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METHOD AND APPARATUS OF VIDEO CODING USING BI-DIRECTIONAL CU
WEIGHT

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] The present invention claims priority to U.S. Provisional Patent Application, Serial No. 62/675,239
filed on May 23, 2018, U.S. Provisional Patent Application, Serial No. 62/719,826 filed on August 20, 2018,
U.S. Provisional Patent Application, Serial No. 62/742,476 filed on October 8, 2018, 2018 and U.S. Provisional
Patent Application, Serial No. 62/743,014 filed on October 9, 2018. The U.S. Provisional Patent Applications

are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION
[0002] The present invention relates to video coding using bi-directional prediction. In particular, the

present invention discloses methods related to syntax design associated with bi-directional CU weights.

BACKGROUND AND RELATED ART
[0003] The High Efficiency Video Coding (HEVC) standard is developed under the joint video project of
the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group (MPEG)

standardization organizations, and is especially with partnership known as the Joint Collaborative Team on
Video Coding (JCT-VC). In HEVC, one slice is partitioned into multiple coding tree units (CTU). In main profile,
the minimum and the maximum sizes of CTU are specified by the syntax elements in the sequence parameter
set (SPS). The allowed CTU size can be 8x8, 16x16, 32x32, or 64x64. For each slice, the CTUs within the slice
are processed according to a raster scan order.

[0004] Merge mode

[0005] To increase the coding efficiency of motion vector (MV) coding in HEVC, HEVC has the Skip and
Merge modes. Skip and Merge modes obtain the motion information from spatially neighbouring blocks (spatial
candidates) or a temporal co-located block (temporal candidate). When a PU is Skip or Merge mode, no motion
information is coded. Instead, only the index of the selected candidate is coded. For Skip mode, the residual
signal is forced to be zero and not coded. In HEVC, if a particular block is encoded as Skip or Merge, a candidate
index is signalled to indicate which candidate among the candidate set is used for merging. Each Merged PU
reuses the MV, prediction direction, and reference picture index of the selected candidate.

[0006] For Merge mode in HEVC reference software HM-4.0, as shown in Fig. 1, up to four spatial MV
candidates are derived from Ay, A1, Bo and B1, and one temporal MV candidate is derived from Tgr or Tctr (TR
is used first, if Tgg is not available, Tcrg is used instead). Note that if any of the four spatial MV candidates is
not available, the position B2 is then used to derive MV candidate as a replacement. After the derivation process
of the four spatial MV candidates and one temporal MV candidate, removing redundancy (pruning) is applied
to remove redundant MV candidates. If after removing redundancy (pruning), the number of available MV
candidates is smaller than 5, three types of additional candidates are derived and are added to the candidate set
(i.e., candidate list). The encoder selects one final candidate within the candidate set for Skip, or Merge modes

based on the rate-distortion optimization (RDO) decision, and transmits the index to the decoder.
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[0007] Hereafter, both Skip and Merge modes may be referred as “Merge mode” for convenience. In other
words, the “Merge mode” in this disclosure hereafter may mean both Skip and Merge mode.

[0008] Merge mode and AMVP mode

[0009] To achieve the best coding efficiency of hybrid coding architecture in HEVC, there are two kinds
of prediction modes (i.e., Intra prediction and Inter prediction) for each PU. For Intra prediction modes, the
spatial neighbouring reconstructed pixels can be used to generate the directional predictions. There are up to 35
directions in HEVC. For Inter prediction modes, the temporal reconstructed reference frames can be used to
generate motion compensated predictions. There are three different modes, including Skip, Merge and Inter
Advanced Motion Vector Prediction (AMVP) modes.

[0010] When a PU is coded in Inter AMVP mode, motion-compensated prediction is performed with
transmitted motion vector differences (MVDs) that can be used together with Motion Vector Predictors (MVPs)
for deriving motion vectors (MVs). To decide MVP in Inter AMVP mode, the advanced motion vector prediction
(AMVP) scheme is used to select a motion vector predictor among an AMVP candidate set including two spatial
MVPs and one temporal MVP. So, in AMVP mode, MVP index for MVP and the corresponding MVDs are
required to be encoded and transmitted. In addition, the Inter prediction direction to specify the prediction
directions among bi-prediction, and uni-prediction which are list O (i.e., LO) and list 1 (i.e., L1), accompanied
with the reference frame index for each list should also be encoded and transmitted.

[0011] When a PU is coded in either Skip or Merge mode, no motion information is transmitted except for
the Merge index of the selected candidate since the Skip and Merge modes utilize motion inference methods.
Since the motion vector difference (MVD) is zero for the Skip and Merge modes, the MV for the Skip or Merge
coded block is the same as the motion vector predictor (MVP) (i.e., MV=MVP+MVD = MVP). Accordingly,
the Skip or Merge coded block obtains the motion information from spatially neighbouring blocks (spatial
candidates) or a temporal block (temporal candidate) located in a co-located picture. The co-located picture is
the first reference picture in list O or list 1, which is signalled in the slice header. In the case of a Skip PU, the
residual signal is also omitted. To decide the Merge index for the Skip and Merge modes, the Merge scheme is
used to select a motion vector predictor among a Merge candidate set containing four spatial MVPs and one
temporal MVP.

[0012] Fig. 1 shows the neighbouring PUs used to derive the spatial and temporal MVPs for both AMVP
and Merge scheme. In AMVP, the left MVP is the first available one from Ay, A, the top MVP is the first
available one from Bo, Bi, B>, and the temporal MVP is the first available one from Tgr or Tcrr (Trr is used
first, if Tgr is not available, Tcrr is used instead). If the left MVP is not available and the top MVP is not scaled
MVP, the second top MVP can be derived if there is a scaled MVP among Bo, B, and Bs. The list size of MVPs
of AMVP is 2 in HEVC. Therefore, after the derivation process of the two spatial MVPs and one temporal MVP,
only the first two MVPs can be included in the MVP list. If after removing redundancy, the number of available
MVPs is less than two, zero vector candidates are added to the candidates list.

[0013] Generalized Bi-prediction (GBi)

[0014] Generalized bi-prediction (GBi) is proposed in JVET-C0047 (C. Chen, et al., “Generalized bi-
prediction for inter coding”, in Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC
1/8C 29/WG 11, 3rd Meeting: Geneva, CH, 26 May — 1 June 2016, Document: JVET-C0047). The concept of
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GBI is to allow the use different weights for predictors from LO and L1, respectively, instead of using equal
weights in traditional bi-prediction. The predictor generation can be summarized in Eq. (1) and (2).

Prradgiionaipiprea= (Pro+ Pri + Rounding Offset) >> shiftNum (1)

Pepi= Wo* Pro+w; * Prj+ RoundingOffsetgp;) >> shiftNumgs;. )

[0015] In the above equations, Prrudirionaiirres and Pgp; are final predictors for traditional bi-prediction and
GBi respectively, Prp and Py are predictors from LO and L1, wp and w; are selected GBi weights for LO and L1,
and RoundingOffset, shiftNum, RoundingOffsetl, and shiftNumli are used to normalize the final predictors in
traditional bi-prediction and GBi respectively. For AMVP mode (i.e., normal Inter prediction mode), the weight
selection in GBi is explicitly signalled for one CU if this CU is coded in the bi-prediction mode. For Merge
mode, the weight selection is inherited from the Merge candidate.

[0016] In JVET-D0O102 (C. Chen, et al., “EE3: Generalized bi-prediction”, in Joint Video Exploration
Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 4th Meeting: Chengdu, CN, 15-21
October 2016, Document: JVET-D0102), the weights of wp and w; are {6, 5,4, 3,2} and {2, 3,4, 5, 6}, and the
binarization for the case that mvd_11_zero_flag is equal to O is shown in Table 1, where mvd_l1_zero_flag equal

to 1 indicates that the mvd of list 1 is set to zero and not sent to the decoder.

Table 1
GBi Index GBi Coding Weighting : Binarization
Order Index { wo, wy }
0 4 {6,2} 0000
1 2 {53} 001
2 0 {4,4} 1
3 1 {3,5} 01
4 3 {2,6} 0001

[0017] Based on the binarization shown in Table 1, 5 GBi indexes are mapped to 5 GBi coding order
indexes. Fig. 2 illustrates the signalling of the GBi coding order index. In AMVP, a flag is first signalled to
indicate whether the Inter prediction is uni-prediction or bi-prediction. If the Inter prediction is bi-prediction,
then an equal weighting flag is signalled to indicate whether the bi-prediction belongs to equal (i.e., GBi coding
order index = 0) or non-equal weighting (i.e., GBi coding order index = 1, 2, 3, or 4) cases. If the equal-weighting
flag is equal to 0, then non-equal weighting for GBi coding order index 1, 2, 3, or 4 is signalled based on truncated
unary coding as shown in Table 1.

[0018] Affine Motion Model

[0019] Motion occurs across pictures along temporal axis can be described by a number of different models.
Assuming A(x, y) be the original pixel at location (x, y) under consideration, A’ (x’, y’) be the corresponding
pixel at location (x’, y’) in a reference picture for a current pixel A(x, y), the affine motion models are described
as follows.

[0020] The affine model is capable of describing two-dimensional block rotations as well as two-
dimensional deformations to transform a square (or rectangles) into a parallelogram. This model can be described
as follows:

X =ap+ ar¥x + ax*y, and
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V' =bo + br*x + ba*y. 3)

[0021] In contribution ITU-T13-SG16-C1016 submitted to ITU-VCEG (Lin, et al., “Affine transform
prediction for next generation video coding”, ITU-U, Study Group 16, Question Q6/16, Contribution C1016,
September 2015, Geneva, CH), a four-parameter affine prediction is disclosed, which includes the affine Merge
mode. When an affine motion block is moving, the motion vector field of the block can be described by two
control point motion vectors or four parameters as follows, where (vx, vy) represents the motion vector:

x'=ax+by+e

y =—bx+ay+f 2 {vx=(1—a)x—by—e
vx=x—x vw={0—-a)yy+bx—f
vy=y—y

[0022] An example of the four-parameter affine model is shown in Fig. 3, where block 310 corresponds to

“4)

the current block and block 320 corresponds to the reference block. The transformed block is a rectangular block.

The motion vector field of each point in this moving block can be described by the following equation:

V1=V, (W1y—voy)
vx=(1x ox)x_ 1y Oyy_l_va

_ (VlyM_/Voy) (levaox) )
y = Ry 4 v,

[0023] In the above equations, (vos, Voy) is the control point motion vector (i.e., vo) at the upper-left corner
of the block, and (vi, v1,) is another control point motion vector (i.e., v;) at the upper-right corner of the block.
When the MVs of two control points are decoded, the MV of each 4x4 block of the block can be determined
according to the above equation. In other words, the affine motion model for the block can be specified by the
two motion vectors at the two control points. Furthermore, while the upper-left corner and the upper-right corner
of the block are used as the two control points, other two control points may also be used.

[0024] In contribution ITU-T13-SG16-C1016, for an Inter mode coded CU, an affine flag is signalled to
indicate whether the affine Inter mode is applied or not when the CU size is equal to or larger than 16x16. If the
current block (e.g., current CU) is coded in affine Inter mode, a candidate MVP pair list is built using the

neighbour valid reconstructed blocks. Fig. 4 illustrates the neighbouring block set used for deriving the corner-

derived affine candidate. As shown in Fig. 4, \70 corresponds to a motion vector of the block VO at the upper-

left corner of the current block 410, which is selected from the motion vectors of the neighbouring block a0
(referred as the above-left block), al (referred as the inner above-left block) and a2 (referred as the lower above-

left block), and the i, corresponds to motion vector of the block V1 at the upper-right corner of the current

block 410, which is selected from the motion vectors of the neighbouring block b0 (referred as the above block)
and bl (referred as the above-right block).

[0025] In the above equation, MVa is the motion vector associated with the blocks a0, al or a2, MVb is
selected from the motion vectors of the blocks b0 and bl and MVc is selected from the motion vectors of the
blocks c0 and c1. The MVa and MVb that have the smallest DV are selected to form the MVP pair. Accordingly,
while only two MV sets (i.e., MVa and MVDb) are to be searched for the smallest DV, the third DV set (i.e.,
MVc) is also involved in the selection process. The third DV set corresponds to motion vector of the block at
the lower-left corner of the current block 410, which is selected from the motion vectors of the neighbouring
block cO (referred as the left block) and c1 (referred as the left-bottom block). In the example of Fig. 4, the
neighbouring blocks (a0, al, a2, b0, b1, b2, c0 and c1) used to construct the control point M Vs for affine motion
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model are referred as a neighbouring block set in this disclosure.

[0026] In ITU-T13-SG16-C-1016, an affine Merge mode is also proposed. If current is a Merge PU, the
neighbouring five blocks (c0, b0, bl, c1, and a0 blocks in Fig. 4) are checked to determine whether one of them
is affine Inter mode or affine Merge mode. If yes, an affine_flag is signalled to indicate whether the current PU
is affine mode. When the current PU is coded in affine Merge mode, it gets the first block coded with affine
mode from the valid neighbour reconstructed blocks. The selection order for the candidate block is from left,
above, above right, left bottom to above left (c0>b0>bl->c1—=>a0) as shown in Fig 4. The affine parameter of
the first affine coded block is used to derive the vy and v; for the current PU.

[0027] In HEVC, the decoded MVs of each PU are down-sampled with a 16:1 ratio and stored in the
temporal MV buffer for the MVP derivation of following frames. For a 16x16 block, only the top-left 4x4 MV
is stored in the temporal MV buffer and the stored MV represents the MV of the whole 16x16 block.

[0028] Conventional Sub-PU temporal motion vector prediction (Sub-PU TMVP)

[0029] To improve the coding efficiency, a Sub-PU Temporal Motion Vector Prediction (Sub-PU TMVP,
also called advanced temporal motion vector prediction, ATMVP) mode is applied in the Merge mode. That is,
the Sub-PU TMVP is a Merge candidate for Merge mode. As shown in Fig. 5, unlike the traditional temporal
candidate, the Sub-PU TMVP mode partitions the current PU into multiple Sub-PUs, and finds all corresponding
temporal collocated motion vectors for each Sub-PU. The current PU of size MxN has (M/P)x(N/Q) sub-PUs,
each sub-PU is of size PxQ, which M is divisible by P, and N is divisible by Q. The example in Fig. 5 corresponds
to the case that a current PU 510 is divided into 16 sub-PUs (i.e., M/P=4 and N/Q=4). Sub-PU 0 (511) and sub-
PU 1 (512) are indicated. The detailed algorithm for sub-PU TM VP is described as follows. The detail algorithm
for Sub-PU TMVP is described as follows.

[0030] In step 1, for the current PU 510 coded in the sub-PU TMVP mode, an “initial motion vector”,
denoted as vec_init (523 and 524) is determined for the sub-PUs (521 and 522) of the collocated PU in a temporal
collocated picture 520. For example, the vec_init can be the MV of the first available spatial neighbouring block
of the current PU 510. In Fig. 5, vec_init_0 523 points to sub-block 525 and vec_init_1 523 points to sub-block
526. Alternatively, the MV of other neighbouring block may also be used as the initial motion vector.
Conventionally, the vec_init is the first available candidate among spatial neighbouring blocks. For example, if
the first available spatial neighbouring block has L0 and .1 MVs, and LX is the first list for searching collocated
information, then the vec_init uses LO MV when LX = L0, or L1 when LX=L1. The value of LX (LO or L1)
depends on which list (LO or L1) is better for collocated information. If LO is better for collocated information
(e.g. POC (Picture Order Count) distance closer than L1}, then LX is equal to L0, and vice versa. LX assignment
can be performed at a slice level, brick level, tile group level, or picture level.

[0031] A “collocated picture searching process” then starts. The “collocated picture searching process™ is
to find a main collocated picture for all sub-PUs in the Sub-PU TMVP mode. The main collocated picture is
denoted as main_colpic. Conventionally, it first searches the reference picture selected by the first available
spatial neighbouring bloc. Then, in B-Slices, it searches all reference pictures of current picture starting from LO
(or L1), reference index O, then index 1, then index 2, and so on (increasing index order). If it finishes searching
LO (or L1), then it searches another list. In P-slice, it first searches the reference picture selected by the first

available spatial neighbouring block. Then, it searches all reference pictures of current picture of the list starting
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from reference index 0, then index 1, then index 2, and so on (increasing index order).

[0032] During searching, for each searched picture, a process named “availability checking” is performed.
The “availability checking” process checks the collocated sub-PU around centre position of the current PU
pointed by vec_init_scaled, where vec_init_scaled is the MV with appropriate MV scaling from the vec_init.
Various ways can be used to determine the “around centre position”. The “around centre position” may
correspond to the centre pixel. For example, if the PU size is M*N, the centre is equal to position (M/2, N/2).
The “around centre position” may also correspond to the centre sub-PU’s centre pixel. The “around centre
position” may be the mix of the above two methods depending on the current PU shape. In the “availability
checking”, if the checking result is an Inter mode, then the availability is true; otherwise (the checking result
being an Intra mode), then the availability is false. After “availability checking”, if the availability is true, then
current searched picture is labelled as the main collocated picture and the searching process finishes. If the
availability is true, the MV of the “around centre position” is used and scaled for the current block to derive the
“default MV™. If the availability is false, then it goes to search next reference picture.

[0033] During the “collocated picture searching process”, MV scaling is needed when the reference picture
of the vec_init is not equal to the original reference picture. The MV scaling process is that, a scaled version of
the motion vector is used. The MV is scaled based on the temporal distances between the current picture and the
reference picture of the vec_init and the searched reference picture, respectively. After MV scaling, the scaled
MYV is denoted as vec_init_scaled.

[0034] In step 2, for each sub-PU, it further finds collocated location in main_colpic. Assuming the current
Sub-PU is Sub-PU i, the collocated location is calculated as shown in follows:

collocated location x = Sub-PU_i_x + vec_init_scaled_i_x(integer part) + shift_x,

collocated location y = Sub-PU_i_y + vec_init_scaled_i_y(integer part) + shift_y.

[0035] In the above equations, Sub-PU_i_x means horizontal left-top location of sub-PU i inside the
current picture (integer location), Sub-PU_i_y means vertical left-top location of sub-PU i inside the current
picture (integer location), vec_init_scaled_i_x means horizontal part of vec_init_scaled_i, which has integer part
and fractional part and we only use integer part in the calculation, and vec_init_scaled i_y means vertical part
of vec_init_scaled_i, which has integer part and fractional part and we only use integer part in the calculation.
shift_x means a shift value.The shift_x can be half of sub-PU width. shift_y means a shift value. In one example,
shift_y can be half of sub-PU height, but other method may also be used.

[0036] Finally, in step 3, it finds the motion information temporal predictor for each Sub-PU, which is
denoted as SubPU_MI_i, of each Sub-PU. The SubPU_MI_i is the motion information (MI) from
collocated_picture_i_LO and collocated_picture_i_L1 on collocated location x, collocated location y. Here M1
is defined as the set of {MV_x, MV_y, reference lists, reference index, and other Merge-mode-sensitive
information, such as local illumination compensation flag}. Moreover, in one example, MV_x and MV_y may
be scaled according to the temporal distance relation between collocated picture, current picture, and reference
picture of the collocated MV. If MI is not available for some Sub-PU, then the MI of Sub-PU around centre
position will be used (in another word, the default MV is used). In Fig. 5, the motion vectors for sub-blocks 525
and 526 are labelled as 527 and 528 respectively.

[0037] Conventionally, there is only one Sub-PU TMVP candidate in the candidate list.
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[0038] Spatial-temporal motion vector prediction (STMVP)

[0039] In JEM-3.0 (Chen et al., “Algorithm Description of Joint Exploration Test Model 37, Joint Video
Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/8C 29/WG 11, 3rd Meeting: Geneva, CH,
26 May — 1 June 2016, Document: JVET-C1001), a spatial-temporal motion vector prediction (STMVP) is also
included in Merge mode coding. In STM VP, the motion vectors of the sub-CUs are derived recursively following
the raster scan order by using the temporal motion vector predictor and spatial neighbouring motion vector. Fig.
6 illustrates the concept of STMVP. Let us consider an 8x8 CU 610 which contains four 4x4 sub-CUs, A, B, C,
and D. The neighbouring NxN blocks in the current frame are labeled as a, b, ¢, and d. The motion derivation
for sub-CU A starts by identifying its two spatial neighbours. The first neighbour is NxN block above sub-CU
A (block ¢). If this block c is not available or is Intra coded, the other NxN blocks above sub-CU A are checked
(from left to right, starting at block c). The second neighbour is a block to the left of the sub-CU A (block b). If
block b is not available or is Intra coded, other blocks to the left of sub-CU A are checked (from top to bottom,
staring at block b). The motion information obtained from the neighbouring 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 is derived
by following the same procedure of TM VP derivation as specified in HEVC. The motion information of the co-
located block at location D is fetched and scaled accordingly. At last, after retrieving and scaling the motion
information, all available motion vectors (up to 3) are averaged separately for each reference list. The averaged
motion vector is assigned as the motion vector of the current sub-CU.

[0040] Redundancy Removal and Additional Motion Candidates

[0041] For the Inter mode, Skip mode, and Merge mode, after deriving the spatial motion candidates, a
pruning process is performed to check the redundancy among the spatial candidates.

[0042] After removing redundant or unavailable candidates, the size of the candidate list can be adjusted
dynamically at both the encoder and decoder sides so that the truncated unary binarization can be beneficial for
entropy coding of the index. While the dynamic size of candidate list can bring coding gains, it also introduces
a parsing problem. Because the temporal motion candidate is included in the candidate list, when one MV of a
previous picture cannot be decoded correctly, a mismatch between the candidate list on the encoder side and that
on the decoder side may occur and a parsing error of the candidate index will occur. This parsing error can
propagate severely, and the rest of the current picture may not be parsed or decoded properly. What is even
worse, this parsing error can affect subsequent Inter pictures that may also be used for temporal motion
candidates. Therefore, one small decoding error of a MV may cause failures of parsing many subsequent pictures.

[0043] In HEVC, in order to solve the parsing problem mentioned above, a fixed candidate list size is used
to decouple the candidate list construction and the parsing of the index. Moreover, in order to compensate the
coding performance loss caused by the fixed list size, additional candidates are assigned to the empty positions
in the candidate list. In this process, the index is coded in truncated unary codes of a maximum length, where
the maximum length is transmitted in slice header for the Skip mode and Merge mode and fixed to 2 for the Inter
mode.

[0044] For the Inter mode, a zero vector motion candidate is added to fill the empty positions in the AMVP
candidate list after the derivation and pruning of the two spatial motion candidates and the one temporal motion

candidate. As for the Skip mode and Merge mode, after the derivation and pruning of the four spatial motion
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candidates and the one temporal motion candidate, if the number of available candidates is smaller than the fixed
candidate list size, additional candidates are derived and added to fill the empty positions in the Merge candidate
list.

[0045] Two types of additional candidates are used to fill the Merge candidate list: the combined bi-
predictive motion candidate and the zero vector motion candidate. The combined bi-predictive motion
candidates are created by combining two original motion candidates according to a predefined order. After
adding the combined bi-predictive motion candidates, if the Merge candidate list still has empty position(s), zero
vector motion candidates are added to the remaining positions.

[0046] Overlapped Block Motion Compensation (OBMC)

[0047] Overlapped Block Motion Compensation (OBMC) is a motion compensation technique that
estimates a pixel's intensity value based on motion-compensated signals derived from its nearby block motion
vectors (MVs). Overlapped Block Motion Compensation technique finds Linear Minimum Mean Squared Error
(LMMSE) estimate of a pixel's intensity value based on motion-compensated signals derived from its nearby
block motion vectors (MVs). From estimation-theoretic perspective, these MVs are regarded as different
plausible hypotheses for its true motion, and to maximize coding efficiency, their weights should minimize the
mean squared prediction error subject to the unit-gain constraint.

[0048] When High Efficient Video Coding (HEVC) was developed, several proposals were made using
OBMC to provide coding gain. Some of them are described as follows.

[0049] In JCTVC-C251, OBMC was applied to geometry partition. In geometry partition, it is very likely
that a transform block contains pixels belonging to different partitions. In geometry partition, since two different
motion vectors are used for motion compensation, the pixels at the partition boundary may have large
discontinuities that can produce some visual artefacts, e.g. blocky artefacts. This in turn decreases the transform
efficiency. Let the two regions created by a geometry partition be denoted by region 1 and region 2. A pixel
from region 1 (2) is defined to be a boundary pixel if any of its four connected neighbours (left, top, right, and
bottom) belongs to region 2 (1). Fig. 7 shows an example where grey-shaded pixels belong to the boundary of
region 1 (grey region 710) and white-shade pixels belong to the boundary of region 2 (white region 720). The
boundary pixel in region 1 is indicated by grey block filled with dots and the boundary pixel in region 2 is
indicated by white block filled with dots. If a pixel is a boundary pixel, the motion compensation is performed
using a weighted sum of the motion predictions from the two motion vectors. The weights are 3/4 for the
prediction using the motion vector of the region containing the boundary pixel and 1/4 for the prediction using
the motion vector of the other region. The overlapping boundaries improve the visual quality of the reconstructed
video while also providing BD-rate gain.

[0050] In JCTVC-F299, OBMC is applied to symmetrical motion partitions. If a coding unit (CU) is
partitioned into two 2NxN or Nx2N prediction units (PUs), OBMC is applied to the horizontal boundary of the
two 2NxN prediction blocks, and to the vertical boundary of the two Nx2N prediction blocks. Since those
partitions may have different motion vectors, the pixels at partition boundaries may have large discontinuities,
which may cause visual artefacts and also reduce the transform/coding efficiency. In JCTVC-F299, OBMC is
introduced to smooth the boundaries of motion partition.

[0051] Fig. 8A illustrates an example of OBMC for 2NxN partition and Fig. 8B illustrates an example of
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OBMC for Nx2N partition. The dots-filled pixels represent pixels belonging to Partition 0 and blank pixels
represent pixels belonging to Partition 1. The overlapped region in the luma component is defined as two rows
or two columns of pixels on each side of the horizontal or vertical boundary respectively. For a pixel row or
column (i.e., pixels labelled as A in Fig. 8A and Fig. 8B) that is adjacent to the partition boundary (810 or 820),
OBMC weighting factors are (3/4, 1/4). In other words, for pixels A in row 812 of Partition 1, MC (motion
compensated) pixel Aj is generated based on MV1 of Partition 1 and MC pixel Ay is generated based on MVO
of Partition 0. The OBMC processed pixel A is derived according to (3/4 A + 1/4 Ag). Similar derivation applies
to OBMC pixels in column 822. For pixels (1.e., pixels labelled as B in Fig. 8A and Fig. 8B) that are two rows
or columns away from the partition boundary, OBMC weighting factors are (7/8, 1/8). For chroma components,
the overlapped region is defined as one row or one column of pixels on each side of the horizontal or vertical
boundary respectively, and the weighting factors are (3/4, 1/4).

[0052] In ATMVP, STMVP, affine mode prediction, and the pattern-based motion vector derivation
(PMVD) Merge mode, the sub-block motion compensation is applied. A CU/PU is divided into several sub-
blocks. Each block can have different reference pictures and different MVs. If the MVs of each sub-block are
very diverse, a lot of bandwidth is required for the sub-block motion compensation. When OBMC is applied to
a CU without and with sub-block mode, the processes, as shown in Fig. 9A and Fig. 9B respectively, are
performed according to JEM software that is used to evaluate the emerging new coding standard (named versatile
video coding, VVC) being developed. If current CU is coded without sub-block mode, then the final predictor
is generated by using weighted sum of current MC predictor C, OBMC predictor A’ from block A, and OBMC
predictor B’ from block B. If current CU is coded with sub-block mode, then the final predictor is generated by
using weighted sum of current MC predictor C, OBMC predictor A’ from the above block A, , OBMC predictor
B’ from the left block B, OBMC predictor D’ from the right block D, and OBMC predictor E” from the bottom
block E. The process of the weighted sum is performed one by one sequentially. This induces high computation
complexity and data dependency. In order to simplify the OBMC process, one aspect of the present invention
discloses methods to simplify the required computations.

[0053] De-blocking Filter (DF)

[0054] High Efficiency Video Coding (HEVC) is a new video coding standard that was finalized in January
2013. HEVC divides a picture into coding tree units (CTU) of 16x16, 32x32, or 64x64 samples. The coding tree
unit can be further divided into smaller blocks using a quadtree structure, each of such a block is called a coding
unit (CU). A CU can further be split into prediction units (PUs) and is also a root for the transform quadtree of
transform units (TUs).

[0055] De-blocking filter can be used to alleviate the blocking artefacts caused by the block-based coding.
Filtering decisions are made separately for each boundary of four-sample length that lies on the grid dividing
the picture into blocks of 8x8 samples. Only boundaries on the 8x8 grid, which are either PU or TU boundaries,
are subjected to de-blocking. The boundary samples involved in de-blocking each four-sample length vertical
boundary and horizontal boundary are shown in Fig. 10A and Fig. 10B, respectively. Line 1010 in Fig. 10A
corresponds to a horizontal boundary and line 1020 in Fig. 10B corresponds to a vertical boundary. A boundary
strength (Bs) value is calculated for each four-sample length boundary and can take 3 possible values as defined

in Table 2. Luma and chroma components are processed separately in the de-blocking process. For the Luma
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component, only block boundaries with Bs values equal to 1 or 2 are filtered. In the case of chroma components,

only boundaries with Bs value equal to 2 are filtered.

Table 2
Conditions Bs
At least one of the blocks is Intra 2
At least one of the blocks has non-zero coded residual coefficient and 1

boundary is a transform boundary

Absolute differences between corresponding spatial motion vector 1

components of the two blocks are >= 1 in units of inter pixels

Motion-compensated prediction for the two blocks refers to different 1

reference pictures or the number of motion vectors is different for the two

blocks

Otherwise 0

[0056] For luma component, additional conditions are checked for each four-sample length boundary to
determine whether de-blocking filtering should be applied, and to further determine whether a normal filter or a
strong filter should be applied if de-blocking is applied.

[0057] In the normal filtering mode, two samples at each side of the boundary can be modified. In the
strong filtering mode, three samples at each side of the boundary can be modified.

[0058] Weighted Prediction (WP)

[0059] In HEVC, weighted prediction (WP) can be used to compensate illuminance change between frames.
WP apply a weight and an offset to one motion-compensated prediction block. The weights and offset values

are signalled at slice level in WP.

BRIEF SUMMARY OF THE INVENTION

[0060] A method and apparatus of encoding or decoding for a coding system, wherein bi-directional CU
(coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights, are
disclosed. According to this method, a Merge candidate list is generated for the current block, where current bi-
directional CU weights for a bi-directional predictor of the current block associated with a target Merge candidate
in the Merge candidate list are set to a pre-define pair of weights when the target Merge candidate corresponds
to a selected Merge candidate. The current block or a current motion information of the current block is encoded
or decoded according to the Merge candidate list when Merge mode is selected for the current block.

[0061] In one embodiment, the selected Merge candidate corresponds to a sub-block mode, where the
current block is partitioned into multiple sub-blocks for motion compensation. The sub-block mode may
correspond to ATMVP (Advanced Temporal Motion Vector Prediction) mode. ATMVP is also called subTM VP
(subblock TMVP (subblock temporal motion vector predictor)) in the emerging VVC (versatile video coding)
being developed. A BCW index corresponding to the current bi-directional CU weights for the bi-directional
predictor of the current block associated with the target Merge candidate can be derived as a most frequent BCW
index among a collocated centre sub-block and spatial neighbouring sub-blocks of the collocated centre sub-

block. . In another embodiment, if the Merge candidate is in a sub-block mode, such as ATMVP, STMVP, or
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Affine mode, the GBi index of the Merge candidate is set to a pre-defined index. For example, GBi index is set
to the index indicating the equal weight, which means that both the weight of L0 and L1 list all 0.5.

[0062] In another embodiment, the selected Merge candidate corresponds to a temporal Merge candidate.
In yet another embodiment, the selected Merge candidate corresponds to a pairwise average Merge candidate.
In yet another embodiment, the selected Merge candidate corresponds to a history-based Merge candidate, which
is also called history-based motion vector predictor (HMVP). In yet another embodiment, the selected Merge
candidate corresponds to a UMVE (Ultimate Motion Vector Expression) Merge candidate, which is also called
MMVD (Merge with MVD) in the latest version of the spec for VVC.

[0063] In one embodiment, the pre-define pair of weights correspond to (0.5, 0.5), which means in bi-
prediction for Merge mode or Inter prediction mode, the weight of predictors from list O and list 1 are equal.

[0064] Another method and apparatus of encoding or decoding for a coding system, wherein bi-directional
CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights,
are disclosed. According to this method, a Merge candidate list is generated for the current block, where current
bi-directional CU weights for a bi-directional predictor associated with a target Merge candidate in the Merge
candidate list are inherited from the target Merge candidate when the target Merge candidate corresponds to a
selected Merge candidate. The current block or a current motion information of the current block is encoded or
decoded according to the Merge candidate list when Merge mode is selected for the current block.

[0065] In one embodiment, the selected Merge candidate corresponds to a history-based Merge candidate.
In another embodiment, the selected Merge candidate corresponds to a UMVE (Ultimate Motion Vector
Expression) Merge candidate.

[0066] Yet another method and apparatus of encoding or decoding for a coding system, wherein bi-
directional CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of
weights, are disclosed. A Merge candidate list, a history-based list (HMVP list), or an affine candidate list is
generated for the current block, where whether one new candidate to be inserted in the Merge candidate list, the
history-based list (HMVP list), or the affine candidate list is checked before said one new candidate is inserted
into the Merge candidate list, the history-based list (HMVP list), or the affine candidate list according to one or
more factors including history-based candidate update, affine candidate comparison, motion vector, prediction
direction, reference index or a combination thereof and excluding a BCW index associated with a target Merge
candidate. The new candidate is not inserted if the new candidate is redundant. The current block or a current
motion information of the current block is encoded or decoded according to the Merge candidate list or the affine
candidate list when Merge mode or affine Merge mode is selected respectively for the current block; or the
history-based list (HMVP list) is updated after the current block is coded in Merge mode or AMVP mode and is
referenced during building the Merge candidate list in Merge mode or an AMVP list in AMVP mode.

BRIEF DESCRIPTION OF THE DRAWINGS
[0067] Fig. 1 shows the spatial and temporal neighbouring blocks used to derive candidates for the Merge

mode.
[0068] Fig. 2 illustrates the signalling of the GBi (generalized bi-prediction) coding order index.

[0069] Fig. 3 illustrates an example of four-parameter affine model, where the motion model can be derived
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based on motion vectors at two control points.

[0070] Fig. 4 illustrates the neighbouring block set used for deriving the corner-derived affine candidates.

[0071] Fig. 5 illustrates a case of Sub-PU temporal motion vector prediction (Sub-PU TMVP) where a
current PU is divided into 16 sub-Pus.

[0072] Fig. 6 illustrates the concept of Spatial-temporal motion vector prediction (STMVP).

[0073] Fig. 7 illustrates an example of Overlapped Block Motion Compensation (OBMC) where grey-
shaded pixels belong to the boundary of region 1 and white-shade pixels belong to the boundary of region 2.

[0074] Fig. 8A illustrates an example of Overlapped Block Motion Compensation (OBMC) for 2NxN
partition.

[0075] Fig. 8B illustrates an example of Overlapped Block Motion Compensation (OBMC) for Nx2N
partition.

[0076] Fig. 9A illustrates an example of OBMC process for a CU without the sub-block mode.

[0077] Fig. 9B illustrates an example of OBMC process for a CU with the sub-block mode.

[0078] Fig. 10A illustrates an example of the boundary samples involved in de-blocking each four-sample
length vertical boundary.

[0079] Fig. 10B illustrates an example of the boundary samples involved in de-blocking each four-sample
length horizontal boundary.

[0080] Fig. 11 illustrates an example of signalling of the improved GBi syntax design in AMVP based on
the example with the number of GBi index equal to five.

[0081] Fig. 12 illustrates the w used in equation (5) according to the conventional affine model, where w
is the distance between the two control points.

[0082] Fig. 13 illustrates the w used in equation (5) according to the distance between the sub-block’s
centre positions instead of corner points.

[0083] Fig. 14 illustrates the w used in equation (5) according to the distance by changing the position of
the second control point to cause the distance between the two control points equal to a power of two.

[0084] Fig. 15 illustrates the W used in equation (7) according to the conventional affine model, where w
is the distance between the three control points.

[0085] Fig. 16 illustrates the Wused in equation (7) according to the distance by modifying the three control
points to simplify the calculation.

[0086] Fig. 17 illustrates an example of the non-zero coefficients in the upper region of current block,
where the coefficient coding for the bottom region will be a waste.

[0087] Fig. 18 shows an example where only partial coefficients are scanned.

[0088] Fig. 19A illustrates an example of UMVE search process for a current block in the current frame.

[0089] Fig. 19B illustrates an example of UMVE search at specific locations around the centre point
vertically and horizontally for LO reference and L1 reference.

[0090] Fig. 20 illustrates a flowchart of an exemplary video coding system, wherein bi-directional CU
(coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights
according to an embodiment of the present invention.

[0091] Fig. 21 illustrates a flowchart of another exemplary video coding system, wherein bi-directional
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CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights
according to an embodiment of the present invention.

[0092] Fig. 22 illustrates a flowchart of yet another exemplary video coding system, wherein bi-directional
CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights

according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0093] The following description is of the best-contemplated mode of carrying out the invention. This
description is made for the purpose of illustrating the general principles of the invention and should not be taken
in a limiting sense. The scope of the invention is best determined by reference to the appended claims.

[0094] Method 1. GBi Improvement for Signalling

[0095] Currently, GBiindex is signalled based on truncated unary coding once a flag is signalled to indicate
the bi-prediction case. The GBi is also called BCW (Bi-prediction with CU Weight) in the emerging VVC.
Another flag signalled afterward to represent the non-equal GBi weighting. In fact, the GBi syntax design can
be improved by moving the GBi index signalling from bi-prediction signalling branch to uni-prediction
signalling branch to further reduce syntax overhead. Fig. 11 illustrates the signalling of the improved GBi syntax
design in AMVP based on the example with the number of GB1i index equal to five. The AMVP is also called
Inter prediction in the emerging VVC.

[0096] InFig. 11,in AMVP, a flag is first signalled to indicate whether the inter prediction is bi-prediction
with equal weighting case or not. If the value of the flag is equal to 1, the inter prediction is bi-prediction in
equal weighing case. If the value of the flag is equal to 0, then a flag is signalled to represent whether the
prediction is the LO or L1 case. For both cases, a GBi flag is then signalled to indicate whether the inter prediction
is uni-prediction or bi-prediction with un-equal weighting case. For example, if in LO case and GBi flag is equal
to 0, the inter prediction is LO uni-prediction. If in LO case and GBi flag is equal to 1, then one more flag is
signalled to indicate the GBi coding order index. Since each inter prediction direction (L0 or L1) can signal for
two different GBi coding order indices, Signalling for all of the four non-equal GBi coding order indices can be
all covered in the proposed GBI syntax design. The proposed GBi syntax design has two advantages: (1) shorter
codeword (only one-bit) for bi-prediction in equal weighting case, which occurs frequently, and (2) shorter
codeword for signalling non-equal GBi coding order indices.

[0097] For detailed syntax design, the GBi flag in the example shown in Fig. 11 can be signalled after the
signalling of motion information (e.g. reference index, MVD, and MVP) transmission. An example of the
signalling steps are shown below:

1. Determining Inter prediction direction (after signalling the flags “Bi-prediction in equal weighting case”
and “L1” as shown in Fig. 11).

2. Signalling motion information (e.g. the reference index, MVP index, MVD) for L0, L1, or both based
on the Inter prediction.

3. If the Inter prediction is uni-prediction or bi-prediction with non-equal GBi weighting, signalling the
GBi flag.

4. If GBi flag is equal to 1, signalling one more bit to indicate the GBi coding order index.
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[0098] Also, the GBi flag shown in the example of Fig. 11 can be signalled before the signalling of motion
information (such as reference index, MVD, and MVP) transmission. The signalling steps are shown below:

1.Determining Inter prediction direction (after signalling the flags “Bi-prediction in equal weighting case”
and “L1” shown in figure 2).

2 If the Inter prediction is uni-prediction or bi-prediction with non-equal GBi weighting, signalling the GBi
flag.

3.If GBi flag is equal to 1, signal one more bit to indicate the GBi coding order index.

4.Signalling motion information (e.g. the reference index, MVP index, MVD) for LO, L1, or both based on
the Inter prediction.

[0099] Affine MVP pruning

[00100]In both affine Inter and affine Merge mode, if any MVP list is to be constructed, the affine MVP
will be pruned by existing MVPs in the list. In affine Inter and affine Merge use separate lists, the to-be-added
affine MVP will be pruned with other affine MVPs in the list. However, for affine Merge using a unified list,
the to-be-added affine MVP can be not only pruned with existing affine MVPs in the list, but also with other
non-affine MVPs in the list.

[00101]When one affine MVP is pruned with affine MVPs only, different pruning schemes can be applied.
Also, the proposed affine MVP pruning can be applied to separate affine candidate list construction, such as
affine AMVP MVP candidate list and/or affine Merge candidate list.

[00102]In one embodiment, the pruning can be done by full pruning. In other words, each to-be-added
affine MVP will be pruned by all of the existing affine MVPs.

[00103]In another embodiment, the affine MVPs in group B, group C, and group A in Fig. 4 can be firstly
pruned in their group, and then the survived candidates in two of the three groups will be pruned by the survived
MVP from the third group. For example, affine MVP from C1 will be pruned by the affine MVP from CO, and
the affine MVP from B1 will be pruned by the affine MVP from BO. Then, MVP from group B will be pruned
by MVP from A0, and MVP from group C will be pruned by MVP from AQ. Note that here in group A, only
position AQ is searched as in ITU-T13-SG16-C1016.

[00104]In another embodiment, the to-be-added affine MVP will only be pruned by a certain MVP in the
list. For example, the to-be-added affine MVP will only be pruned by the first affine MVP in the MVP list, the
second affine MVP in the MVP list, or the last affine MVP in the MVP list.

[00105]In another embodiment, the affine MVPs in on group will only be pruned by the MVPs from one
of the other two groups. For example, the MVPs from group C will be pruned by the MVP from group B and
the MVPs from group B will be pruned by the MVPs from group A.

[00106]In another embodiment, affine MVPs will only be pruned by other MVPs in its own group. For
example, the affine MVP from group B will only be pruned by other MVPs from group B, the affine MVP from
group C will only be pruned by other MVPs from group C, and the affine MVP from group A will only be pruned
by other MVPs from group A.

[00107]In another embodiment, the affine MVP of CO is first put into the list. Then, the affine MVP of BO
is added after. The BO is compared with CO. Then the affine MVP of Bl is added. The B1 is compared with BO.
Then the affine MVP of C1 is added. The C1 is compared with the CO. Then the affine MVP of A0 is added.
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The A0 is compared with CO and BO.

[00108]The pruning can be done by comparing the similarity of the control points® MVs. In one
embodiment, if the MV difference is smaller than a threshold, the to-be-added affine MVP will be pruned. In
another embodiment, the to-be-added affine MVP can only be pruned if the MV of the control points in the two
MYVPs are the same.

[00109]When one affine MVP is pruned by affine MVPs and other non-affine MVPs in the unified Merge
list, different pruning schemes can be applied.

[00110]In addition to the methods described above, affine MVPs generated by neighbouring blocks can
also be pruned by other non-affine MVPs. In one embodiment, if the to-be-added affine MVP’s control points’
MYVs are the same as or similar to one of the existing non-affine MVP, or the difference between the two control
points” MVs of the affine MVP for 4-parameter affine model, or three control points of the affine MVP for 6-
parameter affine model, is smaller than a threshold, the to-be-added affine MVP will be pruned.

[00111]In another embodiment, if one of the existing non-affine MVP is from ATMVP mode, and the
reference MVs come from affine blocks, the to-be-added affine MVP will be pruned according to the similarity
between the control points of the to-be-added affine MVP and the top-left, top-right, and bottom left MVs using
ATMVP mode.

[00112]Affine MV Derivation

[00113]For affine model with four parameters, the MV for each sub-block can be derived according to
equation (5). The w in equation (5) is the distance between the two control points, which is equal to the width
of current block since the positions of the two control points are at the corner as shown in Fig. 12. The division
can be simply done by shifting because the width of all blocks must be power of two.

[00114]However, storing the control points’” MV may introduce some errors when the M Vs of the control
points are being referenced. This is because the control point MV represents the motion at the corner of one sub-
block instead of the centre of the sub-block. This problem can be solved by storing MV in the sub-block’s centre
position instead of corner as shown in Fig. 13. Unfortunately, this may cause high complexity associated with
the division operation during deriving the sub-blocks’ MV in affine blocks because the distance between the two
control points” MV will become a number not equal to a power of two.

[00115]To solve this problem, it is proposed to change the position of the second control point to make sure
the distance between the two control points is equal to a power of two as shown in Fig. 14. After changing the

control point’s position, the derivation of the sub-block’s MV becomes:

L ZPRET vy -
_ Vix —Vgx 1y oy
Uy = X~ Y + Vox
v v v V’V 6)
— "Ny Yoy Vix —Vox
y = X Y+ Vg,

[00116]In the above equation,, v’ = (V4 , vy, is the centre MV of the new control point and W' is the

new distance between the two control points, which is a power of two.

[00117]Similarly, for affine model with six parameters, the MV for each sub-block can be derived by:

Vyx— P Vax—V
Uy = =X+ Sy + gy
7)
_ vly—voy vzy_voy (
vy = x+ 0 Y + Vpy

[00118]In the above equation, W is the block width, and Vy, V; and V> are the three control points” MVs
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whose position are at the corner of the current block as shown in Fig. 15.
[00119]To let the MVs better represent the sub-block when being referenced and also to make sure the
division will not become too complicated, the control points’ position will be changed as shown in Fig. 16.

[00120]After this modification, the sub-block’s MV can be derived by:

’ s
_ Vix —Vox V2x —Vox
Uy = w’ x+ ITG y + Vox

7 7
_ Py ~Voy V2y ~Voy
Vy=—r Xt Y+ Voy

®)

[00121]In the above equation, v," = (vy,, vyy") and v’ = W2y Upy") are the centre MVs of the new
control points. W’is the new distance between the top-left control point and the top-right control point. H'is the
new distance between the top-left control point and the bottom-left control point.

[00122]Reference index reorder for AMVP mode

[00123]In the present invention, a method to reorder the reference frame index according to the reference
frame of the candidate in the Merge list is also disclosed.

[00124]Since the Merge candidates with smaller index are chosen more frequently, reference frame in those
candidates may also be chosen more frequently in AMVP mode.

[00125]In one embodiment, only the reference frame of the first candidate in the Merge list will be
reordered to index 0 in AMVP mode. For example, if the reference frame of the first candidate in the Merge list
is frame 5 and the original reference frame index of the reference frame is equal to 2, then in AMVP mode, the
reference index of frame 5 will be changed to O and the reference index for reference frame with original
reference index equal to O will be changed to 1. The reference index for reference frame with the original
reference index equal to 1 will be reorder to 2. In another embodiment, the reference frames of reference indices
equal to 0 and 2 are just swapped. For example, if the reference frame of reference index equal to 2 is frame 5,
and the reference frame of reference index equal to 0 is frame 3, then the reordered reference index of frame 5
and frame 3 will be 0 and 2 respectively.

[00126]In another embodiment, more than one reference frame’s reference frame index can be reordered.
The reordered index depends on the Merge candidate’s Merge index. For example, we use the first three Merge
candidates to reorder the reference frame index in AMVP mode. When the reference frames of the first, the
second and the third Merge candidates are frames 5, 5 and 3 respectively, then the reference frame index of
frame 5 will become O and the reference frame index of frame 3 will become 1. In one embodiment, the reference
frame index of frame 5 and frame 3 will be first reordered, and the rest of the reference index will be filled by
the rest of the reference frame starting from the one with the smallest original reference index. For example, if
the original reference index 0, 1, 2, 3 correspond to frame 1, 4, 3, 5, respectively, then the reordered reference
index will become reference index 0, 1, 2, 3 corresponds to frame 5, 3, 1, 4, respectively. In another embodiment,
the reference frame can only be swapped. For example, if the original reference index 0, 1, 2, 3 correspond to
frame 1, 4, 3, 5, respectively, then the reordered reference index will become reference index 0, 1, 2, 3
corresponds to frame 5, 3, 4, 1 (i.e., frames 5 and 1 swapped, frames 3 and 4 swapped), respectively.

[00127]Interaction between Affine and Generalized Bi-Prediction

[00128]In JVET-K0248 (Y. Su, et al., “CE4.4.1: Generalized bi-prediction for inter coding”, in Joint Video
Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 11th Meeting: Ljubljana,
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SI, 10-18 July 2018, Document: JVET- K0248), generalized bi-prediction (GBi) is disclosed. The difference
between traditional bi-prediction and GB1 is that the unequal weights can be applied to LO and L1 predictors for
GBi. For example, we can apply a large weight to LO and a small weight to L1. The weight selection is explicit
signalled to the decoder. Currently, there are five weight sets, including {-2, 10}, {3, 5}, {4, 4}, {5, 3}, and {10,
-2} for LO and L1, respectively. There are some interaction between affine mode and GBi, since bi-prediction
can be used in affine mode. Two methods are proposed. The first one is to extend GBi to support affine mode.
In this method, the different weights for LO and L1 can be used when affine mode is used. The other method
disallows GBi when affine mode is used. That is, the weight selection is inferred to some pre-defined value and
no GBi weight selection is signalled. In one embodiment, the weight selection in affine mode is equal. In another
embodiment, the GBi weight is unequal.

[00129]Partial coefficient coding

[00130]Observing that sometimes using diagonal scanning method for coefficient may introduce
redundancy when most of the non-zero coefficients appear in a small region. For example, if most of the non-
zero coefficients are in the upper region of current block as shown in Fig. 17, the coefficient coding for the
bottom region will be a waste. Therefore, according to one embodiment, one coefficient block is partitioned into
multiple regions first. Depending on the position of the last coefficient, a flag will be signalled to indicate
whether only partial coefficients need to be scanned. For example, one coefficient block is partitioned into four
regions. In one example, these four region can be in the same size. If the last coefficient is at the position inside
the top-right region, a flag is signalled to indicate whether only the coefficients in the top-left and top-right
regions need to be scanned. Fig. 18 shows an example where only partial coefficients are scanned. In another
example, if the last coefficient is in the bottom-left region, a flag is signalled to indicate whether only the
coefficients in the top-left and bottom-left regions need to be scanned. In another example, if the last coefficient
is in the bottom-right region, all coefficients in current block need to be scanned, no additional flag is required.
In another embodiment, the current block can be divided into four regions where the four regions can be in
different size. The top-left region can be smaller than other three parts, or the area of the top-left + top-right
regions is smaller than the area of the bottom-left + bottom-right regions, and/or the area of the top-left + bottom-
left regions is smaller than the area of the top-right + bottom-right regions.

[00131]In one embodiment, this partial coefficient coding is only applied to Intra predicted blocks. In
another embodiment, this partial coefficient coding is only applied to some Intra mode or some Intra MPM mode.
In another embodiment, this partial coefficient coding is only applied to Inter predicted block. In another
embodiment, this partial coefficient coding is only applied to non-square block. In another embodiment, this
partial coefficient coding is only applied to square block. In another embodiment, this partial coefficient coding
is only applied to the block size/area/width/height smaller than some threshold. In another embodiment, this
partial coefficient coding is only applied to the block size/area/width/height larger than some threshold. In
another embodiment, this partial coefficient coding is only applied when using some transform, such as DCT-
5/8 and/or DST-7.

[00132]Average MVPs or Average Merge Candidates

[00133]To improve the coding efficiency, an average motion vector predictor (MVP) or average Merge

candidate for Skip, Merge, Direct, and/or Inter modes have been disclosed.
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[00134]In the proposed average M VP or average Merge candidate, the candidate is generated by averaging
the motion information of two or a group of available MVPs or Merge candidates. The group of candidates could
be the group of any spatial candidatessMVPs and/or any temporal candidatessMVPs and/or any affine
candidates/MVPs and/or any other candidates/M VPs.

[00135]The averaged MV calculation in the proposed method can be even weighted or different weighted
for average or mean candidates. For example, for a pair with two candidates/MVPs, the weights can be 1 and 1,
then divided by 2. Alternatively, the weights could be 2 and -1 or -1 and 2, without the need for division. More
generally, the weights can be N1, N2, ...Nn and then divided by (N1+N2+...+Nn).

[00136]In one embodiment, the average candidate is derived as the average of two or a group of MVs
pointing to a same reference picture. For example, it searches every pair of candidates in the candidate list base
on a predefined order. For each pair, if the two candidates have MVs point to a same reference picture in at least
one list, the average candidate could be derived; otherwise, the average candidate could not be derived from that
pair. The process to derive the average candidates continues until all the possible pairs have been searched or
the candidate list is fully filled in.

[00137]In another embodiment, the average candidate is derived as the average of two or a group of the
scaled M Vs, which are scaled to target reference picture index from two or a group of candidates. For example,
the MV for the list O or list 1 of the average candidate 1s derived as the average MV of the list O or list 1 MVs
from the groups of candidates that are scaled to a target reference-picture index before averaging. The given
target reference picture index can be predefined, or explicitly transmitted into the bitstream, or implicitly derived
from the MVs of the groups of candidates. For example, the target reference-picture index is derived as the
majority/minimum/maximum of the reference picture indexes from the groups of candidates. In another
embodiment, the average candidate is derived as the average of two or a group of MVs even if they pointing to
a different reference picture.

[00138]History—based Merge Mode Construction

[00139]The History Based Merge Mode stores some previous CU’s Merge candidates in a history array.
For the current CU, besides the original Merge mode candidate construction, it can use one or more candidates
in the history array to enrich the Merge mode candidates. embodiment detailed description is shown in JVET-
K0104 (L. Zhang, et al., “CE4-related: History-based Motion Vector Prediction”, in Joint Video Exploration
Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 11th Meeting: Ljubljana, SI, 10-18
July 2018, Document: JVET- K0104). The history-based method can also apply to AMVP candidate list.

[00140]JUMVE prediction

[00141]In JVET-KO115 (S. Jeong, et al., “CE4 Ultimate motion vector expression in JO024 (Test 4.2.9)”,
in Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 11th
Meeting: Ljubljana, SI, 10-18 July 2018, Document: JVET- K0115), ultimate motion vector expression
(UMVE) proposed in JVET-J0024 ( S. Akula, et. Al., “Description of SDR, HDR and 360° video coding
technology proposal considering mobile application scenario by Samsung, Huawei, GoPro, and HiSilicon”, in
Joint Video Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/S8C 29/WG 11, 10th Meeting:
San Diego, US, 10-20 Apr. 2018, Document: JVET- J0024) is presented. Fig. 19A illustrates an example of
UMVE search process for a current block 1912 in the current frame 1910. Frame 1920 in reference list L1 and
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frame 1930 in reference list L1 correspond to the two reference for bi-prediction. Line 1940 corresponds to a
line through the centre of the current block 1912 and two corresponding pixels in frames 1920 and 1930. The
search is performed around the centre points associated with line 1940 (e.g. lines 1942 and 1944). In order to
simplify the search process, only specific locations around the centre point vertically and horizontally will be
searched as shown in Fig. 19B for LO reference (1950) and L1 reference (1952). UMVE is used for either Skip
or Merge modes with a proposed motion vector expression method. UMVE re-uses the same Merge candidate
as VVC. Among the Merge candidates, a candidate can be selected, and is further expanded by the proposed
motion vector expression method. UMVE provides a new motion vector expression with simplified signalling.
The expression method includes prediction direction information, starting point, motion magnitude, and motion
direction.

[00142]This proposed technique uses a Merge candidate list as is. However, only candidates that are default
Merge type (MRG_TYPE DEFAULT N) are considered for UMVE’s expansion. Prediction direction
information indicates a prediction direction among L0, L1, and LO and L1 predictions. In B slice, the proposed
method can generate bi-prediction candidates from Merge candidates with uni-prediction by using mirroring
technique. For example, if a Merge candidate is uni-prediction with L1, a reference index of LO is decided by
searching a reference picture in list 0, which is mirrored with the reference picture for list 1. If there is no
corresponding picture, the nearest reference picture to the current picture is used. The MV of L0 is derived by
scaling MV of L1. The scaling factor is calculated by POC (picture order count) distance.

[00143]If the prediction direction of the UM VE candidate is the same as one of the original Merge candidate,
the index with value O is signalled as an UMVE prediction direction. However, if the prediction direction of the
UMVE candidate is not the same as one of the original Merge candidate, the index with value 1 is signalled.
After signalling the first bit, remaining prediction direction is signalled based on the pre-defined priority order
of UMVE prediction direction. Priority order is LO/L1 prediction, LO prediction and L1 prediction. If the
prediction direction of Merge candidate is L1, Code ‘0’ is signalled for UMVE’ prediction direction L1. Code
‘10’ is signalled for UMVE’ prediction direction LO and L1. Code ‘11’ is signalled for UMVE’ prediction
direction LO. If LO and L1 prediction lists are the same, UMVE’s prediction direction information is not signalled.

[00144]Base candidate index defines the starting point. Base candidate index indicates the best candidate

among candidates in the list as shown in Table 3.

Table 3.
Base candidate IDX 0 1 2 3
N® MVP 18 MVP 28 MVP 3" MVP 4 MVP

[00145]The distance indices for various distances are shown in Table 4.
Table 4.

Distance IDX 0 1 2 3 4 5 6 7

Pixel
distance 1/4-pel | 1/2-pel 1-pel 2-pel 4-pel 8-pel 16-pel | 32-pel

[00146]Direction index represents the direction of the MVD relative to the starting point. The direction
index can represent of the four directions as shown in Table 5.

Table 5.
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Direction IDX 00 01 10 11
X-axis + - N/A N/A
y-axis N/A N/A + -

[00147]To reduce the encoder complexity, block restriction is applied. If either width or height of a CU is
less than 4, UMVE is not performed.

[00148]Pairwise Average Candidate in Merge Mode

[00149]In JVET-L090 (Y. Haiso, et al., “CE4.4.12: Pairwise average candidates”, in Joint Video
Exploration Team (JVET) of ITU-T SG 16 WP 3 and ISO/IEC JTC 1/SC 29/WG 11, 12th Meeting: Macao, CN,
3-12 Oct. 2018, Document: JVET- L0O90), pairwise average candidates in Merge mode is proposed. Pairwise
average candidates are generated by averaging predefined pairs of candidates in the current Merge candidate list.
The averaged motion vectors are calculated separately for each reference list. If both motion vectors are available
in one list, these two motion vectors are averaged even when they point to different reference pictures; if only
one motion vector is available, use the one directly; if no motion vector is available, keep this list invalid.

[00150]Methods to further improve coding efficiency for GBi index are disclosed as follows.

[00151]A. Determining GBi index for spatial candidates in Merge mode

[00152]In one embodiment, if the Merge candidate is a spatial candidate, GBi index is inherited from the
spatial Merge candidate. In another embodiment, if the Merge candidate is a spatial candidate, GBi index is not
inherited from the spatial Merge candidate. In this case, GBi index can be set to be a pre-defined index. For
example, GB1i index is set to be the index indicating the equal weight, which means that both the weight of LO
and L1 list are 0.5.

[00153]B. Determining GBi index for temporal candidates in Merge mode

[00154]In one embodiment, if the Merge candidate is temporal candidate, GBi index is inherited from the
temporal Merge candidate. In another embodiment, if the Merge candidate is temporal candidate, GBi index is
not inherited from the temporal Merge candidate. In this case, GBi index can be set to be a pre-defined index.
For example, GBi index is set to be the index indicating the equal weight.

[00155]C. Determining GBi index for pairwise average candidates in Merge mode

[00156]In one embodiment, if the Merge candidate is an average candidate in bi-prediction, GBi index is
inherited from the candidate from L0 list. In one embodiment, if the Merge candidate is an average candidate in
bi-prediction, GBi index is inherited from the candidate in L1 list. In another embodiment, if the Merge candidate
is an average candidate derived from the average of the candidate c0 in L0 and the candidate c1 in L1. If the L1
weight indicted by the GBi index of c0 is larger than the L1 weight indicated by the GBi index of cl, the GBi
index of the average candidate is inherited from the candidate c0. In another embodiment, if the Merge candidate
is an average candidate, and is derived from the average of the candidate cO from LO and the candidate ¢l from
L1. If the LO weight indicted by the GBi index of c0 is larger than the LO weight indicated by the GBi index of
cl, the GBi index of the average candidate is inherited from the candidate cO. In another embodiment, if the
Merge candidate is an average candidate, GBi index is set to be a pre-defined index. For example, GBi index is
set to be the index indicating the equal weight, which means that both the weight of LO and L1 list are 0.5.

[00157]In another embodiment, GBi index is inherited from c0. In another embodiment, GBi index is

inherited from cl. In another embodiment, if the L1 weight of c0 is larger than the L1 weight of cl, the GBi
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index of the average candidate is inherited from the candidate c0, and vice versa. In another embodiment, if the
LO weight of c0 is larger than the LO weight of c1, the GBi index of the average candidate is inherited from the
candidate c0, and vice versa. In another embodiment, if the Merge candidate is average candidate, GBi index is
set to be a pre-defined index. For example, GBi index is set to be the index indicating the equal weight, which
means that both the weight of L0 and L.1 list are 0.5.

[00158]D. Determining GBi index for combined candidates in Merge mode

[00159]In the combined Merge candidate mode, two candidate lists are built to form LO and L1 Merge
candidate in bi-prediction. In one embodiment, if the Merge candidate is a combined candidate, GB1 index is
inherited from the candidate in the Merge candidate list built for LO. In one embodiment, if the Merge candidate
is a combined candidate, GBi index is inherited from the Merge candidate list built for L1. In another
embodiment, if the Merge candidate is a combined candidate derived from the combination of the candidate cO
in the candidate list built for LO and the candidate c1 in the candidate list built for L1. If the L1 weight indicted
by the GBi index of c0 is larger than the L1 weight indicated by the GBi index is of cl1, the GBi index of the
average candidate is inherited from the candidate cO. In another embodiment, if the Merge candidate is derived
from the combination of the candidate c0 from the candidate list built for LO and the candidate c1 from the
candidate list built forL.1. If the LO weight indicted by the GBi index of c0 is larger than the LO weight indicated
by the GBi index of cl, the GBI index of the average candidate is inherited from the candidate c0. In another
embodiment, if the Merge candidate is a combined candidate, GBi index is set to be a pre-defined index. For
example, GBi index is set to be the index indicating the equal weight, which means that both the weight of LO
and L1 list are 0.5.

[00160]E. Determining GBi index for sub-block Merge candidates

[00161]In one embodiment, if the Merge candidate is in sub-block mode, such as in ATMVP, STMVP, or
Affine Merge mode, the GBi index of the Merge candidate can be inherited from the GBi index of the centre
sub-blocks of the collocated sub-blocks. In one embodiment, if the Merge candidate is in sub-block mode, such
as in ATMVP, STMVP, or Affine mode, the GBi index of the Merge candidate can be derived from the most
frequent GBi index occurring in the collocated centre sub-block and the other spatial neighbouring sub-blocks.
In another embodiment, if the Merge candidate uses a sub-block mode, such as ATMVP, STMVP, or Affine
mode, the GBi index of the Merge candidate is set to be a pre-defined index. For example, GBi index is set to
be the index indicating the equal weight, which means that both the weight of LO and L1 list are 0.5.

[00162]F. Determining GBi index for history-based candidate in Merge mode

[00163]In JVET-KO0104, the History Based Merge Mode stores some previous CU’s Merge candidates in
a history array, and for the current CU, besides the original Merge mode candidate construction, it can use one
or more candidates inside the history array to enrich the Merge mode candidates. In one embodiment, if the CU
is inherited from a candidate in the history array, the GBi index of the CU can be inherited from the
corresponding candidate in the history array. In another embodiment, if the CU is inherited from a candidate in
the history array, the GBi index of the CU is set to be the index indicating the equal weight, which means that
both the weight of LO and L1 list are 0.5.

[00164]G. Determining GBi index in the pruning process

[00165]In one embodiment, in the pruning process of Merge candidate removal, history-based candidate
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update or affine candidate comparison, in addition to information related to the reference index, motion vectors,
and prediction direction (L0, L1 or bi-prediction), GBi index can be used to determine redundant candidates. In
another embodiment, in the pruning process of Merge candidate removal, history-based candidate update or
affine candidate comparison, GBI index is not used to determine redundant candidates.

[00166]H. Determining GBI index for UMVE

[00167]In JVET-KO0115, UMVE re-uses Merge candidate and among the Merge candidates, a candidate
can be selected and is further expanded by some motion vector expression methods proposed in JVET-KO115.
In one embodiment, the GBi index of the Merge candidate in UMVE mode can be inherited from the
corresponding Merge candidate generated in the normal Merge mode. In another embodiment, the GBi index of
the Merge candidate in UMVE mode can be set to be the index indicating the equal weight, which means that
both the weight of L0 and L1 list are 0.5.

[00168]1. Determining GBi index for OBMC

[00169]In one embodiment, the GBi index of a CU in OBMC mode can be inherited from the neighbouring
block whose motion vectors are referred to. In another embodiment, when OBMC is applied to a CU without
sub-block mode, the GBi indices of OBMC predictors (i.e., A’, B’ in Fig. 9A) are inherited from the GBi indices
of corresponding neighbours (i.e., A and B, respectively in Fig. 9A). In another embodiment, the GBi indices
for both A’ and B’ are not inherited from corresponding neighbours, the GB1 indices of A” and B’ are set to be
a pre-defined index. For example, the GBi indices of A’ and B’ are set to be the index indicating the equal weight,
which means that both the weight of L0 and L1 list are 0.5. In one embodiment, when OBMC is applied to CU
with sub-block mode, the GBi indices of all OBMC predictors (i.e., A’, B’, D’, and E’ in Fig. 9B) are inherited
from the GBi indices of corresponding neighbours (i.e., A, B, D, and E, respectively in Fig. 9B). In another
embodiment, the GB1 indices for all OMBC predictors are not inherited from corresponding neighbours. The
GBi indices of all OMBC predictors’ are set to be a pre-defined index. For example, the GBi indices of all
OMBC predictors are set to be the index indicating the equal weight, which means that both the weight of LO
and L1 list are 0.5. In another embodiment, GBi is mutually exclusive with OMBC, which means when OBMC
is applied on a CU with or without sub-block mode, GBi indices of the MC predictor and all of the OBMC
predictors are set to be a pre-defined index. For example, the GBi indices of the MC predictor and all of the
OBMC predictors are set to be the index indicating the equal weight, which means that both the weight of LO
and L1 list are 0.5

[00170]J. GBi interaction with de-blocking filter

[00171]In HEVC, the boundary strength (Bs) value can be determined by comparing the motion vectors or
reference indices between boundary pixels of two neighbouring CUs. In one embodiment, GBi indices of two
neighbouring CUs are considered to determine the Bs value. For example, if the differences between the GBi
indices of two neighbouring CUs are larger than a threshold, the BS value can be set to one or two. For another
example, if the differences between the GBi indices of two neighbouring CUs are smaller than a threshold, the
Bs value can be set to one or two. In another embodiment, GBi indices of two neighbouring CUs are not
considered to determine the Bs value.

[00172]K. GBi interaction with weighted prediction

[00173]In one embodiment, GBi and WP are mutually exclusive. For example, if WP is applied to a slice,
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the GBi indices for all of the CUs in the slice are all set to the index indicating the equal weight, which means
that both the weight of LO and L1 list are 0.5. In another embodiment, GBi and WP are mutually inclusive. For
example, if WP is applied to a slice, for bi-prediction cases, the weights and offsets of WP are applied to each
of the two motion-compensated prediction blocks first, and then the weighted sum of the two refined prediction
blocks are calculated based on the GBi weights.

[00174]Any of the foregoing proposed methods can be implemented in encoders and/or decoders. For
example, any of the proposed methods can be implemented in MV derivation module of an encoder, and/or a
MYV derivation module of a decoder. Alternatively, any of the proposed methods can be implemented as a circuit
coupled to the MV derivation module of the encoder and/or the MV derivation module of the decoder, so as to
provide the information needed by the MV derivation module.

[00175]Fig. 20 illustrates a flowchart of an exemplary video coding system, wherein bi-directional CU
(coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights
according to an embodiment of the present invention. The steps shown in the flowchart, as well as other
following flowcharts in this disclosure, may be implemented as program codes executable on cne or more
processors (e.g., one or more CPUs) at the encoder side and/or the decoder side. The steps shown in the flowchart
may also be implemented based hardware such as one or more electronic devices or processors arranged to
perform the steps in the flowchart. According to this method, input data associated with a current block in a
picture are received in step 2010. A Merge candidate list is generated for the current block in step 2020, where
current bi-directional CU weights for a bi-directional predictor of the current block associated with a target
Merge candidate in the Merge candidate list are set to a pre-define pair of weights when the target Merge
candidate corresponds to a selected Merge candidate. The current block or a current motion information of the
current block is encoded or decoded according to the Merge candidate list when Merge mode is selected for the
current block in step 2030.

[00176]Fig. 21 illustrates a flowchart of another exemplary video coding system, wherein bi-directional
CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights
according to an embodiment of the present invention. According to this method, input data associated with a
current block in a picture are received in step 2110. A Merge candidate list is generated for the current block in
step 2120, where current bi-directional CU weights for a bi-directional predictor of the current block associated
with a target Merge candidate in the Merge candidate list are set to a pre-define pair of weights when the target
Merge candidate corresponds to a selected Merge candidate. The current block or a current motion information
of the current block is encoded or decoded according to the Merge candidate list when Merge mode is selected
for the current block in step 2130.

[00177]Fig. 22 illustrates a flowchart of yet another exemplary video coding system, wherein bi-directional
CU (coding unit) weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights
according to an embodiment of the present invention. According to this method, input data associated with a
current block in a picture are received in step 2210. A Merge candidate list, a history-based list (HM VP list), or
an affine candidate list is generated for the current block in step 2210, where whether one new candidate to be
inserted in the Merge candidate list, the history-based list (HMVP list), or the affine candidate list is checked

before said one new candidate is inserted into the Merge candidate list, the history-based list (HM VP list), or the
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affine candidate list according to one or more factors including history-based candidate update, affine candidate
comparison, motion vector, prediction direction, reference index or a combination thereof and excluding a BCW
index associated with a target Merge candidate, and wherein the new candidate is not inserted if the new
candidate is redundant. In step 2230, the current block or a current motion information of the current block is
encoded or decoded according to the Merge candidate list or the affine candidate list when Merge mode or affine
Merge mode is selected respectively for the current block; or the history-based list (HMVP list) is updated after
the current block is coded in Merge mode or AMVP mode and is referenced during building the Merge candidate
list in Merge mode or an AMVP list in AMVP mode.

[00178]The flowcharts shown are intended to illustrate an example of video coding according to the present
invention. A person skilled in the art may modify each step, re-arranges the steps, split a step, or combine steps
to practice the present invention without departing from the spirit of the present invention. In the disclosure,
specific syntax and semantics have been used to illustrate examples to implement embodiments of the present
invention. A skilled person may practice the present invention by substituting the syntax and semantics with
equivalent syntax and semantics without departing from the spirit of the present invention.

[00179]The above description is presented to enable a person of ordinary skill in the art to practice the
present invention as provided in the context of a particular application and its requirement. Various modifications
to the described embodiments will be apparent to those with skill in the art, and the general principles defined
herein may be applied to other embodiments. Therefore, the present invention is not intended to be limited to
the particular embodiments shown and described, but is to be accorded the widest scope consistent with the
principles and novel features herein disclosed. In the above detailed description, various specific details are
illustrated in order to provide a thorough understanding of the present invention. Nevertheless, it will be
understood by those skilled in the art that the present invention may be practiced.

[00180]Embodiment of the present invention as described above may be implemented in various hardware,
software codes, or a combination of both. For example, an embodiment of the present invention can be one or
more circuit circuits integrated into a video compression chip or program code integrated into video compression
software to perform the processing described herein. An embodiment of the present invention may also be
program code to be executed on a Digital Signal Processor (DSP) to perform the processing described herein.
The invention may also involve a number of functions to be performed by a computer processor, a digital signal
processor, a microprocessor, or field programmable gate array (FPGA). These processors can be configured to
perform particular tasks according to the invention, by executing machine-readable software code or firmware
code that defines the particular methods embodied by the invention. The software code or firmware code may
be developed in different programming languages and different formats or styles. The software code may also
be compiled for different target platforms. However, different code formats, styles and languages of software
codes and other means of configuring code to perform the tasks in accordance with the invention will not depart
from the spirit and scope of the invention.

[00181]The invention may be embodied in other specific forms without departing from its spirit or essential
characteristics. The described examples are to be considered in all respects only as illustrative and not restrictive.
The scope of the invention is therefore, indicated by the appended claims rather than by the foregoing description.

All changes which come within the meaning and range of equivalency of the claims are to be embraced within
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CLAIMS

1.A method of video encoding or decoding for a coding system, wherein bi-directional CU (coding unit)
weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights, the method
comprising:

receiving input data associated with a current block in a picture;

generating a Merge candidate list for the current block, wherein current bi-directional CU weights for a bi-
directional predictor of the current block associated with a target Merge candidate in the Merge candidate list
are set to a pre-define pair of weights when the target Merge candidate corresponds to a selected Merge
candidate; and

encoding or decoding the current block or a current motion information of the current block according to
the Merge candidate list when Merge mode is selected for the current block.

2.The method of Claim 1, wherein the selected Merge candidate corresponds to a sub-block mode, and
wherein the current block is partitioned into multiple sub-blocks for motion compensation.

3.The method of Claim 2, wherein the sub-block mode corresponds to ATMVP (Advanced Temporal
Motion Vector Prediction) mode.

4.The method of Claim 1, wherein the selected Merge candidate corresponds to a temporal Merge candidate.

5.The method of Claim 1, wherein the selected Merge candidate corresponds to a pairwise average Merge
candidate.

6.The method of Claim 1, wherein the selected Merge candidate corresponds to a history-based Merge
candidate.

7.The method of Claim 1, wherein the selected Merge candidate corresponds to a UM VE (Ultimate Motion
Vector Expression) Merge candidate.

8.The method of Claim 1, wherein the pre-define pair of weights correspond to (0.5, 0.5).

9.An apparatus of video encoding or decoding for a coding system, wherein bi-directional CU (coding unit)
weighting is enabled for the coding system to allow using multiple pairs of weights,, the apparatus comprising
one or more electronic devices or processors configured to:

receive input data associated with a current block in a picture;

generate a Merge candidate list for the current block, wherein current bi-directional CU weights for a bi-
directional predictor of the current block associated with a target Merge candidate in the Merge candidate list
are set to a pre-define pair of weights when the target Merge candidate corresponds to a selected Merge
candidate; and

encode or decode the current block or a current motion information of the current block according to the
Merge candidate list when Merge mode is selected for the current block.

10.A method of video encoding or decoding for a coding system, wherein bi-directional CU (coding unit)
weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights, the method
comprising:

receiving input data associated with a current block in a picture;

generating a Merge candidate list for the current block, wherein current bi-directional CU weights for a bi-

directional predictor associated with a target Merge candidate in the Merge candidate list are inherited from the
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target Merge candidate when the target Merge candidate corresponds to a selected Merge candidate; and
encoding or decoding the current block or a current motion information of the current block according to
the Merge candidate list when Merge mode is selected for the current block.

11.The method of Claim 10, wherein the selected Merge candidate corresponds to a history-based Merge
candidate.

12.The method of Claim 10, wherein the selected Merge candidate corresponds to a UMVE (Ultimate
Motion Vector Expression) Merge candidate.

13.An apparatus of video encoding or decoding for a coding system, wherein bi-directional CU (coding
unit) weighting is enabled for the coding system to allow using multiple pairs of weights,, the apparatus
comprising one or more electronic devices or processors configured to:

receive input data associated with a current block in a picture;

generate a Merge candidate list for the current block, wherein current bi-directional CU weights for a bi-
directional predictor associated with a target Merge candidate in the Merge candidate list are inherited from the
target Merge candidate when the target Merge candidate corresponds to a selected Merge candidate; and

encode or decode the current block or a current motion information of the current block according to the
Merge candidate list when Merge mode is selected for the current block.

14.A method of video encoding or decoding for a coding system, wherein bi-directional CU (coding unit)
weighting (BCW) is enabled for the coding system to allow using multiple pairs of weights, the method
comprising:

receiving input data associated with a current block in a picture;

generating a Merge candidate list, a history-based list (HMVP list), or an affine candidate list for the current
block, wherein whether one new candidate to be inserted in the Merge candidate list, the history-based list
(HMVP list), or the affine candidate list is checked before said one new candidate is inserted into the Merge
candidate list, the history-based list (HMVP list), or the affine candidate list according to one or more factors
including history-based candidate update, affine candidate comparison, motion vector, prediction direction,
reference index or a combination thereof and excluding a BCW index associated with a target Merge candidate,
and wherein the new candidate is not inserted if the new candidate is redundant; and

encoding or decoding the current block or a current motion information of the current block according to
the Merge candidate list or the affine candidate list when Merge mode or affine Merge mode is selected
respectively for the current block; or updating the history-based list (HMVP list) after the current block is coded
in Merge mode or AM VP mode and is referenced during building the Merge candidate list in Merge mode or an
AMVP list in AMVP mode.

15.An apparatus of video encoding or decoding for a coding system, wherein bi-directional CU (coding
unit) weighting is enabled for the coding system to allow using multiple pairs of weights,, the apparatus
comprising one or more electronic devices or processors configured to:

receive input data associated with a current block in a picture;

generate a Merge candidate list, a history-based list (HMVP list), or an affine candidate list for the current
block, wherein whether one new candidate to be inserted in the Merge candidate list, the history-based list

(HMVP list), or the affine candidate list is checked before said one new candidate is inserted into the Merge
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candidate list, the history-based list (HMVP list), or the affine candidate list according to one or more factors
including history-based candidate update, affine candidate comparison, motion vector, prediction direction,
reference index or a combination thereof and excluding a BCW index associated with a target Merge candidate,
and wherein the new candidate is not inserted if the new candidate is redundant; and

encode or decode the current block or a current motion information of the current block according to the
Merge candidate list or the affine candidate list when Merge mode or affine Merge mode is selected respectively
for the current block; or update the history-based list (HM VP list) after the current block is coded in Merge mode
or AMVP mode and is referenced during building the Merge candidate list in Merge mode or an AMVP list in
AMVP mode.



WO 2019/223746

Biawediction

1/ 12

PCT/CN2019/088069

B+

Aq

Eagnd
weighiting

Uni-prediciion:
i1

““““"0 Uni-prediction:
Lo

Tnn
D
[ d
Fig. 1
3 T3 conding
opder index: @
A OB ending
ordey index: 1 L
] ¥ 3Bt coding
M 6 W v R * pnder ndexs

“:g;*Qm """"""

T

A

i (38 coding
order index 3

GBi ooding
g onderindex: ¢



WO 2019/223746 PCT/CN2019/088069

2/ 12

320 -

Iig. 3
a0 | a1 b0 | b1
a2 | VO V1
— 410
L
c0
c1
ey, A



WO 2019/223746 PCT/CN2019/088069

3/ 12

Sab?u___,m%a )f‘ 527

X - Y o
N 521~ 5237 g ) 7
T o L L >
512 RSO N .
Current PU ~ SRS SubPUL MV
‘ 3 Y ei({C}QE\E\i\%;:\\(%«u ?‘{"‘j“ i\\\\\\\ 52 8
T Eap— 526
l_f\ﬁ_J Ve
QLL




WO 2019/223746 PCT/CN2019/088069

4 /12

Boundary pixel in
region 1

Boundary pixel in
region 2

720

.

720

10

T BiZ2

Fig. 84




PCT/CN2019/088069

WO 2019/223746

5/ 12

Iig. 9.1

3 20O 0O0®
§ DO O®
: ®00®

L ®@00®
20O 0®

2 O0O0®
DO0®

DO 0®

Fig. 10.1

&



WO 2019/223746

v

19

)

P

~,

Q
-
~

N

6/ 12

)

w
N

PCT/CN2019/088069

n33
/ \ / \Mv~y
N N’ N
TN N N
\ 14 \ {0\

/1020

Bi-pradiction n
s weighiting

LR

) @ B®|®® G
)OO0 OC
) O OO0 C
) ®®|® ® G

o
=)
N}

4

)

o
w

O C
O(

QO

_—
—
——
—

0
o
N

(

[O8]
(oY)

0

)

o

e Bi-prodiotion in weogusl weighting
case ~ (R coding onder fndex: 1

cage ~ B coding order mdex: 2
oW Ri-prediction iy un-eqeal welghting
e - GBI coding order bndex: 3

bt Uliivymediotion:

& 10

Fig. 11

g Sheprodiviion i we-opald weighting
g tass ~ GBI coding ordey fadex: ¢



WO 2019/223746

ie

Fig. 14

PCT/CN2019/088069

Voieg 12 oV

Fig. I5



WO 2019/223746 PCT/CN2019/088069

8/ 12

. 8 .yl
Yy Y SR ¥ Uy

. :
; foosficient
yg b

*© S

16
Fig. 16 Fig. 17

fow v 29w 9% W9x- 70w o9% e POV 998




WO 2019/223746 PCT/CN2019/088069

9/ 12

L0 reference Currart frame L1 reference

Current block grreac S

Fig. 19.1

LO reforencs L1 referance

1950 — & 1952

O O
L »
G &80 I N R
L »
£ Q

Fig. 198



WO 2019/223746 PCT/CN2019/088069

10 / 12

AAAITL I lv\v-\l |

DA Aatan mocr~nintaA wan
MNCTULTIVITTY ITTPUL Udld aosouuidlcu wi
ina

Generating a Merge candidate list for the current
block, wherein current bi-directional CU weights for
a bi-directional pi‘GUICLOi‘ of the current block j_ 2020
associated with a target Merge candidate in the
|V|erge candidate list are setto a pre- define palr of
weights when the target Merge candidate

corresponds to a selected Merge candidate

v

Encoding or decoding the current block or a current

motion information of the current block according to | (— 2030

the Merge candidate list when Merge mode is
seiected for the current biock

v

77N\
End

Fig. 20



WO 2019/223746 PCT/CN2019/088069

11 / 12

Receiving input data associated with a current biock
in a picture

v

Generating a Merge candidate list for the current
block, wherein current bi-directional CU weights for

a bi-directional predictor associated with a target in 2120

Merge candidate in the Merge candidate list are

inharifad fram tha tarnat Maraa ~andidata whan tha
HITIGTHILCU 1TVLH UIT lGIHUL IVICTI HU Al IUIVALS wilicll LU IT

H\
N
=
()

motion information of the current block according to | {— 2130
the Merge candidate list when Merge mode is
selected for the current block

Y

End

Iig. 21



WO 2019/223746 PCT/CN2019/088069

12 / 12

(start)

\+,/
Receiving input data associated with a current biock | (— :
in a picture

N
N
—n
<

v

Generating a Merge candidate list, a history-based
list (HMVP list), or an affine candidate list for the
current block, wherein whether one new candidate
to be inserted in the Merge candidate list, the
history-based list (HMVP list), or the affine candidate
list is checked before said one new candidate is
inserted into the Merge candidate list, the history- in 2220
based list (HMVP list), or the affine candidate list
according to one or more factors including history-
based candidate update, affine candidate
comparison, motion vector, prediction direction,
reference index or a combination thereof and
excluding a BCW index associated with a target
Merge candidate, and wherein the new candidate is
not inserted if the new candidate is redundant

|
Y

Encoding or decoding the current block or a current
motion information of the current block according to
the Merge candidate list or the affine candidate list

whan Meaerae mode ar affine Marae mode ig selected —~———
yviit ""V.'tj" PIIVML W TR VIV DY TV e ?’V'VV‘V“ j_ 2230
respectively for the current block; or updating the
history-based list (HMVP list) after the current block
is coded in Merge mode or AMVP mode and is
referenced during building the Merge candidate list

in Merge mode or an AMVP list in AMVP mode

v

End

Fig. 22



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/088069

A. CLASSIFICATION OF SUBJECT MATTER
HO4N 19/105(2014.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

VEN,CNABS,CNKLCNTXT,WOTXT,USTXT,EPTXT:encoding, video, CU, coding, unit, bi-directional, weighting,
BCW, merge, list, candidate, block, select, UMVE, ATMVP, advanced, temporal, motion, vector, prediction,
ultimate, expression

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2013188715 Al (QUALCOMM INC) 25 July 2013 (2013-07-25) 1-15
the whole document

A US 9473787 B2 (PANASONIC IP MAN CO., LTD.) 18 October 2016 (2016-10-18) 1-15
the whole document

A CN 102860006 A (TELEFONAKTIEBOLAGET ERICSSON L M) 02 January 2013 1-15
(2013-01-02)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited docurnents: «T> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

. L . R R «3» document of particular relevance; the claimed invention cannot be

“E” eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

LT dpcgment Wkgfhhntlﬁy thfglv.v d‘?Ubtz on prflorltyhclz_un.l(s). or Wl_'uctl'lll IS «y» document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is

«A” document defining the general state of the art which is not considered
to be of particular relevance

special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«<p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 July 2019 05 August 2019

Name and mailing address of the ISA/CN Authorized officer

National Intellectual Property Administration, PRC

6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing QL Jingwei

100088

China
Facsimile No. (86-10)62019451 Telephone No. 86- (010) -62411482

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2019/088069

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
uUsS 2013188715 Al 25 July 2013 WO 2013106336 A2 18 July 2013
WO 2013106336 A3 14 November 2013
uUsS 9473787 B2 18 October 2016 Ip 2015195575 A 05 November 2015
us 2015271516 Al 24 September 2015
CN 102860006 A 02 January 2013 EP 2532159 Al 12 December 2012
us 2017064299 Al 02 March 2017
EP 2532160 Al 12 December 2012
CN 102860006 B 23 November 2016
WO 2011095259 Al 11 August 2011
us 2011194609 Al 11 August 2011
us 2011194608 Al 11 August 2011
WO 2011095260 Al 11 August 2011

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report

