PICTURE ENHANCEMENT METHOD AND APPARATUS

TECHNICAL FIELD
[0001] The present application relates to the video picture coding and decoding
technology, and in particular relates to picture enhancement methods and apparatuses.
BACKGROUND
[0002] Complete video coding may include operations such as prediction, transform,
quantization, entropy coding, filtering and so on.
[0003] At present, common filtering technology used in a standard may include
DeBlocking Filter (DBF) technology, Sample Adaptive Offset (SAO) technology and
Adaptive Loop Filter (ALF) technology.
[0004] The DBF technology can be used to remove blocking artifact caused by block
coding. In SAO technology, by performing classification based on pixel values of samples
and gradient values of surrounding blocks, and adding different compensation values for
pixel values of categories, a reconstructed picture can be more similar to an original picture.
In the ALF technology, enhancement filtering is performed on a reconstructed picture with
a Wiener filter, such that the reconstructed picture can be more similar to an original picture.
[0005] In all of the above DBF, SAO and ALF filtering technology, classification is
performed based on a pixel value of a current pixel, or a relationship between the pixel value
of the current pixel and one or more pixel values of surrounding pixel(s), and different
filtering operations are performed based on different categories. In this way, a phenomenon
of over-filtering may occur, i.e., a filtered pixel value is much larger or smaller than a pixel
value before the filtering, and also much larger or smaller than an original pixel value.
SUMMARY
[0006] In view of this, the present application provides picture enhancement methods and
apparatuses.
[0007] Specifically, the present application is realized through the following technical
solutions. According to a first aspect of embodiments of the present application, a picture
enhancement method is provided, including: determining, for any one pixel, that meets a
first filtering condition, within a current block, a first pixel value of the pixel after first
filtering; and obtaining an enhanced third pixel value of the pixel by performing, based on
the first pixel value and a second pixel value of the pixel before the first filtering,

enhancement on a pixel value of the pixel.



[0008] According to a second aspect of embodiments of the present application, a picture
enhancement apparatus is provided, including a processor, a communication interface, a
memory and a communication bus, where the processor, the communication interface, and
the memory completing communication with each other via the communication bus; the
memory stores a computer program, and the processor is caused by the computer program
to determine, for any one pixel, that meets a first filtering condition, in a current block, a
first pixel value of the pixel after first filtering; and obtain an enhanced third pixel value of
the pixel by performing, based on the first pixel value and a second pixel value of the pixel
before the first filtering, enhancement on a pixel value of the pixel.
[0009] In the picture enhancement methods provided in the embodiments of the present
application, for any one pixel, that meets a first filtering condition, in a current block, a first
pixel value of the pixel after first filtering is determined. Based on the first pixel value and
a second pixel value of the pixel before the first filtering, enhancement can be performed on
a pixel value of the pixel to obtain an enhanced third pixel value of the pixel, which can
improve the picture quality and the coding and decoding performance.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIGs. 1A to 1B are schematic diagrams illustrating block partition according to an
example embodiment of the present application;
[0011] FIG. 2 is a schematic diagram illustrating a coding and decoding method according
to an example embodiment of the present application;
[0012] FIG. 3 is a schematic diagram illustrating pixels for DBF filtering according to an
example embodiment of the present application;
[0013] FIG. 4 is a schematic flowchart illustrating a picture enhancement method
according to an example embodiment of the present application;
[0014] FIG. 5 is a hardware structural schematic diagram illustrating a picture
enhancement apparatus according to an example embodiment of the present application;
[0015] FIG. 6 is a functional structural schematic diagram illustrating a picture
enhancement apparatus according to an example embodiment of the present application;
and
[0016] FIG. 7 is a functional structural schematic diagram illustrating another picture

enhancement apparatus according to an example embodiment of the present application.



DETAILED DESCRIPTION OF THE EMBODIMENTS
[0017] Examples will be described in detail herein, with the illustrations thereof
represented in the drawings. When the following descriptions involve the drawings, like
numerals in different drawings refer to like or similar elements unless otherwise indicated.
The embodiments described in the following examples do not represent all embodiments
consistent with the present application. Rather, they are merely examples of apparatuses and
methods consistent with some aspects of the present application as detailed in the appended
claims.
[0018] The terms used in the present application are for the purpose of describing
particular examples only, and are not intended to limit the present application. Terms
determined by “a”, “the” and “said” in their singular forms in the present application and
the appended claims are also intended to include plurality, unless clearly indicated otherwise
in the context.
[0019] To enable a person skilled in the art to better understand the technical solutions
provided by embodiments of the present application, some of technical terms involved in
the embodiments of the present application and main processes of existing video coding and
decoding are first briefly described below.
[0020] I. Technical Terms
[0021] 1. Rate-Distortion Optimization (RDO). Indicators for evaluating coding efficiency
may include bit rate and Peak Signal to Noise Ratio (PSNR). The smaller the bit rate is, the
higher the compression rate is; and the higher the PSNR is, the better the quality of the
reconstructed picture is. In a mode selection, a decision method is actually a comprehensive
evaluation for both of them. For example, the cost corresponding to a mode can be
calculated according to the following formula: J(mode)=D + A*R, where D represents
Distortion, usually measured by a Sum of Squared Errors (SSE), where SSE refers to a mean
sum of square of differences between a reconstructed picture block and a source picture; 1
represents a Lagrangian multiplier; and R represents an actual number of bits needed for
coding a picture block in this mode, including a total number of bits needed for coding mode
information, motion information, residuals and the like. In the mode selection, if the RDO
is used to make a comparative decision on coding modes, best coding performance can
usually be guaranteed.
[0022] 2. Sequence Parameter Set (SPS). In this set, there is flag bit(s) for determining

whether certain tools (manners) are allowed to be used in the whole sequence. In a case that
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a flag bit indicates 1, a corresponding tool (manner) can be allowed to be enabled in the
video sequence; otherwise, the tool (manner) cannot be enabled during the coding process
for the sequence.

[0023] 3. Picture Parameter Set (PPS). In this set, there is flag bit(s) for determining
whether certain tools (manners) are allowed to be used in a certain picture. In a case that a
flag bit indicates 1, the corresponding tool (manner) can be allowed to be enabled in the
picture; otherwise, the tool (manner) cannot be enabled during the coding process for the
picture.

[0024] 4. Picture header, which indicates common information for a certain picture.
[0025] 5. Slice header. A picture may contain one or more slices. In slice header
information, there is flag bit(s) for determining whether certain tools (manners) are allowed
to be used in a slice. In a case that a flag bit indicates 1, a corresponding tool (manner) is
allowed to be enabled in the slice; otherwise, the tool (manner) cannot be enabled during
the coding process for the slice.

[0026] 6. SAO filtering is used to eliminate ringing effect. Ringing effect is a phenomenon
that rippling artifact are generated in the vicinities of edges after decoding, which is due to
quantization distortion of high-frequency alternating current coefficients. The larger the size
of the transform block is, the more obvious the ringing effect is. A basic principle of SAO
is to perform compensation for a reconstructed curve by adding negative value(s) to peak
pixels thereof, and adding positive value(s) to trough pixels thereof. In SAO, a CTU is taken
as the basic unit which may include two major types of compensation: Edge Offset (EO)
and Band Offset (BO). In addition, parameter fusion technology is further introduced.
[0027] 7. ALF filtering. An optimal filter for mean square is obtained by calculating
according to an original signal and a distorted signal, i.e., the Wiener filter. An ALF filter is
generally a 7x7 or 5x5 diamond shape filter.

[0028] II. Block Partitioning Technology in Existing Video Coding Standards

[0029] In High Efficiency Video Coding (HEVC), a Coding Tree Unit (CTU) can be
recursively divided into Coding Units (CUs) using a quad-tree structure. In a leaf node, as
in a CU level, whether to use intra coding or inter coding can be determined. A CU can be
further divided into two or four Prediction Units (PUs), and the same prediction information
is used in the same PU. When the prediction is completed and residual information is
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quad-tree structure. For example, the current picture block in the present application may
be a PU.

[0030] However, the block partitioning technology in newly proposed Versatile Video
Coding (VVC) has changed significantly. The original division mode is replaced by a
division structure that mixes binary tree/ternary tree/quad-tree. The new mixed division
structure cancels the original distinction among concepts of CU, PU and TU, and supports
a more flexible way of CU division. A CU may be divided into squares or rectangles. For a
CTU, quad-tree division can be performed first, and binary tree and ternary tree division
can be further performed on leaf nodes obtained from the quad-tree division. Referring to
FIG. 1A, there are five division types for the CU shown in part (a), namely quad-tree
division shown in part (b), horizontal binary tree division shown in part (c), vertical binary
tree division shown in part (d), horizontal ternary tree division shown in part (¢) and vertical
ternary tree division shown in part (f). As shown in FIG. 1B, CU division within a CTU may
be any combination of the above five division types. As can be seen from the above, shapes
of PUs varies from division way to division way, for example, rectangles and squares of
different sizes.

[0031] III. Main Flow of Existing Video Coding and Decoding

[0032] Please refer to part @ in FIG. 2 in which video coding is taken as an example, the
video coding may include processes such as prediction, transform, quantization, entropy
coding and so on. Further, the coding process may be performed according to the framework
of part b in FIG. 2 as well.

[0033] Prediction can be classified into intra prediction and inter prediction. Intra
prediction uses surrounding coded block(s) as a reference to predict a current uncoded block,
so as to remove spatial redundancy effectively. Inter prediction uses neighboring coded
picture(s) to predict a current picture, so as to remove temporal redundancy effectively.
[0034] Transform refers to transforming a picture from a spatial domain to a transform
domain, and representing the picture with transform coefficient(s). Most pictures contain
many flat areas and slowly changing areas. With appropriate transform, a picture can be
transformed from a dispersed distribution in the spatial domain to a relatively concentrated
distribution in the transform domain, which can remove a frequency domain correlation
between signals, and effectively compress a bit stream together with a quantization process.
[0035] Entropy coding indicates a lossless coding manner that can convert a series of
element signs into a binary bit stream for transmission or storage. The input signs may
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include quantized transform coefficient(s), motion vector information, prediction mode
information, syntax related to the transform and the quantization and so on. Entropy coding
can effectively remove the redundancy of element signs for a video.

[0036] The above is description with coding as an example. Processes of video decoding
and video coding are relative, that is, the video decoding usually may include entropy
decoding, prediction, inverse quantization, inverse transform, filtering and other processes.
Implementation principles of these processes can be the same or similar to that of video
coding.

[0037] Implementation of DBF filtering is briefly described below.

[0038] The DBEF filtering includes two processes: a filtering decision and a filtering
operation.

[0039] The filtering decision can include: 1) obtaining Boundary Strength (that is,
obtaining a value of BS); 2) filtering on/off decision; and 3) strong and weak filtering
selection. For a chroma component, only step 1) is performed, and a BS value of a luminance
component is directly reused. For the chroma component, the filtering operation is
performed when the BS value is 2 (that is, at least one of blocks on both sides of the current
block uses an intra mode).

[0040] The filtering operation can include: 1) strong and weak filtering for a luminance
component; and 2) filtering for a chroma component. The DBF filtering generally indicates
performing horizontal boundary filtering (which can be called horizontal DBF filtering) and
vertical boundary filtering (which can be called vertical DBF filtering) in units of 8*8, and
at most 3 pixels on either side of a boundary are filtered while at most 4 pixels on either side
of the boundary are used for filtering. Therefore, the horizontal/vertical DBF filtering for
different blocks does not affect each other and can be performed in parallel.

[0041] As shown in FIG. 3, for current block 310 (which is of e.g., 8*8), vertical DBF
filtering can be performed first on pixels in the left 3 columns of current block 310 and the
right 3 columns of left block 320, and horizontal DBF filtering can be performed on pixels
in the upper 3 lines of current block 310 and the lower 3 lines of upper block 330.

[0042] For example, for a pixel on which both vertical DBF filtering and horizontal DBF
filtering are to be performed, the vertical DBF filtering is usually performed first, and then
the horizontal DBF filtering is performed.

[0043] For all of DBF filtering, SAO filtering and ALF filtering, classification is
performed based on a pixel value of a current pixel, or a relationship between the pixel value
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of the current pixel and pixel values of surrounding pixels, and different filtering operations
are performed based on different categories. The picture enhancement method proposed in
the present application indicates a secondary filtering (herein referred to as enhancement
filtering) manner based on filtering residual(s). A filtering residual refers to a difference
between pixel values before and after filtering. For example, in a case that a reconstruction
value before DBF filtering is Y1, and a pixel value after the DBF filtering is Y2,
classification can be performed based on a result of Y2-Y 1. A main benefit of classification
based on filtering residual(s) is that some over-filtered or pseudo-filtered pixel values can
be specially enhanced, so as to bring pixels of these categories closer to original values.
Over-filtering means that Y2 is much larger (or much smaller) than Y1, so that Y2 is much
larger (or much smaller) than an original pixel value. Pseudo-filtering means that Y2-Y1
equals to 0 or closes to 0, and these pixel values remain unchanged after filtering, which can
be equivalent to no filtering.

[0044] Inthe present application, it is supposed that a pixel’s coordinates can be expressed
as (1, j), the pixel has a reconstruction value as Y1 before performing first filtering (the first
filtering includes DBF filtering, SAO filtering, ALF filtering and other filtering ways that
do not use a filtering residual), and a pixel value as Y2 after the filtering, and then residual
classification can be performed based on a result of Y2-Y1. According to the residual
classification result, enhancement can be performed to obtain Y3. Y3 may be obtained by
enhancing Y2, or by performing enhancement based on Y1, or by performing enhancement
based on Y1 and Y2. The enhancement can be either adding a compensation value (which
can be a positive number or a negative number), or performing a weighted filtering, for
example, Y3=w1*Y1+w2*Y2, or Y3=w1*Y2+w2*Y2(i-1, j)+w2*Y2(i, j-1), where Y2(i-1,
J) and Y2(1, j-1) indicate spatial neighboring pixel values related to Y2.

[0045] To make the above objects, features and advantages of the embodiments of the
present application more clear and understandable, technical solutions in the embodiments
of the present application will be described in further detail below with reference to the
accompanying drawings.

[0046] Please refer to FIG. 4, which is a schematic flowchart illustrating a picture
enhancement method provided by an embodiment of the present application. As shown in
FIG. 4, the picture enhancement method may include the following steps.

[0047] At step S400, for any one pixel within a current block that meets a first filtering
condition, a first pixel value of the pixel after first filtering is determined.
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[0048] In embodiments of the present application, the first filtering may include, but is
not limited to, vertical DBF filtering, horizontal DBF filtering, SAO filtering, ALF filtering
and the like.

[0049] Taking that the first filtering is the vertical DBF filtering or the horizontal DBF
filtering as an example, whether each pixel of the current block meets the first filtering
condition can be determined based on a position of the pixel in the current block and the
filtering decision strategy of the DBF filtering above. For example, when it is determined
that DBF filtering is to be performed on the current block according to the above filtering
strategy of the DBF filtering, pixels in the current block on which vertical DBF filtering
and/or horizontal DBF filtering are to be performed may be that shown in FIG. 3.

[0050] For any one pixel in the current block that meets the first filtering condition, a
pixel value (herein referred to as a first pixel value) of the pixel after the first filtering can
be determined.

[0051] At step S410, based on the first pixel value and a second pixel value of the pixel
before the first filtering, enhancement is performed on a pixel value of the pixel to obtain
an enhanced third pixel value of the pixel.

[0052] In the embodiments of the present application, when the first pixel value of the
pixel after the first filtering is determined, based on the first pixel value and a pixel value
(herein referred to as a second pixel value) of the pixel before the first filtering, a pixel value
of the pixel can be enhanced, that is, enhancement filtering can be performed on the pixel
value of the pixel to obtain a pixel value of the pixel after the enhancement (herein referred
to as a third pixel value). In this way, the enhanced pixel value of the pixel is closer to an
original pixel value than the first pixel value, so as to avoid the filtered pixel value from
being much larger or smaller than the original pixel value due to over-filtering, and improve
the picture quality.

[0053] For example, the third pixel value is closer to the original pixel value of the pixel
than the first pixel value, so as to prevent the filtered pixel value from being much larger or
smaller than the original pixel value of the pixel due to over-filtering.

[0054] For example, the enhancement process on a pixel value of a pixel can be
implemented by adding a compensation value (also called an offset, which can be a positive
number or a negative number), or by performing a weighted filtering.

[0055] Taking the weighted filtering as an example, assuming that coordinates of the pixel
is (i, j), the first pixel value is Y2, the second pixel value is Y1 and the third pixel value is
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Y3, and then, Y3=w1* Y1+w2*Y2 or Y3=wI*Y2+w2*Y2(i-1, j) + w2*Y2(i, j-1), where
Y2(i-1, j) and Y2(i, j-1) indicate pixel values of spatial neighbouring pixels of the pixel.
[0056] As can be seen from the method flow shown in FIG. 4, when a pixel is filtered, a
pixel value of the pixel can be enhanced based on pixel values of the pixel before and after
the filtering, such that the coding and decoding performance as well as the picture quality
can be improved.

[0057] In a possible embodiment, in step S410, based on the first pixel value and the
second pixel value of the pixel before the first filtering, performing enhancement on the
pixel value of the pixel may include: based on a difference between the first pixel value and
the second pixel value, performing enhancement on the pixel value of the pixel.

[0058] Forexample, a residual of pixel values before and after filtering a pixel can usually
represent a residual between a pixel value of the pixel after the filtering and an original pixel
value of the pixel. Therefore, a pixel can be enhanced based on a residual of pixel values of
the pixel before and after filtering, which can effectively ensure that an enhanced pixel value
of the pixel is closer to the original pixel value of the pixel as well as improve the picture
quality.

[0059] When the first pixel value obtained from performing the first filtering on the pixel
is determined, a difference between the first pixel value and the second pixel value before
performing the first filtering on the pixel can be calculated, and enhancement can be
performed on a pixel value of the pixel based on the difference.

[0060] In an example, performing enhancement on the pixel value of the pixel based on
the difference between the first pixel value and the second pixel value may include: based
on a result of comparing a predetermined threshold with the difference between the first
pixel value and the second pixel value, performing enhancement on the pixel value of the
pixel.

[0061] For example, classification can be performed on the pixel based on the result of
comparing the predetermined threshold with the difference between the first pixel value and
the second pixel value of the pixel. Enhancement can be performed on the pixel value of the
pixel based on a category of the pixel. For example, for pixels of different categories,
strategies for enhancement varies from category to category.

[0062] Inan example, based on the comparison result of the predetermined thresholds and
the difference between the first pixel value and the second pixel value, performing
enhancement on the pixel value of the pixel may include: in a case that the difference
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between the first pixel value and the second pixel value is greater than a first enhancement
filtering threshold, performing enhancement on the pixel value of the pixel based on a first
enhancement filtering offset; and in a case that the difference between the first pixel value
and the second pixel value is smaller than a second enhancement filtering threshold,
performing enhancement on the pixel value of the pixel based on a second enhancement
filtering offset. The second enhancement filtering threshold is smaller than the first
enhancement filtering threshold.

[0063] For example, the predetermined thresholds may include the first enhancement
filtering threshold and the second enhancement filtering threshold, where the second
enhancement filtering threshold is smaller than the first enhancement filtering threshold.
[0064] When the difference between the first pixel value and the second pixel value is
determined, the difference may be compared with the first enhancement filtering threshold
and the second enhancement filtering threshold. In response to determining that the
difference is greater than the first enhancement filtering threshold, enhancement may be
performed on the pixel value of the pixel based on the first enhancement filtering offset. In
response to determining that the difference is smaller than the second enhancement filtering
threshold, enhancement may be performed on the pixel value of the pixel based on the
second enhancement filtering offset.

[0065] For example, for enhancing the pixel value of the pixel, a fourth pixel value can
be determined based on the first pixel value and the second pixel value. In response to
determining that the difference between the first pixel value and the second pixel value is
greater than the first enhancement filtering threshold, a third pixel value can be obtained by
performing enhancement on the fourth pixel value based on the first enhancement filtering
offset. In response to determining that the difference between the first pixel value and the
second pixel value is smaller than the second enhancement filtering threshold, the third pixel
value can be obtained by performing enhancement on the fourth pixel value based on the
second enhancement filtering offset.

[0066] For another example, the enhancement on the pixel value of the pixel may be
implemented through performing enhancement on the first pixel value. In response to
determining that the difference between the first pixel value and the second pixel value is
greater than the first enhancement filtering threshold, the third pixel value can be obtained
by performing enhancement on the first pixel value based on the first enhancement filtering
offset. In response to determining that the difference between the first pixel value and the
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second pixel value is smaller than the second enhancement filtering threshold, the third pixel
value can be obtained by performing enhancement on the first pixel value based on the
second enhancement filtering offset.

[0067] It should be noted that, in the embodiments of the present application, in a case
that the difference between the first pixel value and the second pixel value is smaller than
or equal to the first enhancement filtering threshold, and greater than or equal to the second
enhancement filtering threshold, the first pixel value may be taken as the third pixel value,
or filtering (herein referred to as second filtering) can be performed on the first pixel value
to obtain the third pixel value.

[0068] For example, a sum of the first pixel value and a predetermined third enhancement
filtering offset may be determined as the third pixel value. For another example, the second
filtering may be ALF filtering, and the third pixel value may be obtained by performing the
ALF filtering on the first pixel value.

[0069] A pixel value of a pixel is within a specified value range, the value range is usually
determined by a picture bit depth, for example, [0, 2P - 1], where D is the picture bit depth.
For example, for an 8-bit picture, the value range is [0, 255], and for a 10-bit picture, the
value range is [0, 1023]. To avoid that the enhanced third pixel value of the pixel exceeds
the value range of pixel value, when the third pixel value is obtained, a clip operation can
be performed to limit the third pixel value to a predetermined value range.

[0070] In response to determining that the third pixel value is greater than an upper limit
of the predetermined value range, the third pixel value is set to the upper limit of the
predetermined value range; and in response to determining that the third pixel value is
smaller than a lower limit of the predetermined value range, the third pixel value is set to
the lower limit of the predetermined value range. Taking an 8-bit picture as an example, in
a case that the third pixel value is smaller than 0, the third pixel value can be set to 0, and in
a case that the third pixel value is greater than 255, the third pixel value can be set to 255.
[0071] When a coder-side device performs the above enhancement on a pixel in the
current block, the coder-side device and a decoder-side device should be consistent in values
of the enhancement filtering thresholds and the enhancement filtering offsets.

[0072] For example, the coder-side device and the decoder-side device can construct the
same enhancement filtering threshold candidate list (hereinafter referred to as a threshold
candidate list) and the same enhancement filtering offset candidate list. The coder-side
device can carry an enhancement filtering threshold index (hereinafter referred to as a
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threshold index) and an enhancement filtering offset index (hereinafter referred to as an
offset index) in a bit stream. The threshold index can be used to represent a position of an
enhancement filtering threshold, for example, the first enhancement filtering threshold or
the second enhancement filtering threshold, in the threshold candidate list. The offset index
can be used to represent a position of an enhancement filtering offset, for example, the first
enhancement filtering offset or the second enhancement filtering offset, in the offset
candidate list.

[0073] When the bit stream is received, the decoder-side device can decode the threshold
index and the offset index from the bit stream, query the first enhancement filtering
threshold or the second enhancement filtering threshold from the threshold candidate list
based on the threshold index, and query the first enhancement filtering offset or the second
enhancement filtering offset from the offset candidate list based on the offset index.

[0074] In one example, to reduce the number of bits consumed by threshold index(es) to
be coded, the first enhancement filtering threshold can be the opposite of the second
enhancement filtering threshold.

[0075] For example, since the second enhancement filtering threshold is smaller than the
first enhancement filtering threshold, the first enhancement filtering threshold can be a
positive number, and the second enhancement filtering threshold can be a negative number.
For example, the first enhancement filtering threshold may be 2, and the second
enhancement filtering threshold may be -2. Similarly, the first enhancement filtering offset
can be the opposite of the second enhancement filtering offset.

[0076] It should be noted that, in the embodiments of the present application, while
constructing the enhancement filtering threshold candidate list and the enhancement
filtering offset candidate list, a form of parameter sets can be used. That is, each candidate
value in a candidate list can indicate a parameter set, and the parameter set may include a
candidate first enhancement filtering threshold and a candidate second enhancement
filtering threshold (in a case that the first enhancement filtering threshold and the second
enhancement filtering threshold are opposite numbers of each other, it can include only one
of the two), a candidate first enhancement filtering offset and a candidate second
enhancement filtering offset (in a case that the first enhancement filtering offset and the
second enhancement filtering offset are opposite numbers of each other, it can include only

one of the two).
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[0077] While coding and decoding an index, the index can be coded and decoded in a
form of a parameter set index, that is, a position of a parameter set in a parameter set
candidate list can be represented with a parameter set index. Specific implementation
thereof can be described in the following specific embodiments.

[0078] In addition, in the embodiments of the present application, enhancement filtering
parameters of the current block, for example, an enhancement filtering threshold and an
enhancement filtering offset, may reuse corresponding parameters of a surrounding block,
for example, an upper block or a left block as well.

[0079] The coder and the decoder can use a flag bit in a bit stream for indicating whether
the current block reuses enhancement filtering parameters of the surrounding block. In
response to determining that the enhancement filtering parameters of the surrounding block
are reused, there is no need to additionally code and decode the enhancement filtering
parameters of the current block.

[0080] In another example, to reduce the number of bits consumed by threshold index(es)
to be coded, the first enhancement filtering threshold and/or the second enhancement
filtering threshold are fixed values. For example, the first enhancement filtering threshold
and/or the second enhancement filtering threshold may be set to a fixed value, so that there
is no need to code a threshold index corresponding to the first enhancement filtering
threshold and/or a threshold index corresponding to the second enhancement filtering
threshold. Similarly, the first enhancement filtering offset and/or the second enhancement
filtering offset may be fixed values as well.

[0081] In another possible embodiment, in step S410, based on the first pixel value and
the second pixel value of the pixel before the first filtering, performing enhancement on the
pixel value of the pixel may include: determining the third pixel value by using machine
learning or deep learning with the first pixel value and the second pixel value as input
parameters.

[0082] Forexample, manners of the machine learning or deep learning can be further used
to implement the enhancement on pixel values. When the first pixel value of the pixel is
determined by performing the first filtering on the pixel, the first pixel value and the second
pixel value before the first filtering can be taken as input parameters, and the machine
learning or deep learning can be used to perform enhancement on the pixel value of the pixel,

so as to obtain a third pixel value after enhancement.
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[0083] It should be noted that the ways of determining the third pixel value described in
the above-mentioned embodiments are several specific examples of implementations for
determining the third pixel value in the embodiments of the present application, and do not
limit the protection scope of the present application. In the embodiments of the present
application, the third pixel value can also be determined based on the first pixel value and
the second pixel value in other ways. For example, a difference between the first pixel value
and the second pixel value can be taken as an input, and a Wiener filter can be used to
determine the third pixel value. Alternately, based on the difference between the first pixel
value and the second pixel value, classification can be performed on the second pixel value,
and based on a category of the second pixel value, the Wiener filter can be used to perform
enhancement on the pixel value of the pixel to determine the third pixel value.

[0084] In a possible embodiment, in step S410, based on the first pixel value and the
second pixel value of the pixel before the first filtering, performing enhancement on the
pixel value of the pixel may include: in a case that enhancement filtering is enabled for the
current block, performing enhancement on the pixel value of the pixel based on the first
pixel value and the second pixel value.

[0085] Forexample, to improve the flexibility and controllability of enhancement filtering,
a scheme that enables or disables the enhancement filtering can be selected. That is, when a
pixel is filtered, enhancement is performed on a pixel value of the pixel (enabling
enhancement filtering) or enhancement is not performed on the pixel value of the pixel
(disabling enhancement filtering).

[0086] For any one pixel within the current block that meets a first filtering condition,
when a first pixel value of the pixel after first filtering is determined, based on whether
enhancement filtering is enabled for the current block, whether to perform enhancement on
a pixel value of the pixel can be determined. In a case that the enhancement filtering is
enabled for the current block, the enhancement can be performed on the pixel based on the
first pixel value and the second pixel value.

[0087] In one example, a designated syntax can be used to identify whether enhancement
filtering is enabled for the current block. For example, a level of the designated syntax may
include, but is not limited to, one or more of the following: a syntax at a Sequence Parameter
Set (SPS) level, a syntax at a Picture Parameter Set (PPS) level, or a syntax at a Slice level.

Alternately, the designated syntax may include, but is not limited to, one or more of the
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following: a syntax at the SPS level, a syntax at the PPS level, a syntax at a Coding Tree
Unit (CTU) level, or a syntax at a Coding Unit (CU) level.
[0088] Forexample, to improve the flexibility and controllability of enhancement filtering,
enabling or disabling the enhancement filtering may be implemented at different levels. For
example, the enabling or disabling for the enhancement filtering can be realized at one or
more of the SPS level, the PPS level and the Slice level. For example, in a case that
enhancement filtering is enabled for a picture sequence, enabling or disabling for the
enhancement filtering may be further set in the syntax at the PPS level, so that the
enhancement filtering can be selectively enabled or disabled for each picture in the picture
sequence. For another example, in a case that enhancement filtering is enabled for a picture,
enabling or disabling for the enhancement filtering may be further set in the syntax at the
Slice level, so that the enhancement filtering can be selectively enabled or disabled for each
slice of the picture. It should be noted that, when the number of Slices included in a picture
is 1, and enhancement filtering is enabled for the picture, enhancement filtering is enabled
for this Slice as well, and vice versa.
[0089] Similarly, the enabling or disabling for the enhancement filtering can be realized
at one or more of the SPS level, the PPS level, the CTU level and the CU level.
[0090] Inoneexample, in a case that one or more candidate levels of the designated syntax
include at least two levels, a level of the designated syntax is determined based on a
predetermined flag bit, which is used to indicate the level of the designated syntax.
[0091] Forexample, in a case that the candidate levels of the designated syntax include at
least two levels, a special flag bit can be further used to indicate a level of the above-
mentioned designated syntax. For example, in a case that a level of the designated syntax
includes the PPS level and the CTU level, a flag bit may be added at the PPS to indicate that
the level of the designated syntax is the PPS level or the CTU level.
[0092] For example, a syntax level of the predetermined flag bit matches with a non-
lowest level among candidate levels of the designated syntax. For example, in a case that
the candidate levels of the designated syntax include the syntax at the SPS level and the
syntax at the PPS level, the syntax level of the predetermined flag bit may be the SPS level.
In a case that the candidate levels of the designated syntax include the syntax at the PPS
level and the syntax at the Slice level, the syntax level of the predetermined flag bit may be
the PPS level. In a case that the candidate levels of the designated syntax include the syntax
at the SPS level, the syntax at the PPS level and the syntax at the Slice level, the
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predetermined flag bit may include a flag bit at the SPS level and a flag bit at the PPS level.
In a case that the candidate levels of the designated syntax include the syntax at the PPS
level and the syntax at the CTU level, the syntax level of the predetermined flag bit may be
the PPS level. In a case that the candidate levels of the designated syntax include the syntax
at the CTU level and the syntax at the CU level, the syntax level of the predetermined flag
bit may be the CTU level. In a case that the candidate levels of the designated syntax include
the syntax at the PPS level, the syntax at the CTU level and the syntax at the CU level, the
predetermined flag bit may include a flag bit for the CTU level and a flag bit for the CU
level. For specific implementations, description would be provided below with reference to
specific embodiments.

[0093] In apossible embodiment, in a case that the first filtering is a non-first filtering in
a succession of filtering for the pixel, the second pixel value may be a pixel value obtained
by performing enhancement on a pixel value of the pixel after previous filtering.

[0094] For example, in a case that a pixel is to be subjected to a number of consecutive
filtering, when filtering is performed on the pixel each time, enhancement may be performed
on a pixel value of the pixel. For a pixel on which next filtering is to be performed, a pixel
value thereof can be a pixel value obtained from the previous filtering and enhancement.
[0095] In an example, the first filtering is horizontal DBF filtering, and in a case that the
pixel meets a vertical DBF filtering condition, the second pixel value is a pixel value of the
pixel obtained from performing enhancement on a fifth pixel value of the pixel. The fifth
pixel value is a pixel value obtained from performing vertical DBF filtering on the pixel.
[0096] For example, in a case that the first filtering is the horizontal DBF filtering, the
pixel meets the vertical DBF filtering condition, and a pixel value of the pixel obtained from
performing the vertical DBF filtering is the fifth pixel value, the second pixel value is a pixel
value obtained by performing vertical DBF filtering and then enhancement in ways
described in the above embodiments on the pixel.

[0097] In a possible embodiment, the first filtering is vertical DBF filtering. In step S410,
when the pixel value of the pixel has been performed the enhancement, the method may
further include: in a case that the pixel meets a horizontal DBF filtering condition, horizontal
DBF filtering is performed on the third pixel value to obtain a sixth pixel value of the pixel;
and based on the third pixel value and the sixth pixel value, enhancement is performed on

the pixel value of the pixel to obtain an enhanced seventh pixel value of the pixel.
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[0098] For example, while vertical DBF filtering and enhancement are performed on a
pixel in the manner described in steps S400 to S410, whether the pixel meets the horizontal
DBEF filtering condition can be further determined. For example, based on a position of the
pixel, whether the pixel meets the horizontal DBF filtering condition can be determined.
[0099] In a case that the pixel meets the horizontal DBF filtering condition, horizontal
DBEF filtering can be performed on the third pixel value to obtain a pixel value of the pixel
subjected to the horizontal DBF filtering (herein referred to as the sixth pixel value). Based
on a pixel value of the pixel before the horizontal DBF filtering, that is, the third pixel value,
and a pixel value of the pixel after the horizontal DBF filtering, that is, the sixth pixel value,
enhancement can be performed on the pixel value of the pixel, so as to obtain a pixel value
of the pixel after the enhancement (herein referred to as the seventh pixel value).

[0100] It should be noted that, for specific implementations of performing the
enhancement on the pixel value of the pixel based on the third pixel value and the sixth pixel
value, reference can made to related description of performing enhancement on the pixel
value of the pixel based on the first pixel value and the second pixel value described in the
above-mentioned embodiments, which will not be repeated in the embodiments of the
present application.

[0101] In addition, in the embodiments of the present application, for the implementation
flow of the above-mentioned succession of filtering, description is made with an example
that enhancement filtering is enabled for each filtering performed on a pixel. In a case that
the enhancement filtering is not enabled, enhancement may not be needed after
corresponding filtering.

[0102] For example, the vertical DBF filtering and the horizontal DBF filtering may be
taken as an example. In a case that a pixel meets a vertical DBF filtering condition and a
horizontal DBF filtering condition, and enhancement filtering is not enabled for the vertical
DBF filtering, when the vertical DBF filtering is performed on the pixel, it is not necessary
to perform enhancement on a pixel value obtained from the vertical DBF filtering. In this
case, while performing the horizontal DBF filtering on the pixel, a pixel value of the pixel
before performing the horizontal DBF filtering can be a pixel value of the pixel on which
the vertical DBF filtering is performed.

[0103] To make those skilled in the art better understand the technical solutions provided

by the embodiments of the application, the technical solutions are described below in
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conjunction with specific examples. The technical solutions can be described by taking first
filtering as DBF filtering, SAO filtering or ALF filtering as an example.
[0104] For example, a reconstruction value before the first filtering is Y1, and a pixel
value after the first filtering is Y2, classification can be performed based on Y2-Y1 or Y1-
Y2. Based on a result of the classification, for one of residuals of different categories,
corresponding enhancement (also called enhancement filtering) can be performed to obtain
an enhanced pixel value Y3.
[0105] For example, Y3 may be obtained by performing enhancement on Y2, or on Y1,
or on Y1 and Y2 both. For example, the above enhancement may indicate adding a
compensation value (which may be a positive number or a negative number), or performing
a weighted filtering, for example, Y3=wl*Y1+w2*Y2, or Y3=wl*Y2+w2*Y2(i-1,
DTwW2*Y2(i, j-1), where Y2(i-1, j) and Y2(i, j-1) indicate spatial neighboring pixel values
related to Y2.
[0106] First, description is made by taking an example that the first filtering includes the
DBEF filtering.
[0107] Embodiment 1: pixel i meeting the vertical DBF filtering condition and the
horizontal DBF filtering condition is taken as an example.
[0108] At step 1, by performing vertical DBF filtering on Y1(i), Y2(i) is obtained. At step
2, based on Y (i) and Y2(1), enhancement is performed on a pixel value of the pixel to obtain
Ys(i). At step 3, by performing horizontal DBF filtering on Y3(1), Y4(1) is obtained. At step
4, based on Y4(i) and Y3(i), enhancement is performed on a pixel value of the pixel to obtain
Ys(1).
[0109] For example, in a case that the first filtering above is the vertical DBF filtering,
Y1(i) may be the second pixel value above, Y2(i) may be the first pixel value above, and
Y3(i) may be the third pixel value above. Y4(i) may be the sixth pixel value above, and Y'5(i)
may be the seventh pixel value above. For example, in a case that the first filtering above is
the horizontal DBF filtering, Y3(1) may be the second pixel value above, Y4(i) may be the
first pixel value above, Y5(i) may be the third pixel value above, and Y2(i) may be the fifth
pixel value above.
[0110] Embodiment 2
[0111] On the basis of Embodiment 1, in step 2, it is assumed that Y (i)=(Y1(i)+
Y2(i)+1)/2;
[0112] ifY1(1)-Y2(1)>Tv, Y3(i)=clip(Y+(i)+10);
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[0113] if Y1(1)-Y2(1)<NTy, Y3(i)=clip(Yv(i)+flv); and

[0114] if NTv < Yi(1)-Y2(1) =< Tv, Y3(1)=Y2(i), or Y3(1)=Y2()+f2y. Y3(1)=Y2(i)+2y
represents performing filtering (that is, the above-mentioned second filtering) on Y2(i) to
obtain Y3(i).

[0115] For example, Ty and NT, can be enhancement filtering thresholds, and {0y, 1, and
2y can be enhancement filtering offsets. clip(x) can represent limiting X to a predetermined
value range. For example, in a case that the first filtering is vertical BDF filtering, Tv may
be the first enhancement filtering threshold above, NTy may be the second enhancement
filtering threshold above. 0, may be the first enhancement filtering offset above, f1, may
be the second enhancement filtering offset above, f2y may be the third enhancement filtering
offset above, Y(i) may be the fourth pixel value above, and clip(x) may represent limiting
X to the predetermined value range.

[0116] For example, NT,=-T,, that is, Ty is an opposite number of NT,.

[0117] Similarly, in step 4, it is assumed that Yn(1)=(Y3(1)+Y4(i)+1)/2;

[0118] if Y3(1)-Y4(i)>Th, Y3(i)=clip(Yn(i)+{On);

[0119] ifY3(i)-Y4(1))<NTh, Y3(i)=clip(Yn(i)+f1n); and

[0120] if NTn < Y3(1)-Y4(i) =< Th, Ys5(1)=Y4(i), or Ys(i)=Yas(i)+2n Ys(i)=Ya(i)+2n
represents performing filtering (that is, the above-mentioned second filtering) on Ya(i) to
obtain Y5(1).

[0121] For example, Ty and NTy are enhancement filtering thresholds, and fOp, f1n and 21,
are enhancement filtering offsets.

[0122] For example, in a case that the first filtering is horizontal BDF filtering, T may be
the first enhancement filtering threshold above, NTn may be the second enhancement
filtering threshold above. fOn may be the first enhancement filtering offset above, fl, may
be the second enhancement filtering offset above, and 2, may be the third enhancement
filtering offset above.

[0123] For example, NTy=-Th, that is, NTy is an opposite number of Th.

[0124] Embodiment 3

[0125] On the basis of Embodiment 1, in step 2, it is assumed that Y(1)=Y2(i);

[0126] if Y1(1)-Y2(i)>Tv, Y3(i)=clip(Y+(i)+f0y);

[0127] ifY1(1)-Y2(1)<NTy, Y3(i)=clip(Yv(i)+flv); and
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[0128] if NTy < Yi(i)-Y2(i) =< Ty, Y3()=Y2(i), or Y3(i)=Y2(i)+2. Y3(i)=Y2(i)+f2y
represents performing filtering (that is, the above-mentioned second filtering) on Y2(i) to
obtain Y3(1).

[0129] For example, Ty and NT, can be enhancement filtering thresholds, and {0y, f1, and
2y can be enhancement filtering offsets. clip(x) can represent limiting X to a predetermined
value range.

[0130] For example, NT,=-T,, that is, Ty is an opposite number of NT,.

[0131] Similarly, in step 4, it is assumed that Yn(1)=Ya4(i);

[0132] ifY3(1)-Y4(1)>Th, Y3(i)=clip(Yn(i)+fOn);

[0133] if Y3(i)-Y4(i)<NTh, Y3(i)=clip(Yn(i)+fln); and

[0134] if NTh < Y3(1)-Y4(i) < Tn, Ys(0)=Ya(i), or Ys(i)=Yas(i)+f2n. Ys(i)=Ya(i)+f2n
represents performing filtering (that is, the above-mentioned second filtering) on Ya(i) to
obtain Y3(i).

[0135] Forexample, Ty and NTy are enhancement filtering thresholds, and fO, f1n and 25
are enhancement filtering offsets. For example, NTy=-Th, that is, Th is an opposite number
of NTh.

[0136] Although the above-mentioned Embodiments 1 to 3 are described by taking pixel
1 meeting the vertical DBF filtering condition and the horizontal DBF filtering condition as
an example, the method can also be applied to a case that pixel i meeting the vertical DBF
filtering condition or the horizontal DBF filtering condition. For example, in the case that
pixel i meets the vertical DBF filtering condition, the first two steps of the above-mentioned
embodiments may be included. For example, in the case where pixel i meets the horizontal
DBEF filtering condition, two steps may be included, in which step 1 may include performing
horizontal DBF filtering on Y (i) to obtain Y2(i1), and step 2 may include, based on Y(i) and
Y2(i), performing enhancement on the pixel value of the pixel to obtain Y3(i). For the
specific implementation of step 2, reference can be made to the specific implementation of
step 2 in Embodiments 2 and 3, in which parameters for the vertical DBF filtering are
replaced with parameters for the horizontal DBF filtering, which will not be repeated here.

[0137] Embodiment 4

[0138] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
picture level. The picture level may include the PPS level or the slice level, and the PPS

level may indicate a picture. A picture may include N (N is a positive integer) slices.
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[0139] For a coder-side device, the following syntax information is to be coded and
transmitted in a picture header or slice header. That is, a set of the following syntax (a level
of the syntax includes the PPS level or the slice level) is adopted for a picture or a slice, and
all coded blocks within the picture or slice reuse the same set of coefficients.

[0140] Forexample, the set of coefficients may include: enhancement filtering threshold(s)
(which may include a vertical enhancement filtering threshold and/or a horizontal
enhancement filtering threshold) and enhancement filtering offset(s) (which may include a
vertical enhancement filtering offset and/or a horizontal enhancement filtering offset).
[0141] For a decoder-side device, the following syntax information is to be decoded from
the picture header or slice header.

[0142] 1. A vertical enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a vertical direction is enabled for a current picture or slice.
[0143] In a case of not being enabled, when the above step 1 is performed, there is no
need to perform the above step 2, and no need to code or decode the related threshold index
and offset index.

[0144] In a case of being enabled, when the above step 1 is performed, the above step 2
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the vertical direction and an enhancement filtering offset index
for the vertical direction.

[0145] The enhancement filtering threshold index for the vertical direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0146] For example, in a case that Ty is an opposite number of NTy, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, Tyv=2 and NT,=-2, there is no need to code and decode the
threshold index.

[0147] For f0y and fl, candidate values of the enhancement filtering offset index for the
vertical direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3,4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of fOy and f1, may be the same
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or different, for example, a candidate list of f0y may be {-1, -2, -3, -4}, and a candidate list
of f1, may be {1, 2, 3, 4}.

[0148] 2. A horizontal enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a horizontal direction is enabled for a current picture or
slice.

[0149] In a case of not being enabled, when the above step 3 is performed, there is no
need to perform the above step 4, and no need to code or decode the related threshold index
and offset index.

[0150] In a case of being enabled, when the above step 3 is performed, the above step 4
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the horizontal direction and an enhancement filtering offset
index for the horizontal direction.

[0151] The enhancement filtering threshold index for the horizontal direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0152] For example, in a case that Ty is an opposite number of NTh, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, Th=2 and NTy=-2, there is no need to code and decode the
threshold index.

[0153] For fOn and fly, candidate values of the enhancement filtering offset index for the
horizontal direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of fO, and f1n may be the same
or different, for example, a candidate list of fOn may be {-1, -2, -3, -4}, and a candidate list
of f1, may be {1, 2, 3, 4}.

[0154] Embodiment 5

[0155] Different from Embodiment 4, in Embodiment 5, the enhancement filtering
parameters (including the enhancement filtering threshold and/or the enhancement filtering
offset) appear in a form of a parameter set. That is, index information on the enhancement
filtering threshold and/or the enhancement filtering offset is no longer separately coded and

22



decoded, but index information on a parameter set including the enhancement filtering
threshold and the enhancement filtering offset is coded and decoded.

[0156] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
picture level. The picture level may include the PPS level or the slice level, and the PPS
level may indicate a picture. A picture may include N (N is a positive integer) slices.
[0157] For a coder-side device, the following syntax information is to be coded and
transmitted in a picture header or slice header. That is, a set of the following syntax (a level
of the syntax includes the PPS level or the slice level) is adopted for a picture or a slice, and
the same set of coefficients is used by all coded blocks within the picture or slice.

[0158] For example, the set of coefficients may include an enhancement filtering
parameter set including enhancement filtering threshold(s) and enhancement filtering
offset(s). For a decoder-side device, the following syntax information is to be decoded from
the picture header or slice header.

[0159] 1. A vertical enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a vertical direction is enabled for a current picture or slice.
[0160] In a case of not being enabled, when the above step 1 is performed, there is no
need to perform the above step 2, and no need to code or decode the related parameter index.
[0161] In a case of being enabled, when the above step 1 is performed, the above step 2
is to be performed, and the following information is coded and decoded: an index of one or
more vertical enhancement filtering parameters.

[0162] The vertical enhancement filtering parameters may appear in a form of a parameter
set, and the index of the vertical enhancement filtering parameters may include, but is not
limited to, an index of {Tv, fOy, fl,} in a parameter set candidate list T{Ty, fOy, f1v}. As such,
based on the index, values of Ty, f0y and fly can be determined from the parameter set
candidate list T.

[0163] For example, the vertical enhancement filtering parameters may be a fixed
parameter set predetermined by the coder-side device and the decoder-side device, or may
be stored vertical enhancement filtering parameter(s) of other coded pictures in the time
domain. In this case, coding and decoding for the parameter index may not be needed.
[0164] 2. A horizontal enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a horizontal direction is enabled for a current picture or

slice.
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[0165] In a case of not being enabled, when the above step 3 is performed, there is no
need to perform the above step 4, and no need to code or decode the related parameter index.
[0166] In a case of being enabled, when the above step 3 is performed, the above step 4
is to be performed, and the following information is coded and decoded: an index of one or
more horizontal enhancement filtering parameters.

[0167] The horizontal enhancement filtering parameters may appear in a form of a
parameter set, and the index of the horizontal enhancement filtering parameters may include,
but is not limited to, an index of {Tn, fOn, fln} in a parameter set candidate list T{Th, fOn,
fln}. As such, based on the index, values of Ty, fOn and fln can be determined from the
parameter set candidate list T.

[0168] For example, the horizontal enhancement filtering parameters may be a fixed
parameter set predetermined by the coder-side device and the decoder-side device, or may
be stored horizontal enhancement filtering parameter(s) of other coded pictures in the time
domain. In this case, there is no need to code and decode the parameter index.

[0169] Embodiment 6

[0170] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
CTU level. A CTU is the largest coding unit. For an I slice (Intra slice), a size of CTU is
generally 64*64, for a non-I slice (such as a B slice (bi-predictive slice) or a P slice
(Predictive slice)), a size of CTU is generally 128*128.

[0171] For each CTU, a set of coefficients is coded, that is, each coding block under the
CTU adopts the set of coefficients. For specific implementations of coding and decoding
the coefficients for each CTU, reference can be made to specific implementations of coding
and decoding corresponding coefficients in Embodiment 4 or Embodiment 5. For example,
the set of coefficients may include enhancement filtering threshold(s) and enhancement
filtering offset(s) (corresponding to Embodiment 4), or an enhancement filtering parameter
set including the enhancement filtering threshold(s) and the enhancement filtering offset(s)
(corresponding to Embodiment 5).

[0172] For example, for a decoder-side device, the following syntax information is to be
decoded in a CTU header.

[0173] 1. A vertical enhancement filtering enabling flag, which can be used to identify

whether enhancement filtering for a vertical direction is enabled for a current picture or slice.
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[0174] 1In a case of not being enabled, when the above step 1 is performed, there is no
need to perform the above step 2, and no need to code or decode the related threshold index
and offset index.

[0175] In a case of being enabled, when the above step 1 is performed, the above step 2
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the vertical direction and an enhancement filtering offset index
for the vertical direction.

[0176] The enhancement filtering threshold index for the vertical direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0177] For example, in a case that Ty is an opposite number of NTy, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, T.=2 and NT,=-2, there is no need to code and decode the
threshold index.

[0178] For f0, and f1., candidate values of the enhancement filtering offset index for the
vertical direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of fOy and f1, may be the same
or different, for example, a candidate list of f0y may be {-1, -2, -3, -4}, and a candidate list
of f1y may be {1, 2, 3, 4}.

[0179] 2. A horizontal enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a horizontal direction is enabled for a current picture or
slice.

[0180] In a case of not being enabled, when the above step 3 is performed, there is no
need to perform the above step 4, and no need to code or decode the related threshold index
and offset index.

[0181] In a case of being enabled, when the above step 3 is performed, the above step 4
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the horizontal direction and an enhancement filtering offset
index for the horizontal direction.
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[0182] The enhancement filtering threshold index for the horizontal direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0183] For example, in a case that Ty is an opposite number of NTy, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, Th=2 and NTp=-2, there is no need to code and decode the
threshold index.

[0184] For {04 and fln, candidate values of the enhancement filtering offset index for the
horizontal direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of f0, and f1, may be the same
or different, for example, a candidate list of fOn, may be {-1, -2, -3, -4}, and a candidate list
of fl, may be {1, 2, 3, 4}.

[0185] Embodiment 7

[0186] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
CU level. A size of a CU is generally within a range from 4*4 to 128*128.

[0187] For each CU, a set of coefficients is coded, that is, each coding block under the
CU adopts the set of coefficients. For specific implementations of coding and decoding the
coefficients for each CU, reference can be made to specific implementations of coding and
decoding corresponding coefficients in Embodiment 4 or Embodiment 5. For example, the
set of coefficients may include enhancement filtering threshold(s) and enhancement filtering
offset(s) (corresponding to Embodiment 4), or an enhancement filtering parameter set
including the enhancement filtering threshold(s) and the enhancement filtering offset(s)
(corresponding to Embodiment 5).

[0188] For example, for a decoder-side device, the following syntax information is to be
decoded in each CU.

[0189] 1. A vertical enhancement filtering enabling flag, which can be used to identify

whether enhancement filtering for a vertical direction is enabled for a current picture or slice.
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[0190] In a case of not being enabled, when the above step 1 is performed, there is no
need to perform the above step 2, and no need to code or decode the related threshold index
and offset index.

[0191] In a case of being enabled, when the above step 1 is performed, the above step 2
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the vertical direction and an enhancement filtering offset index
for the vertical direction.

[0192] The enhancement filtering threshold index for the vertical direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0193] For example, in a case that Ty is an opposite number of NT,, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, T.=2 and NT,=-2, there is no need to code and decode the
threshold index.

[0194] For f0, and f1., candidate values of the enhancement filtering offset index for the
vertical direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of fOy and f1, may be the same
or different, for example, a candidate list of f0y may be {-1, -2, -3, -4}, and a candidate list
of fly may be {1, 2, 3, 4}.

[0195] 2. A horizontal enhancement filtering enabling flag, which can be used to identify
whether enhancement filtering for a horizontal direction is enabled for a current picture or
slice.

[0196] In a case of not being enabled, when the above step 3 is performed, there is no
need to perform the above step 4, and no need to code or decode the related threshold index
and offset index.

[0197] In a case of being enabled, when the above step 3 is performed, the above step 4
is to be performed, and the following information is coded and decoded: an enhancement
filtering threshold index for the horizontal direction and an enhancement filtering offset
index for the horizontal direction.
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[0198] The enhancement filtering threshold index for the horizontal direction can be of 1
bin, that is, there are two candidate thresholds. For example, an enhancement filtering
threshold candidate list may be {1, 2} or {2, 4}, or may be other candidate lists including
two candidate values.

[0199] For example, in a case that Ty is an opposite number of NTy, only one threshold
index is to be coded. For example, in a case that the enhancement filtering thresholds are
fixed values, for example, Th=2 and NTp=-2, there is no need to code and decode the
threshold index.

[0200] For f04 and fln, candidate values of the enhancement filtering offset index for the
horizontal direction may be the same or different, and the offset index may be of 2 bins, that
is, 4 candidate offsets are included. For example, an enhancement filtering offset candidate
list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate lists including 4 candidate
values. For example, in a case that the enhancement filtering offset is a fixed value, there is
no need to code the offset index. For example, candidate lists of f0, and f1, may be the same
or different, for example, a candidate list of fOn, may be {-1, -2, -3, -4}, and a candidate list
of fl, may be {1, 2, 3, 4}.

[0201] Embodiment 8

[0202] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
CU level.

[0203] For each CU, a set of the following coefficients is coded and decoded.

[0204] 1. a flag bit for whether to reuse enhancement filtering parameter(s) of a
surrounding block.

[0205] 1.1. In a case of reusing, enhancement filtering parameter(s) of a surrounding
block, for example, a left block or an upper block, are reused.

[0206] 1.2.1In a case of not reusing, the following parameters are coded.

[0207] 1.2.1. a vertical enhancement filtering enabling flag bit, which can be used to
identify whether enhancement filtering for a vertical direction is enabled for a current CU.

[0208] 1.2.1.1.In a case of being enabled, when the step 1 is performed, the above step 2
is to be performed, and the following information is coded and decoded.

[0209] 1.2.1.1.1. An enhancement filtering threshold index for the vertical direction. The
threshold index can be preferably of 1 bin, that is, there are two candidate thresholds. For
example, an enhancement filtering threshold candidate list may be {1, 2} or {2, 4}, or may
be other candidate lists including two candidate values. For example, in a case that Ty is an
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opposite number of NTy, only one threshold index is to be coded. For example, in a case
that the enhancement filtering thresholds are fixed values, for example, Tv=2 and NT,=-2,
there is no need to code and decode the threshold index.

[0210] 1.2.1.1.2. An enhancement filtering offset index for the vertical direction.
Candidate values of f0y and fl, may be the same or different, and the offset index can be
preferably of 2 bins, that is, 4 candidate offsets are included. For example, an enhancement
filtering offset candidate list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate
lists including 4 candidate values. For example, in a case that the enhancement filtering
offset is a fixed value, there is no need to code the offset index. For example, candidate lists
of f0y and f1y may be the same or different, for example, a candidate list of f0y may be {-1,
-2, -3, -4}, and a candidate list of f1, may be {1, 2, 3, 4}.

[0211] 1.2.1.2. In a case of not being enabled, when the step 1 is performed, there is no
need to perform the above step 2, and no need to code or decode the threshold index and the
offset index in 1.2.1.1.1 and 1.2.1.1.2 respectively.

[0212] 1.2.2. a horizontal enhancement filtering enabling flag, which can be used to
identify whether enhancement filtering for a horizontal direction is enabled for the current
CU.

[0213] 1.2.2.1.In a case of being enabled, when the step 3 is performed, the above step 4
is to be performed, and the following information is coded and decoded.

[0214] 1.2.2.1.1. An enhancement filtering threshold index for the horizontal direction.
The threshold index can be preferably of 1 bin, that is, there are two candidate thresholds.
For example, an enhancement filtering threshold candidate list may be {1, 2} or {2, 4}, or
may be other candidate lists including two candidate values. For example, in a case that Th
is an opposite number of NThy, only one threshold index is to be coded. For example, in a
case that the enhancement filtering thresholds are fixed values, for example, Th=2 and NTh=-
2, there is no need to code and decode the threshold index.

[0215] 1.2.2.1.2. An enhancement filtering offset index for the horizontal direction.
Candidate values of fOn and f1, may be the same or different, and the offset index can be
preferably of 2 bins, that is, 4 candidate offsets are included. For example, an enhancement
filtering offset candidate list may be {1, 2, 3, 4} or {2, 4, 6, 8}, or may be other candidate
lists including 4 candidate values. For example, in a case that the enhancement filtering

offset is a fixed value, there is no need to code the offset index. For example, candidate lists
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of fO, and f1, may be the same or different, for example, a candidate list of fOn may be {-1,
-2, -3, -4}, and a candidate list of f1, may be {1, 2, 3, 4}.
[0216] 1.2.2.2. In a case of not being enabled, when the step 3 is performed, there is no
need to perform the above step 4, and no need to code or decode the threshold index and the
offset index in 1.2.2.1.1 and 1.2.2.1.2 respectively.
[0217] Embodiment 9
[0218] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
picture level and a CTU level.
[0219] A flag bit (e.g., the above-mentioned predetermined flag bit) can be added at the
picture level, and the flag bit can be used to indicate that a current picture adopts a syntax
at the picture level or a syntax at the CTU level to enable enhancement filtering. A coder-
side and a decoder-side can code and decode the flag bit at the picture level.
[0220] In a case that the current picture adopts the syntax at the picture level to enable
enhancement filtering, specific implementations of coding and decoding coefficients for
each picture can refer to Embodiment 4 or Embodiment 5.
[0221] In a case that the current picture adopts the syntax at the CTU level to enable
enhancement filtering, specific implementations of coding and decoding coefficients for
each CTU can refer to Embodiment 6.
[0222] Embodiment 10
[0223] The solution described in Embodiment 2 or Embodiment 3 may be adopted at a
picture level, a CTU level and a CU level.
[0224] A flag bit can be added at the picture level, and the flag bit can be used to indicate
that a current picture adopts a syntax at the picture level or a syntax at the CTU level to
enable enhancement filtering. A coder-side and a decoder-side are to code and decode the
flag bit at the picture level.
[0225] In a case that the current picture adopts the syntax at the picture level to enable
enhancement filtering, specific implementations of coding and decoding coefficients for
each picture can refer to Embodiment 4 or Embodiment 5.
[0226] In a case that the current picture adopts the syntax at the CTU level to enable
enhancement filtering, a flag bit is to be added at the CTU level. The flag bit can be used to
indicate that a current CTU adopts the syntax at the CTU level or a syntax at the CU level
to enable enhancement filtering. A coder-side and a decoder-side can code and decode the
flag bit at the CTU level.
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[0227] 1In a case that the current picture adopts the syntax at the CTU level to enable
enhancement filtering, specific implementations of coding and decoding coefficients for
each CTU can refer to Embodiment 6.

[0228] In a case that the current picture adopts the syntax at the CU level to enable
enhancement filtering, specific implementations of coding and decoding coefficients for
each CU can refer to Embodiment 7 or Embodiment 8.

[0229] Next, the first filtering being SAO filtering is taken as an example for description.
[0230] Embodiment 11

[0231] Atstep 1, by performing SAO filtering on Y (i), Y2(i) is obtained. At step 2, based
on Y1(i) and Y2(i), enhancement is performed on a pixel value of a pixel to obtain Y3(i).
[0232] For example, in a case that the first filtering above is the SAO filtering, Y1(i) may
be the second pixel value above, Y2(i) may be the first pixel value above, and Y3(i) may be
the third pixel value above.

[0233] Embodiment 12

[0234] For the step 2 in Embodiment 11, the solution described in any one of
Embodiments 2 to 10 may be adopted. It should be noted that Embodiments 2 to 10 are
mainly described by taking performing two times of filtering as an example, while in the
present embodiment, only one time of filtering is performed. As such, steps and parameters
corresponding to each of the two times of filtering in the above embodiments can be
replaced with steps and parameters corresponding to the filtering in the present embodiment.
[0235] Next, the first filtering being ALF filtering is taken as an example for description.
[0236] Embodiment 13

[0237] Atstep 1, by performing ALF filtering on Y1(i), Y2(i) is obtained. At step 2, based
on Y (i) and Y2(i), enhancement is performed on a pixel value of a pixel to obtain Y3(i).
[0238] For example, in a case that the first filtering above is the ALF filtering, Y1(i) may
be the second pixel value above, Y2(i) may be the first pixel value above, and Y3(i) may be
the third pixel value above.

[0239] Embodiment 14

[0240] For the step 2 in Embodiment 13, the solution described in any one of
Embodiments 2 to 10 may be adopted. It should be noted that Embodiments 2 to 10 are
mainly described by taking performing filtering twice as an example, while in the present

embodiment, only one time of filtering is performed. As such, steps and parameters
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corresponding to each of the two filtering in the above embodiments can be replaced with
steps and parameters corresponding to the filtering in the present embodiment.

[0241] At last, the first filtering being any filtering is taken as an example for description.
[0242] Embodiment 15

[0243] At step 1, by performing filtering on Y(i), Y2(i) is obtained. At step 2, based on
Yi(i) and Y2(1), enhancement is performed on a pixel value of a pixel to obtain Y3(1).
[0244] For example, in a case that the first filtering above is the filtering in step 1, Y1(i)
may be the second pixel value above, Y2(i) may be the first pixel value above, and Y3(i)
may be the third pixel value above.

[0245] Embodiment 16

[0246] For the step 2 in Embodiment 15, the solution described in any one of
Embodiments 2 to 10 may be adopted. It should be noted that Embodiments 2 to 10 are
mainly described by taking performing two times of filtering as an example, while in the
present embodiment, only one time of filtering is performed. As such, steps and parameters
corresponding to each of the two times of filtering in the above embodiments can be
replaced with steps and parameters corresponding to the filtering in the present embodiment.
[0247] Embodiment 17

[0248] In the step 2 of Embodiment 15, by using machine learning or deep learning with
Y1(i) and Y2(i) as inputs, Y3(1) can be determined.

[0249] Embodiment 18

[0250] In the step 2 of Embodiment 15, by using a Wiener filter with Y1(i)-Y2(i) or Y2(i)-

Yi(i) as an input, Y3(i) can be determined. The Wiener filter may be as follows.
K
Y,(H) =Y wY,()
j=0

[0251] The filter can represent performing weighted summation on Y2(i) and one or more

neighbouring pixels to obtain Y3(1), where K is a positive integer, indicating the number of

pixels used for filtering (including the current pixel and the neighbouring pixels).

[0252] Embodiment 19

[0253] In the step 2 of Embodiment 15, classification can be performed on Y2(i) based on

avalue of Y1(1)-Y2(i) or Y2(i)-Y1(i). For different categories of Y2(i), different Wiener filters

may be used to determine Y3(i).

[0254] For example, based on the size of Yi(i)-Y2(i) or Y2(i)-Yi(i), and one or more

determined segmentation thresholds, a segment where Y1(1)-Y2(i) or Y2(i)-Y1(i) is located
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can be determined. The category of Y2(i) differs depending on the segment in which Y(i)-
Y2(i) or Yo(i)-Y1(i) is located.

[0255] Embodiment 20

[0256] A flag bit at a SPS level is decoded or coded, where the flag bit can be used to
control whether all pictures in a current picture sequence use the technology described above.
The technology includes implementations of the enhancement filtering technology
described in any one of Embodiments 1 to 19. For example, in a case that the flag bit
decoded by a decoder-side device represents adopting the above technology, the decoder-
side device can process according to the enhancement filtering technology described in any
one of Embodiments 1 to 19.

[0257] Inthe embodiments of the present application, for any one pixel, that meets a first
filtering condition, in a current block, a first pixel value of the pixel after first filtering is
determined. Based on the first pixel value and a second pixel value of the pixel before the
first filtering, enhancement can be performed on a pixel value of the pixel to obtain an
enhanced third pixel value of the pixel, which can improve the picture quality and the coding
and decoding performance.

[0258] The methods provided by the present application are described above, and the
following are descriptions of apparatuses provided by the present application.

[0259] Please refer to FIG. 5, which is a hardware structural schematic diagram
illustrating a picture enhancement apparatus according to the embodiments of the present
application. The picture enhancement apparatus may include a processor 501 and a memory
502 storing a computer program. The apparatus may further include a communication
interface 503 and a communication bus 504. The processor 501, the memory 502 and the
communication interface 503 can communicate with each other via the communication bus
504. By reading and executing a computer program corresponding to a picture enhancement
control logic in memory 502, for example, machine executable instructions, the processor
501 can execute the picture enhancement methods described above.

[0260] The memory 502 referred herein may be any electronic, magnetic, optical, or other
physical storage device that can contain or store information, such as executable instructions,
data, and the like. For example, the memory may be: a Radom Access Memory (RAM), a
transitory memory, a non-transitory memory, flash memory, storage drive (for example, hard
disk drive), solid-state drive, any type of storage disk (such as an optical disc, DVD, etc.),
or similar storage medium or a combination thereof.
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[0261] As shown in FIG. 6, functionally, the above picture enhancement apparatus may
include: a determining unit 610, configured to determine, for any one pixel, that meets a
first filtering condition, within a current block, a first pixel value of the pixel after first
filtering; and an enhancing unit 620, configured to obtain an enhanced third pixel value of
the pixel by performing, based on the first pixel value and a second pixel value of the pixel
before the first filtering, enhancement on a pixel value of the pixel.

[0262] In a possible embodiment, the enhancing unit 620 is specifically configured to
perform, based on a difference between the first pixel value and the second pixel value, the
enhancement on the pixel value of the pixel.

[0263] In a possible embodiment, the enhancing unit 620 is specifically configured to
perform, based on a result of comparing the difference with predetermined thresholds, the
enhancement on the pixel value of the pixel.

[0264] In a possible embodiment, the enhancing unit 620 is specifically configured to
perform, in a case that the difference is greater than a first enhancement filtering threshold,
the enhancement on the pixel value of the pixel based on a first enhancement filtering offset;
and perform, in a case that the difference is smaller than a second enhancement filtering
threshold, the enhancement on the pixel value of the pixel based on a second enhancement
filtering offset, where the second enhancement filtering threshold is smaller than the first
enhancement filtering threshold.

[0265] In a possible embodiment, the enhancing unit 620 is specifically configured to
determine, based on the first pixel value and the second pixel value, a fourth pixel value;
and obtain the third pixel value by performing the enhancement on the fourth pixel value
based on the first enhancement filtering offset.

[0266] In a possible embodiment, the enhancing unit 620 is specifically configured to
obtain the third pixel value by performing the enhancement on the first pixel value based on
the first enhancement filtering offset.

[0267] In a possible embodiment, the enhancing unit 620 is specifically configured to
determine, based on the first pixel value and the second pixel value, a fourth pixel value;
and obtain the third pixel value by performing the enhancement on the fourth pixel value
based on the second enhancement filtering offset.

[0268] In a possible embodiment, the enhancing unit 620 is specifically configured to
obtain the third pixel value by performing the enhancement on the first pixel value based on
the second enhancement filtering offset.
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[0269] In a possible embodiment, the enhancing unit 620 is further configured to
determine, in a case that the difference is smaller than or equal to the first enhancement
filtering threshold and greater than or equal to the second enhancement filtering threshold,
the first pixel value as the third pixel value.

[0270] In a possible embodiment, the enhancing unit 620 is further configured to obtain,
in a case that the difference is smaller than or equal to the first enhancement filtering
threshold and greater than or equal to the second enhancement filtering threshold, the third
pixel value by performing second filtering on the first pixel value.

[0271] In apossible embodiment, the first enhancement filtering threshold is an opposite
number of the second enhancement filtering threshold; and/or the first enhancement filtering
offset is an opposite number of the second enhancement filtering offset.

[0272] In a possible embodiment, as shown in FIG. 7, the apparatus further includes a
coding/decoding unit 630 configured to code/decode a threshold index, where the threshold
index represents a position of the first enhancement filtering threshold or the second
enhancement filtering threshold in a threshold candidate list; and code/decode an offset
index, where the offset index represents a position of the first enhancement filtering offset
or the second enhancement filtering offset in an offset candidate list.

[0273] In a possible embodiment, at least one of the first enhancement filtering threshold
or the second enhancement filtering threshold is a fixed value; or at least one of the first
enhancement filtering offset or the second enhancement filtering offset is a fixed value.
[0274] In a possible embodiment, the enhancing unit 620 is further configured to set, in
response to determining that the third pixel value is greater than an upper limit of a
predetermined value range, the third pixel value to the upper limit of the predetermined
value range; and set, in response to determining that the third pixel value is smaller than a
lower limit of the predetermined value range, the third pixel value to the lower limit of the
predetermined value range.

[0275] In a possible embodiment, the enhancing unit 620 is specifically configured to
determine the third pixel value by using machine learning or deep learning with the first
pixel value and the second pixel value as input parameters.

[0276] In a possible embodiment, the enhancing unit 620 is specifically configured to
perform, in a case that enhancement filtering is enabled for the current block, the
enhancement on the pixel value of the pixel based on the first pixel value and the second
pixel value.
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[0277] 1In a possible embodiment, whether the enhancement filtering is enabled for the
current block is identified with a designated syntax, and the designated syntax includes at
least one of: a syntax at a Sequence Parameter Set (SPS) level, a syntax at a Picture
Parameter Set (PPS) level, or a syntax at a Slice level; or the designated syntax includes at
least one of: a syntax at the SPS level, a syntax at the PPS level, a syntax at a Coding Tree
Unit (CTU) level, or a syntax at a Coding Unit (CU) level.

[0278] In a possible embodiment, in a case that one or more candidate levels of the
designated syntax include at least two levels, a level of the designated syntax is determined
based on a predetermined flag bit, where the predetermined flag bit indicates the level of
the designated syntax.

[0279] In a possible embodiment, a syntax level of the predetermined flag bit matches
with a non-lowest level in the candidate levels of the designated syntax.

[0280] In a possible embodiment, in a case that the candidate levels of the designated
syntax include the syntax at the SPS level and the syntax at the PPS level, the syntax level
of the predetermined flag bit is the SPS level; in a case that the candidate levels of the
designated syntax include the syntax at the PPS level and the syntax at the Slice level, the
syntax level of the predetermined flag bit is the PPS level; in a case that the candidate levels
of the designated syntax include the syntax at the SPS level, the syntax at the PPS level and
the syntax at the Slice level, the predetermined flag bit includes a flag bit for the SPS level
and a flag bit for the PPS level; in a case that the candidate levels of the designated syntax
include the syntax at the PPS level and the syntax at the CTU level, the syntax level of the
predetermined flag bit is the PPS level; in a case that the candidate levels of the designated
syntax include the syntax at the CTU level and the syntax at the CU level, the syntax level
of the predetermined flag bit is the CTU level; and in a case that the candidate levels of the
designated syntax include the syntax at the PPS level, the syntax at the CTU level and the
syntax at the CU level, the predetermined flag bit includes a flag bit for the CTU level and
a flag bit for the CU level.

[0281] In a possible embodiment, the first filtering includes vertical DeBlocking Filter
(DBF) filtering, horizontal DBF filtering, Sample Adaptive Offset (SAO) filtering, or
Adaptive Loop Filter (ALF) filtering.

[0282] In a possible embodiment, in a case that the first filtering is a non-first filtering in
a succession of filtering for the pixel, the second pixel value is a pixel value obtained by
performing enhancement on a pixel value of the pixel on which previous filtering is
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performed. The first filtering is horizontal DeBlocking Filter (DBF) filtering, in a case that
the pixel meets a vertical DBF filtering condition, the second pixel value is a pixel value of
the pixel obtained from performing enhancement on a fifth pixel value of the pixel, and the
fifth pixel value is a pixel value obtained from performing vertical DBF filtering on the
pixel.

[0283] In a possible embodiment, the first filtering is vertical DeBlocking Filter (DBF)
filtering, and the enhancing unit is further configured to obtain, in a case that the pixel meets
a horizontal DBF filtering condition, a sixth pixel value of the pixel by performing
horizontal DBF filtering on the third pixel value; and obtain an enhanced seventh pixel value
of the pixel by performing enhancement on the pixel value of the pixel based on the third
pixel value and the sixth pixel value.

[0284] In some embodiments, the embodiments of the present application further provide
a camera device, which can include the picture enhancement apparatus in any one of the
above-mentioned embodiments. The apparatus may be applied in a coder device or a
decoder device.

[0285] It should be noted that, in this context, relational terms such as “first” and “second”
are used merely to distinguish one entity or operation from the other entity or operation, and
do not necessarily require or imply the existence of any such actual relationship or order
between these entities or operations. The terms “including”, “including” or any other
variants thereof are intended to cover non-exclusive inclusion, such that a process, method,
article, or device including a series of elements includes not only those elements but also
other elements not specifically listed, or further includes elements inherent to such process,
method, article, or device. Under the circumstance of no more limitation, an element limited
by the phrase “including a...” does not exclude the presence of additional equivalent
elements in the process, method, article, or device that includes the element.

[0286] The above descriptions are preferred embodiments provided by the present
application, which are not intended to limit the present application. Any modification,
equivalent replacement, improvement, etc. made within the spirit and principle of the

present application shall be included within the scope of the claims of the present application.
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CLAIMS
1. A picture enhancement method, comprising:
determining, for any one pixel within a current block that meets a first filtering
condition, a first pixel value of the pixel after first filtering; and
performing, based on the first pixel value and a second pixel value of the pixel before
the first filtering, enhancement on a pixel value of the pixel to obtain an enhanced third pixel

value of the pixel.

2. The method according to claim 1, wherein the performing, based on the first pixel value
and the second pixel value of the pixel before the first filtering, the enhancement on the
pixel value of the pixel comprises:

performing, based on a difference between the first pixel value and the second pixel

value, the enhancement on the pixel value of the pixel.

3. The method according to claim 2, wherein the performing, based on the difference
between the first pixel value and the second pixel value, the enhancement on the pixel value
of the pixel comprises:

performing, based on a result of comparing the difference with predetermined

thresholds, the enhancement on the pixel value of the pixel.

4. The method according to claim 3, wherein the performing, based on the result of
comparing the difference with the predetermined thresholds, the enhancement on the pixel
value of the pixel comprises:

performing, in a case that the difference is greater than a first enhancement filtering
threshold, the enhancement on the pixel value of the pixel based on a first enhancement
filtering offset; and

performing, in a case that the difference is smaller than a second enhancement filtering
threshold, the enhancement on the pixel value of the pixel based on a second enhancement
filtering offset,

wherein the second enhancement filtering threshold is smaller than the first

enhancement filtering threshold.
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5. The method according to claim 4, wherein the performing the enhancement on the pixel
value of the pixel based on the first enhancement filtering offset comprises:

determining, based on the first pixel value and the second pixel value, a fourth pixel
value; and

performing the enhancement on the fourth pixel value based on the first enhancement

filtering offset to obtain the third pixel value.

6. The method according to claim 4, wherein the performing the enhancement on the pixel
value of the pixel based on the first enhancement filtering offset comprises:
performing the enhancement on the first pixel value based on the first enhancement

filtering offset to obtain the third pixel value.

7. The method according to claim 4, wherein the performing the enhancement on the pixel
value of the pixel based on the second enhancement filtering offset comprises:
determining, based on the first pixel value and the second pixel value, a fourth pixel
value; and
performing the enhancement on the fourth pixel value based on the second enhancement

filtering offset to obtain the third pixel value.

8. The method according to claim 4, wherein the performing the enhancement on the pixel
value of the pixel based on the second enhancement filtering offset comprises:
performing the enhancement on the first pixel value based on the second enhancement

filtering offset to obtain the third pixel value.

9. The method according to any one of claims 4 to 8, wherein the performing, based on the
result of comparing the difference with the predetermined thresholds, the enhancement on
the pixel value of the pixel comprises:

determining, in a case that the difference is smaller than or equal to the first
enhancement filtering threshold and greater than or equal to the second enhancement

filtering threshold, the first pixel value as the third pixel value.
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10. The method according to any one of claims 4 to 8, wherein the performing, based on the
result of comparing the difference with the predetermined thresholds, the enhancement on
the pixel value of the pixel comprises:

performing, in a case that the difference is smaller than or equal to the first enhancement
filtering threshold and greater than or equal to the second enhancement filtering threshold,

second filtering on the first pixel value to obtain the third pixel value.

11. The method according to any one of claims 4 to 10, further comprising at least one of:
the first enhancement filtering threshold is an opposite number of the second
enhancement filtering threshold; or
the first enhancement filtering offset is an opposite number of the second enhancement

filtering offset.

12. The method according to any one of claims 4 to 11, further comprising:
coding/decoding a threshold index, wherein the threshold index represents a position of
the first enhancement filtering threshold or the second enhancement filtering threshold in a
threshold candidate list; and
coding/decoding an offset index, wherein the offset index represents a position of the
first enhancement filtering offset or the second enhancement filtering offset in an offset

candidate list.

13. The method according to any one of claims 4 to 12, further comprising at least one of:
at least one of the first enhancement filtering threshold or the second enhancement
filtering threshold is a fixed value; or
at least one of the first enhancement filtering offset or the second enhancement filtering

offset is a fixed value.

14. The method according to any one of claims 1 to 13, wherein when the pixel value of the
pixel has been performed the enhancement, the method further comprises:

setting, in response to determining that the third pixel value is greater than an upper
limit of a predetermined value range, the third pixel value to the upper limit of the

predetermined value range; and
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setting, in response to determining that the third pixel value is smaller than a lower limit
of the predetermined value range, the third pixel value to the lower limit of the

predetermined value range.

15. The method according to claim 1, wherein the performing, based on the first pixel value
and the second pixel value of the pixel before the first filtering, the enhancement on the
pixel value of the pixel comprises:

determining the third pixel value by using machine learning or deep learning with the

first pixel value and the second pixel value as input parameters.

16. The method according to any one of claims 1 to 15, wherein the performing, based on
the first pixel value and the second pixel value of the pixel before the first filtering, the
enhancement on the pixel value of the pixel comprises:

performing, in a case that enhancement filtering is enabled for the current block, the
enhancement on the pixel value of the pixel based on the first pixel value and the second

pixel value.

17. The method according to claim 16, wherein whether the enhancement filtering is enabled
for the current block is identified with a designated syntax, and
the designated syntax comprises at least one of a syntax at a Sequence Parameter Set
(SPS) level, a syntax at a Picture Parameter Set (PPS) level, or a syntax at a Slice level; or
the designated syntax comprises at least one of a syntax at the SPS level, a syntax at
the PPS level, a syntax at a Coding Tree Unit (CTU) level, or a syntax at a Coding Unit (CU)

level.

18. The method according to claim 17, further comprising:
determining, in a case that one or more candidate levels of the designated syntax
comprise at least two levels, a level of the designated syntax based on a predetermined flag

bit which indicates the level of the designated syntax.

19. The method according to claim 18, wherein a syntax level of the predetermined flag bit

matches with a non-lowest level in the candidate levels of the designated syntax.
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20. The method according to claim 19, wherein

in a case that the candidate levels of the designated syntax comprise the syntax at the
SPS level and the syntax at the PPS level, the syntax level of the predetermined flag bit is
the SPS level;

in a case that the candidate levels of the designated syntax comprise the syntax at the
PPS level and the syntax at the Slice level, the syntax level of the predetermined flag bit is
the PPS level,

in a case that the candidate levels of the designated syntax comprise the syntax at the
SPS level, the syntax at the PPS level and the syntax at the Slice level, the predetermined
flag bit comprises a flag bit for the SPS level and a flag bit for the PPS level;

in a case that the candidate levels of the designated syntax comprise the syntax at the
PPS level and the syntax at the CTU level, the syntax level of the predetermined flag bit is
the PPS level,

in a case that the candidate levels of the designated syntax comprise the syntax at the
CTU level and the syntax at the CU level, the syntax level of the predetermined flag bit is
the CTU level; and

in a case that the candidate levels of the designated syntax comprise the syntax at the
PPS level, the syntax at the CTU level and the syntax at the CU level, the predetermined
flag bit comprises a flag bit for the CTU level and a flag bit for the CU level.

21. The method according to any one of claims 1 to 20, wherein the first filtering comprises
at least one of vertical DeBlocking Filter (DBF) filtering, horizontal DBF filtering, Sample
Adaptive Offset (SAO) filtering, or Adaptive Loop Filter (ALF) filtering.

22. The method according to any one of claims 1 to 20, wherein, in a case that the first
filtering is a non-first filtering in a succession of filtering for the pixel, the second pixel
value is a pixel value obtained by performing enhancement on a pixel value of the pixel on

which previous filtering is performed.

23. The method according to claim 22, wherein the first filtering is horizontal DeBlocking
Filter (DBF) filtering,

in a case that the pixel meets a vertical DBF filtering condition, the second pixel value
is a pixel value of the pixel obtained from performing enhancement on a fifth pixel value of
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the pixel, and the fifth pixel value is a pixel value obtained from performing vertical DBF

filtering on the pixel.

24. The method according to any one of claims 1 to 20, wherein the first filtering is vertical
DeBlocking Filter (DBF) filtering, and

when the pixel value of the pixel has been performed the enhancement, the method
further comprises:

in a case that the pixel meets a horizontal DBF filtering condition, performing
horizontal DBF filtering on the third pixel value to obtain a sixth pixel value of the pixel;
and

performing enhancement on the pixel value of the pixel based on the third pixel value

and the sixth pixel value to obtain an enhanced seventh pixel value of the pixel.

25. A picture enhancement apparatus, comprising a processor and a memory, wherein the
memory stores a computer program and the processor is caused by the computer program
to:

determine, for any one pixel within a current block that meets a first filtering condition,
a first pixel value of the pixel after first filtering; and

perform, based on the first pixel value and a second pixel value of the pixel before the
first filtering, enhancement on a pixel value of the pixel to obtain an enhanced third pixel

value of the pixel.
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