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ENCODING AND DECODING METHOD, DEVICE AND APPARATUS

Technical field

The present application relates to video encoding and decoding technologies, and in

particular, to an encoding and decoding method, apparatus, and device.
Background

Recently, Joint Video Experts Team (JVET) conference proposed a prediction
compensation adjustment method. Original prediction values of sub-blocks of a current
image block are obtained based on original motion information of the sub-blocks.
Compensation values of the sub-blocks are obtained based on the original prediction values.
Further, a final prediction value of the current image block is obtained based on the

compensation values and original prediction values of sub-blocks.

However, in practice, it is noted that current prediction compensation adjustment
method is applicable only if a bidirectional prediction mode is utilized and each sub-block
has the same motion vector as all pixel points therein. For an image block in which the
motion vector of a sub-block is different from those of pixel points therein, prediction

compensation adjustment does not apply.
Summary

In view of this, the present application provides a method, an apparatus and a device for
encoding and decoding.

Specifically, the present application is implemented through the following technical

solutions.

According to a first aspect of an embodiment of the present application, there is

provided a method for encoding and decoding, including:
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determining a prediction value of each pixel point of the current image block;

determining a gradient value of each pixel point of the current image block based on the

prediction value of each pixel point of the current image block;
determining an offset vector of each pixel point of the current image block;

determining a prediction compensation value of each pixel point of the current image
block based on the gradient value and the offset vector of each pixel point of the current

image block; and

determining a final prediction value of each pixel point of the current image block based
on the prediction value and the prediction compensation value of each pixel point of the

current image block.

According to a second aspect of an embodiment of the present application, there is

provided an apparatus for encoding and decoding apparatus, including:

a first determining unit configured for determining a prediction value of each pixel point

of a current image block;

a second determining unit configured for determining a gradient value of each pixel
point of the current image block based on the prediction value of each pixel point of the

current image block;

a third determining unit configured for determining an offset vector of each pixel point

of the current image block;

a fourth determining unit configured for determining a prediction compensation value of
each pixel point of the current image block based on the gradient value and the offset vector

of each pixel point of the current image block; and

a fifth determining unit configured for determining a final prediction value of each pixel
point of the current image block based on the prediction value and the prediction

compensation value of each pixel point of the current image block.
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According to a third aspect of an embodiment of the present application, there is
provided an encoding side device, including a processor and a machine-readable storage
medium, in which the machine-readable storage medium stores machine-executable
instructions executable by the processor, and the processor is configured to execute the

machine-executable instructions to implement the following steps:
determining a prediction value of each pixel point of the current image block;

determining a gradient value of each pixel point of the current image block based on the

prediction value of each pixel point of the current image block;
determining an offset vector of each pixel point of the current image block;

determining a prediction compensation value of each pixel point of the current image
block based on the gradient value and the offset vector of each pixel point of the current

image block; and

determining a final prediction value of each pixel point of the current image block based
on the prediction value and the prediction compensation value of each pixel point of the

current image block.

According to a fourth aspect of an embodiment of the present application, there is
provided a decoding side device, including a processor and a machine-readable storage
medium, in which the machine-readable storage medium stores machine-executable
instructions executable by the processor, and the processor is configured to execute the

machine-executable instructions to implement the following steps:
determining a prediction value of each pixel point of the current image block;

determining a gradient value of each pixel point of the current image block based on the

prediction value of each pixel point of the current image block;
determining an offset vector of each pixel point of the current image block;

determining a prediction compensation value of each pixel point of the current image
block based on the gradient value and the offset vector of each pixel point of the current

image block; and

determining a final prediction value of each pixel point of the current image block based
on the prediction value and the prediction compensation value of each pixel point of the

current image block.
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In the method for encoding and decoding, after the prediction value of each pixel point
of the current image block is determined, the prediction compensation value of each pixel
point of the current image block is determined based on the gradient value and the offset
vector of each pixel point of the current image block, then the final prediction value of each
pixel point of the current image block is determined based on the prediction value and the
prediction compensation value of each pixel point of the current image block. The prediction
compensation adjustment is no longer limited to an image block using the bidirectional
prediction mode, and is not limited to an image block for which the motion vector of each
sub-block is the same as the motion vector of each pixel in the corresponding sub-block,

which expands application scope of prediction compensation adjustment.

Brief Description of the Drawings

FIGS. 1A-1B are schematic diagrams of block divisions according to an exemplary

embodiment of the present application;

FIG. 2 is a schematic diagram of an 8-plug interpolation according to an exemplary

embodiment of the present application;

FIG. 3 is a schematic flowchart of an encoding and decoding method according to an

exemplary embodiment of the present application;

Fig. 4 is a schematic diagram of a motion vector of a control point of an Affine motion

mode according to an exemplary embodiment of the present application;

FIG. 5A is a schematic diagram of an integer-pixel block according to an exemplary

embodiment of the present application;

FIG. 5B is a schematic diagram of filling 1 row/column of integer pixel points according

to an exemplary embodiment of the present application;

FIG. 5C is a schematic diagram of filling 2 rows/columns of integer pixel points

according to an exemplary embodiment of the present application;

FIG. 5D is a schematic diagram of filling 2 rows/columns of integer pixel points

according to another exemplary embodiment of the present application;

FIG. 6 is a schematic flowchart of an encoding and decoding method according to an

exemplary embodiment of the present application;

FIGS. 7A-7E are schematic diagrams of filling 1 row/column of integer pixel points
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according to exemplary embodiments of the present application;

Fig. 8 is a schematic flowchart of a method for selecting candidate motion vectors

according to an exemplary embodiment of the present application;

FIG. 9 is a schematic flowchart of a method for selecting candidate motion vectors

according to an exemplary embodiment of the present application;

Fig. 10 is a schematic flowchart of a method for selecting a prediction mode according

to an exemplary embodiment of the present application;

FIG. 11 is a schematic flowchart of a method for selecting a prediction mode according

to an exemplary embodiment of the present application;

Fig. 12 is a schematic structural diagram of an encoding and decoding apparatus

according to an exemplary embodiment of the present application;

Fig. 13 is a schematic diagram of a hardware structure of an encoding side device

according to an exemplary embodiment of the present application;

Fig. 14 is a schematic diagram of a hardware structure of a decoding side device

according to an exemplary embodiment of the present application.

Detailed Description

The exemplary embodiments will be described in detail in association with examples as
shown in the drawings. When reference is made to the drawings, the same numerals in
different drawings indicate the same or similar elements unless otherwise indicated. The
implementations described in the following exemplary embodiments do not encompass all
implementations consistent with the present application. Rather, they are merely examples of
apparatus and methods consistent with some aspects of the present application as detailed in

the appended claims.

The terms used herein are only for the purpose of describing specific embodiments and
are not intended to limit the present application. The singular forms of “a”, “said”, and “the”
used in this application and the appended claims are also intended to include the plural forms,

unless the context clearly indicates otherwise.

In order to enable those skilled in the art to better understand the technical solutions
according to the embodiments of the present application, firstly, the block division techniques,

the intra-frame sub-block division solutions in video coding standards, and some technical
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terms involved in the embodiments of the present application will be briefly described below.

1. Block division techniques in video coding standards

In High Efficiency Video Coding (HEVC), a Coding Tree Unit (CTU) is recursively
divided into Coding Units (CUs) using a quadtree. Whether intra-coding or inter-coding is
used is determined at a CU level of a leaf node. A CU may be further divided into two or four
Prediction Units (PUs), and the same prediction information is used in the same PU. After
residual information is obtained after the prediction is completed, a CU may be further
quadtree-divided into a plurality of Transform Units (TUs). For example, a current image

block in present application is a PU.

However, the block division techniques in the newly proposed Versatile Video Coding
(VVC) have changed greatly. A division structure mixing binary tree/ternary tree/quadtree
divisions replaces the previous division mode. Distinctions between the concepts of CU, PU,
and TU are removed, and a more flexible division mode for a CU is supported. A CU may be
a division in square and/or rectangular. Firstly, quadtree division is implemented for CTU,
and then binary tree division and ternary tree division may be implemented for the quadtree
divided leaf nodes. As shown in Fig. 1A, there are five division modes for a CU, namely,
quadtree division, horizontal binary tree division, vertical binary tree division, horizontal
ternary tree division and vertical ternary tree division. As shown in Fig. 1B, CU in a CTU
may be divided in one of the five division modes or any combination thereof, resulting in

PUs of various shapes, such as rectangles and squares in various sizes.
2. Technical terms

Prediction Signal: a pixel value derived from an encoded or decoded pixel, and the
residual is obtained from the difference between the original pixel and the prediction pixel,

and then the residual transformation quantization and coefficient coding are implemented.

For example, an inter-frame prediction signal is a pixel value of a current image block
derived from a reference picture (reconstructed pixel picture). Due to the discrete pixel
positions, a final prediction signal needs to be obtained through an interpolation operation.
The closer the prediction pixel is to the original pixel, the smaller the residual energy
obtained from subtraction between them, and the higher the coding compression

performance.

Motion Vector (MV): in inter-frame coding, an MV represents the relative displacement

between the current coding block and the optimal matching block in the reference image.
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Each block from division (which may be referred to as a sub-block) has a corresponding
motion vector that is to be transmitted to a decoding side. If the MV for each sub-block,
especially sub-blocks of small sizes, is encoded and transmitted, a significant amount of bits
are required. In order to reduce the amount of bits for encoding an MV, in video encoding,
the MV of the current block to be encoded is predicted according to MVs of adjacent
encoded blocks by using spatial correlation between adjacent image blocks, and then the
prediction difference is encoded. This can effectively reduce the amount of bits representing
the MV. Based on this, in the process of encoding the MV of the current image block, the
MYV of the current image block is generally predicted by using the MVs of the adjacent
encoded blocks, and then the difference between a Motion Vector Prediction (MVP) value
and the real estimated value of the Motion Vector, that is, the Motion Vector Difference

(MVD), is encoded, so that the amount of encoding bits of M Vs is effectively reduced.

Motion Information: since a MV indicates the relative displacement between the current
image block and the optimal matching block in a certain reference image, in order to
accurately obtain the information pointing to the image block, in addition to the MV
information, the used reference image is to be indicated through reference image index
information. In video coding techniques, a reference image list is typically created for a
current image based on certain principles. The reference image index information indicates
which reference image in the reference image list is used for the current image block. In
addition, many coding techniques also support multiple reference image lists, and therefore a
further index value is required to indicate which reference image list is used. The index value
may be referred to as a reference direction. In video coding, coding information related to
motion, such as MV, reference picture index, and reference direction, is collectively referred

to as motion information.

Interpolation: if the current MV is a non-integer pixel, the existing pixel value cannot be
directly copied from the corresponding reference picture, and has to be obtained through

interpolation.

As shown in Fig. 2, a pixel value Y1, with an offset of 1/2 pixel is obtained through the
interpolation with the surrounding existing pixel values X. If an interpolation filter with a

number of N taps is used, the pixel value Yi, 1is obtained through interpolation of N
-+

k
a“X nd gk

surrounding integer pixels. If the number of taps is 8, then Yj /2 = Z

is the filter coefficient, that is, a weighting coefficient.
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Motion compensation: a process of obtaining all prediction pixel values of the current

image block through interpolation (or copying).

Temporal Motion Vector Prediction (TMVP) mode: a mode of multiplexing motion

vectors in a time domain reference picture.

Bi-directional Optical Flow (BDOF) mode: also referred to as a BIO mode, in which
motion compensation value adjustment is performed based on motion compensation values

of two reference pictures using an optical flow method.

Decoder-side Motion Vector Refinement (DMVR) mode: searching for a motion vector

difference based on motion compensation values of two reference pictures.

Symmetric Motion Vector Difference (SMVD) mode: the motion vector difference of
one direction is directly derived from the motion vector difference of the other direction

without encoding in the bidirectional prediction mode.

For example, a motion vector difference of a certain direction can be obtained by scaling
directly the motion vector difference in the direction, and the scaling factor is related to the
distance from the two reference pictures to the picture to which the current image block

belongs.

In order to make the aforementioned objects, features and advantages of the
embodiment of the present application more comprehensive, the technical solution in the
embodiment of the present application is described in detail below in conjunction with the

drawings.

It should be noted that the encoding and decoding method for prediction compensation
adjustment described herein may be applied to an encoding device or a decoding side device.
The image block described herein is an encoding block when the method is applied to an
encoding side device; and is a decoding block when the method is applied to a decoding

device.

Referring to Fig. 3, a schematic flowchart of an encoding and decoding method for
prediction compensation adjustment according to an embodiment of the present application is
shown, and as shown in Fig. 3, the encoding and decoding method for prediction

compensation adjustment may include the following steps.
At step S300, prediction values of pixel points of a current image block are determined.

In the embodiment of the present application, the prediction value of each pixel point of
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the current image block may be determined based on the motion information of the current

image block.

For example, the current image block may be divided into a plurality of sub-blocks, and
the prediction value of each pixel point in each sub-block may be determined based on the

sub-block.
For example, the sub-blocks may be 4*4 sub-blocks or 8*8 sub-blocks.

For example, an 8*8 image block may be divided into four 4*4 sub-blocks, and the

prediction values of pixel points in each 4*4 sub-block are determined respectively.

For another example, a 16*16 image block may be divided into four 8*8 sub-blocks, and

the prediction values of the pixel points in each 8*8 sub-block are determined respectively.

At step S310, gradient values of pixel points of the current image block is determined

based on the prediction values of pixel points of the current image block.
At step S320, offset vectors of pixel points of the current image block are determined.

In the embodiment of the present application, for prediction compensation, on one hand,
gradient values of pixel points of the current image block may be determined based on the

prediction values of the pixel points of the current image block.

On the other hand, the offset vector of each pixel point of the current image block may

be determined.

It should be noted that, in the embodiment of the present application, there is no
temporal order for operations of determining gradient values of pixel points of the current
image block and determining offset vectors of pixel points of the current image block. In
other words, gradient values of pixel points of the current image block may be determined
first and then the offset vectors of pixel points of the current image block are determined as
shown in Fig. 3. Alternatively, the offset vectors of pixel points of the current image block
may be determined first and then gradient values of pixel points of the current image block
are determined. Alternatively, the gradient value and the offset vector of each pixel point of
the current image block may be determined in parallel, and specific implementations thereof

are not described herein repeatedly.

At step S330, prediction compensation values of pixel points of the current image block
are determined based on the gradient values and the offset vectors of pixel points of the

current image block.
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In the embodiment of the present application, based on obtained gradient values and
offset vectors of pixel points of the current image block are determined, prediction

compensation values of pixel points of the current image block can be determined.

At step S340, final prediction values of pixel point of the current image block are
determined based on the prediction values and the prediction compensation values of pixel

points of the current image block.

In the embodiment of the present application, based on obtained prediction
compensation values of pixel points of the current image block and prediction values, final

prediction values of pixel points of the current image block can be determined.

In the method flow shown in Fig. 3, after prediction values of pixel points of the current
image block are determined, prediction compensation values of pixel points of the current
image block are determined based on gradient values and offset vectors of pixel points of the
current image block. The final prediction values of pixel points of the current image block are
determined based on prediction values and prediction compensation values of pixel points of
the current image block. The prediction compensation adjustment is no longer limited to an
image block using the bidirectional prediction mode, and is not limited to an image block for
which the motion vector of each sub-block is the same as the motion vector of each pixel in
the corresponding sub-block, which expands application scope of prediction compensation

adjustment.

In the embodiment of the present application, the predication compensation adjustment
is no longer limited to image blocks in bidirectional prediction mode. That is, the method is

also applicable to image blocks in unidirectional prediction mode.

As a possible implementation, if the current image block uses the unidirectional
prediction mode, determining the prediction value of each pixel point of the current image
block in step S300 may include: determining unidirectional prediction values of pixel points

of the current image.

In the step S310, determining gradient values of pixel points of the current image block
based on the prediction values of pixel points of the current image block may include:
determining gradient values of pixel points of the current image block in the direction based

on the unidirectional prediction values of pixel points of the current image block.

In the step S320, determining offset vectors of pixel points of the current image block

may include: determining offset vectors of pixel points of the current image block in the



10

15

20

25

30

direction.

In the step S330, determining prediction compensation values of pixel points of the
current image block based on the gradient values and the offset vectors of pixel points of the
current image block may include: determining prediction compensation values of pixel points
of the current image block in the direction based on the gradient values and offset vectors of

pixel points of the current image block in the direction.

In the step S340, determining final prediction values of pixel points of the current image
block based on the prediction values and the prediction compensation values of pixel points
of the current image block may include: determining final prediction values of pixel points of
the current image block in the direction based on the prediction values and prediction

compensation values of pixel points of the current image block in the direction.

For example, in case where the current image block uses the unidirectional prediction
mode, when the prediction value of a pixel point of the current image block is to be
determined, the prediction value of the pixel point of the current image block in one direction

may be determined.

For example, if the current image block uses a forward prediction mode, a forward
prediction value of a pixel point of the current image block may be determined; if the current
image block uses a backward prediction mode, a backward prediction value of the pixel point

of the current image block may be determined.

For ease of description and understanding, an example of forward prediction mode is

described below.

Forward prediction values of pixel points of the current image block have been
determined. On one hand, forward gradient values of pixel points of the current image block
may be determined based on the forward prediction values of pixel points of the current
image block; on the other hand, forward offset vectors of pixel points of the current image

block may be determined.

Furthermore, forward prediction compensation values of pixel points of the current
image block may be determined based on forward gradient values and offset vectors of pixel
points of the current image block, and forward final prediction values of pixel points of the
current image block may be determined based on forward prediction values and prediction

compensation values of pixel points of the current image block.
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In another implementation, if the current image block uses the bidirectional prediction
mode, the operation in S300 of determining prediction values of pixel points of a current
image block may include: determining forward prediction values and backward prediction

values of pixel points of the current image block respectively.

In the step S310, determining gradient values of pixel points of the current image block
based on the prediction values of pixel points of the current image block may include:
determining forward gradient values and backward gradient values of pixel points of the
current image block based on the forward prediction values and the backward prediction

values of pixel points of the current image block respectively.

In the step S320, determining offset vectors of pixel points of the current image block
may include: determining forward offset vectors and backward offset vectors of pixel points

of the current image block respectively.

In the step S330, determining prediction compensation values of pixel points of the
current image block based on the gradient values and the offset vectors of pixel points of the
current image block may include: determining forward prediction compensation values and
backward prediction compensation values of pixel points of the current image block based on
the forward gradient values, backward gradient values, forward offset vectors and backward

offset vectors of pixel points of the current image block respectively.

In the step S340, determining final prediction values of pixel points of the current image
block based on the prediction values and the prediction compensation values of pixel points
of the current image block may include: determining forward final prediction values and
backward final prediction values of pixel points of the current image block based on the
forward prediction values, backward prediction values, forward prediction compensation
values and backward prediction compensation value of pixel points of the current image
block respectively; and determining final prediction values of pixel points of the current
image block based on the forward final prediction values and backward final prediction

values of pixel points of the current image block.

For example, in case that the current image block uses the bidirectional prediction mode,
forward prediction values, backward prediction values, forward prediction compensation
values and the backward prediction compensation values of pixel points of the current image
block are determined respectively, so as to determine forward and backward final prediction

values of pixel points of the current image block. Final prediction value of pixel points of the
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current image block are then determined.

For example, in case that the current image block uses a bidirectional prediction mode,
forward final prediction values or backward final prediction values of pixel points of the
current image block may be determined with reference to the determination of the current

image block using the unidirectional prediction mode.

When forward final prediction values and backward final prediction values of pixel
points of the current image block are determined, final prediction values of pixel points of the
current image block may be determined based on the forward final predication values and the

backward final prediction values of pixel points of the current image block.

For example, the forward final predication value and the backward final prediction value
of each pixel point of the current image block are weighted to obtain the final prediction

value of each pixel point of the current image block.

In one implementation, the operation in S320 wherein determining offset vectors of

pixel points of the current image block may include:

for any sub-block of the current image block, determining an offset vector of a specified
pixel point in the sub-block; and

determining offset vectors of the other pixel points in the sub-block based on the offset

vector of the specified pixel point in the sub-block.

For example, for any sub-block in the current image block, in order to determine offset
vectors of pixel points in the sub-block, the offset vector of any pixel point (referred to as a
specified pixel point herein) in the sub-block may be determined first, and then the offset
vectors of other pixel points in the sub-block are determined based on the offset vector of the

specified pixel point in the sub-block.

In an embodiment, for example, an Affine motion mode is applied to the current image

block, determining the offset vector of the specified pixel point in the sub-block may include:

determining the offset vector of the specified pixel point in the sub-block based on

Affine parameters and an offset of the specified pixel point from a center position of the

sub-block.

For example, in the case where the current image block uses the Affine motion mode,

the offset vector of the specified pixel point in the sub-block may be determined based on
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Affine parameters and the offset of the specified pixel point in the sub-block from the center

position of the sub-block.

In an example, determining the offset vector of the specified pixel point in the sub-block
based on Affine parameters and an offset of the specified pixel point from a center position of

the sub-block may include:

determining a horizontal component of the offset vector of the specified pixel point in
the sub-block based on an offset of the specified pixel point from the center position of the
sub-block in the horizontal direction, an offset of the specified pixel point from the center
position of the sub-block in the vertical direction, a first Affine parameter and a second

Affine parameter; and

determining a vertical component of the offset vector of the specified pixel point in the
sub-block based on an offset of the specified pixel point from the center position of the
sub-block in the horizontal direction, an offset of the specified pixel point from the center
position of the sub-block in the vertical direction, a third Affine parameter and a fourth

Affine parameter.

For example, for a 4-parameter Affine model, the first Affine parameter and the fourth
Affine parameter are the same, either of which is a ratio of a first numerical value to the
width of the sub-block, the second Affine parameter and the third Affine parameter are
opposite, and the third Affine parameter is a ratio of a second numerical value to the width of

the sub-block.

For a 6-parameter Affine model, the first Affine parameter is a ratio of the first
numerical value to the width of the sub-block, the second Affine parameter is a ratio of a
third numerical value to the height of the sub-block, the third Affine parameter is a ratio of
the second numerical value to the width of the sub-block, and the fourth Affine parameter is a

ratio of a fourth numerical value to the height of the sub-block.

The first numerical value is a difference between a horizontal component of a motion
vector of an upper right control point of the sub-block and a horizontal component of a
motion vector of an upper left control point of the sub-block, the second numerical value is a
difference between a vertical component of the motion vector of the upper right control point

of the sub-block and a vertical component of the motion vector of the upper left control point
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of the sub-block, the third numerical value is a difference between a horizontal component of
the motion vector of a lower left control point of the sub-block and a horizontal component of
the motion vector of the upper left control point of the sub-block, and the fourth numerical
value is a difference between a vertical component of the motion vector of the lower left
control point of the sub-block and a vertical component of the motion vector of the upper left

control point of the sub-block.
For example, as shown in Fig. 4, the motion vectors of the upper left control point, the
upper right control point and the lower left control point are (Vox, Voy ), (V12 V1y) and

(V2 Vay) respectively, the first numerical value is Vix = Vox the second numerical value is
U1y =V ; ; o Vox — Voy ; o Y2y — Vo

¥y "W the third numerical value is , the fourth numerical value is %Y Y. The
first Affine parameter to the fourth Affine parameter (¢ to f, for example) under the

4-parameter Affine model and the 6-parameter Affine model may be respectively shown in

equations (1) and (2):
— £ — NxVox
c=f= vl
e=—d="2"%
w (1)
(¢ = Vix Vox
w
d = Vax—Vox
4 R
— Py Yoy
w
— Y2y~ Voy
f="22"w
\
n 2).

In an example, determination of the offset vector of the specified pixel point in the
sub-block based on Affine parameters and an offset of the specified pixel point from a center
position of the sub-block may be implemented by the following equation:

{Avx(x,y) =cx*Ax+d=*Ay
Avy(x,y) = exAx + [ = Ay 3)

For example, Av,(x,y) is the horizontal component of the offset vector of the

specified pixel point in the sub-block, Avy (x,y) is the vertical component of the offset
vector of the specified pixel point in the sub-block, and (Ax, Ay) is the offset of the specified

pixel point from the center position of the sub-block.
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In an example, determining offset vectors of the other pixel points in the sub-block

based on the offset vector of the specified pixel point in the sub-block comprises:

determining horizontal components of offset vectors of other pixel points in the row of
the specified pixel point in the sub-block based on the horizontal component of the offset

vector of the specified pixel point in the sub-block and the first Affine parameter;

determining vertical components of offset vectors of other pixel points in the row of the
specified pixel point in the sub-block based on the vertical component of the offset vector of
the specified pixel point in the sub-block and the third Affine parameter; and

determining, for each pixel point in the row of the specified pixel point, horizontal
components of offset vectors of other pixel points in the column of the pixel point in the
sub-block based on the horizontal component of the offset vector of the pixel point and the
second Affine parameter; and determining vertical components of offset vectors of other
pixel points in the column of the pixel point in the sub-block based on the vertical component

of the offset vector of the pixel point and the fourth Affine parameter.

For example, Affine motion mode is applied to the current image block. After the offset
vector of the specified pixel point in the sub-block is determined, the offset vectors of other
pixel points in the same row of the specified pixel point in the sub-block may be respectively
determined based on the offset vector of the sub-block, the first Affine parameter, and the

third Affine parameter.

When offset vectors of pixel points in the row of the specified pixel point the sub-block
are determined, for any pixel point in the row of the specified pixel point in the sub-block,
the offset vectors of other pixel points in the same column of the pixel point in the sub-block
may be determined based on the offset vector of the pixel point, the second Affine parameter

and the fourth Affine parameter.

For example, for any pixel point in the sub-block, the horizontal component of the offset
vector of the pixel point may be a sum of a horizontal component of the offset vector of the
left-adjacent pixel point of the pixel point (if exist) and the first Affine parameter, or the
difference between a horizontal component of the offset vector of the right-adjacent pixel

point of the pixel point (if exist) and the first Affine parameter. The vertical component of the
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offset vector of the pixel point may be a sum of a vertical component of the offset vector of
the left-adjacent pixel point of the pixel point (if exist) and the third Affine parameter, or a
difference between a vertical component of the offset vector of the right-adjacent pixel point

of the pixel point (if exist) and the third Affine parameter.

In addition, for any pixel point in the sub-block, the horizontal component of the offset
vector of the pixel point may be a sum of a horizontal component of the offset vector of the
above-adjacent pixel point (if exist) and the second Affine parameter, or the difference
between a horizontal component of the offset vector of the below-adjacent pixel point (if
exist) and the second Affine parameter. The vertical component of the offset vector of the
pixel point may be a sum of a vertical component of the offset vector of the above-adjacent
pixel point (if exist) and the fourth Affine parameter, or a difference between a vertical
component of the offset vector of the below-adjacent pixel point (if exist) and the fourth

Affine parameter.

In one implementation, the operation in S310 of determining gradient values of pixel
points of the current image block based on the prediction values of pixel points of the current

image block comprises:

for each sub-block of the current image block, filling N row(s)/column(s) of integer
pixel points on each of the top, bottom, left and right edges of the sub-block; wherein N is a
positive integer; and

determining gradient values of pixel points in the sub-block based on prediction values

of pixel points and pixel values of the filled integer pixel points of the sub-block.

For example, in determination of the horizontal component of the gradient value of a
pixel point, pixel values of adjacent pixel points at the left and right of the pixel are required,
and in determination of the vertical component of the gradient value of the pixel point, pixel
values of adjacent pixel point above and below the pixel point are required. However, for a

pixel point at the edge of a sub-block, required pixels are missing on at least one side.

For example, for a pixel point on the top edge of the sub-block, there are no upper pixel
points in the sub-block; and for pixel points on the left edge of the sub-block, there are no

pixel points on the left in the sub-block.
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Therefore, in order to determine gradient values of all pixel points in a sub-block, N (N
is a positive integer) rows/columns of integer pixel points (pixels are integers) are
respectively filled on each of the top, bottom, left and right edges of the sub-block. Gradient
values of pixel points in the sub-block are determined based on prediction values of pixel

points of the sub-block and pixel values of the filled integer pixel points.

For example, in order to reduce the increase of bandwidth, pixel values of the filled
row/column of integer pixel points may be directly copied from near integer pixel points of

the reference pixel.

As an embodiment, filling N row(s)/column(s) of integer pixel points on each of the top,

bottom, left and right edges of the sub-block comprises:

determining, in a reference picture, an integer pixel block closest to and having the same

size as the sub-block; and

taking pixel values of N row(s)/column(s) of integer pixel points adjacent to the
integer-pixel block as filling pixel values of the pixel points on the top, bottom, left and right
edges of the sub block respectively.

For example, in order to fill N rows/columns of integer pixel points on the upper, lower,
left, and right edges of the sub-block, an equal-sized integer-pixel block (a block formed by

integer pixel points) closest to the sub-block may be determined first in a reference picture.

For example, for a 4*4 sub-block, the closest 4*4 integer-pixel sub-block in the

reference picture may be determined, as shown in Fig. SA.

When the equal-sized integer-pixel block closest to the sub-block is determined in the
reference picture, the pixel values of the adjacent N rows/columns of integer-pixels points
around the integer-pixel block may be used as the filling values of pixel points on the top,

bottom, left and right edges of the sub-block, respectively.

For example, filling points when N =1 and N =2 are as shown in Fig. 5B and 5C,

respectively.

In an example, filling N row(s)/column(s) of integer pixel points on each of the top,

bottom, left, and right edges of the sub-block comprises:
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filling respectively N row(s)/column(s) of integer pixel points that are exactly above,

below, left to and right to the integer-pixel block respectively.

For example, a block with a width and a height increased by 2N than the original block
is obtained after N row(s)/column(s) of integer pixel points on the top, bottom, left and right
edges of a sub-block are filled. the corner points of each layer of pixel points in N layers of
pixel points outside the block will not be used when calculating the gradient value of each

pixel point in the original block based on the pixel value of each pixel point in the block.

Therefore, in order to reduce the filling workload and improve the filling efficiency,
when filling N row(s)/column(s) of integer pixel points on the top, bottom, left, and right
edges of the sub-block, N rows/columns of integer pixel points exactly above, below, left to

and right to the equal-sized closest integer-pixel block in the reference picture are filled.

For example, N =2. The finally filled points are as shown in Fig. 5D.

In an embodiment, when N =1, filling respectively 1 row/column of integer pixels on the

top, bottom, left and right edges of the sub-block comprises:

if a sub-pixel vertical component of a prediction value of a pixel point in the sub-block
is greater than a half pixel, filling a nearest integer pixel point above the top edge of the
sub-block, and filling a next nearest integer pixel point below the bottom edge of the

sub-block;

if a sub-pixel vertical component of a prediction value of a pixel point in the sub-block
is smaller than a half pixel, filling a next nearest integer pixel point above the top edge of the

sub-block, and filling a nearest integer pixel point below the bottom edge of the sub-block;

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block is greater than a half pixel, filling a nearest integer pixel point at the left of the left
edge of the sub-block, and filling a next nearest integer pixel point at the right of the right
edge of the sub-block; and

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block is smaller than a half pixel, filling a next nearest integer pixel point at the left of
the left edge of the sub-block, and filling a nearest integer pixel point at the right of the right
edge of the sub-block.

For example, in determining the horizontal component of the gradient value of a pixel
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point, pixel values of a pixel point at the left of the pixel point with a relative displacement of
one pixel to the pixel point and a pixel value of the pixel point at the right of the pixel point
with a relative displacement of one pixel to the pixel point. In addition, when filling pixel
points is performed on a sub-block, the filled rows/columns are all integer pixel points.
Therefore, when the prediction value of a pixel point in the sub-block is a non-integer pixel
point, the relative displacement between the filled integer pixel point and the pixel point on
the edge of the sub-block will not be one pixel (the relative displacement between the

non-integer pixel point and the integer pixel point is a non-integer pixel).

In order to reduce the error of the determined gradient values of pixel points and
improve the precision of the determined gradient values of pixel points, when 1 row/column
of integer pixel points are to be filled on the top, bottom, left and right edges of the sub-block,
the positions of the to-be-filled integer pixel points may be selected based on whether the
vertical component and the horizontal component of the sub-pixel (namely, the part except
the integer pixel, if the pixel value is 5.4, the sub-pixel is 0.4) of the prediction value of the
pixel point in the sub-block are greater than a half pixel (namely, 0.5 pixel).

In an example, integer pixel points on the top and bottom edges are to be filled.

A vertical component of the sub-pixel of the prediction value of the pixel point in the
sub-block may be obtained, and the vertical component of the sub-pixel is compared with the

half- pixel.

For example, the sub-pixel of the prediction value of the pixel point in the sub-block
refers to the sub-pixel of the corresponding position in the reference picture for the prediction

value of the pixel point in the sub-block.

When the vertical component of the sub-pixel is greater than a half pixel, for any pixel
point on the top edge of the sub-block, compared with other integer pixel points above the
pixel point, the relative displacement between the nearest integer pixel point above the pixel
point and the pixel point is closest to one pixel, and therefore the above nearest integer pixel

point is filled for the pixel point.

And for any pixel point on the lower edge of the sub-block, compared with other integer
pixel points below the pixel point, the relative displacement between the next-nearest integer

pixel point below the pixel point and the pixel point is closest to one pixel.

For example, the vertical component of the sub-pixel of a pixel point on the bottom edge

of the sub-block is 0.8, the relative displacement between the nearest integer pixel point
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below the pixel point and the pixel point is 0.2, the relative displacement between the
next-nearest integer pixel point below the pixel point and the pixel point is 1.2, and the
relative displacements between other integer pixel points below the pixel point and the pixel
point are all greater than 1.2, it is obvious that the relative displacement between the
next-nearest integer pixel point below the pixel point and the pixel point is closest to one

pixel.
Therefore, the next-nearest integer pixel point below is filled for the pixel point.
Likewise,

if a sub-pixel vertical component of a prediction value of a pixel point in the sub-block
is smaller than a half pixel, filling a next nearest integer pixel point above the top edge of the

sub-block, and filling a nearest integer pixel point below the bottom edge of the sub-block;

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block is greater than a half pixel, filling a nearest integer pixel point at the left of the left
edge of the sub-block, and filling a next nearest integer pixel point at the right of the right
edge of the sub-block; and

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block is smaller than a half pixel, filling a next nearest integer pixel point at the left of
the left edge of the sub-block, and filling a nearest integer pixel point at the right of the right
edge of the sub-block.

It should be noted that, for the case that the horizontal component of the sub-pixel of the
prediction value of the pixel point is equal to a half pixel, it may be processed according to
the case where the horizontal component of the sub-pixel of the prediction value of the pixel
point is greater than a half pixel, or according to the case where the horizontal component of

the sub-pixel of the prediction value of the pixel point is smaller than a half pixel.

Likewise, for the case where the vertical component of the sub-pixel of the prediction
value of the pixel point is equal to a half pixel, it may be processed according to the case
where the vertical component of the sub-pixel of the prediction value of the pixel point is
greater than a half pixel, or according to the case where the vertical component of the

sub-pixel of the prediction value of the pixel point is smaller than a half pixel.

In an example, filling 1 row/column of integer pixel points on the top, bottom, left and

right edges of the sub-block respectively includes:
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filling the integer pixel points in a filling region formed by the to-be-filled
rows/columns on the top, bottom, left and right edges of the sub-block except for 4 corner

points of the filling region.

A block with width and height increased by 2 than the original block will be obtained
after 1 row/column of integer pixel points are filled on the top, bottom, left and right edges of
the sub-block. 4 corner points of the block will not be used when gradient values of pixel

points in the original block are calculated based on pixel values of pixel points in the block.

For example, the original sub-block is 4*4 sub-block, a 6*6 block will be obtained after
filling 1 row/column of integer pixel points on the top, bottom, left and right edges of the
sub-block and 4 corner points of the 6*6 block will not be used when gradient values of pixel

points in the original 4*4 block are calculated.

Therefore, in order to reduce the filling workload and improve the filling efficiency,
when 1 row/column of integer pixel points are filled on the upper, lower, left and right edges
of a sub-block respectively, the integer pixel points in a filling region formed by the
rows/columns filled on the upper, lower, left and right edges of the sub-block may be filled

except for 4 corner points of the filling region.

In an example, determining gradient values of pixel points in the sub-block based on
prediction values of pixel points and pixel values of the filled integer pixel points of the

sub-block may include:

determining, for each pixel point in the sub-block, a horizontal component of a gradient
value of the pixel point based on pixel values of N adjacent pixel points at the left of the pixel
point and pixel values of N adjacent pixel points at the right of the pixel point, and
determining a vertical component of the gradient value of the pixel point based on pixel
values of N adjacent pixel points above the pixel point and pixel values of N adjacent pixel

points below the pixel point.

For example, for each pixel point in a sub-block, the horizontal component of the
gradient value of the pixel point may be determined based on pixel values of pixel points at
the left of the pixel point and pixel values of pixel points at the right of the pixel point,
respectively, and the vertical component can be determined based on the pixel values of

pixel points above the pixel point and pixel values of pixel points below the pixel point.

For a pixel point at the edge of the sub-block, pixel values of filled integer pixel points

adjacent to the pixel point are required to determine the horizontal component or/and the
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vertical component of the gradient value of the pixel point.

For example, for a pixel point at the top edge of the sub-block, the pixel value of the
above-adjacent filled integer pixel point of the pixel point (nearest integer pixel point or
next-nearest integer pixel point) are required to determine the vertical component of the
gradient value of the pixel point; for a pixel point at the left edge of the sub-block, the pixel
value of the left adjacent filled integer pixel point of the pixel point is required to determine

the horizontal component of the gradient value of the pixel point.

For example, N =1. For any pixel point in a sub-block, the gradient value of the pixel

point may be determined by the following equation:
9 (@) =1+ 1)) —1( —1,j) (4)

gy ) =10Gj+1) —1(i,j—1) (5).

For example, M) is the horizontal component of the gradient value of the pixel

(

of the gradient value of the pixel point in the i-th column and j-th row in the sub-block,

point in the i-th column and j-th row in the sub-block, Gy\bJ ) is the horizontal component

1(7) is the pixel value of the pixel point in the i-th column and j-th row in the sub-block.

It should be noted that, for the encoding device, the pixel value of a pixel point in a
sub-block is a prediction value; the pixel value of a filled integer pixel point is an original
value; for the decoding device, the pixel value of a pixel point in a sub-block is a prediction

value; and the pixel value of a filled integer pixel point is a reconstruction value.

In order to ensure the effect of the prediction compensation adjustment solution
according to the embodiment of the present application, and avoid using the solution in a case
where the prediction compensation adjustment solution according to the embodiment of the
present application is not applicable, a condition (referred to as an enabling condition for the
prediction compensation adjustment herein) that allows the prediction compensation
adjustment solution according to the embodiment of the present application to be used may

be set in advance.
As a possible implementation,

before determining gradient values of pixel points of the current image block based on
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the prediction values of pixel points of the current image block, the method further

comprises:

determining whether the current image block satisfies an enabling condition for

prediction compensation adjustment; and

if the current image block satisfies the enabling condition for prediction compensation
adjustment, performing the operation of determining gradient values of pixel points of the

current image block based on the prediction values of pixel points of the current image block.

In an example, the enabling condition for the prediction compensation adjustment may
include: a specified prediction mode is applied to the current image block, and in the
specified prediction mode, a motion vector of a sub-block is not identical to a motion vector

of any pixel point in the sub-block.

For example, it is impossible to perform the prediction compensation adjustment based
on the existing prediction compensation adjustment solutions under a prediction mode
(referred to as a specified prediction mode herein) in which a motion vector of a sub-block is
not identical to a motion vector of any pixel point in a sub-block, therefore, the enabling
condition for the prediction compensation adjustment may be set as: a specified prediction

mode is applied to the current image block.

When prediction values of pixel points of the current image block are determined,
whether the prediction compensation adjustment solution according to the embodiment of the
present application is used may be determined based on the prediction mode of the current

image block.

If the prediction compensation adjustment solution is used, that is, when the current
image block uses the specified prediction mode, the prediction compensation adjustment is
performed on the current image block according to the manner described in the above

embodiment.
For example, the specified prediction mode includes an Affine motion mode.

In another example, the enabling condition for the prediction compensation adjustment
may further include: a currently predicted component is a luminance component, that is, the
prediction compensation adjustment is performed on the luminance component of the image

block using the specified prediction mode according to the prediction compensation
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adjustment solution according to the embodiment of the present application.

In yet another example, the enabling condition for the prediction compensation
adjustment may further include: the currently predicted component is a chrominance
component, that is, the prediction compensation adjustment is performed on the chrominance
component of the image block using the specified prediction mode according to the
prediction compensation adjustment solution according to the embodiment of the present

application.

For a better understanding of the technical solutions provided in the embodiments of the
present application by those skilled in the art, the technical solutions provided in the
embodiments of the present application are described below with reference to specific

examples.
Embodiment 1

Referring to Fig. 6, a schematic flowchart of an encoding and decoding method
provided in an embodiment of the present application is shown, in context of a decoding
process and an Affine mode. As shown in Fig. 6, the encoding and decoding method may

include the followings.
At step S600, prediction values of pixel points of a to-be-decoded block are determined.

For example, the decoding block is divided into 4*4 sub-blocks, and each sub-block is
decoded separately.

For any 4*4 sub-block, prediction values of pixel points in the sub-block may be

determined based on the Affine mode.

For example, for a pixel point with coordinates (i, j) in a sub-block, its pixel value is

denoted as I (1, j).

At step S610: a determination is made as to whether the decoding block satisfies an
enabling condition for prediction compensation adjustment, if the decoding block satisfies the
condition for prediction compensation adjustment, the flow proceeds to step S620; otherwise,

the current process is ended.

For example, after prediction values of pixel points of the to-be-decoded block is
determined, a determination is made to whether the block satisfies the enabling condition for

prediction compensation adjustment.
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If it is determined that the to-be-decoded block does not satisfy the enabling condition
for prediction compensation adjustment, the prediction compensation adjustment is not to be
performed according to the prediction compensation adjustment solution provided in the
embodiment of the present application. In this case, prediction values of pixel points of the
block determined in step S600 may be determined as final prediction values of pixel points.
Alternatively, the prediction compensation adjustment solution may be performed according

to other strategies, and the specific implementation thereof is not limited.

At step S620, for each sub-block, gradient values of pixel points of the sub-block are

determined based on prediction values of pixel points of the sub-block.
At step S630, offset vectors of pixel points of the sub-block are determined.

For example, when it is determined that the to-be-decoded block satisfies the enabling
condition for prediction compensation adjustment, for any 4*4 sub-block, on one hand,
gradient values of pixel points of the 4*4 sub-block may be determined based on the

prediction values of pixel points of the 4*4 sub-block.

On the other hand, offset vectors of pixel points of the 4*4 sub-block may be

determined.

At step S640, prediction compensation values of pixel points of the sub-block are

determined based on the gradient values and the offset vectors of pixel point of the sub-block.

For example, for the 4*4 sub-block, when gradient values and offset vectors of pixel
points of the 4*4 sub-block are determined, prediction compensation values of pixel points of
the 4*4 sub-block may be determined based on the gradient values and the offset vectors of

pixel points of the 4*4 sub-block.

At step S650, final prediction values of pixel points of the block are determined based
on the prediction values and the prediction compensation values of pixel points of the

to-be-decoded block.

For example, if a unidirectional prediction mode is utilized, unidirectional prediction
values and prediction compensation values of pixel points of the to-be-decoded block in the
direction may be determined as described in the steps S600 to S640. Then final prediction

values of pixel points of the to-be-decoded block are obtained.

If a bidirectional prediction mode is utilized, forward prediction values, backward

prediction values, forward prediction compensation values and backward prediction
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compensation values of pixel points of the to-be-decoded block may be determined as
described in the steps S600 to S640, and then final prediction values of pixel points of the

to-be-decoded block are obtained.
Embodiment 2

In an example, the enabling condition for the encoding and decoding method flow

described in the steps S600 to S650 may include:
an Affine motion mode is applied to the current image block.
Embodiment 3

In an example, the enabling condition for the encoding and decoding method flow

described in the steps S600 to S650 may include:
an Affine motion mode is applied to the current image block; and
the currently predicted component is a luminance component.
Embodiment 4

In an example, the enabling condition for the encoding and decoding method flow

described in the steps S600 to S650 may include:
an Affine motion mode is applied to the current image block; and
the currently predicted component is a chrominance component.
Embodiment 5

In an example, on the basis of any one of the foregoing embodiments, determining

gradient values of pixel points of the sub-block in step S620 may include the followings.

1. 1 row/column of integer pixel points are filled on the top edge, the bottom edge, the

left edge and the right edge of a 4*4 block respectively to obtain a corresponding 6*6 block.

For example, pixel values of the integer pixel points filled on the top, bottom, left and
right edges of the 4*4 block may be derived from reconstructed values of adjacent integer

pixel points in a reference picture.

2. Gradient values of pixel points in the 4*4 sub-block are calculated based on pixel

values of pixel points in the 6*6 block.

For example, for each pixel point in the 4*4 sub-block, the gradient value of the pixel

point may be determined based on equations 4 and 5 (the horizontal component of the
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gradient value of the pixel point may be described as mm_gradx, and the vertical component

of the gradient value of the pixel point may be described as mm_grady).
Embodiment 6

For example, on the basis of the embodiment 5, 1 row/column of integer pixel points are
filled on the top, bottom, left and right edges of the 4*4 sub-block respectively, which may

include the following implementations.

As an example, integer pixel points filled on the top, bottom, left, and right edges of the
4*4 sub-block may be selected based on whether the horizontal component and the vertical
component of the sub-pixel of the prediction value of a pixel point in the 4*4 sub-block are

greater than a half pixel.

Referring to Fig. 7A, in case that both the horizontal component and the vertical
component of a sub-pixel of the prediction value of the pixel point are greater than a half
pixel, a nearest integer pixel point above the top edge of the 4*4 sub-block is filled, a
next-nearest integer pixel point below the bottom edge of the 4*4 sub-block is filled, a
nearest integer pixel point at the left of the left edge of the 4*4 sub-block is filled, and a
next-nearest integer pixel point at the right of the right edge of the 4*4 sub-block is filled.

Referring to Fig. 7B, in case that both the horizontal component and the vertical
component of a sub-pixel of the prediction value of the pixel point are smaller than a half
pixel, a next-nearest integer pixel point above the top edge of the 4*4 sub-block is filled, a
nearest integer pixel point below the bottom edge of the 4*4 sub-block is filled, a next
nearest integer pixel point at the left of the left edge of the 4*4 sub-block is filled, and a
next-nearest integer pixel point at the right of the right edge of the 4*4 sub-block is filled.

Referring to Fig. 7C, in case that a sub-pixel horizontal component of a prediction value
of a pixel point is greater than a half pixel but a sub-pixel vertical component of the
prediction value of the pixel point is smaller than a half pixel, a next-nearest integer pixel
point above the top edge of the 4*4 sub-block is filled, a nearest integer pixel point below the
bottom edge of the 4*4 sub-block is filled, a nearest integer pixel point at the left of the left
edge of the 4*4 sub-block is filled, and a next-nearest integer pixel point at the right of the
right edge of the 4*4 sub-block is filled.

Referring to Fig. 7D, in case that a sub-pixel horizontal component of a prediction value
of a pixel point is smaller than a half pixel but a sub-pixel vertical component of the

prediction value of the pixel point is larger than a half pixel, a next-nearest integer pixel point
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above the top edge of the 4*4 sub-block is filled, a next-nearest integer pixel point below the
bottom edge of the 4*4 sub-block is filled, a next-nearest integer pixel point at the left of the
left edge of the 4*4 sub-block is filled, and a nearest integer pixel point at the right of the
right edge of the 4*4 sub-block is filled.

For example, in Fig. 7A to 7D, a triangle is a prediction value of a pixel point of a 4*4
sub-block, a circle is a reconstructed value of an integer pixel point in a reference picture, and
a shaded circle is a reconstructed value of an integer pixel point in the reference picture

selected for filling.

It should be noted that, in case that the horizontal component of the sub-pixel of the
prediction value of the pixel point is equal to a half pixel, the filling process may be
performed according to the case where the horizontal component of the sub-pixel of the
prediction value of the pixel point is greater than a half pixel, or according to the case where
the horizontal component of the sub-pixel of the prediction value of the pixel point is smaller

than a half pixel.

Likewise, in case where the vertical component of the sub-pixel of the prediction value
of the pixel point is equal to a half pixel, the filling process may be performed according to
the case where the vertical component of the sub-pixel of the prediction value of the pixel
point is greater than a half pixel, or according to the case where the vertical component of the

sub-pixel of the prediction value of the pixel point is smaller than a half pixel.
Embodiment 7

As an example, on the basis of the embodiment 6, since the pixel values of the four
corner points of the filling region will not be used, when 1 row/column of integer pixel points
on the top, bottom, left and right edges of the 4*4 sub-block are filled, the 4 corner points
may not be filled. 4 points on each of top, bottom, left and right edges may be filled

respectively.

Fig. 7E is a schematic diagram showing a block with 1 row/column on top, bottom, left
and right edges of the 4*4 sub-block are filled in case of both the horizontal component and
the vertical component of the sub-pixel of the prediction value of the pixel point being

greater than a half pixel.
Above process applies to other cases.

Embodiment 8
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In an example, on the basis of any one of the foregoing embodiments, in the step S630,

determining offset vectors of pixel points of the sub-block may include:

1. Affine parameters c (i.e., a first Affine parameter), d (i.e., a second Affine parameter),

e (i.e., a third Affine parameter), and f (i.e., a fourth Affine parameter) are calculated.

For example, the Affine parameters c, d, e, and f may be determined by equations 1 and

2. An offset vector of a first pixel point in the 4*4 sub-block is determined based on the
Affine parameters c, d, ¢ and f and an offset of the first pixel point in the 4*4 sub-block from

the center position of the 4*4 sub-block.
For example, the specified pixel point is the first pixel point.

The offset (Ax, Ay) of the first pixel point in the 4*4 sub-block from the center position
of the 4*4 sub-block may be determined based on the coordinates of the first pixel point in

the 4*4 sub-block and the coordinates of the center position of the 4*4 sub-block.

The offset vector of the first pixel point of the 4*4 sub-block may be determined by the
following equation:

{ﬂ.vx({),{)) =cx*xAx +dx*Ay

Av,(0,0) = exAx + f = Ay ©6).

3. Offset vectors of other pixel points in the 4*4 sub-block are determined based on the

offset vectors of the first pixel point in the 4*4 sub-block.

After the offset vector of the first pixel point in the 4*4 sub-block is determined based
on equation 6, the offset vectors of other pixel points in the first row of the 4*4 sub-block
may be determined by the following equation:

{f_\.vx(w, 0) =Av,(w—10)+c¢

Avy(w,0) = Avy(w — 1,0) +e (7).

Avy(w, 0) is the horizontal component of the offset vector of the pixel point in the w

+1 column and 1st row in the 4*4 sub-block, Avy(w, 0)

is the vertical component of the
offset vector of the pixel point in the w +1 column and 1st row in the 4*4 sub-block, and
1<w<3. After the offset vectors of pixel points in the first row in the 4*4 sub-block are
determined based on equation 7, the offset vectors of other pixel points in the 4*4 sub-block

may be determined by the following equation:
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{.&vx(w, h) =Av,(w,h —1)+d

Avy(w,h) = Av,(w,h—1) + f (8)

Av,(w, h)

is the horizontal component of the offset vector of the pixel point in the w

+1 column and h +1 row in the 4*4 sub-block, Avy(w, h)

is the vertical component of the
offset vector of the pixel point in the w +1 column and h +1 row in the 4*4 sub-block, and

1<h<3.

It should be noted that, since the Affine mode parameters and pixel points at the same
position in each sub-block have the same offset from the center position of the sub-block,
after offset vectors of pixel points in one sub-block are calculated, the offset vectors of pixel

points in the sub-block may be reused by other sub-blocks in the decoding block.
Embodiment 9

In an example, on the basis of the embodiment 8, a “left shift and then right shift” may
be used instead of division in calculating the Affine parameters c, d, e and f in order to ensure

the precision and improve the hardware friendliness.

For ¢ and e, they may be left shifted by (MAX CU_DEPTH- Log2[width]) bits first and
then right shifted by MAX CU_DEPTH bits; for d and f in the 6-parameter model, they may
be left shifted by (MAX CU DEPTH-Log2[height]) bits and then right shifted by
MAX CU_DEPTH bits.

For example, width is the width of the current image block, height is the height of the
current image block, and MAX CU_DEPTH is the depth of the width or height of the largest
image block, which is 7 by default (i.e., the width or height of the corresponding image block
is 128).

In an example, MAX CU DEPTH =7, then c, d, e, and f may be determined by the

following equations respectively:

=V — Vor)<<(7—Log2[width]) )

¢ =(vyy — Vgy)<<(-7—Log2[width]) (10).

For the 6-parameter model:

d-=(vgy — vox)<<(7—Log2[height]) (11)
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= (vay — vy (-Log2lheighl) ()

for example, << denotes a left shift.
For the 4-parameter model: d = -¢; f=c.
Embodiment 10

In an example, in order to improve the precision of offset vectors, on the basis of any
one of the foregoing embodiments, offset vectors of pixel points of the 4*4 sub-block may be

magnified in determination thereof.

For example, in the process of calculating offset vectors, the offset vectors of pixel
points in the 4*4 sub-block may be multiplied by N1 (N1 is a positive integer, such as 4 or 8),
and further, the offset vector of the first pixel point in the 4*4 sub-block may be determined
by the following equation:

[ﬂvx({),{)) =N1x*c+*Ax+ N1=d = Ay

Av,(0,0) = N1xexAx + N1xf = Ay (13)

After the offset vector of the first pixel point in the 4*4 sub-block is determined based
on the equation 13, offset vectors of other pixel points in the first row in the 4*4 sub-block
may be determined by the following equation:

{.&vx(w, 0) = Av,(w—1,0) + N1 =¢

Avy,(w,0) = Avy,(w —1,0) + N1 e (14)

After the offset vectors of the pixel points in the first row of the 4*4 sub-block are
determined based on the equation 14, the offset vectors of other pixel points in the 4*4
sub-block may be determined by the following equation:

{ﬁvx(w,h) = Av,(w,h — 1)+ N1=d

Avy(w,h) = Av,(w,h — 1) + N1 = f (15).

After N1 times magnified offset vectors of pixel points of the 4*4 sub-block are
determined based on the equations 13 to 15, offset vectors of pixel points, which iare

magnified by N1 times, may be reduced by N2 times.
For example, N2 may be the same as N1 or may be different from N1.

For example, N1 is 4, then N2 may be 4, or N2 may be 2 (i.e., the finally determined

offset vector is an offset vector magnified by 2 times).
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In an example, a determined offset vector may be reduced by the following equation:

nOffset=1-<<(MAX_CU_DEPTH-1) (|¢)
mvx-=-(mvx-+nO0ffset - (mvx >=-0-)) >>MAX CU DEPTH (17)
mvy-=(mvy-+nOffset - (mvy->=0))->>MAX CU DEPTH (18)

For example, mvx is a horizontal component of an offset vector of a pixel point, mvy is
a vertical component of the offset vector of the pixel point, >> represents a right shift, <<
represents a left shift, mvx >=0 means that if mvx is greater than or equal to 0, then mvx =1,
otherwise, mvx = 0; mvy >=0 means that if mvy is greater than or equal to 0, then mvy =1,

otherwise, mvy = 0.

For example, mvx and mvy are limited in a range [ - (1 << bdlimit), (1 << bdlimit) -1 ;

and bdlimit is empirically set.

In an example, bdlimit = max (6, bitdepth-6), bitdpth is the bit depth, i.e., a required bit

width of the luminance value, typically 10 or 8.
In another example, bdlimit = max (5, bitdepth-7).
Embodiment 11

In an example, on the basis of any one of the embodiment § to embodiment 10, it is

assumed that the offset of the first pixel in the 4*4 sub-block from the center position of the
4*4 sub-block is (-1.5, -1.5), then Av(0,0) = ~1.5¢ — 1'5d, Avy(0,0) = —1.5¢ — 1'5f, and

the 4 times magnified horizontal component and the vertical component of the offset vector

are respectively: Av,(0,0) = —6¢ —6d, Avy(0,0) = —6e — 6f

Embodiment 12

In an example, on the basis of any one of the embodiment § to embodiment 10, it is
assumed that the offset of the first pixel in the 4*4 sub-block from the center position of the

4*4 sub-block is (-2, -2), then Av,(0,0) = —2¢ — 2d Avy(0,0) = —2e — 2f

, and the 4 times
magnified horizontal component and the vertical component of the offset vector are

respectively: Avx(0:0) = —8c —8d, Avy(0,0) = —8e —8f
Embodiment 13

In an example, on the basis of any one of the embodiment 1 to embodiment 7, the offset
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vector of a pixel point in the sub-block may be determined by the following equations:

Av,(w, h)=w = N3c + w = N3d — posOffsetX (19)
Avy,(w,h) = w * N3e + w * N3f — posOffsetY (20)

For example, N3 is the magnification of the offset vector, e.g., 4;
posOffsetX = N4 * c+ N4* d, posOffsetY = N4* e + N4* ,and N4 is 6 or 8.
Embodiment 14

In an example, on the basis of any one of the foregoing embodiments, determining
prediction compensation values of pixel points of the sub-block based on gradient values and
offset vectors of pixel points of the sub-block may be implemented by the following

equation:
ﬂf(i,j) = gx(ifj) * Avx(ifj) +gy (i,j) * Avy(ifj) (21)
For example, 4! (L)) is a prediction compensation value of a pixel point in the ith

column and the jth row in a sub-block, 9« (.)) is a horizontal component of a gradient value

of the pixel point in the ith column and the jth row in the sub-block, ¥ @) is a vertical

component of the gradient value of the pixel point in the ith column and the jth row in the
sub-block, Avy(5)) is a horizontal component of an offset vector of a pixel point in the ith

column and the jth row in the sub-block, and Avy(©1) s a vertical component of the offset

vector of the pixel point in the ith column and the jth row in the sub-block.
Embodiment 15

In an example, on the basis of any one of the foregoing embodiments, if the decoding
block uses a unidirectional prediction mode, the unidirectional (forward or backward)

prediction compensation adjustment may be implemented by the following equations:
mm_dI1=mvx*mm_gradx+ mvy*mm_grady 22)
mm_d2=( mm_dI1+1)>>1 (23)
mm_dI3=-(mm_src+mm_dI2)*-mm w (24).

For example, mm_dI2 is a unidirectional prediction compensation value of a pixel point,

mm_dI3 is a final prediction value of the pixel point in the direction, mvx is a horizontal
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component of an offset vector of the pixel point in the direction, mvy is a vertical component
of the offset vector of the pixel point in the direction, mm_gradx is a horizontal component of
a gradient value of the pixel point in the direction, mm_grady is a vertical component of the
gradient value of the pixel point in the direction, mm_src is a prediction value of the pixel
point in the direction, and mm_w is a weight value of the pixel point in the direction, mm_w

is 1 in the unidirectional prediction mode.
Embodiment 16

In an example, on the basis of any one of the foregoing embodiments, if the
to-be-decoded block uses a bidirectional prediction mode, a forward prediction compensation
adjustment and a backward prediction compensation adjustment are respectively

implemented, and then the prediction compensation adjustment of the block is implemented.

For example, the forward prediction compensation adjustment may be implemented by

the following equations:

mm_dI0l=mvx0*mm gradx0+ mvy0*mm grady0: (25)
mm_dI03=-(mm src0+ mm_dI02)* mm w0 27)

For example, mm_dI02 is a forward prediction compensation value of a pixel point,
mm_dI03 is a forward final prediction value of the pixel point, mvx0 is a horizontal
component of a forward offset vector of the pixel point, mvyO0 is a vertical component of the
forward offset vector of the pixel point, mm _gradx0 is a horizontal component of a forward
gradient value of the pixel point, mm_gradyO is a vertical component of the forward gradient
value of the pixel point, mm srcO is a forward prediction value of the pixel point, and

mm_wO0 is a forward weight value of the pixel point.

For example, the backward prediction compensation adjustment may be implemented by

the following equations:
mm_dIl1=-mvx1*mm gradxl+ mvyl*mm gradyl (28)
mm_dIlZZ(mm_dII 1+1:}}}1 (29)

mm_dI13=(mm srcl+mm dI12)* mm wl (30)
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For example, mm_dI12 is a backward prediction compensation value of a pixel point,
mm_dI13 is a backward final prediction value of the pixel point, mvx1l is a backward
horizontal component of the offset vector of the pixel point, mvyl is a backward vertical
component of the offset vector of the pixel point, mm gradxl is a backward horizontal
component of the gradient value of the pixel point, mm gradyl is a backward vertical
component of the gradient value of the pixel point, mm srcl is a backward prediction value

of the pixel point, and mm_w]1 is a backward weight value of the pixel point.

The weighting process (dividing the sum of the forward final prediction value and the
backward final prediction value by the sum of the forward weight value and the backward
weight value) is completed based on forward final prediction values and backward final
prediction values of pixel points of the to-be-decoded block to obtain final prediction values

of pixel points of the to-be-decoded block.
Embodiment 17

Referring to Fig. 8, a schematic flowchart of a candidate motion vector selection method
provided in an embodiment of the present application is shown. As shown in Fig. 8, the

candidate motion vector selection method may include the following steps:

Step S800: determining whether the current image block satisfies a condition for using a
time domain reference picture. If the condition is satisfied, the method proceeds to step S810;

or otherwise, the method proceeds to step S820.

Step S810: allowing to use a motion vector of the time domain reference picture for

encoding/decoding the current image block; and

Step S820: refusing to use the motion vector of the time reference picture for

encoding/decoding the current image block.

In some cases, the probability of the motion vector of the time domain reference picture
being finally selected is low. In order to improve the encoding and decoding performance,
and avoid improper use of the motion vector of the time domain reference picture as a
candidate motion vector, a condition (referred to as a condition for using the time domain
reference picture herein) for allowing the use of the motion vector of the time domain

reference picture may be set in advance.

Accordingly, when the current image block is encoded/decoded, whether the current

image block satisfies the condition for using the time domain reference picture may be
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determined, i.e., the motion vector of the time domain reference picture is allowed to be used
for encoding/decoding the current image block, or the motion vector of the time domain

reference picture is not to be used for encoding/decoding the current image block.
In an example, the condition for using the time domain reference picture may include:

the size of the reference picture is the same as the size of a picture to which the current

image block belongs.

For example, the probability of the motion vector of the time domain reference picture
being finally selected is low when the size of the reference picture is different from the size
of the picture to which the current image block belongs. Therefore, in order to improve the
encoding and decoding performance, the condition for using the time domain reference
picture is the size of the reference picture being the same as the size of the picture to which
the current image block belongs. That is, when the size of the reference picture is the same as
the size of the picture to which the current image block belongs, the motion vector of the time
domain reference picture is allowed to be used for encoding/decoding the current image
block; and when the size of the reference picture is different from the size of the picture to
which the current image block belongs, the motion vector of the time domain reference

picture is not to be used for encoding/decoding the current image block.

In another example, the condition for using thea time domain reference picture may

further include:

the reference picture is not a long-term reference picture (i.e. Long-Term Reference

Picture, abbreviated as LTRP).

For example, the long-term reference picture is relative to a reference picture that is
closer to the picture to which the current image block belongs, and in general, the long-term

reference picture is further from the picture to which the current image block belongs.

For example, the probability that the motion vector of the time domain reference picture
is finally selected is lower when the size of the reference picture is the same as the size of the
picture to which the current image block belongs but the reference picture is a long-term
reference picture, therefore, the reference picture being not a long-term reference picture may
be used as a condition for using the time domain reference picture. That is, when the size of
the reference picture is the same as the size of the picture to which the current image block
belongs and the reference picture is not a long-term reference picture, the motion vector of

the time domain reference picture is allowed to be used for encoding/decoding the current
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image block; and when the size of the reference picture is different from the size of the
picture to which the current image block belongs and/or the reference picture is a long-term
reference picture, the motion vector of the time domain reference picture is not to be used for

encoding/decoding the current image block.

In a possible embodiment, after allowing to use the motion vector of the time domain

reference picture for encoding/decoding the current image block, it may further include:

determining whether the current image block satisfies a condition for scaling the motion

vector of the time domain reference picture;

if the current image block satisfies the condition for scaling the motion vector of the
time domain reference picture, allowing to scale the motion vector of the time domain

reference picture to encoding/decoding the current image block; and

if the current image block doesn’t satisfy the condition for scaling and using the motion
vector of the time domain reference picture, refusing to scale the motion vector of the time

domain reference picture to encoding/decoding the current image block.

For example, in consideration of a low probability that the scaled motion vector of the
time domain reference picture is finally selected in some specific situations, therefore, in
order to improve the encoding and decoding performance, and avoid using the scaled motion
vector of the time domain reference picture as a candidate motion vector under a condition
that the scaled motion vector of the time domain reference picture is not applicable, a
condition (referred to as the condition for scaling and using the motion vector of the time
domain reference picture herein) whether to allow to use the scaled motion vector of the time

domain reference picture may be set in advance.

In an example, the condition for scaling the motion vector of the time domain reference

picture may include:

the size of the reference picture is the same as the size of a picture to which the current

image block belongs, and the reference picture is not a long-term reference picture.

For example, the probability of the scaled motion vector of the time domain reference
picture being finally selected is low when the size of the reference picture is different from
the size of the picture to which the current image block belongs, and/or the reference picture
is a long-term reference picture. Therefore, the size of the reference picture being the same as

the size of the picture to which the current image block belongs and the reference picture
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being not a long-term reference picture is used as the condition for scaling the motion vector

of the time domain reference picture.

When the size of the reference picture is the same as the size of the picture to which the
current image block belongs and the reference picture is not a long-term reference picture,
the scaled motion vector of the time domain reference picture is allowed to be used for
encoding/decoding the current image block; and when the size of the reference picture is
different from the size of the picture to which the current image block belongs and/or the
reference picture is a long-term reference picture, the scaled motion vector of the time
domain reference picture is not allowed to be used for encoding/decoding the current image

block.

In a possible implementation, after determining whether the current image block
satisfies the condition for using the time domain reference picture, the method further

includes:

determining that a first type of prediction mode is allowed to be used when the condition

for using the time domain reference picture is satisfied; and

determining that the first type of prediction mode and a second type of prediction mode
are not allowed to be used when the condition for using the time domain reference picture is

not satisfied.

In an example, the first type of prediction mode includes modes involving time domain
motion vectors, such as TMVP mode, BDOF mode, DMVR mode; and the second type of
prediction mode includes modes involving scaling the time domain motion vectors, such as

SMVD mode.

It should be noted that, in an example, the second type of prediction mode may also be
allowed to be used when the condition for using the time domain reference picture is

satisfied.

In a possible implementation, after determining whether the condition for scaling the

motion vector of the time domain reference picture is satisfied, the method further includes:

if the condition for scaling the motion vector of the time domain reference picture is
satisfied, allowing to use the first type of prediction mode and the second type of prediction

mode; and

if the condition for scaling the motion vector of the time domain reference picture is not
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satisfied, refusing to use the second type of prediction mode.

In an example, when the condition for scaling the motion vector of the time domain

reference picture is not satisfied, the first type of prediction mode may also be refused.
Embodiment 18

Referring to Fig. 9, a schematic flowchart of a candidate motion vector selection method
provided in an embodiment of the present application is shown, and as shown in Fig. 9, the

candidate motion vector selection method may include the following steps:

step S900: determining whether the current image block satisfies the condition for
scaling the motion vector of the time domain reference picture, if the current image block
satisfies the condition for scaling the motion vector of the time domain reference picture,
going to step S910; if the current image block does not satisfy the condition for scaling the

motion vector of the time domain reference picture, going to step S920;

step S910: allowing to scale the motion vector of the time domain reference picture to

encode/decode the current image block; and

step S920: refusing to scale the motion vector of the time domain reference picture to

encode/decode the current image block.

In the embodiment of the present application, the scaled motion vector of the time
domain reference picture being finally selected is low in some specific situations. Therefore,
in order to improve the encoding and decoding performance, and avoid using the scaled
motion vector of the time domain reference picture as a candidate motion vector under a
condition that the scaled motion vector of the time domain reference picture is not applicable,
a condition (referred to as the condition for scaling the motion vector of the time domain
reference picture herein) for allowing to use the scaled motion vector of the time domain

reference picture may be set in advance.

In an example, the condition for scaling the motion vector of the time domain reference

picture may include:

the size of the reference picture is the same as the size of a picture to which the current

image block belongs, and the reference picture is not a long-term reference picture.

For example, the scaled motion vector of the time domain reference picture being finally
selected is low when the size of the reference picture is different from the size of the picture

to which the current image block belongs, and/or the reference picture is a long-term
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reference picture. Therefore, the size of the reference picture being the same as the size of the
picture to which the current image block belongs and the reference picture being not a
long-term reference picture is used as the condition for scaling the motion vector of the time

domain reference picture.

When the size of the reference picture is the same as the size of the picture to which the
current image block belongs and the reference picture is not a long-term reference picture,
the scaled motion vector of the time domain reference picture is allowed to be used for
encoding/decoding the current image block; and when the size of the reference picture is
different from the size of a picture to which the current image block belongs or/and the
reference picture is a long-term reference picture, the scaled motion vector of the time
domain reference picture is refused to be used for encoding/decoding the current image

block.

In a possible implementation, after determining whether the condition for scaling the

motion vector of the time domain reference picture is satisfied, the method further includes:

if the condition for scaling the motion vector of the time domain reference picture is
satisfied, allowing to use the first type of prediction mode and the second type of prediction

mode; and

if the condition for scaling the motion vector of the time domain reference picture is not

satisfied, refusing to use the second type of prediction mode.

In an example, the first type of prediction mode includes modes involving time domain
motion vectors, such as TMVP mode, BDOF mode, DMVR mode, etc.; and the second type
of prediction modes include modes involving scaling the time domain motion vectors, such

as the SMVD mode.

In an example, when the condition for scaling the motion vector of the time domain

reference picture is not satisfied, the first type of prediction mode may also be refused.
Embodiment 19

Referring to Fig. 10, a schematic flowchart of a prediction mode selection method
according to an embodiment of the present application is shown, and as shown in Fig. 10, the

prediction mode selection method may include the following steps:

step S1000: determining whether the current image block satisfies the enabling

condition for a specified prediction mode, if the current image block satisfies the enabling
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condition for the specified prediction mode, going to step S1010; if the current image block
does not satisfy the enabling condition for the specified prediction mode, going to step

S1020;
step S1010: allowing to use the specified prediction mode; and
step S1020: refusing to use the specified prediction mode.

The use of the specific prediction mode may reduce the encoding and decoding
performance in some specific situations. Therefore, in order to improve the encoding and
decoding performance, and avoid using the specified prediction mode as a candidate
prediction mode under a condition that the specified prediction mode is not applicable, the
condition (referred to as the condition for using the specified prediction mode herein)

whether to allow the specified prediction mode to be used may be set in advance.

In a possible implementation, the specified prediction mode includes the first type of

prediction mode.

For example, the first type of prediction mode includes modes involving time domain

motion vectors, such as the TMVP mode, the BDOF mode, the DMVR mode, etc.
In an example, the condition for using the specified prediction mode may include:

the size of the reference picture is the same as the size of the picture to which the current

image block belongs.

For example, encoding/decoding performance of using the first type of prediction mode
is low when the size of the reference picture is different from the size of the picture to which
the current image block belongs. Therefore, in order to improve the encoding/decoding
performance, the size of the reference picture being the same as the size of the picture to
which the current image block belongs may be used as the condition for using the specified
prediction mode. That is, when the size of the reference picture is the same as the size of the
picture to which the current image block belongs, the specified prediction mode is allowed to
be used; when the size of the reference picture is different from the size of the picture to

which the current image block belongs, the specified prediction mode is refused to be used.

In another example, the condition for using the specified prediction mode may further

include:

the reference picture is not a long-term reference picture.
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For example, encoding and decoding performance of using the first type of prediction
mode is lower when the size of the reference picture is the same as the size of the picture to
which the current image block belongs but the reference picture is a long-term reference
picture. Therefore, the reference picture being not a long-term reference picture may further
be used as the condition for using the specified prediction mode. That is, when the size of the
reference picture is the same as the size of the picture to which the current image block
belongs and the reference picture is not a long-term reference picture, the specified prediction
mode is allowed to be used; and when the size of the reference picture is different from the
size of the picture to which the current image block belongs and/or the reference picture is a

long-term reference picture, the specified prediction mode is refused to be used.

In another possible implementation, the specified prediction mode includes the first type

of prediction mode and the second type of prediction mode.

For example, the second type of prediction mode includes modes involving scaling the

time domain motion vectors, such as the SMVD mode.
In an example, the condition for using the specified prediction mode may include:

the size of the reference picture is the same as the size of the picture to which the current

image block belongs, and the reference picture is not a long-term reference picture.

For example, encoding and decoding performance using the first type of prediction
mode and the second type of prediction mode is low when the size of the reference picture is
different from the size of the picture to which the current image block belongs, and/or the
reference picture is a long-term reference picture. Therefore, the size of the reference picture
being the same as the size of the picture to which the current image block belongs and the
reference picture being not a long-term reference picture may be used as the condition for

using the specified prediction mode.

When the size of the reference picture is the same as the size of the picture to which the
current image block belongs and the reference picture is not a long-term reference picture,
the specified prediction mode is allowed to be used; and when the size of the reference
picture is different from the size of the picture to which the current image block belongs
and/or the reference picture is a long-term reference picture, the specified prediction mode is

refused to be used.

In another possible embodiment, the specified prediction mode includes the second type

of prediction mode.
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In an example, the condition for using the specified prediction mode may include:

the size of the reference picture is the same as the size of the picture to which the current

image block belongs, and the reference picture is not a long-term reference picture.

For example, encoding and decoding performance using the second type of prediction
mode is low when the size of the reference picture is different from the size of the picture to
which the current image block belongs, or/and the reference picture is a long-term reference
picture. Therefore, the size of the reference picture is the same as the size of the picture to
which the current image block belongs, and the reference picture is not a long-term reference

picture may be used as the condition for using the specified prediction mode.

When the size of the reference picture is the same as the size of the picture to which the
current image block belongs and the reference picture is not a long-term reference picture,
the specified prediction mode is allowed to be used; and when the size of the reference
picture is different from the size of the picture to which the current image block belongs
or/and the reference picture is a long-term reference picture, the specified prediction mode is

refused to be used.

Embodiment 20

Referring to Fig. 11, a schematic flowchart of a prediction mode selection method
according to an embodiment of the present application is shown, and as shown in Fig. 11, the

prediction mode selection method may include the following steps:

step S1100: determining whether the current image block satisfies an enabling condition
for DM VR mode, if the current image block satisfies the enabling condition for DMVR mode,
going to step S1110; if the current image block does not satisfy the enabling condition for

DMVR mode, going to step S1120;
step S1110: allowing to use the DMVR mode; and
step S1120: refusing to use the DMVR mode.

In the embodiment of the present application, decoding efficiency using the DMVR
mode is lower in some specific situations. In order to improve the encoding and decoding
performance and avoid enabling the DMVR mode when DMVR mode is not applicable, an

enabling condition for DMVR mode may be set in advance.

Accordingly, when the current image block is decoded, whether the current image block

satisfies the enabling condition for DMVR mode may be determined. If the current image
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block satisfies the enabling condition for DMVR mode, the DMVR mode is allowed to be
used; if the current image block does not satisfy the enabling condition for DMVR mode, the

DMVR mode is refused to be used.
In an example, the enabling condition for DMVR mode may include:
a current mode is a general merge/skip mode.

The general merge/skip modes are the general-merge-mode and the general-skip-mode.
In the general-merge-mode or the general-skip-mode, motion information is selected from the
candidate motion information list, and the prediction value of the current image block is

generated based on the motion information.

The candidate motion information list includes: spatial neighboring block candidate
motion information, time domain neighboring block candidate motion information, spatial
non-neighboring block candidate motion information, motion information obtained by

combining the existing motion information, or/and default motion information, and the like.

For example, when the current image block is determined to be in the general
merge/skip mode, the DMVR mode is allowed to be used; otherwise, the DMVR mode is
refused to be used.

In another example, the enabling condition for DMVR mode may include:

a switch for controlling the DMVR mode at a sequence level is of a first numerical value,

and a switch for picture header control DMVR mode is of the first numerical value;
the current mode is the general merge/skip mode;

the current image block uses a bidirectional prediction mode, the display order of one of
two reference pictures is previous to the picture to which the current image block belongs, the
display order of the other of the two reference pictures is subsequent to the picture to which
the current image block belongs, and the distances between the two reference pictures and the

picture to which the current image block belongs are equal;
weighted weights of the two reference pictures are the same;
the size of the current image block satisfies a limiting condition; and

the length and width of the two reference pictures are the same as the length and width

of the picture to which the current image block belongs respectively.

In an example, the first value is 1.
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In an example, the size of the current image block satisfying the limiting condition
includes: the width of the current image block is greater than or equal to 8, the height of the
current image block is greater than or equal to 8, and the area of the current image block is

greater than or equal to 128.

In the embodiment of the present application, after the prediction values of pixel points
of the current image block are determined, prediction compensation values of pixel points of
the current image block are determined based on gradient values and offset vectors of pixel
points of the current image block, and then final prediction values of pixel points of the
current image block are determined based on prediction values and prediction compensation
values of pixel points of the current image block. The prediction compensation adjustment is
no longer limited to an image block using the bidirectional prediction mode, and is not
limited to an image block for which the motion vector of each sub-block is the same as the
motion vector of each pixel in the corresponding sub-block, which expands application scope

of prediction compensation adjustment.

The method according to the present application is described above. An apparatus

according to the present application is described below.

Referring to Fig. 12, a schematic structural diagram of an encoding and decoding
apparatus according to an embodiment of the present application is shown, as show in Fig. 12,

the encoding and decoding apparatus may include:

a first determining unit 1210 configured for determining prediction values of pixel

points of a current image block;

a second determining unit 1220 configured for determining gradient values of pixel
points of the current image block based on the prediction values of pixel points of the current

image block;

a third determining unit 1230 configured for determining offset vectors of pixel points

of the current image block;

a fourth determining unit 1240 configured for determining prediction compensation
values of pixel points of the current image block based on the gradient values and the offset

vectors of pixel points of the current image block; and

a fifth determining unit 1250 configured for determining final prediction values of pixel

points of the current image block based on the prediction values and the prediction
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compensation values of pixel points of the current image block.

In a possible embodiment, if the current image block uses a unidirectional prediction

mode.

The first determining unit 1210 is specifically configured for determining unidirectional

prediction values of pixel points of the current image block.

The second determining unit 1220 is specifically configured for determining gradient
values of pixel points of the current image block in the direction based on the unidirectional

prediction values of pixel points of the current image block.

The third determining unit 1230 is specifically configured for determining offset vectors

of pixel points of the current image block in the direction.

The fourth determining unit 1240 is specifically configured for determining prediction
compensation values of pixel points of the current image block in the direction based on the

gradient values and offset vectors of pixel points of the current image block in the direction.

The fifth determining unit 1250 is specifically configured for determining final
prediction values of pixel points of the current image block in the direction based on the
prediction values and prediction compensation values of pixel points of the current image

block in the direction.

In a possible embodiment, if the current image block uses a bidirectional prediction

mode.

The first determining unit 1210 is specifically configured for determining forward
prediction values and backward prediction values of pixel points of the current image block

respectively.

The second determining unit 1220 is specifically configured for determining forward
gradient values and backward gradient values of pixel points of the current image block
based on the forward prediction values and the backward prediction values of pixel points of

the current image block respectively.

The third determining unit 1230 is specifically configured for determining forward
offset vectors and backward offset vectors of pixel points of the current image block

respectively.

The fourth determining unit 1240 is specifically configured for determining forward
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prediction compensation values and backward prediction compensation values of pixel points
of the current image block based on the forward gradient values, backward gradient values,
forward offset vectors and backward offset vectors of pixel points of the current image block

respectively.

The fifth determining unit 1250 is specifically configured for determining forward final
prediction values and backward final prediction values of pixel points of the current image
block based on the forward prediction values, backward prediction values, forward prediction
compensation values and backward prediction compensation values of pixel points of the
current image block respectively; and determining final prediction values of pixel points of
the current image block based on the forward final prediction values and backward final

prediction values of pixel points of the current image block.
In a possible implementation, the third determining unit 1230 is specifically configured

for:

for each sub-block of the current image block, determining an offset vector of a
specified pixel point in the sub-block; and

determining offset vectors of the other pixel points in the sub-block based on the offset

vector of the specified pixel point in the sub-block.

In a possible implementation, the third determining unit 1230 is specifically configured
for determining the offset vector of the specified pixel point in the sub-block based on Affine

parameters and an offset of the specified pixel point from a center position of the sub-block.
In a possible implementation, the third determining unit 1230 is specifically configured
for:
determining a horizontal component of the offset vector of the specified pixel point in
the sub-block based on a horizontal offset of the specified pixel point from the center position
of the sub-block, a vertical offset of the specified pixel point from the center position of the
sub-block, a first Affine parameter and a second Affine parameter; and

determining a vertical component of the offset vector of the specified pixel point in the
sub-block based on a horizontal offset of the specified pixel point from the center position of

the sub-block in the horizontal direction, a vertical offset of the specified pixel point from the
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center position of the sub-block, a third Affine parameter and a fourth Affine parameter.

In a possible implementation, for a 4-parameter Affine model, the first Affine parameter
and the fourth Affine parameter are the same and are equal to a ratio of a first numerical
value to the width of the sub-block, the second Affine parameter and the third Affine
parameter are opposite, and the third Affine parameter is a ratio of a second numerical value

to the width of the sub-block;

wherein the first numerical value is a difference between a horizontal component of a
motion vector of an upper right control point of the sub-block and a horizontal component of
a motion vector of an upper left control point of the sub-block, and the second numerical
value is a difference between a vertical component of the motion vector of the upper right
control point of the sub-block and a vertical component of the motion vector of the upper left

control point of the sub-block.

In a possible implementation, for a 6-parameter Affine model, the first Affine parameter
is a ratio of a first numerical value to the width of the sub-block, the second Affine parameter
is a ratio of a third numerical value to the height of the sub-block, the third Affine parameter
is a ratio of a second numerical value to the width of the sub-block, and the fourth Affine

parameter is a ratio of a fourth numerical value to the height of the sub-block;

wherein the first numerical value is a difference between a horizontal component of a
motion vector of an upper right control point of the sub-block and a horizontal component of
a motion vector of an upper left control point of the sub-block, the second numerical value is
a difference between a vertical component of the motion vector of the upper right control
point of the sub-block and a vertical component of the motion vector of the upper left control
point of the sub-block, the third numerical value is a difference between a horizontal
component of the motion vector of a lower left control point of the sub-block and a horizontal
component of the motion vector of the upper left control point of the sub-block, and the
fourth numerical value is a difference between a vertical component of the motion vector of
the lower left control point of the sub-block and a vertical component of the motion vector of

the upper left control point of the sub-block.
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In a possible implementation, the third determining unit 1230 is specifically configured
for:

determining horizontal components of offset vectors of other pixel points in the row of
the specified pixel point in the sub-block based on the horizontal component of the offset

vector of the specified pixel point in the sub-block and the first Affine parameter;

determining vertical components of offset vectors of other pixel points in the row of the
specified pixel point in the sub-block based on the vertical component of the offset vector of

the specified pixel point in the sub-block and the third Affine parameter; and

determining, for each pixel point in the row of the specified pixel point, horizontal
components of offset vectors of other pixel points in the column of the pixel point in the
sub-block based on the horizontal component of the offset vector of the pixel point and the
second Affine parameter; and determining vertical components of offset vectors of other
pixel points in the column of the pixel point in the sub-block based on the vertical component

of the offset vector of the pixel point and the fourth Affine parameter.

In a possible implementation, the second determining unit 1220 is specifically
configured for filling for each sub-block of the current image block, N row(s)/column(s) of
integer pixel points on each of the top, bottom, left and right edges of the sub-block; wherein
N is a positive integer; and

determining gradient values of pixel points in the sub-block based on prediction values

of pixel points of the sub-block and pixel values of the filled integer pixel points.
In a possible implementation, the second determining unit 1220 is specifically

configured for:

determining, in a reference picture, an integer pixel block closest to and having the same
size as the sub-block; and

taking pixel values of N row(s)/column(s) of integer pixel points adjacent to the
integer-pixel block as filling pixel values of the pixel points on the top, bottom, left and right
edges of the sub block respectively.
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In a possible implementation, the second determining unit 1220 is specifically

configured for:

filling respectively N row(s)/column(s) of integer pixel points that are exactly above,

below, left to and right to the integer-pixel block respectively.

In a possible implementation, when N =1, the second determining unit 1220 is

specifically configured for:

a sub-pixel vertical component of a prediction value of a pixel point in the sub-block is
greater than a half pixel, filling a nearest integer pixel point above the top edge of the
sub-block, and filling a next nearest integer pixel point below the bottom edge of the

sub-block;

if a sub-pixel vertical component of a prediction value of a pixel point in the sub-block
is smaller than a half pixel, filling a next nearest integer pixel point above the top edge of the

sub-block, and filling a nearest integer pixel point below the bottom edge of the sub-block;

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block is greater than a half pixel, filling a nearest integer pixel point at the left of the left
edge of the sub-block, and filling a next nearest integer pixel point at the right of the right
edge of the sub-block; and

if a sub-pixel horizontal component of a prediction value of a pixel point in the
sub-block 1s smaller than a half pixel, filling a next nearest integer pixel point at the left of
the left edge of the sub-block, and filling a nearest integer pixel point at the right of the right
edge of the sub-block.

In a possible implementation, the second determining unit 1220 is specifically

configured for:

determining, for each pixel point in the sub-block, a horizontal component of a gradient
value of the pixel point based on pixel values of N adjacent pixel points at the left of the pixel
point and pixel values of N adjacent pixel points at the right of the pixel point, and
determining a vertical component of the gradient value of the pixel point based on pixel
values of N adjacent pixel points above the pixel point and pixel values of N adjacent pixel

points below the pixel point.

In a possible implementation, the second determining unit 1220 is further configured

for:
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determining whether the current image block satisfies an enabling condition for

prediction compensation adjustment; and

if the current image block satisfies the enabling condition for prediction compensation
adjustment, performing the operation of determining gradient values of pixel points of the

current image block based on the prediction values of pixel points of the current image block.

In a possible implementation, the enabling condition for prediction compensation
adjustment comprises: a specified prediction mode is applied to the current image block, and
in the specified prediction mode, a motion vector of a sub-block is not identical to a motion

vector of any pixel point in the sub-block.

In a possible implementation, the enabling condition for prediction compensation

adjustment further comprises: the currently predicted component is a luminance component.

In a possible implementation, the enabling condition for prediction compensation
adjustment further comprises: the currently predicted component is a chrominance

component.

In a possible implementation, the specified prediction mode comprises an Affine motion

mode.

Referring to Fig. 13, a schematic diagram of the hardware structure of an encoding
device according to an embodiment of the present application is shown. The encoding side
device may include a processor 1301, a machine-readable storage medium 1302 storing
machine-executable instructions. The processor 1301 and the machine-readable storage
medium 1302 may communicate with each other via a system bus 1303. Moreover, the
processor 1301 may perform the encoding and decoding method described above by reading
and executing machine-executable instructions in the machine-readable storage medium 1302

corresponding to the encoding and decoding control logic.

The machine-readable storage medium 1302 referred to herein may be any electronic,
magnetic, optical, or other physical storages that may contain or store information such as
executable instructions, data, and the like. For example, the machine-readable storage
medium may be: a Random Access Memory (RAM), a volatile memory, a nonvolatile
memory, a flash memory, a storage drive (e.g., a hard drive), a solid-state disk, a storage disk
of any type (e.g., an optical disk, DVD, etc.), or a similar storage medium, or a combination

thereof.
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Referring to Fig. 14, which is a schematic diagram of a hardware structure of a decoding
side device according to an embodiment of the present application. The decoding side device
may include a processor 1401, a machine-readable storage medium 1402 storing
machine-executable instructions. The processor 1401 and the machine-readable storage
medium 1402 may intercommunicate via a system bus 1403. Moreover, the processor 1401
may perform the encoding and decoding method described above by reading and executing
machine-executable instructions in the machine-readable storage medium 1402

corresponding to the encoding and decoding control logic.

The machine-readable storage medium 1402 referred to herein may be any electronic,
magnetic, optical, or other physical storages that may contain or store information such as
executable instructions, data, and the like. For example, the machine-readable storage
medium may be: a RAM, a volatile memory, a nonvolatile memory, a flash memory, a
storage drive (e.g., a hard drive), a solid-state disk, a storage disk of any type (e.g., an optical

disk, DVD, etc.), or a similar storage medium, or a combination thereof.

It should be noted that, relational terms such as first and second, and the like in the text
are only used to distinguish one entity or action from another entity or action without
necessarily requiring or implying any actual such relationship or order between such entities
or actions. Moreover, the terms “comprises”, “comprising”, or any other variation thereof,
are intended to cover a non-exclusive inclusion, such that a process, method, article, or
device that comprises a list of elements does not include only those elements but may include
other elements not expressly listed or may include elements that inherent to such process,
method, article, or device. Without further limitation, an element defined by the phrase

“comprising an ...” does not exclude the presence of other identical elements in the process,

method, article, or apparatus that comprises the element.

The above is only the preferred embodiment of the present application and are not
intended to limit the present application, and any modifications, equivalents, improvements
and the like made within the spirit and principle of the present application should be included

in the protection scope of the present application.
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CLAIMS

What is claimed is:

1. A decoding method, which is applied in Versatile Video Coding and comprises:

determining whether a current image block satisfies an enabling condition for a
Decoder-side Motion Vector Refinement (DMVR) mode, wherein the current image block is
a prediction unit and the current image block is a decoding block obtained by dividing using
one of quadtree division, horizontal binary tree division, vertical binary tree division,

horizontal trigeminal tree division, or vertical ternary tree division;

if the current image block satisfies the enabling condition for the DMVR mode,

allowing to use the DMVR mode for the current image block;

if the current image block does not satisfy the enabling condition for the DMVR mode,

refusing to use the DMVR mode for the current image block;

wherein, when the DMVR mode is used for the current image block, a condition
satisfied by the current image block at least comprises: a size of a reference picture of the
current image block is the same as a size of a picture to which the current image block

belongs, and the reference picture is not a long-term reference picture;

wherein, when the DMVR mode is used for the current image block, the current image

block satisfies the following conditions at the same time:
a current mode of the current image block is a general merge mode;

picture header control information indicates that it is allowed to use the DMVR mode

for the current image block;

the current image block uses a bidirectional prediction mode, a display order of one of
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two reference pictures is previous to a picture to which the current image block belongs, and
a display order of the other of the two reference pictures is subsequent to the picture to which
the current image block belongs, and distances between the two reference pictures and the

picture to which the current image block belongs are equal;

weighted weights of the two reference pictures of the current image block are the same;

a size of the current image block satisfies a limiting condition; wherein, the size of the
current image block satisfies a limiting condition, comprises: a width of the current image
block is greater than or equal to a first threshold, a height of the current image block is
greater than or equal to a second threshold, and an area of the current image block is greater

than or equal to a third threshold.

2. The method according to claim 1,

wherein, the picture header control information indicating that it is allowed to use the

DMVR mode for the current image block, comprises:

a switch for picture header control DMVR mode is of a first numerical value; wherein
the switch for picture header control DMVR mode being of a first numerical value means

that picture header control allows to use the DMVR mode for the current image block;

wherein, the size of the current image block satisfying a limiting condition, comprises: a
width of the current image block is greater than or equal to 8, a height of the current image
block is greater than or equal to 8, and an area of the current image block is greater than or

equal to 128.

3. The method according to claim 1, wherein, when the current image block does not
allow enabling the DMVR mode, the current image block does not satisfy at least one of the

following conditions:
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a current mode of the current image block is a general merge mode;

picture header control information allows to use the DMVR mode for the current image

block;

the current image block uses a bidirectional prediction mode, a display order of one of
two reference pictures is previous to a picture to which the current image block belongs, and
a display order of the other of the two reference pictures is subsequent to the picture to which
the current image block belongs, and distances between the two reference pictures and the

picture to which the current image block belongs are equal;
weighted weights of the two reference pictures of the current image block are the same;
a size of the current image block satisfies a limiting condition;

sizes of the two reference pictures of the current image block are respectively the same

as the size of the picture to which the current image block belongs.
4. The method according to claim 3,

wherein, when the size of the reference picture of the current image block is different
from the size of the picture to which the current image block belongs, it is not allowed to use

a DMVR mode for the current image block;

wherein, when the reference picture of the current image block is a long-term reference

picture, it is not allowed to use the DMVR mode for the current image block;

wherein, when the size of the reference picture of the current image block is different
from the size of the picture to which the current image block belongs, and the reference
picture of the current image block is a long-term reference picture, it is not allowed to use the

DMVR mode for the current image block;
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wherein, when the general merge mode is not used for the current image block, it is not

allowed to use the DMVR mode for the current image block;

wherein, the current image block is a decoding block obtained by dividing using one of
quadtree division, horizontal binary tree division, vertical binary tree division, horizontal

trigeminal tree division, or vertical ternary tree division;

wherein, the DMVR mode refers to a mode in which a difference between motion
vectors is obtained by searching based on motion compensation values of two reference

pictures of the current image block.

5. An encoding method, which is applied in Versatile Video Coding and comprises:

determining whether a current image block satisfies an enabling condition for a
Decoder-side Motion Vector Refinement (DMVR) mode, wherein the current image block is
a prediction unit and the current image block is an encoding block obtained by dividing using
one of quadtree division, horizontal binary tree division, vertical binary tree division,

horizontal trigeminal tree division, or vertical ternary tree division;

if the current image block satisfies the enabling condition for the DMVR mode,

allowing to use the DMVR mode for the current image block;

if the current image block does not satisfy the enabling condition for the DMVR mode,

refusing to use the DMVR mode for the current image block;

wherein, when the DMVR mode is used for the current image block, a condition
satisfied by the current image block at least comprises: a size of a reference picture of the
current image block is the same as a size of a picture to which the current image block

belongs, and the reference picture is not a long-term reference picture;

wherein, when the DMVR mode is used for the current image block, the current image
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block satisfies the following conditions at the same time:

a current mode of the current image block is a general merge mode;

picture header control information indicates that it is allowed to use the DMVR mode

for the current image block;

the current image block uses a bidirectional prediction mode, a display order of one of
two reference pictures is previous to a picture to which the current image block belongs, and
a display order of the other of the two reference pictures is subsequent to the picture to which
the current image block belongs, and distances between the two reference pictures and the

picture to which the current image block belongs are equal;

weighted weights of the two reference pictures of the current image block are the same;

a size of the current image block satisfies a limiting condition; wherein, the size of the
current image block satisfies a limiting condition, comprises: a width of the current image
block is greater than or equal to a first threshold, a height of the current image block is
greater than or equal to a second threshold, and an area of the current image block is greater

than or equal to a third threshold.

6. An apparatus configured to perform the method according to any one of claims 1 to 5.

7. A decoding device comprising a processor and a machine-readable storage medium
storing machine-executable instructions executable by the processor, wherein, the processor
is configured to execute the machine-executable instructions to implement the method

according to any one of claims 1 to 4.

8. An encoding device comprising a processor and a machine-readable storage medium
storing machine-executable instructions executable by the processor, wherein, the processor

is configured to execute the machine-executable instructions to implement the method



according to claim 5.

9. A device, comprising:

a processor;

a memory for storing instructions executable by the processor;

wherein, the processor is configured to execute the method according to any one of

claims 1 to 5.

10. A non-transitory storage medium having instructions stored thereon, wherein, when

executed by a processor, implement the method according to any one of claims 1 to 5.



