ENCODING AND DECODING METHOD, APPARATUS, AND
DEVICE

Technical Field

[01]  The present application relates to the technical field of encoding and decoding, and in

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

[02]  In order to save space, video images are transmitted after being encoded. A complete
video encoding method may include processes such as prediction, transform, quantization,
entropy encoding, filtering. Wherein prediction encoding may include intra encoding and inter
encoding. Intra encoding uses pixels of adjacent encoded image to predict pixels of the current
image by using the time domain correlation of a video, so as to effectively remove a video time

domain redundancy.

[03] In the process of inter encoding, a motion vector (MV) can be used to represent a
relative displacement between a current block of a video image of a current slice and a reference
block of a video image of a reference frame. For example, if there is a strong time domain
correlation the video image A of the current slice and the video image B of the reference frame,
when the image block A1 (current block) of the video image A needs to be transmitted, a motion
search can be performed in the video image B to find an image block B1 (i.e., a reference block)
that best matches the image block Al, and to determine a relative displacement between the
image block Al and the image block B1, and the relative displacement is the motion vector of

the image block A1.

[04]  The encoding side may send the motion vector to the decoding side, instead of sending
the image block A1 to the decoding side. The decoding side can obtain the image block A1 based
on the motion vector and the image block B1. Of course, the above approach can save a lot of bit
overhead since the number of bits occupied by the motion vector is much smaller than the

number of bits occupied by the image block A1l.



_
[05] In the traditional method, when the current block is an unidirectional block, after
obtaining the motion information of the current block, the encoding and decoding can be
performed based on the motion information, thereby improving the encoding performance.
However, if the current block is a bidirectional block, after obtaining the bidirectional motion
information of the current block, predicted images from two different directions can be obtained
based on the bidirectional motion information. Normally, there is a mirror symmetry relationship
between the predicted images from two different directions. In the current coding framework,
this feature is not fully utilized to further remove redundancy. In other words, for the application
scenario of bidirectional blocks, currently there are problems such as poor encoding

performance.
Summary

[06]  The present application provides an encoding and decoding method, apparatus, and

device, which can improve encoding performance.

[07] The present application provides an encoding and decoding method. The method
includes: if characteristic information of a current block meets a specific condition, performing
the following steps to acquire a target prediction value of the current block or a sub-block of the

current block:

[08]  determining a first original prediction value based on first unidirectional motion
information of the current block, determining a second original prediction value based on second
unidirectional motion information of the current block; and determining a horizontal velocity
based on the first original prediction value and the second original prediction value; determining
a vertical velocity based on the first original prediction value and the second original prediction

value;

[09] acquiring a prediction compensation value based on the horizontal velocity and the

vertical velocity;

[10]  acquiring the target prediction value based on the first original prediction value, the

second original prediction value and the prediction compensation value.

[11]  The present application provides an encoding and decoding apparatus configured for
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acquiring a target prediction value of a current block or a sub-block of the current block if
characteristic information of the current block meets a specific condition. The apparatus

includes:

[12]  a first determination module configured for: if the characteristic information of the
current block meets a specific condition, determining a first original prediction value based on
first unidirectional motion information of the current block, and determining a second original

prediction value based on second unidirectional motion information of the current block;

[13] a second determination module configured for determining a horizontal velocity based
on the first original prediction value and the second original prediction value; determining a
vertical velocity based on the first original prediction value and the second original prediction

value;

[14]  a first acquisition module configured for acquiring a prediction compensation value

based on the horizontal velocity and the vertical velocity;

[15] asecond acquisition module configured for acquiring a target prediction value based on
the first original prediction value, the second original prediction value and the prediction

compensation value.

[16]  The present application provides an encoding device, including a processor and a
machine-readable storage medium, wherein the machine-readable storage medium stores
machine executable instructions that can be executed by the processor; the processor is
configured to execute machine executable instructions to implement the following steps: if
characteristic information of a current block meets a specific condition, performing the following
steps to acquire a target prediction value of the current block or a sub-block of the current block:
determining a first original prediction value based on first unidirectional motion information of
the current block, and determining a second original prediction value based on second
unidirectional motion information of the current block; determining a horizontal velocity based
on the first original prediction value and the second original prediction value; determining a
vertical velocity based on the first original prediction value and the second original prediction
value; acquiring a prediction compensation value based on the horizontal velocity and the

vertical velocity; acquiring a target prediction value based on the first original prediction value,
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the second original prediction value and the prediction compensation value.

[17] The present application provides a decoding device, including a processor and a
machine-readable storage medium, wherein the machine-readable storage medium stores
machine executable instructions that can be executed by the processor; the processor is
configured to execute machine executable instructions to implement the following steps: if
characteristic information of a current block meets a specific condition, performing the following
steps to acquire a target prediction value of a current block or a sub-block of the current block:
determining a first original prediction value based on first unidirectional motion information of
the current block, and determining a second original prediction value based on second
unidirectional motion information of the current block; determining a horizontal velocity based
on the first original prediction value and the second original prediction value; determining a
vertical velocity based on the first original prediction value and the second original prediction
value; acquiring a prediction compensation value based on the horizontal velocity and the
vertical velocity; acquiring a target prediction value based on the first original prediction value,

the second original prediction value and the prediction compensation value.

[18]  As can be seen from the above technical solutions, in the embodiments of the present
application, the first original prediction value is determined based on the first unidirectional
motion information of the current block, the second original prediction value is determined based
on the second unidirectional motion information of the current block, the horizontal velocity and
the vertical velocity are determined based on the first original prediction value and the second
original prediction value, the prediction compensation value is acquired based on the horizontal
velocity and the vertical velocity, and the target prediction value is acquired based on the
prediction compensation value. By the above method, the target prediction value of the current
block or a sub-block of the current block can be acquired based on an optical flow method,
thereby improving the friendliness of hardware implementation, and bringing about an

improvement in encoding performance.
Brief Description of the Drawings

[19]  In order to more clearly describe the technical solutions of the embodiments of the

present application or of the prior art, drawings that need to be used in embodiments and the
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prior art will be briefly described below. Obviously, the drawings provided below are for only
some embodiments of the present application. Those skilled in the art can also obtain other

drawings based on these drawings without any creative efforts.

[20]  Fig. 1A is a schematic diagram of interpolation according to an embodiment of the

present application;

[21] Fig. 1B is a schematic diagram of a video encoding framework according to an

embodiment of the present application;

[22]  Fig. 2 is a flowchart of an encoding and decoding method according to an embodiment

of the present application;

[23]  Fig. 3 is a flowchart of an encoding and decoding method according to an embodiment

of the present application;

[24]  Fig. 4 is a schematic diagram of a reference block corresponding to a sub-block of a

current block according to an embodiment of the present application;

[25] Fig. 5 is a structural diagram of an encoding and decoding device according to an

embodiment of the present application;

[26]  Fig. 6 is a hardware structure diagram of a decoding device according to an embodiment

of the present application;

[27] Fig. 7 is a hardware structure diagram of an encoding device according to an

embodiment of the present application.

Detailed Description

[28]  The terms used in the embodiments of the present application are only for the purpose
of describing specific embodiments, and are not used to limit the present application. The
singular forms of "a/an", "the" and "said" used in the embodiments and claims of the present
application are intended to include plural forms, unless the context clearly indicates other

meanings. It should also be understood that the term "and/or" as used herein is meant to include
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any or all possible combinations of one or more associated listed items. It should be understood
that although the terms first, second, third, and the like may be used in the embodiments of the
present application to describe various information, the information should not be limited to
these terms. These terms are only used to distinguish the same type of information from each
other. For example, the first information may also be referred to as second information, and
similarly, the second information may also be referred to as first information without departing
from the scope of this application. In addition, the word "if" used can be interpreted as “in case

that...”, "when..." or "in response to determining..." depending on the context.

[29] Embodiments of the present application propose an encoding and decoding method,

apparatus, and device, which may involve the following concepts:

[30] Intra prediction and inter prediction technology: intra prediction refers to use pixels of
the encoded block of a current image to predict current pixels by using the spatial domain
correlation of a video, so as to remove the video time domain redundancy. Inter prediction refers
to use pixels of adjacent encoded image to predict pixels of a current image by using the time
domain correlation of a video since a video sequence contains a strong time domain correlation,
so as to effectively remove the video time domain redundancy. The inter prediction part of a
video encoding standard basically adopts block-based motion compensation technology. The
principle is to find the optimal matching block in a previously encoded image for each pixel

block of the current image. This process is called Motion Estimation (ME).

[31] Motion Vector (MV): in inter encoding, a motion vector can be used to represent the
relative displacement between the current encoding block and the optimal matching block in its
reference image. Each divided block has a corresponding motion vector that needs to be
transmitted to a decoding side. If the motion vector of each block is encoded and transmitted
independently, especially when divided into small-sized blocks, a considerable number of bits
will be consumed. In order to reduce the number of bits used to encode the motion vector, the
spatial correlation between adjacent image blocks can be used to predict the motion vector of the
current block to be encoded based on the motion vector of the adjacent encoded block, and then
the prediction difference can be encoded. In this way, the number of bits representing the motion
vector can be effectively reduced. In the process of encoding the motion vector of the current

block, the motion vector of the current block is firstly predicted by using the motion vector of
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adjacent encoded blocks, and then, the motion vector difference (MVD) between the motion
vector prediction (MVP) and the real estimated value of the motion vector is encoded, thereby

effectively reducing the number of encoding bits of the MV.

[32] Motion Information: since the motion vector represents the positional offset between a
current image block and a reference image block, in order to accurately acquire information
related to the image block, in addition to the motion vector, index information of a reference
frame image is also needed to indicate which reference frame image is used. In the video
encoding technology, a reference frame image list can usually be established for the current slice
of image, and the index information of the reference frame image indicates which reference
frame image in the reference frame image list is adopted by the current image block. In addition,
many encoding technologies also support multiple reference image lists. Therefore, an index
value, which may be referred to as a reference direction, may also be used to indicate which
reference image list is used. In the video encoding technology, motion-related information such
as a motion vector, a reference frame index, a reference direction may be collectively referred to

as motion information.

[33] Interpolation: if a current motion vector is a non-integer pixel precision motion vector,
the existing pixel value cannot be directly copied from the corresponding reference frame, and
the required pixel value is obtained through interpolation. As shown in Fig. 1A, if the pixel value
Y, with an offset of 1/2 pixel is desired, it is obtained by interpolating the surrounding existing
pixel values X. If an interpolation filter with N taps is adopted, it is obtained by interpolating N
surrounding integer pixels. If the number N of taps is 8, then Y2 = Des “kX", wherein a* is

the filter coefficient, i.e., the weighting coefficient.

[34] Motion compensation: the process of motion compensation is the process of acquiring

all prediction pixel values of the current block through interpolation or copying.

[35] Video encoding framework: referring to Fig. 1B, an encoding-side processing flow
based on the embodiment of the present application can be implemented by using the video
encoding framework. In addition, the schematic diagram of the video decoding framework is
similar to that in Fig. 1B, and will not be repeated herein. Moreover, a decoding-side processing

flow based on the embodiment of the present application can be implemented by using a video
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decoding framework. Specifically, the video encoding framework and the video decoding
framework include modules such as intra prediction, motion estimation/motion compensation,
reference image buffer, in-loop filtering, reconstruction, transform, quantization, inverse
transform, inverse quantization, entropy encoder. At the encoding side, the encoding-side
processing flow can be realized through the cooperation between these modules. At the decoding
side, the decoding-side processing flow can be realized through the cooperation between these

modules.

[36] In the traditional method, when the current block is a bidirectional block (i.e., the
current block is a block using bidirectional prediction). Normally, there is a mirror symmetry
relationship between the predicted images from two different directions. In the current encoding
framework, this feature is not fully utilized to further remove redundancy, resulting in problems
such as poor encoding performance. Based on the above findings, when the current block is a
bidirectional block, a prediction signal adjustment method based on an optical flow method is
proposed in the embodiment of the present application, the original prediction value can be
obtained based on the original motion information, and can be used to obtain the prediction
compensation value through an optical flow equation. The target prediction value of the current
block is obtained based on the prediction compensation value and the original prediction value.
By the above method, the target prediction value of the current block can be acquired based on
the optical flow method, thereby improving the friendliness of hardware implementation, and
bringing about an improvement in coding performance, i.e., the encoding performance and

encoding efficiency can be improved.

[37]  The encoding and decoding method in the embodiments of the present application will

be described in detail below in conjunction with several specific embodiments.

[38] Embodiment 1: Fig. 2 shows a schematic flow chart of an encoding and decoding
method, which can be applied to a decoding side or an encoding side. In the method, a current
block or a target prediction value of a sub-block of the current block is acquired by performing
the following steps. If the following steps are performed for the current block, the target
prediction value of the current block can be obtained. If the current block is divided into at least
one sub-block, and the following steps are performed for each sub-block of the current block, the

target prediction value of the sub-block of the current block can be acquired. The method



includes the followings.

[39]  Atstep 201, if characteristic information of the current block meets a specific condition,
a first original prediction value is determined based on first unidirectional motion information of
the current block, and a second original prediction value is determined based on second

unidirectional motion information of the current block.

[40] Exemplarily, the current block may be a bidirectional block, i.e., the current block is a
block using bidirectional prediction. In other words, the motion information for the current block
is bidirectional motion information, and this bidirectional motion information can include motion
information with two different directions. Such motion information with two different directions
is called first unidirectional motion information and second unidirectional motion information.
The first unidirectional motion information may correspond to a first reference frame, which is
located in front of the current slice where the current block is located. The second unidirectional
motion information may correspond to a second reference frame, which is located behind the

current slice where the current block is located.

[41]  Exemplarily, the characteristic information may include, but is not limited to, one or
more of a motion information attribute; a prediction mode attribute; size information;
sequence-level switch control information. Of course, the above are just a few examples, to
which the present application is not limited.

[42]  If the characteristic information includes the motion information attribute that meets at
least one of the following conditions, it is determined that the motion information attribute meets
a specific condition: 1. bidirectional prediction is used for the current block, and two reference
frames corresponding to the current block come from different directions; 2. the current block
includes multiple sub-blocks, and the motion information of the multiple sub-blocks is the same;
3. bidirectional prediction is used for the current block, and the weighing weights of the two
reference frames corresponding to the current block are the same; 4. bidirectional prediction is
used for the current block, and the two reference frames corresponding to the current block are at
the same distance from a current slice; 5. bidirectional prediction is used for the current block,
and the difference between the prediction values of the two reference frames corresponding to
the current block is less than a preset threshold. Of course, the above are just a few examples, to

which the present application is not limited.
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[43] For case 5, it is also necessary to acquire a difference between the prediction values of
the two reference frames corresponding to the current block. In order to acquire the difference,
the following methods can be adopted: acquiring a first prediction block from a first reference
frame based on the first unidirectional motion information of the current block, and acquiring a
second prediction block from a second reference frame based on the second unidirectional
motion information of the current block; acquiring the difference between the prediction values
of the first reference frame and the prediction value of the second reference frame based on the
SAD of a down-sampled prediction value of the first prediction block and a down-sampled
prediction value of the second prediction block; alternatively, acquiring a first prediction block
from the first reference frame based on the first unidirectional motion information of the current
block, and acquiring a second prediction block from the second reference frame based on the
second unidirectional motion information of the current block; acquiring the difference between
the prediction values of the first reference frame and the prediction value of the second reference
frame based on the SAD of the prediction value of the first prediction block and the prediction

value of the second prediction block.

[44]  If the characteristic information includes the prediction mode attribute indicating that a
Merge mode based on combined inter and intra prediction is not used and/or a symmetrical
motion vector difference mode is not used, it is determined that the prediction mode attribute

meets a specific condition.

[45]  If the characteristic information includes the sequence-level switch control information
indicating that it is allowed to use a bidirectional optical flow mode for the current block, it is

determined that the sequence-level switch control information meets a specific condition.

[46]  If the characteristic information includes the size information including at least one of a
width value, a height value, and an area value, it is determined that the size information meets a
specific condition when at least one of the width value, the height value, and the area value in the
size information satisfies a corresponding threshold condition. Exemplarily, when the size
information meets at least one of the following conditions, it is determined that the size
information meets a specific condition: the width value of the current block is greater than or
equal to a first threshold, and is less than or equal to a second threshold; the height value of the

current block is greater than or equal to a third threshold, and is less than or equal to a fourth



threshold; the area value of the current block is greater than or equal to a fifth threshold, and is
less than or equal to a sixth threshold. Of course, the above are just a few examples, to which the

present application is not limited.

[47]  Exemplarily, the first threshold may be less than the second threshold, and both the first
threshold and the second threshold are positive integer powers of 2. Both the first threshold and
the second threshold are not limited. For example, the first threshold may be 8, and the second
threshold may be 128. The third threshold may be less than the fourth threshold, and both the
third threshold and the fourth threshold are positive integer powers of 2. Both the third threshold
and the fourth threshold are not limited. For example, the third threshold may be 8, and the
fourth threshold may be 128. The fifth threshold may be less than the sixth threshold, and both
the fifth threshold and the sixth threshold are positive integer powers of 2. Both the fifth
threshold and the sixth threshold are not limited. For example, the fifth threshold may be 64 (that
is 8*8), and the sixth threshold can be 16384 (that is 128*128). Of course, the above thresholds

are only examples, and there is no limitation on these thresholds.

[48] Exemplarily, the characteristic information may include one or more of a motion
information attribute, a prediction mode attribute, size information, and sequence-level switch
control information. If the characteristic information includes the motion information attribute
and the motion information attribute meets a specific condition, it can be indicated that the
characteristic information meets a specific condition. If the characteristic information includes
the prediction mode attribute, and the prediction mode attribute meets a specific condition, it can
be indicated that the characteristic information meets a specific condition. If the characteristic
information includes the size information, and the size information meets a specific condition, it
can be indicated that the characteristic information meets a specific condition. If the
characteristic information includes the sequence-level switch control information, and the
sequence-level switch control information meets a specific condition, it can be indicated that the

characteristic information meets a specific condition.

[49]  If the characteristic information includes at least two of a motion information attribute, a
prediction mode attribute, size information, and sequence-level switch control information. For
example, the characteristic information including the motion information attribute and the

prediction mode attribute is taken as an example, it can be indicated that the characteristic
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information meets a specific condition when both the motion information attribute meets a
specific condition and the prediction mode attribute meets a specific condition. For another
example, the characteristic information including the motion information attribute, the size
information, and the sequence-level switch control information is taken as an example, it can be
indicated that the characteristic information meets a specific condition when the motion
information attribute meets a specific condition, the size information meets a specific condition,
and the sequence-level switch control information meets a specific condition respectively. Of
course, the above processes are just a few examples, to which the present application is not

limited.

[50] Exemplarily, determining a first original prediction value based on the first
unidirectional motion information of the current block and determining a second original
prediction value based on the second unidirectional motion information of the current block may
include, but is not limited to: determining a first reference block from the first reference frame,
and determining the first original prediction value of the first reference block based on the first
unidirectional motion information of the current block; wherein the first original prediction value
of the central area of the first reference block is obtained by interpolating the pixel value of a
pixel in the first reference frame, the first original prediction value of the edge area of the first
reference block is obtained by copying the pixel value of a pixel in the first reference frame;
determining the second reference block from the second reference frame based on the second
unidirectional motion information of the current block, and determining the second original
prediction value of the second reference block; wherein the second original prediction value of
the central area of the second reference block is obtained by interpolating the pixel value of a
pixel in the second reference frame, and the second original prediction value of the edge area of
the second reference block is obtained by copying the pixel value of a pixel in the second

reference frame.

[51]  For example, the first reference block corresponding to the current block can be
determined from the first reference frame based on the first unidirectional motion information of
the current block. Assuming that the size of the current block is M*M and the size of the first
reference block is N*N, N may be greater than M, for example, M is 4 and N is 6. The first

reference block can be divided into a central area and an edge area. The central area of the first
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reference block refers to an area with a size of M*M centered on the central point of the first
reference block; the edge area of the first reference block refers to the area other than the center
area in the first reference block. For the central area of the first reference block, the first original
prediction value of the central area of the first reference block is obtained by interpolating the
pixel value of a pixel in the first reference frame. For the edge area of the first reference block,
the first original prediction value of the edge area of the first reference block is obtained by

copying the pixel value of a pixel in the first reference frame.

[52]  The second reference block corresponding to the current block can be determined from
the second reference frame based on the second unidirectional motion information of the current
block. Assuming that the size of the current block is M*M and the size of the second reference
block is N*N, N may be greater than M, for example, M is 4 and N is 6. The second reference
block can be divided into a central area and an edge area. The central area of the second
reference block refers to an area with a size of M*M centered on the central point of the second
reference block, and the edge area of the second reference block refers to the area other than the
center area in the second reference block. For the central area of the second reference block, the
second original prediction value of the central area of the second reference block is obtained by
interpolating the pixel value of a pixel in the second reference frame. For the edge area of the
second reference block, the second original prediction value of the edge area of the second

reference block is obtained by copying the pixel value of a pixel in the second reference frame.

[53] Exemplarily, determining a first original prediction value based on the first
unidirectional motion information of the current block and determining a second original
prediction value based on the second unidirectional motion information of the current block may
include, but is not limited to: determining a first reference block from the first reference frame
based on the first unidirectional motion information of the current block, and determining the
first original prediction value of the first reference block, wherein the first original prediction
value is obtained by interpolating the pixel value of a pixel in the first reference frame;
determining the second reference block from the second reference frame based on the second
unidirectional motion information of the current block, and determining the second original
prediction value of the second reference block. The second original prediction value is obtained

by interpolating the pixel value of a pixel in the second reference frame. For example, the first
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reference block corresponding to the current block can be determined from the first reference
frame based on the first unidirectional motion information of the current block. Assuming that
the size of the current block is M*M, the size of the first reference block may be M*M. The
second reference block corresponding to the current block can be determined from the second
reference frame based on the second unidirectional motion information of the current block.

Assuming that the size of the current block is M*M, the size of the second reference block may

be M*M.

[54] At step 202, a horizontal velocity is determined based on the first original prediction

value and the second original prediction value.

[55] Exemplarily, the horizontal velocity refers to a horizontal direction (i.e., the X direction)
velocity of a sub-block, corresponding to the current block, in a reference frame (i.e., the
sub-block, located in the reference frame, corresponding to the current block). Or, it refers to a
horizontal direction (i.e., the X direction) velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame (i.e., the sub-block, located in the reference

frame, corresponding to the sub-block of the current block).

[56] Exemplarily, determining a horizontal velocity based on the first original prediction

value and the second original prediction value may include but is not limited to:

[57] Implementation 1: determining an autocorrelation coefficient S1 of a horizontal gradient
sum and a cross-correlation coefficient S3 between the difference of the time domain prediction
values and a horizontal gradient sum based on the first original prediction value and the second
original prediction value; and then, determining the horizontal velocity based on the
autocorrelation coefficient S1, the velocity threshold, the cross-correlation coefficient S3, a first

amplification factor and a second amplification factor.

[58] Implementation 2: if a first preset condition is met, determining a cross-correlation
coefficient S2 between the horizontal gradient sum and the vertical gradient sum, a
cross-correlation coefficient S6 between the difference of the time domain prediction values and
the vertical gradient sum based on the first original prediction value and the second original
prediction value; then determining the horizontal velocity based on the cross-correlation

coefficient S2, the velocity threshold, the cross-correlation coefficient S6, a first amplification
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factor and a second amplification factor; if the first preset condition is not met, determining an
autocorrelation coefficient S1 of a horizontal gradient sum and a cross-correlation coefficient S3
between the difference of the time domain prediction values and a horizontal gradient sum based
on the first original prediction value and the second original prediction value; and determining
the horizontal velocity based on the autocorrelation coefficient S1, the velocity threshold, the

cross-correlation coefficient S3, a first amplification factor and a second amplification factor.

[59] Exemplarily, a first preset condition is determined based on the cross-correlation

coefficient S2, an autocorrelation coefficient S5 of the vertical gradient sum.

[60] Implementation 3: if the second preset condition is met, determining an autocorrelation
coefficient S1 of the horizontal gradient sum, a cross-correlation coefficient S2 between the
horizontal gradient sum and the vertical gradient sum, a cross-correlation coefficient S3 between
the difference of the time domain prediction values and the horizontal gradient sum, an
autocorrelation coefficient S5 of the vertical gradient sum, a cross-correlation coefficient S6
between the difference of the time domain prediction values and the vertical gradient sum based
on the first original prediction value and the second original prediction value; determining the
horizontal velocity based on the autocorrelation coefficient S1, the cross-correlation coefficient
S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, the cross-correlation
coefficient S6, the velocity threshold, a first amplification factor and a second amplification
factor; if the second preset condition is not met, determining an autocorrelation coefficient S1 of
a horizontal gradient sum and a cross-correlation coefficient S3 between the difference of the
time domain prediction values and a horizontal gradient sum based on the first original
prediction value and the second original prediction value; and determining the horizontal
velocity based on the autocorrelation coefficient S1, the velocity threshold, the cross-correlation

coefficient S3, the first amplification factor and the second amplification factor.

[61] Exemplarily, a second preset condition is determined based on the cross-correlation

coefficient S2, the autocorrelation coefficient S5.

[62]  Atstep 203: a vertical velocity is determined based on the first original prediction value

and the second original prediction value.

[63] Exemplarily, the vertical velocity refers to the vertical direction (i.e., the Y direction)



—16—
velocity of the sub-block, corresponding to the current block, in the reference frame (i.e., the
sub-block, located in the reference frame, corresponding to the current block). Or, it refers to the
vertical direction (i.e., the Y direction) velocity of the sub-block corresponding to the sub-block
of the current block in the reference frame (i.e., the sub-block, located in the reference frame,

corresponding to the sub-block of the current block).

[64] Exemplarily, determining a vertical velocity based on the first original prediction value

and the second original prediction value may include but is not limited to:

[65] Implementation 1: determining a cross-correlation coefficient S2 between the horizontal
gradient sum and the vertical gradient sum, an autocorrelation coefficient S5 of the vertical
gradient sum, a cross-correlation coefficient S6 between the difference of the time domain
prediction values and the vertical gradient sum based on the first original prediction value and
the second original prediction value; and then, determining the vertical velocity based on the
cross-correlation coefficient S2, the autocorrelation coefficient S5, the cross-correlation
coefficient S6, the velocity threshold, the horizontal velocity, a first amplification factor, and a

second amplification factor.

[66] Implementation 2: acquiring an untruncated horizontal velocity without truncation
processing based on the first original prediction value and the second original prediction value,

and determining the vertical velocity based on the untruncated horizontal velocity.

[67] Exemplarily, an autocorrelation coefficient S1 of the horizontal gradient sum, a
cross-correlation coefficient S2 between the horizontal gradient sum and the vertical gradient
sum, a cross-correlation coefficient S3 between the difference of the time domain prediction
values and the horizontal gradient sum, an autocorrelation coefficient S5 of the vertical gradient
sum, a cross-correlation coefficient S6 between the difference of the time domain prediction
values and the vertical gradient sum can be determined based on the first original prediction
value and the second original prediction value can be determined. Then, the untruncated
horizontal velocity can be determined based on the autocorrelation coefficient S1, the
cross-correlation coefficient S3, a first amplification factor and a second amplification factor,
and the vertical velocity can be determined based on the cross-correlation coefficient S2, the

autocorrelation coefficient S5, the cross-correlation coefficient S6, the velocity threshold, the



untruncated horizontal velocity, the first amplification factor, and the second amplification factor.

[68] Implementation 3: if a third preset condition is met, determining an autocorrelation
coefficient S5 of the vertical gradient sum, a cross-correlation coefficient S6 between the
difference of the time domain prediction values and the vertical gradient sum based on the first
original prediction value and the second original prediction value; and then, determining the
vertical velocity based on the autocorrelation coefficient S5, the cross-correlation coefficient S6,
the velocity threshold, a first amplification factor and a second amplification factor; if the third
preset condition is not met, determining a cross-correlation coefficient S2 between the horizontal
gradient sum and the vertical gradient sum, an autocorrelation coefficient S5 of the vertical
gradient sum, a cross-correlation coefficient S6 between the difference of the time domain
prediction values and the vertical gradient sum based on the first original prediction value and
the second original prediction value; then, determining the vertical velocity based on the
cross-correlation coefficient S2, the autocorrelation coefficient S5, the cross-correlation
coefficient S6, the velocity threshold, the horizontal velocity, the first amplification factor, and

the second amplification factor.

[69] Exemplarily, the third preset condition can be determined based on the horizontal

velocity.

[70] At step 202 and step 203, the horizontal gradient sum, the vertical gradient sum, and the
difference of the time domain prediction values can be determined based on the first original
prediction value, the second original prediction value, the first amplification factor, and the
second amplification factor. The autocorrelation coefficient S1 of the horizontal gradient sum,
the cross-correlation coefficient S2 between the horizontal gradient sum and the vertical gradient
sum, the cross-correlation coefficient S3 between the difference of the time domain prediction
values and the horizontal gradient sum, the autocorrelation coefficient S5 of the vertical gradient
sum, the cross-correlation coefficient S6 between the difference of the time domain prediction
values and the vertical gradient sum can be determined based on the horizontal gradient sum, the

vertical gradient sum, the difference of the time domain prediction values.

[71]  Exemplarily, the cross-correlation coefficient S2 may be located between a first

cross-correlation coefficient threshold and a second cross-correlation coefficient threshold, and



the cross-correlation coefficient S6 may be located between a third cross-correlation coefficient

threshold and a fourth cross-correlation coefficient threshold.

[72]  For example, if the cross-correlation coefficient S2 obtained based on the first original
prediction value, the second original prediction value, the first amplification factor, and the
second amplification factor is less than the first cross-correlation coefficient threshold, the
cross-correlation coefficient S2 is updated to the first cross-correlation coefficient threshold. If
the cross-correlation coefficient S2 obtained based on the first original prediction value, the
second original prediction value, the first amplification factor, and the second amplification
factor is greater than the second cross-correlation coefficient threshold, the cross-correlation
coefficient S2 is updated to the second cross-correlation coefficient threshold. If the
cross-correlation coefficient S2 obtained based on the first original prediction value, the second
original prediction value, the first amplification factor, and the second amplification factor is
greater than or equal to the first cross-correlation coefficient threshold, and is less than or equal
to the second cross-correlation coefficient threshold, the cross-correlation coefficient S2 is kept

unchanged.

[73] If the cross-correlation coefficient S6 obtained based on the first original prediction
value, the second original prediction value, the first amplification factor, and the second
amplification factor is less than the third cross-correlation coefficient threshold, the
cross-correlation coefficient S6 is updated to the third cross-correlation coefficient threshold. If
the cross-correlation coefficient S6 obtained based on the first original prediction value, the
second original prediction value, the first amplification factor, and the second amplification
factor is greater than the fourth cross-correlation coefficient threshold, the cross-correlation
coefficient S6 is updated to the fourth cross-correlation coefficient threshold. If the
cross-correlation coefficient S6 obtained based on the first original prediction value, the second
original prediction value, the first amplification factor, and the second amplification factor is
greater than or equal to the third cross-correlation coefficient threshold, and is less than or equal
to the fourth cross-correlation coefficient threshold, the cross-correlation coefficient S6 is kept

unchanged.

[74]  Exemplarily, the first amplification factor may be the smaller of 5 and (BD-7), or the

larger of 1 and (BD-11). Of course, the above is only an example of the first amplification factor,



to which the present application is not limited and which can be configured according to

experience.

[75]  Exemplarily, the second amplification factor may be the smaller of 8 and (BD-4), or the
larger of 4 and (BD-8). Of course, the above is only an example of the second amplification
factor, to which the present application is not limited and which can be configured according to

experience.

[76]  Exemplarily, the velocity threshold may be M powers of 2, and M is the difference
between 13 and BD, or the larger of 5 and (BD-7). Of course, the above is only an example of
the velocity threshold, to which the present application is not limited and which can be

configured according to experience.

[77]  Exemplarily, BD (bit depth) is the bit depth, which represents the bit width required for

each chroma or luminance pixel value.

[78] At step 204, a prediction compensation value is acquired based on the horizontal

velocity and the vertical velocity.

[79] Exemplarily, acquiring a prediction compensation value based on the horizontal velocity
and the vertical velocity may include but is not limited to: determining a horizontal gradient and
a vertical gradient based on the first original prediction value, the second original prediction
value and a gradient right-shift bit number, and acquiring a prediction compensation value based

on the horizontal velocity, the vertical velocity, the horizontal gradient and the vertical gradient.

[80]  Exemplarily, a gradient right-shift bit number may be the larger of 2 and (14-BD), or the
larger of 6 and (BD-6). Of course, the above is only an example of the gradient right-shift bit
number, to which the present application is not limited and which can be configured according to

experience.

[81] At step 205, a target prediction value is acquired based on the first original prediction

value, the second original prediction value and the prediction compensation value.

[82]  Exemplarily, when the above method is used to acquire the target prediction value of the
current block, if the characteristic information of the current block meets a specific condition, a

first original prediction value for the current block is determined based on first unidirectional
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motion information of the current block, and a second original prediction value for the current
block is determined based on second unidirectional motion information of the current block. The
horizontal velocity for the current block is determined based on the first original prediction value
and the second original prediction value, and the vertical velocity for the current block is
determined based on the first original prediction value and the second original prediction value.
Then, the prediction compensation value for the current block is acquired based on the horizontal
velocity and the vertical velocity, and the target prediction value for the current block is acquired
based on the first original prediction value, the second original prediction value and the
prediction compensation value. So far, the target prediction value for the current block is

acquired successfully .

[83]  Exemplarily, when the current block is divided into at least one sub-block and the above
method is used to acquire a target prediction value of each sub-block of the current block, if the
characteristic information of the current block meets a specific condition, then for each
sub-block of the current block, the first original prediction value for the sub-block is determined
based on the first unidirectional motion information of the sub-block (which is the same as the
first unidirectional motion information of the current block) , and the second original prediction
value for the sub-block is determined based on the second unidirectional motion information of
the sub-block (which is the same as the second unidirectional motion information of the current
block). The horizontal velocity for the sub-block is determined based on the first original
prediction value and the second original prediction value, and the vertical velocity for the
sub-block is determined based on the first original prediction value and the second original
prediction value. Then, the prediction compensation value for the sub-block is acquired based on
the horizontal velocity and the vertical velocity, and the target prediction value for the sub-block
is acquired based on the first original prediction value, the second original prediction value and

the prediction compensation value.

[84]  So far, the target prediction value for the sub-block is acquired successfully. In fact, the
target prediction value of the current block is obtained after the target prediction value of each

sub-block of the current block is obtained.

[85]  As can be seen from the above technical solutions, in the embodiments of the present

application, the first original prediction value can be determined based on the first unidirectional
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motion information of the current block; the second original prediction value can be determined
based on the second unidirectional motion information of the current block; the horizontal
velocity and the vertical velocity can be determined based on the first original prediction value
and the second original prediction value; the prediction compensation value can be acquired
based on the horizontal velocity and the vertical velocity, and the target prediction value can be
acquired based on the prediction compensation value. By the above method, the current block or
a target prediction value of a sub-block of the current block can be acquired based on the optical
flow method, thereby improving the friendliness of hardware implementation, and bringing

about an improvement in encoding performance.

[86] Embodiment 2: an embodiment of the present application proposes an encoding and
decoding method, which can be applied to a decoding side or a encoding side. Refer to Fig. 3,
which is a schematic flowchart of the encoding and decoding method. Exemplarily, if the
characteristic information of the current block meets a specific condition, the following steps
may be performed for each sub-block of the current block to acquire the target prediction value

of each sub-block of the current block.

[87] At step 301, if the characteristic information of the current block meets a specific
condition, the first original prediction value of a sub-block is determined based on the first
unidirectional motion information of the current block (i.e., the first unidirectional motion
information of the sub-block of the current block), and the second original prediction value of
the sub-block is determined based on the second unidirectional motion information of the current

block (i.e., the second unidirectional motion information of the sub-block of the current block).

[88]  Exemplarily, if the current block is a bidirectional block (i.e., the current block is a
block using bidirectional prediction), the bidirectional motion information of the current block
can be acquired, and there is no limitation on the acquiring method. This bidirectional motion
information includes motion information in two different directions, The two motion information
in two different directions is called the first unidirectional motion information (such as a first
motion vector and a first reference frame index) and the second unidirectional motion
information (such as a second motion vector and a second reference frame index). The first
reference frame (such as reference frame 0) can be determined based on the first unidirectional

motion information, and is located in front of the current slice where the current block is located.



The second reference frame (such as reference frame 1) can be determined based on the second
unidirectional motion information, and is located behind the current slice where the current block

1s located;

[89] Exemplarily, for each sub-block of the current block, the first unidirectional motion
information of the sub-block is the same as the first unidirectional motion information of the
current block, the second unidirectional motion information of the sub-block is the same as the

second unidirectional motion information of the current block.

[90] Exemplarily, the characteristic information may include one or more of a motion
information attribute, a prediction mode attribute, size information, and sequence-level switch
control information. Regarding the characteristic information meeting a specific condition, refer

to step 201, which will not be repeated here.

[91]  Exemplarily, determining a first original prediction value of the sub-block based on the
first unidirectional motion information of the current block and determining a second original
prediction value of the sub-block based on the second unidirectional motion information of the
current block may include: determining a first reference block corresponding to the sub-block of
the current block from the first reference frame based on the first unidirectional motion
information of the current block, and determining the first original prediction value 1©@(x,y) of
the first reference block; determining the second reference block corresponding to the sub-block
of the current block from the second reference frame based on the second unidirectional motion
information of the current block, and determining the second original prediction value 1@ (x,y)
of the second reference block. Regarding the determination method of the first original
prediction value and the second original prediction value, reference can be made to step 201,

which is not repeated here.

[92] At step 302, a horizontal gradient sum, a vertical gradient sum, and a difference of time
domain prediction values are determined based on the first original prediction value and the
second original prediction value of the sub-block. For example, the horizontal gradient sum, the
vertical gradient sum, and the difference of the time domain prediction values are determined
based on the first original prediction value of the sub-block, the second original prediction value

of the sub-block, a first amplification factor, and a second amplification factor.
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[93] At step 303, the autocorrelation coefficient S1 of the horizontal gradient sum
(hereinafter referred to as the autocorrelation coefficient S1), the cross-correlation coefficient S2
between the horizontal gradient sum and the vertical gradient sum (hereinafter referred to as the
cross-correlation coefficient S2), the cross-correlation coefficient S3 between the difference of
the time domain prediction values and the horizontal gradient sum (hereinafter referred to as the
cross-correlation coefficient S3), the autocorrelation coefficient S5 of the vertical gradient sum
(hereinafter referred to as the autocorrelation coefficient S5), and the cross-correlation
coefficient S6 between the difference of the time domain prediction values and the vertical
gradient sum (hereinafter referred to as the cross-correlation coefficient S6) are determined based
on the horizontal gradient sum, the vertical gradient sum, and the difference of the time domain

prediction values.

[94] At step 304, the horizontal velocity of the sub-block, corresponding to the sub-block of
the current block, in the reference frame is determined based on one or more of the
autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation

coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[95] At step 305, the vertical velocity of the sub-block, corresponding to the sub-block of the
current block, in the reference frame is determined based on one or more of the autocorrelation
coefficient S1, the cross-correlation coefficient S2, the cross-correlation coefficient S3, the

autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[96] At step 306, a prediction compensation value of the sub-block of the current block is

acquired based on the horizontal velocity and the vertical velocity.

[97] At step 307: the target prediction of the sub-block of the current block is acquired based
on the first original prediction value of the sub-block of the current block, the second original
prediction value of the sub-block of the current block, and the prediction compensation value of

the sub-block of the current block.

[98]  Exemplarily, reference can be made to Embodiment 1for the flow of step 301 to step

307, which will not be repeated here.

[99] Embodiment 3: the encoding/decoding side needs to determine whether the

characteristic information of the current block meets a specific condition. If so, the technical
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solution of the embodiment in the present application is adopted to acquire the target prediction
value of the current block or a sub-block of the current block. This technical solution may also be
referred to as a bidirectional optical flow mode. If not, there is no need to adopt the target

prediction value acquisition method proposed in this application.

[100] If the characteristic information at least meets the following conditions at the same time,
it is determined that the characteristic information of the current block meets a specific

condition.

[101] The bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[102] The size information (such as the width value, height value, area value, etc.) of the

current block is within a limited range.

[103] Example 4: If the characteristic information at least meets the following conditions at
the same time, it is determined that the characteristic information of the current block meets a

specific condition.

[104] Bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[105] The size information (such as the width value, height value, area value) of the current

block is within a limited range.

[106] The current block includes multiple sub-blocks, and the motion information of the
multiple sub-blocks is the same, i.e., the motion information of each sub-block of the current
block can be exactly the same, i.e., a sub-block motion information mode is not used for the

current block.

[107] Exemplarily, not using the sub-block motion information mode for the current block

may include: not using an Affine mode or an SBTMVP mode for the current block. Wherein, the
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Affine mode is mode using an affine motion model, and the SBTMVP (sub-block-based
temporal motion vector prediction) mode is a mode for acquiring motion information of the
entire block in the time domain. If the Affine mode or the SBTMVP mode is used for the current
block, the motion information of each sub-block within the current block is likely to be different.

Therefore, the Affine mode or the SBTMVP mode may be not used for the current block.

[108] Embodiment 5: If the characteristic information at least meets the following conditions
at the same time, it is determined that the characteristic information of the current block meets a

specific condition.

[109] Bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[110] The size information (such as the width value, height value, area value) of the current

block is within a limited range.

[111] The current block includes multiple sub-blocks, and the motion information of the
multiple sub-blocks is the same, i.e., the motion information of each sub-block of the current
block can be exactly the same, i.e., the sub-block motion information mode is not used for the

current block.

[112] Bidirectional prediction is used for the current block, and the weighing weights of the

two reference frames corresponding to the current block are the same.

[113] Embodiment 6: If the characteristic information at least meets the following conditions
at the same time, it is determined that the characteristic information of the current block meets a

specific condition.

[114] Bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[115] The size information (such as the width value, height value, area value) of the current



block is within a limited range.

[116] The current block includes multiple sub-blocks, and the motion information of the
multiple sub-blocks is the same, i.e., the motion information of each sub-block of the current
block can be exactly the same, i.e., the sub-block motion information mode is not used for the

current block.

[117] Bidirectional prediction is used for the current block, and the weighing weights of the

two reference frames corresponding to the current block are the same;

[118] CIP mode (combined inter-picture merge and intra-picture prediction) is not used for

the current block.

[119] Embodiment 7: If the characteristic information at least meets the following conditions
at the same time, it is determined that the characteristic information of the current block meets a

specific condition.

[120] Bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[121] The size information (such as the width value, height value, area value) of the current

block is within a limited range.

[122] The current block includes multiple sub-blocks, and the motion information of the
multiple sub-blocks is the same, i.e., the motion information of each sub-block of the current
block can be exactly the same, i.e., the sub-block motion information mode is not used for the

current block.

[123] Bidirectional prediction is used for the current block, and the weighing weights of the

two reference frames corresponding to the current block are the same;

[124] SMVD (Symmetric Motion Vector Difference) mode is not used for the current block.
The two MVDs in the bidirectional motion information in the SMVD mode are symmetric, i.e.,

only one motion vector difference MVD needs to be encoded, and the other one is -MVD.



[125] Embodiment 8: if the characteristic information at least meets the following conditions
at the same time, it is determined that the characteristic information of the current block meets a

specific condition.

[126] The sequence-level switch control information indicates that it is allowed to use a
bidirectional optical flow mode for the current block. In other words, the sequence-level control
allows the bidirectional optical flow mode to be enabled, i.e., the sequence-level control switch
is on, which means that it is allowed to use a bidirectional optical flow mode for the current

block;

[127] Bidirectional prediction is used for the current block, and the two reference frames
corresponding to the current block come from different directions, i.e., one reference frame
corresponding to the current block is located in front of the current slice, and the other reference

frame corresponding to the current block is located behind the current slice.

[128] The size information of the current block (such as the width value, height value, area

value) is within a limited range.

[129] The current block includes multiple sub-blocks, and the motion information of the
multiple sub-blocks is the same, i.e., the motion information of each sub-block of the current
block can be exactly the same, i.e., the sub-block motion information mode is not used for the

current block.

[130] Bidirectional prediction is used for the current block, and the weighing weights of the

two reference frames corresponding to the current block are the same.

[131] Embodiment 9: a condition "bidirectional prediction is used for the current block, and
the two reference frames corresponding to the current block come from different directions" in
any one of the above Embodiment 3 to Embodiment 8 is modified to "bidirectional prediction is
used for the current block, and the two reference frames corresponding to the current block come
from different directions, and the two reference frames corresponding to the current block are at

the same distance from the current slice".

[132] For example, if the display sequence number of the current slice is POC, and the display

sequence numbers of the two reference frames corresponding to the current block are POCO and



POCI1 respectively, the two reference frames come from different directions, which is equivalent
to (POC-POCO)* (POC-POC1)<0, the distances between the two reference frames and the
current slice are the same, which is equivalent to the value of (POC-POCO0) equal to the value of

(POC1-POC).

[133] Embodiment 10: if the characteristic information meets at least the following conditions,
it is determined that the characteristic information of the current block meets a specific

condition.

[134] The sequence-level switch control information indicates that it is allowed to use a
bidirectional optical flow mode for the current block. In other words, the sequence-level control
allows the bidirectional optical flow mode to be enabled, i.e., the sequence-level control switch

is on, which means that it is allowed to adopt a bidirectional optical flow mode for the current

block.

[135] Embodiment 11: if the characteristic information meets at least the following conditions,
it is determined that the characteristic information of the current block meets a specific

condition.

[136] Bidirectional prediction is used for the current block, and the difference between the
prediction values of the two reference frames corresponding to the current block may be less
than the preset threshold TH SAD. Exemplarily, the following method may be adopted to
acquire the difference between the prediction values of the two reference frames corresponding

to the current block.

[137] Implementation 1: a first prediction block corresponding to the sub-block of the current
block from the first reference frame is acquired based on the first unidirectional motion
information of the current block, a second prediction block corresponding to the sub-block of the
current block from the second reference frame is acquired based on the second unidirectional
motion information of the current block, and the difference between the prediction values of the
first reference frame and the second reference frame is acquired based on the SAD (Sum of
Absolute Difference) of the prediction value of the first prediction block and the prediction value

of the second prediction block.

[138] In Implementation 1, the difference between the prediction values is the SAD of the
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prediction value (hereinafter referred to as pred0) of the first prediction block and the prediction
value (hereinafter referred to as pred1) of the second prediction, i.e., the SAD of pred0 and pred1
for all pixels. For example, the difference between the prediction values of the first reference
frame and the second reference frame can be determined by the following formula. In this
formula, predy(i,j) is the prediction value of predO in the i-th column and j-th row of predo,
pred,(i,j) 1s the prediction value of predl in the i-th column and j-th row of predl, n is the total
number of pixels, abs(x) represents the absolute value of x, H represents the height value, and W

represents the width value.

H w
cost = Z Z abs(predy(i,j) — pred,(i,j))
i=14=j

[139] Implementation 2: a first prediction block corresponding to the sub-block of the current
block from the first reference frame is acquired based on the first unidirectional motion
information of the current block, and a second prediction block corresponding to the sub-block
of the current block from the second reference frame is acquired based on the second
unidirectional motion information of the current block. The difference between the prediction
values of the first reference frame and the second reference frame is acquired based on the SAD
between the down-sampled prediction value of the first prediction block (i.e., the prediction
value obtained after down-sampling the prediction value of the first prediction block) and the
down-sampled prediction value of the second prediction block (i.e., the prediction value obtained
after down-sampling the prediction value of the second prediction block).

[140] In implementation 2, the difference between the prediction values is the SAD between
the prediction value (hereinafter referred to as pred0) of the first prediction block after
down-sampled N times and the prediction value (hereinafter referred to as predl) of the second
prediction block after down-sampled N times. For example, the difference between the
prediction values of the first reference frame and the second reference frame can be determined
by the following formula. In this formula, pred,(i,j) is the prediction value of pred0 in the i-th
column and j-th row of pred0, pred,(i,j) is the prediction value of predl in the i-th column and
j-th row of predl, n is the total number of pixels, abs(x) represents the absolute value of x, H

represents the height value, and W represents the width value, N is a positive integer, preferably

2.
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[141] Embodiment 12: In the above embodiment, the size information of the current block is

within a limited range, which can be one of the following cases.

[142] Case 1: the width value of the current block is within the range of a first interval [Wmin,
Wmax]; the height of the current block is within the range of a second interval [Hmin, Hmax];
Wmin, Wmax, Hmin, Hmax are all positive integer powers of 2; for example, Wmin is 8§, Wmax

i1s 128, Hmin is 8, Hmax is 128.

[143] The area value of the current block is within the range of a third interval [Smin, Smax];
Smin and Smax are both positive integer powers of 2; for example, Smin is 64 and Smax is

128*128=16384.

[144] In the above embodiment, [a, b] means that it is greater than or equal to a and less than

or equal to b.

[145] Case 2: the width value of the current block is within the range of the first interval
[Wmin, Wmax]; Wmin and Wmax are both positive integer powers of 2; for example, Wmin is 8§,

Wmax is 128.

[146] Case 3: the height value of the current block is within the range of the second interval
[Hmin, Hmax]; Hmin and Hmax are both positive integer powers of 2; for example, Hmin is 8,

Hmax is 128.

[147] Exemplarily, if any of the following conditions is met, the weights of the two reference

frames corresponding to the current block are the same:
[148] condition 1: a method that allows different weights is not used for the current block;

[149] condition 2: a method with different weights is allowed for the current block, for
example enabling a block-level weighted prediction method BCW (Bi-prediction with CU based

weighting), and the two weights of the current block are exactly the same;

[150] condition 3: a method with different weights is not used for the current slice where the

current block is located;



[151] condition 4: a method with different weights is allowed for the current slice where the
current block is located, e.g., enabling a frame-level weighted prediction method, and the two

weights of the current slice are exactly the same.

[152] Embodiment 13: the encoding/decoding side needs to determine the first original
prediction value of the sub-block based on the first unidirectional motion information of the
current block, and determine the second original prediction value of the sub-block based on the
second unidirectional motion information of the current block. For example, the first reference
block corresponding to the sub-block of the current block is determined from the first reference
frame based on the first unidirectional motion information of the current block, and the first
original prediction value 1©(x,y) of the first reference block is determined. The second
reference block corresponding to the sub-block of the current block from the second reference
frame is determined based on the second unidirectional motion information of the current block,

and the second original prediction value 1™(x,y) of the second reference block is determined.

[153] For example, a first reference block is determined from the first reference frame based
on the first unidirectional motion information of the current block, and the first original
prediction value 1®(x,y) of the first reference block is determined. The first original prediction
value 1©@(x,y) of the central area of the first reference block is obtained by interpolating the
pixel value of a pixel in the first reference frame. The first original prediction value 1®(x,y) of
the edge area of the first reference block is obtained by copying the pixel value of a pixel in the
first reference frame. The second reference block is determined from the second reference frame
based on the second unidirectional motion information of the current block, and the second
original prediction value 1®@(x,y) of the second reference block is determined. The second
original prediction value W (x,y) of the central area of the second reference block is obtained by
interpolating the pixel value of a pixel in the second reference frame. The second original
prediction value 1@ (x,y) of the edge area of the second reference block is obtained by copying

the pixel value of a pixel in the second reference frame.

[154] Refer to Fig. 4, assuming that the size of the sub-block is 4*4, and the size of the first
reference block is 6*6, the central area of the first reference block refers to an area with a size of
4*4 centered on the central point of the first reference block, the first original prediction value of

the central area of the first reference block is obtained by interpolating the pixel value of a pixel
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in the first reference frame, which will not be repeated here. The edge area of the first reference
block refers to the area other than the central area in the first reference block (i.e., the area with 1
row and 1 column at the upper, lower, left, and right portions respectively, except the central
area). The first original prediction value of the edge area of the first reference block is obtained
by copying the pixel value of a pixel in the first reference frame. As shown in Fig. 4, the pixel
values of the pixels in the first reference frame are copied to the edge area of the first reference
block. Obviously, Fig. 4 is only an example, and the pixel values of other pixels can also be used

for copying.

[155] Obviously, in the above method, for the edge area of the first reference block, it can be
acquired by copying the nearest integer pixel value of a pixel in the first reference frame to avoid

additional interpolation process and indirectly avoid accessing additional reference pixels.

[156] Regarding the second original prediction value of the central area of the second
reference block and the second original prediction value of the edge area of the second reference
block, the process of acquiring the second original prediction value can refer to the process of

acquiring the first original prediction value, which will not be repeated here.

[157] For example, a first reference block is determined from the first reference frame based
on the first unidirectional motion information of the current block, and the first original
prediction value of the first reference block is determined. The first original prediction value of
the first reference block is all obtained by interpolating the pixel value of a pixel in the first
reference frame. The second reference block is determined from the second reference frame
based on the second unidirectional motion information of the current block, and the second
original prediction value of the second reference block is determined. The second original
prediction value of the second reference block is obtained by interpolating the pixel value of a
pixel in the second reference frame. For example, assume that the size of the sub-block is 4*4,
the size of the first reference block is 4*4, and the size of the second reference block is 4*4. The
first original prediction value of all areas of the first reference block is obtained by interpolating
the pixel value of a pixel in the first reference frame. The first original prediction value of all
areas of the second reference block is obtained by interpolating the pixel value of a pixel in the

first reference frame.
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[158] Embodiment 14: After acquiring the first original prediction value of the sub-block and
the second original prediction value of the sub-block, the encoding/decoding side determines the
horizontal gradient sum, the vertical gradient sum, and the difference of the time domain
prediction values based on the first original prediction value and the second original prediction
value of the sub-block. For example, the horizontal gradient sum, the vertical gradient sum, and
the difference of the time domain prediction values are determined based on the first original
prediction value of the sub-block, the second original prediction value of the sub-block, the first
amplification factor, and the second amplification factor. For example, the horizontal gradient
sum is determined by formula (1), the vertical gradient sum is determined by formula (2), and

the difference of time domain prediction values is determined by formula (3):

L a1 are
P (i) = (;—x @)+ ;—x(t.J)) > g (1)
b o I e o o ) s
Py (i )) = (;—y %) +;—y(w)) > ng 2)
0, /) = (1Y) »np) — (DG »ny) 3)
. 1® (x,y) . . 1MW (x,y) .
[159] Exemplarily, = ** represents the horizontal gradient, 6—yy represents the vertical

gradient. The following parameters in formula (1) to formula (3) can be determined by formulas
@ and (5): 2269, 226G, 226 and S2G).

0x

k)
226 = (106+ 1)~ 196G~ 1)) »shiftl @

)
[160] v.(.j) represents the horizontal gradient sum, ,(i,j) represents the vertical gradient

sum, and 4(i,j) is the difference of the time domain prediction values.

[161] 1©(xy) represents the first original prediction value of the sub-block, and W (x,y)
represents the second original prediction value of the sub-block. Assuming that the size of the
sub-block is 4*4, see the Embodiment 13, 1©®(x,y) is the first original prediction value of the
first reference block with a size of 4*4 or the first original prediction value of the first reference
block with a size of 6*%6; 1@ (x,y) is the second original prediction value of the second reference

block with a size of 4*4 or the second original prediction value of the second reference block
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with a size of 6*6. For example, 1©@(x,y) is the first original prediction value of the first
reference block with a size of 4*4, 1®W(x,y) is the second original prediction value of the second
reference block with a size of 4*4. 1% (;,j) represents the pixel value of a pixel at coordinates
(i,j). For example, 1, j) represents the pixel value of a pixel at coordinates (i,j) in the first
reference block, which corresponds to the first original prediction value of the sub-block; 1™, )
represents the pixel value of a pixel at coordinates (i,j) in the second reference block, which

corresponds to the second original prediction value of the sub-block.

[162] n, may represent the first amplification factor, the first amplification factor n, may be

the smaller of 5 and (BD-7), or the larger of 1 and (BD-11). n, may represent the second
amplification factor, the second amplification factor n, may be the smaller of 8 and (BD-4), or
the larger of 4 and (BD-8). shift1 may represent the gradient right-shift bit number, the gradient
right-shift bit number shift1 may be the larger of 2 and (14-BD), or the larger of 6 and (BD-6).

[163] > means right-shift. For example, >>n, means right-shift by n»,, i.e., divided by the n,
powers of 2. >n, means right-shift by n,, i.e., divided by the n, powers of 2. >>shift1 means

right-shift by shift1, i.e., divided by the shift1 powers of 2.

[164] BD (bit depth) may be a bit depth, which may represent the bit width required for each
chroma or luminance pixel value. For example, BD may be 10 or 8. Normally, BD may be a

known value.

[165] Embodiment 15: after obtaining the horizontal gradient sum, vertical gradient sum, and
the difference of the time domain prediction values, the encoding/decoding side can also
determine the autocorrelation coefficient S1 of the horizontal gradient sum (hereinafter referred
to as the autocorrelation coefficient S1), the cross-correlation coefficient S2 between the
horizontal gradient sum and the vertical gradient sum (hereinafter referred to as the
cross-correlation coefficient S2), the cross-correlation coefficient S3 between the difference of
the time domain prediction values and the horizontal gradient sum (hereinafter referred to as the
cross-correlation coefficient S3), the autocorrelation coefficient S5 of the vertical gradient sum
(hereinafter referred to as the autocorrelation coefficient S5), and the cross-correlation
coefficient S6 between the difference of the time domain prediction values and the vertical

gradient sum (hereinafter referred to as the cross-correlation coefficient S6) based on the
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horizontal gradient sum, the vertical gradient sum, and the difference of the time domain
prediction values. For example, the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the

cross-correlation coefficient S6 can be determined by the following formulas.

S1 = 2 peax (@) - (i )) (6)
Sy = ZapeaW @) -y () ™
Sz = Zapeal @) -, ) (8)
S5 = Zapeay @) iy (.j) 9
Se = X pea 0.7} -y (L)) (10)

[166] wy.(i,j) represents the horizontal gradient sum, y,(i,j) represents the vertical gradient

sum, and 6(,j)is the difference of the time domain prediction values.

[167] Assuming that the size of the sub-block is 4*4, o represents a window corresponding
to the 4*4 sub-block, or @ represents the 6*6 window around the 4*4 sub-block. For each
coordinate point (i) in Q, ¥, ¥,(Gj) and 6@, ) can be determined through the
above-mentioned embodiments first, and then, S1, S2, S3, S5, S6 can be determined based on

e (i,)) ), ¥,(i,j) and 6G,)).

[168] Embodiment 16: after obtaining the cross-correlation coefficient S2 and the
cross-correlation coefficient S6, the cross-correlation coefficient S2 can be limited between the
first cross-correlation coefficient threshold and the second cross-correlation coefficient threshold.
For example, if the cross-correlation coefficient S2 is less than the first cross-correlation
coefficient threshold, the cross-correlation coefficient S2 can be updated to the first
cross-correlation coefficient threshold. If the cross-correlation coefficient S2 is greater than the
second cross-correlation coefficient threshold, the cross-correlation coefficient S2 can be
updated to the second cross-correlation coefficient threshold. The cross-correlation coefficient S6
can be limited between the third cross-correlation coefficient threshold and the fourth
cross-correlation coefficient threshold. For example, if the cross-correlation coefficient S6 is less

than the third cross-correlation coefficient threshold, the cross-correlation coefficient S6 can be
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updated to the third cross-correlation coefficient threshold. If the cross-correlation coefficient S6
is greater than the fourth cross-correlation coefficient threshold, the cross-correlation coefficient
S6 can be updated to the fourth cross-correlation coefficient threshold. The first cross-correlation
coefficient threshold may be less than the second cross-correlation coefficient threshold, and the
third cross-correlation coefficient threshold may be less than the fourth cross-correlation

coefficient threshold.

[169] Exemplarily, the following size limitations may be performed on the cross-correlation
coefficient S2 and the cross-correlation coefficient S6, so as to prevent the intermediate results
from overflowing, i.e., so that the bit width does not exceed a certain range. -(1<<KTHS2)
represents the first cross-correlation coefficient threshold, 1<<THS2 represents the second
cross-correlation coefficient threshold, -(1<<THS6) represents the third cross-correlation
coefficient threshold, and 1<<KTHS6 represents the fourth cross-correlation coefficient threshold.
For example, to prevent the bit width from exceeding 32 bits, THS2 can be 25, and THS6 can be
27. Of course, the above values are just a few examples, to which the present application is not

limited.

S; = clip3(—(1 « THS2), (1 « THS2), S,) (11)
Se = clip3(—(1 « THS6), (1 « THS6), Sg) (12)

[170] Clip3(a, b, x) indicates that if x is less than a, then Clip3(a, b, x)=a; if X is greater than b,
then Clip3(a, b, x)=b; if X is greater than or equal to a and less than or equal to b, then Clip3(a, b,
x)=x. Therefore, formula (11) indicates that if s, is less than -(1«THS2), then s, is
-(1<KTHS2); if s, is greater than (1<THS2), then s, is (1<<KTHS2), otherwise, s, remains
unchanged. Similarly, formula (12) indicates that if s, is less than -(1<THS6), then s, is
-(1<THS®6); if s, is greater than (1<«<THS6), then s; is (1<THS6), otherwise, S, remains

unchanged. << means shift left.

[171] Embodiment 17: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the horizontal velocity of the sub-block of the current block in
the reference frame can be determined based on one or more of the autocorrelation coefficient S1,

the cross-correlation coefficient S2, the cross-correlation coefficient S3, the autocorrelation
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coefficient S5, and the cross-correlation coefficient S6. The vertical velocity of the sub-block,
corresponding to the sub-block of the current block, in the reference frame can be determined
based on one or more of the autocorrelation coefficient S1, the cross-correlation coefficient S2,
the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the cross-correlation

coefficient S6.

[172] For example, the horizontal velocity can be determined based on the autocorrelation
coefficient S1, the velocity threshold, the cross-correlation coefficient S3, the first amplification
factor and the second amplification factor. See the following formula, it is an example of

determining the horizontal velocity based on the above parameters.

vy = Sy > 02¢lip3 (—thy, thio,—((S3 - 2%7™) » [log, 51)): 0 (13)

[173] In the above formula, if s, >0 is true, v, = clip3 (—thl;,o,th,;,o,—((s3-znb—"a) » |log, Slj)); if
S, >0 is not true, v, =0. v, represents the horizontal velocity, thg, represents the velocity
threshold, which is configured to limit the horizontal velocity v, between -thg, and thgy,, i.e.,
the horizontal velocity v, is greater than or equal to —thg,, and the horizontal velocity v, is
less than or equal to thg,. The velocity threshold th,, may be M powers of 2, and M is the
difference between 13 and BD, or the larger of 5 and (BD-7). For example, thg,, = 238> or

thy o = 2mxBD-7) wherein BD is the bit depth.

[174] n, may represent the first amplification factor, the first amplification factor n, may be
the smaller of 5 and (BD-7), or the larger of 1 and (BD-11). n, may represent the second
amplification factor, the second amplification factor n, may be the smaller of 8 and (BD-4), or

the larger of 4 and (BD-8). > means right shift, || means rounding down.

[175] Both the first amplification factor », and the second amplification factor », can be
configured according to experience, and the second amplification factor n, can be greater than
the first amplification factor n,. The first amplification factor n, and the second amplification
factor n, are configured to amplify the value interval of the horizontal velocity v,. For example,
assuming that n, —n, is 3, then 2" is 8§, the value interval of the horizontal velocity v, can
be enlarged by 8 times; and assuming that n, —n, is 4, then 2™ is 16, the value interval of

the horizontal velocity v, can be enlarged by 16 times, and so on.
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[176] Clip3(a, b, x) indicates that if x is less than a, then Clip3(a, b, x)=a; if X is greater than b,
then Clip3(a, b, x)=b; if x is greater than or equal to a and less than or equal to b, then Clip3(a, b,
x =x. In the above formula, —th,, 1S a, thg, 1S b, —((S3-2™7") >» |log, S;]) 1s X. In summary, if
—((S5-2™™ma) > |log, S;]) 1S greater than —thy, and less thg,, then the horizontal velocity v, is

—((S5 - 2m7ma) > [log, S, ).

[177] For example, the vertical velocity can be determined based on the cross-correlation
coefficient S2, the autocorrelation coefficient S5, the cross-correlation coefficient S6, the
velocity threshold, the horizontal velocity, the first amplification factor, and the second

amplification factor, see the formula below.

vy, = S5 > 0?clip3 (—th;jw, thlyi0n— ((56 -2 — ((1eSyym) K M, + V45,,5)/2) > llogy 551)) ‘0 (14)

[178] It can be seen from the above formula that if s;>0 is true, then
v, = clip3 (—th,;,o,thg,o,—((sé-znb—na—((vxsz,m) & g, +Sy5)/2) > llog, 551)>; if s >0 is not true, then

v, =0.

[179] v, represents the vertical velocity, v, represents the horizontal velocity, thg,
represents the velocity threshold, which is configured to limit the vertical velocity between
—thg, and thg,, 1.€., the vertical velocity is greater than or equal to —thy, and is less than or
equal to thg,. The velocity threshold th;, may be M powers of 2, and M is the difference
between 13 and BD, or the larger of 5 and (BD-7). For example, thy, =23"3" or

thyo = 2m*GBD-7) wherein BD is the bit depth.

[180] n, may represent the first amplification factor, the first amplification factor n, may be
the smaller of 5 and (BD-7), or the larger of 1 and (BD-11). n, may represent the second
amplification factor, the second amplification factor n, may be the smaller of 8 and (BD-4), or

the larger of 4 and (BD-8). > means right shift, |-]| means rounding down.

[181] Both the first amplification factor n, and the second amplification factor n, can be
configured according to experience, and the second amplification factor n, can be greater than
the first amplification factor n,. The first amplification factor n, and the second amplification
factor n, are configured to amplify the value interval of the vertical velocity v,. For example,

assuming that n, —n, is 3, then 2" is &, the value interval of the vertical velocity v, can be



enlarged by 8 times; and assuming that n, —n, is 4, then 2™ is 16, the value interval of the

vertical velocity v, can be enlarged by 16 times, and so on.

[182] Clip3(a, b, x) indicates that if x is less than a, then Clip3(a, b, x)=a; if X is greater than b,
then Clip3(a, b, x)=b; if x is greater than or equal to a and less than or equal to b, then Clip3(a, b,
x)=x. In the above formula, —th,, is a, thg, is b, — ((56 $ 2 Ma — ((vxSZ,m) < ng, + vx52_5>/2) >
llog, 55J> is x. In summary, if - ((56 .2 — ((vsz,m) < ng, + vxszys)/z) » |log, 55J> is greater than
—thgo and less than theio > then the vertical velocity v, is

- ((56 27 = ((0ySym) K T, + VxS5,)/2) > llog, 55J>.
[183] Exemplarily, in the above formula, ng, =12, S,,, =S, » ng,, S,5 = $,&2": —1).

[184] Embodiment 18: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the horizontal velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame can be determined based on one or more of
the autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation
coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6. The
vertical velocity of the sub-block, corresponding to the sub-block of the current block, in the
reference frame can be determined based on one or more of the autocorrelation coefficient S1,
the cross-correlation coefficient S2, the cross-correlation coefficient S3, the autocorrelation

coefficient S5, and the cross-correlation coefficient S6.

[185] For example, the horizontal velocity can be determined based on the autocorrelation
coefficient S1, the velocity threshold, the cross-correlation coefficient S3, the first amplification
factor and the second amplification factor. See the following formula as an example of

determining the horizontal velocity based on the above parameters.
ve = S > 07 clip3 (—thgw,th;ﬂo, ((S3 -2"7a) > |log, Sy J)) 10 (15)
[186] Compared with formula (13), formula (15) removes the negative sign in front of

((S5-2™7"a) > [log, S31), and the other content is the same as formula (13), and the meaning of each

parameter is also the same as that in formula (13), which will not be repeated here.
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[187] For example, the vertical velocity can be determined based on the cross-correlation
coefficient S2, the autocorrelation coefficient S5, the cross-correlation coefficient S6, the
velocity threshold, the horizontal velocity, the first amplification factor, and the second

amplification factor, see the formula below.

v, = S5 > 0?clip3 (—chgm,thg,o, ((56 2 = ((0Sym) K M, +1,5;5)/2) > llog, SSJ)) 0 (16)

[188] Compared with formula (14), formula (16) removes the negative sign in front of
((56 -2 — ((1Sym) < M, + 0455,5)/2) » llog, 55J>, and the other content is the same as formula (14),
and the meaning of each parameter is also the same as that in formula (14), which will not be

repeated here.

[189] Embodiment 19: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the horizontal velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame can be determined based on one or more of
the autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation

coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[190] For example, if the first preset condition is met, the horizontal velocity can be
determined based on the cross-correlation coefficient S2, the velocity threshold, the
cross-correlation coefficient S6, the first amplification factor and the second amplification factor.
If the first preset condition is not met, the horizontal velocity can be determined based on the
autocorrelation coefficient S1, the velocity threshold, the cross-correlation coefficient S3, the
first amplification factor and the second amplification factor. The first preset condition is
determined based on the cross-correlation coefficient S2 and the autocorrelation coefficient S5,

as shown in the following formula.

[191] If the first preset condition is met,

vy = 5 == 07 ¢lip3 (—thgm,thgw,—((sﬁ - 2™~ M) 3> |log, SZJ)) 10 (17)

[192] If the first preset condition is not met,



v, = Sy > 07clip3 (~thpyg, thie,—((S3 - 277) > llog; Sy) ) : 0 (18)

[193] The above-mentioned first preset condition may include: |S,| > k|Ss|, I represents the
absolute value, k is a threshold which can be set arbitrarily, such as 8. s, ==0? in formula (17)

means to determine whether s, is equal to 0.

[194] When the first preset condition is met, if §,== iIs true, then
vy = clip3 (~thpio, thio, —((Ss - 2"7e) > |log, S,1)); if S, == 0 is not true, then v, =0. v, represents the
horizontal velocity, thy, represents the velocity threshold, n, represents the first amplification
factor, n, represents the second amplification factor, > represents the right shift, and ||

represents rounding down.

[195] Clip3(a, b, x) indicates that if x is less than a, then Clip3(a, b, x)=a; if X is greater than b,
then Clip3(a, b, x)=b; if X is greater than or equal to a and less than or equal to b, then Clip3(a, b,
x)=x. In the above formula, —thg, 1s a, thg, 1S b, —((Ss-2™") > [log, S,]) 1s X. In summary, if
—((Sg-2™™ma) > |log, S,|) 1s greater than —thy, and less than thy,, then the horizontal velocity v,

iS _((56 " an_na) > llogz Szj).

[196] If the first preset condition is not met, formula (18) is the same as formula (13), and will

not be repeated here.

[197] Embodiment 20: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the horizontal velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame can be determined based on one or more of
the autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation

coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[198] For example, if the second preset condition is met, the horizontal velocity can be
determined based on the autocorrelation coefficient S1, the cross-correlation coefficient S2, the
cross-correlation coefficient S3, the autocorrelation coefficient S5, the cross-correlation
coefficient S6, the velocity threshold, a first amplification factor and a second amplification
factor. If the second preset condition is not met, the horizontal velocity can be determined based

on the autocorrelation coefficient S1, the velocity threshold, the cross-correlation coefficient S3,



the first amplification factor and the second amplification factor. The second preset condition is
determined based on the cross-correlation coefficient S2 and the autocorrelation coefficient S5,

as shown in the following formula: if the second preset condition is met, then S, =S, S5 —5,"5,,

Vy = Stmp == (7 Cllp3 (_th;}lﬂ' thlBlo, =3 (((53 = 55 = Sﬁ '52) : an—na) > l]ogz Stmp])) 0 (19)

[199] If the second preset condition is not met,

ve = §1 > 02¢lip3 (—thpso, thio, —((S3 - 27 7) > llog, $11)) : 0 (20)

[200] If the second preset condition is met, S, is first determined based on s,, s,, and Ss.
Refer to the above formula for the specific determination method. Then, if S, == 0 is true, then
v, = clip3 (—th,;,o,th,;,o,— (((S3- S5 — S~ 52) - 207 > |log, stmpj)); if Symp ==0 is not true, then v, =o.
v, represents the horizontal velocity, thg, represents the velocity threshold, n, represents the
first amplification factor, n, represents the second amplification factor, >> represents the right

shift, and |-] represents rounding down.

[201] In the above formula, Clip3(a, b, x) indicates that if x is less than a, then Clip3(a, b,
x)=a; if x is greater than b, then Clip3(a, b, x)=b; if x is greater than or equal to a and less than or
equal to b, then Clip3(a, b, x)=x. In the above formula, —thy,, is a, thy, isb, — (((s3 - Ss—Sg-S,) -
2mma) > |log, Stmpj) is x. In summary, if - (((53 - S5 =S¢+ S5) - 2"Ma) > |log, Stmpj) is greater than
—thgo and less than theio  » the horizontal velocity vy can be

— (((S3 - S5 = S 52) - 27™a) > 1085 Sermp ] )-

[202] If the second preset condition is not met, formula (20) is the same as formula (13), and

will not be repeated here.

[203] The above-mentioned second preset condition may include but is not limited to:
1S,1 > K|S, | represents the absolute value, k is a threshold which can be set arbitrarily, such as 8.
Obviously, this second preset condition is just an example, to which the present application is not

limited.

[204] Embodiment 21: for Embodiment 19, if the first preset condition is not met, the formula

for determining the horizontal velocity is changed to formula (15); for Embodiment 20, if the



second preset condition is not met, the formula for determining the horizontal velocity is

changed to formula (15).

[205] Embodiment 22: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the vertical velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame can be determined based on one or more of
the autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation

coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[206] For example, an untruncated horizontal velocity can be determined based on the
autocorrelation coefficient S1, the cross-correlation coefficient S3, the first amplification factor
and the second amplification factor, and the vertical velocity can be determined based on the
cross-correlation coefficient S2, the autocorrelation coefficient S5, the cross-correlation
coefficient S6, the velocity threshold, the untruncated horizontal velocity, the first amplification

factor, and the second amplification factor.

[207] See the following formula.
Vi org = S1 > 07 —((S3 - 2" ") » |log, 511): 0 Q1)

v, = 55 > 07clip3 ( bl R ((s6 2% — (v 0rgSam) K N, + Vs 0rgS2s)/2) » llogy Ss J)) 0 (22)

[208] It can be seen from the above formula that if s, >0 is true, then v, ;4 = —((S5-2%™") »
llog, S11); if S, >0 1s not true , then v, ,,, =0. Compared with v, in the above embodiment, in this
embodiment, the velocity threshold thg,, is not used to limit the horizontal velocity between
—thg, and thg,. Therefore, v,,., is called the untruncated horizontal velocity, i.e., no
truncation is performed. In other words, this untruncated horizontal velocity v, ,., 1s not limited

between —thy, and thg,.

[209] It can be seen from the above formula that if s;>0 1is true, then

v, = clip3 <—thg,o,th,;,o,— ((56 oMpng _ ((vxiorgszrm) < ng, + vxiwgsz,s)/z) > |log, SSJ)>; if s5 >0 is not true,

then v, =o0.

[210] v, represents the vertical velocity, v, ,,, represents the untruncated horizontal velocity,

thgo represents the velocity threshold, n, represents the first amplification factor, n, represents
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the second amplification factor, > represents the right shift, and || represents rounding down.
Clip3(a, b, x) means that if x is less than a, then Clip3(a, b, x)=a; if x is greater than b, then
Clip3(a, b, x)=b; if x is greater than or equal to a and less than or equal to b, then Clip3(a, b,
X)=X. In the above formula, —thgo is a, thaio is b,
- ((56 2 Ma — ((vx_orgsz,m) < ng, + vx_orgsz,s)/z) > |log, SSJ) is x. In summary, if - ((56 <2 Ma —
((vxiwgsz_m) « n52+vxiorg52,s)/2) > [longSJ) is greater than -thy, and less than thg,, then the

vertical velocity v, is - ((56 <2 Ma — ((vxforgsz,m) < ng, + vxiwgsz_s)/ 2) > [log, 55J>.
[211] Exemplarily, in the above formula, ng, =12, S,,, =S, » ng,, Sy5 = $,&2"%: —1).

[212] Embodiment 23: after obtaining the autocorrelation coefficient S1, the cross-correlation
coefficient S2, the cross-correlation coefficient S3, the autocorrelation coefficient S5, and the
cross-correlation coefficient S6, the vertical velocity of the sub-block, corresponding to the
sub-block of the current block, in the reference frame can be determined based on one or more of
the autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation

coefficient S3, the autocorrelation coefficient S5, and the cross-correlation coefficient S6.

[213] For example, if the third preset condition is met, the vertical velocity is determined
based on the autocorrelation coefficient S5, the cross-correlation coefficient S6, the velocity
threshold, the first amplification factor and the second amplification factor. If the third preset
condition is not met, the vertical velocity is determined based on the cross-correlation coefficient
S2, the autocorrelation coefficient S5, the cross-correlation coefficient S6, the velocity threshold,
the horizontal velocity, the first amplification factor, and the second amplification factor.

Exemplarily, the third preset condition may be determined based on the horizontal velocity.

[214] See the following formula: if the third preset condition is met, then:

v, = S5 > 02clip3 (—rh;.m,rh;m, —((Se - 2 Ma) > [log, S j)) 0 (23)

[215] If the third preset condition is not met,

v, = S5 > 07clip3 (—th;;,o, thlyo, — ((56 27 — ((0pSym) K s, + 1:5,,)/2) > llog, ssj)) 0 (24)

[216] Exemplarily, the third preset condition may be: if v, is —thg, Or thgy,, 1.€., v, is the



minimum or maximum value.

[217] When the third preset condition is met, if ;>0 is true, then v, = clip3 (—thglo,thglo,—((s6 :
2M0a) 3 |log, SSJ)), if S5 >0 is not true, then v,=0. Exemplarily, v, represents the vertical velocity,
thgo represents the velocity threshold, n, represents the first amplification factor, n, represents
the second amplification factor, > represents the right shift, and [-] represents rounding down.
Clip3(a, b, x) means that if x is less than a, then Clip3(a, b, x)=a; if x is greater than b, then
Clip3(a, b, x)=b; if x is greater than or equal to a and less than or equal to b, then Clip3(a, b,
x)=x. In the above formula, —thg, 1S a, thgy 1S b, —((Se-2™ ™) > |log, Ss|) 1S X. In summary, if
—((Se - 2™ e) > [log, S5]) 1s greater than —thy,, and less than thyy,, then the vertical velocity v, is

—~((Se + 27) > |log; Ss1).

[218] If the third preset condition is not met, formula (24) is the same as formula (14), and

will not be repeated here.

[219] Embodiment 24: for Embodiment 23, if the third preset condition is not met, the

formula for determining the vertical velocity is changed to formula (16).

[220] Embodiment 25: In the above embodiment, the first amplification factor n, may be the
smaller of 5 and (BD-7), i.e., n,=min(5, BD-7); or, the first amplification factor n, may be the
larger of 1 and (BD-11), i.e., n,=Max(1, BD-11). Of course, the above is only an example of the
first amplification factor, to which the present application is not limited and which can be
configured according to experience. The second amplification factor n, may be the smaller of 8
and (BD-4), i.e., n,=min(8, BD-4); or, the second amplification factor n, may be the larger of 4
and (BD-8), i.e., n,=Max(4, BD-8). Of course, the above is only an example of the second
amplification factor, to which the present application is not limited and which can be configured
according to experience. The velocity threshold thz, may be M powers of 2, and M is the
difference between 13 and BD, or the larger of 5 and (BD-7). For example, thy,, =232 or
thg,, = 2m2xBD-7) Of course, the above is only an example of the velocity threshold, to which the

present application is not limited and which can be configured according to experience.

[221] The right-shift bit number of the autocorrelation coefficient and the cross-correlation
coefficient of the gradient can be reduced, and the required bit width (preservation precision) of

the autocorrelation coefficient and the cross-correlation coefficient can be increased by setting
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the first amplification factor n, to the larger of 1 and (BD-11). The right-shift bit number of the
autocorrelation coefficient and the cross-correlation coefficient of the gradient can be reduced,
and the required bit width (preservation precision) of the autocorrelation coefficient and the
cross-correlation coefficient can be increased by setting the second amplification factor n, to the
larger of 4 and (BD-8). The required bit width (preservation precision) of the horizontal velocity

v, and the vertical velocity v, can be increased by setting the velocity threshold thg, to

2max(5,BD—7).

[222] Embodiment 26: after acquiring the horizontal velocity v, and the vertical velocity v,,
the encoding/decoding side can acquire the prediction compensation value of the sub-block of
the current block based on the horizontal velocity v, and the vertical velocity v,. For example, a
horizontal gradient and a vertical gradient is determined based on the first original prediction
value of the sub-block, the second original prediction value of the sub-block, and the right-shift
bit number of the gradient. The prediction compensation value is acquired based on the

horizontal velocity v,, the vertical velocity v,, the horizontal gradient and the vertical gradient.

[223] For example, the encoding/decoding side can acquire the prediction compensation value

b(x,y) of the sub-block of the current block through the following formula.

) (0) (€3} (©)
b(x,y) —— ((Vx (6‘1 aix,y) al d(x y)))/z) 4 Wi (( (a: a;x,y) ai (x y)))/z)

(x )

[224] Exemplarily, 2 (XY) represents the horizontal gradient, 2 represents the vertical

gradient. The following parameters of 0;—:)(14) aI—)(1 D, —(1 i) and a;—(j(i,j) in the above

formulas can be determined by the following formulas.

1()

(,(rc)(l +1,) —1®G -1 J;)) > shift1(26)

(k)
a;—y (i,)) = (1(")(::, j+ 1D =19, j - 1)) » shift1(27)

[225] 1®(,j) represents the pixel value of a pixel at coordinates (i,j). For example, 19, j)
represents the pixel value of a pixel at the coordinate (i,j) in the first reference block, which

corresponds to the first original prediction value of the sub-block; 1™, ;) represents the pixel



— 47—
value of a pixel at the coordinate (i,j) in the second reference block, which corresponds to the
second original prediction value of the sub-block. For example, 1®(x,y) represents the first
original prediction value of the sub-block, and 1@ (x,y) represents the second original prediction
value of the sub-block. Assuming that the size of the sub-block is 4*4, 1©@(x,y) is the first
original prediction value of the first reference block with a size of 4*4 or the first original
prediction value of the first reference block with a size of 6*6; 1®(x,y) is the second original
prediction value of the second reference block with a size of 4*4 or the second original
prediction value of the second reference block with a size of 6*6. For example, 1©(x,y) is the
first original prediction value of the first reference block with a size of 4*4, and 1™ (x,y) is the

second original prediction value of the second reference block with a size of 4*4.

[226] v, represents the horizontal velocity, v, represents the vertical velocity, > represents
the right shift, rnd is round and represents the rounding operation, shift1 represents the gradient
right-shift bit number, >shift1 represents the right shift shift1. The gradient right-shift bit
number shift1 can be the larger of 2 and (14-BD), i.e., shift1=max(2, 14-BD), or shift1 can be
the larger of 6 and (BD-6), i.e., shift1=max(6, BD-6). Of course, the above is only an example of
the gradient right-shift bit number, to which the present application is not limited and which can
be configured according to experience. The gradient right-shift bit number can be increased, i.e.,
the bit width (preservation precision) required for the gradient can be reduced by setting shift1
to the larger of 6 and (BD-6). BD represents the bit depth, i.e., the bit width required for the luma

value, which generally is 10 or 8.

[227] Embodiment 27: the encoding/decoding side can acquire the target prediction value of
the sub-block of the current block based on the first original prediction value of the sub-block of
the current block, the second original prediction value of the sub-block of the current block, and
the prediction compensation value of the sub-block of the current block. For example, the
encoding/decoding side can acquire the target prediction value predgpor(x,y) of the sub-block of

the current block through the following formula.
predapor(x,y) = (1D 0, y) + I (x,¥) + b(x,¥) + 0gffser) > shift(28)

[228] In the above formula, 1©(x,y) represents the first original prediction value of the

sub-block, and 1™ (x,y) represents the second original prediction value of the sub-block, b(x,y)



represents the prediction compensation value of the sub-block, > represents the right shift, and

>shift represents the right shift shifz.
[229] Exemplarily, o,/ = 250514214, shift = 15 — BD, BD represents the bit depth.

[230] Of course, the above method is only an example of acquiring the target prediction value

of the sub-block, to which the present application is not limited.

[231] Embodiment 28: if the current block is divided into multiple sub-blocks, the
above-mentioned embodiment can be adopted to determine the target prediction value of each
sub-block, i.e., the prediction signal is adjusted for each sub-block of the current block (such as a
sub-block with a size of 4*4), so as to obtain the target prediction value of each sub-block. In this
embodiment, if the target condition is met, the signal adjustment process of a certain sub-block
can also be stopped in advance, i.e., the method of the foregoing embodiment is no longer

adopted to determine the target prediction value of the sub-block.

[232] For example, the current block is divided into sub-block 1, sub-block 2, sub-block 3 and
sub-block 4. The encoding/decoding side first determines the target prediction value of sub-block
1 by using the foregoing embodiment, and then determines the target prediction value of
sub-block 2 by using the foregoing embodiment. Assuming that the target condition is met, the
encoding/decoding side no longer determines the target prediction value of sub-block 3 and the
target prediction value of sub-block 4 by using the foregoing embodiment, i.e., the signal

adjustment process of sub-block 3 and sub-block 4 is stopped in advance.

[233] Exemplarily, if the difference between the prediction values of the two sub-blocks of the
current block is less than a certain threshold TH_SUB_SAD, it can be determined that the target
condition is met, and the signal adjustment process for the remaining sub-blocks can be stopped
in advance. For example, if the difference between the prediction values of sub-block 1 is less
than the threshold TH_SUB_SAD, and the difference between the prediction values of sub-block
2 is less than the threshold TH SUB_SAD, it is determined that the target condition is met, and
the signal adjustment process for the remaining sub-blocks (i.e., sub-block 3 and sub-block 4) is
stopped in advance.

[234] For another example, the current block is divided into multiple sub-blocks, and for each

sub-block, the encoding/decoding side determines whether the target condition is met before
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determining the target prediction value of the sub-block by using the foregoing embodiment. If
the target condition is met, the method of the foregoing embodiment is no longer adopted to
determine the target prediction value of the sub-block, i.e., the signal adjustment process for the
sub-block is stopped in advance. If the target condition is not met, the method of the foregoing
embodiment may be adopted to determine the target prediction value of the sub-block.

[235] Exemplarily, if the difference between the prediction values of the sub-block is less than
a certain threshold TH _SUB SAD, it can be determined that the target condition is met, and the
signal adjustment process for the sub-block can be stopped in advance. For example, if the
difference between the prediction values of the sub-block 1 is less than the threshold
TH_SUB_SAD, it can be determined that the target condition is met, and the signal adjustment

process for the sub-block 1 can be stopped in advance.

[236] Exemplarily, in order to determine the difference between the prediction values of the

sub-block, the following method may be adopted.

[237] Implementation 1, the difference between the prediction values may be the SAD of the
prediction value (hereinafter referred to as pred0) of the first prediction block (i.e., the first
prediction block corresponding to the sub-block acquired from the first reference frame based on
the first unidirectional motion information of the current block) and the prediction value
(hereinafter referred to as predl) of the second prediction block (i.e., the second prediction block
corresponding to the sub-block acquired from the second reference frame based on the second
unidirectional motion information of the current block), the SAD of pred0 and pred 1 for all
pixels. For example, the difference between the prediction values of the first reference frame and
the second reference frame can be determined by the following formula. In this formula,
predy(i,j) 1s the prediction value of pred0 in the i-th column and j-th row of pred0, pred,(,j) is
the prediction value of predl in the i-th column and j-th row of predl, n is the total number of
pixels, abs(x) represents the absolute value of x, H represents the height value, and W represents

the width value.
H w
cost = Z Z abs(predy(i,j) —pred, (i, )
i=1 4

[238] Implementation 2, the difference between the prediction values may also be the SAD of
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the prediction value (referred to as pred0, which is the prediction value obtained after
down-sampling the prediction value of the first prediction block) down-sampled N times of the
first prediction block and the prediction value (referred to as pred1l, which is the prediction value
obtained after down-sampling the prediction value of the second prediction block)
down-sampled N times of the second prediction block. For example, the difference between the
prediction values of the first reference frame and the second reference frame can be determined
by the following formula. Wherein pred,(i,j) is the prediction value of pred0 in the i-th column
and j-th row of pred0, pred,(i,j) is the prediction value of predl in the i-th column and j-th row
of predl, n is the total number of pixels, abs(x) represents the absolute value of x, H represents

the height value, and W represents the width value, N is a positive integer, preferably 2.

SAD (horizontall Rk g : . : :
down-sa(m([))rllezgglatirsriles)z - z abs(predo(1+ N(i—1),j) —pred;(1+ N(i—1),)))
i= J

[239] Embodiment 29:

[240] Based on the same concept as the above method in this application, an embodiment of
the present application also proposes an encoding and decoding apparatus applied to an encoding
side or a decoding side. The apparatus is configured to acquire a target prediction value of a
current block or a sub-block of the current block if the characteristic information of the current

block meets a specific condition. Fig. 5 shows a structural diagram of the apparatus, including:

[241] a first determination module 51 configured for: if the characteristic information of the
current block meets a specific condition, determining a first original prediction value based on
first unidirectional motion information of the current block, and determining a second original

prediction value based on second unidirectional motion information of the current block;

[242] a second determination module 52 configured for determining a horizontal velocity
based on the first original prediction value and the second original prediction value; determining
a vertical velocity based on the first original prediction value and the second original prediction

value;

[243] a first acquisition module 53 configured for acquiring a prediction compensation value

based on the horizontal velocity and the vertical velocity;



[244] a second acquisition module 54 configured for acquiring a target prediction value based
on the first original prediction value, the second original prediction value and the prediction

compensation value.

[245] Exemplarily, the characteristic information may include, but is not limited to, one or
more of a motion information attribute, a prediction mode attribute, size information, and

sequence-level switch control information.

[246] The first determination module 51 is further configured for: if the characteristic
information includes the motion information attribute that meets at least one of the following

conditions, determining that the motion information attribute meets a specific condition:

[247] Dbidirectional prediction is used for the current block, and the two reference frames

corresponding to the current block come from different directions;

[248] the current block includes multiple sub-blocks, and the motion information of the

multiple sub-blocks is the same;

[249] bidirectional prediction is used for the current block, and the weighing weights of the

two reference frames corresponding to the current block are the same;

[250] bidirectional prediction is used for the current block, and the two reference frames

corresponding to the current block are at the same distance from a current slice;

[251] Dbidirectional prediction is used for the current block, and the difference between the
prediction values of the two reference frames corresponding to the current block is less than a

preset threshold.

[252] The first determination module 51 is further configured for: acquiring a first prediction
block from a first reference frame based on the first unidirectional motion information of the
current block, and acquiring a second prediction block from a second reference frame based on

the second unidirectional motion information of the current block;

[253] acquiring the difference between the prediction values of the first reference frame and
the second reference frame based on the SAD of the down-sampled prediction value of the first

prediction block and a down-sampled prediction value of the second prediction block.
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[254] The first determination module 51 is further configured for: if the characteristic
information includes the prediction mode attribute indicating that a Merge mode based on
combined inter and intra prediction is not used and/or a symmetrical motion vector difference

mode is not used, determining that the prediction mode attribute meets a specific condition.

[255] The first determination module 51 is further configured for: if the characteristic
information includes the sequence-level switch control information indicating that it is allowed
to use a bidirectional optical flow mode for the current block, determining that the

sequence-level switch control information meets a specific condition.

[256] The first determination module 51 is further configured for: if the characteristic
information includes the size information that meets at least one of the following conditions,
determining that the size information meets a specific condition: the width value of the current
block is greater than or equal to a first threshold, and is less than or equal to a second threshold;
the height value of the current block is greater than or equal to a third threshold, and is less than
or equal to a fourth threshold; the area value of the current block is greater than or equal to a fifth

threshold, and is less than or equal to a sixth threshold.

[257] When the first determination module 51 determines a first original prediction value
based on the first unidirectional motion information of the current block, and determines a
second original prediction value based on the second unidirectional motion information of the

current block, the first determination module is configured specifically for:

[258] determining a first reference block from the first reference frame based on the first
unidirectional motion information of the current block, and determining the first original
prediction value of the first reference block; wherein, the first original prediction value of the
central area of the first reference block is obtained by interpolating a pixel value of a pixel in the
first reference frame, and the first original prediction value of the edge area of the first reference
block is obtained by copying a pixel value of a pixel in the first reference frame; determining a
second reference block from the second reference frame based on the second unidirectional
motion information of the current block, and determining a second original prediction value of
the second reference block; wherein, the second original prediction value of the central area of

the second reference block is obtained by interpolating the pixel value of a pixel in the second



reference frame. The second original prediction value of the edge area of the second reference

block is obtained by copying the pixel value of a pixel in the second reference frame.

[259] When the second determination module 52 determines a horizontal velocity based on
the first original prediction value and the second original prediction value, it is configured
specifically for: if a first preset condition is met, determining a cross-correlation coefficient S2
between the horizontal gradient sum and the vertical gradient sum, a cross-correlation coefficient
S6 between the difference of the time domain prediction values and the vertical gradient sum
based on the first original prediction value and the second original prediction value; determining
the horizontal velocity based on the cross-correlation coefficient S2, the velocity threshold, the
cross-correlation coefficient S6, a first amplification factor and a second amplification factor;
wherein the first preset condition is determined based on the cross-correlation coefficient S2, an

autocorrelation coefficient S5 of the vertical gradient sum.

[260] When the second determination module 52 determines a horizontal velocity based on
the first original prediction value and the second original prediction value, it is configured
specifically for: if a second preset condition is met, determining an autocorrelation coefficient S1
of the horizontal gradient sum, a cross-correlation coefficient S2 between the horizontal gradient
sum and the vertical gradient sum, a cross-correlation coefficient S3 between the difference of
the time domain prediction values and the horizontal gradient sum, an autocorrelation coefficient
S5 of the vertical gradient sum, a cross-correlation coefficient S6 between the difference of the
time domain prediction values and the vertical gradient sum based on the first original prediction
value and the second original prediction value; determining the horizontal velocity based on the
autocorrelation coefficient S1, the cross-correlation coefficient S2, the cross-correlation
coefficient S3, the autocorrelation coefficient S5, the cross-correlation coefficient S6, the
velocity threshold, the first amplification factor and the second amplification factor, wherein the
second preset condition is determined based on the cross-correlation coefficient S2, and the

autocorrelation coefficient S5.

[261] When the second determination module 52 determines a vertical velocity based on the
first original prediction value and the second original prediction value, it is configured
specifically for: acquiring an untruncated horizontal velocity without truncation processing based

on the first original prediction value and the second original prediction value, and determining



the vertical velocity based on the untruncated horizontal velocity.

[262] When the second determination module 52 determines a vertical velocity based on the
first original prediction value and the second original prediction value, it is configured
specifically for: if the third preset condition is met, determining an autocorrelation coefficient S5
of the vertical gradient sum, a cross-correlation coefficient S6 between the difference of the time
domain prediction values and the vertical gradient sum based on the first original prediction
value and the second original prediction value; determining the vertical velocity based on the
autocorrelation coefficient S5, the cross-correlation coefficient S6, the velocity threshold, the
first amplification factor and the second amplification factor; wherein, the third preset condition

is determined based on the horizontal velocity.

[263] The cross-correlation coefficient S2 is located between a first cross-correlation

coefficient threshold and a second cross-correlation coefficient threshold.

[264] The cross-correlation coefficient S6 is located between a third cross-correlation

coefficient threshold and a fourth cross-correlation coefficient threshold.

[265] The first amplification factor is the smaller of 5 and (BD-7), or the larger of 1 and
(BD-11); the second amplification factor is the smaller of 8 and (BD-4), or the larger of 4 and
(BD-8); The velocity threshold is M powers of 2, and M is the difference between 13 and BD, or
the larger of 5 and (BD-7); wherein, BD is the bit depth.

[266] When the first acquisition module 53 acquires a prediction compensation value based on

the horizontal velocity and the vertical velocity, it is configured for: determining a horizontal
gradient and a vertical gradient based on the first original prediction value, the second original
prediction value and a gradient right-shift bit number, and acquiring a prediction compensation
value based on the horizontal velocity, the vertical velocity, the horizontal gradient and the
vertical gradient; wherein, the gradient right-shift bit number is the larger of 2 and (14-BD), or
the larger of 6 and (BD-6), and BD is the bit depth.

[267] For the decoding device provided by an embodiment of the present application, from an
aspect of hardware, the schematic diagram of the hardware architecture of the device may be
specifically shown in Fig. 6. The decoding device includes a processor 61 and a

machine-readable storage medium 62, wherein the machine-readable storage medium 62 stores
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machine executable instructions that can be executed by the processor 61. The processor 61 is
configured to execute machine executable instructions to implement the method disclosed in the
above examples of the present application. For example, the processor is configured to execute

machine executable instructions to implement the following steps:

[268] if characteristic information of a current block meets a specific condition, performing
the following steps to acquire a target prediction value of the current block or a sub-block of the
current block: determining a first original prediction value based on first unidirectional motion
information of the current block, and determining a second original prediction value based on
second unidirectional motion information of the current block; determining a horizontal velocity
based on the first original prediction value and the second original prediction value; determining
a vertical velocity based on the first original prediction value and the second original prediction
value; acquiring a prediction compensation value based on the horizontal velocity and the
vertical velocity; acquiring a target prediction value based on the first original prediction value,

the second original prediction value and the prediction compensation value.

[269] For the encoding device provided by an embodiment of the present application, from an
aspect of hardware, the schematic diagram of the hardware architecture of the device may be
specifically shown in Fig. 7. The decoding device includes a processor 71 and a
machine-readable storage medium 72, wherein the machine-readable storage medium 72 stores
machine executable instructions that can be executed by the processor 71. The processor 71 is
configured to execute machine executable instructions to implement the method disclosed in the
above examples of the present application. For example, the processor is configured to execute

machine executable instructions to implement the following steps:

[270] if characteristic information of a current block meets a specific condition, performing
the following steps to acquire a target prediction value of a current block or a sub-block of the
current block: determining a first original prediction value based on first unidirectional motion
information of the current block, and determining a second original prediction value based on
second unidirectional motion information of the current block; determining a horizontal velocity
based on the first original prediction value and the second original prediction value; determining
a vertical velocity based on the first original prediction value and the second original prediction

value; acquiring a prediction compensation value based on the horizontal velocity and the



vertical velocity; acquiring a target prediction value based on the first original prediction value,

the second original prediction value and the prediction compensation value.

[271] Based on the same concept as the above method in this application, an embodiment of
the present application further provides a machine-readable storage medium, wherein the
machine-readable storage medium stores a plurality of computer instructions which, when
executed by a processor, can cause the processor to implement the encoding and decoding
methods disclosed in the above examples of the present application. The machine-readable
storage medium may be any electronic, magnetic, optical, or other physical storage apparatus
that can contain or store information such as executable instructions, data, and the like. For
example, the machine-readable storage medium can be an RAM (Random Access Memory), a
volatile memory, a non-volatile memory, a flash memory, a storage drive (e.g., a hard drive), a
solid state drive, any type of storage disk (e.g., a compact disk, a DVD, etc.), or similar storage

medium, or a combination thereof.

[272] The systems, apparatuses, modules or units described in the above embodiments can be
implemented by a computer chip or an entity, or implemented by a product with certain
functions. It is typically implemented as a computer, which can be in the form of a personal
computer, a laptop, a cellular telephone, a camera phone, a smart phone, a personal digital
assistant, a media player, a navigation device, an email messaging device, a tablet computer, a

wearable device, or a combination of any of these devices.

[273] For ease of description, the above apparatuses are separately described in various units
based on their functions. Of course, when implementing this application, the functions of each

unit can be realized in one or more software and/or hardware.

[274] Those skilled in the art will appreciate that the embodiments of the present application
may be disclosed by the methods, systems, or computer program products. The present
application may take the form of an entirely hardware embodiment, an entirely software
embodiment or an embodiment combining software and hardware aspects. Furthermore,
embodiments of the present application may take the form of a computer program product
embodied on one or more computer-usable storage media (including, but not limited to, disk

storage, CD-ROM, optical storage, and the like) having computer-usable program code



embodied therein.

[275] The present application is described with reference to flowchart illustrations and/or
block diagrams of methods, devices (systems), and computer program products according to
embodiments of the application. It will be understood that each flow and/or block of the
flowchart illustrations and/or block diagrams, and combinations of flows and/or blocks of the
flowchart illustrations and/or block diagrams, can be implemented by computer program
instructions. These computer program instructions can be provided to a processor of a general
purpose computer, special purpose computer, embedded processor, or other programmable data
processing device to produce a machine, such that the instructions, which execute via the
processor of the computer or other programmable data processing device, produce apparatus for
implementing the functions specified in the flowchart flow or flows and/or block diagram block
or blocks. Furthermore, these computer program instructions can also be stored in a
computer-readable memory that can direct a computer or other programmable data processing
apparatus to function in a particular manner, such that the instructions stored in the
computer-readable memory produce an article of manufacture including instruction apparatus

which implement the function specified in the flowchart flow or flows and/or block diagram

block or blocks.

[276] These computer program instructions can also be loaded onto a computer or other
programmable data processing apparatus to cause a series of operational steps to be performed
on the computer or other programmable device to produce a computer implemented process such
that the instructions which execute on the computer or other programmable apparatus relates to
steps for implementing the functions specified in one or more flows in the flowchart and/or one
or more blocks in the block diagram. The above description is only an embodiment of the present
application and is not intended to limit the present application. Various modifications and
changes may occur to those skilled in the art to which the present application pertains. Any
modification, equivalent replacement, improvement or the like made within the spirit and
principle of the present application shall be included in the scope of the claims of the present

application.



CLAIMS

What is claimed is:

1. An encoding and decoding method, comprising:

if characteristic information of a current block meets a specific condition, performing the
following steps to acquire a target prediction value of the current block or a sub-block of the

current block:

determining a first original prediction value based on first unidirectional motion information
of the current block, determining a second original prediction value based on second
unidirectional motion information of the current block; and determining a horizontal velocity

based on the first original prediction value and the second original prediction value;

determining a vertical velocity based on the first original prediction value and the second

original prediction value;

acquiring a prediction compensation value based on the horizontal velocity and the vertical

velocity;

acquiring the target prediction value based on the first original prediction value, the second

original prediction value and the prediction compensation value.

2. The method of claim 1, wherein the characteristic information comprises one or more of
a motion information attribute, a prediction mode attribute, size information, and sequence-level

switch control information.
3. The method of claim 2, wherein,

if the characteristic information comprises the motion information attribute that meets at
least one of the following conditions, it is determined that the motion information attribute meets

the specific condition:

bidirectional prediction is used for the current block, and two reference frames

corresponding to the current block come from different directions;

the current block comprises multiple sub-blocks, and motion information of the multiple



sub-blocks is the same;

bidirectional prediction is used for the current block, and weighing weights of the two

reference frames corresponding to the current block are the same;

bidirectional prediction is used for the current block, and the two reference frames

corresponding to the current block are at a same distance from a current slice;

bidirectional prediction is used for the current block, and a difference between prediction

values of the two reference frames corresponding to the current block is less than a preset

threshold.
4. The method of claim 3, further comprising:

acquiring a first prediction block from a first reference frame based on the first
unidirectional motion information of the current block, and acquiring a second prediction block
from a second reference frame based on the second unidirectional motion information of the

current block;

acquiring a difference between prediction values of the first reference frame and the second
reference frame based on a SAD of a down-sampled prediction value of the first prediction block

and a down-sampled prediction value of the second prediction block.
5. The method of claim 2, wherein,

if the characteristic information comprises the prediction mode attribute indicating that a
Merge mode based on combined inter and intra prediction is not used and/or a symmetrical
motion vector difference mode is not used, it is determined that the prediction mode attribute

meets the specific condition.
6. The method of claim 2, wherein,

if the characteristic information comprises the sequence-level switch control information
indicating that it is allowed to use a bidirectional optical flow mode for the current block, it is

determined that the sequence-level switch control information meets the specific condition.

7. The method of claim 2, wherein,



if the characteristic information comprises the size information comprising a width value
and a height value, when the size information meets at least one of the following conditions, it is

determined that the size information meets the specific condition:

the width value of the current block is greater than or equal to a first threshold, and is less

than or equal to a second threshold;

the height value of the current block is greater than or equal to a third threshold, and is less

than or equal to a fourth threshold;

an area value of the current block is greater than or equal to a fifth threshold, and is less

than or equal to a sixth threshold.

8. The method of claim 1, wherein determining a first original prediction value based on
first unidirectional motion information of the current block, and determining a second original
prediction value based on second unidirectional motion information of the current block,

comprises:

determining a first reference block from a first reference frame based on the first
unidirectional motion information of the current block, and determining the first original
prediction value of the first reference block; wherein, the first original prediction value of a
central area of the first reference block is obtained by interpolating a pixel value of a pixel in the
first reference frame, and the first original prediction value of an edge area of the first reference

block is obtained by copying a pixel value of a pixel in the first reference frame;

determining a second reference block from a second reference frame based on the second
unidirectional motion information of the current block, and determining the second original
prediction value of the second reference block; wherein, the second original prediction value of a
central area of the second reference block is obtained by interpolating a pixel value of a pixel in
the second reference frame, and the second original prediction value of an edge area of the
second reference block is obtained by copying a pixel value of a pixel in the second reference

frame.

9. The method of claim 1, wherein determining a horizontal velocity based on the first

original prediction value and the second original prediction value comprises:
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if a first preset condition is met, determining a cross-correlation coefficient S2 between a
horizontal gradient sum and a vertical gradient sum, a cross-correlation coefficient S6 between a
difference of time domain prediction values and the vertical gradient sum based on the first

original prediction value and the second original prediction value;

determining a horizontal velocity based on the cross-correlation coefficient S2, a velocity
threshold, the cross-correlation coefficient S6, a first amplification factor and a second

amplification factor;

wherein the first preset condition is determined based on the cross-correlation coefficient S2,

and an autocorrelation coefficient S5 of the vertical gradient sum.

10. The method of claim 1, wherein determining a horizontal velocity based on the first

original prediction value and the second original prediction value comprises:

if a second preset condition is met, determining an autocorrelation coefficient S1 of a
horizontal gradient sum, a cross-correlation coefficient S2 between the horizontal gradient sum
and a vertical gradient sum, a cross-correlation coefficient S3 between a difference of time
domain prediction values and the horizontal gradient sum, an autocorrelation coefficient S5 of
the vertical gradient sum, a cross-correlation coefficient S6 between the difference of the time
domain prediction values and the vertical gradient sum based on the first original prediction

value and the second original prediction value;

determining the horizontal velocity based on the autocorrelation coefficient S1, the
cross-correlation coefficient S2, the cross-correlation coefficient S3, the autocorrelation
coefficient S5, the cross-correlation coefficient S6, a velocity threshold, a first amplification

factor and a second amplification factor;

wherein the second preset condition is determined based on the cross-correlation coefficient

S2, and the autocorrelation coefficient S5.

11. The method of claim 1, wherein determining a vertical velocity based on the first

original prediction value and the second original prediction value comprises:

acquiring an untruncated horizontal velocity without truncation processing based on the first

original prediction value and the second original prediction value, and



determining the vertical velocity based on the untruncated horizontal velocity.

12. The method of claim 1, wherein determining a vertical velocity based on the first

original prediction value and the second original prediction value comprises:

if a third preset condition is met, determining an autocorrelation coefficient S5 of a vertical
gradient sum, a cross-correlation coefficient S6 between a difference of time domain prediction
values and the vertical gradient sum based on the first original prediction value and the second

original prediction value;

determining the vertical velocity based on the autocorrelation coefficient S5, the
cross-correlation coefficient S6, a velocity threshold, a first amplification factor and a second

amplification factor;
wherein, the third preset condition is determined based on the horizontal velocity.
13. The method of claim 9, 10, or 12, wherein,

the cross-correlation coefficient S2 is located between a first cross-correlation coefficient

threshold and a second cross-correlation coefficient threshold;

the cross-correlation coefficient S6 is located between a third cross-correlation coefficient

threshold and a fourth cross-correlation coefficient threshold.
14. The method of claim 9, 10, or 12, wherein,
the first amplification factor is the smaller of 5 and (BD-7), or the larger of 1 and (BD-11);
the second amplification factor is the smaller of 8 and (BD-4), or the larger of 4 and (BD-8);

the velocity threshold is M powers of 2, and M is a difference between 13 and BD, or the
larger of 5 and (BD-7); wherein, BD is a bit depth.

15. The method of claim 1, wherein acquiring a prediction compensation value based on the

horizontal velocity and the vertical velocity comprises:

determining a horizontal gradient and a vertical gradient based on the first original

prediction value, the second original prediction value and a gradient right-shift bit number, and



acquiring the prediction compensation value based on the horizontal velocity, the vertical
velocity, the horizontal gradient and the vertical gradient; wherein the gradient right-shift bit

number is the larger of 2 and (14-BD), or the larger of 6 and (BD-6), and BD is a bit depth.

16. The method of any one of claims 1-15, wherein if the current block is divided into at

least one sub-block, for each sub-block of the current block, the method further comprises:

determining a first original prediction value of the sub-block based on the first

unidirectional motion information of the sub-block,

determining a second original prediction value of the sub-block based on the second

unidirectional motion information of the sub-block;

determining a horizontal velocity for the sub-block and a vertical velocity for the sub-block
based on the first original prediction value of the sub-block and the second original prediction

value of the sub-block;

acquiring a prediction compensation value for the sub-block based on the horizontal

velocity and the vertical velocity;

acquiring the target prediction value of the sub-block based on the first original prediction
value of the sub-block, the second original prediction value of the sub-block and the prediction

compensation value of the sub-block.

17. An encoding and decoding apparatus, which is configured for acquiring a target
prediction value of a current block or a sub-block of the current block if characteristic

information of the current block meets a specific condition, and comprises:

a first determination module configured for: if the characteristic information of the current
block meets the specific condition, determining a first original prediction value based on first
unidirectional motion information of the current block, and determining a second original

prediction value based on second unidirectional motion information of the current block;

a second determination module configured for determining a horizontal velocity based on
the first original prediction value and the second original prediction value, and determining a

vertical velocity based on the first original prediction value and the second original prediction



value;

a first acquisition module configured for acquiring a prediction compensation value based

on the horizontal velocity and the vertical velocity;

a second acquisition module configured for acquiring a target prediction value based on the
first original prediction value, the second original prediction value and the prediction

compensation value.

18. An encoding device, comprising a processor and a machine-readable storage medium,
wherein the machine-readable storage medium stores machine executable instructions that can be

executed by the processor;

the processor is configured to execute the machine executable instructions to implement the

method of any one of claims 1-16.

19. A decoding device, comprising a processor and a machine-readable storage medium,
wherein the machine-readable storage medium stores machine executable instructions that can be

executed by the processor;

the processor is configured to execute the machine executable instructions to implement the

method of any one of claims 1-16.

20. A machine-readable storage medium, wherein the machine-readable storage medium
stores computer instructions which, when executed by a processor, cause the processor to

implement the method of any one of claims 1-16.



