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INTERACTION BETWEEN MOTION VECTOR REFINEMENTS AND OTHER
CODING TOOLS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] Under the applicable patent law and/or rules pursuant to the Paris Convention, this
application is made to timely claim the priority to and benefits of International Patent
Application No. PCT/CN2019/090201, filed on June 5, 2019, International Patent Application
No. PCT/CN2019/094767, filed on July 4, 2019, and International Patent Application No.
PCT/CN2019/096180, filed on July 16, 2019. For all purposes under the law, the entire
disclosures of the aforementioned applications are incorporated by reference as part of the

disclosure of this application.

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 processing, for example,
prediction refinement with optical flow (PROF) for video coding. 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 or video codecs.
[0005] In one representative aspect, the disclosed technology may be used to provide a
method for video processing. This method includes making a first determination about a coding
mode used for representing a current video block of a video in a coded representation of the

video; making a second determination about whether to apply a deblocking filter based on the
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first determination; and performing a conversion between the current video block and the coded
representation according to the first determination and the second determination, wherein the
coding mode uses an affine coding tool and a specific motion prediction/compensation tool for
the conversion.

[0006] In another representative aspect, the disclosed technology may be used to provide a
method for video processing. This method includes making a determination, due to use of a
specific motion vector precision in an affine coding tool for representing a current video block of
a video in a coded representation of the video, to enable use of a switchable interpolation filter
tool; and performing the conversion based on the determination, wherein the switchable
interpolation filter tool allows switching, for the current video block, to an interpolation filter
different from another interpolation filter used for processing a previous video block.

[0007] In yet another representative aspect, the disclosed technology may be used to provide
a method for video processing. This method includes making a decision, for a current video block
of a video comprising one or more video blocks, regarding an applicability of a bi-directional
optical flow (BDOF) and/or a prediction refinement optical flow (PROF) in which motion
information 1s refined using an optical flow to the current video block, based on usage of a
switchable interpolation filter tool that allows the current video block and another video block to
use different interpolation filters for determining prediction blocks; and performing a conversion
between the video and a coded representation of the video based on the decision.

[0008] In yet another representative aspect, the disclosed technology may be used to provide
a method for video processing. This method includes performing a conversion between a video
block of a video region of a video and a coded representation of the video according to a rule,
wherein the rule specifies that a first syntax element is included in the coded representation at a
level of the video region corresponding to applicability of a coding tool based on an optical flow
model or a decoder side motion vector refinement tool, and wherein the conversion is performed
according to a value of the first syntax element.

[0009] 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.

[0010] 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.
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[0011] In yet another representative aspect, a video decoder apparatus may implement a
method as described herein.
[0012] 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
[0013] FIG. 1 shows an example of constructing a merge candidate list.
[0014] FIG. 2 shows an example of positions of spatial candidates.
[0015] FIG. 3 shows an example of candidate pairs subject to a redundancy check of spatial
merge candidates.
[0016] FIGS. 4A and 4B show examples of the position of a second prediction unit (PU)
based on the size and shape of the current block.
[0017] FIG. 5 shows an example of motion vector scaling for temporal merge candidates.
[0018] FIG. 6 shows an example of candidate positions for temporal merge candidates.
[0019] FIG. 7 shows an example of generating a combined bi-predictive merge candidate.
[0020] FIG. 8 shows an example of constructing motion vector prediction candidates.
[0021] FIG. 9 shows an example of motion vector scaling for spatial motion vector
candidates.
[0022] FIG. 10 shows an example of motion prediction using the alternative temporal motion
vector prediction (ATMVP) algorithm for a coding unit (CU).
[0023] FIG. 11 shows an example of a coding unit (CU) with sub-blocks and neighboring
blocks used by the spatial-temporal motion vector prediction (STMVP) algorithm.
[0024] FIGS. 12A and 12B show example snapshots of sub-block when using the overlapped
block motion compensation (OBMC) algorithm.
[0025] FIG. 13 shows an example of neighboring samples used to derive parameters for the
local illumination compensation (LIC) algorithm.
[0026] FIG. 14 shows an example of a simplified affine motion model.
[0027] FIG. 15 shows an example of an affine motion vector field (MVF) per sub-block.
[0028] FIG. 16 shows an example of motion vector prediction (MVP) for the AF_INTER
affine motion mode.

[0029] FIGS. 17A and 17B show example candidates for the AF. MERGE affine motion
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mode.

[0030] FIG. 18 shows an example of bilateral matching in pattern matched motion vector
derivation (PMMVD) mode, which is a special merge mode based on the frame-rate up
conversion (FRUC) algorithm.

[0031] FIG. 19 shows an example of template matching in the FRUC algorithm.

[0032] FIG. 20 shows an example of unilateral motion estimation in the FRUC algorithm.
[0033] FIG. 21 shows an example of an optical flow trajectory used by the bi-directional
optical flow (BIO) algorithm.

[0034] FIGS. 22A and 22B show example snapshots of using of the bi-directional optical
flow (BIO) algorithm without block extensions.

[0035] FIG. 23 shows an example of the interpolated samples used in BIO.

[0036] FIG. 24 shows an example of the decoder-side motion vector refinement (DMVR)
algorithm based on bilateral template matching.

[0037] FIG. 25 shows an example of a sub-block MV VSB and pixel Av(j, j).

[0038] FIG. 26 shows an example of phase-variant horizontal filtering.

[0039] FIG. 27 shows an example of applying one instance of 8-tap horizontal filtering,
[0040] FIG. 28 shows an example of non-uniform phase vertical filtering.

[0041] FIGS. 29A to 29D shows a flowchart of an example method for video processing.
[0042] FIGS. 30A and 30B are block diagrams of examples of a hardware platform for
implementing a visual media decoding or a visual media encoding technique described in the
present document.

[0043] FIG. 31 shows an example of 16 4x4 sub-blocks ina 16x16 region.

DETAILED DESCRIPTION
[0044] Due to the increasing demand of higher resolution video, video processing methods
and techniques are ubiquitous in modern technology. Video codecs typically include an
electronic circuit or software that compresses or decompresses digital video, and are continually
being improved to provide higher coding efficiency. A video codec converts uncompressed
video to a compressed format or vice versa. There are complex relationships between the video
quality, the amount of data used to represent the video (determined by the bit rate), the

complexity of the encoding and decoding algorithms, sensitivity to data losses and errors, ease of
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editing, random access, and end-to-end delay (latency). The compressed format usually conforms
to a standard video compression specification, e.g., the High Efficiency Video Coding (HEVC)
standard (also known as H.265 or MPEG-H Part 2), the Versatile Video Coding standard to be
finalized, or other current and/or future video coding standards.

[0045] Embodiments of the disclosed technology may be applied to existing video coding
standards (e.g., HEVC, H.265) and future standards to improve compression performance.
Section headings are used in the present document to improve readability of the description and
do not in any way limit the discussion or the embodiments (and/or implementations) to the
respective sections only.

1. Examples of inter-prediction in HEVC/H.265

[0046] Video coding standards have significantly improved over the years, and now provide,
in part, high coding efficiency and support for higher resolutions. Recent standards such as
HEVC and H.265 are based on the hybrid video coding structure wherein temporal prediction
plus transform coding are utilized.

1.1 Examples of prediction modes

[0047] Each inter-predicted PU (prediction unit) has motion parameters for one or two
reference picture lists. In some embodiments, motion parameters include a motion vector and a
reference picture index. In other embodiments, the usage of one of the two reference picture lists
may also be signaled using inter pred idc. In yet other embodiments, motion vectors may be
explicitly coded as deltas relative to predictors.

[0048] When a CU 1s coded with skip mode, one PU is associated with the CU, and there are
no significant residual coefficients, no coded motion vector delta or reference picture index. A
merge mode is specified whereby the motion parameters for the current PU are obtained from
neighboring PUs, including spatial and temporal candidates. The merge mode can be applied to
any inter-predicted PU, not only for skip mode. The alternative to merge mode is the explicit
transmission of motion parameters, where motion vector, corresponding reference picture index
for each reference picture list and reference picture list usage are signaled explicitly per each PU.
[0049] When signaling indicates that one of the two reference picture lists is to be used, the
PU 1s produced from one block of samples. This is referred to as ‘uni-prediction’. Uni-prediction
is available both for P-slices and B-slices.

[0050] When signaling indicates that both of the reference picture lists are to be used, the PU
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is produced from two blocks of samples. This is referred to as ‘bi-prediction’. Bi-prediction is
available for B-slices only.

1.1.1 Embodiments of constructing candidates for merge mode

[0051] When a PU is predicted using merge mode, an index pointing to an entry in the merge
candidates list 1s parsed from the bitstream and used to retrieve the motion information. The
construction of this list can be summarized according to the following sequence of steps:

[0052] Step 1: Initial candidates derivation

[0053] Step 1.1: Spatial candidates derivation
[0054] Step 1.2: Redundancy check for spatial candidates
[0055] Step 1.3: Temporal candidates derivation

[0056] Step 2: Additional candidates insertion

[0057] Step 2.1: Creation of bi-predictive candidates

[0058] Step 2.2: Insertion of zero motion candidates

[0059] FIG. 1 shows an example of constructing a merge candidate list based on the
sequence of steps summarized above. For spatial merge candidate derivation, a maximum of four
merge candidates are selected among candidates that are located in five different positions. For
temporal merge candidate derivation, a maximum of one merge candidate is selected among two
candidates. Since constant number of candidates for each PU 1s assumed at decoder, additional
candidates are generated when the number of candidates does not reach to maximum number of
merge candidate (MaxNumMergeCand) which is signalled in slice header. Since the number of
candidates is constant, index of best merge candidate is encoded using truncated unary
binarization (TU). If the size of CU is equal to 8, all the PUs of the current CU share a single
merge candidate list, which is identical to the merge candidate list of the 2Nx2N prediction unit.
1.1.2 Constructing spatial merge candidates

[0060] In the derivation of spatial merge candidates, a maximum of four merge candidates
are selected among candidates located in the positions depicted in FIG. 2. The order of derivation
is A1, B1, Bo, Ao and Ba. Position B: 1s considered only when any PU of position A1, B1, Bo, Ao 1s
not available (e.g. because it belongs to another slice or tile) or is intra coded. After candidate at
position Aj is added, the addition of the remaining candidates is subject to a redundancy check
which ensures that candidates with same motion information are excluded from the list so that

coding efficiency is improved.
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[0061] To reduce computational complexity, not all possible candidate pairs are considered
in the mentioned redundancy check. Instead only the pairs linked with an arrow in FIG. 3 are
considered and a candidate is only added to the list if the corresponding candidate used for
redundancy check has not the same motion information. Another source of duplicate motion
information is the “second PU” associated with partitions different from 2Nx2N. As an example,
FIG. 4A and 4B depict the second PU for the case of Nx2N and 2NxN, respectively. When the
current PU 1s partitioned as Nx2N, candidate at position A1 is not considered for list
construction. In some embodiments, adding this candidate may lead to two prediction units
having the same motion information, which is redundant to just have one PU in a coding unit.
Similarly, position B is not considered when the current PU is partitioned as 2NxN.

1.1.3 Constructing temporal merge candidates

[0062] In this step, only one candidate is added to the list. Particularly, in the derivation of
this temporal merge candidate, a scaled motion vector is derived based on co-located PU
belonging to the picture which has the smallest POC difference with current picture within the
given reference picture list. The reference picture list to be used for derivation of the co-located
PU is explicitly signaled in the slice header.

[0063] FIG. 5 shows an example of the derivation of the scaled motion vector for a temporal
merge candidate (as the dotted line), which is scaled from the motion vector of the co-located PU
using the POC distances, tb and td, where tb is defined to be the POC difference between the
reference picture of the current picture and the current picture and td is defined to be the POC
difference between the reference picture of the co-located picture and the co-located picture. The
reference picture index of temporal merge candidate is set equal to zero. For a B-slice, two
motion vectors, one is for reference picture list O and the other 1s for reference picture list 1, are
obtained and combined to make the bi-predictive merge candidate.

[0064] In the co-located PU (Y) belonging to the reference frame, the position for the
temporal candidate is selected between candidates Co and Ci, as depicted in FIG. 6. If PU at
position Co is not available, 1s intra coded, or is outside of the current CTU, position C; is used.
Otherwise, position Cop 1s used in the derivation of the temporal merge candidate.

1.1.4 Constructing additional types of merge candidates

[0065] Besides spatio-temporal merge candidates, there are two additional types of merge

candidates: combined bi-predictive merge candidate and zero merge candidate. Combined bi-
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predictive merge candidates are generated by utilizing spatio-temporal merge candidates.
Combined bi-predictive merge candidate is used for B-Slice only. The combined bi-predictive
candidates are generated by combining the first reference picture list motion parameters of an
initial candidate with the second reference picture list motion parameters of another. If these two
tuples provide different motion hypotheses, they will form a new bi-predictive candidate.

[0066] FIG. 7 shows an example of this process, wherein two candidates in the original list
(710, on the left), which have mvLO and refldxLLO or mvL1 and refldxL1, are used to create a
combined bi-predictive merge candidate added to the final list (720, on the right).

[0067] Zero motion candidates are inserted to fill the remaining entries in the merge
candidates list and therefore hit the MaxNumMergeCand capacity. These candidates have zero
spatial displacement and a reference picture index which starts from zero and increases every
time a new zero motion candidate is added to the list. The number of reference frames used by
these candidates is one and two for uni- and bi-directional prediction, respectively. In some
embodiments, no redundancy check is performed on these candidates.

1.1.5 Examples of motion estimation regions for parallel processing

[0068] To speed up the encoding process, motion estimation can be performed in parallel
whereby the motion vectors for all prediction units inside a given region are derived
simultaneously. The derivation of merge candidates from spatial neighborhood may interfere
with parallel processing as one prediction unit cannot derive the motion parameters from an
adjacent PU until its associated motion estimation is completed. To mitigate the trade-off
between coding efficiency and processing latency, a motion estimation region (MER) may be
defined. The size of the MER may be signaled in the picture parameter set (PPS) using the
“log2 parallel merge level minus2” syntax element. When a MER is defined, merge candidates
falling in the same region are marked as unavailable and therefore not considered in the list
construction.

1.2  Embodiments of advanced motion vector prediction (AMVP)

[0069] AMVP exploits spatio-temporal correlation of motion vector with neighboring PUs,
which is used for explicit transmission of motion parameters. It constructs a motion vector
candidate list by firstly checking availability of left, above temporally neighboring PU positions,
removing redundant candidates and adding zero vector to make the candidate list to be constant

length. Then, the encoder can select the best predictor from the candidate list and transmit the
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corresponding index indicating the chosen candidate. Similarly with merge index signaling, the
index of the best motion vector candidate is encoded using truncated unary. The maximum value
to be encoded in this case is 2 (see FIG. 8). In the following sections, details about derivation
process of motion vector prediction candidate are provided.

1.2.1 Examples of constructing motion vector prediction candidates

[0070] FIG. 8 summarizes derivation process for motion vector prediction candidate, and
may be implemented for each reference picture list with refidx as an input.

[0071] In motion vector prediction, two types of motion vector candidates are considered:
spatial motion vector candidate and temporal motion vector candidate. For spatial motion vector
candidate derivation, two motion vector candidates are eventually derived based on motion
vectors of each PU located in five different positions as previously shown in FIG. 2.

[0072] For temporal motion vector candidate derivation, one motion vector candidate is
selected from two candidates, which are derived based on two different co-located positions.
After the first list of spatio-temporal candidates is made, duplicated motion vector candidates in
the list are removed. If the number of potential candidates is larger than two, motion vector
candidates whose reference picture index within the associated reference picture list is larger
than 1 are removed from the list. If the number of spatio-temporal motion vector candidates is
smaller than two, additional zero motion vector candidates is added to the list.

1.2.2 Constructing spatial motion vector candidates

[0073] In the derivation of spatial motion vector candidates, a maximum of two candidates
are considered among five potential candidates, which are derived from PUs located in positions
as previously shown in FIG. 2, those positions being the same as those of motion merge. The
order of derivation for the left side of the current PU is defined as Ao, Ai,and scaled Ao,scaled
A1. The order of derivation for the above side of the current PU is defined as Bo, B1, B», scaled
Bo, scaled B1, scaled B». For each side there are therefore four cases that can be used as motion
vector candidate, with two cases not required to use spatial scaling, and two cases where spatial

scaling is used. The four different cases are summarized as follows:

[0074] -- No spatial scaling

[0075] (1) Same reference picture list, and same reference picture index (same POC)
[0076] (2) Different reference picture list, but same reference picture (same POC)
[0077] -- Spatial scaling
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[0078] (3) Same reference picture list, but different reference picture (different POC)
[0079] (4) Different reference picture list, and different reference picture (different POC)
[0080] The no-spatial-scaling cases are checked first followed by the cases that allow spatial
scaling. Spatial scaling is considered when the POC is different between the reference picture of
the neighbouring PU and that of the current PU regardless of reference picture list. If all PUs of
left candidates are not available or are intra coded, scaling for the above motion vector is allowed
to help parallel derivation of left and above MV candidates. Otherwise, spatial scaling is not
allowed for the above motion vector.

[0081] As shown in the example in FIG. 9, for the spatial scaling case, the motion vector of
the neighbouring PU is scaled in a similar manner as for temporal scaling. One difference is that
the reference picture list and index of current PU is given as input; the actual scaling process is
the same as that of temporal scaling.

1.2.3 Constructing temporal motion vector candidates

[0082] Apart from the reference picture index derivation, all processes for the derivation of
temporal merge candidates are the same as for the derivation of spatial motion vector candidates
(as shown 1n the example in FIG. 6). In some embodiments, the reference picture index is
signaled to the decoder.

2. Example of inter prediction methods in Joint Exploration Model (JEM)

[0083] In some embodiments, future video coding technologies are explored using a
reference software known as the Joint Exploration Model (JEM). In JEM, sub-block based
prediction is adopted in several coding tools, such as affine prediction, alternative temporal
motion vector prediction (ATMVP), spatial-temporal motion vector prediction (STMVP), bi-
directional optical flow (BIO), Frame-Rate Up Conversion (FRUC), Locally Adaptive Motion
Vector Resolution (LAMVR), Overlapped Block Motion Compensation (OBMC), Local
Illumination Compensation (LIC), and Decoder-side Motion Vector Refinement (DMVR).

2.1 Examples of sub-CU based motion vector prediction

[0084] In the JEM with quadtrees plus binary trees (QTBT), each CU can have at most one
set of motion parameters for each prediction direction. In some embodiments, two sub-CU level
motion vector prediction methods are considered in the encoder by splitting a large CU into sub-
CUs and deriving motion information for all the sub-CUs of the large CU. Alternative temporal

motion vector prediction (ATMVP) method allows each CU to fetch multiple sets of motion

10
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information from multiple blocks smaller than the current CU in the collocated reference picture.
In spatial-temporal motion vector prediction (STMVP) method motion vectors of the sub-CUs
are derived recursively by using the temporal motion vector predictor and spatial neighbouring
motion vector. In some embodiments, and to preserve more accurate motion field for sub-CU
motion prediction, the motion compression for the reference frames may be disabled.

2.1.1 Examples of alternative temporal motion vector prediction (ATMVP)

[0085] In the ATMVP method, the temporal motion vector prediction (TMVP) method is
modified by fetching multiple sets of motion information (including motion vectors and
reference indices) from blocks smaller than the current CU.

[0086] FIG. 10 shows an example of ATMVP motion prediction process for a CU 1000. The
ATMVP method predicts the motion vectors of the sub-CUs 1001 within a CU 1000 in two
steps. The first step is to identify the corresponding block 1051 in a reference picture 1050 with a
temporal vector. The reference picture 1050 is also referred to as the motion source picture. The
second step 1s to split the current CU 1000 into sub-CUs 1001 and obtain the motion vectors as
well as the reference indices of each sub-CU from the block corresponding to each sub-CU.
[0087] In the first step, a reference picture 1050 and the corresponding block is determined
by the motion information of the spatial neighboring blocks of the current CU 1000. To avoid the
repetitive scanning process of neighboring blocks, the first merge candidate in the merge
candidate list of the current CU 1000 is used. The first available motion vector as well as its
associated reference index are set to be the temporal vector and the index to the motion source
picture. This way, the corresponding block may be more accurately identified, compared with
TMVP, wherein the corresponding block (sometimes called collocated block) is always in a
bottom-right or center position relative to the current CU.

[0088] In the second step, a corresponding block of the sub-CU 1051 is identified by the
temporal vector in the motion source picture 1050, by adding to the coordinate of the current CU
the temporal vector. For each sub-CU, the motion information of its corresponding block (e.g.,
the smallest motion grid that covers the center sample) is used to derive the motion information
for the sub-CU. After the motion information of a corresponding NxN block is identified, it is
converted to the motion vectors and reference indices of the current sub-CU, in the same way as
TMVP of HEVC, wherein motion scaling and other procedures apply. For example, the decoder

checks whether the low-delay condition (e.g. the POCs of all reference pictures of the current

11
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picture are smaller than the POC of the current picture) is fulfilled and possibly uses motion
vector MVx (e.g., the motion vector corresponding to reference picture list X) to predict motion
vector MVy (e.g., with X being equal to O or 1 and Y being equal to 1-X) for each sub-CU.
2.1.2 Examples of spatial-temporal motion vector prediction (STMVP)

[0089] In the STMVP method, the motion vectors of the sub-CUs are derived recursively,
following raster scan order. FIG. 11 shows an example of one CU with four sub-blocks and
neighboring blocks. Consider an 8x8 CU 1100 that includes four 4x4 sub-CUs A (1101), B
(1102), C (1103), and D (1104). The neighboring 4x4 blocks in the current frame are labelled as
a(1111), b (1112), ¢ (1113), and d (1114).

[0090] The motion derivation for sub-CU A starts by identifying its two spatial neighbors.
The first neighbor is the NxN block above sub-CU A 1101 (block ¢ 1113). If this block ¢ (1113)
1s not available or is intra coded the other NxN blocks above sub-CU A (1101) are checked
(from left to right, starting at block ¢ 1113). The second neighbor is a block to the left of the sub-
CU A 1101 (block b 1112). If block b (1112) is not available or 1s intra coded other blocks to the
left of sub-CU A 1101 are checked (from top to bottom, staring at block b 1112). The motion
information obtained from the neighboring blocks for each list is scaled to the first reference
frame for a given list. Next, temporal motion vector predictor (TMVP) of sub-block A 1101 is
derived by following the same procedure of TMVP derivation as specified in HEVC. The motion
information of the collocated block at block D 1104 is fetched and scaled accordingly. Finally,
after retrieving and scaling the motion information, all available motion vectors are averaged
separately for each reference list. The averaged motion vector is assigned as the motion vector of
the current sub-CU.

2.1.3 Examples of sub-CU motion prediction mode signaling

[0091] In some embodiments, the sub-CU modes are enabled as additional merge candidates
and there is no additional syntax element required to signal the modes. Two additional merge
candidates are added to merge candidates list of each CU to represent the ATMVP mode and
STMVP mode. In other embodiments, up to seven merge candidates may be used, if the
sequence parameter set indicates that ATMVP and STMVP are enabled. The encoding logic of
the additional merge candidates is the same as for the merge candidates in the HM, which means,
for each CU in P or B slice, two more RD checks may be needed for the two additional merge

candidates. In some embodiments, e.g., JEM, all bins of the merge index are context coded by
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CABAC (Context-based Adaptive Binary Arithmetic Coding). In other embodiments, e.g.,
HEVC, only the first bin is context coded and the remaining bins are context by-pass coded.

2.2  Examples of adaptive motion vector difference resolution

[0092] In some embodiments, motion vector differences (MVDs) (between the motion vector
and predicted motion vector of a PU) are signalled in units of quarter luma samples when
use_integer mv_flag is equal to O in the slice header. In the JEM, a locally adaptive motion
vector resolution (LAMVR) is introduced. In the JEM, MVD can be coded in units of quarter
luma samples, integer luma samples or four luma samples. The MVD resolution is controlled at
the coding unit (CU) level, and MVD resolution flags are conditionally signalled for each CU
that has at least one non-zero MVD components.

[0093] For a CU that has at least one non-zero MVD components, a first flag is signalled to
indicate whether quarter luma sample MV precision is used in the CU. When the first flag (equal
to 1) indicates that quarter luma sample MV precision is not used, another flag is signalled to
indicate whether integer luma sample MV precision or four luma sample MV precision is used.
[0094] When the first MVD resolution flag of a CU is zero, or not coded for a CU (meaning
all MVDs in the CU are zero), the quarter luma sample MV resolution is used for the CU. When
a CU uses integer-luma sample MV precision or four-luma-sample MV precision, the MVPs in
the AMVP candidate list for the CU are rounded to the corresponding precision.

[0095] In the encoder, CU-level RD checks are used to determine which MVD resolution is
to be used for a CU. That is, the CU-level RD check is performed three times for each MVD
resolution. To accelerate encoder speed, the following encoding schemes are applied in the JEM:
[0096] -- During RD check of a CU with normal quarter luma sample MVD resolution,
the motion information of the current CU (integer luma sample accuracy) is stored. The stored
motion information (after rounding) is used as the starting point for further small range motion
vector refinement during the RD check for the same CU with integer luma sample and 4 luma
sample MVD resolution so that the time-consuming motion estimation process is not duplicated
three times.

[0097] -- RD check of a CU with 4 luma sample MVD resolution is conditionally
invoked. For a CU, when RD cost integer luma sample MVD resolution is much larger than that
of quarter luma sample MVD resolution, the RD check of 4 luma sample MVD resolution for the
CU is skipped.
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2.3 Examples of higher motion vector storage accuracy

[0098] In HEVC, motion vector accuracy is one-quarter pel (one-quarter luma sample and
one-eighth chroma sample for 4:2:0 video). In the JEM, the accuracy for the internal motion
vector storage and the merge candidate increases to 1/16 pel. The higher motion vector accuracy
(1/16 pel) 1s used in motion compensation inter prediction for the CU coded with skip/merge
mode. For the CU coded with normal AMVP mode, either the integer-pel or quarter-pel motion
1s used.

[0099] SHVC upsampling interpolation filters, which have same filter length and
normalization factor as HEVC motion compensation interpolation filters, are used as motion
compensation interpolation filters for the additional fractional pel positions. The chroma
component motion vector accuracy is 1/32 sample in the JEM, the additional interpolation filters
of 1/32 pel fractional positions are derived by using the average of the filters of the two
neighbouring 1/16 pel fractional positions.

2.4  Examples of overlapped block motion compensation (OBMC)

[00100] Inthe JEM, OBMC can be switched on and off using syntax at the CU level. When
OBMC i1s used in the JEM, the OBMC is performed for all motion compensation (MC) block
boundaries except the right and bottom boundaries of a CU. Moreover, it is applied for both the
luma and chroma components. In the JEM, an MC block corresponds to a coding block. When a
CU is coded with sub-CU mode (includes sub-CU merge, affine and FRUC mode), each sub-
block of the CU 1s a MC block. To process CU boundaries in a uniform fashion, OBMC is
performed at sub-block level for all MC block boundaries, where sub-block size is set equal to
4x4, as shown in FIGS. 12A and 12B.

[00101] FIG. 12A shows sub-blocks at the CU/PU boundary, and the hatched sub-blocks are
where OBMC applies. Similarly, FIG. 12B shows the sub-Pus in ATMVP mode.

[00102] When OBMC applies to the current sub-block, besides current motion vectors,
motion vectors of four connected neighboring sub-blocks, if available and are not identical to the
current motion vector, are also used to derive prediction block for the current sub-block. These
multiple prediction blocks based on multiple motion vectors are combined to generate the final
prediction signal of the current sub-block.

[00103] Prediction block based on motion vectors of a neighboring sub-block is denoted as

PN, with N indicating an index for the neighboring above, below, left and right sub-blocks and
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prediction block based on motion vectors of the current sub-block is denoted as PC. When PN is
based on the motion information of a neighboring sub-block that contains the same motion
information to the current sub-block, the OBMC is not performed from PN. Otherwise, every
sample of PN is added to the same sample in PC, i.e., four rows/columns of PN are added to PC.
The weighting factors {1/4, 1/8, 1/16, 1/32} are used for PN and the weighting factors {3/4, 7/8,
15/16, 31/32} are used for PC. The exception are small MC blocks, (i.e., when height or width of
the coding block is equal to 4 or a CU is coded with sub-CU mode), for which only two
rows/columns of PN are added to PC. In this case weighting factors {1/4, 1/8} are used for PN
and weighting factors {3/4, 7/8} are used for PC. For PN generated based on motion vectors of
vertically (horizontally) neighboring sub-block, samples in the same row (column) of PN are
added to PC with a same weighting factor.

[00104] Inthe JEM, for a CU with size less than or equal to 256 luma samples, a CU level
flag 1s signaled to indicate whether OBMC is applied or not for the current CU. For the CUs with
size larger than 256 luma samples or not coded with AMVP mode, OBMC is applied by default.
At the encoder, when OBMC is applied for a CU, its impact is taken into account during the
motion estimation stage. The prediction signal formed by OBMC using motion information of
the top neighboring block and the left neighboring block is used to compensate the top and left
boundaries of the original signal of the current CU, and then the normal motion estimation
process is applied.

2.5  Examples of local illumination compensation (LIC)

[00105] LIC is based on a linear model for illumination changes, using a scaling factor a and
an offset b. And it is enabled or disabled adaptively for each inter-mode coded coding unit (CU).
[00106] When LIC applies for a CU, a least square error method is employed to derive the
parameters a and b by using the neighboring samples of the current CU and their corresponding
reference samples. FIG. 13 shows an example of neighboring samples used to derive parameters
of the IC algorithm. Specifically, and as shown in FIG. 13, the subsampled (2:1 subsampling)
neighbouring samples of the CU and the corresponding samples (identified by motion
information of the current CU or sub-CU) in the reference picture are used. The IC parameters
are derived and applied for each prediction direction separately.

[00107] When a CU is coded with merge mode, the LIC flag is copied from neighboring

blocks, in a way similar to motion information copy in merge mode; otherwise, an LIC flag is
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signaled for the CU to indicate whether LIC applies or not.

[00108] When LIC is enabled for a picture, an additional CU level RD check is needed to
determine whether LIC is applied or not for a CU. When LIC is enabled for a CU, the mean-
removed sum of absolute difference (MR-SAD) and mean-removed sum of absolute Hadamard-
transformed difference (MR-SATD) are used, instead of SAD and SATD, for integer pel motion
search and fractional pel motion search, respectively.

[00109] To reduce the encoding complexity, the following encoding scheme is applied in the
JEM:

[00110] -- LIC is disabled for the entire picture when there is no obvious illumination
change between a current picture and its reference pictures. To identify this situation, histograms
of a current picture and every reference picture of the current picture are calculated at the
encoder. If the histogram difference between the current picture and every reference picture of
the current picture is smaller than a given threshold, LIC is disabled for the current picture;
otherwise, LIC is enabled for the current picture.

2.6 Examples of affine motion compensation prediction

[00111] In HEVC, only a translation motion model is applied for motion compensation
prediction (MCP). However, the camera and objects may have many kinds of motion, e.g. zoom
in/out, rotation, perspective motions, and/or other irregular motions. JEM, on the other hand,
applies a simplified affine transform motion compensation prediction. FIG. 14 shows an example
of an affine motion field of a block 1400 described by two control point motion vectors Vo and
V1. The motion vector field (MVF) of the block 1400 can be described by the following

equation:

v :(le_VOx)x_(Vly_VOy)y+v
[00112] : w w ” Eq. (1)
v = (Vly _VOy) x4+ (le _v0x)
y

y+v,,
w w

[00113] As shown in FIG. 14, (vox, voy) is motion vector of the top-left corner control point,
and (v1x, v1y) 1s motion vector of the top-right corner control point. To simplify the motion
compensation prediction, sub-block based affine transform prediction can be applied. The sub-

block size MxN 1s derived as follows:
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wXxXMvPre

M = clip3 (4’ W max(abs(v1x—on).abs(vly_voy))

[00114] Eq. (2)
N = clip3(4, h, hxMyPre
m

ax(abs(vzx—vox),abs(vzy—voy)))

[00115] Here, MvPre is the motion vector fraction accuracy (e.g., 1/16 in JEM). (vax, vay) 1S
motion vector of the bottom-left control point, calculated according to Eq. (1). M and N can be
adjusted downward if necessary to make it a divisor of w and h, respectively.

[00116] FIG. 15 shows an example of affine MVF per sub-block for a block 1500. To derive
motion vector of each MxN sub-block, the motion vector of the center sample of each sub-block
can be calculated according to Eq. (1), and rounded to the motion vector fraction accuracy (e.g.,
1/16 in JEM). Then the motion compensation interpolation filters can be applied to generate the
prediction of each sub-block with derived motion vector. After the MCP, the high accuracy
motion vector of each sub-block is rounded and saved as the same accuracy as the normal motion
vector.

2.6.1 Embodiments of the AF_INTER mode

[00117] Inthe JEM, there are two affine motion modes: AF_INTER mode and AF MERGE
mode. For CUs with both width and height larger than 8, AF INTER mode can be applied. An
affine flag in CU level is signaled in the bitstream to indicate whether AF_INTER mode is used.
In the AF_INTER mode, a candidate list with motion vector pair {(vo, v;)|vy =

{va, Vg, Vb vy = {VD,VE}} is constructed using the neighboring blocks.

[00118] FIG. 16 shows an example of motion vector prediction (MVP) for a block 1600 in the
AF _INTER mode. As shown in FIG. 16, vo 1s selected from the motion vectors of the sub-block
A, B, or C. The motion vectors from the neighboring blocks can be scaled according to the
reference list. The motion vectors can also be scaled according to the relationship among the
Picture Order Count (POC) of the reference for the neighboring block, the POC of the reference
for the current CU, and the POC of the current CU. The approach to select vi from the
neighboring sub-block D and E is similar. If the number of candidate list is smaller than 2, the
list is padded by the motion vector pair composed by duplicating each of the AMVP candidates.
When the candidate list is larger than 2, the candidates can be firstly sorted according to the
neighboring motion vectors (e.g., based on the similarity of the two motion vectors in a pair

candidate). In some implementations, the first two candidates are kept. In some embodiments, a
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Rate Distortion (RD) cost check is used to determine which motion vector pair candidate is
selected as the control point motion vector prediction (CPMVP) of the current CU. An index
indicating the position of the CPMVP in the candidate list can be signaled in the bitstream. After
the CPMVP of the current affine CU is determined, affine motion estimation is applied and the
control point motion vector (CPMYV) is found. Then the difference of the CPMV and the CPMVP
is signaled in the bitstream.

2.6.3 Embodiments of the AF MERGE mode

[00119] When a CU is applied in AF. MERGE mode, it gets the first block coded with an
affine mode from the valid neighboring reconstructed blocks. FIG. 17A shows an example of the
selection order of candidate blocks for a current CU 1700. As shown in FIG. 17A, the selection
order can be from left (1701), above (1702), above right (1703), left bottom (1704) to above left
(1705) of the current CU 1700. FIG. 17B shows another example of candidate blocks for a
current CU 1700 in the AF. MERGE mode. If the neighboring left bottom block 1801 is coded in
affine mode, as shown in FIG. 17B, the motion vectors vz, vz and v4 of the top left corner, above
right corner, and left bottom corner of the CU containing the sub-block 1701 are derived. The
motion vector vo of the top left corner on the current CU 1700 1s calculated based on v2, v3 and
v4. The motion vector v1 of the above right of the current CU can be calculated accordingly.
[00120] After the CPMYV of the current CU vO and v1 are computed according to the affine
motion model in Eq. (1), the MVF of the current CU can be generated. In order to identify
whether the current CU is coded with AF. MERGE mode, an affine flag can be signaled in the
bitstream when there is at least one neighboring block is coded in affine mode.

2.7  Examples of pattern matched motion vector derivation (PMMVD)

[00121] The PMMYVD mode is a special merge mode based on the Frame-Rate Up Conversion
(FRUC) method. With this mode, motion information of a block is not signaled but derived at
decoder side.

[00122] A FRUC flag can be signaled for a CU when its merge flag is true. When the FRUC
flag 1s false, a merge index can be signaled and the regular merge mode is used. When the FRUC
flag is true, an additional FRUC mode flag can be signaled to indicate which method (e.g.,
bilateral matching or template matching) is to be used to derive motion information for the block.
[00123] At the encoder side, the decision on whether using FRUC merge mode for a CU is

based on RD cost selection as done for normal merge candidate. For example, multiple matching
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modes (e.g., bilateral matching and template matching) are 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 is the most efficient one, FRUC flag is set to true for the CU and the
related matching mode is used.

[00124] Typically, motion derivation process in FRUC merge mode has two steps: a CU-level
motion search s 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 that leads to the
minimum matching cost is 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. 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.

[00125] 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 1s further split into M X M sub-CUs. The value of M is calculated as in Eq. (3), 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.

[00126] M = max{4, min {2, =} Eq. (3)
[00127] FIG. 18 shows an example of bilateral matching used in the Frame-Rate Up
Conversion (FRUC) method. 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 (1800) in two different reference pictures (1810, 1811). Under the assumption of
continuous motion trajectory, the motion vectors MVO (1801) and MV1 (1802) pointing to the
two reference blocks are proportional to the temporal distances, e.g., TDO (1803) and TD1
(1804), between the current picture and the two reference pictures. In some embodiments, when
the current picture 1800 is temporally between the two reference pictures (1810, 1811) 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.

[00128] FIG. 19 shows an example of template matching used in the Frame-Rate Up
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Conversion (FRUC) method. Template matching can be used to derive motion information of the
current CU 1900 by finding the closest match between a template (e.g., top and/or left
neighboring blocks of the current CU) in the current picture and a block (e.g., same size to the
template) in a reference picture 1910. Except the aforementioned FRUC merge mode, the
template matching can also be applied to AMVP mode. In both JEM and HEVC, AMVP has two
candidates. With the template matching method, a new candidate can be 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 (e.g.,
by removing the second existing AMVP candidate). When applied to AMVP mode, only CU
level search is applied.

[00129] The MV candidate set at CU level can include the following: (1) original AMVP
candidates if the current CU is in AMVP mode, (2) all merge candidates, (3) several MVs in the
interpolated MV field (described later), and top and left neighboring motion vectors.

[00130] When using bilateral matching, each valid MV of a merge candidate can be 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, ref,) at reference list A. Then the reference picture refy, of its
paired bilateral MV is found in the other reference list B so that ref, and refy, are temporally at
different sides of the current picture. If such a refy, is not available in reference list B, refy 1s
determined as a reference which is different from ref, and its temporal distance to the current
picture is the minimal one in list B. After refy, 1s determined, MVb is derived by scaling MVa
based on the temporal distance between the current picture and ref;, refy.

[00131] In some implementations, four MVs from the interpolated MV field can also be 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. When FRUC 1s applied in AMVP
mode, the original AMVP candidates are also added to CU level MV candidate set. In some
implementations, at the CU level, 15 MVs for AMVP CUs and 13 MVs for merge CUs can be
added to the candidate list.

[00132] The MV candidate set at sub-CU level includes an MV determined from a CU-level
search, (2) top, left, top-left and top-right neighboring MVs, (3) scaled versions of collocated
MVs from reference pictures, (4) one or more ATMVP candidates (e.g., up to four), and (5) one

or more STMVP candidates (e.g., up to four). The scaled MVs from reference pictures are
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derived as follows. 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. ATMVP and STMVP candidates can be the four first ones. At the sub-CU level, one or
more MVs (e.g., up to 17) are added to the candidate list.

[00133] Generation of an interpolated MV field. 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.

[00134] In some embodiments, the motion field of each reference pictures in both reference
lists 1s traversed at 4x4 block level. FIG. 20 shows an example of unilateral Motion Estimation
(ME) 2000 in the FRUC method. For each 4x4 block, if the motion associated to the block
passing through a 4x4 block in the current picture 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.

[00135] Interpolation and matching cost. 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 can be used for both bilateral matching
and template matching.

[00136] 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 can be 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:

[00137] C =SAD +w - (|[MV, — MV{| + |MV, — MV;|) Eq. (4)
[00138] Here, w is a weighting factor. In some embodiments, w can be empirically set to 4.
MYV and MV?® indicate the current MV and the starting MV, respectively. SAD may still be used
as the matching cost of template matching at sub-CU level search.

[00139] 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 i1s decided, final MC is

performed using 8-taps interpolation filter for luma and 4-taps interpolation filter for chroma.
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[00140] 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
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.

[00141] In the bilateral matching merge mode, bi-prediction is applied because 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. In the template matching merge
mode, the encoder can choose among uni-prediction from listO, uni-prediction from list1, or bi-
prediction for a CU. The selection ca be based on a template matching cost as follows:

[00142] If costB1 <= factor * min (costO, costl)

[00143] bi-prediction is used,;

[00144] Otherwise, if costO <= costl

[00145] uni-prediction from listO 1s used;
[00146] Otherwise,

[00147] uni-prediction from listl is used;

[00148] Here, costO is the SAD of 1istO template matching, costl is the SAD of listl template
matching and costB1 is the SAD of bi-prediction template matching. For example, when the
value of factor is equal to 1.25, it means that the selection process is biased toward bi-prediction.
The inter prediction direction selection can be applied to the CU-level template matching
process.

2.8  Examples of generalized bi-prediction improvement (GBi)

[00149] Generalized Bi-prediction improvement (GB1) proposed in JVET-L0646 is adopted
into VIM-3.0. GB1 applies unequal weights to predictors from LO and L1 in bi-prediction mode.
In inter prediction mode, multiple weight pairs including the equal weight pair (1/2, 1/2) are
evaluated based on rate-distortion optimization (RDO), and the GB1 index of the selected weight
pair 1s signaled to the decoder. In merge mode, the GB1 index is inherited from a neighboring
CU. The predictor generation formula i1s shown as in Equation (5).

[00150]  Pori= (WOXPro+ wiXPr; + RoundingOffset) >> shiftNumcp; Eq. (5)
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[00151] Herein, Pga; is the final predictor of GB1, wo and w; are the selected GB1 weights
applied to predictors (Pro and Pz;) of list O (LO) and list 1 (L1), respectively. RoundingOffsetcpi
and shiftNumgg; are used to normalize the final predictor in GBi. The supported w; weight set 1s
{-1/4,3/8, 1/2, 5/8, 5/4}, in which the five weights correspond to one equal weight pair and four
unequal weight pairs. The blending gain, 1.e., sum of w; and wy, is fixed to 1.0. Therefore, the
corresponding wo weight set is {5/4, 5/8, 1/2, 3/8, -1/4}. The weight pair selection is at CU-level.
[00152] For non-low delay pictures, the weight set size is reduced from five to three, where
the w; weight set 1s {3/8, 1/2, 5/8} and the wo weight set 1s {5/8, 1/2, 3/8}. The weight set size
reduction for non-low delay pictures is applied to the BMS2.1 GBi and all the GBI tests in this
contribution.

2.8.1 GBi encoder bug fix

[00153] To reduce the GB1 encoding time, in current encoder design, the encoder will store
uni-prediction motion vectors estimated from GB1 weight equal to 4/8, and reuse them for uni-
prediction search of other GB1 weights. This fast encoding method is applied to both translation
motion model and affine motion model. In VIM2.0, 6-parameter affine model was adopted
together with 4-parameter affine model. The BMS2.1 encoder does not differentiate 4-parameter
affine model and 6-parameter affine model when it stores the uni-prediction affine MVs when
GBi weight 1s equal to 4/8. Consequently, 4-parameter affine MVs may be overwritten by 6-
parameter affine MVs after the encoding with GB1 weight 4/8. The stored 6-parmater affine MVs
may be used for 4-parameter affine ME for other GB1 weights, or the stored 4-parameter affine
MVs may be used for 6-parameter affine ME. The proposed GBi encoder bug fix is to separate
the 4-paramerter and 6-parameter affine MVs storage. The encoder stores those affine MVs
based on affine model type when GB1 weight is equal to 4/8, and reuse the corresponding affine
MVs based on the affine model type for other GB1 weights.

2.8.2 GBi encoder speed up

[00154] In this existing implementation, five encoder speed-up methods are proposed to
reduce the encoding time when GBI is enabled.

[00155] (1) Skipping affine motion estimation for some GBi1 weights conditionally
[00156] In BMS2.1, affine ME including 4-parameter and 6-parameter affine ME i1s
performed for all GB1 weights. We propose to skip affine ME for those unequal GB1 weights
(weights unequal to 4/8) conditionally. Specifically, affine ME will be performed for other GBi1
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weights if and only if the affine mode is selected as the current best mode and it is not affine
merge mode after evaluating the GB1 weight of 4/8. If current picture is non-low-delay picture,
the bi-prediction ME for translation model will be skipped for unequal GB1 weights when affine
ME is performed. If affine mode is not selected as the current best mode or if affine merge is
selected as the current best mode, affine ME will be skipped for all other GB1 weights.

[00157] (2) Reducing the number of weights for RD cost checking for low-delay pictures
in the encoding for 1-pel and 4-pel MVD precision

[00158] For low-delay pictures, there are five weights for RD cost checking for all MVD
precisions including 1/4-pel, 1-pel and 4-pel. The encoder will check RD cost for 1/4-pel MVD
precision first. We propose to skip a portion of GB1 weights for RD cost checking for 1-pel and
4-pel MVD precisions. We order those unequal weights according to their RD cost in 1/4-pel
MVD precision. Only the first two weights with the smallest RD costs, together with GB1 weight
4/8, will be evaluated during the encoding in 1-pel and 4-pel MVD precisions. Therefore, three
weights at most will be evaluated for 1-pel and 4-pel MVD precisions for low delay pictures.
[00159] (3) Conditionally skipping bi-prediction search when the LO and L1 reference
pictures are the same

[00160] For some pictures in RA, the same picture may occur in both reference picture lists
(list-0 and list-1). For example, for random access coding configuration in CTC, the reference

picture structure for the first group of pictures (GOP) is listed as follows.

[00161] POC: 16, TL:0, [L0: 0]  [L1: 0]
[00162] POC: 8, TL:1,[L0: 016] [L1:160]
[00163] POC: 4, TL:2,[L0: 08] [L1: 8 16]
[00164] POC: 2, TL:3,[L0: 04] [L1:4 8]
[00165] POC: 1, TL:4,[L0: 02] [L1:2 4]
[00166] POC: 3, TL:4,[L0: 20] [L1:4 8]
[00167] POC: 6, TL:3,[L0:40] [L1:8 16]
[00168] POC: 5, TL:4,[L0: 40] [L1:6 8]
[00169] POC: 7, TL:4,[L0: 64] [L1:8 16]
[00170] POC: 12, TL:2, [L0: 80] [L1: 16 8]
[00171] POC: 10, TL:3, [L0O: 80] [L1: 12 16]
[00172] POC: 9, TL:4,[L0: 80] [L1:1012]
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[00173] POC: 11, TL:4, [LO: 10 8] [L1: 12 16]
[00174] POC: 14, TL:3, [LO: 128] [LI: 12 16]
[00175] POC: 13, TL:4, [LO: 12 8] [L1: 14 16]
[00176] POC: 15, TL:4, [LO: 14 12] [L1: 16 14]

[00177] Note that pictures 16, 8, 4, 2, 1, 12, 14 and 15 have the same reference picture(s) in
both lists. For bi-prediction for these pictures, it is possible that the LO and L1 reference pictures
are the same. We propose that the encoder skips bi-prediction ME for unequal GB1 weights when
1) two reference pictures in bi-prediction are the same and 2) temporal layer is greater than 1 and
3) the MVD precision is 1/4-pel. For affine bi-prediction ME, this fast skipping method is only
applied to 4-parameter affine ME.

[00178] (4) Skipping RD cost checking for unequal GBi weight based on temporal layer
and the POC distance between reference picture and current picture

[00179] We propose to skip those RD cost evaluations for those unequal GB1 weights when
the temporal layer is equal to 4 (highest temporal layer in RA) or the POC distance between
reference picture (either list-O or list-1) and current picture is equal to 1 and coding QP is greater
than 32.

[00180] (5) Changing floating-point calculation to fixed-point calculation for unequal GB1
weight during ME

[00181] For existing bi-prediction search, the encoder will fix the MV of one list and refine
MV in another list. The target is modified before ME to reduce the computation complexity. For
example, if the MV of list-1 is fixed and encoder is to refine MV of list-0, the target for list-0
MV refinement is modified with Equation (6). O is original signal and P; is the prediction signal
of list-1. w 1s GBi1 weight for list-1.

[00182] T =((0«K3)—wx*P)x(1/(8—w)) (6)
[00183] Herein, the term (1/(8 — w)) is stored in floating point precision, which increases
computation complexity. We propose to change Equation (6) to fixed-point as in Equation (7).
[00184] T =(0xa, —P;*xa,+round) >N (7)
[00185] where a1 and az are scaling factors and they are calculated as:

[00186] y=(1KN)/(B—w);a1=yKL3;a,=y*w;round =1K(N-1)

2.8.3 (U size constraint for GBi

[00187] In this method, GBI is disabled for small CUs. In inter prediction mode, if bi-
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prediction is used and the CU area is smaller than 128 luma samples, GBi is disabled without any
signaling.

2.9  Examples of bi-directional optical flow (BDOF or BIO)

2.9.1 Overview of BDOF

[00188] 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 sub-block or pixel within the block,
which are then used to generate the second prediction, e.g., the final prediction of the sub-block
or pixel. The details are described as follows.

[00189] The bi-directional optical flow (BIO) method is a sample-wise motion refinement
performed on top of block-wise motion compensation for bi-prediction. In some
implementations, the sample-level motion refinement does not use signaling.

[00190] Let I”” be the luma value from reference k (k=0, 1) after block motion compensation,
and denote 01%) /9x and 81¥) /0y as the horizontal and vertical components of the /¥ gradient,

respectively. Assuming the optical flow is valid, the motion vector field (vy, vy ) is given by:
[0o191]  ar"/ar+v, a1 ax+v, a¥ay =o. Eq. (8)

[00192] 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 I¥ and derivatives 1% /dx and 81%) /9y at the ends. The value of this
polynomial at =0 is the BIO prediction:

[00193]  predy,,=Y2-(1 +1" +v, j2- (1" Jax—2,01® Jax) v, J2-(r " foy -z, a1 foy)  Eq. (9)

[00194] FIG. 24 shows an example optical flow trajectory in the Bi-directional Optical flow
(BIO) method. Here, 74 and 7, denote the distances to the reference frames. Distances 7 and 74
are calculated based on POC for Refy and Ref1: ©0=POC(current) — POC(Refo), T1= POC(Ref1) —
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 (e.g., 7y - 71 < 0). In this case, BIO is

applied if the prediction is not from the same time moment (e.g., Ty # 7). Both referenced

MVx  MVy o MVx [, MVy |

regions have non-zero motion (e.g., 7 0 and the block motion vectors

are proportional to the time distance (e.g., "~ o/ MVx = MVy o [MVy =~ /7, ).
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[00195] The motion vector field (v, v,) is determined by minimizing the difference A between
values in points A and B. FIGS. 9A-9B show an example of intersection of motion trajectory

and reference frame planes. Model uses only first linear term of a local Taylor expansion for A:
100196]  A=(1"" =" +v, (71" fax+ 7, A1 fox)+v, (Y foy + 7, 01°)oy))  Eq. (10)

[00197]  All values in the above equation depend on the sample location, denoted as (i', ).
Assuming the motion is consistent in the local surrounding area, A can be minimized inside the
(2M+1)x(2M+1) square window () centered on the currently predicted point (i, j), where M is
equal to 2:

[00198]  (v,,v,)=argmin 3 A7’ /] Eq. (11)

viy 7, 7]e
[00199] 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 the

following:
[00200] v, = (s, + 1) > m? clip3 (—thBIO, thBIO, — (sfir)) .0 Eq. (12)
[00201] v, = (s5 +7) > m?clip3 (—thBIO, thBIO, — S(‘S’S’—jﬂ/z) .0 Eq. (13)

[00202] where,
5 = Z (1161(1)/6)6 +7, 61(0)/6)6)2; 8§, = Z (I(l) - I(O))(TIGI(I)/GX + 1061(0)/6x)

[7./]ec2 7./l
[00203] s, = > (rarV/ox+r, a1 oxfrar® /oy + 7, o1foy) Eq. (14)
[1’,/‘]6(2
ss= Sl a®foy+r,a foyfsg = SV —19Yz01" foy + 7,019 foy)
7./l [/}

[00204] In order to avoid division by zero or a very small value, regularization parameters r
and m can be introduced in Eq. (9) and Eq. (10), where:

[00205] r =500-49"8 Eq. (15)
[00206] m = 7004978 Eq. (16)
[00207] Here, d 1s bit depth of the video samples.

[00208] In order to keep the memory access for BIO the same as for regular bi-predictive
motion compensation, all prediction and gradients values, I®), 01%) /9x, 017 /9y, are

calculated for positions inside the current block. FIG. 22A shows an example of access positions
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outside of a block 2200. As shown in FIG. 22A, in Eq. (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. In the JEM, values of [ ) 918 /9x, 010 / 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 a padding area 2201, as shown in FIG. 22B.

[00209] With BIO, it is 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 can be calculated based on a 4x4 block. In the block-based BIO, the values of
snin Eq. (9) of all samples in a 4x4 block can be aggregated, and then the aggregated values of sy
in are used to derived BIO motion vectors offset for the 4x4 block. More specifically, the

following formula can used for block-based BIO derivation:

s = 2 SledVarnalafs, = Y SV -1%a" o+ na® ax)

(x.y)eh, [,/ eQx.y) (x.y)eb, [1',/]eC
002101 - [Z]:(Tlal(l)/ﬁx-i-ro a°/axfed™ o+ 7, d° o) Eq. (17)
(x,y)eb, [i,j]eC2
= 3 S o daf s, = ¥ S0 -1haa® fov )
(x.y)eb, [i'.j]e (x.y)eb; [i',j]e

[00211] Here, bk denotes the set of samples belonging to the k-th 4x4 block of the predicted
block. s» in Eq (12) and Eq (13) are replaced by ((s»sx) >> 4 ) to derive the associated motion
vector offsets.

[00212] In some scenarios, MV regiment of BIO may be unreliable due to noise or irregular
motion. Therefore, in BIO, the magnitude of MV regiment is clipped to a threshold value. The
threshold value is determined based on whether the reference pictures of the current picture are
all from one direction. For example, if all the reference pictures of the current picture are from
one direction, the value of the threshold is set to 12 x 214~4: otherwise, it is set to 12 x 21374
[00213] Gradients for BIO can be calculated at the same time with motion compensation
interpolation using operations consistent with HEVC motion compensation process (e.g., 2D
separable Finite Impulse Response (FIR)). In some embodiments, the input for the 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. For horizontal
gradient 01 /0x, a signal is first interpolated vertically using BIOfilterS corresponding to the
fractional position fracY with de-scaling shift d—8. Gradient filter BIOfilterG is then applied in
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horizontal direction corresponding to the fractional position fracX with de-scaling shift by 18—d.

For vertical gradient d1 /0y, a gradient filter is applied vertically using BIOfilterG corresponding

PCT/CN2020/094156

to the fractional position fracY with de-scaling shift —8. The signal displacement is then

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 can be shorter (e.g., 6-tap) in order to maintain

reasonable complexity. Table 1 shows example filters that can be used for gradients calculation

of different fractional positions of block motion vector in BIO. Table 2 shows example

interpolation filters that can be used for prediction signal generation in BIO.

Table 1: Exemplary filters for gradient calculations in BIO

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}

12 { ~1, 4, 57, 57, 4, 1}
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Table 2: Exemplary interpolation filters for prediction signal generation in BIO

Fractional pel position Interpolation filter for prediction signal (BIOfilterS)

0 { 0, 0, 64, 0, 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}

12 { 3, 10, 35, 44, 11, 3}

[00214] Inthe JEM, BIO can be applied to all bi-predicted blocks when the two predictions
are from different reference pictures. When Local Illumination Compensation (LIC) is enabled
for a CU, BIO can be disabled.

[00215] In some embodiments, OBMC is applied for a block after normal MC process. To
reduce the computational complexity, BIO may not be applied during the OBMC process. This
means that BIO is 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.

2.9.2 Examples of BIO in VIM-3.0 as proposed in JVET-L0256

[00216] Step 1: Judge whether BIO is applicable (W/H are width/height of current block)
[00217] BIO is not applicable if

[00218] o Current video block is affine coded or ATMVP coded

[00219] o (iPOC - iPOCy) x (iPOC - iPOC1) >0

[00220] o H==4 or ( W==4 and H==38)

[00221] o with Weighted Prediction

[00222] o GB1 weights are not (1,1)

[00223] BIO is not used if total SAD between the two reference blocks (denoted as Ro and Ry)

1s smaller than a threshold, wherein
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SAD = Z |Ro(x,¥) — Ri(x, ¥)I
=)

[00224] Step 2: Data preparation

[00225] For a WxH block, (W+2)x(H+2) samples are interpolated.

[00226] The inner WxH samples are interpolated with the 8-tap interpolation filter as in
normal motion compensation.

[00227] The four side outer lines of samples (black circles in FIG. 23) are interpolated with
the bi-linear filter.

[00228] For each position, gradients are calculated on the two reference blocks (Ro and Ry).

[00229] GxO(x,y)=(RO(x+1,y)-RO(x-1,y))>>4
[00230] Gy0(x,y)=(RO(x, y+1)-RO(x, y-1))>>4
[00231] Gx1(x,y)=(R1(x+1,y)-R1(x-1,y))>>4
[00232] Gyl(xy)=(RI(x, y+1)-RI(x, y-1))>>4

[00233] For each position, internal values are calculated as:

[00234] T1= (RO(x,y)>>6)-(R1(x,y)>>6), T2=(GxO0(x,y)+Gx1(x,y))>>3,
T3=(GyO(x,y)+Gyl(x,y))>>3; and

[00235] Bl(x,y) = T2*T2, B2(x,y)=T2*T3, B3(x,y)=-T1*T2, B5(x,y)=T3*T3, B6(x,y)=-
T1*T3

[00236] Step 3: Calculate prediction for each block

[00237] BIO is skipped for a 4x4 block if SAD between the two 4x4 reference blocks is
smaller than a threshold.

[00238] Calculate Vx and Vy.

[00239] Calculate the final prediction for each position in the 4x4 block:

[00240] b(x,y)=(Vx(Gx"(x,y)-Gx (x.9)) - VW(GY (x.y)-Gy' (x.y)) + 1)>> 1

[00241] P(x,y)=(R(xy)+R (x,y)+b(x,y)+offset) >> shift

[00242] Herein, b(x,y) is known as a correction item.

29.3 BIOin VIM-4.0

[00243] JVET-MO0063, which proposed to round the results of calculation in BDOF depending
on bit-depth was adopted into VTM-4.0.

[00244] JVET-MO0487 was adopted into VIM-4.0, which removed the bi-linear filtering and

fetched the nearest integer pixel of the reference block to pad the four side outer lines of samples
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(black circles in FIG. 23).

[00245] The working draft related to BIO in VIM-4.0 are shown as below (from JVET-
M1001)

2.9.4 Fractional sample interpolation process

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,
— avariable sbHeight specifying the height of the current coding subblock,
— a motion vector offset mvOffset,
— arefined motion vector refMvLX,
— the selected reference picture sample array refPicLX,
— the bidirectional optical flow flag bdofFlag,
— avariable cldx specifying the colour component index of the current block.
Outputs of this process are:

— an (sbWidth +bdofOffset)x(sbHeight +bdofOffset) array predSamplesLX of prediction

sample values.

The bidirectional optical flow boundary offset bdofOffset is derived as follows:
bdofOffset = bdofFlag ? 2 : 0 (8-811)

— If cldx is equal to 0, the following applies:

— Let ( xIntL, yIntL ) be a luma location given in full-sample units and ( xFracL, yFracL )
be an offset given in 1/16-sample units. These variables are used only in this clause for

specifying fractional-sample locations inside the reference sample arrays refPicLX.
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—  For each luma sample location
(xL =0..sbWidth — 1 +bdofOffset, yL = 0..sbHeight — 1 +bdofOffset ) inside the
prediction luma sample array predSamplesL X, the corresponding prediction luma sample

value predSamplesLX][ xi. ][ yi ] is derived as follows:

— The variables xIntr, yInt., xFracL and yFracL are derived as follows:

xIntL =xSb + (refMvLX[ 0] >> 4)+xL
(8-812)

yIntL =ySb + (refMvLX[ 1] >> 4)+yL

(8-813)
xFracL =refMvLX[ 0] & 15 (8-814)
yFracL =refMvLX[ 1] & 15 (8-815)

— If bdofFlag is equal to TRUE and one or more of the following conditions are true, the
prediction luma sample value predSamplesLX[ x. ][ yL ] is derived by invoking the luma
integer sample fetching process as specified in clause 8.5.7.3.3 with (xInt, yIntr ),

( xFract, yFracL ) and refPicL.X as inputs:

bdofFlag is equal to TRUE.
— xvisequal to 0.

— xvis equal to sbWidth + 1.

yL 1s equal to O.

yi 1s equal to sbHeight + 1.
—  Otherwise, the following applies:
—  The motion vector mvLX is set equal to ( refMvLX — mvOffset ).

The prediction luma sample value predSamplesL.X][ xL ][ yL ] is derived by

invoking the luma sample 8-tap interpolation filtering process as specified in
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clause 8.5.7.3.2 with ( xIntL, yIntL ), ( xFracL, yFracL ), refPicLX, and padVal as

inputs.

Luma integer sample fetching process

Inputs to this process are:
— aluma location in full-sample units ( xIntr, yIntr ),
— the luma reference sample array refPicL. Xt
Output of this process is a predicted luma sample value predSampleLXp
The variable shift is set equal to Max( 2, 14 — BitDepthy ).

The variable picW is set equal to pic_width_in_luma_samples and the variable picH is set equal

to pic_height in luma_samples.

The luma locations in full-sample units ( xInt, yInt ) are derived as follows:

xInt = Clip3( 0, picW — 1, sps_ref wraparound_enabled flag ? (8-838)
ClipH( ( sps_ref wraparound_offset minusl + 1) * MinCbSizeY, picW, xIntL )

xIntr )

yInt = Clip3( 0, picH — 1, yIntr ) (8-839)

The predicted luma sample value predSamplelL Xy is derived as follows:

predSampleL Xy = refPicLXy[ xInt ][ yInt ] << shift3
(8-840)

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,
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the prediction list utilization flags predFlagl.O and predFlagL1,
the reference indices refldxI.0 and refldxI.1,

the bidirectional 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, shiftl, 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( 2, 14 — bitDepth ).
The variable shift2 is set to equal to Max( 8, bitDepth — 4).
The variable shift3 is set to equal to Max( 5, bitDepth — 7).

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 Max( 2, 1 << (13 — bitDepth ) ).

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[ xSbldx J[ 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, ( 20Pepthy — 1,
( predSamplesLO[ x + 1 ][ y + 1 ] + offset2 + (8-852)

predSamplesL1[x+1][y+1]) >> shift2)

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

values of the current subblock are derived as follows:
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— 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:

hy = Clip3( 1, nCbW, x ) (8-853)
vy = Clip3( 1, nCbH, y ) (8-854)

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 (8-855)

gradientVLO[ x ][ y] = (predSampleLO[ hx ][ vy + 1 ] — predSampleLO[ hx J[vy — 1
])>>shiftl  (8-856)

gradientHL1[ x ][ y] = (predSamplesL1[ hy + 1 ][vy] — predSampleL1[ hx — 1 ][ vy
1) >> shiftl (8-857)

gradientVL1[ x ][ y] = (predSampleL1[ hx ][ vy + 1 ] — predSampleL1[ hx ]J[vy — 1
])>>shiftl  (8-858)

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

diff] x ][ y ] = (predSamplesLO[ hx ][ vy ] >> shift2 ) — ( predSamplesL1[ hx ][ vy ] >
> shift2 ) (8-859)

tempH[ x ][ y ] = (gradientHLO[ x |[ y | + gradientHL1[ x ][ y ] ) >> shift3(8-860)
tempV[ x ][ y ] = (gradientVLO[ x |[ y | + gradientVL1[ x ][ y ] ) >> shift3(8-861)
— The variables sGx2, sGy2, sGxGy, sGxdI and sGydI are derived as follows:

sGx2 =ZZ;(tempH[ xSb+1 ][ ySb+ ] * tempH[ xSb+1][ ySb+j]) with
i,j=-1.4 (8-862)
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sGy2 = ZiZi(tempV[ xSb+1 ][ ySb+; ] * tempV[ xSb+1][ySb+ ]) with
i,j=-1.4 (8-863)

sGxGy = ZiZi(tempH[ xSb+1 ][ ySb+j ] * tempV[xSb+1][ySb+] ]) with
i,j —1.4(8-864)

sGxdI = 5%i( — tempH[ xSb +1i ][ ySb +j ] * difff xSb+i][ ySb+j]) with
iLj=-1.4 (8-865)

sGydI = Zi5i( — tempV[ xSb +i ][ ySb +j 1 * difff xSb+1i][ ySb+j]) with
iLj=-1.4 (8-866)

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

vx =sGx2 >0 ? Clip3( -mvRefineThres, mvRefineThres, (8-867)
—(sGxdl <<3)>>Floor( Log2(sGx2))) : O

vy =sGy2 >0 ? Clip3( —-mvRefineThres, mvRefineThres, ( ( sGydl << 3 ) — (8-868)
((vx * sGxGym ) << 12 + vx * sGxGys ) >> 1 ) >> Floor( Log2( s
Gx2))): 0

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

sub-block are derived as follows:

bdofOffset = Round( ( vx * (gradientHL1[ x+1 J[y+ 1] —gradientHLO[ x + 1 ][ y

+11))>>1) (8-869)
+ 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, ( 20®Ph ) — 1 ( predSamplesLO[ x +1 ][y + 1] + off
setd + (8-870)
predSamplesL1[ x + 1 ][ y + 1 ] + bdofOffset ) >> shift4 )
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2.10 Examples of decoder-side motion vector refinement (DMVR)

[00246] In a 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 listl1, respectively, are
combined to form a single prediction signal. In the decoder-side motion vector refinement
(DMVR) method, the two motion vectors of the bi-prediction are further refined by a bilateral
template matching process. The bilateral template matching applied in the decoder to perform a
distortion-based search between a bilateral template and the reconstruction samples in the
reference pictures in order to obtain a refined MV without transmission of additional motion
information.

[00247] In DMVR, a bilateral template is generated as the weighted combination (i.e.
average) of the two prediction blocks, from the initial MVO of listO and MV1 of listl,
respectively, as shown in FIG. 24. The template matching operation consists of calculating cost
measures between the generated template and the sample region (around the initial prediction
block) in the reference picture. For each of the two reference pictures, the MV that yields the
minimum template cost is considered as the updated MV of that list to replace the original one.
In the JEM, nine MV candidates are searched for each list. The nine MV candidates include the
original MV and 8 surrounding MVs with one luma sample offset to the original MV in either
the horizontal or vertical direction, or both. Finally, the two new MVs, i.e., MV0' and MV1' as
shown in FIG. 24, are used for generating the final bi-prediction results. A sum of absolute
differences (SAD) is used as the cost measure. Please note that when calculating the cost of a
prediction block generated by one surrounding MV, the rounded MV (to integer pel) is actually
used to obtain the prediction block instead of the real MV.

[00248] DMVR is applied for the merge mode of bi-prediction with one MV from a reference
picture in the past and another from a reference picture in the future, without the transmission of
additional syntax elements. In the JEM, when LIC, affine motion, FRUC, or sub-CU merge
candidate 1s enabled for a CU, DMVR is not applied.

211 JVET-N0236

[00249] 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
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method can achieve inter prediction in pixel level granularity without increasing the memory
access bandwidth.
[00250] 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.

Step 1) The sub-block-based affine motion compensation is performed to generate sub-
block prediction I(i, j).

Step2) The spatial gradients g, (i, ) 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+ 1) -1 —-1))
gy ) =107 +1) —1(,j—1)

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.

Step 3) The luma prediction refinement (denoted Al) as is calculated by the optical flow
equation.

M) = gx(6)) * Ave (L)) + gy (6 ) * Avy (0, )

where the delta MV (denoted as Av (i, j)) is the difference between pixel MV computed for
sample location (i, j), denoted by v(i, j), and the sub-block MV of the sub-block to which
pixel (I, j) belongs, as shown in FIG. 25.
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) =cxx+d=xy
{Avy(x,y):e*x+f*y
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For 4-parameter affine model,

_ s Vix = Vox
c=f= "
Uiy — Vo
o= —d = y
w
For 6-parameter affine model,
Uix — Vox
c =
w
Uox — Vox
d= -
4
Viy — Vg
o = y
w
o Vay — Vgy
h

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.
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) = 10,)) +AIG, )
Some details in JVET-N0236
a) How to derive the gradients for PROF
In JVET-NO0263, 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 (black circles in FIG. 23).

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);
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(xCor2, yCor2) = (xCur+IntX+OffsetX-1, yCur+IntY+OffsetY);
(xCor3, yCor3) = (xCur+IntX+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(xCor0+x, yCor0) << Shift0) - Rounding, for x=-1..W;
PredSample[x][H] = (Ref (xCorl+x, yCor1l) << 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 VIM-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
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 )
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The variables mvScaleHor, mvScaleVer, dHorX and dVerX are derived as follows:
mvScaleHor = cpMvLX[ 0][ 0] << 7
mvScaleVer =cpMvLX[ 0][ 1] <<7
dHorX =(cpMvLX[ 1 ]J[O] —cpMVLX[ 0 ][ O0]) << (7 — log2CbW )

dVerX=(cpMVLX[ 1 ][ 1] —cpMVLX[O ][ 1])<<(7 —10g2CbW)
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[ O ][ 1])<<(7 —1og2CbH)
—  Otherwise ( numCpMy is equal to 2), the following applies:
dHorY =—dVerX
dVerY = dHorX
The variable qHorX, qVerX, qHorY and qVerY are derived as
qHorX = dHorX << 2;
qVerX =dVerX << 2;
qHorY = dHorY << 2;
qVerY =dVerY << 2;
dMvH][0][0] and dMvV[0][0] are calculated as
dMvVH]0][0] = ((dHorX + dHorY) << 1) - ((qHorX + qHorY) << 1);
dMvVV][0][0] = ((dVerX + dVerY) << 1) - ((qVerX +qVerY) << 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] + qHorY 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);
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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 x20
—((—x+offset) >>n) if x<0

SatShifi(x,n) = {
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] *
gradientV[posX][posY];

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

Al(posX, posY) = Clip3( -(213-1), 21-1, Al(posX, posY));

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.
212 JVET-NO0510
[00251] In JVET-NOS510, phase-variant affine subblock motion compensation (MC) is

proposed. The conventional two stage horizontal-vertical interpolation is applied. However,

unlike the phase-invariant block-based MC that uses the same horizontal filter for all sample
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rows and the same vertical filter for all sample columns, different phases of filters can be applied
to different sample rows and different sample columns in the affine subblock.

[00252] To better approximate the affine motion model in an affine subblock, phase-variant
MC is applied to the subblock. In the proposed method, the affine coded block is also divided
into 4x4 subblocks, and a subblock MV i1s derived for each subblock as done in VIM4.0. The
MC of each subblock is divided into two stages. The first stage is to filter an (4+L—-1)x(4+L-1)
reference block window with (4+L—1) rows of horizontal filtering, where the L is the filter tap
length of the interpolation filer. However, different from the translational MC, in the proposed
phase-variant affine subblock MC, the filter phase of each sample row is different. For each
sample row, MVx is derived as follows.

[00253] MVx = (subblockMVx<<7 + dMvVerXx(rowldx — L/2 — 2)) >>7

[00254]  The filter phase of each sample row is derived from the MVx. The subblockMVx is
the x component of the MV of the derived subblock MV as done in VTM4.0. The rowldx is the
sample row index. The dMvVerX is (cuBottomLeftCPMVx — cuTopLeftCPMVx) << (7 —
log2LumaCbHeight), where cuBottomLeftCPMVx is the x component of the CU bottom left
control point MV, cuTopLeftCPMVx is the x component of the CU top left control point MV,
and LumaCbHeight is the log2 of the height of the luma coding block (CB).

[00255]  After the horizontal filtering, a 4x(4+L—1) horizontally filtered samples are
generated. FIG. 26 shows the concept of the proposed horizontal filtering. In FIGS. 26 and 27,
the points in light grey (e.g., 2602 or 2702, there are multiple points) are the samples of the
reference block window, and the points in dark grey (e.g., 2604 or 2704) denote the horizontally
filtered samples. A blue tube of 8x1 samples denotes applying one time of 8-tap horizontal
filtering, as shown in FIG. 26 and FIG. 27, respectively. Each sample row needs four times of
horizontal filtering. The filter phases on a sample row are the same. However, the filter phases
on different rows are different. Skewed 4x11 samples are generated.

[00256] In the second stage, the 4x(4+L—1) horizontally filtered samples (e.g., samples in
light grey (2602) in FIG. 26) are further vertically filtered. For each sample column, MVy 1s
derived as follows.

[00257] MVy = (subblockMVy<<7 + dMvHorY x(columnldx — 2)) >>7 (Equation 2)
[00258] The filter phase of each sample column is derived from the MVy. The subblockMVy
is the y component of the MV of the derived subblock MV as done in VIM4.0. The columnldx
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is the sample column index. The dMvHorY is (cuTopRightCPMVy — cuTopLeftCPMVy) << (7
—log2LumaCbWidth), where cuTopRightCPMVYy is the y component of the CU top right control
point MV, cuTopLeftCPMVy is the y component of the CU top left control point MV, and
log2LumaCbWaidth is the log2 of the width of the luma CB.

[00259]  After the vertical filtering, 4x4 affine subblock prediction samples are generated.
FIG. 28 shows the concept of the proposed vertical filtering. The points in light grey (2802) are
the horizontally filtered samples from first stage. The points in the dark grey (2804) are the
vertically filtered samples as the final prediction samples.

[00260] In this proposal, the used interpolation filter sets are the same as those in VTM4.0.
The only difference is that the horizontal filter phases on one sample row are different and the
vertical filter phases on one sample column are different. As for the number of filtering
operations for each affine subblock in the proposed method, it is the same as that in VTM4.0.
[00261] 2.2.13. JVET-00057: Switchable interpolation filter

[00262] This contribution proposes the switchable interpolation filters for half-sample (half-
pel) positions as proposed in JVET-N0309. The switching of the half-pel luma interpolation filter
is done depending on the motion vector accuracy. In addition to the existing quarter-pel, full-pel,
and 4-pel AMVR modes, a new half-pel accuracy AMVR mode is introduced Only in case of
half-pel motion vector accuracy, one alternative half-pel luma interpolation filters can be
signalled. In case of skip/merge mode using a spatial merging candidate, the information which
interpolation filter is applied for the half-pel position is inherited from the neighbouring block.
[00263] 2.2.14 JVET-01140

[00264] A SPS flag sps_bdof dmvr _slice present flag, which is signalled in the SPS when
either of DMVR or BDOF sps level control flags are true, is used to indicate the presence of
slice_disable bdof dmvr flag. If present, the slice disable bdof dmvr flag is signaled after the
fractional MMVD flag in the slice header.

[00265] slice disable bdof dmvr flag equal to 1 specifies that bidirectional optical flow
inter prediction and decoder motion vector refinement based inter bi-prediction are both disabled
in the current slice. slice_disable bdof dmvr flag equal to O specifies that bidirectional optical
flow inter prediction or decoder motion vector refinement based inter bi-prediction may or may
not be disabled in the current slice. When slice_disable bdof dmvr flag is not present, the value

of slice_disable bdof dmvr flag is inferred to be O.
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[00266]

3. Drawbacks of existing implementations

[00267] Some existing implementations suffer from the following drawbacks:

[00268] (1) The gradients calculation methods are not identical in BDOF and PROF.
[00269] (a) In BDOF, the gradients are calculated for the whole block and padding
is done once. In PROF, the gradients are calculated for each sub-block and padding is done N

times (suppose there are N sub-blocks).

[00270] (b) PROF requires a higher precision for gradients than BDOF.

[00271] (2) The interaction between PROF and other tools 1s unclear.

[00272] (3) It 1s unclear how to apply PROF on chroma components.

[00273] (4) The derivation process of Av may be incorrect.

[00274] (5) PROF may be done conditionally for higher coding performance.

[00275] (6) It 1s unclear how to combine the methods in JVET-N0236 and JVET-NO510.
[00276] (7) The bit-width of dMvH and dMvV may be too large.

4. Example methods for prediction refinement with optical flow (PROF)

[00277] Embodiments of the presently disclosed technology overcome the drawbacks of
existing implementations, thereby providing video coding with higher coding efficiencies. The
methods for prediction refinement with optical flow, based on the disclosed technology, may
enhance both existing and future video coding standards, is elucidated in the following examples
described for various implementations. The examples of the disclosed technology provided
below explain general concepts, and are not meant to be interpreted as limiting. In an example,
unless explicitly indicated to the contrary, the various features described in these examples may
be combined.

[00278] Denote reference picture of current picture from list O and list 1 by RefO and Ref1
respectively, denote 19=POC(current) — POC(Ref0), 11= POC(Refl) — POC(current), and denote
reference block of the current block from RefO and Refl by refblkO and refblk1 respectively. For
a subblock in current block, MV of its corresponding subblock in refblkO pointing to refblk1 is
denoted by (vx, vy). MVs of the subblock in RefO and Ref1 are denoted by (mvLOx, mvLOy) and
(mvL1x, mvLly) respectively.

[00279]  Shift(x, s) is defined as Shift(x, s ) = (x + off) >> s

[00280]  SignShift(x, s) is defined as
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SaatShifi(,m) = { (x+offsset0)>>n if x>0
—((—x+offsetl)y>>n) if x<O0
[00281] In an example, offset0 and/or offset] are set to (1<<n)>>1 or (1<<(n-1)). In another
example, offset0 and/or offset] are set to 0. In yet another example, offset0 = offset] =
((1<<n)>>1)-1 or ((1<<(n-1)))-1.
[00282] Clip3( x, min, max) is defined as
Min if x<Min
Clip3(Min,Max,x)=<Max if x>Max
X Otherwise
[00283] Herein, Max (a, b)=a>=b ? a: b, and Min (a, b) =a<=b ?a: b.
[00284] In the following discussion, an operation between two motion vectors means the
operation will be applied to both the two components of the motion vector. For example,
MV3=MV1+MV2 is equivalent to MV3:=MV1:+MV2; and MV3,=MV1,+MV2y. alternatively,
the operation may be only applied to the horizontal or vertical component of the two motion
vectors. The term “absolute value” of a MV (MVx, MVy ) may refer to abs(MVx), or abs(MVYy),
or max(abs(MVx), abs(MVy)) or abs(MVx) + abs(MVy), wherein function abs(x) returns
absolute value of x, and function max(x, y) returns the larger one of x and y.
[00285] In the following discussion, the left neighboring block, left-bottom neighboring
block, above neighboring block, right-above neighboring block and left-above neighboring block
are denoted as block A1, Ao, B1, Bo and B» as shown in FIG. 2.
1. It is proposed that the gradient calculation in PROF may be done in a MxN region-level
which is different from the sub-block size used for motion compensation in affine mode.
a. In one example, the gradient calculation in PROF may be done for a MxN region
which is larger than a sub-block.
b. In one example, M and N may be some predefined number, e.g. M=N=8 or
M=N=16.
c. In one example, M and N may be some number defined depending on the
width/height for sub-block size, eg. M=N=2*Wmc wherein Wmc is the

width/height for sub-block size used in motion compensation.
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d. The padding process used to derive the gradients in PROF is done in a MxN region-
level.
e. Forall above examples, the definition of M and N are as follows:
1. In one example, M= min(KO, block width) wherein KO is an integer value.
ii. In one example, N=min (K1, block height) wherein KO is an integer value.
1. For above examples, KO =K1 = 16.
iv. In one example, KO and K1 are aligned with that used for BDOF.
f  The gradients of a first sample in a first sub-block may be derived with a second
sample in a second sub-block.
1. In one example, the second sub-block is adjacent to the first sub-block.
i1. In one example, the second sample is used to derive gradients of the first
sample in the same way when it is in the first sub-block or in the second
sub-block.
ii1.  The above methods may be applied when MxN 1is larger than a sub-block
g.  One or multiple MVs may be derived for the padding process for each MxN region.
1. In one example, one specific MV is derived for the padding process for a
MxN region. Integer reference samples may be located with the specific
MV, and then used to pad the samples out of MxN region.

(1) In one example, the specific MV may be one MV of one sub-block
in the MxN region, such as the top-left corner sub-block or a center
sub-block in the MxN region. FIG. 31 shows an example. MV of
the sub-block A, B, C, D, or E may be selected as the specific MV.

(1) In one example, the specific MV may be derived from the affine
model toward a specific position (such as the center) of the MxN
region.

(111)In one example, the specific MV may be derived from MVs of sub-
blocks in the MxN region.

a. For example, the specific MV may be derived as the average
of the MVs of all sub-blocks in the MxN region.
b. For example, the specific MV may be derived as the average

of several MVs of the center sub-blocks.
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1. For example, the specific MV may be derived as the
average of several MVs of B, C, D and E in FIG. 31.
1. For example, the specific MV may be derived as the
average of several MVs of B, and E in FIG. 31.
ii1.  For example, the specific MV may be derived as the
average of several MVs of C, and D in FIG. 31.
c. For example, the specific MV may be derived as a function
of multiple MVs (e.g., CPMVs or sub-blocks’ MVs).
i1. In one example, multiple MVs are derived for the padding process for a
MxN region. Integer reference samples may be located with the one of the
multiple MVs, and then used to pad the samples out of MxN region.

(1) In one example, when padding a first sample adjcent to a first sub-
block of the MxN region, a first MV of the first sub-block may be
used to locate the Integer reference sample(s), which is (are) used to
pad the first sample.

1. The above methods are applied when MxN is larger than a sub-block, and
the padding process used to derive the gradients in PROF is done for each
MxN region.

2. The gradient calculation in PROF/BIO may be done in a MxN region-level and M/N may
be adaptively changed.
a. Inone example, M and N may depend on the dimensions WxH of the current block.
1. For example, the region may be the whole current block, i.e. M=W and
N=H.
i1. For example, M=W/T1 and N=H/T2, where T1 and T2 are integers, e.g.
TI1=T2=2.

1. In one example, M and/or N may be signaled from the encoder to the
decoder, such as in VPS/DPS/SPS/PPS/APS/slice header/tile group
header/tile/CTU/CU.

(1) Alternatively, M and/or N may be specified in the

profiles/levels/tiers of a video coding standard.

49



WO 2020/244545 PCT/CN2020/094156

iv. In one example, M=Min( W, T1) and N = Min( H, T2). For example,
TI1=T2=16.

(1) In one example, T1 and/or T2 may be signaled from the encoder to
the decoder, such as in VPS/DPS/SPS/PPS/APS/slice header/tile
group header/tile/CTU/CU.

(1) Alternatively, T1 and/or T2 may be specified in the
profiles/levels/tiers of a video coding standard.

3. For above methods, the followings may further apply:

a. In one example, M is at least equal to Mmin and N is at least equal to Nmin, e.g.
Mmin=Nmin=8.
b. In one example, the padding process is done once for each MxN region to get a
padded (M+dM) x (N+dN) region, e.g. AM=dN=2.
1. In one example, the samples inside the region (such as the white circles in
FIG. 23) may be derived from motion compensation with interpolation
filtering.

(1) In one example, the samples inside the region may be derived from

motion compensation for several sub-blocks in the region.
i1. In one example, four side outer lines of samples (such as the black circles
in FIG. 23) may be padded.

(1) In one example, a sample to be padded may copy the intensity of the
nearest integer sample in the reference block.

(11) In one example, a sample to be padded may copy the intensity of the
nearest sample in the region that is not padded.

4. For each region that the gradient calculation in PROF/BIO is applied, instead of calculating
the gradient values for each sample, it is proposed to calculate gradients based on partial
of samples.

a. In one example, gradients associated with samples at given coordinates may be
used in PROF/BIO, e.g., at (2x, y) or (x, 2y) or (2x+1, 2y+1) or (2x, 2y) wherein
(m, n) 1s the coordinate relative to the top-left sample in the current block.

b. Inone example, samples may be firstly modified (e.g., downsampled) and modified

samples may be used to derive gradients.
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5. Ttis proposed that the precision of gradient values calculated in BDOF and PROF may be
the same.
a. In one example, the sample difference may be shifted with the same value.
1. In one example, the horizontal and/vertical gradients (denoted by
gradientH, gradientV, respectively) may be calculated in the following way:
gradientH [ x ][ y] = (predSamples [ x + 1 ][y] — predSample [ x — 1 ][ y] ) >> ShiftO
gradientV [ x ][ y] = (predSample[ x ][ y + 1] — predSample [ x ][y — 1 ] ) >> Shiftl
Alternatively,
gradientH [ x [[ y] = Shift((predSamples [ x + 1 ][y] — predSample [ x — 1 ][ y] ), Shift0)
gradientV [ x ][ y] = Shift((predSample[ x ][ y+ 1 ] — predSample [ x ][y — 1 ] ), Shiftl)
Alternatively,
gradientH [ x ][ y] = SatShift((predSamples [ x + 1 ][y] — predSample [ x — 1 ][ y] ), Shift0)
gradientV [ x ][ y] = SatShift((predSample[ x ][ y + 1 ] — predSample [ x ][y — 1 ] ), Shiftl)
ii. In one example, the horizontal and/vertical gradients (denoted by
gradientH, gradientV, respectively) may be calculated in the following way:
gradientH [x][y] = (predSamples [ x]v] *2 - predSamples
[x+1][y] — predSample [x—1][y] ) >> Shift0
gradientV [x][y] = (predSamples [ x][y] *2 -
predSample[x][y+1] — predSample [x][y—1] ) >> Shiftl
Alternatively,
gradientH [ x ][ y ] = Shift( (predSamples [ x ][y] *2 - predSamples [x+1][y] — predSample
[x—1][y]), Shift0)
gradientV [ x [ y] = Shift( (predSamples [ x J[y] *2 - predSample[x][y+1] — predSample
[x][y—1]), Shiftl)
Alternatively,
gradientH [ x ][ y] = SatShift( (predSamples [ x ][y] *2 - predSamples [x+1][y] — predSample
[x—1][y] ), Shift0)
gradientV [ x ][ y ] = SatShift( (predSamples [ x ][y] *2 - predSample[x][y+1] — predSample
[x][y—1]), Shiftl)
1. In one example, ShiftO and/or Shiftl may be set to Max(2, (14 - BitDepth))
wherein BitDepth is the bit depth of reconstructed sample/input sample.
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6. The following methods to pad the outer lines of samples (denoted as padding samples, such
as the black circles in FIG. 23) may be applied to PROF, or to BIO, or to both PROF and
BIO.

a. The padding samples may be padded with the same method for PROF and/or BIO.
The “same method” may be any padding method disclosed below.

b. In one example, the padding samples may be derived (e.g. copied) from integer
samples in the reference picture for PROF and/or BIO.

1. In one example, the integer sample used to derive a padding sample may be
located by the position of the padding sample, adding an MV, which may
be rounded to an integer MV in the addition operation.

(1) In one example, the MV (MvX, MvY) may be rounded to the
flooring integer MV (IntX, IntY). For example, IntX=MvX>>P,
IntY=MvY>>P, where P is the MV precision.

(11) In one example, the MV (MvX, MvY) may be rounded to the nearest
integer MV (IntX, IntY). For example, set FracX=MvX & ((1<<P)-
1), FracY=MvY & ((1<<P) -1), OfftX = (FracX >= (1<<(P-1))) ? 1:
0, OffY = (FracY >= (1<<(P-1))) ? 1: O, where P is the MV
precision, then IntX=(MvX>>P)+OffX , IntY=(MvY>>P)+OffY.
HalfFrac may be equal to 1<<(P-1), in other examples, it may be
equal to (1<<(P-1))-1 or (1<<(P-1))+1.

(111)In one example, the MV (MvX, MvY) may be rounded to the integer
MV (IntX, IntY) as IntX=SatShift(MvX, P), IntY=SatShift(MvY,
P) where P is the MV precision.

(iv)In the above bullets, the MV precision P may depend on the color
format and/or color components.

a. For example, the MV precision for Cb/Cr components may
be equal to the MV precision for the luma component plus
K with the 4:2:0 color format. E.g. K may be equal to 1.

(v) How to perform padding may be signaled from the encoder to the
decoder, such as in VPS/DPS/SPS/PPS/APS/slice header/tile group
header/tile/CTU/CU.
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a. Alternatively, how to perform padding may be specified in
the profiles/levels/tiers of a video coding standard.
(vi)How to perform padding may depend on block dimensions.
7. Ttis proposed that when PROF is applied, the coding tool X cannot be applied.
a. Alternatively, when coding tool X is applied, the PROF cannot be applied.
b. Inoneexample, if coding tool X cannot be applied, the syntax element(s) to indicate
coding tool X may not be signaled.
c. In one example, coding tool X may be Generalized Bi prediction (GBI).
1. For example, when Gbildx is not equal to 0, PROF is not applied.
i1.  Alternatively, when PROF is applied, Gbildx must be O.
i, Alternatively, when PROF is applied, Gbildx is not signaled and inferred to
be 0.
iv. Alternatively, when PROF is applied, GBI is not applied no matter Gbildx
is equal to O or not.
d. In one example, coding tool X may be local illumination compensation.
e. In one example, coding tool X may be Multiple Transform Set (MTS).
1. For example, when PROF is applied, only a default transform can be
applied.
(1) For example, when PROF is applied, syntax elements related MTS
is not applied.
f. In one example, coding tool X may be weighted prediction.
1. For example, when unequal weights and/or unequal offsets due to weighted
prediction are applied to one block, PROF is not applied.
8. Itis proposed that how to apply PROF may depend on the color format and/or usage of
separate plane coding.
a. In one example, PROF cannot be applied on chroma components if the color
format is 4:0:0.
b. In one example, PROF may be applied on chroma components if the color format
is 4:4:4.
c. In one example, PROF may be applied on chroma components if the color format

is unequal to 4:0:0.
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d. In one example, how to derive delta MV (e.g., Av in Section 2.11) may depend on
the color format.
9. Tt is proposed that how to apply PROF may depend on the color component.
a. In one example, gradients may be calculated independently for each color
component.

1. Alternatively, gradients calculated for a first color component may be used
by a second color component.

1. Alternatively, gradients may be calculated twice, one for the luma/main
color component, and the other for two chroma/dependent color
components.

b. In one example, delta MV (e.g., Av in Section 2.11) may be calculated
independently for each color component.

1. Alternatively, delta MV calculated for a first color component may be used
by a second color component.

c. In one example, prediction refinement (e.g., Al in Section 2.11) may be calculated
independently for each color component.

1. Alternatively, prediction refinement (e.g., Al in Section 2.11) calculated for
a first color component may be used by a second color component.

d. In one example, the precision of gradients in PROF may depend on the color
component.

e. In one example, the precision of delta MV (e.g., Av in Section 2.11) in PROF may
depend on the color component.

f  In one example, whether and how to conduct the clipping operations in PROF may
depend on the color component.

g. In one example, whether and how to conduct the shifting operations in PROF may
depend on the color component.

h. In one example, PROF may be applied to luma component only.

1. In one example, PROF may be applied to different color components at different
sub-block size.

1. Alternatively, PROF may be applied to different color components at same

sub-block size.
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J.  In one example, PROF may be applied to chroma components at M*N sub-block
size.
1. For example, M and N are set equal to 4.
k. The above methods (bullet h-j) may further depend on the color format (e.g., 4:2:0
or 4:4:4).
10. It 1s proposed that the derivation of delta MV (e.g., Av in Section 2.11) may depend on the
width and/or height of the sub-block.
a. In one example dMvH[0][0] and dMvV[0][0] are calculated as
qHorX = dHorX * PO;
qVerX =dVerX * PO;
qHorY = dHorY * PO;
qVerY =dVerY * PO;
dMvH][0][0] = (1DMvHorX+iDMvVerX) *P1) -(quadHorX * (blockWidth>>1) +
quadVerX * (blockHeight * P1));
dMvV[0][0] = (1IDMvHorY+iDMvVerY) *P1) -(quadHorY * (blockWidth>>1) +
quadVerY * (blockHeight * P1));
where blockWidth and blockHeight represent the width and height of sub-block,
respectively. PO and P1 are two numbers controlling the precision.
1. For example, PO=4 and P1=2 then dMvH[0][0] and dMvV[0][0] are
calculated as:
qHorX = dHorX << 2;
qVerX =dVerX << 2;
qHorY = dHorY << 2;
qVerY = dVerY << 2;
dMvH[0][0] = ((1(DMvHorX + iDMvVerX) << 1) -( quadHorX *
(blockWidth >> 1) + quadVerX * (blockHeight >> 1));
dMvV[0][0] = ((DMvHorY + iDMvVerY) << 1) -( quadHorY *
(blockWidth >> 1) + quadVerY * (blockHeight >> 1));
11. It is proposed that for affine coded blocks, PROF may be done conditionally instead of

always being applied.
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a. In one example, whether and how to conduct PROF may depend on the dimensions

WxH of the current block.
1. For example, PROF may not be applied if W<=T1 and/or H<=T2, e.g.
T1=T2=16;

i1. For example, PROF may not be applied if W<T1 and/or H<T2, e.g.
T1=T2=16;
ii1. For example, PROF may not be applied if W>=T1 and/or H>=T2, e.g.
T1=T2=64:
iv. For example, PROF may not be applied if W>T1 and/or H>T2, e.g.
T1=T2=64:
v. For example, PROF may not be applied if W¥H>T1 e.g. T1=64%64;
vi. For example, PROF may not be applied if W¥H>=T1 e.g. T1= 64*64;
vii. For example, PROF may not be applied if W*H<T1 e.g. T1=16*16;
viii. For example, PROF may not be applied if W¥H<=T1 e.g. T1=16*16;
ix. For example, PROF may not be applied if min(W, H)>=T1 e.g. T1= 64;
x. For example, PROF may not be applied if min(W, H)>T1 e.g. T1=64;
xi. For example, PROF may not be applied if max(W, H)<=T1 e.g. T1=16;
xil. For example, PROF may not be applied if max(W, H)<T1 e.g. T1=16;
b. Inone example, whether and/or how to conduct PROF may depend on control point
motion vectors.
c. In one example, whether and/or how to conduct PROF may depend on the affine
parameters and/or the number of affine parameters.

1. For the 4-parameter affine model, where

mv* (x,y) = ax —by +mv}
my'(x, y) =bx+ay+my,

whether and how to conduct PROF may depend on parameters a and b.
i1. For the 4-parameter affine model, where

mv" (x,y) = ax +by +mv}
my'(x,y) =cx+dy +my,

whether and how to conduct PROF may depend on parameters a, b, ¢ and

d.
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In one example, PROF may not be applied if the maximum affine parameter
is smaller (or not larger) than a threshold.

(1) Alternatively, PROF may not be applied if all (such as four or six)
affine parameters are smaller (or not larger) than a threshold.

(1) Alternatively, PROF may not be applied if at least one affine
parameter is smaller (or not larger) than a threshold.

In one example, PROF may not be applied if the maximum value of the
absolute values of affine parameter is smaller (or not larger) than a
threshold.

(1) Alternatively, PROF may not be applied if the absolute values of all
the affine parameters are smaller (or not larger) than a threshold.

(1) Alternatively, PROF can only be applied if at least one of the
absolute values of all the affine parameters is larger (or not smaller)
than a threshold.

In one example, PROF may not be applied if the minimum affine parameter
is larger (or not smaller) than a threshold.

(1) Alternatively, PROF may not be applied if all (such as four or six)
affine parameters are larger (or not smaller) than a threshold.

(1) Alternatively, PROF may not be applied if at least one affine
parameter is larger (or not smaller) than a threshold.

In one example, PROF may not be applied if the minimum value of the
absolute values of affine parameter is larger (or not smaller) than a
threshold.

(1) Alternatively, PROF may not be applied if the absolute values of all
affine parameters are larger (or not smaller) than a threshold.

(1) Alternatively, PROF can only be applied if at least one of the
absolute values of the affine parameters is smaller (or not larger)
than a threshold.

In one example, PROF may not be applied if the maximum value of the
“absolute value” of the delta MV as disclosed in JVET-N0236 1s smaller (or
not larger) than a threshold.
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(1) Alternatively, PROF may not be applied if the “absolute value” of
all the delta MVs are smaller (or not larger) than a threshold.

(1) Alternatively, PROF can only be applied if at least one of the
“absolute value” of delta MV 1is larger (or not smaller) than a
threshold.

viii. In one example, PROF may not be applied if the minimum value of the
“absolute value” of the delta MV i1s larger (or not smaller) than a threshold.

(1) Alternatively, PROF may not be applied if the “absolute value” of
all the delta MVs are larger (or not smaller) than a threshold.

(1) Alternatively, PROF can only be applied if at least one of the
“absolute value” of delta MV 1is larger (or not smaller) than a
threshold.

ix. In one example, PROF may be applied to certain positions.

(1) For example, PROF may be applied to a position if “absolute value”
of its corresponding delta MV is smaller (or not larger) than a
threshold.

(1) For example, PROF may be applied to a position if “absolute value”
of its corresponding delta MV is larger (or not smaller) than a
threshold.

x. In one example, the affine parameters may be represented as integers
dHorX, dVerX, dHorY and dVerY with specific precisions as described in
JVET-M1001.

x1. In one example, the threshold may depend on the bit-depth.

(1) In one example, the threshold may be derived as 1<<BitDepth.

(1) Alternatively, furthermore, the threshold may depend on whether bi-
prediction or uni-prediction is applied.

a. For example, the threshold may be derived as
(1<<BitDepth)+(Bi-prediction? 1: 0).
xii. In one example, whether and/or how to apply the disclosed methods in

bullet 11 may depend on the reference picture structure.
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(1) For example, if all reference pictures of the current picture are
preceding the current picture in the display order, i.e. POCs of all
the reference pictures are smaller than the POC of the current
picture, one or multiple of the disclosed methods may not be
applied.

(1) Alternatively, whether and/or how to apply the disclosed methods
in bullet 11 may depend on slice/picture type (such as I-slice or B-
slice).

(u1)Alternatively, whether and/or how to apply the disclosed methods
in bullet 11 may depend on the temporal layer.

xiil. In bullet 11, the coding method “PROF” may be replaced by other coding
methods to enhance affine prediction coding, such as interweaved
prediction as disclosed in JVET-NO216 or phase-variant affine subblock
motion compensation.

12. It 1s proposed that the phase-variant affine subblock motion compensation, such as
proposed in JVET-NO0510, may be firstly applied to get the prediction value, followed by
PROF.

13. It 1s proposed that the bit width of any variables used to derive dMvH][x][y] and/or
dMvV[x][y] for any valid x and y cannot exceed a specific number, such as 32.

a. In one example, dMvH[x][y] and/or dMvV[x][y] are clipped before being used to
derive other dMvH[t][z] and/or dMvV[t][z], where (t, z) is not equal to (X, y).

b. Inoneexample, IMvH[x][y] and/or dMvV[x][y] are right shifted before being used
to derive other dMvH]t][z] and/or dMvV[t][z], where (t, z) is not equal to (X, y).

14. 1t is proposed that dMvH and/or dMvV may have the same precision as stored motion

vectors.
a. For example,
dMvH[xPos][yPos] = SatShift( dMvH[xPos][yPos], 7+M);
dMvV[xPos][yPos] = SatShift( dIMvV[xPos][yPos], 7+M);
where M is the additional precision to derive dMvH and/or hMvV, e.g. M=2.

15. Tt 1s proposed that the clipping on dMvH and/or dMvV before being used to derive the

prediction refinement Al may depend on the precision of dMvH and/or dAMvVV.
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16.

17.

18.

a. For example

dMvH[posX][posY] = Clip3( -2%!, 2%-1-1, dMvH[posX][posY]);

dMvV[posX][posY] = Clip3( -2%!, 2%-11, dMvV[posX][posY]);

where K depends on the precision of dMvH and/or dMvV.

b. Alternatively, dMvH][x][y] and/or dMvV|[x][y] are not clipped before being used to

derive the prediction refinement.
It 1s proposed that the right shift on the prediction refinement Al(posX, posY) may depend
on the sign of Al(posX, posY).

a. For example, Al(posX, posY) = SatShift(Al(posX, posY), N), where N is an integer.
It is proposed that the clipping on the prediction refinement Al(posX, posY) may depend
on the sample bit-depth.

a. For example Al(posX, posY) = Clip3( -(23*BiDepth_1) 23+BiDpeth_j “AJ(posX, posY));
Whether and/or how to conduct deblocking is performed on subblock boundaries within
an affine mode block (e.g., inner subblock boundaries) may depend on whether
interweaved prediction as disclosed in JVET-NO216 or/and PROF or/and phase-variant
affine subblock motion compensation is applied to the block or not. The interweaved
prediction includes partitioning a video block into a first set of sub-blocks according to a
first pattern; partitioning the video block into a second set of sub-blocks according to a
second pattern, wherein at least one sub-block in the second set has a different dimension
than a sub-block in the first set; and determining a prediction block that is a combination
of a first intermediate prediction block generated from the first set of sub-blocks and a
second intermediate prediction block generated from the second set of sub-blocks. Thus,
using the interweaved prediction technique, a block 1s divided into sub-blocks with one or
more dividing patterns. A dividing pattern represents the way to divide a block into sub-
blocks, including the size of sub-blocks and the position of sub-blocks. For each dividing
pattern, a corresponding prediction block may be generated by deriving motion information
of each sub-block based on the dividing pattern. Therefore, in some embodiments, multiple
prediction blocks may be generated by multiple dividing patterns even for one prediction
direction. In some embodiments, for each prediction direction, only one dividing pattern

may be applied. Thus, the interweaved prediction technique uses different ways of dividing
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19.

20.

21.

22.

a block so that motion information can be obtained more robustly without increasing
bandwidth consumption.

a. In one example, deblocking may be disabled when interweaved prediction or/and
PROF or/and phase-variant affine subblock motion compensation is applied to the
block.

1. Alternatively, deblocking filter may be weaker on sub-block boundaries
where interweaved prediction or/and PROF or/and phase-variant affine
subblock motion compensation is applied to the block. For example,
boundary strength may be set smaller on such boundaries.

b. In one example, deblocking may be enabled when interweaved prediction or/and
PROF or/and phase-variant affine subblock motion compensation is not applied to
the block.

Switchable interpolation filter may be applied on an affine coded block.

a. Switchable interpolation filter may be applied on an affine coded block when a
specific MV precision is applied, such as Y2-pel or Ya-pel.

In one example, BDOF is not applied when switchable interpolation filter is used for a
block.

a. In one example, BDOF is not applied for a block with a specific MV resolution
such as Y2-pel.

b. In one example, BDOF is not applied for a block choosing a specific interpolation
filter.

In one example, PROF is not applied when switchable interpolation filter is used for a
block.

a. Inone example, PROF is not applied for a block with a specific MV resolution such
as Ya-pel.

b. In one example, PROF is not applied for a block choosing a specific interpolation
filter.

It is proposed that Av(i, ) for a sub-block in PROF is calculated only when PROF is
applied for that sub-block.
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23.1t 1s proposed that a first syntax element (such as a flag named
slice_disable _bdof prof dmvr flag) is signaled at slice or picture level (such as in the
slice header) to control the usage of BDOF, PROF and DMVR in a slice.

a. When the first syntax element is not signaled, it is inferred that BDOF, PROF and
DMVR are not all turned off in the slice.

b. Inone example, the first syntax element is signaled only when at least one of BDOF,
PROF and DMVR is enabled at sequence level (e.g. the corresponding SPS
controlling flag is equal to 1).

c. Alternatively, a second syntax element is signaled at sequence level (such as
sps_bdof dmvr prof slice present flag in SPS) to indicate whether the first
syntax element should be signaled.

1. In one example, a second syntax element is signaled only when at least one
of BDOF, PROF and DMVR is enabled at sequence level.

i1. In one example, when the second syntax element is not signaled, it is
inferred that first syntax element is not signaled.

d. In one example, when the first syntax element indicates that BDOF, PROF and
DMVR are all off (e.g. slice_disable bdof prof dmvr flag is equal to 1), none
of BDOF, PROF and DMVR can be applied in the current slice (picture).

24 Tt 1s proposed that a first syntax element (such as a flag named slice disable
prof bdof flag) is signaled at slice or picture level (such as in the slice header) to control
the usage of BDOF and PROF in a slice.

a. When the first syntax element is not signaled, it is inferred that BDOF and PROF
are not both turned off in the slice.

b. Inone example, the first syntax element is signaled only when at least one of BDOF
and PROF is enabled at sequence level (e.g. the corresponding SPS controlling flag
is equal to 1).

c. Alternatively, a second syntax element is signaled at sequence level (such as
sps_bdof prof slice present flag in SPS) to indicate whether the first syntax
element should be signaled.

1. In one example, a second syntax element 1s signaled only when at least one

of BDOF and PROF is enabled at sequence level.
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i1. In one example, when the second syntax element is not signaled, it is
inferred that first syntax element is not signaled.
d. In one example, when the first syntax element indicates that BDOF and PROF are
both off (e.g. slice_disable bdof prof flag is equal to 1), none of BDOF and
PROF can be applied in the current slice (picture).

[00286] S Embodiments

5.1 Working draft for 16x16 padding changed from the WD provided by JVET-O0070.

The working draft is based on JVET-N1001.

The changes in JVET-O0070 is in bold and italic. Deleted texts are marked with double brackets
(e.g., [[a]] denotes the deletion of the character “a”).

The changes proposed is in Underline.

8.5.1 General decoding process for coding units coded in inter prediction mode

Inputs to this process are:

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

relative to the top-left luma sample of the current picture,
— avariable cbWidth specifying the width of the current coding block in luma samples,
— avariable cbHeight specifying the height of the current coding block in luma samples,

— avariable treeType specifying whether a single or a dual tree is used and if a dual tree is
used, it specifies whether the current tree corresponds to the luma or chroma components.

Output of this process is a modified reconstructed picture before in-loop filtering.

The derivation process for quantization parameters as specified in clause 8.7.1 is invoked

with the luma location ( xCb, yCb ), the width of the current coding block in luma samples

cbWidth and the height of the current coding block in luma samples cbHeight, and the

variable treeType as inputs.

The decoding process for coding units coded in inter prediction mode consists of the

following ordered steps:

1. The variable dmvrFlag is set equal to O.
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2. The motion vector components and reference indices of the current coding unit are

derived as follows:

—If MergeTriangleFlag[ xCb ][ yCb |, inter_affine flag[ xCb ][ yCb | and
merge_subblock flag[ xCb ][ yCb ] are all equal to 0, the following applies:

— The derivation process for motion vector components and reference indices as
specified in clause 8.5.2.1 is invoked with the luma coding block location
(xCb, yCb ), the luma coding block width cbWidth and the luma coding block
height cbHeight as inputs, and the luma motion vectors mvLO[ 0 ][ 0] and
mvL1[ 0 ][ 0], the reference indices refldx.O and refldxL1 and the prediction
list utilization flags predFlagl.O[ O ][ O] and predFlagL1[ 0 ][ O], and the bi-

prediction weight index bewldx as outputs.
— When all of the following conditions are true, dmvrFlag is set equal to 1:
— sps_dmvr_enabled flag is equal to 1
— general merge flag[ xCb ][ yCb ] is equal to 1
— Dboth predFlagLO[ O ][ O ] and predFlagl.1[ O ][ O ] are equal to 1
— mmvd_merge flag][ xCb ][ yCb ] is equal to O

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

— Bewldx[ xCb ][ yCb ] 1s equal to O

— Both luma_weight 10 flag[ refldxLO ] and luma_weight 11 flag[ refldxL1 ]

are equal to O
— cbWidth is greater than or equal to 8
— cbHeight is greater than or equal to 8
— cbHeight*cbWidth is greater than or equal to 128

— If dmvrFlag is equal to 1, the following applies:
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For X being O and 1, the reference picture consisting of an ordered two-
dimensional array refPicLXy of luma samples and two ordered two-
dimensional arrays refPicLXcp and refPicLXc, of chroma samples is derived
by invoking the process specified in clause 8.5.6.2 with X and refldxLX as

inputs.

The number of luma coding subblocks in horizontal direction numSbX and in
vertical direction numSbY, the subblock width sbWidth and the subblock
height sbHeight are derived as follows:

numSbX = (cbWidth>16) ? ( cbWidth >>4 ) : 1(8-240)
numSbY = ( cbHeight > 16 ) ? ( cbHeight >>4): 1(8-241)
sbWidth = ( cbWidth>16) ? 16:cbWidth (8-242)
sbHeight = ( cbHeight > 16) ? 16 : cbHeight (8-243)

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

— The luma motion vectors mvLX[ xSbldx ][ ySbldx ] and the prediction list

utilization flags predFlagL X[ xSbldx ][ ySbldx ] with X equal to O and 1,
and the luma location (xSb[xSbldx][ySbldx], ySb[xSbldx][ySbldx] )
specifying the top-left sample of the coding subblock relative to the top-left

luma sample of the current picture are derived as follows:
mvLX][ xSbldx ][ ySbldx | =mvLX[0][ 0] (8-244)

predFlagL X[ xSbldx ][ ySbldx ] =  predFlagLX[ O ][ O]
(8-245)

xSb[ xSbldx ][ ySbldx ] = xCb + xSbldx * sbWidth(8-246)

ySb[ xSbldx ][ ySbldx ] = yCb + ySbldx * sbHeight(8-247)
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— The decoder side motion vector refimenent process specified in
clause 8531 is invoked  with  xSb[ xSbldx ][ ySbldx ],
ySb[ xSbldx ][ ySbldx ], sbWidth, sbHeight, the motion vectors
mvLX[ xSbldx ][ ySbldx | and the reference picture array refPicLXL as
inputs and delta motion vectors dMvLX][ xSbldx ][ ySbldx ] as outputs
with X equal to O and 1.

— The derivation process for chroma motion vectors in clause 8.5.2.13 is
invoked with mvLX[ xSbldx ][ ySbldx ] and refldxLLX as inputs, and
mvCLX][ xSbldx ][ ySbldx ] as outputs with X equal to O and 1.

— Otherwise (dmvrFlag is equal to 0), the following applies:

— When treeType is equal to SINGLE TREE and predFlagL.X[ 0 ][0 ], with X
being O or 1, 1s equal to 1, the derivation process for chroma motion vectors
in clause 8.5.2.13 1s invoked with mvLX][ O ][ O ] and refldxLLX as inputs, and
mvCLX[ 0 ][ 0] as output.

— The number of luma coding subblocks in horizontal direction numSbX and in

vertical direction numSbY are both set equal to 1.

—Otherwise, if  MergeTriangleFlag[ xCb ][ yCb ] is equal to 1,
inter_affine flag][ xCb ][ yCb ] and merge subblock flag[ xCb ][ yCb ] are both
equal to O, the derivation process for triangle motion vector components and
reference indices as specified in clause 8.5.4.1 is invoked with the luma coding block
location ( xCb, yCb ), the luma coding block width cbWidth and the luma coding
block height cbHeight as inputs, and the luma motion vectors mvA and mvB, the
chroma motion vectors mvCA and mvCB, the reference indices refldxA and

refldxB and the prediction list flags predListFlagA and predListFlagB as outputs.

—Otherwise (inter_affine flag[ xCb ][ yCb ] or merge subblock flag][ xCb ][ yCb ] is
equal to 1), the derivation process for subblock motion vector components and
reference indices as specified in clause 8.5.5.1 is invoked with the luma coding block
location ( xCb, yCb ), the luma coding block width cbWidth, the luma coding block
height cbHeight as inputs, and the reference indices refldxLO and refldxL1, the
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number of luma coding subblocks in horizontal direction numSbX and in vertical
direction numSbY, the prediction list utilization flags
predFlagL. X[ xSbldx ][ ySbldx ], the luma motion vector array
mvLX[ xSbldx ][ ySbldx ], and the chroma motion vector array
mvCLX][ xSbldx ][ ySbldx ] with xSbldx =0..(cbWidth >>2) — 1, and
ySbldx = 0..( cbHeight >>2) — 1, and with X being O or 1, [[and]] the bi-prediction

weight index bewldx, and motion vector difference array diffMv as outputs.

3. The arrays of luma and chroma motion vectors after decoder side motion vector
refinement, refMvLX[ xSbldx ][ ySbldx ] and refMvCLX][ xSbldx ][ ySbldx ], with X
being O and 1, are derived as follows for xSbldx=0..numSbX —1,
ySbldx = 0..numSbyY — 1:

—If dmvrFlag is equal to 1, the derivation process for chroma motion vectors in clause
8.5.2.13 1s invoked with refMvLX][ xSbldx ][ ySbldx ] and refldxLX as inputs, and
refMvCLX[ xSbldx ][ ySbldx ] as output and the input
refMvLX][ xSbldx ][ ySbldx ] is derived as follows;

refMvLX][ xSbldx ][ ySbldx ] = mvLX][ xSbldx ][ ySbldx ] +
dMvLX][ xSbldx ][ ySbldx ] (8-248)

refMvLX[ xSbldx ][ ySbldx ][ 0 ] = Clip3( —2'7, 217 — 1, refMvLX[ xSbldx ][
ySbldx ][ 01]) (8-249)

refMvLX[ xSbldx ][ ySbldx ][ 1 ] = Clip3( —2'7, 217 — 1, refMvLX[ xSbldx ][
ySbldx ][ 1]) (8-250)

—Otherwise (dmvrFlag is equal to 0), the following applies:
refMvLX][ xSbldx ][ ySbldx | = mvLX[ xSbldx ][ ySbldx ] (8-251)
refMvCLX [ xSbldx ][ ySbldx ] = mvCLX][ xSbldx ][ ySbldx ](8-252)
NOTE — The array refMvLX is stored in MvDmvrLX and used in the derivation

process for collocated motion vectors in clause 8.5.2.12. The array of non-refine
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luma motion vectors MvLX is used in the spatial motion vector prediction and

deblocking boundary strength derivation processes.

4. The prediction samples of the current coding unit are derived as follows:

—If MergeTriangleFlag[ xCb ][ yCb ] is equal to O, the prediction samples of the current

coding unit are derived as follows:

The decoding process for inter blocks as specified in clause 8.5.6.1 1s invoked
with the luma coding block location ( xCb, yCb ), the luma coding block
width cbWidth and the luma coding block height cbHeight, the number of
luma coding subblocks in horizontal direction numSbX and in vertical
direction numSbY, the luma motion vectors mvLO[ xSbldx ][ ySbldx ] and
mvL1[ xSbldx ][ ySbldx ], and the refined Iuma motion vectors
refMvVLO[ xSbldx ][ ySbldx ] and refMvL1[ xSbldx ][ ySbldx] with
xSbldx = 0..numSbX — 1, and ySbldx = 0..numSbY — 1, the reference indices
refldxLO  and  refldxLL1, the prediction list utilization flags
predFlagl.O[ xSbldx ][ ySbldx ] and predFlagl1[ xSbldx ][ ySbldx ], the bi-
prediction weight index bewldx, [[and]] the variable cldx set equal to O, and
motion vector difference array diffMv as inputs, and the inter prediction
samples (predSamples) that are an (cbWidth)x(cbHeight) array predSamplest.

of prediction luma samples as outputs.

The decoding process for inter blocks as specified in clause 8.5.6.1 1s invoked
with the luma coding block location ( xCb, yCb ), the luma coding block
width cbWidth and the luma coding block height cbHeight, the number of
luma coding subblocks in horizontal direction numSbX and in vertical
direction numSbY, the chroma motion vectors mvCLO[ xSbldx ][ ySbldx ]
and mvCL1[ xSbldx ][ ySbldx ], and the refined chroma motion vectors
refMvCLO[ xSbldx ][ ySbldx ] and refMvCL1[ xSbldx ][ ySbldx ] with
xSbldx = 0..numSbX — 1, and ySbldx = 0..numSbY — 1, the reference indices
refldxLO  and  refldxLL1, the prediction list utilization flags
predFlagl.O[ xSbldx ][ ySbldx ] and predFlagl1[ xSbldx ][ ySbldx ], the bi-
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prediction weight index bcwldx, [[and]] the variable cldx set equal to 1, and
motion vector difference array diffMv as inputs, and the inter prediction
samples (predSamples) that are an (cbWidth/2)x(cbHeight/2) array
predSamplescy of prediction chroma samples for the chroma components Cb

as outputs.

The decoding process for inter blocks as specified in clause 8.5.6.1 1s invoked
with the luma coding block location ( xCb, yCb ), the luma coding block
width cbWidth and the luma coding block height cbHeight, the number of
luma coding subblocks in horizontal direction numSbX and in vertical
direction numSbY, the chroma motion vectors mvCLO[ xSbldx ][ ySbldx ]
and mvCL1[ xSbldx ][ ySbldx ], and the refined chroma motion vectors
refMvCLO[ xSbldx ][ ySbldx | and refMvCL1[ xSbldx ][ ySbldx | with
xSbldx = 0..numSbX — 1, and ySbldx = 0..numSbY — 1, the reference indices
refldxLO  and  refldxLL1, the prediction list utilization flags
predFlagl.O[ xSbldx ][ ySbldx ] and predFlagl1[ xSbldx ][ ySbldx ], the bi-
prediction weight index bewldx, [[and]] the variable cldx set equal to 2, and
motion vector difference array diffMv as inputs, and the inter prediction
samples (predSamples) that are an (cbWidth/2)x(cbHeight/2) array
predSamplesc: of prediction chroma samples for the chroma components Cr

as outputs.

—Otherwise (MergeTriangleFlag[ xCb ][ yCb ] 1s equal to 1), the decoding process for

triangular inter blocks as specified in clause 8.5.7.1 1s invoked with the luma coding

block location ( xCb, yCb ), the luma coding block width cbWidth and the luma

coding block height cbHeight, the luma motion vectors mvA and mvB, the chroma

motion vectors mvCA and mvCB, the reference indices refldxA and refldxB, and

the prediction list flags predListFlagA and predListFlagB as inputs, and the inter

prediction samples (predSamples) that are an (cbWidth)x(cbHeight) array

predSamples. of prediction luma samples and two (cbWidth / 2)x(cbHeight / 2)

arrays predSamplescy, and predSamplescr of prediction chroma samples, one for each

of the chroma components Cb and Cr, as outputs.
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5. The variables NumSbX][ xCb ][ yCb ] and NumSbY[ xCb ][ yCb ] are set equal to
numSbX and numSbY, respectively.

6. The residual samples of the current coding unit are derived as follows:

—The decoding process for the residual signal of coding blocks coded in inter prediction
mode as specified in clause 8.5.8 is invoked with the location ( xTbO, yTbO ) set
equal to the luma location ( xCb, yCb ), the width nTbW set equal to the luma coding
block width cbWidth, the height nTbH set equal to the luma coding block height
cbHeight and the variable cldx set equal to O as inputs, and the array resSamplesL as

output.

—The decoding process for the residual signal of coding blocks coded in inter prediction
mode as specified in clause 8.5.8 is invoked with the location ( xTbO, yTbO ) set
equal to the chroma location (xCb /2, yCb/2), the width nTbW set equal to the
chroma coding block width cbWidth / 2, the height nTbH set equal to the chroma
coding block height cbHeight / 2 and the variable cldx set equal to 1 as inputs, and

the array resSamplescy as output.

—The decoding process for the residual signal of coding blocks coded in inter prediction
mode as specified in clause 8.5.8 is invoked with the location ( xTbO, yTbO ) set
equal to the chroma location ( xCb /2, yCb/2), the width nTbW set equal to the
chroma coding block width cbWidth / 2, the height nTbH set equal to the chroma
coding block height cbHeight / 2 and the variable cldx set equal to 2 as inputs, and

the array resSamplescy as output.
7. The reconstructed samples of the current coding unit are derived as follows:

—The picture reconstruction process for a colour component as specified in clause 8.7.5
is invoked with the block location ( xB, yB ) set equal to ( xCb, yCb ), the block
width bWidth set equal to cbWidth, the block height bHeight set equal to cbHeight,
the variable cldx set equal to O, the (cbWidth)x(cbHeight) array predSamples set
equal to predSamplest, and the (cbWidth)x(cbHeight) array resSamples set equal to
resSamplest. as inputs, and the output is a modified reconstructed picture before in-

loop filtering.
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—The picture reconstruction process for a colour component as specified in clause 8.7.5
is invoked with the block location ( xB, yB ) set equal to (xCb /2, yCb/2), the
block width bWidth set equal to cbWidth / 2, the block height bHeight set equal to
cbHeight / 2, the variable cldx set equal to 1, the (cbWidth / 2)x(cbHeight / 2) array
predSamples set equal to predSamplescy and the (cbWidth / 2)x(cbHeight / 2) array
resSamples set equal to resSamplescy as inputs, and the output is a modified
reconstructed picture before in-loop filtering.

—The picture reconstruction process for a colour component as specified in clause 8.7.5
is invoked with the block location ( xB, yB ) set equal to (xCb /2, yCb/2), the
block width bWidth set equal to cbWidth / 2, the block height bHeight set equal to
cbHeight / 2, the variable cldx set equal to 2, the (cbWidth / 2)x(cbHeight / 2) array
predSamples set equal to predSamplesCr and the (cbWidth / 2)x(cbHeight / 2) array
resSamples set equal to resSamplesCr as inputs, and the output is a modified
reconstructed picture before in-loop filtering.

8.5.5 Derivation process for subblock motion vector components and reference indices
8.5.5.1 General

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,
— avariable cbWidth specifying the width of the current coding block in luma samples,

— avariable cbHeight specifying the height of the current coding block in luma samples.

Outputs of this process are:
— the reference indices refldxL0 and refldxI.1,

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

direction numSbY,

— the prediction list utilization flag arrays predFlaglLO[ xSbldx ][ ySbldx] and
predFlagl.1[ xSbldx ][ ySbldx ] with xSbldx = 0..numSbX — 1,
ySbldx =0 .. numSbX — 1,
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— the luma subblock motion vector arrays in 1/16 fractional-sample accuracy
mvLO[ xSbldx ][ ySbldx ] and mvL1[ xSbldx ][ ySbldx ] with xSbldx = 0..numSbX — 1,
ySbldx = 0..numSb¥Y — 1,

— the chroma subblock motion vector arrays in 1/32 fractional-sample accuracy
mvCLO[ xSbldx ][ ySbldx ] and mvCL1[ xSbldx ][ ySbldx ] with
xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1,

— the bi-prediction weight index bewldx.

—  The motion vector difference array diffMv.

For the derivation of the variables mvLO[ xSbldx ][ ySbldx ], mvL1[ xSbldx ][ ySbldx |,
mvCLO[ xSbldx ][ ySbldx ] and mvCLI1[ xSbldx ][ ySbldx ], refldxLO0, refldxL1, numSbX,
numSbY, predFlagl. O] xSbldx ][ ySbldx | and predFlagl.1[ xSbldx ][ ySbldx ], the following
applies:

— If merge subblock flag[ xCb ][ yCb ] is equal to 1, the derivation process for motion
vectors and reference indices in subblock merge mode as specified in 8.5.5.2 is invoked
with the luma coding block location ( xCb, yCb ), the luma coding block width cbWidth
and the luma coding block height cbHeight as inputs, the number of luma coding subblocks
in horizontal direction numSbX and in vertical direction numSbY, the reference indices
refldxLO0, refldxL.1, the prediction list utilization flag arrays
predFlagL.O[ xSbldx ][ ySbldx ] and predFlagl.1[ xSbldx ][ ySbldx ], the luma subblock
motion vector arrays mvLO[ xSbldx ][ ySbldx ] and mvLO[ xSbldx ][ ySbldx ], and the
chroma  subblock motion vector arrays mvCLO[ xSbldx ][ ySbldx] and
mvCL1[ xSbldx ][ ySbldx ], with xSbldx =0.. numSbX — 1, ySbldx =0 .. numSbY — 1,

and the bi-prediction weight index bewldx as outputs.

—  Otherwise (merge_subblock flag][ xCb ][ yCb ] 1s equal to 0), for X being replaced by
either 0 or 1 in the variables predFlaglLX, cpMvLX, MvdCpLX, and refldxLLX, in
PRED LX, and in the syntax element ref idx 1X, the following ordered steps apply:

— For the derivation of the number of control point motion vectors numCpMyv, the
control point motion vectors cpMvLX][ cpldx | with cpldx ranging from O to

numCpMy — 1, refldxLX, predFlagL X[ O ][ O], the following applies:
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1. The number of control point motion vectors numCpMv is set equal to

MotionModelldc[ xCb ][ yCb ] + 1.
2. The variables refldxLX and predFlagl.X are derived as follows:
— Ifinter_pred idc[ xCb ][ yCb ] is equal to PRED LX or PRED BI,

refldxLX = ref idx IX[ xCb ][ yCb ]
(8-457)

predFlagLX[ 0][0] =1
(8-458)

— Otherwise, the variables refldxLX and predFlagl.X are specified by:
refldxLX = —1 (8-459)
predFlagLX[ 0][0]=0

(8-460)

3. The variable mvdCpLX][ cpldx ] with cpldx ranging from O to numCpMv — 1, is

derived as follows:
mvdCpLX] cpldx ][ 0 ] = MvdCpLX][ xCb ][ yCb ][ cpldx ][ 0 ](8-461)
mvdCpLX] cpldx ][ 1 ] = MvdCpLX][ xCb ][ yCb ][ cpldx ][ 1 ](8-462)

4. When predFlagLX[ 0 ][ O] is equal to 1, the derivation process for luma affine
control point motion vector predictors as specified in clause 8.5.5.7 is invoked
with the luma coding block location ( xCb, yCb ), and the variables cbWidth,
cbHeight, refldxLX, and the number of control point motion vectors numCpMyv
as inputs, and the output being mvpCpLX] cpldx ] with cpldx ranging from O to
numCpMv — 1.

5. When predFlagLX[O0][0] 1is equal to 1, the luma motion vectors
cpMvVLX] cpldx | with cpldx ranging from 0 to NumCpMv — 1, are derived as

follows:
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ulLX] cpldx ][ 0 ] = ( mvpCpLX][ cpldx ][ 0 ] + mvdCpLX[ cpldx ][ 0] -+
218) 04 218 (8-463)
cpMVLX] cpldx ][ 0 ] = (uLX] cpldx ][ O] >= 27y 9
(uLX[ cpldx ][0 ] — 218 )

uLX][ cpldx ][ 0] (8-464)
ulX][ cpldx ][ 1 ] =(mvpCpLX[ cpldx ][ 1 ] + mvdCpLX[ cpldx ][ 1] -+
218) 04 218 (8-465)
cpMvLX][ cpldx ][ 1 ] = (uLX[ cpldx ][ 1] >= 217y 9
(uLX[ cpldx ][ 1] — 218 )

uLX][ cpldx ][ 1] (8-466)

— The variables numSbX and numSbY are derived as follows:

numSbX = ( cbWidth >>2)
(8-467)

numSbY = ( cbHeight >>2)
(8-468)

— For xSbldx = 0..numSbX — 1, ySbldx = 0..numSbY — 1, the following applies:
predFlagL. X[ xSbldx ][ ySbldx | = predFlagLX[ 0 ][ O ] (8-469)

—  When predFlagLX[ 0 ][ 0] is equal to 1, the derivation process for motion vector
arrays from affine control point motion vectors as specified in subclause 8.5.5.9 is
invoked with the luma coding block location ( xCb, yCb ), the luma coding block
width cbWidth, the luma prediction block height cbHeight, the number of control
point motion vectors numCpMy, the control point motion vectors cpMvLX] cpldx |
with cpldx being 0..2, the reference index refldxLLX and the number of luma coding
subblocks in horizontal direction numSbX and in vertical direction numSbY as inputs,
the luma motion vector array mvLX[ xSbldx ][ ySbldx |, [[and]] the chroma motion
vector array mvCLX[ xSbldx ][ ySbldx ] with  xSbldx =0..numSbX — 1,
ySbldx =0 .. numSbY — 1, and motion vector difference array diffMy as outputs.
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—  The bi-prediction weight index bewldx is set equal to bew_1dx[ xCb ][ yCb ].

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,

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

Outputs of this process are:

— the Iuma 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.

—  the motion vector difference array diffMv.
The following assignments are made for x = xCb..xCb + cbWidth — 1 and
y =yCb..yCb + cbHeight — 1:
CoMVLX[x [y ][ O] =cpMVLX[ O]
(8-660)
CoMvLX[x[[y][1]=cpMVLX[ 1 ]
(8-667)
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CoMvLX[ x ][y ][ 2 ]=cpMVLX[ 2]

(8-668)
The variables log2CbW and log2CbH are derived as follows:
log2CbW = Log2( cbWidth )
(8-669)
log2CbH = Log2( cbHeight )
(8-670)
The variables mvScaleHor, mvScaleVer, dHorX and dVerX are derived as follows:
mvScaleHor = cpMvLX[ O ][ 0] <<7
(8-671)
mvScaleVer =cpMvLX[ 0 ][ 1] <<7
(8-672)

dHorX =(cpMVLX[ 1 ][0] —cpMVLX[ 0 ][ 0] ) << (7 — log2CbW ) (8-673)
dVerX = (cpMvLX[ 1 ][ 1] —cpMvLX[ 0 ][ 1]) << (7 — log2CbW ) (8-674)
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 —log2CbH ) (8-675)
dVerY = (cpMvLX[ 2][ 1]~ cpMvLX[ 0][ 1]) << (7 — log2CbH ) (8-676)
—  Otherwise ( numCpMy is equal to 2), the following applies:
dHorY = — dVerX (8-677)
dVerY = dHorX (8-678)
The variables sbWidth and sbHeight are derived as follows:
sbWidth = cbWidth/numSbX
(8-xxx)
shHeight = cbHeight/numShY
(8-xxx)
The variable fallbackModeTriggered 1s set equal to 1 and modified as follows:
—  The variables bxWX4, bxHX4, bx WX, bxHXp, bxWXyvand bxHXy are derived as follows:
maxW; = Max( 0, Max( 4 * (2048 + dHorX),
Max( 4*dHorY, 4 * (2048 + dHorX ) +4 * dHorY ) ) ) (8-679)
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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)
bxWX4 = (( maxWs —minWs ) >>11)+9

(8-683)

bxHX4 = (( maxHs —minHy )>>11)+9
(8-684)
bxWXp =
((Max( 0,4 * (2048 +dHorX ) ) —Min( 0,4 * (2048 + dHorX ) ) ) >>11) +
9 (8-685)

bxHXp = (( Max( 0, 4 * dVerX ) — Min( 0, 4 * dVerX ) ) >> 11 ) + 9(8-686)
bxWX, = ( (Max( 0, 4 * dHorY ) — Min( 0, 4 * dHorY ) ) >> 11 ) + 9(8-687)

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 1s less than or
equal to 225, fallbackModeTriggered is set equal to O.
—  Otherwise, if both bxWXy * bxHX 1s less than or equal to 165 and bxWXy * bxHXy is
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)
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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 *

yPosCb ) (8-693)
mvLX][ xSbldx ][ ySbldx ][ 1 ] = ( mvScaleVer + dVerX * xPosCb + dVerY *
yPosCb ) (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)
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.

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. Affine chroma MC is
performed on 4x4 chroma blocks.

The motion vector difference array diffMv is derived as follows:
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— If fallbackModeTriggered is equal to 0, 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 andy = 0..sbHeight - 1, the following applies:
—  The following applies:
diffMv[x ][y ][ 0] =x * (dHorX <<2) +y * (dVerX << 2 ) — posOffsetX
diffMv[x ][y ][1]=x*(dHorY <<2) +y * (dVerY << 2) — posOffsetY
—  Fori= 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 ][ i |, rightShift set equal to 7,
and leftShift set equal to 0 as inputs and the rounded diffMv as output.
— diffMv[x ][y ][ i] is clipped as followings:
diffMv[ x ][y ][ i ] = Clip3( -dmvLimit, dmvLimit - 1, diffMv[x ][y ][i])
—  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
8.5.6.1 General
This process is invoked when decoding a coding unit coded in inter prediction mode.
Inputs to this process are:
— a luma location ( xCb, yCb ) specifying the top-left sample of the current coding block
relative to the top-left luma sample of the current picture,
— avariable cbWidth specifying the width of the current coding block in luma samples,
— avariable cbHeight specifying the height of the current coding block in luma samples,
— variables numSbX and numSbY specifying the number of luma coding subblocks in

horizontal and vertical direction,
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the motion vectors mvLO[ xSbldx ][ ySbldx ] and mvL1[ xSbldx ][ ySbldx ] with
xSbldx =0 .. numSbX — 1, and ySbldx =0 .. numSbY — 1,

the refined motion vectors refMvLO[ xSbldx ][ ySbldx ] and refMvL1[ xSbldx ][ ySbldx ]
with xSbldx =0 .. numSbX — 1, and ySbldx =0 .. numSbY — 1,

the reference indices refldxL0 and refldxI.1,

the prediction list utilization flags  predFlaglO[ xSbldx ][ ySbldx ] and
predFlagL.1[ xSbldx ][ ySbldx ] with xSbldx =0 .. numSbX — 1, and
ySbldx =0 .. numSbY — 1,

the bi-prediction weight index bewldx,

a variable cldx specifying the colour component index of the current block.

a motion vector difference array diffMv.

Outputs of this process are:

an array predSamples of prediction samples.

Let predSamplesLOL, predSamplesL 11 and predSamplesIntraL be (cbWidth)x(cbHeight)

arrays of predicted luma sample values and, predSamplesLOcp, predSamplesL1cp,

predSamplesL.Ocr and predSamplesL1cr, predSamplesIntracy,, and predSamplesIntrac: be

(cbWidth / 2)x(cbHeight / 2) arrays of predicted chroma sample values.

The variable currPic specifies the current picture and the variable bdofFlag is derived as
follows:
— If all of the following conditions are true, bdofFlag is set equal to TRUE.
— sps_bdof enabled flag is equal to 1.
— predFlagLO[ xSbldx ][ ySbldx | and predFlagL1[ xSbldx ][ ySbldx ] are both
equal to 1.
— DiffPicOrderCnt( currPic, RefPicList[ O ][ refldxL.O | ) *
DiffPicOrderCnt( currPic, RefPicList[ 1 ][ refldxL1 ] ) is less than O.
—  MotionModelldc[ xCb ][ yCb ] is equal to O.
— merge subblock flag] xCb ][ yCb ] is equal to O.
— sym _mvd_flag[ xCb ][ yCb ] is equal to O.
— Bewldx[ xCb ][ yCb ] is equal to O.
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luma_weight 10 flag[ refldxL0 ] and luma_weight 11 flag[ refldxL.1 ] are both
equal to O.
— cbHeight is greater than or equal to 8

— cldx is equal to O.

— Otherwise, bdofFlag is set equal to FALSE.

If numSbY is equal to 1 and numSbX is equal to 1 the following applies:

When bdofFlag is equal to TRUE, the variables numSbY, numSbX are modified as

follows:
numSbX = (cbWidth>16) ? (cbWidth>>4) : 1 (8-700)
numSbY = ( cbHeight > 16) ? ( cbHeight >>4) : 1 (8-701)
— For X=0..1, xSbldx =0..numSbX — 1 and ySbldx = 0..numSbY — 1, the following
applies:

— predFlagLX] xSbldx ][ ySbldx ] is set equal to predFlagL. X[ 0 ][ O].
— refMvLX] xSbldx ][ ySbldx ] is set equal to refMvLX[ 0 ][ O ].
— mvLX[ xSbldx ][ ySbldx ] is set equal to mvLX[ O ][ O].

The width and the height of the current coding sublock sbWidth, sbHeight in luma samples
are derived as follows:

sbWidth = cbWidth / numSbX
sbHeight = cbHeight / numSbY

(8-702)

(8-703)
If inter affine flag[ xCb ][ vCb ] 1s equal to 1. cldx is equal to 1 and profFlag is equal to
TRUE, the following applies:

— For each coding subblock at subblock index (xSbldx, ySbldx) with

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

The 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 is derived as follows:

( xSb, ySb) = ( xCb + xSbldx * sbWidth, yCb + ySbldx * sbHeight )(8-704)

For X being each of 0 and 1. when predFlagl. X[ xSbldx ][ ySbldx ] is equal to 1. the
following applies:

The reference picture consisting of an ordered two-dimensional array refPicLXp

of luma samples and two ordered two-dimensional arrays refPicL.Xch, and
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refPicL.Xc¢, of chroma samples i1s derived by invoking the process specified in
clause 8.5.6.2 with X and refldxI.X as inputs.
— The array paddedSamplesX[xSbldx J[ySbldx] 1s derived by invoking the

fractional sample interpolation process specified in clause 8.5.6.3 with the

luma location ( xSb. ySb ), the coding subblock width sbWidth. the coding

subblock height sbHeight in luma samples. the luma motion vector offset (O,

0), the refined luma motion vector refMvLX[ xSbldx ][ xSbldx ], the

reference array refPicl. X1.. bdofFlag. and cldx as inputs.

— notPaddedSamplesX[x+xSb][y+ySb] 1S set equal to
predSamplesl X1 [x+1][y+1] with x=0... sbWidth-1, v=0.... sbHeight-1

For each coding subblock at subblock index ( xSbldx, ySbldx ) with xSbldx =0 .. numSbX — 1,

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

The 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 is derived as follows:

(xSb, ySb) = (xCb + xSbldx * sbWidth, yCb + ySbldx * sbHeight ) (8-704)

For X being each of 0 and 1, when predFlaglL. X[ xSbldx ][ ySbldx ] is equal to 1, the following

applies:

The reference picture consisting of an ordered two-dimensional array refPicLXy of luma

samples and two ordered two-dimensional arrays refPicLXcy and refPicLXcr of chroma

samples 1s derived by invoking the process specified in clause 8.5.6.2 with X and

refldxLX as inputs.

The motion vector offset mvOffset 1s set equal to

refMvLX][ xSbldx ][ xSbldx | — mvLX][ xSbldx ][ ySbldx ].

When one or more of the following conditions is true, mvOffset[ O ] is set equal to O:

— xSb is not equal to xCb and mvOffset[ O ] is less than O

— (xSb + sbWidth ) is not equal to ( xCb + cbWidth) and mvOffset[ O ] is greater than
0

When one or more of the following conditions is true, mvOffset[ 1 ] is set equal to O:

— ySb s not equal to yCb and mvOffset[ 1 ] is less than O

— (ySb + sbHeight ) is not equal to ( yCb + cbHeight ) and mvOffset[ 1 ] is greater than
0
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If clIdx is equal to 0, the following applies:

If inter_affine flag[ xSb || ySb | is equal to 1, prediction refinement with optical
flow process specified in clause 8.5.6.7 is invoked with sbWidth, sbHeight,
predSamples]. X1 and motion vector difference array diffMv as inputs and refined
predSamples]. X as outputs.

Otherwise, the array predSamplesL. X1, 1s derived by invoking the fractional sample

interpolation process specified in clause 8.5.6.3 with the coding subblock width

sbWidth, the coding subblock height sbHeight, the coding block width cbWidth, the

coding block height cbHeight in luma samples. the luma location ( xSb. ySb), the

sample array paddedSamplesX[xSbldx ][ySbldx]. the sample array

notPaddedSamplesX, the luma motion vector offset mvOffset. the refined luma

motion vector refMvLX[ xSbldx ][ xSbldx ], the reference array refPicLXj.

bdofFlag. and cldx as inputs.

Otherwise if cldx is equal to 1, the following applies:

The array predSamplesL.Xcy 1s derived by invoking the fractional sample interpolation
process specified in clause 8.5.6.3 with the luma location ( xSb, ySb ), the coding
subblock width sbWidth /2, the coding subblock height sbHeight / 2, the chroma
motion vector offset mvOffset, the refined chroma motion vector
refMVLX] xSbldx ][ xSbldx ], the reference array refPicLXcy, bdofFlag, and cldx as

inputs.

Otherwise (cldx is equal to 2), the following applies:

The array predSamplesL.Xcr 1s derived by invoking the fractional sample interpolation
process specified in clause 8.5.6.3 with the luma location ( xSb, ySb ), the coding
subblock width sbWidth /2, the coding subblock height sbHeight / 2, the chroma
motion vector offset mvOffset, the refined chroma motion vector
refMVLX] xSbldx ][ xSbldx ], the reference array refPicLXcy, bdofFlag, and cldx as

inputs.

If bdofFlag 1s equal to TRUE, the following applies:

The variable shift is set equal to Max( 2, 14 — BitDepthy ).
The variables sbDiffThres, bdofBIkDiffThres, and sbSumDiff are derived as follows:
sbDiffThres = (1 << ( BitDepthy — 8 + shift ) ) * sbWidth*sbHeight (8-705)
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bdofBIkDiffThres = 1 << ( BitDepthy — 3 + shift ) (8-706)
sbSumDiff = 0 (8-707)

— For xIdx=0.(sbWidth>>2)—1 and yldx=0.(sbHeight>>2)—1, the variables
bdofBlkSumDiff and the  bidirectional optical flow  utilization flag

bdofUtilizationFlag[ xIdx ][ yldx ] are derived as follows:

bdofBlkSumDiff = ¥'7_, Z?:o Abs( predSamplesLOr[ ( xIdx <<2)+ 1 +1 ][ (yldx <<
2)+1+]]- (8-708)

predSamplesL1[ (xIdx <<2)+ 1 +1][ (yldx <<2)+1+j])
bdofUtilizationFlag[ xIdx ][ yldx ] =  bdofBlkSumDiff >= bdofBlkDiffThres
(8-709)
sbSumDiff += bdofBlkSumDiff (8-710)

— The variable sbBdofFlag is derived as follows:

If sbSumDiff is less than sbDiff Thres, sbBdofFlag is set equal to FALSE.
Otherwise, sbBdofFlag set equal to TRUE.

— The array predSamples of prediction samples is derived as follows:

— If cldx 1s equal to O, the prediction samples inside the current luma coding subblock,

predSamples[ x. + xSb ][ y. + ySb ] with xi =0..sbWidth — 1 and yr =0..sbHeight — 1,

are derived as follows:

If sbBdofFlag is equal to TRUE, the bidirectional optical flow sample prediction
process as specified in clause 8.5.6.4 is invoked with nCbW set equal to the luma
coding subblock width sbWidth, nCbH set equal to the luma coding subblock height
sbHeight and the sample arrays predSamplesL.Or. and predSamplesL1i, and the
variables predFlagL.O[ xSbldx ][ ySbldx ], predFlagL.1[ xSbldx ][ ySbldx ], refldxLO,
refldxL1 and bdofUtilizationFlag[ xIdx ][ yldx ] with xIdx = 0..( sbWidth>>2) —1,
yldx = 0..( sbHeight >>2 ) —1 as inputs, and predSamples| x. +xSb ][ y. + ySb ] as
outputs.

Otherwise (sbBdofFlag is equal to FALSE), the weighted sample prediction process as
specified in clause 8.5.6.5 is invoked with the luma coding subblock width sbWidth,
the luma coding subblock height sbHeight and the sample arrays predSamplesL.OL and
predSamplesL 1y, and the variables predFlagL.O[ xSbldx ][ ySbldx ],
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predFlagL1[ xSbldx ][ ySbldx ], refldxL0, refldxL.1, bcwldx, and cldx as inputs, and
predSamples[ xr +xSb ][ yL + ySb ] as outputs.

— Otherwise, if cldx i1s equal to 1, the prediction samples inside the current chroma
component Cb coding subblock, predSamples[ xc+xSb/2][yc+ySb/2] with
xc =0..sbWidth /2 — 1 and yc = 0..sbHeight / 2 — 1, are derived by invoking the weighted
sample prediction process specified in clause 8.5.6.5 with nCbW set equal to sbWidth / 2,
nCbH set equal to sbHeight / 2, the sample arrays predSamplesL.Ocp and predSamplesL1 ¢,
and the variables predFlagLO[ xSbldx J[ ySbldx ], predFlagl.1[ xSbldx ][ ySbldx ],
refldxL0, refldxLL1, bewldx, and cldx as inputs.

— Otherwise (cldx is equal to 2), the prediction samples inside the current chroma component
Cr coding subblock, predSamples[ xc +xSb/2 ][ yc+ySb/2] with
xc =0..sbWidth /2 — 1 and yc = 0..sbHeight / 2 — 1, are derived by invoking the weighted
sample prediction process specified in clause 8.5.6.5 with nCbW set equal to sbWidth / 2,
nCbH set equal to sbHeight / 2, the sample arrays predSamplesLOcr and predSamplesL1cy,
and the variables predFlagLO[ xSbldx J[ ySbldx ], predFlagl.1[ xSbldx ][ ySbldx ],
refldxL0, refldxL1, bewldx, and cldx as inputs.

— When cldx is equal to 0, the following assignments are made for x = 0..sbWidth — 1 and

y =0..sbHeight — 1:

MvLO[ xSb +x ][ ySb +y ] = mvLO[ xSbldx ][ ySbldx ] (8-711)
MvLI[ xSb +x ][ ySb+y ] =mvL1[ xSbldx ][ ySbldx ] (8-712)
MvDmvrLO[ xSb + x ][ ySb +y | = refMvLO[ xSbldx ][ ySbldx ] (8-713)
MvDmvrL1[ xSb + x ][ ySb +y | =refMvL1[ xSbldx ][ ySbldx ] (8-714)
RefldxLO[ xSb +x ][ ySb +y ] = refldxL.0

(8-715)
RefldxL1[ xSb +x ][ ySb +y | = refldxL1

(8-716)
PredFlagl.O[ xSb +x ][ ySb +vy ] = predFlagLO[ xSbldx ][ ySbldx ] (8-717)
PredFlaglL1[ xSb +x ][ ySb +y ] = predFlagL1[ xSbldx ][ ySbldx ] (8-718)

Bewldx[ xSb + x ][ ySb +y ] = bewldx
(8-719)
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When ciip_flag[ xCb ][ yCb ] is equal to 1, the array predSamples of prediction samples is
modifed as follows:
— If cldx 1s equal to O, the following applies:

— The general intra sample prediction process as specified in clause 8.4.5.2.5 1s invoked with
the location ( xTbCmp, yTbCmp ) set equal to (xCb, yCb ), the intra prediction mode
predModelntra set equal to IntraPredModeY[ xCb ][ yCb ], the transform block width
nTbW and height nTbH set equal to cbWidth and cbHeight, the coding block width nCbW
and height nCbH set equal to cbWidth and cbHeight, and the variable cldx as inputs, and
the output is assigned to the (cbWidth)x(cbHeight) array predSampleslntrar.

— The weighted sample prediction process for combined merge and intra prediction as
specified in clause 8.5.6.6 is invoked with the location ( xTbCmp, yTbCmp ) set equal to
(xCb, yCb), the coding block width cbWidth, the coding block height cbHeight, the
sample arrays predSamplesinter and predSamplesintra set equal to predSamples and
predSamplesIntrar, respectively, the intra prediction mode predModelntra set equal to
IntraPredModeY[ xCb ][ yCb ], and the colour component index cldx as inputs, and the
output is assigend to the (cbWidth)x(cbHeight) array predSamples.

— Otherwise, if cldx is equal to 1, the following applies:

— The general intra sample prediction process as specified in clause 8.4.5.2.5 1s invoked with
the location ( xTbCmp, yTbCmp ) set equal to (xCb/2, yCb/2), the intra prediction
mode predModelntra set equal to IntraPredModeY[ xCb ][ yCb ], the transform block
width nTbW and height nTbH set equal to cbWidth / 2 and cbHeight / 2, the coding block
width nCbW and height nCbH set equal to cbWidth / 2 and cbHeight / 2, and the variable
cldx as inputs, and the output is assigned to the (cbWidth/2)x(cbHeight/2) array
predSamplesIntracy.

— The weighted sample prediction process for combined merge and intra prediction as
specified in clause 8.5.6.6 is invoked with the location ( xTbCmp, yTbCmp ) set equal to
(xCb, yCb ), the coding block width cbWidth / 2, the coding block height cbHeight / 2, the
sample arrays predSamplesinter and predSamplesintra set equal to predSamplescy, and
predSamplesIntracy, respectively, the intra prediction mode predModelntra set equal to
IntraPredModeY[ xCb ][ yCb ], and the colour component index cldx as inputs, and the
output is assigend to the (cbWidth / 2)x(cbHeight / 2) array predSamples.

86



WO 2020/244545 PCT/CN2020/094156

— Otherwise (cldx is equal to 2), the following applies:

— The general intra sample prediction process as specified in clause 8.4.5.2.5 1s invoked with
the location ( xTbCmp, yTbCmp ) set equal to (xCb/2, yCb/2), the intra prediction
mode predModelntra set equal to IntraPredModeY[ xCb ][ yCb ], the transform block
width nTbW and height nTbH set equal to cbWidth / 2 and cbHeight / 2, the coding block
width nCbW and height nCbH set equal to cbWidth / 2 and cbHeight / 2, and the variable
cldx as inputs, and the output is assigned to the (cbWidth/2)x(cbHeight/2) array
predSamplesIntrac.

The weighted sample prediction process for combined merge and intra prediction as specified in

clause 8.5.6.6 is invoked with the location ( xXTbCmp, yTbCmp ) set equal to ( xCb, yCb ), the

coding block width cbWidth / 2, the coding block height cbHeight / 2, the sample arrays

predSamplesinter and predSampleslntra set equal to predSamplescr and predSamplesIntracy,

respectively, the intra prediction mode predModelntra set equal to

IntraPredModeY[ xCb ][ yCb ], and the colour component index cldx as inputs, and the output is

assigend to the (cbWidth / 2)x(cbHeight / 2) array predSamples.

8.5.6.3 Fractional sample interpolation process

8.5.6.3.1 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,

— a variable sbWidth specifying the width of the current coding subblock,

— avariable sbHeight specifying the height of the current coding subblock,

— a motion vector offset mvOffset,

— arefined motion vector refMvLX,

— the selected reference picture sample array refPicLX,

— the bidirectional optical flow flag bdofFlag,

a variable cldx specifying the colour component index of the current block.
Outputs of this process are:

— an  (sbWidth+  borderExtension  [[bdofOffset]])x(sbHeight +  borderExtension
[[bdofOffset]]) array predSamplesLX of prediction sample values.
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The prediction block border extension borderExtension [[bidirectional optical flow boundary
offset bdofOffset]] is derived as follows:
borderExtension [[bdofOffset]] = ( bdofFlag | | inter_affine flag{xSb][ySbh])? 2 . 0(8-720)

— If cldx 1s equal to O, the following applies:

Let ( xIntL, yIntL ) be a luma location given in full-sample units and ( xFracL, yFracL )
be an offset given in 1/16-sample units. These variables are used only in this clause for
specifying fractional-sample locations inside the reference sample arrays refPicLX.

For each luma sample location (xL=0..sbWidth — 1 +borderExtension
[[bdofOffset]], yL = 0..sbHeight — 1 +borderExtension  [[bdofOffset]]) inside the
prediction luma sample array predSamplesL X, the corresponding prediction luma sample
value predSamplesLX][ xi. ][ yi ] is derived as follows:

— The variables xIntr, yInt., xFracL and yFracL are derived as follows:

xIntL =xSb + (refMvLX[ 0] >> 4)+xL

(8-721)
yintL =ySb+ (refMvLX[ 1] >> 4)+yL

(8-722)
xFracL =refMvLX[ 0] & 15 (8-723)
yFracL =refMvLX[ 1] & 15 (8-724)

If bdofFlag is equal to TRUE and one or more of the following conditions are true, the
prediction luma sample value predSamplesLX[ x. ][ yL ] is derived by invoking the luma
integer sample fetching process as specified in clause 8.5.6.3.3 with ( xIntr, yIntr )[[,
( xFract, yFracL )]] and refPicLX as inputs:

— xvisequal to 0.

— xv1s equal to sbWidth + 1.

— yrisequal toO.

— yris equal to sbHeight + 1.

Otherwise, if inter_affine flag[ xSb [[ ySb | is equal to TRUE and one or more of the
following  conditions are true, the prediction Iuma sample value
predSamples]L. X[ x; [[y1 | is derived by invoking the luma integer sample fetching
process as specified in clause 8.5.6.3.3 with (xIntRounded;, yIntRounded; ) and
refPicl.X as inputs.
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— Xxris equal to 0.

— XL is equal to sbWidth + 1.

—  yLis equal to 0.

— yris equal to shHeight + 1.

xIntRounded; and yIntRounded; are derived as following:

xIntRounded; -xInt; + (xFrac;.>> 3)
yintRoundedy -yInt, + (yFracL>> 3)

—  Otherwise, the following applies:

—  The motion vector mvLX is set equal to ( refMvLX — mvOffset ).

—  The list padVal[ dir ] is derived as follows for dir =0..1:

— The variable disp is derived as follows:
disp = (refMvLX[ dir ] >> 4)—(mvLX[dir] >> 4)+(dir==07xL: yL)
(8-725)
— Ifdisp is less than O, padVal[ dir ] is set equal to disp.
— Otherwise, if disp i1s greater than (dir ==0 ? sbWidth : sbHeight ) — 1,
padVal[ dir ] is set equal to disp — (( dir == 0 ? sbWidth : sbHeight) — 1).
— Otherwise, padVal[ dir ] is set equal to O.

— The prediction luma sample value predSamplesL.X[ xL ][ yL ] is derived by invoking
the luma sample 8-tap interpolation filtering process as specified in clause 8.5.6.3.2
with ( xIntL, yIntL ), ( xFracL, yFracL ), refPicLX, sbWidth, sbHeight, ( xSb, ySb)
and padVal as inputs.

—  Otherwise (cldx is not equal to 0), the following applies:

— Let (xIntC,yIntC) be a chroma location given in full-sample units and
( xFracC, yFracC ) be an offset given in 1/32 sample units. These variables are used only
in this clause for specifying general fractional-sample locations inside the reference
sample arrays refPicLX.

—  For each chroma sample location ( xC = 0..sbWidth — 1, yC =0.. sbHeight — 1 ) inside the
prediction chroma sample arrays predSamplesL.X, the corresponding prediction chroma
sample value predSamplesLX[ xC ][ yC ] is derived as follows:

— The variables xIntc, yIntc, xFracc and yFracc are derived as follows:

xIntc = ( xSb/ SubWidthC ) + (mvLX[ 0] >> 5)+xc (8-726)
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yIntc = ( ySb / SubHeightC ) + (mvLX[ 1] >> 5) +yc (8-727)
xFracc =mvLX[ 0] & 31 (8-728)
yFracc=mvLX[ 1] & 31 (8-729)

— The motion vector mvLX is set equal to ( refMvLX — mvOffset ).
— The list padVal[ dir ] is derived as follows for dir =0..1:

The variable disp is derived as follows:

disp = (refMvLX[dir] >> 4)— (mvLX[dir] >> 4)+ (dir==07? xc : yc)

(8-730)

If disp s less than 0, padVal[ dir ] is set equal to disp.

Otherwise, if disp is greater than
(dir ==0 ? sbWidth / SubWidthC : sbHeight / SubWidthC ) — 1, padVal[ dir] is
set equal to
disp—((dir == 0 ? sbWidth / SubWidthC : sbHeight / SubWidthC ) — 1).
Otherwise, padVal[ dir ] is set equal to O.

The prediction sample value predSamplesLX][ xC ][ yC ] is derived by invoking the
process specified in clause 8.5.6.3.4 with ( xIntC, yIntC ), ( xFracC, yFracC ),
refPicLX, and padVal as inputs.

8.5.6.x Padding process for optical flow process

Inputs to this process are:

two variables sbWidth and sbHeight specifying the width and the height of the current
subblock,

two variables bWidth and bHeight specifying the width and the height of the current
subblock,

one (bWidth + 2) x (bHeight + 2) prediction sample arrays, paddedSamples

8.5.6.7 Prediction refinement with optical flow process

Inputs to this process are:

two variables sbWidth and sbHeight specifying the width and the height of the current
subblock,
two variables cbWidth and cbHeight specifying the width and the height of the current block,

the luma location ( xSb, ySb ),

one (sbWidth + 2) x (sbHeight + 2) prediction sample arrays, paddedSamples

90



WO 2020/244545 PCT/CN2020/094156

— one cbWidth x cbHeight prediction sample array nopaddedSamples
— one (sbWidth x sbHeight) motion vector difference array, diffMv

Output of this process is the (sbWidth)x(sbHeight) array pbSamples of prediction sample
values.

Variables bitDepth and shiftl are derived as follows:

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

—  The variable dILimit is set equal to 1 << (14 —1).

The varialbe paddingW is derived as Min(16, cbWidth).

The variable paddingH is derived as Min(16, cbHeight).

A (sbWidth + 2) x (sbHeight + 2) sample array predSamples is derived as :

predSamples[x][y] is set equal to paddedSamples[x][y] with x=1... sbWidth, y=1... sbHeight.

If ySb% paddingH is equal to 0. predSamples[x][0] is set equal to paddedSamples[x][0] with

x=1... sbWidth. Otherwise, predSamples[x][0] is set equal to nopaddedSamples[x+xSb-1][ySb-
1] with x=1... sbWidth.

If (vSb+ sbHeight) % paddingH is equal to 0, predSamples[x][sbHeight+1] is set equal to
paddedSamples[x][sbHeight+1] with x=1... sbWidth. Otherwise, predSamples[x][ sbHeight+1]
is set equal to nopaddedSamples[x+xSb-1][ySb+ sbHeight] with x=1... sbWidth.

If xSb% paddingW 1s equal to 0, predSamples[0][v] is set equal to paddedSamples[0][y] with

y=1... sbHeight. Otherwise, predSamples[0][y] is set equal to nopaddedSamples[xSb-1][ ySb +y
-1] with y=1... sbHeight.

If (xSb+ sbWidth) % paddingW is equal to O, predSamples[sbWidth+1][vy] is set equal to
paddedSamples[sbWidth+1][y] with y=1... sbHeight. Otherwise, predSamples[sbWidth+1][v] is
set equal to nopaddedSamples[xSb+sbWidth][ySb+ y-1] with y=1... sbHeight.

For x=0.. sbWidth - 1, y =0.. sbHeight - 1, the following ordered steps apply:
—  The variables gradientH[ x [[ y | and gradientV] x [[ y | are derived as follows:
gradientH[ x [[y | = (predSamples[x + 2 [[y | — predSamples[ x [[y ] ) >> shift]

gradientV[x [[y] = (predSamples[x [[y + 2 | — predSamples[ x [[ y ] ) >> shift]

—  The variable dI is derived as follows:

dl = gradientH[ x [[ y | * diffMv[ x [[ y [[ 0] + gradientV]x J[y | * diffMy[x [[y [[ 1]

—  Prediction sample value at location (X, y ) in the subblock is derived as follows:
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pbSamples| x [[ y | = predSamples[ x + 1 [[y + 1 | + Clip3( -dILimit, dILimit - 1, (dI +
1)>>1))

5.2 Working draft for bullet 22.

The working draft is based on JVET-02001.

The changes in JVET-O0070 is in bold and italic. Deleted texts 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

— 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.

affine prof enabled flag is equal to O.
fallbackModeTriggered is equal to 1.
numCpMv 1s equal to 2 and cpMvLX[1][0]1s equal to cpMvLX[O][ 0] and
cpMVLX[ 1 ][ 1] 1s equal to cpMVLX[O ][ 1].

1][0]1s equal to cpMVvLX[O][ O] and
cpMVLX[ 1 ][ 1]1s equal to cpMVLX[O][ 1] and cpMvLX[2][O0]is equal to
cpMVLX[ O ][ O] and cpMvLX[ 2 ][ 1] 1s equal to cpMvLX[ O ][ 1].

numCpMyv is equal to 3 and cpMvVLX]

—  Otherwise, cbProfFlaglX set equal to TRUE.

If chProfFlagl. X is 1, the motion vector difference array diffMv is derived as follows:
— The variables sbWidth and sbHeight are derived as follows:

sbWidth = cbWidth / numSbX
sbHeight = cbHeight / numSbY

— The variable bitDepth is set equal to BitDepthy, and 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

— For x =0..sbWidth — 1 and y = 0..sbHeight — 1, the following applies:

The following applies:
diffMv[ x ][y ][0]=x* (dHorX <<2)+y * (dVerX <<2 ) — posOffsetX
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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[ x ][ y ][ 1] as output.
diffMv[ x ][ y ][ 1 ] 1s clipped as followings:

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

5.2 Working draft for bullet 23.
The working draft is based on JVET-02001.

The changes in JVET-O0070 is in bold and italic. Deleted texts are marked with double brackets

(e.g., [[a]] denotes the deletion of the character “a”).
7.3.2.3 Sequence parameter set RBSP syntax

seq_parameter_set_tbsp( ) { Descriptor
sps_bdof_enabled_flag u(1)
sps_dmvr_enabled_flag u(1)
sps_affine_prof_enabled_flag u(1)
if( sps_bdof enabled flag || sps_dmvr_enabled flag || sps_affine_prof enabled_flag)
sps_bdof prof _dmvr_slice_present flag u(l)
7.3.6 Slice header syntax
7.3.6.1 General slice header syntax
slice_header( ) { Descriptor
slice_pic_parameter_set_id ue(v)
if( sps_fpel mmvd_enabled flag )
slice_fpel_mmvd_enabled_flag u(l)
if( sps_bdof prof dmvr_slice_present_flag }
slice_disable_bdof prof_dmvr_flag u(l)

sps_bdof prof dmvr _slice present flag equal to 1 specifies that

slice_disable bdof prof dmvr flag is present in slice headers referring to the SPS.
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sps_bdof prof dmvr slice present flag equal to O specifies that

slice_disable bdof prof dmvr flag is not present in slice headers referring to the SPS. When
sps_bdof prof dmvr slice present flag is not present, the value of

sps_bdof prof dmvr slice present flag is inferred to be equal to O.
slice_disable bdof prof dmvr_flag equal to 1 specifies that none of bidirectional optical flow
inter prediction, prediction refinement with optical flow and decoder motion vector refinement
based inter bi-prediction is enabled in the current slice. slice disable bdof prof dmvr flag equal
to O specifies that bidirectional optical flow inter prediction, prediction refinement with optical
flow or decoder motion vector refinement based inter bi-prediction may or may not be enabled in
the current slice. When slice disable bdof prof dmvr flag is not present, the value of
slice_disable prof bdof dmvr flag is inferred to be O.

8.5.1 General decoding process for coding units coded in inter prediction mode

— When all of the following conditions are true, dmvrFlag is set equal to 1:

— sps_dmvr_enabled flag is equal to 1 and slice_disable _bdof prof dmvr_flag is
equal to 0

— general merge flag[ xCb ][ yCb ] is equal to 1

— both predFlagl.O[ 0 ][ O ] and predFlagL.1[ O ][ O ] are equal to 1

— mmvd_merge flag][ xCb ][ yCb ] is equal to O

— ciip_flag[ xCb ][ yCb ] 1s equal to O

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

— Bewldx[ xCb ][ yCb ] 1s equal to O

— Both luma_weight 10 flag[ refldxLO ] and luma_weight 11 flag[ refldxL1 ] are
equal to O

— cbWidth is greater than or equal to 8

— cbHeight is greater than or equal to 8

— cbHeight*cbWidth is greater than or equal to 128

— For X being each of 0 and 1, the pic width in luma samples and

pic_height in luma samples of the reference picture refPicLX associated with
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the refldxLX are equal to the pic width in luma samples and

pic_height in luma samples of the current picture, respectively.

8.5.6.1
— If all of the following conditions are true, bdofFlag is set equal to TRUE.

— sps_bdof enabled flag is equal to 1 and slice disable bdof prof dmvr flag is equal
to 0.

— predFlagLO[ xSbldx ][ ySbldx ] and predFlagL.1[ xSbldx ][ ySbldx | are both equal
to 1.

— DiffPicOrderCnt( currPic, RefPicList[ O ][ refldxL0 ] ) *

DiffPicOrderCnt( currPic, RefPicList[ 1 ][ refldxL.1 ] ) is less than O.

— MotionModelldc[ xCb ][ yCb ] is equal to 0.

— merge_subblock flag[ xCb ][ yCb ] is equal to O.

— sym_mvd flag[ xCb ][ yCb ] is equal to O.

— ciip_flag[ xCb ][ yCb ] is equal to O.

— Bewldx[ xCb ][ yCb ] 1s equal to O.

— luma_weight 10 flag[ refldxLO] and luma_ weight 11 flag[ refldxL1 | are both
equal to O.

— cbWidth is greater than or equal to 8.

— cbHeight is greater than or equal to 8.

— cbHeight * cbWidth is greater than or equal to 128.

— For X being each of O and 1, the pic width in luma samples and
pic_height in luma samples of the reference picture refPicLX associated with the
refldxLX are equal to the pic_width in_luma_samples and
pic_height in luma samples of the current picture, respectively.

— cldx 1s equal to 0.

— Otherwise, bdofFlag is set equal to FALSE.

8.5.5.9

— The variable cbProfFlagl.X is derived as follows:
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— If one or more of the following conditions are true, cbProfFlagl.X is set equal to FALSE.

affine prof enabled flag is equal to O.

— slice disable _bdof prof dmvr flag is equal to 1.

— fallbackModeTriggered is equal to 1.

— numCpMyv 1s equal to 2 and cpMvLX[ 1][0]1s equal to cpMvLX[O0][ 0] and
cpMVLX[ 1 ][ 1] 1s equal to cpMVLX[O ][ 1].

— numCpMyv 1s equal to 3 and cpMvLX[ 1][0]1s equal to cpMvLX[O0][ 0] and
cpMVLX[ 1 ][ 1]1s equal to cpMVLX[O][ 1] and cpMvLX[2][O0]is equal to
cpMVLX[ O ][ 0] and cpMvLX[ 2 ][ 1] 1s equal to cpMvLX[ O ][ 1 ].

—  Otherwise, cbProfFlaglX set equal to TRUE.
[00287]
[00288] The examples described above may be incorporated in the context of the methods
described below, e.g., methods 2900, 2920, 2940 and 2960, which may be implemented at a
video decoder or a video encoder.
[00289] FIG. 29A shows a flowchart of an exemplary method for video processing. The
method 2910 includes, at step 2912, making a first determination about a coding mode used for
representing a current video block of a video in a coded representation of the video. The method
2910 further includes, at step 2914, making a second determination about whether to apply a
deblocking filter based on the first determination. The method 2910 further includes, at step
2916, performing a conversion between the current video block and the coded representation
according to the first determination and the second determination. In some implementations, the
coding mode uses an affine coding tool and a specific motion prediction/compensation tool for
the conversion.
[00290] FIG. 29B shows a flowchart of an exemplary method for video processing. The method
2920 includes, at step 2922, making a determination, due to use of a specific motion vector
precision in an affine coding tool for representing a current video block of a video in a coded
representation of the video, to enable use of a switchable interpolation filter tool. The method
2920 further includes, at step 2924, performing the conversion based on the determination, wherein
the switchable interpolation filter tool allows switching, for the current video block, to an
interpolation filter different from another interpolation filter used for processing a previous video

block.
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[00291] FIG. 29C shows a flowchart of an exemplary method for video processing. The method
2930 includes, at step 2932, making a decision, for a current video block of a video comprising
one or more video blocks, regarding an applicability of a bi-directional optical flow (BDOF) and/or
a prediction refinement optical flow (PROF) in which motion information is refined using an
optical flow to the current video block, based on usage of a switchable interpolation filter tool that
allows the current video block and another video block to use different interpolation filters for
determining prediction blocks. The method 2930 further includes, at step 2934, performing a
conversion between the video and a coded representation of the video based on the decision.
[00292] FIG. 29D shows a flowchart of an exemplary method for video processing. The method
2940 includes, at step 2942, performing a conversion between a video block of a video region of
a video and a coded representation of the video according to a rule. In some implementations, the
rule specifies that a first syntax element is included in the coded representation at a level of the
video region corresponding to applicability of a coding tool based on an optical flow model or a
decoder side motion vector refinement tool, and the conversion is performed according to a value
of the first syntax element.

[00293] S. Example implementations of the disclosed technology

[00294] FIG. 30A is a block diagram of a video processing apparatus 3000. The apparatus
3000 may be used to implement one or more of the methods described herein. The apparatus
3000 may be embodied in a smartphone, tablet, computer, Internet of Things (IoT) receiver, and
so on. The apparatus 3000 may include one or more processors 3002, one or more memories
3004 and video processing hardware 3006. The processor(s) 3002 may be configured to
implement one or more methods (including, but not limited to, method 2900) described in the
present document. The memory (memories) 3004 may be used for storing data and code used for
implementing the methods and techniques described herein. The video processing hardware 3006
may be used to implement, in hardware circuitry, some techniques described in the present
document.

[00295] FIG. 30B is another example of a block diagram of a video processing system in which
disclosed techniques may be implemented. FIG. 30B is a block diagram showing an example
video processing system 4100 in which various techniques disclosed herein may be implemented.
Various implementations may include some or all of the components of the system 4100. The

system 4100 may include input 4102 for receiving video content. The video content may be
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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 4102 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-F1 or cellular interfaces.

[00296] The system 4100 may include a coding component 4104 that may implement the
various coding or encoding methods described in the present document. The coding component
4104 may reduce the average bitrate of video from the input 4102 to the output of the coding
component 4104 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 4104 may be either stored, or transmitted via a communication connected, as
represented by the component 4106. The stored or communicated bitstream (or coded)
representation of the video received at the input 4102 may be used by the component 4108 for
generating pixel values or displayable video that is sent to a display interface 4110. 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.

[00297] 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.

[00298] 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
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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.

[00299] 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.

[00300] 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 macroblock may be
encoded in terms of transformed and coded error residual values and also using bits in headers and
other fields in the bitstream.

[00301] It will be appreciated that the disclosed methods and techniques will benefit video
encoder and/or decoder embodiments incorporated within video processing devices such as
smartphones, laptops, desktops, and similar devices by allowing the use of the techniques disclosed
in the present document.

[00302] Insome embodiments, the video coding methods may be implemented using an
apparatus that is implemented on a hardware platform as described with respect to FIG. 30A or
30B.

[00303] Various techniques and embodiments may be described using the following clause-
based format.

[00304] The first set of clauses describe certain features and aspects of the disclosed techniques

in the previous section.
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[00305] 1. A method for video processing, comprising: performing a gradient calculation in a
first region of a current video block, wherein a size of the first region (MxN) 1s different from a
size of a sub-block of the current video block that is used for motion compensation in an affine
mode, and wherein M and N are positive integers; and performing, based on the gradient
calculation, a conversion between the current video block and a bitstream representation of a video
comprising the current video block.

[00306] 2. The method of clause 1, wherein the size of the first region is larger than the size
of the sub-block.

[00307] 3. The method of clause 1 or 2, wherein M and N are predefined positive integers.
[00308] 4. The method of clause 1 or 2, wherein the size of the first region is based on the size
of the sub-block.

[00309] 5. The method of clause 1, wherein M/N is adaptively changed.

[00310] 6. The method of clause 1, wherein M and N are based on dimensions of the current
video block.

[00311] 7. The method of any of clauses 1 to 6, wherein M has a minimum value Mmin, and
wherein N has a minimum value Nmin.

[00312] 8. The method of clause 7, wherein Mmin = Nmin = 8.

[00313] 9. The method of any of clauses 1 to 6, wherein the first region is padded to generate
a first padded region of size (M+dM)x(N+dN).

[00314] 10. The method of clause 9, wherein samples in the first region or the first padded
region are derived based on motion compensation with interpolation filtering.

[00315] 11. The method of clause 1, wherein at least one sample in the first region is omitted
when performing the gradient calculation.

[00316] 12. The method of clause 1, wherein the gradient calculation is performed with a first
precision in bi-directional optical flow (BDOF) and with a second precision in prediction
refinement with optical flow (PROF), and wherein the first and second precisions are equal.
[00317] 13. A method for video processing, comprising: making a decision, based on a
selective application of a prediction refinement with optical flow (PROF) to a current video block,
regarding a selective application of a coding tool to the current video block, wherein the coding
tool is different from the PROF; and performing, based on the decision, a conversion between the

current video block and a bitstream representation of a video comprising the current video block.
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[00318] 14. The method of clause 13, wherein the PROF is not applied and the coding tool is
applied.

[00319] 15. The method of clause 13, wherein the coding tool comprises generalized bi-
prediction.

[00320] 16. The method of clause 15, wherein the PROF is not applied, and wherein an index
associated with the generalized bi-prediction is not zero.

[00321] 17. The method of clause 13, wherein the coding tool is local illumination
compensation.

[00322] 18. The method of clause 13, wherein the coding tool is a multiple transform set (MTS).
[00323] 19. The method of clause 18, wherein the PROF is applied, and only a default transform
from the MTS is applied to the current video block.

[00324] 20. The method of clause 13, wherein the coding tool is weighted prediction.

[00325] 21. A method for video processing, comprising: making a decision, during a
conversion between a current video block and a bitstream representation of a video comprising the
current video block, regarding a selective application of a prediction refinement with optical flow
(PROF) operation, wherein the decision 1s based on a color information of a current video block.
[00326] 22. The method of clause 21, wherein the PROF operation is not applied to one or more
chroma components of the current video block, and wherein the color information comprises a
4:0:0 color format.

[00327] 23. The method of clause 21, wherein the PROF operation is applied to one or more
chroma components of the current video block, and wherein the color information comprises a
4:4:4 color format.

[00328] 24. The method of clause 21, wherein the PROF operation is applied to one or more
chroma components of the current video block, and wherein the color information comprises a
4:0:0 color format.

[00329] 25. The method of clause 21, wherein the PROF operation is applied, and wherein the
color information comprises a plurality of color components

[00330] 26. The method of clause 25, wherein one or more gradients of the PROF operation are
calculated independently for each of the plurality of color components.

[00331] 27. The method of clause 25, wherein one or more gradients of the PROF operation are

calculated for a first color component of the plurality of color components and re-used for a second
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color component of the plurality of color components.

[00332] 28. The method of clause 26 or 27, wherein a precision of the gradients is based on at
least one of the plurality of color components.

[00333] 29. A method for video processing, comprising: making a decision, based on a height
(H) or a width (W) of a current video block, regarding a selective application of a prediction
refinement with optical flow (PROF) operation; and performing, based on the decision, a
conversion between the current video block and a bitstream representation of a video comprising
the current video block.

[00334] 30. The method of clause 29, wherein the PROF operation is applied to a luma
component of the current video block.

[00335] 31. The method of clause 29, wherein the current video block is coded using an affine
mode.

[00336] 32. The method of clause 31, wherein the PROF operation is not applied, wherein W <
T1 and/or H < T2, and wherein T1 = T2 = 16.

[00337] 33. The method of clause 31, wherein the PROF operation is not applied, wherein W >
T1 and/or H> T2, and wherein T1 = T2 = 64.

[00338] 34. The method of clause 31, wherein the PROF operation is not applied, wherein WxH
<T or max(W, H) <T, and wherein T = 16.

[00339] 35. The method of clause 31, wherein the PROF operation is not applied, wherein WxH
> T or min(W, H) > T, and wherein T = 64.

[00340] 36. The method of clause 1 or 2, wherein a size of the current video block is WxH,
wherein M = min(K, W), and wherein K is an integer.

[00341] 37. The method of clause 1 or 2, wherein a size of the current video block is WxH,
wherein N = min(K, H), and wherein K is an integer.

[00342] 38. The method of clause 36 or 37, wherein K = 16.

[00343] 39. The method of clause 1 or 2, further comprising: performing, prior to performing
the gradient calculation, a padding process in the first region of the current video block.

[00344] 40. The method of clause 39, wherein performing the padding process comprises
deriving one or more motion vectors.

[00345] 41. The method of clause 40, wherein the one or more motion vectors comprises a

motion vector derived from an affine model toward a specific position of the first region.
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[00346] 42. The method of clause 40, wherein the one or more motion vectors comprises a
motion vector derived from at least one motion vector of at least one sub-block of the first region.
[00347] 43. The method of clause 39, wherein performing the padding process is based on a
height or a width of the current video block.

[00348] 44. The method of clause 39, wherein performing the padding process is based on
signaling in a video parameter set (VPS), a decoder parameter set (DPS), a sequence parameter set
(SPS), a picture parameter set (PPS), an adaptation parameter set (APS), a slice header, a tile, a
tile group header, a coding tree unit (CTU) or a coding unit (CU).

[00349] 45. The method of clause 5 or 6, wherein M and N are signaled in a video parameter
set (VPS), a decoder parameter set (DPS), a sequence parameter set (SPS), a picture parameter set
(PPS), an adaptation parameter set (APS), a slice header, a tile, a tile group header, a coding tree
unit (CTU) or a coding unit (CU).

[00350] 46. The method of clause 5 or 6, wherein M and N are specified in a profile, a level or
a tier of a video coding standard.

[00351] 47. A method of video processing, comprising. determining, from a coded
representation of a video comprising multiple video blocks, applicability of a coding mode based
on a field in the coded representation at a video region level, wherein the video region level
comprises one or more video blocks; and performing a conversion between the coded
representation and the multiple video blocks using a result of the determining such that the coding
mode is selectively used upon determining applicability to the video region.

[00352] 48. The method of clause 47, wherein the video region comprises a video slice.
[00353] 49. The method of any of clauses 47-48, wherein the coding mode comprises
bidirectional optical flow mode or prediction refinement with optical flow mode or decoder side
motion vector refinement mode.

[00354] 50. The method of any of clauses 47-49 wherein the determining includes inferring that
the coding mode is disabled based on detecting an absence of a value of the field or an absence of
the field in the coded representation.

[00355] 51. The method of any of clauses 47-50, wherein the determining further includes
determining presence of another field at another video region level.

[00356] 52. The method of any of clauses 47-49, wherein the determining includes inferring

that the coding mode is enabled based on detecting a value of the field or a presence of the field in
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the coded representation.

[00357] 53. The method of any of clauses 47 and 49-52, wherein the video region comprises a
video picture.

[00358] 54. The method of any of clauses 47-53, wherein the conversion includes encoding the
video to generate the coded representation.

[00359] 55. The method of any of clauses 47-53, wherein the conversion includes decoding the
coded representation to generate the video.

[00360] 56. 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 55.

[00361] 57. A video encoder comprising a processor or circuitry configured to implement a
method recited in one or more of clauses 1 to 55.

[00362] 58. A video decoder comprising a processor or circuitry configured to implement a
method recited in one or more of clauses 1 to 55.

[00363] 59. 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 55.

[00364] The second set of clauses describe certain features and aspects of the disclosed
techniques in the previous section, including for example, Example Implementations 18-21, 23,
and 24.

[00365] 1. A wvideo processing method, comprising: making a first determination about a
coding mode used for representing a current video block of a video in a coded representation of
the video; making a second determination about whether to apply a deblocking filter based on the
first determination; and performing a conversion between the current video block and the coded
representation according to the first determination and the second determination, wherein the
coding mode uses an affine coding tool and a specific motion prediction/compensation tool for the
conversion.

[00366] 2. The method of clause 1 wherein the specific motion prediction/compensation tool
comprises an interweaved prediction that includes partitioning the current video block into a first
set of sub-blocks according to a first pattern and partitioning the current video block into a second

set of sub-blocks according to a second pattern, wherein at least one sub-block in the second set
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has a different dimension than a sub-block in the first set.

[00367] 3. The method of clause 1 or 2, wherein the specific motion prediction/compensation
tool comprises a phase variant affine subblock motion compensation tool in which filters with
different phases are applied to each row and each column of samples in a sub-block of the current
video block.

[00368] 4. The method of any of clauses 1 to 3, wherein the specific motion
prediction/compensation tool comprises a prediction refinement optical flow (PROF) in which
motion information is refined using an optical flow is applied to the current video block.

[00369] 5. The method of any of clauses 2 to 4, wherein the deblocking filter is not applied to
the current video block in a case that at least one of the interweaved prediction, the PROF, or the
phase-variant affine sub-block motion compensation is applied to the current video block.
[00370] 6. The method of any of clauses 2 to 4, wherein the deblocking filter is applied to the
boundary of a sub-block of the current video block with a strength that is smaller than that applied
to another video block in a case that at least one of the interweaved prediction, the PROF, or the
phase-variant affine sub-block motion compensation is applied to the current video block .
[00371] 7. The method of clause 2 to 4, wherein the deblocking filter is applied to the current
video block in a case that at least one of the interweaved prediction, the PROF, or the phase-variant
affine sub-block motion compensation is not applied to the current video block.

[00372] 8. The method of any of clauses 1 to 7, wherein the performing of the conversion
includes generating the coded representation from the video or generating the video from the coded
representation.

[00373] 9. A video processing method, comprising: making a determination, due to use of a
specific motion vector precision in an affine coding tool for representing a current video block of
a video in a coded representation of the video, to enable use of a switchable interpolation filter
tool; and performing the conversion based on the determination, wherein the switchable
interpolation filter tool allows switching, for the current video block, to an interpolation filter
different from another interpolation filter used for processing a previous video block.

[00374] 10. The method of clause 9, wherein the specific motion vector precision is 1/2-pel or
1/4-pel.

[00375] 11. The method of clause 9 or 10, wherein the performing of the conversion includes

generating the coded representation from the video or generating the video from the coded
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representation.

[00376] 12. A video processing method, comprising: making a decision, for a current video
block of a video comprising one or more video blocks, regarding an applicability of a bi-directional
optical flow (BDOF) and/or a prediction refinement optical flow (PROF) in which motion
information 1s refined using an optical flow to the current video block, based on usage of a
switchable interpolation filter tool that allows the current video block and another video block to
use different interpolation filters for determining prediction blocks; and performing a conversion
between the video and a coded representation of the video based on the decision.

[00377] 13. The method of clause 12, wherein the BDOF is not applied in a case that the
switchable interpolation filter tool is used for the current video block.

[00378] 14. The method of clause 12, wherein whether the BDOF and/or PROF is applied to
the current block is based on an interpolation filter used for the current video block and/or a motion
vector precision corresponding to the interpolation filter.

[00379] 15. The method of any of clauses 12 to 14, wherein the BDOF is not applied due to use
of a specific motion vector precision for representing the current video block of the video.
[00380] 16. The method of any of clauses 12 to 14, wherein the BDOF is not applied due to use
of a specific interpolation filter that is either an alternative half-pel accuracy filter or a default half-
pel accuracy filter.

[00381] 17. The method of any of clauses 12 to 14, wherein the PROF is not applied in a case
that the switchable interpolation filter tool is used for the current video block.

[00382] 18. The method of any of clauses 12 to 14, wherein the PROF is not applied due to use
of a specific motion vector precision for representing the current video block of the video.
[00383] 19. The method of any of clauses 12 to 14, wherein the PROF is not applied due to use
of a specific interpolation filter that is either an alternative half-pel accuracy filter or a default half-
pel accuracy filter.

[00384] 20. The method of any of clauses 12 to 19, wherein the performing of the conversion
includes generating the coded representation from the video or generating the video from the coded
representation.

[00385] 21. A video processing method, comprising: performing a conversion between a video
block of a video region of a video and a coded representation of the video according to a rule,

wherein the rule specifies that a first syntax element is included in the coded representation at a
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level of the video region corresponding to applicability of a coding tool based on an optical flow
model or a decoder side motion vector refinement tool, and wherein the conversion is performed
according to a value of the first syntax element.

[00386] 22. The method of clause 21, wherein the video region comprises a video slice or a
picture.

[00387] 23. The method of clause 21, wherein the coding tool comprises at least one of a bi-
directional optical flow (BDOF), a prediction refinement optical flow (PROF), or decoder side
motion vector refinement (DMVR).

[00388] 24. The method of any of clauses 21 to 23, wherein the rule specifies that the coding
tool is not applied in a case that the first syntax element is not included in the coded representation.
[00389] 25. The method of any of clauses 21 to 23, wherein the rule specifies that the first
syntax element is included only in a case that the coding tool is applied at a sequence level in the
coded representation.

[00390] 26. The method of any of clauses 21 to 23, wherein the rule further specifies a second
syntax element is used to indicate a presence of the first syntax element.

[00391] 27. The method of clause 26, wherein the second syntax element is signaled at another
video region level to indicate that the first syntax element is included in the coded representation.
[00392] 28. The method of clause 26, wherein no presence of the second syntax element in the
coded representation indicates that the syntax element is not included in the coded representation.
[00393] 29. The method of any of clauses 21 to 23, wherein the coding tool is not applied in a
case that the first syntax element indicates no usage of the coding tool.

[00394] 30. The method of any of clauses 21 to 29, wherein the performing of the conversion
includes generating the coded representation from the video or generating the video from the coded
representation.

[00395] 31. 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 30.

[00396] 32. 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 30.

[00397] From the foregoing, it will be appreciated that specific embodiments of the presently
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disclosed technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the scope of the invention. Accordingly, the
presently disclosed technology is not limited except as by the appended claims.

[00398] 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.

[00399] 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.

[00400] The processes and logic flows described in this specification can be performed by one
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or more programmable processors executing one or more computer programs to perform
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).

[00401] 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.

[00402] It is intended that the specification, together with the drawings, be considered
exemplary only, where exemplary means an example. As used herein, the use of “or” is intended
to include “and/or”, unless the context clearly indicates otherwise.

[00403] 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

claimed combination may be directed to a subcombination or variation of a subcombination.
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[00404] 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.

[00405] 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
What 1s claimed is:

1. A video processing method, comprising:

making a first determination about a coding mode used for representing a current video
block of a video in a coded representation of the video;

making a second determination about whether to apply a deblocking filter based on the
first determination; and

performing a conversion between the current video block and the coded representation
according to the first determination and the second determination,

wherein the coding mode uses an affine coding tool and a specific motion

prediction/compensation tool for the conversion.

2. The method of claim 1 wherein the specific motion prediction/compensation tool
comprises an interweaved prediction that includes partitioning the current video block into a first
set of sub-blocks according to a first pattern and partitioning the current video block into a
second set of sub-blocks according to a second pattern, wherein at least one sub-block in the

second set has a different dimension than a sub-block in the first set.

3. The method of claim 1 or 2, wherein the specific motion prediction/compensation tool
comprises a phase variant affine subblock motion compensation tool in which filters with
different phases are applied to each row and each column of samples in a sub-block of the

current video block.
4. The method of any of claims 1 to 3, wherein the specific motion prediction/compensation

tool comprises a prediction refinement optical flow (PROF) in which motion information is

refined using an optical flow is applied to the current video block.
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S. The method of any of claims 2 to 4, wherein the deblocking filter is not applied to the
current video block in a case that at least one of the interweaved prediction, the PROF, or the

phase-variant affine sub-block motion compensation is applied to the current video block.

6. The method of any of claims 2 to 4, wherein the deblocking filter is applied to the
boundary of a sub-block of the current video block with a strength that is smaller than that
applied to another video block in a case that at least one of the interweaved prediction, the
PROF, or the phase-variant affine sub-block motion compensation is applied to the current video

block .

7. The method of claims 2 to 4, wherein the deblocking filter is applied to the current video
block in a case that at least one of the interweaved prediction, the PROF, or the phase-variant

affine sub-block motion compensation is not applied to the current video block.

8. The method of any of claims 1 to 7, wherein the performing of the conversion includes
generating the coded representation from the video or generating the video from the coded

representation.

9. A video processing method, comprising:

making a determination, due to use of a specific motion vector precision in an affine
coding tool for representing a current video block of a video in a coded representation of the
video, to enable use of a switchable interpolation filter tool; and

performing the conversion based on the determination,

wherein the switchable interpolation filter tool allows switching, for the current video
block, to an interpolation filter different from another interpolation filter used for processing a

previous video block.

10. The method of claim 9, wherein the specific motion vector precision is 1/2-pel or 1/4-pel.

112



WO 2020/244545 PCT/CN2020/094156

11. The method of claim 9 or 10, wherein the performing of the conversion includes
generating the coded representation from the video or generating the video from the coded

representation.

12. A video processing method, comprising:

making a decision, for a current video block of a video comprising one or more video
blocks, regarding an applicability of a bi-directional optical flow (BDOF) and/or a prediction
refinement optical flow (PROF) in which motion information 1s refined using an optical flow to
the current video block, based on usage of a switchable interpolation filter tool that allows the
current video block and another video block to use different interpolation filters for determining
prediction blocks; and

performing a conversion between the video and a coded representation of the video based

on the decision.

13. The method of claim 12, wherein the BDOF is not applied in a case that the switchable

interpolation filter tool is used for the current video block.

14. The method of claim 12, wherein whether the BDOF and/or PROF is applied to the
current block is based on an interpolation filter used for the current video block and/or a motion

vector precision corresponding to the interpolation filter.

15. The method of any of claims 12 to 14, wherein the BDOF is not applied due to use of a

specific motion vector precision for representing the current video block of the video.

16. The method of any of claims 12 to 14, wherein the BDOF is not applied due to use of a
specific interpolation filter that is either an alternative half-pel accuracy filter or a default half-
pel accuracy filter.

17. The method of any of claims 12 to 14, wherein the PROF is not applied in a case that the

switchable interpolation filter tool is used for the current video block.
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18. The method of any of claims 12 to 14, wherein the PROF is not applied due to use of a

specific motion vector precision for representing the current video block of the video.

19. The method of any of claims 12 to 14, wherein the PROF is not applied due to use of a
specific interpolation filter that is either an alternative half-pel accuracy filter or a default half-

pel accuracy filter.

20. The method of any of claims 12 to 19, wherein the performing of the conversion includes
generating the coded representation from the video or generating the video from the coded

representation.

21. A video processing method, comprising:

performing a conversion between a video block of a video region of a video and a coded
representation of the video according to a rule,

wherein the rule specifies that a first syntax element is included in the coded
representation at a level of the video region corresponding to applicability of a coding tool based
on an optical flow model or a decoder side motion vector refinement tool, and wherein the

conversion is performed according to a value of the first syntax element.

22. The method of claim 21, wherein the video region comprises a video slice or a picture.

23. The method of claim 21, wherein the coding tool comprises at least one of a bi-
directional optical flow (BDOF), a prediction refinement optical flow (PROF), or decoder side

motion vector refinement (DMVR).

24, The method of any of claims 21 to 23, wherein the rule specifies that the coding tool is

not applied in a case that the first syntax element is not included in the coded representation.

25. The method of any of claims 21 to 23, wherein the rule specifies that the first syntax
element is included only in a case that the coding tool is applied at a sequence level in the coded

representation.
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26. The method of any of claims 21 to 23, wherein the rule further specifies a second syntax

element is used to indicate a presence of the first syntax element.

27. The method of claim 26, wherein the second syntax element is signaled at another video

region level to indicate that the first syntax element is included in the coded representation.

28. The method of claim 26, wherein no presence of the second syntax element in the coded

representation indicates that the syntax element is not included in the coded representation.

29. The method of any of claims 21 to 23, wherein the coding tool is not applied in a case

that the first syntax element indicates no usage of the coding tool.

30. The method of any of claims 21 to 29, wherein the performing of the conversion includes
generating the coded representation from the video or generating the video from the coded

representation.

31. 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 claims 1 to 30.
32. 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

claims 1 to 30.
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