method 1240 includes, at step 1242, deriving, for a conversion between a
current video block of a video and a coded representation of the video, motion information
associated with the current video block. The method 1240 further includes, at step 1244,
determining, for a sub-region of the current video block, an applicability of a refinement
operation using a bi-directional optical flow (BIO) based on an output of a decoder-side motion
vector refinement (DMVR) used to refine the motion information. The method 1240 further
includes, at step 1246, performing the conversion based on the determining.

[00294] FIG. 12E shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12E, the method 1250 includes, at step 1252, deriving motion information associated

with a current video block coded with a merge mode with motion vector difference (MMVD)
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that includes a motion vector expression including a distance table specifying a distance between
two motion candidates. The method 1250 further includes, at step 1254, applying a decoder-side
motion vector refinement (DMVR) to the current video block to refine the motion information
according to a rule specifying how to refine the distance used for the MMVD. The method 1250
further includes, at step 1256, performing a conversion between the current video block and a
coded representation of the video.

[00295] FIG. 12F shows a flowchart of an exemplary method for video processing. Referring
to FIG. 12F, the method 1260 includes, at step 1262, determining, for a sample or a sub-block of
the current video block, according to a rule based on derived motion information, an applicability
of a bi-directional optical flow (BDOF) in which derived motion information is refined using a
spatial and/or a temporal gradient. The method 1260 further includes, at step 1264, performing
the conversion based on the determining.

[00296] FIG. 13A shows a flowchart of an exemplary method for video processing. Referring
to FIG. 13A, the method 1310 includes, at step 1311, deriving, for a conversion between a
current a current video block of a video and a coded representation of the video, a motion vector
difference (MVD). The method 1310 further includes, at step 1312, applying a clipping operation
to a derived motion vector difference to generate a clipped motion vector difference. The method
1310 further includes, at step 1313, calculating a cost of the clipped motion vector difference
using a cost function. The method 1310 further includes, at step 1314, determining, according to
a rule based on at least one of the derived motion vector difference, the clipped motion vector
difference, or the cost, to disallow a bi-directional optical flow (BDOF) operation in which the
derive motion vector difference is refined using a spatial and/or a temporal gradient. The method
1310 further includes, at step 1315, performing the conversion based on the determining.

[00297] FIG. 13B shows a flowchart of an exemplary method for video processing. Referring
to FIG. 13B, the method 1320 includes, at step 1322, deriving, for a conversion between a
current video block of a video and a coded representation of the video, a motion vector
difference. The method 1320 further includes, at step 1324, refining a derived motion vector
difference based on one or more motion vector refinement tools and candidate motion vector
differences (MVDs). The method 1320 further includes, at step 1326, performing the conversion
using refined motion vector difference.

[00298] FIG. 13C shows a flowchart of an exemplary method for video processing. Referring
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to FIG. 13C, the method 1330 includes, at step 1332, restricting a derived motion vector
difference associated with a current video block to a candidate set, the derived motion vector
difference is used for a refinement operation to refine motion information associated with the
current video block. The method 1330 further includes, at step 1334, performing a conversion
between a current video block of a video and a coded representation of the video using the
derived motion vector difference as a result of the restricting.

[00299] FIG. 13D shows a flowchart of an exemplary method for video processing. Referring
to FIG. 13D, the method 1340 includes, at step 1342, applying, during a bi-directional optical
flow (BDOF) operation used to refine motion information associated with a current video block
of a video unit of a video, a clipping operation using a set of clipping parameters that is
determined according to a rule based on the video unit and/or usage of coding tool in the video
unit. The method 1340 further includes, at step 1344, performing a conversion between the
current video block and a coded representation of the video.

[00300] FIG. 13E shows a flowchart of an exemplary method for video processing. Referring
to FIG. 13E, the method 1350 includes, at step 1352, applying, during a refinement operation
used to refine motion information associated with a current video block of a video, a clipping
operation according to a rule to clip x component and/or y component of a motion vector
difference (vx, vy). The method 1350 further includes, at step 1354, performing a conversion
between the current video block and a coded representation of the video using the motion vector
difference. In some implementations, the rule specifies to convert the motion vector difference to
zero or a value in a form of K™ before or after the clipping operation, whereby m is an integer.
[00301] FIG. 13F shows a flowchart of an exemplary method for video processing. Referring
to FIG. 13F, the method 1360 includes, at step 1362, selecting, for a conversion between a
current video block of a video and a coded representation of the video, a search region used to
derive or refine motion information during a decoder-side motion derivation operation or a
decoder-side motion refinement operation according to a rule. The method 1360 further includes,
at step 1364, performing the conversion based on derived or refined motion information.

[00302] FIG. 14A shows a flowchart of an exemplary method for video processing.
Referring to FIG. 14A, the method 1410 includes, at step 1412, applying, for a conversion
between a current video block of a video and a coded representation of the video, a decoder-side

motion vector difference (DMVR) operation to refine a motion vector difference associated with
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the current video block by using a search region used in the refining including a best matching
integer position. The method 1410 further includes, at step 1414, performing the conversion
using refined motion vector difference, wherein the applying of the DMVR operation includes
deriving a sub-pel motion vector difference (MVD) according to a rule.

[00303] FIG. 14B shows a flowchart of an exemplary method for video processing. Referring
to FIG. 14B, the method 1420 includes, at step 1422, applying, for a current video block of a
video unit of a video, a decoder-side motion vector difference (DMVR) operation to refine a
motion vector difference associated with the current video block. The method 1420 further
includes, at step 1424, performing a conversion between the current video block and a coded
representation of the video using refined motion vector difference. In some implementations, the
applying of the DMVR operation includes determining to allow or disallow a sub-pel motion
vector difference (MVD) derivation depending on use of a bi-directional optical flow (BDOF)
for the video unit.

[00304] FIG. 14C shows a flowchart of an exemplary method for video processing. Referring
to FIG. 14C, the method 1430 includes, at step 1432, deriving, during a refinement operation
using an optical flow, a motion vector difference of a first sample of a current video block of a
video. The method 1430 further includes, at step 1434, determining a motion vector difference of
a second sample based on a derived motion vector difference of the first sample. The method
1430 further includes, at step 1436, performing a conversion between the current video block and
a coded representation of the video based on the determining.

[00305] FIG. 14D shows a flowchart of an exemplary method for video processing. Referring
to FIG. 14D, the method 1440 includes, at step 1442, deriving a prediction refinement sample by
applying a refinement operation using a bi-directional optical flow (BDOF) operation to a
current video block of a video. The method 1440 further includes, at step 144, determining,
according to a rule, an applicability of a clipping operation to clip the derived prediction
refinement sample to a predetermined range [-M, N], whereby M and N are integers. The method
1440 further includes, at step 1446, performing a conversion between the current video block and
a coded representation of the video.

[00306] FIG. 14E shows a flowchart of an exemplary method for video processing. Referring
to FIG. 14E, the method 1450 includes, at step 1452, determining coding group sizes for a

current video block including a first coding group and a second coding group that are coded
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using different residual coding modes such that sizes of the first coding group and the second
coding group are aligned according to a rule. The method 1450 further includes, at step 1454,
performing a conversion between the current video block and a coded representation of the video
based on the determining.

[00307] FIG. 14F shows a flowchart of an exemplary method for video processing. Referring
to FIG. 14F, the method 1460 includes, at step 1462, determining, for a conversion between a
current video block of a video and a coded representation of the video, an applicability of a
prediction refinement optical flow (PROF) tool in which motion information 1s refined using an
optical flow, based on coded information and/or decoded information associated with the current
video block. The method 1460 further includes, at step 1464, performing the conversion based
on the determining,

[00308] FIG. 15 is a block diagram of a video processing apparatus 1500. The apparatus 1500
may be used to implement one or more of the methods described herein. The apparatus 1500

may be embodied in a smartphone, tablet, computer, Internet of Things (IoT) receiver, and so on.
The apparatus 1500 may include one or more processors 1502, one or more memories 1504 and
video processing hardware 1506. The processor(s) 1502 may be configured to implement one or
more methods (including, but not limited to, methods as shown in FIGS. 12A to 14F) described
in the present document. The memory (memories) 1504 may be used for storing data and code
used for implementing the methods and techniques described herein. The video processing
hardware 1506 may be used to implement, in hardware circuitry, some techniques described in
the present document.

[00309] FIG. 16 is another example of a block diagram of a video processing system in which
disclosed techniques may be implemented. FIG. 16 is a block diagram showing an example video
processing system 1610 in which various techniques disclosed herein may be implemented.
Various implementations may include some or all of the components of the system 1610. The
system 1610 may include input 1612 for receiving video content. The video content may be
received in a raw or uncompressed format, e.g., 8 or 10 bit multi-component pixel values, or may
be in a compressed or encoded format. The input 1612 may represent a network interface, a
peripheral bus interface, or a storage interface. Examples of network interface include wired
interfaces such as Ethernet, passive optical network (PON), etc. and wireless interfaces such as

Wi-Fi1 or cellular interfaces.
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[00310] The system 1610 may include a coding component 1614 that may implement the
various coding or encoding methods described in the present document. The coding component
1614 may reduce the average bitrate of video from the input 1612 to the output of the coding
component 1614 to produce a coded representation of the video. The coding techniques are
therefore sometimes called video compression or video transcoding techniques. The output of the
coding component 1614 may be either stored, or transmitted via a communication connected, as
represented by the component 1616. The stored or communicated bitstream (or coded)
representation of the video received at the input 1612 may be used by the component 1618 for
generating pixel values or displayable video that is sent to a display interface 1620. The process
of generating user-viewable video from the bitstream representation is sometimes called video
decompression. Furthermore, while certain video processing operations are referred to as “coding”
operations or tools, it will be appreciated that the coding tools or operations are used at an encoder
and corresponding decoding tools or operations that reverse the results of the coding will be
performed by a decoder.

[00311] Examples of a peripheral bus interface or a display interface may include universal
serial bus (USB) or high definition multimedia interface (HDMI) or Displayport, and so on.
Examples of storage interfaces include SATA (serial advanced technology attachment), PCI, IDE
interface, and the like. The techniques described in the present document may be embodied in
various electronic devices such as mobile phones, laptops, smartphones or other devices that are
capable of performing digital data processing and/or video display.

[00312] Some embodiments of the disclosed technology include making a decision or
determination to enable a video processing tool or mode. In an example, when the video processing
tool or mode is enabled, the encoder will use or implement the tool or mode in the processing of a
block of video, but may not necessarily modify the resulting bitstream based on the usage of the
tool or mode. That is, a conversion from the block of video to the bitstream representation of the
video will use the video processing tool or mode when it is enabled based on the decision or
determination. In another example, when the video processing tool or mode is enabled, the decoder
will process the bitstream with the knowledge that the bitstream has been modified based on the
video processing tool or mode. That is, a conversion from the bitstream representation of the video
to the block of video will be performed using the video processing tool or mode that was enabled

based on the decision or determination.
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[00313] Some embodiments of the disclosed technology include making a decision or
determination to disable a video processing tool or mode. In an example, when the video
processing tool or mode is disabled, the encoder will not use the tool or mode in the conversion of
the block of video to the bitstream representation of the video. In another example, when the video
processing tool or mode is disabled, the decoder will process the bitstream with the knowledge
that the bitstream has not been modified using the video processing tool or mode that was disabled
based on the decision or determination.

[00314] In the present document, the term “video processing” may refer to video encoding,
video decoding, video compression or video decompression. For example, video compression
algorithms may be applied during conversion from pixel representation of a video to a
corresponding bitstream representation or vice versa. The bitstream representation of a current
video block may, for example, correspond to bits that are either co-located or spread in different
places within the bitstream, as is defined by the syntax. For example, a video block may be encoded
in terms of transformed and coded error residual values and also using bits in headers and other
fields in the bitstream. Herein, a video block is a group of pixels corresponding to an operation,
e.g., a coding unit or a transform unit or a prediction unit, and so on.

[00315] Various techniques and embodiments may be described using the following clause-
based format.

[00316] The first set of clauses describe certain features and aspects of the disclosed techniques
in the previous section.

[00317] 1. A method for video processing, comprising: deriving motion information
associated with a video processing unit during a conversion between the video processing unit and
a bitstream representation of the video processing unit; determining, for a sub-region of the video
processing unit to which a refinement operation is applied, whether to refine the motion
information; and applying, based on the determining, the refinement operation to the video
processing unit to refine the motion information.

[00318] 2. The method of clause 1, wherein the refinement operation includes a decoder side
motion vector derivation operation, a decoder-side motion vector refinement (DMVR) operation,
a sample refinement operation, or a prediction refinement operation based on an optical flow.
[00319] 3. The method of clause 1, wherein the determining is based on coding information

associated with the video processing unit.
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[00320] 4. The method of clause 3, wherein the coding information associated with the video
processing unit includes at least one of motion vectors, picture order count (POC) values of
reference pictures, a merge index, a motion vector predictor (MVP) index, or whether a SBT mode
is employed by the video processing unit.

[00321] 5. The method of clause 1, wherein the determining is based on a relationship between
a first motion vector referring to a first reference list and a second motion vector referring to second
reference list, the first motion vector and the second motion vector obtained before the applying
of the refinement operation.

[00322] 6. The method of clause 1, wherein the applying of the refinement operation is
performed in multiple steps with refined regions having a size determined based on the number of
steps of the multiple steps.

[00323] 7. The method of clause 1, wherein the applying of the refinement operation includes:
applying the refinement operation to a first sub-region; and applying the refinement operation to a
second sub-region different from the first sub-region, wherein refined motion information within
the video processing unit is different from each other in the first and second sub-regions.

[00324] 8. The method of clause 1, further including determining whether to apply bi-
directional optical flow (BIO) based on an outcome of the refinement operation.

[00325] 9. The method of clause 1, wherein the applying of the refinement operation includes
selecting N pairs of MVDs (Motion Vector Differences) to generate a final prediction sample,
wherein N is a natural number greater than 1 and each pair includes two motion vector differences
for different lists.

[00326] 10. The method of clause 1, wherein the refinement operation is used together with
MMVD (merge with MVD) and a MMVD distance is maintained as certain values during the
refinement operation.

[00327] 11. The method of clause 1, further comprising disabling a BDOF for a sample or a
sub-block of the video processing unit based on ate least one of derived MVD, spatial gradients,
or temporal gradients.

[00328] 12. The method of clause 1, further comprising calculating a cost for a clipped MVD
when derived MVD in BDOF is changed after a clipping operation.

[00329] 13. The method of clause 1, wherein the conversion includes generating the bitstream

representation from the current video processing unit or generating the current video processing
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unit from the bitstream representation.

[00330] 14. A method for video processing, comprising: obtaining motion information
associated with a video processing unit; determining, for a sub-region of the video processing unit,
whether to refine the motion information of the video processing unit, the video processing unit
being a unit for applying a refinement operation; and using, based on the determining, the motion
information without applying the refinement operation on the processing block.

[00331] 15. The method of clause 14, wherein the refinement operation includes a decoder side
motion vector derivation operation, a decoder-side motion vector refinement (DMVR) operation,
a sample refinement operation, or a prediction refinement operation based on an optical flow.
[00332] 16. The method of clause 14, wherein the determining is based on coding information
associated with the video processing unit, the coding information includes at least one of motion
vectors, picture order count (POC) values of reference pictures, a merge index, a motion vector
predictor (MVP) index, or whether a SBT mode is employed by the video processing unit.
[00333] 17. The method of clause 14, wherein the refinement operation including bi-directional
optical flow (BIO) 1s omitted when the video processing unit is coded with advanced motion vector
prediction (AMVP) mode.

[00334] 18. The method of clause 14, wherein the refinement operation is omitted based on sum
of two motion vectors or absolute values of MV components.

[00335] 19. The method of clause 14, wherein the refinement operation is omitted when a SBT
mode is employed by the video processing unit.

[00336] 20. The method of clause 14, wherein the determining is based on a relationship
between a first motion vector referring to a first reference list and a second motion vector referring
to second reference list, the first motion vector and the second motion vector obtained before the
applying of the refinement operation.

[00337] 21. The method of clause 14, further comprising disabling a BDOF for a sample or a
sub-block of the video processing unit based on ate least one of derived MVD, spatial gradients,
or temporal gradients.

[00338] 22. The method of clause 14, further comprising calculating a cost for a clipped MVD
when derived MVD in BDOF is changed after a clipping operation.

[00339] 23. A method of video processing, comprising: refining, during a conversion between

a current video block and a bitstream representation of the current video block, a derived motion
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vector difference based on one or more motion vector refinement tools and candidate motion vector
differences (MVDs), and performing the conversion using the derived motion vector difference
and a motion vector that is signaled in the bitstream representation.

[00340] 24. The method of clause 23, wherein the refining comprises a two step process
comprising a first step in which a modified y component and an unmodified x component MVD
is used and a second step in which a modified x component and an unmodified y component MVD
1s used.

[00341] 25. The method of clause 23, wherein the candidate MVDs include (vx + offsetX, vy)
wherein offsetX being in the range [-ThX1, ThX2] wherein ThX1 and ThX2 are non-negative
integer values, wherein the derived MVD is (vx, vy).

[00342] 26. The method of clause 23, wherein the candidate MVDs include (vx, vy + offsetY)
wherein offsetY being in the range [-ThY1, ThY2] wherein ThY1 and ThY2 are non-negative
integer values, wherein the derived MVD is (vx, vy).

[00343] 27. The method of any of clauses 23-26, wherein the conversion uses a bidirectional
optical flow coding tool.

[00344] 28. A method of video processing, comprising: restricting, during a conversion
between a current video block and a bitstream representation of the current video block, a derived
motion vector difference (DMVD) to a candidate set; and performing the conversion using a result
of restricting the DMVD to the candidate set.

[00345] 29. The method of clause 28, wherein the candidate includes candidates (vx, vy) with
with vy and/or vy that are in the form of K™, wherein m is an integer.

[00346] 30. A method of video processing, comprising: determining, for a conversion
between a bitstream representation of a current video block of a video and the current video block,
that a motion vector difference value is clipped to a range [-N,M], wherein N and M are integers .
The determination of clipping is performed based on a rule, as further described herein. The
method further includes performing the conversion based on the determining, wherein the rule
specifies to use the same range for conversion using a prediction refinement optical flow (PROF)
and a bi-directional optical flow tool.

[00347] 31. The method of clause 30, wherein N=M=31.

[00348] 32. The method of clause 30, wherein N=M=255.

[00349] 33. A method of video processing, comprising: determining, for a conversion between
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a bitstream representation of a current video block of a video and the current video block, a motion
vector difference of a first sample based on a motion vector difference of a second sample of the
current video block; and performing the conversion based on the determining; wherein the
conversion is based on an optical flow coding or decoding tool.

[00350] 34. The method of clause 33, wherein the first sample and the second sample use
different optical flow coding tools.

[00351] 35. A method of video processing, comprising: determining whether to enable use of a
prediction refinement optical flow (PROF) tool for a conversion between a bitstream
representation of a current video block and the current video block wherein the conversion uses an
optical flow coding tool; and performing the conversion based on the determining.

[00352] 36. The method of clause 35, wherein the determining disables use of the PROF tool
due to a reference picture used in the conversion having a different dimension than a dimension of
a current picture that contains the current video block.

[00353] 37. The method of any of clauses 35-36, wherein the determining enables the PROF
tool due to the conversion using bi-predictive prediction and both reference pictures having same
dimensions.

[00354] 38. The method of any of clauses 1 to 37, wherein the conversion comprises generating
the bitstream representation by encoding the current video block.

[00355] 39. The method of any of clauses 1 to 37, wherein the conversion comprises generating
the current video block by decoding the bitstream representation.

[00356] 40. An apparatus in a video system comprising a processor and a non-transitory
memory with instructions thereon, wherein the instructions upon execution by the processor, cause
the processor to implement the method in any one of clauses 1 to 39.

[00357] 41. A computer program product stored on a non-transitory computer readable media,
the computer program product including program code for carrying out the method in any one of
clauses 1 to 39.

[00358] The second set of clauses describe certain features and aspects of the disclosed
techniques in the previous section.

[00359] 1. A video processing method, comprising: determining, for a conversion between a
current video block of a video and a coded representation of the video, that a motion information

of the current video block is refined using an optical flow-based method in which at least one
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motion vector offset is derived for a region within the current video block; clipping the at least one
motion vector offset to a range [-N,M], wherein N and M are integers based on a rule; and
performing the conversion based on at least one clipped motion vector offset.

[00360] 2. The method of clause 1, wherein the motion vector offset is used to refine reference
samples for the region within the current video block.

[00361] 3. The method of clause 1, wherein the optical flow-based method comprises at least
one of a prediction refinement optical flow (PROF) method applied to blocks with affine motion
model or a bi-directional optical flow (BDOF) method.

[00362] 4. The method of clause 1, wherein the region within the current video block is the
whole current video block or a sub-block within the current video block.

[00363] 5. The method of clause 1, wherein the rule specifies to use a same range or different
ranges for the conversion using a PROF method in which the at least one motion vector offset is
derived using an optical flow calculation and a BDOF method in which the at least one motion
vector offset is derived using a spatial gradient and/or temporal gradient.

[00364] 6. The method of clause 1, wherein the motion vector offset comprises a horizontal
component and a vertical component, and wherein the clipping of the at least one motion vector
offset comprises clipping horizontal component and/or vertical component to the range.

[00365] 7. The method of clause 1, wherein N and M have a same value which is unequal to
2% whereby K is an integer.

[00366] 8. The method of clause 7, wherein the same value is equal to (2X - 1), whereby K is
an integer.

[00367] 9. The method of clause 7, wherein the same value is one of 31, 63, 15, 7, 3, 127, or
255.

[00368] 10. The method of clause 7, wherein M is equal to N and 2*M is not equal to a value
of 2K, whereby K is an integer.

[00369] 11. The method of any of clauses 1 to 10, wherein the rule specifies that the motion
vector offset is clipped to one of [-31, 31], [-15, 15], [-63, 63], or [-127, 127] for the conversion
using the BDOF.

[00370] 12. The method of any of clauses 1 to 10, wherein the rule specifies that the motion
vector offset is clipped to one of [-63, 63] or [-31, 31] for the conversion using the PROF.
[00371] 13. The method of clause 1, wherein M is not equal to N and a sum of M and N is not
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equal to a value of 2X, whereby K is an integer.

[00372] 14. A video processing method, comprising: selecting, as a refined motion vector
during a decoder-side motion vector refinement (DMVR) operation used to refine motion
information, a motion information that is equal to a result of applying a similarity matching
function using one or more motion vector differences associated with a current video block of a
video; and performing a conversion between the current video block and a coded representation of
the video using the refined motion vector.

[00373] 15. The method of clause 14, wherein the similarity matching function includes a mean
removed sum of absolute differences (MRSAD), a sum of absolute differences (SAD), or a sum
of absolute transformed differences (SATD).

[00374] 16. The method of clause 14, wherein the motion information is modified by
performing one of multiplying, dividing, adding, or subtracting using a scaling factor.

[00375] 17. The method of clause 16, wherein the scaling factor is dependent on motion vector
difference (MVD) sets that are allowed according to a rule and within a range [-M, N], whereby
M and N are integers greater than O.

[00376] 18. A video processing method, comprising: making a decision regarding an
application of a refinement operation to refine a motion information based on a characteristic of
the current video block; and performing the conversion based on the determining.

[00377] 19. The method of clause 18, wherein the refinement operation includes at least one of
a decoder side motion vector derivation operation, a decoder-side motion vector refinement
(DMVR) operation, a sample refinement operation, or a prediction refinement operation based on
an optical flow.

[00378] 20. The method of clause 18, wherein the characteristic of the current video block
corresponds to a coding information of the current video block.

[00379] 21. The method of clause 20, wherein the coding information of the current video block
includes at least one of motion vectors, picture order count (POC) values of reference pictures, a
merge index, a motion vector predictor (MVP) index, or whether a sub-block transform (SBT)
mode is employed by the current video block.

[00380] 22. The method of clause 20, wherein the coding information of the current video block
includes whether the current video block is coded with an advanced motion vector prediction

(AMVP) mode or a merge mode.
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[00381] 23. The method of clause 20, wherein the refinement operation corresponds to a
decoder-side motion vector refinement (DMVR) operation and/or a bi-directional optical flow
(BDOF) operation and wherein the refinement operation is enabled depending on sum of two
motion vectors or absolute values of motion vectors.

[00382] 24. The method of clause 20, wherein the refinement operation corresponds to a
decoder-side motion vector refinement (DMVR) operation and/or a bi-directional optical flow
(BDOF) operation and wherein the refinement operation 1s allowed according to a rule that
specifies a merge index or a motion vector predictor (MVP) index.

[00383] 25. The method of clause 20, wherein the refinement operation corresponds to a
decoder-side motion vector refinement (DMVR) operation and/or a bi-directional optical flow
(BDOF) operation and wherein the refinement operation is disallowed in a case that the SBT mode
1s employed by the current video block.

[00384] 26. The method of clause 20, wherein the refinement operation corresponds to a
decoder-side motion vector refinement (DMVR) operation and/or a bi-directional optical flow
(BDOF) operation and wherein the refinement operation is allowed or disallowed for sub-
partitions with non-zero residual in the sub-block transform mode.

[00385] 27. The method of clause 18, wherein the characteristic of the current video block
corresponds to a relationship between a first motion vector referring to a first reference list and a
second motion vector referring to second reference list, the first motion vector and the second
motion vector obtained before the applying of the refinement operation.

[00386] 28. The method of clause 27, wherein the refinement operation is disabled according
to a rule depending on a degree of a symmetry between the first motion vector and the second
motion vector are symmetric.

[00387] 29. The method of clause 28, wherein the degree of the symmetry is determined as 1)
symmetric in which a sum of MV0 and MV1 has only zero components, 1) nearly symmetric in
which abs(MV0+MV1)<Thl, or i11) far from symmetric in which abs(tMV0+MV1) >Th2, whereby
MVO0 and MV1 correspond to the first motion vector and the second motion vector, respectively,
and Th1 and Th2 are integers.

[00388] 30. The method of clause 28, wherein the degree of the symmetry is determined based
on picture order count (POC) values of reference pictures of the current video block.

[00389] 31. The method of clause 18, wherein the determining determines applying the
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refinement operation in multiple steps such that a size of a refined region for a Nth refinement step
is reduced with an increase of a value of N, whereby N is an integer greater than O.

[00390] 32. The method of clause 18, wherein the decision includes applying the refinement
operation by selecting N pairs of motion vector differences to generate a final prediction sample,
whereby N is an integer greater than 1 and each pair of the motion vector differences includes two
motion vector differences for different lists.

[00391] 33. The method of clause 32, wherein N is 2.

[00392] 34. The method of clause 32, wherein pairs of the motion vector differences are
selected for each sub-region of the current video block.

[00393] 35. A video processing method, comprising: deriving, for a conversion between a
current video block of a video and a coded representation of the video, motion information
associated with the current video block; applying a refinement operation to the current video block
including a first sub-region and a second sub-region according to a rule, such that the rule permits
the first sub-region and the second sub-region to have different motion information from each
other due to the refinement operation, and performing the conversion using refined motion
information of the current video block.

[00394] 36. The method of clause 35, wherein the first sub-region has decoded motion
information and the second sub-region has refined motion information derived during the
refinement operation applied to a video region covering the second sub-region.

[00395] 37. A video processing method, comprising: deriving, for a conversion between a
current video block of a video and a coded representation of the video, motion information
associated with the current video block; determining, for a sub-region of the current video block,
an applicability of a refinement operation using a bi-directional optical flow (BIO) based on an
output of a decoder-side motion vector refinement (DMVR) used to refine the motion information;
and performing the conversion based on the determining.

[00396] 38. The method of clause 37, wherein the determining determines to disable the
refinement operation using the BIO in a case that the motion information refined by the DMVR is
remained unchanged for the sub-region.

[00397] 39. A video processing method, comprising: deriving motion information associated
with a current video block coded with a merge mode with motion vector difference (MMVD) that

includes a motion vector expression including a distance table specifying a distance between two
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motion candidates; applying a decoder-side motion vector refinement (DMVR) to the current
video block to refine the motion information according to a rule specifying how to refine the
distance used for the MMVD; and performing a conversion between the current video block and a
coded representation of the video.

[00398] 40. The method of clause 39, wherein the rule specifies that refined distance by the
DMVR is not included in the distance table.

[00399] 41. The method of clause 39, wherein the rule specifies to disallow the DMVR in a
case that refined distance or a rough refined distance by the DMVR is included in the distance
table, the rough refined distance generated by adding a best integer motion vector difference to the
distance.

[00400] 42. The method of clause 39, the rule specifies to allow the DMVR for all distances
under certain conditions.

[00401] 43. A video processing method, comprising: determining, for a sample or a sub-block
of the current video block, according to a rule based on derived motion information, an
applicability of a bi-directional optical flow (BDOF) in which derived motion information is
refined using a spatial and/or a temporal gradient; and performing the conversion based on the
determining.

[00402] 44. The method of clause 43, wherein the derived motion information includes at least
one of motion vector difference, a spatial gradient, or a temporal gradient.

[00403] 45. The method of clause 43, wherein the rule specifies to disallow the BDOF for the
sample due to the derived motion information that increases a difference between a prediction
sample in a first reference list and a prediction sample in a second reference list.

[00404] 46. The method of clause 43, wherein the rule specifies to disallow the BDOF for the
sample or the sub-block due to the derive motion information that increases a difference between
a prediction sub-block in a first reference list and a prediction sub-block in a second reference list.
[00405] 47. The method of clause 43, wherein the derived motion information corresponds to
a derived offset and the derived offset is scaled by a factor to be used for the determining.
[00406] 48. A video processing method, comprising: deriving, for a conversion between a
current a current video block of a video and a coded representation of the video, a motion vector
difference (MVD); applying a clipping operation to a derived motion vector difference to generate

a clipped motion vector difference; calculating a cost of the clipped motion vector difference using
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a cost function; determining, according to a rule based on at least one of the derived motion vector
difference, the clipped motion vector difference, or the cost, to disallow a bi-directional optical
flow (BDOF) operation in which the derive motion vector difference is refined using a spatial
and/or a temporal gradient; and performing the conversion based on the determining.

[00407] 49. The method of clause 48, wherein the calculating is performed in a case that the
derived motion vector difference (vx, vy) is changed to (clipVx, clipVy) after the clipping
operation, whereby (clipVx, clipVy) is different from (vx, vy).

[00408] 50. The method of clause 48, wherein the rule specifies to disallow the BDOF in a case
that 1) costClipMvd > Th * costZeroMvd, BDOF or 2) costClipMvd > Th * costDerivedMvd,
whereby costDerivedMvd and ostClipMvd correspond to costs of the derived motion vector
difference and the clipped motion vector difference, respectively.

[00409] 51. The method of clause 48, wherein the rule specifies to disallow the BDOF in a case
that at least one of vx and vy is changed after the clipping operation, whereby (vx, vy) is the
derived motion vector difference.

[00410] 52. The method of clause 48, wherein the rule specifies to disallow the BDOF based
on an absolute difference of at least one of x component and y component of the derived motion
vector difference, (vx, vy), and the clipped motion vector difference, (clipVx, clipVy).

[00411] 53. The method of clause 48, wherein the calculating of the cost is performed for certain
motion vector differences and a final motion vector difference is determined as one having a
minimum cost value.

[00412] 54. The method of clause 48, wherein a horizontal motion vector difference and a
vertical motion vector difference are determined in a case that the motion vector difference is
changed after the clipping operation.

[00413] 55. The method of clause 48, wherein, for multiple motion vector differences having a
common part in cost functions, the calculating is performed not to repeat the common part.
[00414] 56. The method of clause 48, wherein for multiple motion vector differences having a
common part in cost functions, the common part is removed from the cost functions before the
calculating.

[00415] 57. A video processing method, comprising: deriving, for a conversion between a
current video block of a video and a coded representation of the video, a motion vector difference;

refining a derived motion vector difference based on one or more motion vector refinement tools
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and candidate motion vector differences (MVDs); and performing the conversion using refined
motion vector difference.

[00416] 58. The method of clause 57, wherein the refining is performed to include a first step
in which a modified y component and an unmodified x component MVD is used and a second step
in which a modified x component and an unmodified y component MVD is used.

[00417] 59. The method of clause 57, wherein the candidate MVDs include (vx + offsetX, vy)
wherein offsetX being in the range [-ThX1, ThX2] wherein ThX1 and ThX2 are non-negative
integer values, wherein the derived MVD is (vx, vy).

[00418] 60. The method of clause 57, wherein the candidate MVDs include (vx, vy + offsetY)
wherein offsetY being in the range [-ThY1, ThY2] wherein ThY1 and ThY2 are non-negative
integer values, wherein the derived MVD is (vx, vy).

[00419] ©61. The method of clause 57, wherein the derived MVD is (vx, vy) and wherein either
vx or vy is refined first.

[00420] 62. The method of clause 57, wherein the derived MVD 1is (vx, vy) and wherein vx and
vy are refined together.

[00421] 63. The method of clause 57, wherein the derived MVD is (vx, vy) and wherein a same
number of candidate MVDs are derived from vx and vy.

[00422] 64. The method of clause 57, wherein a refined motion vector difference provides a
minimum cost value obtained using a cost function.

[00423] ©65. A video processing method, comprising: restricting a derived motion vector
difference associated with a current video block to a candidate set, the derived motion vector
difference is used for a refinement operation to refine motion information associated with the
current video block; and performing a conversion between a current video block of a video and a
coded representation of the video using the derived motion vector difference as a result of the
restricting.

[00424] 66. The method of clause 65, wherein the candidate set includes a number of allowed
horizontal MVDs candidates that 1s smaller than a value of (1+MVDmaxX - MVDminX) and/or a
number of allowed vertical MVDs candidates that 1s smaller than a value of (1+MVDmaxY -
MVDminY), and wherein maximum and minimum values of a horizontal MVD are denoted by
MVDmaxX and MVDminX, respectively, and maximum and minimum values of a vertical MVD

are denoted by MVDmaxY and MVDminY, respectively.
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[00425] 67. The method of clause 65, wherein the candidate set includes a candidate, (vx, vy),
that 1s obtained using an equation during the refinement operation, and the candidate satisfies that
1) at least one of vx and vy is in the form of K™, whereby m is an integer, or 2) at least one of vx
and vy is zero.

[00426] ©68. The method of clause 65, wherein the candidate set includes a candidate, (Avx(X,y),
Avy (X,y)), that 1s obtained using an equation during the refinement operation, and wherein the
candidate satisfies that 1) at least one of Avx (x,y) and Avy (x,y) is in the form of K™, whereby m
is an integer, or 2) at least one of Avx(x,y) and Avy (X,y) is zero.

[00427] 69. The method of clause 65, wherein the candidate set includes a candidate, (vx, vy)
or (Avx(x,y), Avy (X,y)), that is obtained using an equation during the refinement operation, and
wherein the candidate satisfies 1) an absolute value of at least one of vx, vy, Avx(x,y) and Avy (x,y)
is zero, or 2) at least one of vx, vy, Avx(X,y) and Avy (x,y) 1s in the form of K™, whereby m is an
integer.

[00428] 70. The method of clause 65, wherein the candidate set includes a candidate, (vx, vy)
or (Avx(x,y), Avy (X,y)), that is obtained using an equation during the refinement operation, and
wherein the candidate satisfies 1) at least one of vx, vy, Avx (x,y) and Avy (X,y) is zero, or 2) at
least one of vx, vy, Avx(x,y) and Avy (x,y) 1s in the form of K™ or -K™, whereby m is an integer.
[00429] 71. The method of clause 65, wherein the derived motion vector difference is firstly
derived as an initially derived motion vector without being restricted to the candidate set and then
modified to be restricted to the candidate set.

[00430] 72. The method of clause 71, wherein the initially derived motion vector difference and
the modified motion vector difference are denoted by X and X’ and wherein X is set equal to
abs(vx) or abs(vy) and X is obtained from X using a sign(vx) or sign(vy), whereby abs(t)
corresponds to an absolute function that returns to an absolute value of t and sign(t) corresponds
to a sign function that returns a value depending on a sign of t.

[00431] 73. The method of clause 71, wherein the candidate set has values that are power of K
and dependent on at least one of vx and vy, whereby the derived motion vector difference is (vx,
vy).

[00432] 74. The method of clause 71, wherein the derived motion vector difference is (vx, vy)
and at least one of vx and vy is firstly modified.

[00433] 75. The method of clause 71, wherein the initially derived motion vector is modified
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by using a logK(x) function and a ceil(y) function, whereby logK(x) returns a logarithm of x in
base K and ceil(y) returns the smallest integer greater than or equal to y.

[00434] 76. The method of clause 71, wherein the initially derived motion vector is modified
by using a floor(y) function, whereby floor(y) returns the largest integer less than or equal to y.
[00435] 77. The method of clause 71, wherein the initially derived motion vector is modified
by using a predefined look-up table.

[00436] 78. The method of clause 65, wherein only candidates in the candidate set are checked
to derive motion vector differences.

[00437] 79. The method of clause 78, wherein the candidate set includes candidate MVD
(motion vector difference) values that are in a form of K¥, -K~, or zero, whereby K is an integer
greater than O and N is an integer.

[00438] 80. The method of clause 79, wherein the candidate set includes candidate MVD
(motion vector difference) values that are in a form of M/KY, whereby M is an integer.

[00439] 81. The method of clause 79, wherein the candidate set includes candidate MVD
(motion vector difference) values that is zero or in a form of KM/KY, whereby M and N are integers.
[00440] 82. The method of clause 65, wherein the derived motion vector difference is derived
to have a x component and/or y component whose values are allowed according to rule.

[00441] 83. The method of clause 82, wherein the rule specifies that the derived motion vector
difference, (vx, vy), has a value obtained using a floor function, ceiling function, or a sign function,
whereby the floor function, floor(t), returns the largest integer less than or equal to t, the ceiling
function, ceil(t), returns the smallest integer greater than or equal to t, and the sign function, sign(t),
returns a value depending on a sign of t.

[00442] 84. The method of clause 82, wherein the rule specifies to obtain the derived motion
vector difference, (vx, vy), such that 1) vx is derived by using at least one of a numerator (numX)
and a denominator (denoX) and/or i1) vy is derived using at least one of a numerator (numY) and
a denominator (denoY).

[00443] 85. The method of clause 84, wherein the rule specifies to use the numerator and/or the
denominator as a variable used in a floor function, a ceiling function, or a sign function, whereby
the floor function, floor(t), returns the largest integer less than or equal to t, the ceiling function,
ceil(t), returns the smallest integer greater than or equal to t, and the sign function, sign(t), returns

a value depending on a sign of t.
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[00444] 86. The method of clause 84, wherein the rule specifies that vx is derived as
sign(numX*denoX) * esp2(M) whereby M is an integer that achieves a minimum value of
cost(numX, denoX, M) and sign(t) returns a value depending on a sign of t.

[00445] 87. The method of clause 84, wherein the rule specifies that vx is equal to zero or
obtained as using an equation: sign(numX*denoX) *
K F1(ogK (abs(numX)-+offset1))~F2(logK (abs(denoX)+offset2)2 \hereby offset] and offset 2 are integers
and sign(t) returns a value depending on a sign of t.

[00446] 88. The method of clause 87, wherein the rule specifies that vx is equal to O in a case
that 1) denoX is equal to zero, i1) numX is equal to zero, ii1) numX is eqaul to zero or denoX is
equal to zero, 1v) denoX is less than T1, v) numX is less than T1, or vi) numX is less than T1 or
denoX is less than T2, whereby T1 and T2 are integers.

[00447] 89. The method of clause 87, wherein the offset] depends on numX.

[00448]  90. The method of clause 87, wherein the offset] is equal to Kloor(ogk(abs(numX)))»
+P, whereby P is an integer, floor(t) returns the largest integer less than or equal to t, logK(x)
returns a logarithm of x in base K, and abs(t) returns to an absolute value of t.

[00449] 91. The method of clause 87, wherein the offset2 depends on denoX.

[00450]  92. The method of clause 87, wherein the offset] is equal to Kfloor(logK(abs(denoX)))»
+P, whereby P is an integer, floor(t) returns the largest integer less than or equal to t, logK(x)
returns a logarithm of x in base K, and abs(t) returns to an absolute value of t.

[00451] 93. The method of clause 84, wherein the rule specifies that vx is dependent on a value
of delta that 1s obtained as an equation, delta = floor(log2(abs(numX))) — floor(log2(abs(denoX))),
whereby floor(t) returns the largest integer less than or equal to t, logK(x) returns a logarithm of x
in base K, and abs(t) returns to an absolute value of t.

[00452] 94. The method of clause 93, wherein the delta is modified in a case that 1)
floor(log2(abs(numX))) is greater than 0 and abs(numX) & (1 << (floor(log2(abs(numX))) — 1))
is not equal to zero or 2) floor(log2(abs(denoX))) is greater than O and abs(denoX) & (1 <<
(floor(log2(abs(denoX))) — 1)) is not equal to zero.

[00453] 95. The method of clause 93, wherein vx is set to O in a case that delta 1s less than O.
[00454] 96. The method of any of clauses 83 to 95, wherein at least one of vx and vy are used

to derive a parameter indicating prediction sample values used in the BDOF or a parameter
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indicating a luma prediction refinement used in PROF.

[00455] 97. The method of clause 96, wherein the parameter indicating prediction sample
values used in the BDOF is bdofOffset that is derived using an equation, bdofOffset = Round( ( vx
* (gradientHLI[ x + 1 J[y+ 1] — gradientHLO[ x + 1 [[y+1]))>> 1)+ Round( ( vy *
(gradientVLI[x+1][y+1]—gradientVLO[x+1][y+1]))>>1).

[00456] 98. The method of clause 96, wherein the parameter indicating a luma prediction
refinement used in PROF is Al that is derived using an equation, Al(posX, posY)=
dMvH[posX][posY] x gradientH[posX][posY] + dMvV[posX][posY] x gradientV[posX][posY],
whereby dMvH[posX][posY] and dMvV[posX][posY] corresponding to vx and vy.

[00457] 99. The method of clause 65, wherein at least one of a horizontal component and a
vertical component of the derived motion vector difference is derived depending on a tool used for
the refinement operation and modified to be within the candidate set associated with the tool.
[00458] 100. The method of clause 99, wherein the at least one of the horizontal
component and the vertical component of the derived motion vector difference is modified by a
modification process that is unified despite the tool.

[00459] 101. The method of clause 65, wherein a cost is calculated using a cost function
for each candidate value and a candidate value corresponding to a minimum cost value is selected
as a final motion vector difference (vx, vy).

[00460] 102. The method of clause 65, wherein the candidate set is pre-defined.

[00461] 103. The method of clause 102, wherein the candidate set includes a candidate
(vx, vy) such that at least one of vx and vy is in a form -2%/2% whereby x is in a range [-(X-1), (X-
D]

[00462] 104. The method of clause 102, wherein the candidate set includes a candidate
(vx, vy) such that vx and vy are only from one of sets including 1) {-32, -16, -8, -4, -2, -1, 0, 1, 2,
4,8, 16, 32}/64, ii) {-32, -16, -8, -4, -2, -1, 0, 1, 2, 4, 8, 16, 32}, iii) {-32, -16, -8, -4, -2, -1, 0, 1,
2,4,8,16,32}/32, iv) {-64, -32, -16, -8, -4, -2, -1,0, 1, 2, 4, 8, 16, 32, 64}, v) {-64, -32, -16, -8, -
4,-2,-1,0,1,2, 4,8, 16,32, 64}/64, vi) {-128, -64, -32, -16, -8, -4, -2, -1, 0, 1, 2, 4, 8, 16, 32, 64,
128}/128, or vii) {-128, -64, -32, -16, -8, -4,-2,-1,0, 1, 2, 4, 8, 16, 32, 64, 128}.

[00463] 105. The method of clause 102, wherein the candidate set includes a candidate

2m

(vx, vy) such that a horizontal and/or vertical component of the candidate is in a form of S X 0
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whereby S is 1 or -1 and m and n are integers.

[00464] 106. The method of clause 65, wherein the candidate set is dependent on coded
information of the current video block.

[00465] 107. The method of clause 65, wherein the candidate set is signaled at a video
unit level including a sequence, a picture, a slice, a tile, a brick, or another video region.

[00466] 108. The method of clause 65, wherein the refinement operation on a sample
during a bi-directional optical flow (BDOF) or a prediction refinement optical flow (PROF)
excludes multiplication operations.

[00467] 109. A video processing method, comprising: applying, during a bi-directional
optical flow (BDOF) operation used to refine motion information associated with a current video
block of a video unit of a video, a clipping operation using a set of clipping parameters that is
determined according to a rule based on the video unit and/or usage of coding tool in the video
unit; and performing a conversion between the current video block and a coded representation of
the video.

[00468] 110. The method of clause 109, wherein the rule specifies to use different sets of
clipping parameters for different video units of the video.

[00469] 111. The method of clause 109 or 110, wherein the video unit corresponds to a
sequence, a picture, a slice, a tile group, tile, a coding tree unit, or a coding unit.

[00470] 112 The method of clause 109, wherein a horizontal motion vector difference
and a vertical motion vector difference are clipped to different threshold values from each other.
[00471] 113. The method of clause 109, wherein a threshold value used in the clipping
operation depends on a dimension of a picture including the current video block and/or decoded
motion information of the current video block.

[00472] 114 The method of clause 109, wherein a threshold value used in the clipping
operation is signaled in a sequence parameter set (SPS), a video parameter set (VPS), an adaptation
parameter set (APS), a picture parameter set (PPS), a slice header, and/or a tile group header.
[00473] 115. The method of clause 109, wherein the rule specifies to determine the set of
clipping parameters based on usage of a decoder-side motion vector difference (DMVR) or an
affine inter mode.

[00474] 116. The method of clause 109, wherein values of the clipping parameters

increase or decrease depending on whether the coding tool is disabled for the video unit or not.
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[00475] 117. A video processing method, comprising: applying, during a refinement
operation used to refine motion information associated with a current video block of a video, a
clipping operation according to a rule to clip x component and/or y component of a motion vector
difference (vx, vy); and performing a conversion between the current video block and a coded
representation of the video using the motion vector difference, wherein the rule specifies to convert
the motion vector difference to zero or a value in a form of K™ before or after the clipping
operation, whereby m is an integer.

[00476] 118. The method of clause 117, wherein the motion vector difference (vx, vy)
has values corresponding to vx and vy that are used in a BDOF to derive bdofOffset according to
an equation, bdofOffset = Round( ( vx * (gradientHL1[ x+ 1 ][y +1]—gradientHLO[ x+ 1 ][y
+1]))>>1)+Round( ( vy * (gradientVL1[x+ 1 ][y + 1] —gradientVLO[x+1][y+1]))
>>1).

[00477] 119. The method of clause 117, wherein the motion vector difference (vx, vy)
has values corresponding to dMvH[posX][posY] and dMvV[posX][posY] that are used in a PROF
to derive Al according to an equation, Al(posX, posY)= dMvH[posX][posY] X
gradientH[posX][posY] + dMvV[posX][posY] x gradientV[posX][posY].

[00478] 120. The method of clause 117, wherein the rule uses different ranges for the x
component and the y component depending on a type of the refinement operation.

[00479] 121. A video processing method, comprising: selecting, for a conversion
between a current video block of a video and a coded representation of the video, a search region
used to derive or refine motion information during a decoder-side motion derivation operation or
a decoder-side motion refinement operation according to a rule; and performing the conversion
based on derived or refined motion information.

[00480] 122 The method of clause 121, wherein the rule specifies to select a non-square
motion vector difference (MVD) region.

[00481] 123. The method of clause 122, wherein the non-square MVD region
corresponds to a 5*5 diamond region, 5*5 octagon region, or 3*3 diamond region.

[00482] 124, The method of clause 121, wherein the search region has different search
ranges in a horizontal direction and a vertical direction.

[00483] 125. The method of clause 121, wherein the rule specifies to select the search

region based on a dimension and/or a shape of the current video block, and wherein the dimension
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corresponds to at least one of a height (H) and a width (W) of the current video block.

[00484] 126. The method of clause 125, wherein the rule specifies, depending on the
dimension of the current video block, a horizontal MVD search range to be smaller than a vertical
MVD search range or to search a diamond MVD space.

[00485] 127. The method of clause 121, wherein the rule specifies to select the search
region based on motion information of the current video block that is before being refined.
[00486] 128. The method of clause 127, wherein the rule specifies, depending on the
motion information including sumAbsHorMv and/or sumAbsHorMv, a horizontal MVD search
range to be smaller than a vertical MVD search range or to search a diamond MVD space, whereby
sumAbsHorMv = abs(MVO0[0]) + abs(MV 1[0]), sumAbsVerMv = abs(MVO[1]) + abs(MV1[1]),
and abs(MVXx) refers to an absolute value of Mvx.

[00487] 129. The method of clause 121, wherein the rule specifies to select a horizontal
search range and/or a vertical search range based on reference pictures.

[00488] 130. The method of clause 121, wherein the rule specifies to select a horizontal
search range and/or a vertical search range based on magnitudes of motion vectors.

[00489] 131. A video processing method, comprising: applying, for a conversion
between a current video block of a video and a coded representation of the video, a decoder-side
motion vector difference (DMVR) operation to refine a motion vector difference associated with
the current video block by using a search region used in the refining including a best matching
integer position; and performing the conversion using refined motion vector difference, wherein
the applying of the DMVR operation includes deriving a sub-pel motion vector difference (MVD)
according to a rule.

[00490] 132 The method of clause 131, wherein the rule specifies to derive a horizontal
sub-pel MVD in a case that left and right positions of the best matching integer position are both
included in the search region.

[00491] 133. The method of clause 131, wherein the rule specifies to derive a vertical
sub-pel MVD in a case that above and below positions of the best matching integer position are
both included in the search region.

[00492] 134, The method of clause 131, wherein the rule specifies to derive the sub-pel
MVD for certain positions.

[00493] 135. A video processing method, comprising: applying, for a current video block
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of a video unit of a video, a decoder-side motion vector difference (DMVR) operation to refine a
motion vector difference associated with the current video block; and performing a conversion
between the current video block and a coded representation of the video using refined motion
vector difference, wherein the applying of the DMVR operation includes determining to allow or
disallow a sub-pel motion vector difference (MVD) derivation depending on use of a bi-directional
optical flow (BDOF) for the video unit.

[00494] 136. The method of clause 135, wherein the video unit corresponds to a picture,

a slice, a tile group, a tile, a coding tree unit, or a coding unit.

[00495] 137. The method of clause 135, wherein the sub-pel MVD derivation is
disallowed due to the use of the BDOF for the video unit.
[00496] 138. The method of clause 135, wherein the sub-pel MVE derivation is allowed

due to non-use of the BDOF for the video unit.

[00497] 139 A video processing method, comprising: deriving, during a refinement
operation using an optical flow, a motion vector difference of a first sample of a current video
block of a video; determining a motion vector difference of a second sample based on a derived
motion vector difference of the first sample; and performing a conversion between the current
video block and a coded representation of the video based on the determining.

[00498] 140. The method of clause 139, wherein the refinement operation is performed
using a prediction refinement with optical flow (PROF) and wherein the motion vector difference
of the first sample is derived using an affine model for a position within the current video block
and used to determine the motion vector difference of the second sample for a different position.
[00499] 141. The method of clause 139, wherein the motion vector difference of the first
sample located in an upper part is derived using an affine model and used to determine the motion
vector difference of the second sample located in a lower part, whereby the current video block
has a width (W) and a height (H), the upper part and the lower part have a size of W * H/2.
[00500] 142 The method of clause 139, wherein the motion vector difference of the first
sample located in a lower part is derived using an affine model and used to determine the motion
vector difference of the second sample located in an upper part, whereby the current video block
has a width (W) and a height (H), the upper part and the lower part have a size of W * H/2.
[00501] 143. The method of clause 139, wherein the motion vector difference of the first

sample located in a left part is derived using an affine model and used to determine the motion
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vector difference of the second sample located in a right part, whereby the current video block has
a width (W) and a height (H), the left part and the right part have a size of W/2 * H.

[00502] 144, The method of clause 139, wherein the motion vector difference of the first
sample located in a right part is derived using an affine model and used to determine the motion
vector difference of the second sample located in a left part, whereby the current video block has
a width (W) and a height (H), the left part and the right part have a size of W/2 * H.

[00503] 145. The method of clause 139, wherein the motion vector difference of the first
sample is derived using an affine model and rounded to a predefined precision or/and clipped to a
predefined range before being used to determine the motion vector difference of the second sample.
[00504] 146. The method of clause 139, wherein, for the first sample or the second
sample at a position (X, y), MVDh and MVDy are horizontal and vertical motion vector differences,
respectively, and obtained by using equations: MVDh(x, y) =-MVDh(W -1 —x, H—1 —y) and
MVDv(x, y) = -MVDv(W — 1 —x, H— 1 —y), whereby W and H are width and height of the
current video block.

[00505] 147. A video processing method, comprising: deriving a prediction refinement
sample by applying a refinement operation using a bi-directional optical flow (BDOF) operation
to a current video block of a video; determining, according to a rule, an applicability of a clipping
operation to clip the derived prediction refinement sample to a predetermined range [-M, N],
whereby M and N are integers; and performing a conversion between the current video block and

a coded representation of the video.

[00506] 148. The method of clause 147, wherein the rule determines to apply the clipping
operation.

[00507] 149. The method of clause 147, wherein N is equal to a value of M-1.

[00508] 150. The method of clause 147, wherein the predefined range depends on a bit

depth of a color component of the current video block.

[00509] 151. The method of clause 150, wherein M is equal to 2X, K =Max(K 1, BitDepth
+ K2), whereby BitDepth is a bit depth of a color component of the current video block, whereby
K1 and K2 are integers.

[00510] 152 The method of clause 150, M is equal to 2X, K = Min(K1, BitDepth + K2),
whereby BitDepth is a bit depth of a color component of the current video block, whereby K1 and

K2 are integers.
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[00511] 153. The method of clause 147, wherein the predefined range is applied to
another video block using a prediction refinement optical flow (PROF).

[00512] 154 The method of clause 147, wherein the rule determines not to apply the
clipping operation.

[00513] 155. A video processing method, comprising: determining coding group sizes for
a current video block including a first coding group and a second coding group that are coded
using different residual coding modes such that sizes of the first coding group and the second
coding group are aligned according to a rule; and performing a conversion between the current
video block and a coded representation of the video based on the determining.

[00514] 156. The method of clause 155, wherein the first coding group is coded using a
transform skip mode in which a transform is bypassed or an identify transform is applied, and
wherein the rule specifies that a size of the first coding group is determined based on whether the
current video block contains more than 2*M samples and/or a residual block size.

[00515] 157 The method of clause 155, wherein the first coding group is coded without
using a transform skip mode in which a transform is bypassed or an identify transform is applied,
and wherein the rule specifies that a size of the first coding group is determined based on whether
a width (W) or height (H) of the current video block is equal to K, whereby K is an integer.
[00516] 158. The method of clause 155, wherein the first coding group and the second
coding group are coded using a transform skip mode and a regular residual coding mode,
respectively, and wherein the rule specifies that the first coding group and the second coding group
have a size of 2*2, 2*8, 2*8, 2*4, 8*2, or 4*2.

[00517] 159. The method of clause 158, wherein the size 1s used for N*2 or N*2 residual
blocks, whereby N is an integer.

[00518] 160. A video processing method, comprising: determining, for a conversion
between a current video block of a video and a coded representation of the video, an applicability
of a prediction refinement optical flow (PROF) tool in which motion information is refined using
an optical flow, based on coded information and/or decoded information associated with the
current video block; and performing the conversion based on the determining.

[00519] 161. The method of clause 160, wherein the current video block is coded using
an affine mode.

[00520] 162 The method of clause 161, wherein the determining determines not to apply
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the PROF tool due to a reference picture used in the conversion having a different dimension than
a dimension of a current picture that contains the current video block.

[00521] 163. The method of clause 161, wherein the determining determines to apply the
PROF tool due to the conversion using a bi-predictive prediction and both reference pictures
having same dimensions.

[00522] 164 The method of clause 161, wherein the applicability of the PROF tool is
determined depending on a resolution ratio between a reference picture and a current picture
including the current video block.

[00523] 165. The method of clause 160, wherein the determining determines not to apply
the PROF tool according to a rule specifying a certain condition.

[00524] 166. The method of clause 165, wherein the certain condition includes 1) a
generalized bi-prediction is enabled, 11) a weight prediction is enabled, or ii1) a half pixel
interpolation filter is applied.

[00525] 167. The method of any of clauses 1 to 166, wherein information related to the
refinement operation is signaled at a video unit level including a sequence, a picture, a slice, a tile,
a brick, or another video region.

[00526] 168. The method of any of clauses 1 to 166, wherein the refinement operation is
performed according to a rule based on coded information of the current video block depending
on whether a a bi-directional optical flow (BDOF) or a prediction refinement optical flow (PROF)
is applied to the current video block.

[00527] 169. The method of any of clauses 1 to 168, wherein the conversion comprises
generating the coded representation from the video or generating the video from the coded
representation.

[00528] 170. An apparatus in a video system comprising a processor and a non-transitory
memory with instructions thereon, wherein the instructions upon execution by the processor, cause
the processor to implement the method in any one of clauses 1 to 169.

[00529] 171. A computer program product stored on a non-transitory computer readable
media, the computer program product including program code for carrying out the method in any
one of clauses 1 to 169.

[00530] From the foregoing, it will be appreciated that specific embodiments of the presently

disclosed technology have been described herein for purposes of illustration, but that various
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modifications may be made without deviating from the scope of the disclosed technology.
Accordingly, the presently disclosed technology is not limited except as by the appended claims.
[00531] Implementations of the subject matter and the functional operations described in this
patent document can be implemented in various systems, digital electronic circuitry, or in
computer software, firmware, or hardware, including the structures disclosed in this specification
and their structural equivalents, or in combinations of one or more of them. Implementations of
the subject matter described in this specification can be implemented as one or more computer
program products, i.e., one or more modules of computer program instructions encoded on a
tangible and non-transitory computer readable medium for execution by, or to control the
operation of, data processing apparatus. The computer readable medium can be a machine-
readable storage device, a machine-readable storage substrate, a memory device, a composition
of matter effecting a machine-readable propagated signal, or a combination of one or more of
them. The term “data processing unit” or “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them.

[00532] A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand-alone program or
as a module, component, subroutine, or other unit suitable for use in a computing environment.
A computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[00533] The processes and logic flows described in this specification can be performed by one

or more programmable processors executing one or more computer programs to perform
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functions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic circuitry,
e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated
circuit).

[00534] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random access memory or both. The essential elements of a computer are
a processor for performing instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer need not have such devices.
Computer readable media suitable for storing computer program instructions and data include all
forms of nonvolatile memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices. The
processor and the memory can be supplemented by, or incorporated in, special purpose logic
circuitry.

[00535] It is intended that the specification, together with the drawings, be considered
exemplary only, where exemplary means an example. As used herein, the singular forms “a”,
“an” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. Additionally, the use of “or” is intended to include “and/or”, unless the
context clearly indicates otherwise.

[00536] While this patent document contains many specifics, these should not be construed as
limitations on the scope of any invention or of what may be claimed, but rather as descriptions of
features that may be specific to particular embodiments of particular inventions. Certain features
that are described in this patent document in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or more

features from a claimed combination can in some cases be excised from the combination, and the
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claimed combination may be directed to a subcombination or variation of a subcombination.
[00537] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. Moreover, the separation of various system components in the embodiments described
in this patent document should not be understood as requiring such separation in all
embodiments.

[00538] Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

patent document.
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CLAIMS

1. A method of processing video data, comprising:

determining, for a first conversion between a first bi-predicted video block of a video and
a bitstream of the video, that a motion information of the first bi-predicted video block is refined
using a first optical flow-based method in which at least one first motion vector refinement is
derived to refine prediction samples of a region within the first bi-predicted video block;

clipping the at least one first motion vector refinement to a first range;

performing the first conversion based on at least one clipped first motion vector
refinement;

determining, for a second conversion between a second affine video block of the video
and the bitstream, that a motion information of the second affine video block is refined using a
second optical flow-based method in which at least one second motion vector refinement is
derived to refine prediction samples of a region within the second affine video block;

clipping the at least one second motion vector refinement to a second range; and

performing the second conversion based on at least one clipped second motion vector
refinement;

wherein the first range is different from the second range;

wherein the first optical flow-based method is a bi-directional optical flow tool for bi-
predicted video blocks, and the second optical flow-based method is a prediction refinement
optical flow tool for affine video blocks;

wherein the first range is [-NO, M0] and the second range is [-N1, M1], wherein NO, MO,
N1 and M1 are integers;

wherein NO and M0 have a same value which is equal to 2%°-1, and N1 and M1 have a
same value which is equal to 2X!-1, wherein K0 and K1 are integers;

wherein [-NO, MO0] is [-15, 15]; and

wherein [-N1, M1] is [-31, 31].

2. The method of claim 1, wherein the region within the first bi-predicted video block is a

whole first bi-predicted video block or a sub-block within the first bi-predicted video block, and
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the region within the second affine video block is a whole second affine video block or a sub-

block within the second affine video block.

3. The method of claim 1 or 2, wherein the first motion vector refinement comprises a
horizontal component and a vertical component, and wherein the clipping comprises clipping
horizontal component and/or vertical component to the first range;
and/or

the second motion vector refinement comprises a horizontal component and a vertical
component, and wherein the clipping comprises clipping horizontal component and/or vertical

component to the second range.

4. The method of any one of claims 1-3, wherein the first conversion comprises encoding
the first bi-predicted video block into the bitstream and the second conversion comprises

encoding the second affine video block into the bitstream.

5. The method of any one of claims 1-3, wherein the first conversion comprises decoding
the first bi-predicted video block from the bitstream and the second conversion comprises

decoding the second affine video block from the bitstream.

6. An apparatus for processing video data comprising a processor and a non-transitory memory
with instructions thereon, wherein the instructions upon execution by the processor, cause the
processor to:

determine, for a first conversion between a first bi-predicted video block of a video and a
bitstream of the video, that a motion information of the first bi-predicted video block is refined
using a first optical flow-based method in which at least one first motion vector refinement is
derived to refine prediction samples of a region within the first bi-predicted video block;

clip the at least one first motion vector refinement to a first range;

perform the first conversion based on at least one clipped first motion vector refinement;

determine, for a second conversion between a second affine video block of the video and

the bitstream, that a motion information of the second affine video block is refined using a
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second optical flow-based method in which at least one second motion vector refinement is
derived to refine prediction samples of a region within the second affine video block;

clip the at least one second motion vector refinement to a second range; and

perform the second conversion based on at least one clipped second motion vector
refinement;

wherein the first range is different from the second range;

wherein the first optical flow-based method is a bi-directional optical flow tool for bi-
predicted video blocks, and the second optical flow-based method is a prediction refinement
optical flow tool for affine video blocks;

wherein the first range is [-NO, M0] and the second range is [-N1, M1], wherein NO, MO,
N1 and M1 are integers;

wherein NO and MO have a same value which is equal to 2%°-1, and N1 and M1 have a
same value which is equal to 2X!-1, wherein K0 and K1 are integers;

wherein [-NO, MO0] is [-15, 15]; and

wherein [-N1, M1] is [-31, 31].

7. A non-transitory computer-readable storage medium storing instructions that cause a processor
to:

determine, for a first conversion between a first bi-predicted video block of a video and a
bitstream of the video, that a motion information of the first bi-predicted video block is refined
using a first optical flow-based method in which at least one first motion vector refinement is
derived to refine prediction samples of a region within the first bi-predicted video block;

clip the at least one first motion vector refinement to a first range;

perform the first conversion based on at least one clipped first motion vector refinement;

determine, for a second conversion between a second affine video block of the video and
the bitstream, that a motion information of the second affine video block is refined using a
second optical flow-based method in which at least one second motion vector refinement is
derived to refine prediction samples of a region within the second affine video block;

clip the at least one second motion vector refinement to a second range; and

perform the second conversion based on at least one clipped second motion vector

refinement;
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wherein the first range is different from the second range;

wherein the first optical flow-based method is a bi-directional optical flow tool for bi-
predicted video blocks, and the second optical flow-based method is a prediction refinement
optical flow tool for affine video blocks;

wherein the first range is [-NO, M0] and the second range is [-N1, M1], wherein NO, MO,
N1 and M1 are integers;

wherein NO and MO have a same value which is equal to 2%°-1, and N1 and M1 have a
same value which is equal to 2X!-1, wherein KO and K1 are integers;

wherein [-NO, MO0] is [-15, 15]; and

wherein [-N1, M1] is [-31, 31].

8. A non-transitory computer-readable recording medium storing a bitstream of a video which is
generated by a method performed by a video processing apparatus, wherein the method
comprises:

determining, for a first bi-predicted video block of the video that a motion information of
the first bi-predicted video block is refined using a first optical flow-based method in which at
least one first motion vector refinement is derived to refine prediction samples of a region within
the first bi-predicted video block;

clipping the at least one first motion vector refinement to a first range;

generating the bitstream based on at least one clipped first motion vector refinement;

determining, for a second affine video block of the video, that a motion information of
the second affine video block is refined using a second optical flow-based method in which at
least one second motion vector refinement is derived to refine prediction samples of a region
within the second affine video block;

clipping the at least one second motion vector refinement to a second range; and

generating the bitstream based on at least one clipped second motion vector refinement;

wherein the first range is different from the second range;

wherein the first optical flow-based method is a bi-directional optical flow tool for bi-
predicted video blocks, and the second optical flow-based method is a prediction refinement

optical flow tool for affine video blocks;
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wherein the first range is [-NO, MO0] and the second range is [-N1, M1], wherein NO, MO,
N1 and M1 are integers;

wherein NO and MO have a same value which is equal to 2%°-1, and N1 and M1 have a
same value which is equal to 2X!-1, wherein KO and K1 are integers;

wherein [-NO, MO0] is [-15, 15]; and

wherein [-N1, M1] is [-31, 31].
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