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APPARATUS AND METHOD FOR CONDITIONAL DECODER-SIDE MOTION
VECTOR REFINEMENT IN VIDEO CODING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the priority to India Provisional Patent Application No.
IN201831034607, filed September 13, 2018. The aforementioned patent application is hereby
incorporated by reference in their entireties.

TECHNICAL FIELD
[0002] Embodiments of the present disclosure are generally related to video data encoding and
decoding techniques, and are especially related to decoder-side motion vector refinement (DMVR)
in video coding.

BACKGROUND

[0003] The amount of video data needed to depict even a relatively short video can be
substantial, which may result in difficulties when the data is to be streamed or otherwise
communicated across a communications network with limited bandwidth capacity. Thus, video
data 1s generally compressed before being communicated across modern day telecommunications
networks. The size of a video could also be an issue when the video is stored on a storage device
because memory resources may be limited. Video compression devices often use software and/or
hardware at the source to code the video data prior to transmission or storage, thereby decreasing
the quantity of data needed to represent digital video images. The compressed data is then
received at the destination by a video decompression device that decodes the video data. With
limited network resources and ever increasing demands of higher video quality, improved
compression and decompression techniques that improve compression ratio with little to no

sacrifice in image quality are desirable.
SUMMARY

[0004] Embodiments of the present application provide apparatus and method for inter-
prediction of a current image block in a current picture of a video, an encoder and a decoder that
can perform decoder side motion vector refinement (DMVR) conditionally, and thus the coding

efficiency can be improved.
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[0005] Embodiments of the invention are defined by the features of the independent claims,
and further advantageous implementations of the embodiments by the features of the dependent
claims.

[0006] Particular embodiments are outlined in the attached independent claims, with other

embodiments in the dependent claims.

[0007] According to a first aspect, the disclosure relates to a method for inter-prediction (bi-
prediction) of a current image block in a current picture of a video, the method comprising;
determining whether the current picture is temporally (with regard to time) between a first
reference picture (such as RefPic0) and a second reference picture (such as RefPicl) and whether a
first temporal distance (such as TDO) and a second temporal distance (such as TD1) are the same
distance, wherein the first temporal distance (TDO) is between the current picture and the first
reference picture(RefPic0), and the second temporal distance(TD1) is between the current picture
and the second reference picture(RefPicl); and performing motion vector refinement (DMVR)
procedure to obtain a position of a first refined reference block and a position of a second refined
reference block and determining a prediction block (predicted sample values) of the current image
block based on the position of the first refined reference block and the position of the second
refined reference block, when it is determined that the current picture is temporally between the
first reference picture(such as RefPic0) and the second reference picture(such as RefPicl) and that
the first temporal distance (TDO) and the second temporal distance (TD1) are the same distance.
[0008] It is noted that “when it is determined that the current picture is temporally between the
first reference picture(such as RefPic0) and the second reference picture(such as RefPicl) and that
the first temporal distance (TDO) and the second temporal distance (TD1) are the same distance”
should not be understood as “only when it is determined that the current picture is temporally
between the first reference picture(such as RefPicO) and the second reference picture(such as
RefPicl) and that the first temporal distance (TDO) and the second temporal distance (TD1) are the
same distance”. Other conditions can be also considered when determining whether to perform
motion vector refinement (DMVR) procedure.

[0009] Regarding “a position of a first refined reference block and a position of a second refined
reference block”, the position can be an absolute position, which is the position in the reference
picture, or a relative position which is a position offset based on the position of the initial reference

block.
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[0010] It is noted that DMVR is applied for the merge mode of bi-prediction with one motion
vector (MV) from a reference picture in the past and another MV from another reference picture in
the future. The reference pictures may be two pictures in temporally different directions with
respect to the current picture that contains the current image block. The present disclosure is not
applicable to the scenario in which both predictions come from the same time direction (either both
from the past or both from the future).

[0011] In a possible implementation form of the method according to any preceding
implementation of the first aspect, the determining whether the current picture is temporally
between a first reference picture (such as RefPic0) and a second reference picture(such as RefPicl)
and that a first temporal distance (such as TDO) and a second temporal distance (such as TD1) is
the same distance, wherein the first temporal distance(TDO) is between the current picture and the
first reference picture(RefPic0), and the second temporal distance(TD1) is between the current
picture and the second reference picture(RefPic1), comprises:

|TDO| == |TD1|
AND
TDO*TD1 <0
For each merge candidate which indicates bi-direction, compute TDO and TD1 as temporal
distances of LO and L1 reference picture from the current picture. The TDO and TD1 may be
calculated by using a picture order count (POC). For example:
TDO = POCc -POC,
TD1 =POCc -POC,

Here, POCc, POCy, and POC; represent POC of the current picture, POC of the first reference
picture, and POC of the second reference picture, respectively.

[0012] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the method further comprises:
performing motion compensation using a first initial motion vector(MVO0) and a second initial
motion vector(MV1), when it is determined that the first temporal distance (TDO) and the second
temporal distance (TD1) are different distance or that the current picture is not temporally between
the first reference picture(such as RefPicO) and the second reference picture(such as RefPicl); in
one example, performing motion compensation using a first initial motion vector (MV0) and a
second initial motion vector (MV1) when |TDO| # [TD1| or TDO*TD1>=0 in the case that TDO =
POCc -POC,, and TD1 = POCc -POC;. Alternatively, in another example, performing motion
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compensation using a first initial motion vector (MVO0) and a second initial motion vector (MV1),
when TDO # TD1 in the case that TDO = POCc -POCy, and TD1 = POC; —POCc.

[0013] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the method further comprising:
obtaining an initial motion information of the current image block in the current picture, wherein
the initial motion information comprises the first initial motion vector, a first reference index, the
second initial motion vector and a second reference index, wherein the first reference index
indicates the first reference picture, and the second reference index indicates the second reference
picture.

[0014] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the step of performing motion vector
refinement (DMVR) procedure, comprises:

determining a first initial reference block in a first reference picture based on the first initial motion
vector;

determining a second initial reference block in a second reference picture based on the second
initial motion vector;

generating a bilateral reference block based on the first initial reference block and the second initial
reference block; for example, the bilateral reference block may be referred as bilateral template,
and the template has the shape and size of the image prediction block;

comparing a cost between the bilateral reference block and each of a plurality of first reference
blocks in the first reference picture to determine a position of a first refined reference block or a
first refined motion vector; and

comparing a cost between the bilateral reference block and each of a plurality of second reference
blocks in the second reference picture to determine a position of a second refined reference block
or a second refined motion vector.

[0015] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the step of performing motion vector
refinement (DMVR) procedure, comprises:

obtaining a template for the current image block based on a first initial reference block pointed to

by the first initial motion vector in the first reference picture(such as RefPic0) and a second initial
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reference block pointed to by the second initial motion vector in the second reference picture( such
as RefPicl); and

determining the first refined motion vector and the second refined motion vector by template
matching with said template in a first search space and a second search space respectively, the first
search space containing a position given by the first initial motion vector and the second search
space containing a position given by the second initial motion vector.

[0016] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the step of performing motion vector
refinement (DMVR) procedure, comprises:

determining a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks based on the matching cost criterion (for example, based on the matching
cost of each pair of reference blocks), wherein said pair of reference blocks includes a first
reference block in a sample region that is of the first reference picture and that is determined based
on the first initial motion vector and a second reference block in a sample region that is of the
second reference picture and that is determined based on the second initial motion vector;

wherein the best motion vectors include the first refined motion vector and the second refined
motion vector.

[0017] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, the step of performing motion vector
refinement (DMVR) procedure to obtain a position of a first refined reference block and a position
of a second refined reference block, comprises:

determining positions of N first reference blocks and positions of N second reference blocks based
on the first initial motion vector, the second initial motion vector and a position of the current
image block, wherein the N first reference blocks are included in the first reference image, and the
N second reference blocks are included in the second reference image, and N is an integer greater
than 1; and

determining positions of a pair of reference blocks from the positions of the M pairs of reference
blocks as a position of the first refined reference block and a position of the second refined
reference block based on the matching cost criterion, wherein positions of each pair of reference
blocks include a position of a first reference block and a position of a second reference block, and

for each pair of reference blocks, the first position offset(deltaOx, deltaOy) and the second position
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offset(deltalx, deltaly) are mirrored, and the first position offset(deltaOx, deltaOy) represents an
offset of the position of the first reference block relative to the position of the first initial reference
block, and the second position offset(deltalx, deltaly) represents an offset of the position of the
second reference block relative to the position of the second initial reference block, wherein M is
an integer greater than or equal to 1, and M is less than or equal to N.

[0018] In an example, the expression that the first position offset (deltaOx, deltaOy) and the second
position offset (deltalx, deltaly) are mirrored, may be understood as: the direction of the first
position offset is opposite to the direction of the second position offset, and the magnitude of the
first position offset is the same as the magnitude of the second position offset.

[0019] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, wherein the step of determining a
prediction block of the current image block based on the position of the first refined reference
block and the position of the second refined reference block, comprises:

determining a prediction block based on the first refined reference block and the second refined
reference block, wherein the first refined reference block is determined in the first reference picture
based on the position of the first refined reference block and the second refined reference block is
determined in the second reference picture based on the position of the second refined reference
block; or

determining a prediction block based on the first refined reference block and a second refined
reference block, wherein the first refined reference block and the second refined reference block
are determined by performing motion compensation using the first refined motion vector and the
second refined motion vector.

[0020] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, wherein the first reference picture is a
reference image temporally preceding the current picture and the second reference picture is a
reference image preceded temporally by the current picture; or the first reference picture is a
reference image preceded temporally by the current picture and the second reference picture is a
reference image temporally preceding the current picture; or

wherein the first reference picture is a reference image in the past and the second reference picture
1s a reference image in the future; or the first reference picture is a reference image in the future

and the second reference picture is a reference image in the past.
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In other words, a previous picture of the current picture is the first reference picture, and a next
image of the current picture is the second reference picture; or a previous picture of the current
picture is the second reference picture, and a next image of the current picture is the first reference
picture.

[0021] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, wherein the first temporal distance
(TDO) indicates the picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance (TD1) indicates the POC distance between the
current picture and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between the picture
order count value (POCc) of the current picture and the picture order count value (POCO) of the
first reference image; and the second temporal distance (TD1) is represented in terms of difference
between the picture order count value (POCc) of the current picture and the picture order count
value (POC1) of the second reference image.

[0022] In a possible implementation form of the method according to any preceding
implementation of the first aspect or the first aspect as such, wherein the step of determining
whether the current picture is temporally between a first reference picture (such as RefPicO) and a
second reference picture(such as RefPicl), comprises:

determining whether the picture order count value (POCc) of the current picture is larger than the
picture order count value (POCO) of the first reference image and picture order count value (POCc)
of the current picture is smaller than the picture order count value (POC1) of the second reference
image, or whether the picture order count value (POCc) of the current picture is smaller than the
picture order count value (POCO) of the first reference image and picture order count value (POCc)
of the current picture is larger than the picture order count value (POC1) of the second reference
image.

[0023] According to a second aspect, the disclosure relates to a method for inter-prediction (bi-
prediction) of a current image block in a current picture of a video, the method comprising:
determining whether the current picture is temporally between a first reference picture (such as
RefPic0) and a second reference picture (such as RefPicl) and whether a first temporal distance
(such as TDO) and a second temporal distance (such as TD1) are the same distance, wherein the

first temporal distance (TDO) is between the current picture and the first reference picture(RefPic0),
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and the second temporal distance(TD1) is between the current picture and the second reference
picture(RefPicl); and performing motion compensation using a first initial motion vector(MV0)
and a second initial motion vector(MV1), when it is determined that the first temporal distance
(TDO) and the second temporal distance (TD1) are different distance or that the current picture is
not temporally between the first reference picture(such as RefPicO) and the second reference
picture(such as RefPicl).

[0024] In a possible implementation form of the method according to the second aspect as such,
wherein 1nitial motion information of the current image block comprises the first initial motion
vector, a first reference index, the second initial motion vector and a second reference index,
wherein the first reference index indicates the first reference picture, and the second reference
index indicates the second reference picture.

[0025] In a possible implementation form of the method according to any preceding
implementation of the second aspect or the second aspect as such, wherein the first temporal
distance indicates a picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance indicates a POC distance between the current

picture and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) of the
first reference image; and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.

[0026] According to a third aspect, the disclosure relates to a method for inter-prediction (bi-
prediction) of a current image block in a current picture of a video, the method comprising:

determining whether a first temporal distance (such as TDO) is equal to a second temporal distance
(such as TD1), wherein the first temporal distance (TDO) is represented in terms of difference
between the picture order count value (POCc) of the current picture and the picture order count
value (POCO) of the first reference image; and the second temporal distance (TD1) is represented
in terms of difference between the picture order count value (POC1) of the second reference image

and the picture order count value (POCc) of the current picture; and performing motion vector
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refinement (DMVR) procedure to determine a prediction block of the current image block, when it
is determined that the first temporal distance (TDO) is equal to the second temporal distance (TD1).
[0027] In a possible implementation form of the method according to the third aspect as such, the
method further comprises: performing motion compensation using a first initial motion vector and
a second initial motion vector to determine a prediction block of the current image block, when it is
determined that the first temporal distance is not equal to the second temporal distance.

[0028] According to a fourth aspect, the disclosure relates to a method for inter-prediction (bi-

prediction) of a current image block in a current picture of a video, the method comprising:

determining whether a first temporal distance (such as TDO) is equal to a second temporal
distance (such as TD1), wherein the first temporal distance (TDO) is represented in terms of
difference between the picture order count value (POCc) of the current picture and the picture
order count value (POCO) of the first reference image; and the second temporal distance (TD1) is
represented in terms of difference between the picture order count value (POC1) of the second

reference image and the picture order count value (POCc) of the current picture; and

performing no motion vector refinement (DMVR) procedure (or disabling motion vector
refinement (DMVR) procedure), when it is determined that the first temporal distance (TDO) is

not equal to the second temporal distance (TD1).

[0029] For each merge candidate which indicates bi-direction, the TDO and TD1 may be
calculated by using a picture order count (POC). For example:

TDO =POCc -POCy

TD1 =POC, -POCc
Here, POCc, POCy, and POC; represent POC of the current picture, POC of the first reference
picture, and POC of the second reference picture respectively.
[0030] In a possible implementation form of the method according to any preceding
implementation of the second or third or fourth aspect or the second or third or fourth aspect as
such, wherein the first reference picture is a reference image temporally preceding the current
picture and the second reference picture is a reference image preceded temporally by the current

picture; or the first reference picture is a reference image preceded temporally by the current



WO 2020/052654 PCT/CN2019/105717

picture and the second reference picture is a reference image temporally preceding the current
picture; or

wherein the first reference picture is a reference image in the past and the second reference picture
is a reference image in the future; or the first reference picture is a reference image in the future
and the second reference picture is a reference image in the past.

In other words, a previous picture of the current picture is the first reference picture, and a next
image of the current picture is the second reference picture; or a previous picture of the current
picture is the second reference picture, and a next image of the current picture is the first reference
picture.

[0031] According to a fifth aspect, the disclosure relates to a method for encoding a video image
comprising:

performing inter-prediction of a current image block in a current picture of the video to obtain a
prediction block of the current image block according to the above method; and

encoding difference(e.g. residual or residual block) between the current image block and the
prediction block and generating a bitstream including the encoded difference and an index (such as
a merge candidate index) for indicating an initial motion information, wherein the initial motion
information comprises a first initial motion vector and a second initial motion vector.

[0032] According to a sixth aspect, the disclosure relates to a method for decoding a video image
from a bitstream comprising:

parsing from the bitstream an index (such as a merge candidate index) for indicating an initial
motion information and an encoded difference(e.g. residual or residual block) between a current
image block and a prediction block of the current image block, wherein the initial motion
information comprises a first initial motion vector and a second initial motion vector;

performing inter-prediction of a current image block in a current picture of the video to obtain a
prediction block of the current image block according to the method previously described above;
and

reconstructing the current image block as a sum of the parsed difference and the prediction block.
[0033] According to a seventh aspect, the disclosure relates to a method of encoding implemented
by an encoding device, comprising:

determining value of a syntax element indicating whether the above method is enabled or not; and

generating a bitstream including the syntax element.

10
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[0034] In a possible implementation form of the method according to any preceding
implementation of the seventh aspect or the seventh aspect as such, wherein the syntax element is
signaled at any one of a sequence parameter set (SPS) level, a picture parameter set (PPS) level, a
slice header, coding tree unit (CTU) syntax, or coding unit (CU) syntax.

[0035] In a possible implementation form of the method according to any preceding
implementation of the seventh aspect or the seventh aspect as such, wherein the syntax element
comprises a first flag (such as sps conditional dmvr flag) and/or a second flag(such as
pps_conditional dmvr_ flag);

If the first flag (sps_conditional dmvr flag) is equal to 0, the method previously described above
1s not performed for the image blocks of the sequence;

If the first flag (sps_conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to O, the method previously described above is not
performed for the image blocks of the picture of the sequence; or

If the first flag (sps conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to 1, the method previously described above is performed for
the image blocks of the picture of the sequence.

[0036] According to an eighth aspect, the disclosure relates a method of decoding implemented by
a decoding device, comprising;

parsing from a bitstream a syntax element indicating whether the previously described above
method is enabled or not; and

adaptively enabling or disabling decoder-side motion vector refinement (DMVR) procedure
according to the syntax element indicating whether the above method is enabled or not.

[0037] In a possible implementation form of the method according to any preceding
implementation of the eighth aspect or the eighth aspect as such, wherein the syntax element is
obtained from any one of a sequence parameter set (SPS) level of a bitstream, a picture parameter
set (PPS) level of the bitstream, a slice header, coding tree unit (CTU) syntax, or coding unit (CU)
syntax.

[0038] In a possible implementation form of the method according to any preceding
implementation of the eighth aspect or the eighth aspect as such, wherein the syntax element
comprises the first flag  (sps_conditional dmvr flag) and the second flag

(pps_conditional dmvr flag);
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If the first flag (sps_conditional dmvr_flag) is equal to 0, the method previously described above
is not performed for the image blocks of the sequence;

If the first flag (sps_conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to O, the method previously described above is not
performed for the image blocks of the picture of the sequence; or

If the first flag (sps conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to 1, the method previously described above is performed for
the image blocks of the picture of the sequence.

[0039] According to a ninth aspect, the disclosure relates a coding device, comprising;
a memory storing instructions; and

a processor coupled to the memory, the processor configured to execute the instructions stored in

the memory to cause the processor to perform the previously shown method.

[0040] According to a tenth aspect, the disclosure relates an apparatus for inter-prediction of a

current image block in a current picture of a video, comprising:

a determining unit configured to determine whether the current picture is temporally between a
first reference picture(such as RefPicO) and a second reference picture(such as RefPicl) and
whether a first temporal distance (such as TDO) and a second temporal distance (such as TD1) are
the same distance, wherein the first temporal distance(TDO) is between the current picture and the
first reference picture(RefPic0), and the second temporal distance(TD1) is between the current

picture and the second reference picture(RefPicl); and

an inter prediction processing unit configured to perform motion vector refinement (DMVR)
procedure to obtain a position of a first refined reference block and a position of a second refined
reference block and to determine a prediction block of the current image block based on the
position of the first refined reference block and the position of the second refined reference block,
when it is determined that the current picture is temporally between the first reference picture(such
as RefPic0) and the second reference picture(such as RefPicl) and that the first temporal distance

(TDO) and the second temporal distance (TD1) are the same distance.
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[0041] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect, the determining unit is configured to determine whether the
current picture is temporally between a first reference picture(such as RefPicO) and a second
reference picture(such as RefPicl) and whether a first temporal distance (such as TDO) and a
second temporal distance (such as TD1) are the same distance through the following equation:

|TDO| == |[TD1|

AND

TDO*TD1 <0
For each merge candidate which indicates bi-direction, compute TDO and TD1 as temporal
distances of 1.O and L1 reference picture from the current picture. The TDO and TD1 may be
calculated by using a picture order count (POC). For example:
TDO =POCc -POCy
TD1 =POCc -POC,
Here, POCc, POCy, and POC,; represent POC of the current picture, POC of the first reference
picture, and POC of the second reference picture, respectively.
[0042]
In a possible implementation form of the method according to the tenth aspect as such, wherein the
inter prediction processing unit is further configured to perform motion compensation using a first
initial motion vector(MV0) and a second initial motion vector(MV1), when it is determined that
the first temporal distance (TDO) and the second temporal distance (TD1) are different distance or
that the current picture is not temporally between the first reference picture(such as RefPic0) and
the second reference picture(such as RefPicl). In one example, the inter prediction processing unit
is further configured to perform motion compensation using a first initial motion vector(MVO0) and
a second initial motion vector(MV1), when |TDO| # |TD1| or TDO*TD1>=0 in the case that TDO =
POCc -POCy, and TD1 = POCc -POC;. Alternatively, in another example, the inter prediction
processing unit is further configured to perform motion compensation using a first initial motion
vector (MV0) and a second initial motion vector (MV1), when TDO # TD1 in the case that TDO =
POCc -POCy, and TD1 =POC,; —-POCec.
[0043] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, wherein the inter prediction

processing unit is further configured to
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obtain an initial motion information of the current image block in the current picture, wherein the
initial motion information comprises the first initial motion vector, a first reference index, the
second initial motion vector and a second reference index, wherein the first reference index
indicates the first reference picture, and the second reference index indicates the second reference
picture.

[0044] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, for the performing motion vector
refinement (DMVR) procedure to obtain a position of a first refined reference block and a position
of a second refined reference block, wherein the inter prediction processing unit is specifically

configured to:

determine a first initial reference block in a first reference picture based on the first initial motion

vector,

determine a second initial reference block in a second reference picture based on the second initial

motion vector;

generate a bilateral reference block based on the first initial reference block and the second initial

reference block;

compare a cost between the bilateral reference block and each of a plurality of first reference
blocks in the first reference picture to determine a position of a first refined reference block or a

first refined motion vector;

compare a cost between the bilateral reference block and each of a plurality of second reference
blocks in the second reference picture to determine a position of a second refined reference block

or a second refined motion vector.

[0045] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, for performing motion vector
refinement (DMVR) procedure to obtain a position of a first refined reference block and a position
of a second refined reference block, wherein the inter prediction processing unit is specifically

configured to:
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obtain a template for the current image block based on a first initial reference block pointed to by
the first initial motion vector in the first reference picture(such as RefPicO) and a second initial
reference block pointed to by the second initial motion vector in the second reference picture( such

as RefPicl); and

determine the first refined motion vector and the second refined motion vector by template
matching with said template in a first search space and a second search space respectively, wherein
the first search space is located on a position given by the first initial motion vector and the second

search space is located on a position given by the second initial motion vector.

[0046] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, for the performing motion vector
refinement (DMVR) procedure to obtain a position of a first refined reference block and a position
of a second refined reference block, wherein the inter prediction processing unit is specifically

configured to:

determine a pair of best-matching blocks pointed to by best motion vectors from a plurality of pairs
of reference blocks based on the matching cost criterion (for example, based on the matching cost
of each pair of reference blocks), wherein said pair of reference blocks includes a first reference
block in a sample region that is of the first reference picture and that is determined based on the
first initial motion vector and a second reference block in a sample region that 1s of the second

reference picture and that is determined based on the second initial motion vector;

wherein the best motion vectors include the first refined motion vector and the second refined

motion vector.

[0047] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, for the performing motion vector
refinement (DMVR) procedure to obtain a position of a first refined reference block and a position
of a second refined reference block, wherein the inter prediction processing unit is specifically

configured to:

determine positions of N first reference blocks and positions of N second reference blocks based

on the first initial motion vector, the second initial motion vector and a position of the current
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image block, wherein the N first reference blocks are included in the first reference image, and the
N second reference blocks are included in the second reference image, and N is an integer greater

than 1; and

determine positions of a pair of reference blocks from the positions of the M pairs of reference
blocks as a position of the first refined reference block and a position of the second refined
reference block based on the matching cost criterion, wherein positions of each pair of reference
blocks includes a position of a first reference block and a position of a second reference block, and
for each pair of reference blocks, the first position offset(deltaOx, deltaOy) and the second position
offset(deltalx, deltaly) are mirrored, and the first position offset(deltaOx, deltaOy) represents an
offset of the position of the first reference block relative to the position of the first initial reference
block, and the second position offset(deltalx, deltaly) represents an offset of the position of the
second reference block relative to the position of the second initial reference block, wherein M is

an integer greater than or equal to 1, and M is less than or equal to N.

[0048] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, wherein for the determining a
prediction block of the current image block based on the position of the first refined reference
block and the position of the second refined reference block, wherein the inter prediction

processing unit is specifically configured to:

determine a prediction block based on the first refined reference block and the second refined
reference block, wherein the first refined reference block is determined in the first reference picture
based on the position of the first refined reference block and the second refined reference block is
determined in the second reference picture based on the position of the second refined reference

block; or

determine a prediction block based on the first refined reference block and a second refined
reference block, wherein the first refined reference block and the second refined reference block
are determined by performing motion compensation using the first refined motion vector and the

second refined motion vector.
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[0049] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, wherein the first reference picture is
a reference image temporally preceding the current picture and the second reference picture is a
reference image preceded temporally by the current picture; or the first reference picture is a
reference image preceded temporally by the current picture and the second reference picture is a
reference image temporally preceding the current picture; or

[0050] wherein the first reference picture is a reference image in the past and the second reference
picture is a reference image in the future; or the first reference picture is a reference image in the
future and the second reference picture is a reference image in the past.

[0051] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, wherein the first temporal distance
(TDO) indicates the picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance (TD1) indicates the POC distance between the
current picture and the second reference picture; or

[0052] wherein the first temporal distance (TDO) is represented in terms of difference between the
picture order count value (POCc) of the current picture and the picture order count value (POCO)
of the first reference image; and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and the picture
order count value (POC1) of the second reference image.

[0053] In a possible implementation form of the method according to any preceding
implementation of the tenth aspect or the tenth aspect as such, wherein for the determining whether
the current picture is temporally between a first reference picture (such as RefPic0) and a second
reference picture(such as RefPicl), wherein the inter prediction processing unit is specifically
configured to:

[0054] determine whether the picture order count value (POCc) of the current picture is larger than
the picture order count value (POCO) of the first reference image and picture order count value
(POCc) of the current picture is smaller than the picture order count value (POC1) of the second
reference image, or whether the picture order count value (POCc) of the current picture is smaller
than the picture order count value (POCO) of the first reference image and picture order count
value (POCc) of the current picture is larger than the picture order count value (POC1) of the

second reference image.

17



WO 2020/052654 PCT/CN2019/105717

[0055] According to an eleventh aspect, the disclosure relates an encoding apparatus for encoding

a video image, the encoding apparatus comprising:

a determining unit configured to determine whether the current picture is temporally between a
first reference picture and a second reference picture and whether a first temporal distance and a
second temporal distance are the same distance, wherein the first temporal distance is between
the current picture and the first reference picture, and the second temporal distance is between

the current picture and the second reference picture; and

an inter prediction processing unit configured to perform motion compensation using a first
nitial motion vector and a second initial motion vector to determine a prediction block of the
current image block, when it is determined that the first temporal distance and the second
temporal distance are different distance or that the current picture is not temporally between the

first reference picture and the second reference picture.

[0056] In a possible implementation form of the method according to the eleventh aspect as such,
wherein initial motion information of the current image block comprises the first initial motion
vector, a first reference index, the second initial motion vector and a second reference index,
wherein the first reference index indicates the first reference picture, and the second reference
index indicates the second reference picture.

[0057] In a possible implementation form of the method according to any preceding
implementation of the eleventh aspect or the eleventh aspect as such, wherein the first temporal
distance indicates a picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance indicates a POC distance between the current
picture and the second reference picture, or wherein the first temporal distance (TDO) is
represented in terms of difference between a picture order count value (POCc) of the current
picture and a picture order count value (POCO) of the first reference image; and the second
temporal distance (TD1) is represented in terms of difference between the picture order count
value (POCc) of the current picture and a picture order count value (POC1) of the second
reference image.

[0058] According to a twelfth aspect, the disclosure relates an encoding apparatus for encoding a

video image, the encoding apparatus comprising:
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the previously shown apparatus for obtaining a prediction block of a current image block,

an entropy coding unit configured to encoding difference (such as residual) between the current
image block and the prediction block of the current image block and generating a bitstream
including the encoded difference and an index(such as merge candidate index) for indicating initial
motion information, wherein the initial motion information comprises a first initial motion vector

and a second initial motion vector.

[0059] According to a thirteenth aspect, the disclosure relates a decoding apparatus for decoding a

video image from a bitstream, the apparatus comprising;

an entropy decoding unit configured to parse from the bitstream an index for indicating an initial
motion information and an encoded difference(such as residual) between a current image block and
a prediction block of the current image block, wherein the initial motion information comprises a

first initial motion vector and a second initial motion vector;
the previously shown apparatus for obtaining the prediction block of the current image block, and

an image reconstruction unit configured to reconstruct the current image block as a sum of the

parsed difference (such as residual) and the prediction block.

[0060] According to a fourteenth aspect, the disclosure relates an encoding device, comprising one

or more processing circuitry configured to:

determine a value of a syntax element indicating whether the previously shown method is enable

or not; and generate a bitstream including the syntax element.

[0061] In a possible implementation form of the method according to the fourteenth aspect as such,
wherein the syntax element is signaled at any one of a sequence parameter set (SPS) level, a
picture parameter set (PPS) level, a slice header, coding tree unit (CTU) syntax, or coding unit (CU)
syntax.

[0062] In a possible implementation form of the method according to any preceding
implementation of the fourteenth aspect or the fourteenth aspect as such, wherein the syntax
element comprises the first flag (sps conditional dmvr flag) and the second flag

(pps_conditional dmvr flag);
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if the first flag (sps_conditional dmvr flag) is equal to O, the previously shown method is not

performed for the image blocks of the sequence;

if the first flag (sps_conditional dmvr flag) i1s equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to O, the previously shown method is not performed for the

image blocks of the picture of the sequence; or

if the first flag (sps_conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to 1, the previously shown method 1 is performed for the

image blocks of the picture of the sequence.

[0063] According to a fifteenth aspect, the disclosure relates a decoding device, comprising one or
more processing circuitry configured to:
[0064] parse from a bitstream a syntax element for indicating whether the previously shown

method is enable or not; and

adaptively enabling or disabling a decoder-side motion vector refinement (DMVR) procedure

according to the syntax element.

[0065] In a possible implementation form of the method according to the fifteenth aspect as such,
wherein the syntax element is obtained from any one of a sequence parameter set (SPS) level of a
bitstream, a picture parameter set (PPS) level of the bitstream, a slice header, coding tree unit
(CTU) syntax, or coding unit (CU) syntax.

[0066] In a possible implementation form of the method according to any preceding
implementation of the fifteenth aspect or the fifteenth aspect as such, wherein the syntax element
comprises the first flag  (sps_conditional dmvr flag) and the second flag

(pps_conditional dmvr flag);

if the first flag (sps_conditional dmvr flag) is equal to O, the previously shown method is not

performed for the image blocks of the sequence;

if the first flag (sps_conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to 0, the previously shown method is not performed for the

image blocks of the picture of the sequence; or
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if the first flag (sps_conditional dmvr flag) is equal to 1 and the second flag
(pps_conditional dmvr flag) is equal to 1, the previously shown method is performed for the

image blocks of the picture of the sequence.

[0067] According to a sixteenth aspect, the disclosure relates computer-readable medium storing
computer-readable instructions which when executed on a processor perform the steps according to
the previously shown methods.

[0068] According to a seventeenth aspect, the disclosure relates a method for inter-prediction of a

current image block in a current picture of a video, the method comprising;:

determining, whether at least one condition is met, wherein the at least one condition comprises:
a first temporal distance (such as TDO) is equal to a second temporal distance (such as TD1),
wherein the first temporal distance is represented in terms of difference between the picture order
count value of the current picture and the picture order count value of the first reference image;
and the second temporal distance is represented in terms of difference between the picture order
count value of the second reference image and the picture order count value of the current picture;

and

performing, when the at least one condition is met, decoder side motion vector refinement

(DMVR) procedure to determine a prediction block of the current image block.

[0069] According to an eighteenth aspect, the disclosure relates a method for inter-prediction of a

current image block in a current picture of a video, the method comprising:

performing, when one or more conditions are met, motion vector refinement (DMVR) procedure
to obtain a first refined motion vector and a second refined motion vector for a sub-block of the
current image block, wherein the first refined motion vector corresponds to a first reference

picture and the second refined motion vector corresponds to a second reference picture; and

determining a prediction block (such as predicted sample values) of the current image block,
wherein the prediction block of the current image block comprises a prediction block of the sub-
block, wherein the prediction block of the sub-block is determined based at least in part upon the

first refined motion vector and the second refined motion vector;
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wherein the one or more conditions at least comprises:

a first temporal distance (such as TDO) is equal to a second temporal distance (such as TD1),
wherein the first temporal distance (TDO) is represented in terms of difference between the
picture order count value (POCc) of the current picture and the picture order count value (POCO)
of the first reference image; and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the second reference picture and the

picture order count value (POC1) of the current image.

[0070] In a possible implementation form of the method according to any preceding
implementation of the fifteenth, sixteenth, seventeenth and eighteenth aspect or the fifteenth,
sixteenth, seventeenth and eighteenth aspect as such, wherein the first reference picture is a
reference image temporally preceding the current picture and the second reference picture is a
reference image preceded temporally by the current picture; or the first reference picture is a
reference image preceded temporally by the current picture and the second reference picture is a

reference image temporally preceding the current picture; or

wherein the first reference picture is a reference image in the past and the second reference
picture is a reference image in the future; or the first reference picture is a reference image in the
future and the second reference picture is a reference image in the past.

[0071] The method according to some aspect of the invention can be performed by the
apparatus according to the some aspect of the invention. Further features and implementation
forms of the method according to the some aspect of the invention result directly from the
functionality of the apparatus according to the some aspect of the invention and its different
implementation forms.

[0072] It 1s noted that a coding device may be encoding device or decoding device.

[0073] According to another aspect the invention relates to an apparatus for decoding a video
stream includes a processor and a memory. The memory is storing instructions that cause the
processor to perform the previously shown method.

[0074] According to another aspect the invention relates to an apparatus for encoding a video
stream includes a processor and a memory. The memory is storing instructions that cause the

processor to perform the previously shown method.
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[0075] According to another aspect, a computer-readable storage medium having stored
thereon instructions that when executed cause one or more processors configured to code video
data 1s proposed. The instructions cause the one or more processors to perform a previously shown
method.

[0076] According to another aspect, a computer program product with a program code for
performing the previously shown method when the computer program runs on a computer, is
provided.

[0077] Details of one or more embodiments are set forth in the accompanying drawings and
the description below. Other features, objects, and advantages will be apparent from the description,
drawings, and claims.

[0078] For the purpose of clarity, any one of the foregoing embodiments may be combined
with any one or more of the other foregoing embodiments to create a new embodiment within the
scope of the present disclosure.

[0079] These and other features will be more clearly understood from the following detailed

description taken in conjunction with the accompanying drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0080] For a more complete understanding of this disclosure, reference is now made to the
following brief description, taken in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like parts.

[0081] FIG. 1 is a block diagram illustrating an example coding system that may utilize
conditional decoder-side motion vector refinement techniques.

[0082] FIG. 2 is a block diagram illustrating an example video encoder that may implement
conditional decoder-side motion vector refinement techniques.

[0083] FIG. 3 is a block diagram illustrating an example of a video decoder that may
implement conditional decoder-side motion vector refinement techniques.

[0084] FIG. 4 is a schematic diagram of a coding device.

[0085] FIG. 5 is a block diagram illustrating an example of an encoding apparatus or a
decoding apparatus.

[0086] FIG. 6A is a graphical illustration of the temporal distances for conditional decoder-

side motion vector refinement in video coding.
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[0087] FIG. 6B is a graphical illustration of an example of a decoder-side motion vector

refinement (DMVR) procedure.

[0088] FIG. 6C 1s a flowchart illustrating an example of a decoder-side motion vector

refinement (DMVR) procedure in reference with FIG. 6B.

[0089] FIG. 6D i1s a flowchart illustrating another example of a decoder-side motion vector

refinement (DMVR) procedure.

[0090] FIG. 7 is a flowchart illustrating an example of an encoding method.

[0091] FIG. 8 is a flowchart illustrating an example of a decoding method.

[0092] FIG. 9 is a flowchart illustrating an example of a method for inter-prediction of a

current image block in a current picture of a video.

[0093] FIG. 10 is a block diagram showing an example structure of an apparatus for inter-

prediction of a current image block in a current picture of a video.

[0094] FIG. 11 is a block diagram showing an example structure of a content supply system

which provides a content delivery service.

[0095] FIG. 12 1s a block diagram showing a structure of an example of a terminal device.
DETAILED DESCRIPTION

[0096] It should be understood at the outset that although an illustrative implementation of one

or more embodiments are provided below, the disclosed systems and/or methods may be

implemented using any number of techniques, whether currently known or in existence. The

disclosure should in no way be limited to the illustrative implementations, drawings, and

techniques illustrated below, including the exemplary designs and implementations illustrated and

described herein, but may be modified within the scope of the appended claims along with their

full scope of equivalents.

[0097] DEFINITIONS OF ACRONYMS & GLOSSARIES

[0098] DMVR Decoder Side Motion Vector Refinement

[0099] SAD Sum of Absolute Differences

[00100] MV Motion Vector

[00101] MCP Motion Compensated Prediction

[00102] HEVC  High Efficient Video Coding

[00103] FIG. 1 is a block diagram illustrating an example coding system 10 that may utilize

bidirectional prediction techniques. As shown in FIG. 1, the coding system 10 includes a source
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device 12 that provides encoded video data to be decoded at a later time by a destination device 14.
In particular, the source device 12 may provide the video data to destination device 14 via a
computer-readable medium 16. Source device 12 and destination device 14 may comprise any of a
wide range of devices, including desktop computers, notebook (i.e., laptop) computers, tablet
computers, set-top boxes, telephone handsets such as so-called “smart” phones, so-called “smart”
pads, televisions, cameras, display devices, digital media players, video gaming consoles, video
streaming device, or the like. In some cases, source device 12 and destination device 14 may be
equipped for wireless communication.

[00104] Destination device 14 may receive the encoded video data to be decoded via computer-
readable medium 16. Computer-readable medium 16 may comprise any type of medium or device
capable of moving the encoded video data from source device 12 to destination device 14. In one
example, computer-readable medium 16 may comprise a communication medium to enable source
device 12 to transmit encoded video data directly to destination device 14 in real-time. The
encoded video data may be modulated according to a communication standard, such as a wireless
communication protocol, and transmitted to destination device 14. The communication medium
may comprise any wireless or wired communication medium, such as a radio frequency (RF)
spectrum or one or more physical transmission lines. The communication medium may form part
of a packet-based network, such as a local area network, a wide-area network, or a global network
such as the Internet. The communication medium may include routers, switches, base stations, or
any other equipment that may be useful to facilitate communication from source device 12 to
destination device 14.

[00105] In some examples, encoded data may be output from output interface 22 to a storage
device. Similarly, encoded data may be accessed from the storage device by input interface. The
storage device may include any of a variety of distributed or locally accessed data storage media
such as a hard drive, Blu-ray discs, digital video disks (DVD)s, Compact Disc Read-Only
Memories (CD-ROMs), flash memory, volatile or non-volatile memory, or any other suitable
digital storage media for storing encoded video data. In a further example, the storage device may
correspond to a file server or another intermediate storage device that may store the encoded video
generated by source device 12. Destination device 14 may access stored video data from the
storage device via streaming or download. The file server may be any type of server capable of

storing encoded video data and transmitting that encoded video data to the destination device 14.
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Example file servers include a web server (e.g., for a website), a file transfer protocol (FTP) server,
network attached storage (NAS) devices, or a local disk drive. Destination device 14 may access
the encoded video data through any standard data connection, including an Internet connection.
This may include a wireless channel (e.g., a Wi-Fi connection), a wired connection (e.g., digital
subscriber line (DSL), cable modem, etc.), or a combination of both that is suitable for accessing
encoded video data stored on a file server. The transmission of encoded video data from the
storage device may be a streaming transmission, a download transmission, or a combination
thereof.

[00106] The techniques of this disclosure are not necessarily limited to wireless applications or
settings. The techniques may be applied to video coding in support of any of a variety of
multimedia applications, such as over-the-air television broadcasts, cable television transmissions,
satellite television transmissions, Internet streaming video transmissions, such as dynamic adaptive
streaming over HTTP (DASH), digital video that is encoded onto a data storage medium, decoding
of digital video stored on a data storage medium, or other applications. In some examples, coding
system 10 may be configured to support one-way or two-way video transmission to support
applications such as video streaming, video playback, video broadcasting, and/or video telephony.
[00107] In the example of FIG. 1, source device 12 includes video source 18, video encoder 20,
and output interface 22. Destination device 14 includes input interface 28, video decoder 30, and
display device 32. In accordance with this disclosure, video encoder 20 of source device 12 and/or
the video decoder 30 of the destination device 14 may be configured to apply the techniques for
bidirectional prediction. In other examples, a source device and a destination device may include
other components or arrangements. For example, source device 12 may receive video data from an
external video source, such as an external camera. Likewise, destination device 14 may interface
with an external display device, rather than including an integrated display device.

[00108] The illustrated coding system 10 of FIG. 1 is merely one example. Techniques for
bidirectional prediction may be performed by any digital video encoding and/or decoding device.
Although the techniques of this disclosure generally are performed by a video coding device, the
techniques may also be performed by a video encoder/decoder, typically referred to as a “CODEC.”
Moreover, the techniques of this disclosure may also be performed by a video preprocessor. The

video encoder and/or the decoder may be a graphics processing unit (GPU) or a similar device.
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[00109] Source device 12 and destination device 14 are merely examples of such coding
devices in which source device 12 generates coded video data for transmission to destination
device 14. In some examples, source device 12 and destination device 14 may operate in a
substantially symmetrical manner such that each of the source and destination devices 12, 14
includes video encoding and decoding components. Hence, coding system 10 may support one-
way or two-way video transmission between video devices 12, 14, e.g., for video streaming, video
playback, video broadcasting, or video telephony.

[00110] Video source 18 of source device 12 may include a video capture device, such as a
video camera, a video archive containing previously captured video, and/or a video feed interface
to receive video from a video content provider. As a further alternative, video source 18 may
generate computer graphics-based data as the source video, or a combination of live video,
archived video, and computer-generated video.

[00111] In some cases, when video source 18 is a video camera, source device 12 and
destination device 14 may form so-called camera phones or video phones. As mentioned above,
however, the techniques described in this disclosure may be applicable to video coding in general,
and may be applied to wireless and/or wired applications. In each case, the captured, pre-captured,
or computer-generated video may be encoded by video encoder 20. The encoded video
information may then be output by output interface 22 onto a computer-readable medium 16.
[00112] Computer-readable medium 16 may include transient media, such as a wireless
broadcast or wired network transmission, or storage media (that is, non-transitory storage media),
such as a hard disk, flash drive, compact disc, digital video disc, Blu-ray disc, or other computer-
readable media. In some examples, a network server (not shown) may receive encoded video data
from source device 12 and provide the encoded video data to destination device 14, e.g., via
network transmission. Similarly, a computing device of a medium production facility, such as a
disc stamping facility, may receive encoded video data from source device 12 and produce a disc
containing the encoded video data. Therefore, computer-readable medium 16 may be understood
to include one or more computer-readable media of various forms, in various examples.

[00113] Input interface 28 of destination device 14 receives information from computer-
readable medium 16. The information of computer-readable medium 16 may include syntax
information defined by video encoder 20, which is also used by video decoder 30, that includes

syntax elements that describe characteristics and/or processing of blocks and other coded units, e.g.,
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group of pictures (GOPs). Display device 32 displays the decoded video data to a user, and may
comprise any of a variety of display devices such as a cathode ray tube (CRT), a liquid crystal
display (LCD), a plasma display, an organic light emitting diode (OLED) display, or another type
of display device.

[00114] Video encoder 20 and video decoder 30 may operate according to a video coding
standard, such as the High Efficiency Video Coding (HEVC) standard presently under
development, and may conform to the HEVC Test Model (HM). Alternatively, video encoder 20
and video decoder 30 may operate according to other proprietary or industry standards, such as the
International Telecommunications Union Telecommunication Standardization Sector (ITU-T)
H.264 standard, alternatively referred to as Motion Picture Expert Group (MPEG)-4, Part 10,
Advanced Video Coding (AVC), H.265/HEVC, or extensions of such standards. The techniques
of this disclosure, however, are not limited to any particular coding standard. Other examples of
video coding standards include MPEG-2 and ITU-T H.263. Although not shown in FIG. 1, in
some aspects, video encoder 20 and video decoder 30 may each be integrated with an audio
encoder and decoder, and may include appropriate multiplexer-demultiplexer (MUX-DEMUX)
units, or other hardware and software, to handle encoding of both audio and video in a common
data stream or separate data streams. If applicable, MUX-DEMUX units may conform to the ITU
H.223 multiplexer protocol, or other protocols such as the user datagram protocol (UDP).

[00115] Video encoder 20 and video decoder 30 each may be implemented as any of a variety
of suitable encoder circuitry, such as one or more microprocessors, digital signal processors
(DSPs), application specific integrated circuits (ASICs), field programmable gate arrays (FPGAs),
discrete logic, software, hardware, firmware or any combinations thereof. When the techniques are
implemented partially in software, a device may store instructions for the software in a suitable,
non-transitory computer-readable medium and execute the instructions in hardware using one or
more processors to perform the techniques of this disclosure. Each of video encoder 20 and video
decoder 30 may be included in one or more encoders or decoders, either of which may be
integrated as part of a combined encoder/decoder (CODEC) in a respective device. A device
including video encoder 20 and/or video decoder 30 may comprise an integrated circuit, a
microprocessor, and/or a wireless communication device, such as a cellular telephone.

[00116] FIG. 2 is a block diagram illustrating an example of video encoder 20 that may

implement bidirectional prediction techniques. Video encoder 20 may perform intra- and inter-
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coding of video blocks within video slices. Intra-coding relies on spatial prediction to reduce or
remove spatial redundancy in video within a given video frame or picture. Inter-coding relies on
temporal prediction to reduce or remove temporal redundancy in video within adjacent frames or
pictures of a video sequence. Intra-mode (I mode) may refer to any of several spatial based coding
modes. Inter-modes, such as uni-directional prediction (P mode) or bi-prediction (B mode), may
refer to any of several temporal-based coding modes.

[00117]  As shown in FIG. 2, video encoder 20 receives a current video block within a video
frame to be encoded. In the example of FIG. 2, video encoder 20 includes mode select unit 40,
reference frame memory 64, summer 50, transform processing unit 52, quantization unit 54, and
entropy coding unit 56. Mode select unit 40, in turn, includes motion compensation unit 44,
motion estimation unit 42, intra-prediction unit 46, and partition unit 48. For video block
reconstruction, video encoder 20 also includes inverse quantization unit 58, inverse transform unit
60, and summer 62. A deblocking filter (not shown in FIG. 2) may also be included to filter block
boundaries to remove blockiness artifacts from reconstructed video. If desired, the deblocking
filter would typically filter the output of summer 62. Additional filters (in loop or post loop) may
also be used in addition to the deblocking filter. Such filters are not shown for brevity, but if
desired, may filter the output of summer 50 (as an in-loop filter).

[00118] During the encoding process, video encoder 20 receives a video frame or slice to be
coded. The frame or slice may be divided into multiple video blocks. Motion estimation unit 42
and motion compensation unit 44 perform inter-predictive coding of the received video block
relative to one or more blocks in one or more reference frames to provide temporal prediction.
Intra-prediction unit 46 may alternatively perform intra-predictive coding of the received video
block relative to one or more neighboring blocks in the same frame or slice as the block to be
coded to provide spatial prediction. Video encoder 20 may perform multiple coding passes, e.g., to
select an appropriate coding mode for each block of video data.

[00119] Moreover, partition unit 48 may partition blocks of video data into sub-blocks, based
on evaluation of previous partitioning schemes in previous coding passes. For example, partition
unit 48 may initially partition a frame or slice into largest coding units (LCUs), and partition each
of the LCUs into sub-coding units (sub-CUs) based on rate-distortion analysis (e.g., rate-distortion

optimization). Mode select unit 40 may further produce a quadtree data structure indicative of
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partitioning of a LCU into sub-CUs. Leaf-node CUs of the quadtree may include one or more
prediction units (PUs) and one or more transform units (TUs).

[00120] The present disclosure uses the term “block™ to refer to any of a CU, PU, or TU, in the
context of HEVC, or similar data structures in the context of other standards (e.g., macroblocks
and sub-blocks thereof in H.264/AVC). A CU includes a coding node, PUs, and TUs associated
with the coding node. A size of the CU corresponds to a size of the coding node and is square in
shape. The size of the CU may range from 8x8 pixels up to the size of the treeblock with a
maximum of 64x64 pixels or greater. Each CU may contain one or more PUs and one or more
TUs. Syntax data associated with a CU may describe, for example, partitioning of the CU into one
or more PUs. Partitioning modes may differ between whether the CU is skip or direct mode
encoded, intra-prediction mode encoded, or inter-prediction mode encoded. PUs may be
partitioned to be non-square in shape. Syntax data associated with a CU may also describe, for
example, partitioning of the CU into one or more TUs according to a quadtree. In an embodiment,
a CU, PU, or TU can be square or non-square (e.g., rectangular) in shape.

[00121] Mode select unit 40 may select one of the coding modes, intra or inter, e.g., based on
error results, and provides the resulting intra- or inter-coded block to summer 50 to generate
residual block data and to summer 62 to reconstruct the encoded block for use as a reference frame.
Mode select unit 40 also provides syntax elements, such as motion vectors, intra-mode indicators,
partition information, and other such syntax information, to entropy coding unit 56.

[00122] Motion estimation unit 42 and motion compensation unit 44 may be highly integrated,
but are illustrated separately for conceptual purposes. Motion estimation, performed by motion
estimation unit 42, is the process of generating motion vectors, which estimate motion for video
blocks. A motion vector, for example, may indicate the displacement of a PU of a video block
within a current video frame or picture relative to a predictive block within a reference frame (or
other coded unit) relative to the current block being coded within the current frame (or other coded
unit). A predictive block is a block that is found to closely match the block to be coded, in terms of
pixel difference, which may be determined by sum of absolute difference (SAD), sum of square
difference (SSD), or other difference metrics. In some examples, video encoder 20 may calculate
values for sub-integer pixel positions of reference pictures stored in reference frame memory 64.
For example, video encoder 20 may interpolate values of one-quarter pixel positions, one-eighth

pixel positions, or other fractional pixel positions of the reference picture. Therefore, motion
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estimation unit 42 may perform a motion search relative to the full pixel positions and fractional
pixel positions and output a motion vector with fractional pixel precision.

[00123] Motion estimation unit 42 calculates a motion vector for a PU of a video block in an
inter-coded slice by comparing the position of the PU to the position of a predictive block of a
reference picture. The reference picture may be selected from a first reference picture list (List 0)
or a second reference picture list (List 1), each of which identify one or more reference pictures
stored in reference frame memory 64. Motion estimation unit 42 sends the calculated motion
vector to entropy encoding unit 56 and motion compensation unit 44.

[00124] Motion compensation, performed by motion compensation unit 44, may involve
fetching or generating the predictive block based on the motion vector determined by motion
estimation unit 42, Again, motion estimation unit 42 and motion compensation unit 44 may be
functionally integrated, in some examples. Upon receiving the motion vector for the PU of the
current video block, motion compensation unit 44 may locate the predictive block to which the
motion vector points in one of the reference picture lists. Summer 50 forms a residual video block
by subtracting pixel values of the predictive block from the pixel values of the current video block
being coded, forming pixel difference values, as discussed below. In general, motion estimation
unit 42 performs motion estimation relative to luma components, and motion compensation unit 44
uses motion vectors calculated based on the luma components for both chroma components and
luma components. Mode select unit 40 may also generate syntax elements associated with the
video blocks and the video slice for use by video decoder 30 in decoding the video blocks of the
video slice.

[00125] Intra-prediction unit 46 may intra-predict a current block, as an alternative to the inter-
prediction performed by motion estimation unit 42 and motion compensation unit 44, as described
above. In particular, intra-prediction unit 46 may determine an intra-prediction mode to use to
encode a current block. In some examples, intra-prediction unit 46 may encode a current block
using various intra-prediction modes, e.g., during separate encoding passes, and intra-prediction
unit 46 (or mode select unit 40, in some examples) may select an appropriate intra-prediction mode
to use from the tested modes.

[00126] For example, intra-prediction unit 46 may calculate rate-distortion values using a rate-
distortion analysis for the various tested intra-prediction modes, and select the intra-prediction

mode having the best rate-distortion characteristics among the tested modes. Rate-distortion
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analysis generally determines an amount of distortion (or error) between an encoded block and an
original, unencoded block that was encoded to produce the encoded block, as well as a bitrate (that
1s, a number of bits) used to produce the encoded block. Intra-prediction unit 46 may calculate
ratios from the distortions and rates for the various encoded blocks to determine which intra-
prediction mode exhibits the best rate-distortion value for the block.

[00127] In addition, intra-prediction unit 46 may be configured to code depth blocks of a depth
map using a depth modeling mode (DMM). Mode select unit 40 may determine whether an
available DMM mode produces better coding results than an intra-prediction mode and the other
DMM modes, e.g., using rate-distortion optimization (RDO). Data for a texture image
corresponding to a depth map may be stored in reference frame memory 64. Motion estimation
unit 42 and motion compensation unit 44 may also be configured to inter-predict depth blocks of a
depth map.

[00128] After selecting an intra-prediction mode for a block (e.g., a conventional intra-
prediction mode or one of the DMM modes), intra-prediction unit 46 may provide information
indicative of the selected intra-prediction mode for the block to entropy coding unit 56. Entropy
coding unit 56 may encode the information indicating the selected intra-prediction mode. Video
encoder 20 may include in the transmitted bitstream configuration data, which may include a
plurality of intra-prediction mode index tables and a plurality of modified intra-prediction mode
index tables (also referred to as codeword mapping tables), definitions of encoding contexts for
various blocks, and indications of a most probable intra-prediction mode, an intra-prediction mode
index table, and a modified intra-prediction mode index table to use for each of the contexts.
[00129]  Video encoder 20 forms a residual video block by subtracting the prediction data from
mode select unit 40 from the original video block being coded. Summer 50 represents the
component or components that perform this subtraction operation.

[00130] Transform processing unit 52 applies a transform, such as a discrete cosine transform
(DCT) or a conceptually similar transform, to the residual block, producing a video block
comprising residual transform coefficient values. Transform processing unit 52 may perform other
transforms which are conceptually similar to DCT. Wavelet transforms, integer transforms, sub-
band transforms or other types of transforms could also be used.

[00131] Transform processing unit 52 applies the transform to the residual block, producing a

block of residual transform coefficients. The transform may convert the residual information from
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a pixel value domain to a transform domain, such as a frequency domain. Transform processing
unit 52 may send the resulting transform coefficients to quantization unit 54. Quantization unit 54
quantizes the transform coefficients to further reduce bit rate. The quantization process may
reduce the bit depth associated with some or all of the coefficients. The degree of quantization
may be modified by adjusting a quantization parameter. In some examples, quantization unit 54
may then perform a scan of the matrix including the quantized transform coefficients. Alternatively,
entropy encoding unit 56 may perform the scan.

[00132] Following quantization, entropy coding unit 56 entropy codes the quantized transform
coefficients. For example, entropy coding unit 56 may perform context adaptive variable length
coding (CAVLC), context adaptive binary arithmetic coding (CABAC), syntax-based context-
adaptive binary arithmetic coding (SBAC), probability interval partitioning entropy (PIPE) coding
or another entropy coding technique. In the case of context-based entropy coding, context may be
based on neighboring blocks. Following the entropy coding by entropy coding unit 56, the
encoded bitstream may be transmitted to another device (e.g., video decoder 30) or archived for
later transmission or retrieval.

[00133] Inverse quantization unit 58 and inverse transform unit 60 apply inverse quantization
and inverse transformation, respectively, to reconstruct the residual block in the pixel domain, e.g.,
for later use as a reference block. Motion compensation unit 44 may calculate a reference block by
adding the residual block to a predictive block of one of the frames of reference frame memory 64.
Motion compensation unit 44 may also apply one or more interpolation filters to the reconstructed
residual block to calculate sub-integer pixel values for use in motion estimation. Summer 62 adds
the reconstructed residual block to the motion compensated prediction block produced by motion
compensation unit 44 to produce a reconstructed video block for storage in reference frame
memory 64. The reconstructed video block may be used by motion estimation unit 42 and motion
compensation unit 44 as a reference block to inter-code a block in a subsequent video frame.
[00134]  Other structural variations of the video encoder 20 can be used to encode the video
stream. For example, a non-transform based encoder 20 can quantize the residual signal directly
without the transform processing unit 52 for certain blocks or frames. In another implementation,
an encoder 20 can have the quantization unit 54 and the inverse quantization unit 58 combined into

a single unit.
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[00135] FIG 3 is a block diagram illustrating an example of video decoder 30 that may
implement bidirectional prediction techniques. In the example of FIG. 3, video decoder 30
includes an entropy decoding unit 70, motion compensation unit 72, intra-prediction unit 74,
inverse quantization unit 76, inverse transformation unit 78, reference frame memory 82, and
summer 80. Video decoder 30 may, in some examples, perform a decoding pass generally
reciprocal to the encoding pass described with respect to video encoder 20 (FIG. 2). Motion
compensation unit 72 may generate prediction data based on motion vectors received from entropy
decoding unit 70, while intra-prediction unit 74 may generate prediction data based on intra-
prediction mode indicators received from entropy decoding unit 70.

[00136] During the decoding process, video decoder 30 receives an encoded video bitstream
that represents video blocks of an encoded video slice and associated syntax elements from video
encoder 20. Entropy decoding unit 70 of video decoder 30 entropy decodes the bitstream to
generate quantized coefficients, motion vectors or intra-prediction mode indicators, and other
syntax elements. Entropy decoding unit 70 forwards the motion vectors and other syntax elements
to motion compensation unit 72. Video decoder 30 may receive the syntax elements at the video
slice level and/or the video block level.

[00137] When the video slice is coded as an intra-coded (I) slice, intra prediction unit 74 may
generate prediction data for a video block of the current video slice based on a signaled intra
prediction mode and data from previously decoded blocks of the current frame or picture. When
the video frame is coded as an inter-coded (i.e., B, P, or GPB) slice, motion compensation unit 72
produces predictive blocks for a video block of the current video slice based on the motion vectors
and other syntax elements received from entropy decoding unit 70. The predictive blocks may be
produced from one of the reference pictures within one of the reference picture lists. Video
decoder 30 may construct the reference frame lists, List O and List 1, using default construction
techniques based on reference pictures stored in reference frame memory 82.

[00138] Motion compensation unit 72 determines prediction information for a video block of
the current video slice by parsing the motion vectors and other syntax elements, and uses the
prediction information to produce the predictive blocks for the current video block being decoded.
For example, motion compensation unit 72 uses some of the received syntax elements to determine
a prediction mode (e.g., intra- or inter-prediction) used to code the video blocks of the video slice,

an inter-prediction slice type (e.g., B slice, P slice, or GPB slice), construction information for one
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or more of the reference picture lists for the slice, motion vectors for each inter-encoded video
block of the slice, inter-prediction status for each inter-coded video block of the slice, and other
information to decode the video blocks in the current video slice.

[00139] Motion compensation unit 72 may also perform interpolation based on interpolation
filters. Motion compensation unit 72 may use interpolation filters as used by video encoder 20
during encoding of the video blocks to calculate interpolated values for sub-integer pixels of
reference blocks. In this case, motion compensation unit 72 may determine the interpolation filters
used by video encoder 20 from the received syntax elements and use the interpolation filters to
produce predictive blocks.

[00140] Data for a texture image corresponding to a depth map may be stored in reference
frame memory 82. Motion compensation unit 72 may also be configured to inter-predict depth
blocks of a depth map.

[00141] As will be appreciated by those in the art, the coding system 10 of FIG. 1 is suitable for
implementing various video coding or compression techniques. Some video compression
techniques, such as inter prediction, intra prediction, and loop filters, have demonstrated to be
effective. Therefore, the video compression techniques have been adopted into various video
coding standards, such as H.264/AVC and H.265/HEVC.

[00142] Various coding tools such as adaptive motion vector prediction (AMVP) and merge
mode (MERGE) are used to predict motion vectors (MVs) and enhance inter prediction efficiency
and, therefore, the overall video compression efficiency.

[00143] The MVs noted above are utilized in bi-prediction. In a bi-prediction operation, two
prediction blocks are formed. One prediction block is formed using a MV of listO (referred to
herein as MVO0). Another prediction block is formed using a MV of listl (referred to herein as
MV1). The two prediction blocks are then combined (e.g., averaged) in order to form a single
prediction signal (e.g., a prediction block or a predictor block).

[00144] Other variations of the video decoder 30 can be used to decode the compressed
bitstream. For example, the decoder 30 can produce the output video stream without the loop
filtering unit. For example, a non-transform based decoder 30 can inverse-quantize the residual
signal directly without the inverse-transform processing unit 78 for certain blocks or frames. In
another implementation, the video decoder 30 can have the inverse-quantization unit 76 and the

inverse-transform processing unit 78 combined into a single unit.
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[00145] FIG. 5 is a schematic diagram of a coding device 500 according to an embodiment of
the disclosure. The coding device 500 is suitable for implementing the disclosed embodiments as
described herein. In an embodiment, the coding device 500 may be a decoder such as video
decoder 30 of FIG. 1 or an encoder such as video encoder 20 of FIG. 1. In an embodiment, the
coding device 500 may be one or more components of the video decoder 30 of FIG. 1 or the video
encoder 20 of FIG. 1 as described above.

[00146] The coding device 500 comprises ingress ports 510 and receiver units (Rx) 520 for
receiving data; a processor, logic unit, or central processing unit (CPU) 530 to process the data;
transmitter units (Tx) 540 and egress ports 550 for transmitting the data; and a memory 560 for
storing the data. The coding device 500 may also comprise optical-to-electrical (OE) components
and electrical-to-optical (EO) components coupled to the ingress ports 510, the receiver units 520,
the transmitter units 540, and the egress ports 550 for egress or ingress of optical or electrical
signals.

[00147] The processor 530 is implemented by hardware and software. The processor 530 may
be implemented as one or more CPU chips, cores (e.g., as a multi-core processor), FPGAs, ASICs,
and DSPs. The processor 530 is in communication with the ingress ports 510, receiver units 520,
transmitter units 540, egress ports 550, and memory 560. The processor 530 comprises a coding
module 570. The coding module 570 implements the disclosed embodiments described above.
For instance, the coding module 570 implements, processes, prepares, or provides the various
coding operations. The inclusion of the coding module 570 therefore provides a substantial
improvement to the functionality of the coding device 500 and effects a transformation of the
coding device 500 to a different state. Alternatively, the coding module 570 is implemented as
instructions stored in the memory 560 and executed by the processor 530.

[00148] The memory 560 comprises one or more disks, tape drives, and solid-state drives and
may be used as an over-flow data storage device, to store programs when such programs are
selected for execution, and to store instructions and data that are read during program execution.
The memory 560 may be volatile and/or non-volatile and may be read-only memory (ROM),
random access memory (RAM), ternary content-addressable memory (TCAM), and/or static
random-access memory (SRAM).

[00149] Fig. 4 1s a simplified block diagram of an apparatus 1000 that may be used as either

or both of the source device 12 and the destination device 14 from Fig. 1A according to an
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exemplary embodiment. The apparatus 1000 can implement techniques of this present application.
The apparatus 1000 can be in the form of a computing system including multiple computing
devices, or in the form of a single computing device, for example, a mobile phone, a tablet
computer, a laptop computer, a notebook computer, a desktop computer, and the like.

[00150] A processor 1002 in the apparatus 1000 can be a central processing unit.
Alternatively, the processor 1002 can be any other type of device, or multiple devices, capable of
manipulating or processing information now-existing or hereafter developed. Although the
disclosed implementations can be practiced with a single processor as shown, e.g., the processor
1002, advantages in speed and efficiency can be achieved using more than one processor.

[00151] A memory 1004 in the apparatus 1000 can be a read only memory (ROM) device or
a random access memory (RAM) device in an implementation. Any other suitable type of storage
device can be used as the memory 1004. The memory 1004 can include code and data 1006 that is
accessed by the processor 1002 using a bus 1012. The memory 1004 can further include an
operating system 1008 and application programs 1010, the application programs 1010 including at
least one program that permits the processor 1002 to perform the methods described here. For
example, the application programs 1010 can include applications 1 through N, which further
include a video coding application that performs the methods described here. The apparatus 1000
can also include additional memory in the form of a secondary storage 1014, which can, for
example, be a memory card used with a mobile computing device. Because the video
communication sessions may contain a significant amount of information, they can be stored in
whole or in part in the secondary storage 1014 and loaded into the memory 1004 as needed for
processing.

[00152] The apparatus 1000 can also include one or more output devices, such as a display
1018. The display 1018 may be, in one example, a touch sensitive display that combines a display
with a touch sensitive element that is operable to sense touch inputs. The display 1018 can be
coupled to the processor 1002 via the bus 1012. Other output devices that permit a user to program
or otherwise use the apparatus 1000 can be provided in addition to or as an alternative to the
display 1018. When the output device is or includes a display, the display can be implemented in
various ways, including by a liquid crystal display (LCD), a cathode-ray tube (CRT) display, a
plasma display or light emitting diode (LED) display, such as an organic LED (OLED) display.
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[00153] The apparatus 1000 can also include or be in communication with an image-sensing
device 1020, for example a camera, or any other image-sensing device 1020 now existing or
hereafter developed that can sense an image such as the image of a user operating the apparatus
1000. The image-sensing device 1020 can be positioned such that it is directed toward the user
operating the apparatus 1000. In an example, the position and optical axis of the image-sensing
device 1020 can be configured such that the field of vision includes an area that is directly adjacent
to the display 1018 and from which the display 1018 is visible.

[00154] The apparatus 1000 can also include or be in communication with a sound-sensing
device 1022, for example a microphone, or any other sound-sensing device now existing or
hereafter developed that can sense sounds near the apparatus 1000. The sound-sensing device 1022
can be positioned such that it is directed toward the user operating the apparatus 1000 and can be
configured to receive sounds, for example, speech or other utterances, made by the user while the
user operates the apparatus 1000.

[001S5]  Although FIG. 4 depicts the processor 1002 and the memory 1004 of the apparatus
1000 as being integrated into a single unit, other configurations can be utilized. The operations of
the processor 1002 can be distributed across multiple machines (each machine having one or more
of processors) that can be coupled directly or across a local area or other network. The memory
1004 can be distributed across multiple machines such as a network-based memory or memory in
multiple machines performing the operations of the apparatus 1000. Although depicted here as a
single bus, the bus 1012 of the apparatus 1000 can be composed of multiple buses. Further, the
secondary storage 1014 can be directly coupled to the other components of the apparatus 1000 or
can be accessed via a network and can comprise a single integrated unit such as a memory card or
multiple units such as multiple memory cards. The apparatus 1000 can thus be implemented in a
wide variety of configurations.

[00156] In video compression, inter prediction is a process of using reconstructed samples of
previously decoded reference pictures by specifying motion vectors relative to a current block.
These motion vectors can be coded as a prediction residual by using spatial or temporal motion
vector predictors. The motion vectors can be at sub-pixel accuracy. In order to derive the sub-pixel
precision pixel values in the reference frames from the reconstructed integer position values, an
interpolation filter is applied. Bi-prediction refers to a process where the prediction for the current

block is derived as a weighted combination of two prediction blocks derived using two motion
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vectors from two reference picture areas. In this case, in addition to the motion vectors, the
reference indices for the reference pictures from which the two prediction blocks are derived also
need to be coded. The motion vectors for the current block can also be derived through a merge
process where a spatial neighbour’s motion vectors and reference indices are inherited without
coding any motion vector residuals. In addition to spatial neighbours, motion vectors of previously
coded reference frames are also stored and used as temporal merge options with appropriate
scaling of the motion vectors to take into account the distance to the reference frames relative to
the distance to the reference frames for the current block.

[00157] Several methods have been proposed for performing a decoder-side motion vector
refinement or derivation so that the motion vector residual coding bits can be further reduced.
[00158] In a class of methods, called bilateral matching (BM) methods, the motion information
of the current CU 1s derived by finding the closest match between two blocks along the motion
trajectory of the current CU in two different reference pictures. This is shown in Fig. 6A. Under the
assumption of continuous motion trajectory, the motion vectors MV0 and MV1 pointing to the two
reference blocks shall be proportional to the temporal distances, i.e., TDO and TD1, between the
current picture and the two reference pictures.

[00159] In the bilateral matching merge mode, bi-prediction is always applied since the motion
information of a CU is derived based on the closest match between two blocks along the motion
trajectory of the current CU in two different reference pictures.

[00160] Explicit merge mode to indicate template matching merge or bilateral matching merge
can be signaled to differentiate these modes from a default merge mode that does not require any
decoder-side motion vector derivation.

[00161] In some examples, the temporal distances are ignored and bilateral matching is
performed using motion vectors that have the equal magnitude and opposite signs in the past and
future reference frames.

[00162] In some examples, no merge index is signaled while in other examples, to simplify the
decoder complexity of performing multiple motion compensations, an explicit merge index is
signaled.

[00163] FIG. 6B is a graphical illustration of an example of a DMVR method 400. In an
example, the DMVR method 400 begins with a current block 402 in a current picture 404. In an

example, the current block 402 may be square or non-square in shape. The current picture 404
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may also be referred to as a current region, image, tile, and so on. As shown in FIG. 6B, MV0
points to a first reference block (also refer to a first initial reference block) 406 in a first reference
picture 408 and MV1 points to a second reference block (also refer to a second initial reference
block) 410 in a second reference picture 412. In an example, the first reference block 406 is ahead
of the current block 402 in time, sequence, decoding order, or some other parameter. In an
example, the second reference block 410 is ahead of the current block 402 in time, sequence,
decoding order, or some other parameter. The first reference block 406 and the second reference
block 410 may be referred to herein as initial reference blocks.

[00164] The first reference block 406 and the second reference block 410 are combined to form
the bi-lateral template block 414. In an example, the first reference block 406 and the second
reference block 410 are averaged together to generate the bi-lateral template block 414. In an
example, the bi-lateral template block 414 is generated as the weighted combination of the first
reference block 406 and the second reference block 410.

[00165] Once the bi-lateral template block 414 has been generated, a template matching
operation 1s performed. The template matching operation involves calculating a first cost between
the bi-lateral template block 414 and each candidate reference block in the sample region around
the first reference block 406 and a second cost between the bi-lateral template block 414 and each
candidate reference block in the sample region around the second reference block 410. In an
example, the potential reference block that yields the corresponding lowest cost (e.g., minimum
template cost) determines which reference block in each sample region will serve as a refined
reference block (a.k.a., a revised reference block). In an example, the first and second costs are
determined using a SAD. Other cost measures may be utilized in practical applications.

[00166] In the example of FIG. 6B, the first refined reference block 416 in the first reference
picture 408, which is pointed to by MVO’, resulted in the lowest first cost, and the second refined
reference block 418 in the second reference picture 412, which is pointed to by MV1’, offered the
lowest second cost. In an example, the first refined reference block 416 and the second refined
reference block 418 replace the first reference block 406 and the second reference block 410,
respectively.

[00167] Thereafter, a prediction block 420 is generated using the first refined reference block
416 and the second refined reference block 418. The prediction block 420 may be referred to as a
predictor block or the final bi-prediction results. Once generated, the prediction block 420 may be
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used to generate an image for display on the display of an electronic device (e.g., smart phone,
tablet device, laptop computer, etc.)

[00168] The DMVR method 400 may be applied for the merge mode of bi-prediction with one
MV from a reference picture in the past and another from a reference picture in the future without
having to transmit additional syntax elements. The DMVR method 400 is not applied when local
illumination compensation (LIC), affine motion, frame-rate up-conversion (FRUC), or CU merge
candidate is enabled for a CU in the Joint Exploration Model (JEM) reference software.

[00169] In the JEM reference software, nine MV candidates (which will point to nine candidate
reference blocks) are searched for each reference block in a reference picture (e.g., for each list, e.g.
list O or list 1). The nine MV candidates include an original MV (namely an initial MV, e.g. initial
MVO or initial MV1) pointing to the reference block (namely an initial reference block, e.g.,
reference block 406 or reference block 410) and the eight MVs pointing to reference blocks around
the reference block with one luma sample offset relative to the original MV in either a horizontal
direction, a vertical direction, or both. However, using MV candidates having a one luma sample
offset relative to the original MV may not provide the best MV candidate.

[00170] In an example method, bilateral template matching based decoder-side motion vector
refinement (DMVR) method is provided, a bilaterally averaged template is first created using the
reference blocks in LO and L1 reference obtained from explicitly signalled merge candidate index
and bilateral matching is performed against this template. This is illustrated in Fig. 6B and 6C. The
template is updated if there is any movement between an initial reference block (406, 410) referred
by the initial motion vector and a reference block (416, 418) referred by the latest best motion
vector. Also, in some examples, the refinement is performed in one reference and the motion
vector in the other reference is obtained through mirroring of this refined motion vector. The
refinement alternates between the two references untill either the center position has the least

matching error or the maximum number of iterations is reached.

[00171] FIG. 6C is a flowchart illustrating an example of a coding method 600. In an example,
the coding method 600 is implemented in a decoder such as the video decoder 30 in FIG. 1. The
coding method 600 may be implemented when, for example, a bitstream received from an encoder,
such as the video encoder 20 of FIG. 1, is to be decoded in order to generate an image to be

displayed on the display of an electronic device. The coding method 600 may also be implemented
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in an encoder such as the video encoder 20 in FIG. 1. The coding method 600 will be described
with reference to the elements identified in FIG. 6B.

[00172] In block 602, a first reference block (e.g., reference block 406) in a first reference
picture (e.g., reference picture 408) is determined based on a first motion vector (e.g., MVO0)
corresponding to a current block (e.g., current block 402) in a current picture (e.g., current picture
404).

[00173] In block 604, a second reference block (e.g., reference block 410) in a second reference
picture (e.g., reference picture 412) is determined based on a second motion vector (e.g., MV1)
corresponding to the current block (e.g., current block 402) in the current picture (e.g., current
picture 604).

[00174] In block 606, a bilateral reference block (e.g., bi-lateral reference block 414) is
generated based on the first reference block and the second reference block. In an example, the
bilateral reference block is obtained using a weighted average of the first reference block and the
second reference block.

[00175] In block 608, a cost comparison between the bilateral reference block and each of a
plurality of first reference block candidates in the first reference picture is performed. The first
reference block candidates may be, for example, the various reference blocks surrounding the first
reference block 406 in the first reference picture 408. The cost comparison is used to determine a
first refined motion vector (e.g., MV0’). In an example, the first reference block candidates are
determined based on a step size that was selected from a plurality of available step sizes (e.g., 1/8,
1/4,1/2, 1, and so on).

[00176] In block 610, a cost comparison between the bilateral reference block and each of a
plurality of second reference block candidates in the second reference picture is performed. The
second reference block candidates may be, for example, the various reference blocks surrounding
the second reference block 410 in the second reference picture 412. The cost comparison is used to
determine a second refined motion vector (e.g., MV1’). In an example, the second reference block
candidates are determined based on a step size that was selected from the plurality of available step
sizes (e.g., 1/8, 1/4,1/2, 1, and so on).

[00177] In block 612, a first refined reference block (e.g., refined reference block 416) in the

first reference picture is selected based on the first refined motion vector and a second refined
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reference block (e.g., refined reference block 418) in the second reference picture is selected based
on the second refined motion vector.

[00178] In block 614, a prediction block (e.g., prediction block 420) is determined based on the
first refined reference block and the second refined reference block.

[00179] In block 616, an image generated using the prediction block is displayed on the display
of an electronic device.

[00180] In some examples of the methods of refinement, a CU level refinement is first
performed. Then a sub-CU (namely sub-block) level multi-candidate evaluation is performed using
the CU-level refined MVs as multiple candidates. Optionally, each sub-CU can perform its own
refinement with respect to the best matching candidate. In another example, a CU level refinement
1s not performed and each sub-CU can perform its own refinement.

[00181] Some cost functions use a motion vector refinement distance as a bias term.

[00182] Given the implicit decoder-side derivation or refinement process, the encoder needs to
perform these steps in exactly the same manner as the decoder in order for the encoder-side
reconstruction to match with the decoder-side reconstruction.

[00183] Typically, only luma samples are used during the decoder side motion vector
refinement or derivation process. However, in some cases, chrominance is also motion
compensated using the final refinement motion vectors (suitably scaled to account for any chroma
downsampling) as used for luma motion compensation.

[00184] One other technique for motion vector refinement on the decoder-side is call bi-
directional optical flow (BIO) technique. In this method, motion compensated interpolation is
performed for a given coding unit using a normative motion compensation method that uses the
samples from the two reference frames indicated by the reference indices and motion vectors
associated with the coding unit. In addition, horizontal and vertical gradients at the sub-pixel
precision positions are evaluated from the reference samples used for motion compensation or
using the motion compensated samples themselves. A coding unit is partitioned into uniformly
sized sub-blocks where the sub-block sizes can be 1x1 pixel, 2x2 pixels, 4x4 pixels, etc. An optical
flow based equation that relates various values associated the reference frames to generate an
estimate of the sample values predp,, of the sub-block in the current frame 1s provided below in
Eqn. (1). In Eqn. (1), (vx, vy) represents the flow of the sub-block from reference frame LO to

the current frame and then to reference frame L.1. Gx0 and GyO represent the gradients in the
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horizontal and vertical directions in LO, respectively. Gx1 and Gyl represent the gradients in the
horizontal and vertical directions in L1, respectively. 10 and I1 represent the intensity values of
the two reference patches in LO and L1, respectively. 7, and 7, denote the distances of the current
frame to the reference frames 1O and L1, respectively. 1,=POC(current) — POC(Ref0), ;= POC(Ref1)
— POC(current).

predgo = 1/2(0 + 11 4+ vx/2(t1Gx1 — 10Gx0) + vy/2 = (t1Gy1l — T0Gy0)) (1)

[00185] Using the individual flow equations in each time interval, the difference between the
predictor (i.e. the predicted sample values of the sub-block) using L.O samples and the predictor

using L1 samples can be written as:
A= (I0—11) + vx(t1Gx1 4+ T0Gx0) + vy(t1Gyl + 0Gy0)

[00186] By minimizing the difference A, estimates of vx and vy can be obtained. For example,
by taking partial differentials of the square of the difference A with respective to vx and vy and
setting the differentials to zero, equations with vx and vy as unknowns for the samples within the
sub-block and for samples adjoining the sub-block are obtained. This set of over-constrained
equations can be solved through least squares to obtain vx and vy estimates. Using the equation
Eqn. (1) mentioned above, the computed vx, vy estimates and the gradients Gx0 and Gy0, a
correction term is added to the usual bi-predictive motion compensation. In some methods, t0 and
71 are assumed to be equal in these equations.

[00187] As described above, the bilateral matching based decoder-side motion vector
derivation/refinement methods compute delta motion vectors (i.e. changes to the initial motion
vectors MVO and MV1) around the merge-mode motion vectors (i.e. the merge candidate which
includes initial motion vectors MVO0 and MV1) in the two references (used for bi-prediction). The
computed delta motion vectors depend on the temporal distances TDO and TD1 from the current
picture to the two references. However, since a movement of integer distance in one reference can
be a movement of non-integer distance in the other reference due to the ratio between TD1 and
TDO, evaluating the refinement requires evaluation of sub-pixel precision positions of a different
phase when compared to the phase of the merge mode motion vectors which constitute the starting
positions for the refinement(For example, When TD1 and TDO are not equal, if LO pic is at a
distance of 2 and L1 is at a distance of 1, the refinement movement of 1 pixel in LO leads to 0.5

pixel movement in L1). Thus it leads to the high computational complexity of the refinement
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procedure. In order to simplify the refinement procedure, the refinement procedure may ignore
TDO and TD1 and uses delta motion vectors that are equal in magnitude and opposite in directions
in the two references so that integer distance movement in one reference remains as an integer
distance movement in the other reference. Multiple iterations of refinement are applied untill either
a pre-defined maximum iteration count is reached or the center position of a given iteration turns
out to be the position with the lowest cost. This method also works well in cases where a
hierarchical B-pictures in a dyadic configuration are employed as used in the common test
conditions adopted in Versatile Video Coding. In such dyadic configuration, the number of
pictures at the next temporal layer are twice as many as the number of pictures in the current
temporal layer. Hence, the B-pictures have one reference from the past and one reference from the
future that are equi-distant from the current picture.

[00188] However, due to occlusions in one of the references, the candidate merge motion vector
may be applicable for uni-prediction or the candidate merge motion vectors may refer to two
reference frames that have unequal distance to the current picture. Also, in commercial encoders,
strict dyadic hierarchical B-pictures may not be used as they tend to adapt the picture-types based
on temporal correlation. For example, some encoders use 2 non-reference pictures between every
two reference pictures. Certain other encoders have variable distances between pictures belonging
to the same temporal layer due to the underlying motion characteristics. In such cases, the use of
equal and opposite delta motion vectors based refinement fails to produce any major coding gain
and can also impact the coding gain whenever an explicit flag is not used to indicate the need for
refinement. However, signaling a flag for every CU to indicate the use of refinement offsets some
of the coding gains offered by the refinement.

[00189] Hence, there is a need to selectively or adaptively provide the ability to restrict or
enable the decoder-side refinement to coding units with equi-distant references, for example,
whenever bilateral matching based refinement with equal and opposite delta motion vectors is used.
[00190] Also, whenever the BIO method assumes equal 10 and 71, there is a need to provide the
ability to restrict or enable the BIO method to be applied only when the temporal distances are
really equal.

[00191] The present disclosure addresses the above problems by providing a method to
selectively restrict or enable a bi-predictive merge-mode coding unit coded in at least one access

unit in a group of frames from employing decoder side motion vector refinement based on the

45



WO 2020/052654 PCT/CN2019/105717

temporal distances of the coding unit to its two references. Such restriction can be performed
through setting a flag at the sequence parameter set level on the encoding-side to permit decoder-
side MV refinement only when the temporal distances of the coding unit to its two references are
substantially equal. This method is employed at both the encoding and decoding sides when the
decoder side MV refinement is enabled.

[00192] Detailed examples of the presented method

[00193] The embodiment of the present disclosure provides a method for restricting decoder-
side motion vector derivation/refinement to only Coding Units with equal-distance references. The
embodiment may be used in cases when decoder-side MV refinement is used. For example, the
method can be used when the bilateral matching based decoder-side MV refinement is employed
with delta motion vectors that are equal in magnitude and opposite in sign in the two references
used for bi-prediction (irrespective of whether bi-lateral template is used or not). As explained
before, such methods ignore the temporal distances to the reference frames from the current picture
so that integer-distance refinements starting from the sub-pixel precision merge motion vector
centers can be performed using interpolation of samples at a single sub-pixel phase in each of the
references. Merge motion vector obtained from a merge candidate list can be at any sub-pixel
location. For example, sub-pixel precision may be at 1/16. The method can also be used when the
Bi-directional optical flow (BDOF) based decoder-side motion vector refinement does not rely the
temporal distances or assumes them to be equal.

[00194] In this embodiment, the decoder-side MV refinement is employed for a given coding
unit or coding block only when the temporal distance from the coding block to the reference
pictures used for bi-prediction are substantially equal in magnitude and opposite in sign or
direction. FIG. 7 1s a flowchart illustrating an embodiment of an encoding method 700. In an
embodiment, the encoding method 700 is implemented in an encoder such as video encoder 20 in
FIG. 1. In block 701, once the merge candidate list which includes one or more merge candidate is
constructed as per the normative process on the encoding or decoding side, the merge motion
vectors and their reference indices become available. In block 703, for each merge candidate that
indicates bi-prediction, the 2 reference frames, referred to herein as LO and L1 references,
corresponding to the 2 reference indices required for bi-prediction are identified and their temporal
distances to the current-picture, namely, TDO and TD1 are obtained. In block 705, it is determined

whether the temporal distance to the reference pictures used for bi-prediction are substantially
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equal in magnitude and opposite in sign. In block 707, in the case that the temporal distances are
substantially equal in magnitude and opposite in sign, the encoder or decoder performs the
normative decoder-side MV refinement process for the merge candidate. The refined motion
vectors are used to perform motion compensated bi-prediction using the reference frames LO and
L1. If it 1s determined in block 705 that the temporal distance to the reference pictures used for bi-
prediction are substantially equal in magnitude and opposite in sign, in block 709, the decoder-
side MV refinement is skipped, and the merge motion vectors are used for bi-prediction. In block
711, 1f the best merge mode candidate has a lower cost than any other mode evaluated, then the
encoder will signal a merge flag as 1 for the coding unit. Additionally, the encoder can also
explicitly signal the merge candidate index for the winning merge candidate in the merge list. In
some cases, this may be implicitly derived on the decoding side.

[00195] FIG. 8 is a flowchart illustrating an embodiment of a decoding method 800. In an
embodiment, the decoding method 800 is implemented in a decoder such as video decoder 30 in
FIG. 1. In block 801, for a coding unit, a merge flag is parsed from a received bitstream, if the
merge flag is set to true (such as 1), the merge candidate is obtained either by decoding the
explicitly signaled merge index or by implicitly deriving it on the decoding side. In block 803, the
normative merge list construction process is used to arrive at the motion vector(s) and reference
index (or indices) associated with the merge index. In block 805, if the merge candidate indicates
bi-prediction, then the 2 reference frames corresponding to the 2 reference indices are identified
and their temporal distances to the current pictures, namely TDO and TDI1, are obtained. In block
807, it 1s determined whether the temporal distance to the reference pictures used for bi-prediction
are substantially equal in magnitude and opposite in sign. In block 809, in the case that the
temporal distances are substantially equal in magnitude and opposite in sign, the decoder performs
the normative decoder-side MV refinement process for the merge candidate. In particular, if
adoption of decoder-side motion vector refinement is enabled at the sequence level, then the
decoder-side MV refinement is performed only when TDO and TD1 are substantially equal in
magnitude and opposite in sign. The refined motion vectors are used for performing motion
compensated bi-prediction using the reference frames LO and L1. Otherwise, in block 811, the
decoder-side MV refinement is skipped and the motion vectors for the merge index are used to

perform motion compensated bi-prediction. In block 813, the coding block is reconstructed based

47



WO 2020/052654 PCT/CN2019/105717

on the motion compensated data, for example, a sum of the parsed residual data and the predicted
data.

[00196] In another embodiment, the same checks on TDO and TD1 also may be used for bi-
directional optical flow (BIO) based method (where TDO corresponds to t0 and TD1 corresponds
to -tl described above) to enable BIO based method to a given coding unit only when TDO and
TD1 are substantially equal and have opposite signs.

[00197] FIG. 9 is a flowchart of a method for inter-prediction (bi-prediction) of a current image
block in a current picture of a video. The method starts at step 901.

[00198] At step 903, it is determined whether the current picture is temporally between a first
reference picture (such as RefPicO) and a second reference picture (such as RefPicl) and a first
temporal distance (such as TDO) and a second temporal distance (such as TD1) are the same
distance, wherein the first temporal distance (TDO) is between the current picture and the first
reference picture(RefPic0), and the second temporal distance(TD1) is between the current picture

and the second reference picture(RefPicl).

[00199] At step 905, motion vector refinement (DMVR) procedure is performed to
determine a prediction block of the current image block, when it is determined that the current
picture is temporally between the first reference picture(such as RefPicO) and the second reference
picture(such as RefPicl) and the first temporal distance (TDO) and the second temporal distance
(TD1) are the same distance. The motion vector refinement (DMVR) procedure can be performed
as described above with respect to blocks 602 to 610 of FIG. 6C or blocks 632 to 640 of FIG. 6D.
Other ways of performing the motion vector refinement can also be utilized.

[00200] At step 907, motion compensation is performed to obtain a prediction block of the
current image block using a first initial motion vector (MVO0) and a second initial motion
vector(MV1), when it is determined that the first temporal distance (TDO0) and the second temporal
distance (TD1) are different distance or the current picture is not temporally between the first
reference picture(such as RefPic0) and the second reference picture(such as RefPicl).

[00201] FIG. 10 is a block diagram showing an example structure of an apparatus for inter-

prediction of a current image block in a current picture of a video. The apparatus may include:
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a determining unit 101 configured to determine whether the current picture is temporally between a
first reference picture(such as RefPic0) and a second reference picture(such as RefPicl) and a first
temporal distance (such as TDO) and a second temporal distance (such as TD1) are the same
distance, wherein the first temporal distance(TDO) is between the current picture and the first
reference picture(RefPic0), and the second temporal distance(TD1) is between the current picture

and the second reference picture(RefPic1); and

an inter prediction processing unit 103 configured to perform motion vector refinement (DMVR)
procedure to determine a prediction block of the current image block, when it is determined that
the current picture is temporally between the first reference picture(such as RefPicO) and the
second reference picture(such as RefPicl) and the first temporal distance (TDO) and the second
temporal distance (TD1) are the same distance.

[00202] In some embodiments, instead of always applying the above-mentioned temporal
distance based checks in order to conditionally perform decoder-side motion vector refinement at
the coding unit or coding block level, the checks can be conditionally performed only when a
specific flag is signaled at the sequence parameter set level and/or picture level.

[00203] In one embodiment, a flag, such as sps_conditional dmvr flag, is signaled at the
sequence parameter set level whenever decoder-side motion vector refinement is enabled at the
sequence parameter set level. When this flag is set to zero, decoder-side MV refinement can be
performed independent of the temporal distances to the reference frames from the current picture in
all access units. When this flag is set to one, an additional flag, such as pps_conditional dmvr_flag,
1s signaled at the picture parameter set level. When the pps_conditional dmvr flag is set to zero,
decoder-side MV refinement can be performed independent of the temporal distances to the
reference frames from the current picture. When the pps_conditional dmvr flag is set to one,
decoder-side MV refinement can be performed only when the temporal distances to the reference
frames from the current picture for a given CU are substantially equal in magnitude and opposite in
sign.

[00204] An encoder can set sps conditional dmvr flag to zero when regular dyadic
hierarchical B-picture group of pictures (GOP) structure is used, the maximum number of
reference frames in a B-picture is set to two, and the reference picture selection always selects
reference frames having equal temporal distance to the current picture and falling on opposite

sides of the current picture. An example of a dyadic GOP structure in display order is 10y Bly
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B2; B34 B4, BS54 B6; B7, B8, B9, B10; B114 B12; B134 B145 B154 P16y, where the subscript
indicates the temporal layer and the numbers next to the picture type indicate the display order
frame count.

[00205] An encoder can set sps_conditional dmvr flag to one when (a) regular dyadic
hierarchical B-picture GOP structure is used, but the maximum number of reference frames for a
B-picture is set to be greater than two, or (b) if the reference picture selection is likely to select
reference pictures that do not have substantially equal temporal distance to the current picture or
that do not fall on opposite sides of the current picture in display order, or (c) when a non-dyadic
hierarchical B-pictures or non-dyadic single B-picture layer GOP structure is used. An example
of a non-dyadic GOP-structure is 10, B1; B2, P3¢, B4; BS5; P6, which has only one layer of B-
pictures. An example of adaptive hierarchical B-pictures is 10, B1, B2, B3 B4, PS5, where the
spacing between two pictures at the same temporal layer level is decided adaptively based on
content properties.

[00206] Alternatively, sps_conditional dmvr flag can be configured manually as an encoder
parameter by a user based on the above stated conditions.

[00207] When sps conditional dmvr flag is set to 1, an encoder can set

pps_conditional dmvr_flag to zero on frames that have their maximum number of reference
frames set to 2, and whose reference frames are substantially equal in temporal distance from the
current picture and fall on opposite sides of the current picture in display order.

[00208] When sps conditional dmvr flag 1s set to 1, an encoder «can set
pps_conditional dmvr flag to one on frames that have their maximum number of reference
frames set to a value greater than 2 or in cases where the 2 reference frames used for bi-
prediction for a CU need not be at substantially equal temporal distance from the current picture
or both the reference pictures do not fall on opposite sides of the current picture in display order.
In an example wherein the encoding/decoding order sequence is 10y P1,, P6y, B4, B2, ,B3, BS5,,
and the display order is 10y P1o B2, B3, B4, B5, P6y, the picture B2, can have 10y P1y P6y, B4,
as its reference pictures. Among these reference pictures, reference pictures 10 and B4 are equal
distance and opposite direction. Hence, when 10 and B4 are used as references for B2, the
temporal distances are equal and opposite while that is not the case when P1 and B4 are used as
references. When pps_conditional _dmvr_flag is set to one, a coding unit in B2 with 10 and B4 as

references will use decoder-side MV refinement, while a coding unit in B2 with P1 and B4 as
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references cannot use decoder-side MV refinement (depending on the pre-determined ratio
threshold, e.g. a ratio of a distance between a current picture and a first reference (refL0) to a
distance between a second reference (refl.1) and the current picture).

[00209] Since motion of an object is not necessarily linear from LO to current picture and
from current picture to L1, it is possible that equal and opposite motion assumption can
sometimes work even when the reference pictures are not at substantially equal temporal
distances. In certain embodiments, the encoder can perform the encoding for a frame with
pps_conditional dmvr flag set to zero and another encoding for the same frame with
pps_conditional dmvr_flag set to one and select the setting that provides a lower rate-distortion
optimized cost. The rate-distortion optimized cost is computed as a sum of a distortion measure
of the reconstructed frame with respect to the source frame and the bits consumed multiplied by
a suitable Lagrangian multiplier that depends on the average quantization parameter used for the
frame.

[00210] In other embodiments, the rate-distortion optimized cost can be accumulated for both
the case with decoder-side MV refinement and the case without decoder-side MV refinement for
the coding units with temporal distances not substantially equal and the flag can be set to one for
a subsequent picture if without refinement yields a lower accumulated cost than with refinement.
[00211] When substantially equal temporal distances to reference frames is not possible for
any coding unit based on the GOP structure determined at the encoder, it is also possible to
disable decoder-side motion vector refinement itself at the sequence parameter set (SPS) level or
picture parameter set level. The conditional flag at the SPS level, if present, is signaled only
when decoder-side motion vector refinement is enabled at the SPS level. The conditional flag at
the PPS level, if present, is signaled only when decoder-side motion vector refinement is enabled
at the PPS level (explicitly or implicitly). Any alternate method of signaling decoder-side MV
refinement at SPS/PPS level, the ability to signal refinement unconditioned on the temporal
distances to the reference, and refinement conditioned on the temporal distances to the reference
is anticipated by this invention. For instance, instead of two flags, it is possible to code a syntax
element that takes one of three possible values (e.g. 0, 1, and 2) by concatenating the two flags

together.
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[00212] FIG. 6D is a flowchart illustrating another example for performing a decoder-side
motion vector refinement (DMVR) procedure or process. In an embodiment, the process is
implemented in a decoder such as the video decoder 30 in FIG. 1. The process may be
implemented when, for example, a bitstream received from an encoder, such as the video encoder
20 of FIG. 1, is to be decoded in order to generate an image on the display of an electronic device.
The process is also implemented in an encoder such as the video encoder 20 in FIG. 1. The process
will be described with reference to the elements identified in FIG. 6B.

[00213] In block 632, a position of a first initial reference block (e.g., reference block 406) in a
first reference picture (e.g., reference picture 408) is determined based on a first motion vector
(e.g., MVO0) corresponding to a current block (e.g., current block 402) in a current picture (e.g.,
current picture 404).

[00214] In block 634, a position of a second initial reference block (e.g., reference block 410)
in a second reference picture (e.g., reference picture 412) is determined based on a second motion
vector (e.g., MV1) corresponding to the current block (e.g., current block 402) in the current

picture (e.g., current picture 404).

[00215] In block 636, positions of a plurality of first reference blocks (e.g. N-1 first reference

blocks) in the first reference picture is determined.

[00216] In block 638, positions of a plurality of second reference blocks (e.g. N-1 second
reference blocks) in the second reference picture is determined. In blocks 636 and 638, positions
of each pair of reference blocks includes a position of a first reference block and a position of a
second reference block, and for each pair of reference blocks, the first position offset(deltaOx,
deltaOy) and the second position offset(deltalx, deltaly) are mirrored (i.e. equal in magnitude
and opposite in sign), and the first position offset(deltaOx, deltaOy) represents an offset of the
position of the first reference block relative to the position of the first initial reference block, and
the second position offset(deltalx, deltaly) represents an offset of the position of the second
reference block relative to the position of the second initial reference block. In particular, for
positions of each pair of first and second reference blocks, the direction of the first offset is
opposite to the direction of the second offset, and the magnitude of the first offset is the same as

the magnitude of the second offset, and the first offset and the second offset are respectively
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associated with the respective first reference block and the respective second reference block of the
pair.

[00217] In block 640, a cost comparison between each pair of the first and second reference
blocks among a plurality of first reference blocks in the first reference picture and a plurality of
second reference blocks in the second reference picture is performed. A cost comparison between
the first and second initial reference blocks may be also performed. The first reference blocks may
be, for example, the various reference blocks surrounding the first initial reference block 406 in the
first reference picture 408. The cost comparison is used to determine a first refined motion vector
(e.g., MV0’) and a second refined motion vector (e.g., MV1).

The second reference blocks may be, for example, the various reference blocks surrounding the
second initial reference block 410 in the second reference picture 412. Alternatively, positions of
a pair of reference blocks from the positions of the N pairs of reference blocks is determined as a
position of the first refined reference block and a position of the second refined reference block
based on the matching cost criterion. It can be understood that the N pairs of reference blocks
may include a pair of the first and second initial reference blocks.

[00218] In block 642, a first refined reference block (e.g., refined reference block 416) in the
first reference picture is selected based on the first refined motion vector and a second refined
reference block (e.g., refined reference block 418) in the second reference picture is selected based
on the second refined motion vector. Alternatively, the first refined reference block is determined
in the first reference picture based on the position of the first refined reference block and the
second refined reference block is determined in the second reference picture based on the
position of the second refined reference block.

[00219] In block 644, a prediction block (e.g., prediction block 420) is determined based on the
first refined reference block and the second refined reference block.

[00220] In block 646, an image generated using the prediction block is displayed on the display
of an electronic device.

[00221] Those skilled in the art will recognize that many solutions may be applied to perform a
decoder-side motion vector refinement (DMVR) procedure, and the present invention is not
limited to the previously shown example processes.

[00222] Based on the above, the present disclosure allow conditionally restricting (such as

enable or disable) decoder-side motion vector refinement based on the temporal distances to the
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two references used by each CU, thus it improves the coding efficiency by not applying the
refinement when the underlying assumption of equal and opposite delta motion vectors that the
refinement assumes is unlikely to be true.

[00223] Based on the above, the present disclosure also provides the granularity to disable
refinement for all access units unconditionally, disable refinement for certain access units
conditionally, enable unconditional refinement at an access unit level, or enable conditional
refinement at an access unit based on the temporal distances to the references from the current
picture used by a coding unit within that access unit.

[00224] Based on the above, the present disclosure also offers the advantage of disabling the
refinements performed on the decoder side for merge indices that are unlikely to improve the
compression gains.

[00225] Also, based on the above, the present disclosure restricts the refinements to only
two equal-distance references can have advantage of less cache pollution by the other references on
the decoder side.

[00226] Based on the above, the present disclosure allows normative disabling of bilateral
matching based decoder-side motion vector refinement at the CU level whenever the temporal
distances to the two references are not substantially equal in magnitude and opposite in direction.
In particular, this disabling is applied when the refinement process does not use temporal distances
to scale the delta motion vectors.

[00227] Based on the above, the present disclosure adds flags at the sequence and picture
parameter set levels to allow the temporal distance based check at the CU level to be performed
only when indicated by these flags so that encoder has the option of signaling the appropriate flag
values based on factors such as GOP structure and coding gains seen.

[00228] Following is an explanation of the applications of the encoding method as well as
the decoding method as shown in the above-mentioned embodiments, and a system using them.
[00229] FIG. 11 is a block diagram showing a content supply system 3100 for realizing
content distribution service. This content supply system 3100 includes capture device 3102,
terminal device 3106, and optionally includes display 3126. The capture device 3102
communicates with the terminal device 3106 over communication link 3104. The communication

link may include the communication channel 13 described above. The communication link 3104
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includes but not limited to WIFI, Ethernet, Cable, wireless (3G/4G/5G), USB, or any kind of
combination thereof, or the like.

[00230] The capture device 3102 generates data, and may encode the data by the encoding
method as shown in the above embodiments. Alternatively, the capture device 3102 may distribute
the data to a streaming server (not shown in the Figures), and the server encodes the data and
transmits the encoded data to the terminal device 3106. The capture device 3102 includes but not
limited to camera, smart phone or Pad, computer or laptop, video conference system, PDA, vehicle
mounted device, or a combination of any of them, or the like. For example, the capture device
3102 may include the source device 12 as described above. When the data includes video, the
video encoder 20 included in the capture device 3102 may actually perform video encoding
processing. When the data includes audio (i.e., voice), an audio encoder included in the capture
device 3102 may actually perform audio encoding processing. For some practical scenarios, the
capture device 3102 distributes the encoded video and audio data by multiplexing them together.
For other practical scenarios, for example in the video conference system, the encoded audio data
and the encoded video data are not multiplexed. Capture device 3102 distributes the encoded audio
data and the encoded video data to the terminal device 3106 separately.

[00231] In the content supply system 3100, the terminal device 310 receives and reproduces
the encoded data. The terminal device 3106 could be a device with data receiving and recovering
capability, such as smart phone or Pad 3108, computer or laptop 3110, network video recorder
(NVR)/ digital video recorder (DVR) 3112, TV 3114, set top box (STB) 3116, video conference
system 3118, video surveillance system 3120, personal digital assistant (PDA) 3122, vehicle
mounted device 3124, or a combination of any of them, or the like capable of decoding the above-
mentioned encoded data. For example, the terminal device 3106 may include the destination device
14 as described above. When the encoded data includes video, the video decoder 30 included in the
terminal device is prioritized to perform video decoding. When the encoded data includes audio, an
audio decoder included in the terminal device 1s prioritized to perform audio decoding processing.
[00232] For a terminal device with its display, for example, smart phone or Pad 3108,
computer or laptop 3110, network video recorder (NVR)/ digital video recorder (DVR) 3112, TV
3114, personal digital assistant (PDA) 3122, or vehicle mounted device 3124, the terminal device

can feed the decoded data to its display. For a terminal device equipped with no display, for
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example, STB 3116, video conference system 3118, or video surveillance system 3120, an external
display 3126 is contacted therein to receive and show the decoded data.

[00233] When each device in this system performs encoding or decoding, the picture
encoding device or the picture decoding device, as shown in the above-mentioned embodiments,
can be used.

[00234] FIG. 12 is a diagram showing a structure of an example of the terminal device 3106.
After the terminal device 3106 receives stream from the capture device 3102, the protocol
proceeding unit 3202 analyzes the transmission protocol of the stream. The protocol includes but
not limited to Real Time Streaming Protocol (RTSP), Hyper Text Transfer Protocol (HTTP),
HTTP Live streaming protocol (HLS), MPEG-DASH, Real-time Transport protocol (RTP), Real
Time Messaging Protocol (RTMP), or any kind of combination thereof, or the like.

[00235] After the protocol proceeding unit 3202 processes the stream, stream file is
generated. The file is outputted to a demultiplexing unit 3204. The demultiplexing unit 3204 can
separate the multiplexed data into the encoded audio data and the encoded video data. As described
above, for some practical scenarios, for example in the video conference system, the encoded audio
data and the encoded video data are not multiplexed. In this situation, the encoded data is
transmitted to video decoder 3206 and audio decoder 3208 without through the demultiplexing unit
3204.

[00236] Via the demultiplexing processing, video elementary stream (ES), audio ES, and
optionally subtitle are generated. The video decoder 3206, which includes the video decoder 30 as
explained in the above mentioned embodiments, decodes the video ES by the decoding method as
shown in the above-mentioned embodiments to generate video frame, and feeds this data to the
synchronous unit 3212. The audio decoder 3208, decodes the audio ES to generate audio frame,
and feeds this data to the synchronous unit 3212. Alternatively, the video frame may store in a
buffer (not shown in FIG. Y) before feeding it to the synchronous unit 3212. Similarly, the audio
frame may store in a buffer (not shown in FIG. Y) before feeding it to the synchronous unit 3212.
[00237] The synchronous unit 3212 synchronizes the video frame and the audio frame, and
supplies the video/audio to a video/audio display 3214. For example, the synchronous unit 3212
synchronizes the presentation of the video and audio information. Information may code in the
syntax using time stamps concerning the presentation of coded audio and visual data and time

stamps concerning the delivery of the data stream itself.
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[00238] If subtitle is included in the stream, the subtitle decoder 3210 decodes the subtitle,
and synchronizes it with the video frame and the audio frame, and supplies the video/audio/subtitle
to a video/audio/subtitle display 3216.

[00239] The present invention is not limited to the above-mentioned system, and either the
picture encoding device or the picture decoding device in the above-mentioned embodiments can
be incorporated into other system, for example, a car system.

[00240] In one or more examples, the functions described may be implemented in hardware,
software, firmware, or any combination thereof. If implemented in software, the functions may be
stored on or transmitted over as one or more instructions or code on a computer-readable medium
and executed by a hardware-based processing unit. Computer-readable media may include
computer-readable storage media, which corresponds to a tangible medium such as data storage
media, or communication media including any medium that facilitates transfer of a computer
program from one place to another, e.g., according to a communication protocol. In this manner,
computer-readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication medium such as a signal or carrier wave.
Data storage media may be any available media that can be accessed by one or more computers or
one or more processors to retrieve instructions, code and/or data structures for implementation of
the techniques described in this disclosure. A computer program product may include a computer-
readable medium.

[00241] By way of example, and not limitation, such computer-readable storage media can
comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage,
or other magnetic storage devices, flash memory, or any other medium that can be used to store
desired program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a computer-readable medium. For example, if
instructions are transmitted from a website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless technologies such as
infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and data storage
media do not include connections, carrier waves, signals, or other transitory media, but are instead

directed to non-transitory, tangible storage media. Disk and disc, as used herein, includes compact
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disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray disc, where
disks usually reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-readable media.
[00242] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific integrated
circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent integrated or
discrete logic circuitry. Accordingly, the term “processor,” as used herein may refer to any of the
foregoing structure or any other structure suitable for implementation of the techniques described
herein. In addition, in some aspects, the functionality described herein may be provided within
dedicated hardware and/or software modules configured for encoding and decoding, or
incorporated in a combined codec. Also, the techniques could be fully implemented in one or more
circuits or logic elements.

[00243] The techniques of this disclosure may be implemented in a wide variety of devices
or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of ICs (e.g., a chip
set). Various components, modules, or units are described in this disclosure to emphasize
functional aspects of devices configured to perform the disclosed techniques, but do not necessarily
require realization by different hardware units. Rather, as described above, various units may be
combined in a codec hardware unit or provided by a collection of interoperative hardware units,
including one or more processors as described above, in conjunction with suitable software and/or
firmware.

[00244]  While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present examples
are to be considered as illustrative and not restrictive, and the intention is not to be limited to the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

[00245] In addition, techniques, systems, subsystems, and methods described and illustrated in
the various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure. Other
items shown or discussed as coupled or directly coupled or communicating with each other may be

indirectly coupled or communicating through some interface, device, or intermediate component
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whether electrically, mechanically, or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and could be made without departing from the
spirit and scope disclosed herein.

[00246] While several embodiments have been provided in the present disclosure, it should be
understood that the disclosed systems and methods might be embodied in many other specific
forms without departing from the spirit or scope of the present disclosure. The present examples
are to be considered as illustrative and not restrictive, and the intention is not to be limited to the
details given herein. For example, the various elements or components may be combined or
integrated in another system or certain features may be omitted, or not implemented.

[00247] In addition, techniques, systems, subsystems, and methods described and illustrated in
the various embodiments as discrete or separate may be combined or integrated with other systems,
modules, techniques, or methods without departing from the scope of the present disclosure. Other
items shown or discussed as coupled or directly coupled or communicating with each other may be
indirectly coupled or communicating through some interface, device, or intermediate component
whether electrically, mechanically, or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and could be made without departing from the

spirit and scope disclosed herein.
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CLAIMS

What is claimed is:

1. A method for inter-prediction of a current image block in a current picture of a video, the

method comprising:

determining whether the current picture is temporally between a first reference picture and a
second reference picture and whether a first temporal distance and a second temporal distance
are the same distance, wherein the first temporal distance is between the current picture and the
first reference picture, and the second temporal distance is between the current picture and the

second reference picture; and

performing motion vector refinement (DMVR) procedure to determine a prediction block of the
current image block, when it is determined that the current picture is temporally between the first
reference picture and the second reference picture and that the first temporal distance and the

second temporal distance are the same distance.
2. The method according to claim 1, further comprising;

performing motion compensation using a first initial motion vector and a second initial motion
vector to determine the prediction block of the current image block, when it is determined that
the first temporal distance and the second temporal distance are different distance or that the
current picture is not temporally between the first reference picture and the second reference

picture.

3. The method according to claim 1, wherein the step of performing motion vector

refinement (DMVR) procedure comprises:

determining a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks, wherein each of said plurality of pairs of reference blocks includes a
first reference block that is in the first reference picture and that is determined based on a first
initial motion vector and a second reference block that is in the second reference picture and that

1s determined based on a second initial motion vector;
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wherein the best motion vectors include a first refined motion vector and a second refined

motion vector.

4. The method according to claim 1, wherein the step of performing motion vector

refinement (DMVR) procedure comprises:

determining positions of a pair of reference blocks from positions of M pairs of reference blocks
as a position of a first refined reference block and a position of a second refined reference block
based on a matching cost criterion, wherein the positions of the M pairs of reference blocks are
determined based on a first initial motion vector, a second initial motion vector and a position of
the current image block, wherein positions of each pair of reference blocks include a position of
a first reference block and a position of a second reference block, wherein the first reference
block is included in the first reference image, and the second reference block is included in the
second reference image, and wherein for each pair of reference blocks, a first position offset
(deltaOx, deltaOy) and a second position offset (deltalx, deltaly) are equal in magnitude and
opposite in sign, and the first position offset (deltaOx, deltaOy) represents an offset of the position
of the first reference block relative to a position of a first initial reference block, and the second
position offset (deltalx, deltaly) represents an offset of the position of the second reference
block relative to a position of a second initial reference block, wherein M is an integer greater

than or equal to 1.

5. The method according to any one of claims 2 to 4, wherein initial motion information of
the current image block comprises the first initial motion vector, a first reference index, the
second initial motion vector and a second reference index, wherein the first reference index
indicates the first reference picture, and the second reference index indicates the second

reference picture.

6. The method according to any one of the preceding claims, wherein the first reference
picture is a reference image temporally preceding the current picture and the second reference

picture is a reference image preceded temporally by the current picture; or

the first reference picture is a reference image preceded temporally by the current picture and the

second reference picture is a reference image temporally preceding the current picture; or
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wherein the first reference picture is a reference image in a past time and the second reference
picture is a reference image in a future time; or the first reference picture is a reference image in

the future time and the second reference picture is a reference image in the past time.

7. The method according to any one of the preceding claims, wherein the first temporal
distance indicates a picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance indicates a POC distance between the current

picture and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) of the
first reference image, and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.
8. The method according to any one of the preceding claims,

wherein the determining whether the current picture is temporally between a first reference picture
and a second reference picture and whether a first temporal distance and a second temporal

distance are the same distance, comprises:

determining whether the first temporal distance and the second temporal distance are equal in
magnitude and opposite in sign, wherein the first temporal distance is represented in terms of a
difference between the picture order count value of the current picture and the picture order
count value of the first reference image; and the second temporal distance is represented in terms
of a difference between the picture order count value of the current picture and the picture order
count value of the second reference image;

wherein the performing motion vector refinement (DMVR) procedure comprises:

performing motion vector refinement (DMVR) procedure to determine a prediction block of the
current image block, when it is determined that the first temporal distance and the second

temporal distance are equal in magnitude and opposite in sign.

9. A method for inter-prediction of a current image block in a current picture of a video, the

method comprising:
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determining whether the current picture is temporally between a first reference picture and a
second reference picture and whether a first temporal distance and a second temporal distance
are the same distance, wherein the first temporal distance is between the current picture and the
first reference picture, and the second temporal distance is between the current picture and the

second reference picture; and

performing motion compensation using a first initial motion vector and a second initial motion
vector to determine a prediction block of the current image block, when it is determined that the
first temporal distance and the second temporal distance are different distance or that the current

picture is not temporally between the first reference picture and the second reference picture.

10. The method according to claim 9, wherein initial motion information of the current image
block comprises the first initial motion vector, a first reference index, the second initial motion
vector and a second reference index, wherein the first reference index indicates the first reference

picture, and the second reference index indicates the second reference picture.

11. The method according to claim 9 or 10, wherein the first temporal distance indicates a
picture order count (POC) distance between the current picture and the first reference picture,
and the second temporal distance indicates a POC distance between the current picture and the

second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) of the
first reference image, and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.

12. A method for inter-prediction of a current image block in a current picture of a video, the

method comprising:

determining whether a first temporal distance is equal to a second temporal distance, wherein the
first temporal distance is represented in terms of a difference between a picture order count value

of the current picture and a picture order count value of a first reference image; and the second
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temporal distance is represented in terms of a difference between a picture order count value of a

second reference image and the picture order count value of the current picture; and

performing motion vector refinement (DMVR) procedure to determine a prediction block of the
current image block, when it is determined that the first temporal distance is equal to the second
temporal distance.

13. The method according to claim 12, further comprising:

performing motion compensation using a first initial motion vector and a second initial motion
vector to determine a prediction block of the current image block, when it is determined that the

first temporal distance is not equal to the second temporal distance.

14. The method according to claim 12, the step of performing motion vector refinement

(DMVR) procedure, comprises:

determining a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks, wherein said pair of reference blocks includes a first reference block
that is of the first reference picture and that is determined based on a first initial motion vector
and a second reference block that is of the second reference picture and that is determined based

on a second 1initial motion vector;

wherein the best motion vectors include a first refined motion vector and a second refined

motion vector.
15. The method according to claim 13 or 14,

wherein initial motion information of the current image block comprises the first initial motion
vector, a first reference index, the second initial motion vector and a second reference index,
wherein the first reference index indicates the first reference picture, and the second reference

index indicates the second reference picture.

16. A method for inter-prediction of a current image block in a current picture of a video, the

method comprising:
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determining whether a first temporal distance is equal to a second temporal distance, wherein the
first temporal distance is represented in terms of a difference between a picture order count value
of the current picture and a picture order count value of a first reference image; and the second
temporal distance is represented in terms of a difference between a picture order count value of a

second reference image and the picture order count value of the current picture;

performing no motion vector refinement (DMVR) procedure on the current image block, when it

1s determined that the first temporal distance is not equal to the second temporal distance.
17. A method for encoding a video image comprising:

performing inter-prediction of a current image block in a current picture of the video to obtain a

prediction block of the current image block according to the method of any of claims 1 to 15;

generating a bitstream including a residual between the current image block and the prediction

block and an index for indicating initial motion information.
18. A method for decoding a video image from a bitstream comprising;

parsing from the bitstream an index for indicating an initial motion information and a residual

between a current image block and a prediction block of the current image block;

performing inter-prediction of a current image block in a current picture of a video to obtain a

prediction block of the current image block according to the method of any of claims 1 to 15; and
reconstructing the current image block based on the residual and the prediction block.
19. A method of encoding implemented by an encoding device, comprising:

determining value of a syntax element indicating whether the method according to any one of

claims 1, 3-8 and 12-15 is enabled or not; and

generating a bitstream including the syntax element.
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20. The method according to claim 19, wherein the syntax element is signaled at any one of a
sequence parameter set (SPS) level, a picture parameter set (PPS) level, a slice header, coding

tree unit (CTU) syntax, or coding unit (CU) syntax.
21. A method of decoding implemented by a decoding device, comprising:

parsing from a bitstream a syntax element indicating whether the method according to any one of

claims 1, 3-8 and 12-15 is enabled or not; and

adaptively enabling or disabling a decoder-side motion vector refinement (DMVR) procedure

according to the syntax element.

22. The method according to claim 21, wherein the syntax element is obtained from any one
of a sequence parameter set (SPS) level of a bitstream, a picture parameter set (PPS) level of the

bitstream, a slice header, coding tree unit (CTU) syntax, or coding unit (CU) syntax.
23. A coding device, comprising:
a memory storing instructions; and

a processor coupled to the memory, the processor configured to execute the instructions stored in

the memory to cause the processor to:

determine whether a current picture is temporally between a first reference picture and a second
reference picture and whether a first temporal distance and a second temporal distance are the
same distance, wherein the first temporal distance (TDO) is between the current picture and the
first reference picture (RefPic0), and the second temporal distance (TD1) is between the current

picture and the second reference picture (RefPicl); and

perform motion vector refinement (DMVR) procedure to determine a prediction block of a
current image block in the current picture, when it is determined that the current picture is
temporally between the first reference picture and the second reference picture and that the first

temporal distance and the second temporal distance are the same distance.
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24. The coding device according to claim 23, wherein the processor is further configured to
perform motion compensation using a first initial motion vector and a second initial motion
vector to determine a prediction block of the current image block, when it is determined that the
first temporal distance and the second temporal distance are different or that the current picture is

not temporally between the first reference picture and the second reference picture.

25. The device according to claim 23, for performing motion vector refinement (DMVR)

procedure, wherein the processor is configured to:

determine a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks, wherein said pair of reference blocks includes a first reference block
that 1s in the first reference picture and that is determined based on a first initial motion vector
and a second reference block that is in the second reference picture and that is determined based

on a second initial motion vector;

wherein the best motion vectors include a first refined motion vector and a second refined

motion vector.

26. The device according to claim 23, for performing motion vector refinement (DMVR)

procedure, wherein the processor is specifically configured to:

determine positions of a pair of reference blocks from positions of M pairs of reference blocks as
a position of a first refined reference block and a position of a second refined reference block
based on a matching cost criterion, wherein the positions of the M pairs of reference blocks are
determined based on the first initial motion vector, the second initial motion vector and a
position of the current image block; and positions of each pair of reference blocks include a
position of a first reference block and a position of a second reference block, wherein the first
reference block is included in the first reference image, and the second reference block is
included in the second reference image, and for each pair of reference blocks, a first position
offset and a second position offset are equal in magnitude and opposite in sign, and the first
position offset represents an offset of the position of the first reference block relative to a

position of a first initial reference block, and the second position offset represents an offset of the
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position of the second reference block relative to a position of a second initial reference block,

wherein M is an integer greater than or equal to 1.

27. The device according to any one of claims 24 to 26, wherein the processor is further
configured to obtain initial motion information of the current image block in the current picture,
wherein the initial motion information comprises the first initial motion vector, a first reference
index, the second initial motion vector and a second reference index, wherein the first reference
index indicates the first reference picture, and the second reference index indicates the second

reference picture.

28. The device according to any one of the preceding claims, wherein the first reference
picture is a reference image temporally preceding the current picture and the second reference
picture is a reference image preceded temporally by the current picture; or the first reference
picture 1s a reference image preceded temporally by the current picture and the second reference

picture is a reference image temporally preceding the current picture; or

wherein the first reference picture is a reference image in a past time and the second reference
picture is a reference image in a future time; or the first reference picture is a reference image in

the future time and the second reference picture is a reference image in the past time.

29. The device according to any one of the preceding claims, wherein the first temporal
distance indicates a picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance indicates a POC distance between the current

picture and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between the
picture order count value (POCc) of the current picture and the picture order count value (POCO)
of the first reference image; and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and the picture

order count value (POC1) of the second reference image.

30. The device according to any one of the preceding claims,
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wherein the processor is configured to determine whether the first temporal distance and the
second temporal distance are equal in magnitude and opposite in sign, wherein the first temporal
distance is represented in terms of difference between the picture order count value of the current
picture and the picture order count value of the first reference image; and the second temporal
distance is represented in terms of difference between the picture order count value of the second
reference image and the picture order count value of the current picture ; and

perform motion vector refinement (DMVR) procedure to determine a prediction block of the
current image block, when it is determined that the first temporal distance and the second

temporal distance are equal in magnitude and opposite in sign.
31. A coding device, comprising:
a memory storing instructions; and

a processor coupled to the memory, the processor configured to execute the instructions stored in

the memory to cause the processor to:

determine whether a current picture is temporally between a first reference picture and a second
reference picture and whether a first temporal distance and a second temporal distance are the
same distance, wherein the first temporal distance is between the current picture and the first
reference picture, and the second temporal distance is between the current picture and the second

reference picture; and

perform motion compensation using a first initial motion vector and a second initial motion
vector to determine a prediction block of a current image block in the current picture, when it is
determined that the first temporal distance and the second temporal distance are different
distance or that the current picture is not temporally between the first reference picture and the

second reference picture.

32. The coding device according to claim 31, wherein the processor is further configured to
obtain initial motion information of the current image block in the current picture, wherein the
initial motion information comprises the first initial motion vector, a first reference index, the

second initial motion vector and a second reference index, wherein the first reference index
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indicates the first reference picture, and the second reference index indicates the second

reference picture.

33. The coding device according to claim 31 or 32, wherein the first temporal distance
indicates a picture order count (POC) distance between the current picture and the first reference
picture, and the second temporal distance indicates a POC distance between the current picture

and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) of the
first reference image, and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.
34. A coding device, comprising:
a memory storing instructions; and

a processor coupled to the memory, the processor configured to execute the instructions stored in

the memory to cause the processor to:

determine whether a first temporal distance is equal to a second temporal distance, wherein the
first temporal distance is represented in terms of a difference between a picture order count value
of a current picture and a picture order count value of a first reference image; and the second
temporal distance is represented in terms of a difference between a picture order count value of a

second reference image and the picture order count value of the current picture; and

perform motion vector refinement (DMVR) procedure to determine a prediction block of the
current image block, when it is determined that the first temporal distance is equal to the second
temporal distance.

35. The device according to claim 34, wherein the processor is further configured to:

perform motion compensation using a first initial motion vector and a second initial motion
vector to determine a prediction block of the current image block, when it is determined that the

first temporal distance is not equal to the second temporal distance.
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36. The device according to claim 34, wherein for the performing motion vector

refinement (DMVR) procedure, the processor is configured to:

determine a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks, wherein said pair of reference blocks includes a first reference block
that is of the first reference picture and that is determined based on a first initial motion vector
and a second reference block that is of the second reference picture and that is determined based

on a second initial motion vector;

wherein the best motion vectors include a first refined motion vector and a second refined

motion vector.
37. The device according to claim 35 or 36, wherein the processor is further configured to:

obtain initial motion information of the current image block in the current picture, wherein the
initial motion information comprises the first initial motion vector, a first reference index, the
second initial motion vector and a second reference index, wherein the first reference index
indicates the first reference picture, and the second reference index indicates the second

reference picture.
38. A coding device, comprising:
a memory storing instructions; and

a processor coupled to the memory, the processor configured to execute the instructions stored in

the memory to cause the processor to:

determine whether a first temporal distance is equal to a second temporal distance, wherein the
first temporal distance is represented in terms of a difference between a picture order count value
of a current picture and a picture order count value of a first reference image; and the second
temporal distance is represented in terms of a difference between a picture order count value of a

second reference image and the picture order count value of the current picture; and
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performing no motion vector refinement (DMVR) procedure on the current image block, when it

is determined that the first temporal distance is not equal to the second temporal distance.

39. An apparatus for inter-prediction of a current image block in a current picture of a video,

comprising:

a determining unit configured to determine whether the current picture is temporally between a
first reference picture and a second reference picture and whether a first temporal distance and a
second temporal distance are the same distance, wherein the first temporal distance (TDO) is
between the current picture and the first reference picture (RefPic0), and the second temporal

distance (TD1) is between the current picture and the second reference picture (RefPicl); and

an inter prediction processing unit configured to perform motion vector refinement (DMVR)
procedure to determine a prediction block of the current image block, when it 1s determined that
the current picture is temporally between the first reference picture and the second reference
picture and that the first temporal distance and the second temporal distance are the same

distance.
40. The apparatus according to claim 39,

wherein the inter prediction processing unit is further configured to perform motion
compensation using a first initial motion vector and a second initial motion vector to determine a
prediction block of the current image block, when it is determined that the first temporal distance
and the second temporal distance is different or that the current picture is not temporally between

the first reference picture and the second reference picture.

41. The apparatus according to claim 39, for the performing motion vector refinement

(DMVR) procedure, wherein the inter prediction processing unit is specifically configured to:

determine a pair of best-matching blocks pointed to by best motion vectors from a plurality of
pairs of reference blocks, wherein said pair of reference blocks includes a first reference block
that is in the first reference picture and that is determined based on a first initial motion vector
and a second reference block that is in the second reference picture and that is determined based

on a second initial motion vector;
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wherein the best motion vectors include a first refined motion vector and a second refined

motion vector.

42 The apparatus according to claim 39, for the performing motion vector refinement

(DMVR) procedure, wherein the inter prediction processing unit is specifically configured to:

determine positions of a pair of reference blocks from positions of M pairs of reference blocks as
a position of a first refined reference block and a position of a second refined reference block
based on a matching cost criterion, wherein the positions of the M pairs of reference blocks are
determined based on a first initial motion vector, a second initial motion vector and a position of
the current image block; and positions of each pair of reference blocks includes a position of a
first reference block and a position of a second reference block, wherein the first reference block
1s included in the first reference image, and the second reference block is included in the second
reference image, and for each pair of reference blocks, the first position offset and the second
position offset are equal in magnitude and opposite in sign, and the first position offset represents
an offset of the position of the first reference block relative to a position of a first initial reference
block, and the second position offset represents an offset of the position of the second reference
block relative to a position of a second initial reference block, wherein M is an integer greater

than or equal to 1.

43. The apparatus according to any one of claims 40 to 42, wherein the inter prediction
processing unit is further configured to obtain initial motion information of the current image
block in the current picture, wherein the initial motion information comprises the first initial
motion vector, a first reference index, the second initial motion vector and a second reference
index, wherein the first reference index indicates the first reference picture, and the second

reference index indicates the second reference picture.

44, The apparatus according to any one of the preceding claims, wherein the first reference
picture is a reference image temporally preceding the current picture and the second reference
picture is a reference image preceded temporally by the current picture; or the first reference
picture 1s a reference image preceded temporally by the current picture and the second reference

picture is a reference image temporally preceding the current picture; or
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wherein the first reference picture is a reference image in a past time and the second reference
picture is a reference image in a future time; or the first reference picture is a reference image in

the future time and the second reference picture is a reference image in the past time.

45, The apparatus according to any one of the preceding claims, wherein the first temporal
distance indicates a picture order count (POC) distance between the current picture and the first
reference picture, and the second temporal distance indicates a POC distance between the current

picture and the second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) (POCO)
of the first reference image; and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.
46. The apparatus according to any one of the preceding claims,

wherein the determining unit is configured to determine whether the first temporal distance and
the second temporal distance are equal in magnitude and opposite in sign, wherein the first
temporal distance is represented in terms of a difference between the picture order count value of
the current picture and the picture order count value of the first reference image; and the second
temporal distance is represented in terms of a difference between the picture order count value of
the current picture and the picture order count value of the second reference image; and

wherein the inter prediction processing unit is configured to perform motion vector refinement
(DMVR) procedure to determine a prediction block of the current image block, when it is
determined that the first temporal distance and the second temporal distance are equal in

magnitude and opposite in sign.

47. An apparatus for inter-prediction of a current image block in a current picture of a video,

comprising;

a determining unit configured to determine whether the current picture is temporally between a
first reference picture and a second reference picture and whether a first temporal distance and a

second temporal distance are the same distance, wherein the first temporal distance is between
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the current picture and the first reference picture, and the second temporal distance is between

the current picture and the second reference picture; and

an inter prediction processing unit configured to perform motion compensation using a first
initial motion vector and a second initial motion vector to determine a prediction block of the
current image block, when it is determined that the first temporal distance and the second
temporal distance are different distance or that the current picture is not temporally between the

first reference picture and the second reference picture.

48. The apparatus according to claim 47, wherein initial motion information of the current
image block comprises the first initial motion vector, a first reference index, the second initial
motion vector and a second reference index, wherein the first reference index indicates the first

reference picture, and the second reference index indicates the second reference picture.

49, The apparatus according to claim 47 or 48, wherein the first temporal distance indicates
a picture order count (POC) distance between the current picture and the first reference picture,
and the second temporal distance indicates a POC distance between the current picture and the

second reference picture; or

wherein the first temporal distance (TDO) is represented in terms of difference between a picture
order count value (POCc) of the current picture and a picture order count value (POCO) of the
first reference image;, and the second temporal distance (TD1) is represented in terms of
difference between the picture order count value (POCc) of the current picture and a picture

order count value (POC1) of the second reference image.

50. An apparatus for inter-prediction of a current image block in a current picture of a video,

comprising:

a determining unit configured to determine whether a first temporal distance is equal to a second
temporal distance, wherein the first temporal distance is represented in terms of a difference
between a picture order count value of the current picture and a picture order count value of a
first reference image; and the second temporal distance is represented in terms of a difference
between a picture order count value of a second reference image and the picture order count

value of the current picture; and
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an inter prediction processing unit configured to perform motion vector refinement (DMVR)
procedure to determine a prediction block of the current image block, when it is determined that

the first temporal distance is equal to the second temporal distance.

S1. The apparatus according to claim 50, wherein the inter prediction processing unit is
further configured to perform motion compensation using a first initial motion vector and a
second initial motion vector to determine a prediction block of the current image block, when it

1s determined that the first temporal distance is not equal to the second temporal distance.

52. The apparatus according to claim 50, wherein for the performing motion vector
refinement (DMVR) procedure, the inter prediction processing unit is configured to determine a
pair of best-matching blocks pointed to by best motion vectors from a plurality of pairs of
reference blocks, wherein said pair of reference blocks includes a first reference block that s of
the first reference picture and that is determined based on a first initial motion vector and a
second reference block that is of the second reference picture and that is determined based on a
second initial motion vector,; wherein the best motion vectors include a first refined motion

vector and a second refined motion vector.

53. The apparatus according to claim 51 or 52, wherein the inter prediction processing unit is
further configured to obtain an initial motion information of the current image block in the
current picture, wherein the initial motion information comprises the first initial motion vector, a
first reference index, the second initial motion vector and a second reference index, wherein the
first reference index indicates the first reference picture, and the second reference index indicates

the second reference picture.

54. An apparatus for inter-prediction of a current image block in a current picture of a video,

comprising;

a determining unit configured to determine whether a first temporal distance is equal to a second
temporal distance, wherein the first temporal distance is represented in terms of a difference
between a picture order count value of the current picture and a picture order count value of a

first reference image; and the second temporal distance is represented in terms of a difference
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between a picture order count value of a second reference image and the picture order count

value of the current picture; and

an inter prediction processing unit configured to perform no motion vector refinement (DMVR)
procedure on the current image block, when it is determined that the first temporal distance is not

equal to the second temporal distance.
55. An encoding apparatus for encoding a video image, the encoding apparatus comprising:

the apparatus according to any of claims 39 to 53 for obtaining a prediction block of a current

image block,

an entropy coding unit configured to generate a bitstream including a residual between the
current image block and the prediction block and an index for indicating initial motion

information.

56. A decoding apparatus for decoding a video image from a bitstream, the apparatus

comprising;

an entropy decoding unit configured to parse from the bitstream an index for indicating an initial
motion information and a residual between a current image block and a prediction block of the

current image block;

the apparatus according to any of claims 39 to 53 for obtaining the prediction block of the

current image block,

an image reconstruction unit configured to reconstruct the current image block based on the

residual and the prediction block.
57. An encoding device, comprising one or more processing circuitry configured to:

determine value of a syntax element for enabling or disabling the method according to any one of

claims 1, 3-8 and 12-15; and

generate a bitstream including the syntax element.
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S8. The encoding device according to claim 57, wherein the syntax element is signaled at any
one of a sequence parameter set (SPS) level, a picture parameter set (PPS) level, a slice header,

coding tree unit (CTU) syntax, or coding unit (CU) syntax.
59. A decoding device, comprising one or more processing circuitry configured to:

parse from a bitstream a syntax element for indicating whether the method according to any one

of claims 1, 3-8 and 12-15 is enable or not; and

adaptively enable or disable a decoder-side motion vector refinement (DMVR) procedure

according to the syntax element.

60. The decoding device according to claim 59, wherein the syntax element is obtained from
any one of a sequence parameter set (SPS) level of a bitstream, a picture parameter set (PPS)

level of the bitstream, a slice header, coding tree unit (CTU) syntax, or coding unit (CU) syntax.

61. A computer-readable medium storing computer-readable instructions which when

executed on a processor perform the steps according to any of claims 1 to 22.
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