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(54) INTRA-FRAME CODEC METHOD, CODER AND DECODER

(57) Embodiments of the present invention provide
an intra-frame encoding method, an intra-frame decod-
ing method, an encoder, and a decoder. The intra-frame
encoding method includes: obtaining reference pixel val-
ues of a current picture block; obtaining a predicted value
of a first-type pixel in the current picture block according
to the reference pixel values of the current picture block
by using an intra-frame prediction algorithm, where the
current picture block includes the first-type pixel and a
second-type pixel, and the second-type pixel is a pixel in
the current picture block except the first-type pixel; ob-
taining residual values of the first-type pixel according to
the predicted value of the first-type pixel and an original
pixel value of the first-type pixel; obtaining transform co-
efficients according to the residual values of the first-type
pixel; quantizing the transform coefficients to obtain
quantized transform coefficients; reconstructing the
first-type pixel according to the quantized transform co-
efficients and the predicted value of the first-type pixel,
to obtain a reconstructed value of the first-type pixel; and
obtaining a reconstructed value of the second-type pixel
according to the reconstructed value of the first-type pixel

by using an interpolation method. In the embodiments of
the present invention, flexible encoding can be imple-
mented, and encoding efficiency can be improved.
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Description

[0001] This application claims priority to Chinese Patent Application NO. 201510094314.7, filed with the Chinese
Patent Office on March 3, 2015 and entitled "INTRA-FRAME ENCODING METHOD, INTRA-FRAME DECODING METH-
OD, ENCODER, AND DECODER", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the video encoding and decoding field, and in particular, to an intra-frame
encoding method, an intra-frame decoding method, an encoder, and a decoder.

BACKGROUND

[0003] Video signals have a very large amount of information, and therefore have a high requirement on transmission
network bandwidth or media storage space. Therefore, before a video signal is transmitted, the video signal needs to
be compressed, so as to save transmission network bandwidth or media storage space. A main purpose of video
compression is to minimize picture distortion (distortion) after compression and reconstruction in a specific bitrate (rate/bi-
trate).
[0004] Conventional intra-frame encoding usually includes many phases such as prediction (prediction), transform
(transform), quantization (quantization), and entropy encoding (entropy coding). Specifically, first, intra-frame prediction
(Intra prediction) is performed on a picture block according to reconstructed reference pixels surrounding the picture
block. An intra-frame prediction manner includes 33 types of directional prediction, direct current (Direct Current, DC)
prediction, or planar (Planar) prediction in a video compression standard (High Efficiency Video Coding, HEVC); prediction
that is based on template matching (template matching); or the like. Then, subtraction is performed between original
pixel values (original pixel value, that is, original values of pixels in the picture block that is not compressed) of the picture
block and predicted pixel values (predicted pixel value, that is, predicted values that are of the pixels in the picture block
and that are obtained by means of prediction), to obtain residual values (residual) of the entire picture block. The residual
values are transformed to obtain transform coefficients (transform coefficient). Then, the transform coefficients are
quantized to obtain quantized transform coefficients (quantized transform coefficient). Finally, prediction mode informa-
tion and residual value information indicated by using the quantized transform coefficients are encoded into a bit-stream
by using an entropy encoding method.
[0005] Correspondingly, video decoding is a process of converting a bit-stream into a video picture. Conventional
intra-frame decoding includes main phases such as entropy decoding (entropy decoding), prediction, dequantization
(dequantization), and inverse transform (inverse transform). First, the bit-stream is parsed by means of entropy decoding
processing to obtain encoding mode information and a quantized transform coefficient. Then, on one hand, predicted
pixels are obtained by using intra-frame prediction mode information and decoded reconstructed pixels; on the other
hand, the quantized transform coefficient is dequantized to obtain a reconstructed transform coefficient, and the recon-
structed transform coefficient is reversely transformed to obtain information about a reconstructed residual value. Then,
the information about the reconstructed residual value and the predicted pixels are added to obtain reconstructed pixels,
so as to restore the video picture.
[0006] Therefore, an existing encoding method is not flexible enough, and is low in encoding efficiency.

SUMMARY

[0007] Embodiments of the present invention provide an intra-frame encoding method, an intra-frame decoding method,
an encoder, and a decoder. According to the intra-frame encoding method, flexible encoding can be implemented, and
encoding efficiency can be improved.
[0008] According to a first aspect, an intra-frame encoding method is provided, including: obtaining reference pixel
values of a current picture block; obtaining a predicted value of a first-type pixel in the current picture block according
to the reference pixel values of the current picture block by using an intra-frame prediction algorithm, where the current
picture block includes the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the current
picture block except the first-type pixel; determining residual values of the first-type pixel according to the predicted value
of the first-type pixel and an original pixel value of the first-type pixel; obtaining transform coefficients according to the
residual values of the first-type pixel; quantizing the transform coefficients to obtain quantized transform coefficients;
reconstructing the first-type pixel according to the quantized transform coefficients and the predicted value of the first-
type pixel, to obtain a reconstructed value of the first-type pixel; and obtaining a reconstructed value of the second-type
pixel according to the reconstructed value of the first-type pixel by using an interpolation method.
[0009] With reference to the first aspect, in a first possible implementation, before the obtaining a reconstructed value
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of the second-type pixel according to the reconstructed value of the first-type pixel by using an interpolation method, the
method further includes: determining the interpolation method according to the intra-frame prediction algorithm, where
an interpolation manner in the interpolation method is the same as an interpolation manner included in the intra-frame
prediction algorithm.
[0010] With reference to either the first aspect or the first possible implementation, in a second possible implementation,
the obtaining transform coefficients according to the residual values of the first-type pixel includes: obtaining residual
values of B pixels in the second-type pixel according to the residual values of the first-type pixel, where B is a positive
integer that is not less than 1; and transforming the residual values of the first-type pixel and the residual values of the
B pixels to obtain the transform coefficients, where a quantity of fixed 0 coefficients in the transform coefficients is equal
to B.
[0011] With reference to the second possible implementation, in a third possible implementation, a quantity of the
residual values of the first-type pixel is A, the B pixels in the second-type pixel are corresponding to the B residual values,
the A residual values are in a one-to-one correspondence with the pixels in the first-type pixel, the B residual values are
in a one-to-one correspondence with the B pixels, and the obtaining residual values of B pixels in the second-type pixel
according to the residual values of the first-type pixel includes: determining a B3A matrix corresponding to the quantity
A of the residual values of the first-type pixel and a quantity B of the residual values of the B pixels in the second-type
pixel; multiplying the B3A matrix by a column vector that includes the A residual values of the first-type pixel, to obtain
a column vector that includes the residual values of the B pixels in the second-type pixel; and obtaining the residual
values of the B pixels in the second-type pixel according to the column vector that includes the residual values of the B
pixels in the second-type pixel.
[0012] With reference to either the first aspect or the first possible implementation, in a fourth possible implementation,
the obtaining transform coefficients according to the residual values of the first-type pixel includes: subtracting a predicted
value of each pixel from an original value of each of at least one pixel in the second-type pixel, to obtain a residual value
of each pixel, where the predicted value of each pixel is obtained by using the intra-frame prediction algorithm; and
transforming the residual values of the first-type pixel and a residual value of the at least one pixel in the second-type
pixel to obtain the transform coefficients.
[0013] With reference to any one of the first aspect, or the first to the fourth possible implementations, in a fifth possible
implementation, the quantizing the transform coefficients to obtain quantized transform coefficients includes: quantizing
the transform coefficients in a transform coefficient scanning order to obtain the quantized transform coefficients.
[0014] With reference to the fifth possible implementation, in a sixth possible implementation, the quantizing the
transform coefficients in a transform coefficient scanning order to obtain the quantized transform coefficients includes:
obtaining the quantized transform coefficients according to the following formula: 

where 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization error
of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform matrix and a location of
the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type pixels, and N is a total quantity of
first-type pixels and second-type pixels.
[0015] With reference to any one of the first aspect, or the first to the sixth possible implementations, in a seventh
possible implementation, the obtaining residual values of the first-type pixel according to the predicted value of the first-
type pixel and an original pixel value of the first-type pixel includes: subtracting the predicted value of the first-type pixel
from the original value of the first-type pixel, to obtain the residual values of the first-type pixel.
[0016] With reference to any one of the first aspect, or the first to the seventh possible implementations, in an eighth
possible implementation, the method further includes: generating a bit-stream according to the quantized transform
coefficients, so that a decoding device reconstructs the current picture block according to the bit-stream.
[0017] With reference to the eighth possible implementation, in a ninth possible implementation, the generating a bit-
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stream according to the quantized transform coefficients includes: encoding the quantized transform coefficients and
information about the intra-frame prediction algorithm by using an entropy encoding method, to obtain the bit-stream.
[0018] With reference to the eighth possible implementation, in a tenth possible implementation, the generating a bit-
stream according to the quantized transform coefficients includes: encoding information about the intra-frame prediction
algorithm, the quantized transform coefficients, and information about the interpolation method by using an entropy
encoding method, to obtain the bit-stream.
[0019] According to a second aspect, an intra-frame decoding method is provided, including: obtaining reference pixel
values of a current picture block; obtaining a predicted value of a first-type pixel in the current picture block according
to the reference pixel values of the current picture block by using an intra-frame prediction algorithm, where the current
picture block includes the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the current
picture block except the first-type pixel; dequantizing quantized transform coefficients of the current picture block to
obtain transform coefficients; inversely transforming the transform coefficients to obtain reconstructed residual values
of the first-type pixel; adding the reconstructed residual values of the first-type pixel and the predicted value of the first-
type pixel to obtain a reconstructed value of the first-type pixel; and obtaining a reconstructed value of the second-type
pixel according to the reconstructed value of the first-type pixel by using an interpolation method.
[0020] With reference to the second aspect, in a first possible implementation, before the inversely transforming the
transform coefficients, the method further includes: placing the transform coefficients at first-type preset locations in a
transform coefficient matrix in a transform coefficient scanning order, where transform coefficients at second-type preset
locations in the transform coefficient matrix are set to preset values, and a sum of a quantity of the second-type preset
locations and a quantity of the first-type preset locations is equal to a total quantity of transform coefficients in the
transform coefficient matrix.
[0021] With reference to the second aspect or the first possible implementation of the second aspect, in a second
possible implementation, before the obtaining a reconstructed value of the second-type pixel according to the recon-
structed value of the first-type pixel by using an interpolation method, the method further includes: determining the
interpolation method according to the intra-frame prediction algorithm, where an interpolation manner in the interpolation
method is the same as an interpolation manner included in the intra-frame prediction algorithm.
[0022] With reference to the second aspect or the first possible implementation of the second aspect, in a third possible
implementation, before the obtaining a reconstructed value of the second-type pixel according to the reconstructed value
of the first-type pixel by using an interpolation method, the method further includes: determining the interpolation method
according to a bit-stream of the picture block.
[0023] According to a third aspect, an encoder is provided, including: a first obtaining unit, configured to obtain reference
pixel values of a current picture block; a second obtaining unit, configured to obtain a predicted value of a first-type pixel
in the current picture block according to the reference pixel values of the current picture block by using an intra-frame
prediction algorithm, where the current picture block includes the first-type pixel and a second-type pixel, and the second-
type pixel is a pixel in the current picture block except the first-type pixel; a first determining unit, configured to obtain
residual values of the first-type pixel according to the predicted value of the first-type pixel and an original pixel value of
the first-type pixel; a transform unit, configured to obtain transform coefficients according to the residual values of the
first-type pixel; a quantization unit, configured to quantize the transform coefficients to obtain quantized transform coef-
ficients; a first reconstruction unit, configured to reconstruct the first-type pixel according to the quantized transform
coefficients and the predicted value of the first-type pixel, to obtain a reconstructed value of the first-type pixel; and a
second reconstruction unit, configured to obtain a reconstructed value of the second-type pixel according to the recon-
structed value of the first-type pixel by using an interpolation method.
[0024] With reference to the third aspect, in a first possible implementation, the encoder further includes: a second
determining unit, configured to determine the interpolation method according to the intra-frame prediction algorithm,
where an interpolation manner in the interpolation method is the same as an interpolation manner included in the intra-
frame prediction algorithm.
[0025] With reference to either the third aspect or the first possible implementation of the third aspect, in a second
possible implementation, the transform unit is specifically configured to: obtain residual values of B pixels in the second-
type pixel according to the residual values of the first-type pixel, where B is a positive integer that is not less than 1; and
transform the residual values of the first-type pixel and the residual values of the B pixels to obtain the transform
coefficients, where a quantity of fixed 0 coefficients in the transform coefficients is equal to B.
[0026] With reference to the second possible implementation of the third aspect, in a third possible implementation,
a quantity of the residual values of the first-type pixel is A, the B pixels in the second-type pixel are corresponding to the
B residual values, the A residual values are in a one-to-one correspondence with the pixels in the first-type pixel, the B
residual values are in a one-to-one correspondence with the B pixels, and the third obtaining unit is specifically configured
to: determine a B3A matrix corresponding to the quantity A of the residual values of the first-type pixel and a quantity
B of the residual values of the B pixels in the second-type pixel; multiply the B3A matrix by a column vector that includes
the A residual values of the first-type pixel, to obtain a column vector that includes the residual values of the B pixels in
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the second-type pixel; and obtain the residual values of the B pixels in the second-type pixel according to the column
vector that includes the residual values of the B pixels in the second-type pixel.
[0027] With reference to either the third aspect or the first possible implementation of the third aspect, in a fourth
possible implementation, the transform unit is specifically configured to: subtract a predicted value of each pixel from
an original value of each of at least one pixel in the second-type pixel, to obtain a residual value of each pixel, where
the predicted value of each pixel is obtained by using the intra-frame prediction algorithm; and transform the residual
values of the first-type pixel and a residual value of the at least one pixel in the second-type pixel to obtain the transform
coefficients.
[0028] With reference to any one of the third aspect, or the first to the fourth possible implementations of the third
aspect, in a fifth possible implementation, the quantization unit is specifically configured to quantize the transform coef-
ficients in a transform coefficient scanning order to obtain the quantized transform coefficients.
[0029] With reference to the fifth possible implementation of the third aspect, in a sixth possible implementation, the
quantization unit is specifically configured to obtain the quantized transform coefficients according to the following formula: 

where 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization error
of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform matrix and a location of
the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type pixels, and N is a total quantity of
first-type pixels and second-type pixels.
[0030] With reference to any one of the third aspect, or the first to the sixth possible implementations of the third
aspect, in a seventh possible implementation, the first determining unit is specifically configured to perform subtraction
between the original value of the first-type pixel and the predicted value of the first-type pixel, to obtain the residual
values of the first-type pixel.
[0031] With reference to any one of the third aspect, or the first to the seventh possible implementations of the third
aspect, in an eighth possible implementation, the encoder further includes: a generation unit, configured to generate a
bit-stream according to the quantized transform coefficients, so that a decoding device reconstructs the current picture
block according to the bit-stream.
[0032] With reference to the eighth possible implementation of the third aspect, in a ninth possible implementation,
the generation unit is specifically configured to encode the quantized transform coefficients and information about the
intra-frame prediction algorithm by using an entropy encoding method, to obtain the bit-stream.
[0033] With reference to the eighth possible implementation of the third aspect, in a tenth possible implementation,
the generation unit is specifically configured to encode information about the intra-frame prediction algorithm, the quan-
tized transform coefficients, and information about the interpolation method by using an entropy encoding method, to
obtain the bit-stream.
[0034] According to a fourth aspect, a decoder is provided, including: a first obtaining unit, configured to obtain reference
pixel values of a current picture block; a second obtaining unit, configured to obtain a predicted value of a first-type pixel
in the current picture block according to the reference pixel values of the current picture block by using an intra-frame
prediction algorithm, where the current picture block includes the first-type pixel and a second-type pixel, and the second-
type pixel is a pixel in the current picture block except the first-type pixel; a dequantization unit, configured to dequantize
quantized transform coefficients of the current picture block to obtain transform coefficients; an inverse transform unit,
configured to inversely transform the transform coefficients to obtain reconstructed residual values of the first-type pixel;
a first reconstruction unit, configured to add the reconstructed residual values of the first-type pixel and the predicted
value of the first-type pixel to obtain a reconstructed value of the first-type pixel; and a second reconstruction unit,
configured to obtain a reconstructed value of the second-type pixel according to the reconstructed value of the first-type
pixel by using an interpolation method.
[0035] With reference to the fourth aspect, in a first possible implementation, the decoder further includes: a placement
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unit, configured to place the transform coefficients at first-type preset locations in a transform coefficient matrix in a
transform coefficient scanning order, where transform coefficients at second-type preset locations in the transform
coefficient matrix are set to preset values, and a sum of a quantity of the second-type preset locations and a quantity of
the first-type preset locations is equal to a total quantity of transform coefficients in the transform coefficient matrix.
[0036] With reference to the fourth aspect or the first possible implementation of the fourth aspect, in a second possible
implementation, the decoder further includes: a first determining unit, configured to determine the interpolation method
according to the intra-frame prediction algorithm, where an interpolation manner in the interpolation method is the same
as an interpolation manner included in the intra-frame prediction algorithm.
[0037] With reference to the fourth aspect or the first possible implementation of the fourth aspect, in a third possible
implementation, the decoder further includes: a second determining unit, configured to determine the interpolation method
according to a bit-stream of the picture block.
[0038] Based on the foregoing technical solutions, in the embodiments of the present invention, transform and quan-
tization processing is performed only on residual values of a first-type pixel to obtain a bit-stream. Residual values of
an entire picture block do not need to be all encoded. Therefore, flexible encoding can be implemented, and encoding
efficiency can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0039] To describe the technical solutions in the embodiments of the present invention more clearly, the following
briefly describes the accompanying drawings required for describing the embodiments of the present invention. Appar-
ently, the accompanying drawings in the following description show merely some embodiments of the present invention,
and a person of ordinary skill in the art may still derive other drawings from these accompanying drawings without creative
efforts.

FIG. 1 is a schematic flowchart of an intra-frame encoding method according to an embodiment of the present
invention;
FIG. 2 is a schematic classification diagram of a first-type pixel and a second-type pixel in a 434 picture block
according to an embodiment of the present invention;
FIG. 3 is a schematic classification diagram of a first-type pixel and a second-type pixel in an 838 picture block
according to an embodiment of the present invention;
FIG. 4 is a schematic diagram of transform according to an embodiment of the present invention;
FIG. 5 is a schematic diagram of a scanning order according to an embodiment of the present invention;
FIG. 6 is a schematic flowchart of an intra-frame decoding method according to an embodiment of the present
invention;
FIG. 7 is a schematic block diagram of an encoder according to an embodiment of the present invention;
FIG. 8 is a schematic block diagram of a decoder according to an embodiment of the present invention;
FIG. 9 is a schematic block diagram of an encoder according to another embodiment of the present invention; and
FIG. 10 is a schematic block diagram of a decoder according to an embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0040] The following clearly and completely describes the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings in the embodiments of the present invention. Apparently, the
described embodiments are a part rather than all of the embodiments of the present invention. All other embodiments
obtained by a person of ordinary skill in the art based on the embodiments of the present invention without creative
efforts shall fall within the protection scope of the present invention.
[0041] It should be understood that a pixel value in the present invention may be a pixel luminance component value,
or may be a pixel chrominance component value (for example, either a Cb component or a Cr component), or may be
one of an R component value, a G component value, or a B component value. Alternatively, when a pixel is represented
by using other color space such as Lab (a color model) and HSV (hue, saturation, and value), the pixel may be one of
the color components (color component). Correspondingly, a transform coefficient and a residual value are corresponding
to the color component.
[0042] FIG. 1 is a schematic flowchart of an intra-frame encoding method according to an embodiment of the present
invention. The method shown in FIG. 1 may be performed by an encoder. Specifically, the method shown in FIG. 1
includes the following steps:

110. Obtain reference pixel values of a current picture block.
120. Obtain a predicted value of a first-type pixel in the current picture block according to the reference pixel values
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of the current picture block by using an intra-frame prediction algorithm, where the current picture block includes
the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the current picture block except
the first-type pixel.
130. Determine residual values of the first-type pixel according to the predicted value of the first-type pixel and an
original pixel value of the first-type pixel.
140. Obtain transform coefficients according to the residual values of the first-type pixel.
150. Quantize the transform coefficients to obtain quantized transform coefficients.
160. Reconstruct the first-type pixel according to the quantized transform coefficients and the predicted value of the
first-type pixel, to obtain a reconstructed value of the first-type pixel.
170. Obtain a reconstructed value of the second-type pixel according to the reconstructed value of the first-type
pixel by using an interpolation method.

[0043] Therefore, in this embodiment of the present invention, transform and quantization processing is performed
only on residual values of a first-type pixel to obtain a bit-stream. Residual values of an entire picture block do not need
to be all encoded. Therefore, flexible encoding can be implemented, and encoding efficiency can be improved.
[0044] Further, in this embodiment of the present invention, the first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, a second-type pixel (the other part of pixels) is directly reconstructed by using an inter-
polation method that is based on the reconstructed part of pixels. By means of the method for classifying a code block
into two types of pixels and separately encoding and reconstructing the two types of pixels in different manners, a bitrate
can be reduced, and encoding efficiency can be improved.
[0045] It should be understood that the current picture block may be any one or one type of picture block in a current
frame. The picture block in this embodiment of the present invention may be in multiple sizes, for example, may be in
a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This embodiment of the present invention
is not limited thereto.
[0046] It should be noted that pixels in the current picture block include two types of pixels: the first-type pixel and the
second-type pixel. A first-type pixel may be a pixel at any location in the current picture block. For example, the first-
type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a lower right
diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less than a quantity
of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16, 15/32, 3/4, 1/4, or
the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in the picture block
except the first-type pixel.
[0047] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. A classification
case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0048] It should be understood that classification of a first-type pixel and a second-type pixel in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0049] It should be understood that in step 120, the intra-frame prediction algorithm may include directional prediction,
DC prediction, or planar prediction in H.265/HEVC or H.264/AVC (Advanced Video Coding, Advanced Video Coding);
or may be intra-frame prediction that is based on template matching, or the like. This is not limited in this embodiment
of the present invention.
[0050] It should be understood that when the predicted value of the first-type pixel is generated by using the intra-
frame prediction algorithm, a predicted value of the second-type pixel may be further generated.
[0051] It should be further understood that according to this embodiment of the present invention, a decoder and an
encoder may be a same device, or a decoder and an encoder may be different devices. This is not limited in this
embodiment of the present invention.
[0052] Optionally, in another embodiment, in step 130, the predicted value of the first-type pixel may be subtracted
from the original value of the first-type pixel, to obtain the residual values of the first-type pixel, or the original value of
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the first-type pixel may be subtracted from the predicted value of the first-type pixel, to obtain the residual values of the
first-type pixel. The residual values that are of the first-type pixel and that are obtained in the first manner and the residual
values that are of the first-type pixel and that are obtained in the second manner are opposite numbers. In an example
of this embodiment, the residual values of the first-type pixel may be obtained in the first manner.
[0053] It should be understood that in the first manner, a first residual value in the residual values of the first-type pixel
is a difference between an original value and a predicted value of a first pixel. In other words, each of the residual values
of the first-type pixel is a difference between an original value and a predicted value of a same first-type pixel.
[0054] Similarly, subtraction may be performed between an original value of the second-type pixel and the predicted
value of the second-type pixel to obtain residual values of the second-type pixel.
[0055] In step 140, the residual values of the first-type pixel may be transformed in multiple forms. For example, one-
dimensional transform may be performed, or two-dimensional transform may be performed. The two-dimensional trans-
form may be two-dimensional discrete cosine transform (DCT), two-dimensional discrete sine transform (DST), or the
like. This embodiment of the present invention is not limited thereto.
[0056] For example, a square may be transformed by using the following formula: 

[0057] Herein, C is a transform coefficient matrix that includes multiple transform coefficients; E is a residual value
matrix; the residual value matrix includes at least the residual values of all the first-type pixels, and may further include
a residual value of at least one second-type pixel; H is a transform matrix; HT is a transposed matrix of the transform
matrix H. For example, when H is a 434 DST transform matrix,

[0058] For another example, when H is an 838 DCT matrix, a DCT matrix specified in the HEVC standard may be used.
[0059] It should be understood that a quantity of non-0 transform coefficients in the transform coefficients is less than
or equal to the quantity of first-type pixels.
[0060] In step 150, the transform coefficients may be quantized in multiple manners. For example, in one method, the
transform coefficient may be divided by a quantization step (quantization step), and rounding (rounding) is performed
on a value obtained after the division. This is referred to as common quantization processing. In another method,
quantization may be performed by using a rate-distortion optimized quantization (Rate-distortion optimized quantization,
RDOQ) method. This embodiment of the present invention is not limited thereto.
[0061] Optionally, in another embodiment, in step 160, the quantized transform coefficients are dequantized to obtain
reconstructed transform coefficients, the reconstructed transform coefficients are inversely transformed to obtain recon-
structed residual values of the first-type pixel, and the reconstructed residual values of the first-type pixel and the predicted
value of the first-type pixel are added to obtain the reconstructed value of the first-type pixel.
[0062] It should be understood that dequantization processing may be multiplying the quantized transform coefficients
by the quantization step to obtain the reconstructed transform coefficients. The operation of multiplying the quantized
transform coefficients by the quantization step may be usually completed by means of integer multiplication and shift.
For example, a dequantization process in H.265/HEVC is as follows: 

[0063] Herein, sign{X} means obtaining a sign of X, Q(i) is an ith quantized transform coefficient, R(i) is a reconstructed
transform coefficient, bdshift is a shift parameter, Qs’(i) is an integer, and Qs’(i)/2bashift is approximately the quantization
step. Qs’(i) depends on both a level scale (levelScale) and a scaling factor (scaling factor).
[0064] The transform coefficients are obtained after the dequantization. The transform coefficients may be placed at
first-type preset locations in a transform coefficient matrix in a scanning order. Transform coefficients at second-type
preset locations in the transform coefficient matrix are set to preset values. A quantity of the second-type preset locations
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is greater than or equal to 0 and is less than a total quantity of transform coefficients in the transform coefficient matrix.
For example, the preset value may be 0. The transform coefficient matrix is divided into the two parts: the first-type
preset locations and the second-type preset locations. Further, the scanning order may include vertical scanning, hori-
zontal scanning, or diagonal scanning. For example, three scanning orders shown in FIG. 5 are respectively the vertical
scanning in FIG. 5(a), the horizontal scanning in FIG. 5(b), or the diagonal scanning in FIG. 5(c).
[0065] In this embodiment of the present invention, there are multiple inverse transform forms. For example, two-
dimensional separable transform such as inverse DCT transform or inverse DST transform may be used. When a square
is transformed, inverse transform processing is shown in the following formula: 

[0066] Herein, C is a transform coefficient matrix that is reconstructed after dequantization and includes multiple
reconstructed transform coefficients, E is a reconstructed residual value matrix that includes multiple reconstructed
residual values, H is a transform matrix (transform matrix), and HT is a transposed matrix of the transform matrix H.
Residual values obtained after inverse transform include at least the residual values of all the first-type pixels, and may
further include a residual value of at least one second-type pixel. An inverse transform size may be the same as a size
of a picture block. In this case, a quantity of residual values generated by using inverse transform is equal to a quantity
of pixels in the picture block. The two-dimensional separable transform such as the two-dimensional DST and the two-
dimensional DCT meets that a size of a transform matrix is equal to a size of a picture block. Alternatively, an inverse
transform size may be smaller than a size of a picture block. For example, a 333 block in the lower right corner of a
434 block in an example in FIG. 2(f) includes all the first-type pixels. In this case, reconstructed transform coefficients
are inversely transformed by using 333 inverse transform, to obtain residual values of the 333 block. For another
example, 434 inverse transform may be separately used for the four 434 blocks in the 838 block in the example in
FIG. 3(a), to obtain residual values of the four 434 blocks. Both residual values of a first-type pixel in a picture block
and residual values of a second-type pixel in the picture block may be generated by using inverse transform. To reduce
calculation, only the residual values of the first-type pixel may be generated while the residual values of the second-type
pixel are not generated.
[0067] It should be understood that a reconstructed value obtained by adding a residual value and a predicted value
may exceed a dynamic range of a pixel. For example, a dynamic range of an 8-bit pixel is 0 to 255. Therefore, in this
embodiment of the present invention, when a predicted value obtained by adding a residual value and a predicted value
exceeds an upper limit or a lower limit of a dynamic range of a pixel, the predicted value is set to a maximum value or
a minimum value of the dynamic range, for example, set to 255 or 0.
[0068] It should be noted that a process of reconstructing the first-type pixel may be the same as the process of
reconstructing the first-type pixel in the decoding method shown in FIG. 6. For a specific process of reconstructing the
first-type pixel in this embodiment of the present invention, refer to the process of reconstructing the first-type pixel in
the decoding method shown in FIG. 6. To avoid repetition, details are not described herein.
[0069] Optionally, in another embodiment, before step 170, the method in this embodiment of the present invention
further includes: determining the interpolation method according to the intra-frame prediction algorithm, where an inter-
polation manner in the interpolation method is the same as an interpolation manner included in the intra-frame prediction
algorithm.
[0070] In other words, the interpolation method may be determined by using the intra-frame prediction algorithm in
step 120. The reconstructed value of the second-type pixel may be further obtained according to reference pixels of the
picture block and/or the reconstructed value of the first-type pixel by using the interpolation method.
[0071] Specifically, there are multiple interpolation methods. The following describes several methods for reconstruct-
ing the second pixels.
[0072] Method 1 is an interpolation method that is based on an average of surrounding pixels. Surrounding reference
pixels of the second-type pixel and/or the reconstructed first-type pixel are obtained. Weighted averaging is performed
on the pixels to obtain the reconstructed value of the second-type pixel by means of interpolation. For example, a pixel
P1,1 in FIG. 7 that belongs to the second-type pixel may be obtained by performing weighted averaging on reference
pixels R0,0, R0,1, R0,2, R1,0, and R2,0 surrounding P1,1 and a reconstructed first-type pixel R2,2. A weighted averaging
method that can be used may be shown in one of the following formulas: 
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or 

[0073] It should be noted that because a pixel value is usually an integer, a rounding operation may further need to
be performed on a weighted average value.
[0074] Method 2 is a direction-based interpolation method. According to a predetermined interpolation direction, ref-
erence pixels of the second-type pixel in this direction and/or the reconstructed first-type pixel are obtained, and the
reconstructed value of the second-type pixel are obtained by using an interpolation filter. For example, when the inter-
polation direction is a vertical (vertical downward) direction, a pixel P1,2 in FIG. 7 that belongs to the second-type pixel
may be obtained according to R0,2 and R2,2 by using a linear interpolation filter, for example, P1,2 = (2R0,2+2R2,2+2) >>
2 ; or P1,2 is obtained according to R0,2, R2,2 and R4,2 by using a three-tap filter, for example, P1,2 = (5R0,2-R2,2+ 4R4,2)>>
3 ; or P1,2 may be obtained according to R0,1, R0,2, R0,3, R2,2, R4,1, R4,2, and R4,3 by using a seven-tap filter, for example,
P1,2 = (2R0,1 + 4R0,2 + 2R0,3 + 5R2,2 - 2R4,1 + R4,2 - 2R4,3) /10
[0075] Method 3 is a hybrid interpolation method. Reference pixels surrounding second pixels at a predetermined
location and/or the reconstructed first-type pixel is obtained. A reconstructed value of the second-type pixel is obtained
by means of linear interpolation. Then, for a second-type pixel at another location, according to a predetermined direction,
reference pixels of the second-type pixel in the direction and/or the reconstructed first-type pixel, and the reconstructed
second-type pixel are obtained. A reconstructed value of the second-type pixel is obtained by using an interpolation filter.
[0076] Method 4 is a transform-based interpolation method. A locations of the second-type pixel is padded with a
preset value, such as 0 or 128. A pixel block that includes reference pixels, the reconstructed first-type pixel, and a
padded second-type pixel is transformed. Inverse transform is performed after transform coefficients at preset locations
in the transform coefficients are removed, to obtain the reconstructed value of the second-type pixel.
[0077] In Method 5, an intra-frame prediction mode in HEVC is used as the interpolation method for the second-type
pixel. In this case, an intra-frame prediction mode for the first-type pixel may be the same as or may be different from
the intra-frame prediction mode for the second-type pixel.
[0078] It should be understood that the second pixels may be reconstructed by using one of the foregoing methods,
or the second pixels may be reconstructed by using a combination of several foregoing methods. This is not limited in
this embodiment of the present invention.
[0079] Optionally, in another embodiment, in step 140, residual values of B pixels in the second-type pixel are obtained
according to the residual values of the first-type pixel, where B is a positive integer that is not less than 1.
[0080] The residual values of the first-type pixel and the residual values of the B pixels are transformed to obtain the
transform coefficients. A quantity of fixed 0 coefficients in the transform coefficients is equal to B.
[0081] It should be understood that only the residual values of all the first-type pixel may be transformed above. For
example, when the first-type pixel is a small square block in the current picture block, only the residual values of all the
first-type pixels may be transformed. For example, all the first-type pixels are a 434 block in a current 838 picture block.
Alternatively, the residual values of all the first-type pixels and a residual value of at least one (B) second-type pixel may
be transformed. In this case, a transform size may be the same as a size of the picture block, that is, a quantity of residual
values for transforming is equal to a quantity of pixels in the picture block; or a transform size may be smaller than a
size of the picture block. Particularly, for the two-dimensional separable transform such as the two-dimensional DST
and the two-dimensional DCT, when the picture block is a square, and when a size of a transform matrix is equal to a
size of the picture block, the residual values of all the first-type pixels and the residual values of all the second-type
pixels are included in a transform unit. When a transform size is smaller than a size of the picture block, the residual
values of all the first-type pixels and residual values of some second-type pixels are included in a transform unit. For
example, the 333 block in the lower right corner of the 434 block in the example in FIG. 2(f) includes all the first-type
pixels. In this case, only the residual values of the 333 block may be transformed. For another example, 434 transform
may be separately used for the four 434 blocks in the 838 block in the example in FIG. 3(a).
[0082] Further, in another embodiment, a quantity of the residual values of the first-type pixel is A. The B pixels in the
second-type pixel are corresponding to the B residual values. The A residual values are in a one-to-one correspondence
with the pixels in the first-type pixel, and the B residual values are in a one-to-one correspondence with the B pixels.
Obtaining the residual values of the B pixels in the second-type pixel according to the residual values of the first-type
pixel includes: determining a B3A matrix corresponding to the quantity A of the residual values of the first-type pixel
and a quantity B of the residual values of the B pixels in the second-type pixel; multiplying the B3A matrix by a column
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vector that includes the A residual values of the first-type pixel, to obtain a column vector that includes the residual
values of the B pixels in the second-type pixel; and obtaining the residual values of the B pixels in the second-type pixel
according to the column vector that includes the residual values of the B pixels in the second-type pixel.
[0083] Specifically, a smart padding (smart padding) method is elaborated in the document "A new padding technique
for coding of arbitrarily-shaped image/video segments" (ICIP 1999). That is, according to a vector (column vector) that
includes A known pixel values (residual values of a first-type pixel), a derived B3A matrix is multiplied by the vector
(column vector) to obtain a column vector that includes other B pixel values (residual values of a second-type pixel) and
then obtain the B pixel values. Coefficients at B fixed locations in transform coefficients obtained after DCT transform
is performed on the A+B pixel values are always 0 (or are approximately 0 because of inadequate operation precision).
The B coefficients are briefly referred to as fixed 0 coefficients. By means of the method, some of transform coefficients
of residual values of a picture block may be fixed 0 coefficients, so as to reduce a quantity of non-0 coefficients that
need to be encoded.
[0084] By using the smart padding method, a weighted average of the residual values of the first-type pixel is used
as a residual value of at least one second-type pixel, so that transform coefficients obtained after generated residual
values are transformed may have multiple fixed 0 coefficients. A quantity of fixed 0 coefficients is equal to or greater
than the quantity B of second-type pixels for which the residual values are generated, so as to reduce non-0 coefficients
that need to be encoded. The fixed 0 coefficient may be set at any location in the transform coefficient matrix. This is
not limited in this embodiment of the present invention. In an example of this embodiment, the fixed 0 coefficient may
be set at a high-frequency coefficient location in the transform coefficient matrix, such as a coefficient location in the
lower right corner, or may be set at a rearward coefficient location in a coefficient scanning sequence.
[0085] For example, according to the pixel classification method in the example in FIG. 2(a), residual values (such as
p11, p12,...,p33 in FIG. 4) of all eight second-type pixels are obtained by using residual values (such as x14,x22,...,x44 in
FIG. 4) of eight first-type pixels. In this process, a vector that includes the residual values of the first-type pixels is
multiplied by an 838 matrix on the left to obtain the residual values of the second-type pixels. This is shown in the
following formula:

[0086] After two-dimensional 434 DST transform is performed, a corresponding 434 transform coefficient matrix may
have eight fixed 0 coefficients (such as eight coefficients in FIG. 4 except y14,y12,...,y41). A calculation manner of an
838 matrix can be obtained by using the smart padding method. For another example, the 333 block at the lower right
of the 434 block in the example in FIG. 2(f) includes all the first-type pixels. In this case, only the residual values of the
second-type pixels in the 333 block may be obtained by using the smart padding method. It should be noted that in
subsequent processing, the residual values of the lower-right 333 block may be transformed and quantized by using
333 transform.
[0087] Alternatively, in another embodiment, in step 140, a predicted value of each pixel is subtracted from an original
value of each of at least one pixel in the second-type pixel, to obtain a residual value of each pixel. The predicted value
of each pixel is obtained by using the intra-frame prediction algorithm. The residual values of the first-type pixel and a
residual value of the at least one pixel in the second-type pixel are transformed to obtain the transform coefficients.
[0088] In other words, each residual value of the at least one pixel in the second-type pixel is a difference between
an original value and a predicted value of a same second-type pixel.
[0089] Optionally, in another embodiment, in step 150, the transform coefficients are quantized in a transform coefficient
scanning order to obtain the quantized transform coefficients.
[0090] Specifically, the transform coefficients are quantized to obtain the quantized transform coefficients (quantized
transform coefficient). A quantization method is usually scalar quantization, or may be vector quantization or another
manner. A smart quantization method elaborated in the document "Constrained Quantization in the Transform Domain
with Applications in Arbitrarily-Shaped Object Coding" (IEEE TCSVT, vol. 20, no. 11, 2010) may be used. Quantized
transform coefficients are sequentially determined from back to front in a transform coefficient scanning order, so as to
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minimize distortion of a reconstructed residual value of a target pixel point in a code block.
[0091] Specifically, in this embodiment of the present invention, the quantized transform coefficients are sequentially
determined from back to front in the transform coefficient scanning order, so as to minimize distortion of the reconstructed
residual values of the first-type pixel.
[0092] Specifically, in another embodiment, in step 150, the quantized transform coefficients are obtained according
to the following formula: 

where 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization error
of a transform coefficient after Cm in the scanning order, and is a weighted average value of quantization errors of
transform coefficients after the quantized transform coefficient Cm in the scanning order, bm,j is a weighting coefficient,
a value of bm,j depends on a transform matrix and a location of the first-type pixel in the scanning order, m = 1, 2, ..., M,
M is a quantity of first-type pixels, and N is a total quantity of first-type pixels and second-type pixels.
[0093] Further, in another embodiment, the transform coefficient scanning order includes vertical scanning, horizontal
scanning, or diagonal scanning.
[0094] For example, a transform coefficient matrix in FIG. 4 that is obtained after the residual values generated by
using the smart padding method are transformed is scanned in three scanning orders in FIG. 5: the vertical scanning in
FIG. 5(a), the horizontal scanning in FIG. 5(b), and the diagonal scanning in FIG. 5(c). In the three scanning orders,
three B matrices Bver, Bhor, and Bdiag that are formed by component bm,n (m = 1, 2, ..., M, and n = 1, 2, ..., N) are as
follows. It should be noted that in this case, there are fixed 0 coefficients in the scanning order, and therefore, the fixed
0 coefficients are not included in an arrangement order of Cm. For example, a coefficient C1,3 in the first row and the
third column is the ninth coefficient in the vertical scanning order. However, because C3,2 and C3,3 are fixed 0 coefficients,
an actual sequence number of C1,3 is 7, that is, C1,3 is C7. Similarly, C1,4 is C8. 
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[0095] It should be noted that the two methods for obtaining the residual values and the three methods for obtaining
the quantized transform coefficients may be used in a combination of two methods. When residual value processing
that is based on the smart padding method and a quantization technology that is based on the smart quantization method
are jointly used, relatively high encoding efficiency is achieved. In addition, when the smart padding method is used,
transform coefficients may have fixed 0 coefficients, and the fixed 0 coefficients each may be located between two non-
0 coefficients in a scanning sequence. When the transform coefficients are encoded, scanning of non-0 coefficients at
fixed locations may be skipped.
[0096] Optionally, in another embodiment, after step 150, the method in this embodiment of the present invention
further includes: generating a bit-stream according to the quantized transform coefficients, so that a decoding device
reconstructs the current picture block according to the bit-stream.
[0097] Further, in another embodiment, the generating a bit-stream according to the quantized transform coefficients
includes: encoding the quantized transform coefficients and information about the intra-frame prediction algorithm by
using an entropy encoding method, to obtain the bit-stream. The information about the intra-frame prediction algorithm
may be intra-frame prediction mode information or the like.
[0098] Alternatively, in another embodiment, the generating a bit-stream according to the quantized transform coeffi-
cients: encoding information about the intra-frame prediction algorithm, the quantized transform coefficients, and infor-
mation about the interpolation method by using an entropy encoding method, to obtain the bit-stream.
[0099] In other words, the information about the interpolation method may be explicitly transmitted in the bit-stream.
Alternatively, a preset interpolation manner for the second-type pixel may be implicitly mapped according to the intra-
frame prediction mode for the first-type pixel. In this case, the information about the interpolation method does not need
to be transmitted in the bit-stream. For example, when the intra-frame prediction mode for the first-type pixel is the DC
mode, the interpolation manner for the second-type pixel is the method that is based on an average of surrounding
pixels. When the intra-frame prediction mode for the first-type pixel is the directional prediction, the interpolation manner
for the second-type pixel is the directional interpolation that is based on a same direction. Alternatively, a corresponding
preset interpolation manners for the second-type pixel may be used by default for several intra-frame prediction modes
for the first-type pixel, and for the remaining intra-frame prediction modes for the first-type pixel, the information about
the interpolation method for the second-type pixel is transmitted in the bit-stream.
[0100] The intra-frame encoding method in the present invention may be used as a supplement to a conventional
intra-frame encoding method. For example, the intra-frame encoding method in the present invention is added in addition
to 35 intra-frame prediction encoding modes in HEVC. Alternatively, the intra-frame encoding method in the present
invention may be used to replace a conventional intra-frame encoding method. For example, a DC prediction mode in
HEVC is replaced by the intra-frame encoding method in the present invention, and the DC prediction mode or a planar
prediction mode is used as an intra-frame prediction mode for the first-type pixel. An actual intra-frame encoding mode
for a picture block may be obtained by means of common rate-distortion optimization. That is, the picture block is pre-
encoded by using multiple candidate intra-frame encoding modes, rate-distortion costs of each mode are determined,
and a mode with minimum rate-distortion costs is used as the actual encoding mode for the picture block.
[0101] It should be noted that the examples in FIG. 1 to FIG. 5 are merely intended to help a person skilled in the art
understand the embodiments of the present invention instead of limiting the embodiments of the present invention to a
specific value or a specific scenario shown in the examples. A person skilled in the art certainly can make various
equivalent modifications or changes according to the examples provided in FIG. 1 to FIG. 5, and such modifications or
changes also fall within the scope of the embodiments of the present invention.
[0102] It should be understood that sequence numbers of the foregoing processes do not mean execution orders.
Execution orders of the processes should be determined according to functions and internal logic of the processes, and
shall not set any limitation on an implementation process of the embodiments of the present invention.
[0103] The encoding method in the embodiments of the present invention is described in detail above with reference
to FIG. 1 to FIG. 5. A decoding method in the embodiments of the present invention is described in detail below with
reference to FIG. 6 to FIG. 9.
[0104] FIG. 6 is a schematic flowchart of an intra-frame decoding method according to an embodiment of the present
invention. The method shown in FIG. 6 may be performed by a decoder. The intra-frame decoding method shown in
FIG. 6 is corresponding to the intra-frame encoding method shown in FIG. 1. The method shown in FIG. 6 may be an
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inverse process of the method shown in FIG. 1. Specifically, the method shown in FIG. 6 includes the following steps:

610. Obtain reference pixel values of a current picture block.
620. Obtain a predicted value of a first-type pixel in the current picture block according to the reference pixel values
of the current picture block by using an intra-frame prediction algorithm, where the current picture block includes
the first-type pixel and second-type pixel, and the second-type pixel is a pixel in the current picture block except the
first-type pixel.
630. Dequantize quantized transform coefficients of the current picture block to obtain transform coefficients.
640. Inversely transform the transform coefficients to obtain reconstructed residual values of the first-type pixel.
650. Add the reconstructed residual values of the first-type pixel and the predicted value of the first-type pixel to
obtain a reconstructed value of the first-type pixel.
660. Obtain a reconstructed value of the second-type pixel according to the reconstructed value of the first-type
pixel by using an interpolation method.

[0105] Therefore, in this embodiment of the present invention, a first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, second pixels (the other part of pixels) are directly reconstructed by using an interpolation
method that is based on reference pixels and/or the reconstructed part of pixels. Therefore, a bitrate is reduced. By
means of the method for classifying a code block into two types of pixels and separately decoding the two types of pixels
in different manners, flexible decoding can be performed, and decoding efficiency can be improved.
[0106] It should be understood that the picture block in this embodiment of the present invention may be in multiple
sizes, for example, may be in a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This
embodiment of the present invention is not limited thereto.
[0107] It should be noted that a first-type pixel may be a pixel at any location in the current picture block. For example,
the first-type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a
lower right diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less
than a quantity of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16,
15/32, 3/4, 1/4, or the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in
the current picture block except the first-type pixel.
[0108] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. In an example
of this embodiment, a classification case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0109] It should be understood that classification of first-type pixels and second-type pixels in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0110] It should be understood that in step 620, information about the intra-frame prediction algorithm may be obtained
by parsing a bit-stream. The intra-frame prediction algorithm may include directional prediction, DC prediction, or planar
prediction in H.265/HEVC or H.264/AVC; or may be intra-frame prediction that is based on template matching, or the
like. This is not limited in this embodiment of the present invention.
[0111] Optionally, in another embodiment, before step 640, the method in this embodiment of the present invention
further includes: placing the transform coefficients at first-type preset locations in a transform coefficient matrix in a
transform coefficient scanning order, where transform coefficients at second-type preset locations in the transform
coefficient matrix are set to preset values, and a sum of a quantity of the second-type preset locations and a quantity of
the first-type preset locations is equal to a total quantity of transform coefficients in the transform coefficient matrix.
[0112] It should be understood that the quantized transform coefficients may be obtained by parsing the bit-stream.
For example, dequantization processing may be multiplying the quantized transform coefficients by a quantization step
to obtain reconstructed transform coefficients. The operation of multiplying the quantized transform coefficients by the
quantization step may be usually completed by means of integer multiplication and shift. For example, a dequantization
process in H.265/HEVC is as follows: 
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[0113] Herein, sign{X} means obtaining a sign of X, Q(i) is an ith quantized transform coefficient, R(i) is a reconstructed
transform coefficient, bdshift is a shift parameter, Qs’(i) is an integer, and Qs’(i)/2bdshift is approximately the quantization
step. Qs’(i) depends on both a level scale (levelScale) and a scaling factor (scaling factor).
[0114] The transform coefficients are obtained after the dequantization. The transform coefficients may be placed at
the first-type preset locations in the transform coefficient matrix in the transform coefficient scanning order. The transform
coefficients at the second-type preset locations in the transform coefficient matrix are set to the preset values. The
quantity of the second-type preset locations is less than the total quantity of transform coefficients in the transform
coefficient matrix. For example, the preset value may be 0.
[0115] Further, in another embodiment, the scanning order includes vertical scanning, horizontal scanning, or diagonal
scanning.
[0116] It should be understood that the scanning order may depend on an intra-frame prediction mode for the first-
type pixel, or may be transmitted in the bit-stream.
[0117] For example, three scanning orders shown in FIG. 5 are respectively the vertical scanning in FIG. 5(a), the
horizontal scanning in FIG. 5(b), or the diagonal scanning in FIG. 5(c).
[0118] Optionally, in step 630, there are multiple inverse transform forms. For example,
[0119] Two-dimensional separable transform such as inverse DCT transform or inverse DST transform may be used.
When a square is transformed, inverse transform processing is shown in the following formula: 

[0120] Herein, C is a transform coefficient matrix that is reconstructed after dequantization and includes multiple
reconstructed transform coefficients, E is a reconstructed residual value matrix that includes multiple reconstructed
residual values, and H is a transform matrix (transform matrix). Residual values obtained after inverse transform include
at least residual values of all the first-type pixels, and may further include a residual value of at least one second-type
pixel. An inverse transform size may be the same as a size of a picture block. In this case, a quantity of residual values
generated by using inverse transform is equal to a quantity of pixels in the picture block. The two-dimensional separable
transform such as the two-dimensional DST and the two-dimensional DCT meets that a size of a transform matrix is
equal to a size of a picture block. Alternatively, an inverse transform size may be smaller than a size of a picture block.
For example, a 333 block in the lower right corner of a 434 block in an example in FIG. 2(f) includes all the first-type
pixels. In this case, reconstructed transform coefficients are inversely transformed by using 333 inverse transform, to
obtain residual values of the 333 block. For another example, 434 inverse transform may be separately used for the
four 434 blocks in the 838 block in the example in FIG. 3(a), to obtain residual values of the four 434 blocks. Both
residual values of a first-type pixel in a picture block and residual values of a second-type pixel in the picture block may
be generated by using inverse transform. To reduce calculation, only the residual values of the first-type pixel may be
generated while the residual values of the second-type pixel are not generated.
[0121] It should be understood that a reconstructed value obtained by adding a residual value and a predicted value
may exceed a dynamic range of a pixel. For example, a dynamic range of an 8-bit pixel is 0 to 255. Therefore, in this
embodiment of the present invention, when a predicted value obtained by adding a residual value and a predicted value
exceeds an upper limit or a lower limit of a dynamic range of a pixel, the predicted value is set to a maximum value or
a minimum value of the dynamic range, for example, set to 255 or 0.
[0122] Optionally, in another embodiment, before step 660, the method in this embodiment of the present invention
further includes: determining the interpolation method according to the intra-frame prediction algorithm, where an inter-
polation manner in the interpolation method is the same as an interpolation manner included in the intra-frame prediction
algorithm.
[0123] Alternatively, in another embodiment, before step 660, the method in this embodiment of the present invention
further includes: determining the interpolation method according to a bit-stream of the picture block.
[0124] In other words, the interpolation method may be determined by using the intra-frame prediction algorithm in
step 620. The reconstructed value of the second-type pixel may be further determined according to the reconstructed
value of the first-type pixel by using the interpolation method.
[0125] Specifically, there are multiple interpolation methods. The following describes several methods for reconstruct-
ing the second pixels.
[0126] Method 1 is an interpolation method that is based on an average of surrounding pixels. Surrounding reference
pixels of the second-type pixel and/or the reconstructed first-type pixel is obtained. Weighted averaging is performed
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on the pixels to obtain the reconstructed value of the second-type pixel by means of interpolation.
[0127] Method 2 is a direction-based interpolation method. According to a predetermined interpolation direction, ref-
erence pixels of the second-type pixel in this direction and/or the reconstructed first-type pixel is obtained, and the
reconstructed value of the second-type pixel is obtained by using an interpolation filter.
[0128] Method 3 is a hybrid interpolation method. Reference pixels surrounding second pixels at a predetermined
location and/or the reconstructed first-type pixel is obtained. A reconstructed value of the second-type pixel is obtained
by means of linear interpolation. Then, for a second-type pixel at another locations, according to a predetermined
direction, reference pixels of the second-type pixel in the direction and/or the reconstructed first-type pixel, and the
reconstructed second-type pixel is obtained. A reconstructed value of the second-type pixel is obtained by means of
linear interpolation.
[0129] Method 4 is a transform-based interpolation method. A location of the second-type pixel is padded with a preset
value, such as 0 or 128. A pixel block that includes reference pixels, the reconstructed first-type pixel, and a padded
second-type pixel is transformed. Inverse transform is performed after transform coefficients at preset locations are
removed, to obtain the reconstructed value of the second-type pixel.
[0130] In Method 5, an intra-frame prediction mode in HEVC is used as the interpolation method for the second-type
pixel. In this case, an intra-frame prediction mode for the first-type pixel may be the same as or may be different from
the intra-frame prediction mode used for interpolation of the second-type pixel.
[0131] It should be understood that the second pixels may be reconstructed by using one of the foregoing methods,
or the second pixels may be reconstructed by using a combination of several foregoing methods. This is not limited in
this embodiment of the present invention.
[0132] Information about the interpolation method for the second-type pixel may be obtained by parsing the bit-stream,
or may be obtained by means of mapping according to the intra-frame prediction mode for the first-type pixel. For
example, when the intra-frame prediction mode for the first-type pixel is the directional prediction mode (for example, at
least one of No. 2 to No. 34 prediction modes specified in HEVC), the directional interpolation method that is based on
a same direction is used for the second-type pixel. Alternatively, corresponding preset interpolation methods for the
second-type pixel may be used for several intra-frame prediction modes for the first-type pixel, and for the remaining
intra-frame prediction modes for the first-type pixel, the interpolation method for the second-type pixel is obtained by
parsing the bit-stream.
[0133] It should be noted that different intra-prediction modes for the first-type pixel may have same or different pixel
classification of the first-type pixel and the second-type pixel. For example, a same pixel classification manner is used
in several intra-frame prediction modes for the first-type pixel; or different pixel classification manners are used in intra-
frame prediction modes for the first-type pixel. Specifically, a 434 block is used as an example. When the intra-frame
prediction mode for the first-type pixel is the DC mode, a pixel classification manner in FIG. 2(a) is used. When the intra-
frame prediction mode for the first-type pixel is a vertical mode, a pixel classification manner in FIG. 2(d) is used.
[0134] Generally, a part of processing in the decoding method should be the same as or should match processing in
the encoding method. Only in this case, an encoded reconstructed picture can be the same as a decoded reconstructed
picture. For example, the pixel classification, the intra-frame prediction method for the first-type pixel, the coefficient
scanning method, and the interpolation method for the second-type pixel in the decoding method should be the same
as the corresponding methods on an encoding side. The processing such as the inverse transform and the entropy
decoding in the decoding method should match the transform and the entropy encoding in the encoding method. That
is, the processing is inverse processing of the corresponding methods in the encoding method. In addition, encoding
also includes pixel reconstruction processing. The reconstruction processing also should be the same as the recon-
struction processing in decoding. For example, dequantization and inverse transform for the quantized transform coef-
ficients in encoding should be the same as the dequantization and inverse transform for the quantized transform coef-
ficients in decoding.
[0135] It should be noted that the intra-frame decoding method in FIG. 6 is corresponding to the intra-frame encoding
method in FIG. 1 to FIG. 5, the decoder that performs FIG. 6 can implement inverse processes of the processes in the
method embodiment in FIG. 1 to FIG. 5, and the intra-frame decoding method in FIG. 6 can be obtained according to
an inverse process corresponding to the intra-frame encoding method in FIG. 1 to FIG. 5. To avoid repetition, details
are not described herein again.
[0136] The intra-frame encoding method and the intra-frame decoding method in the embodiments of the present
invention are described in detail above with reference to FIG. 1 to FIG. 6. An encoder and a decoder in the embodiments
of the present invention are described below with reference to FIG. 7 and FIG. 10.
[0137] FIG. 7 is a schematic block diagram of an encoder according to an embodiment of the present invention. A
device 700 shown in FIG. 7 includes a first obtaining unit 710, a second obtaining unit 720, a first determining unit 730,
a transform unit 740, a quantization unit 750, a first reconstruction unit 760, and a second reconstruction unit 770.
[0138] Specifically, the first obtaining unit 710 is configured to obtain reference pixel values of a current picture block.
The first obtaining unit 720 is configured to obtain a predicted value of a first-type pixel in the current picture block
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according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm, where
the current picture block includes the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the
current picture block except the first-type pixel. The first determining unit 730 is configured to obtain residual values of
the first-type pixel according to the predicted value of the first-type pixel and an original pixel value of the first-type pixel.
The transform unit 740 is configured to obtain transform coefficients according to the residual values of the first-type
pixel. The quantization unit 750 is configured to quantize the transform coefficients to obtain quantized transform coef-
ficients. The first reconstruction unit 760 is configured to reconstruct the first-type pixel according to the quantized
transform coefficients and the predicted value of the first-type pixel, to obtain a reconstructed value of the first-type pixel.
The second reconstruction unit 770 is configured to obtain a reconstructed value of the second-type pixel according to
reference pixels of the picture block and/or the reconstructed value of the first-type pixel by using an interpolation method.
[0139] Therefore, in this embodiment of the present invention, transform and quantization processing is performed
only on residual values of a first-type pixel to obtain a bit-stream. Residual values of an entire picture block do not need
to be all encoded. Therefore, flexible encoding can be implemented, and encoding efficiency can be improved.
[0140] Further, in this embodiment of the present invention, the first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, a second-type pixel (the other part of pixels) is directly reconstructed by using an inter-
polation method that is based on reference pixels and/or the reconstructed part of pixels. By means of the method for
classifying a code block into two types of pixels and separately encoding and reconstructing the two types of pixels in
different manners, a bitrate can be reduced, and encoding efficiency can be improved.
[0141] It should be understood that the current picture block may be any one or one type of picture block in a current
frame. The picture block in this embodiment of the present invention may be in multiple sizes, for example, may be in
a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This embodiment of the present invention
is not limited thereto.
[0142] It should be noted that a first-type pixel may be a pixel at any location in the current picture block. For example,
the first-type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a
lower right diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less
than a quantity of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16,
15/32, 3/4, 1/4, or the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in
the picture block except the first-type pixel.
[0143] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. In an example
of this embodiment, a classification case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0144] It should be understood that classification of first-type pixels and second-type pixels in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0145] It should be understood that the intra-frame prediction algorithm may include directional prediction, DC predic-
tion, or planar prediction in H.265/HEVC or H.264/AVC (Advanced Video Coding, Advanced Video Coding); or may be
intra-frame prediction that is based on template matching, or the like. This is not limited in this embodiment of the present
invention.
[0146] It should be understood that when the predicted value of the first-type pixel is generated by using the intra-
frame prediction algorithm, a predicted value of the second-type pixel may be further generated.
[0147] It should be further understood that according to this embodiment of the present invention, a decoding device
and an encoding device may be a same device, or a decoding device and an encoding device may be different devices.
This is not limited in this embodiment of the present invention.
[0148] Optionally, in another embodiment, the encoder 700 further includes a second determining unit. Specifically,
the second determining unit is configured to determine the interpolation method according to the intra-frame prediction
algorithm, where an interpolation manner in the interpolation method is the same as an interpolation manner included
in the intra-frame prediction algorithm.
[0149] Optionally, in another embodiment, the first determining unit 730 is specifically configured to perform subtraction
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between the original value of the first-type pixel and the predicted value of the first-type pixel to obtain the residual values
of the first-type pixel.
[0150] Optionally, in another embodiment, the transform unit 740 is specifically configured to: obtain residual values
of B pixels in the second-type pixel according to the residual values of the first-type pixel, where B is a positive integer
that is not less than 1; and transform the residual values of the first-type pixel and the residual values of the B pixels to
obtain the transform coefficients, where a quantity of fixed 0 coefficients in the transform coefficients is equal to B.
[0151] Further, in another embodiment, a quantity of the residual values of the first-type pixel is A. The B pixels in the
second-type pixel are corresponding to the B residual values. The A residual values are in a one-to-one correspondence
with the pixels in the first-type pixel, and the B residual values are in a one-to-one correspondence with the B pixels.
The third obtaining unit is specifically configured to: determine a B3A matrix corresponding to the quantity A of the
residual values of the first-type pixel and a quantity B of the residual values of the B pixels in the second-type pixel;
multiply the B3A matrix by a column vector that includes the A residual values of the first-type pixel, to obtain a column
vector that includes the residual values of the B pixels in the second-type pixel; and obtain the residual values of the B
pixels in the second-type pixel according to the column vector that includes the residual values of the B pixels in the
second-type pixel.
[0152] Alternatively, in another embodiment, the transform unit 740 is specifically configured to: subtract a predicted
value of each pixel from an original value of each of at least one pixel in the second-type pixel, to obtain a residual value
of each pixel, where the predicted value of each pixel is obtained by using the intra-frame prediction algorithm; and
transform the residual values of the first-type pixel and a residual value of the at least one pixel in the second-type pixel
to obtain the transform coefficients.
[0153] Optionally, in another embodiment, the quantization unit 750 is specifically configured to quantize the transform
coefficients in a transform coefficient scanning order to obtain the quantized transform coefficients.
[0154] Further, in another embodiment, the quantization unit 750 is specifically configured to obtain the quantized
transform coefficients according to the following formula: 

where 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization error
of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform matrix and a location of
the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type pixels, and N is a total quantity of
first-type pixels and second-type pixels.
[0155] Optionally, in another embodiment, the second reconstruction unit 770 dequantizes the quantized transform
coefficients to obtain reconstructed transform coefficients, inversely transforms the reconstructed transform coefficients
to obtain reconstructed residual values of the first-type pixel, and adds the reconstructed residual values of the first-type
pixel and the predicted value of the first-type pixel to obtain the reconstructed value of the first-type pixel.
[0156] Optionally, in another embodiment, the encoder 700 further includes a generation unit. Specifically, the gen-
eration unit is configured to generate a bit-stream according to the quantized transform coefficients, so that a decoding
device reconstructs the current picture block according to the bit-stream.
[0157] Specifically, in another embodiment, the generation unit is specifically configured to encode the quantized
transform coefficients and information about the intra-frame prediction algorithm by using an entropy encoding method,
to obtain the bit-stream.
[0158] Alternatively, in another embodiment, the generation unit is specifically configured to encode information about
the intra-frame prediction algorithm, the quantized transform coefficients, and information about the interpolation method
by using an entropy encoding method, to obtain the bit-stream.
[0159] It should be understood that the encoder 700 shown in FIG. 7 can implement the processes completed by the
encoder in the method embodiment in FIG. 1 to FIG. 5. For other functions and operations of the encoder 700, refer to
the processes of the encoder in the method embodiment in FIG. 1 to FIG. 5. To avoid repetition, details are not described
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herein again.
[0160] FIG. 8 is a schematic block diagram of a decoder according to an embodiment of the present invention. A
device 800 shown in FIG. 8 includes a first obtaining unit 810, a second obtaining unit 820, a dequantization unit 830,
an inverse transform unit 840, a first reconstruction unit 850, and a second reconstruction unit 860.
[0161] Specifically, the first obtaining unit 810 is configured to obtain reference pixel values of a current picture block.
The second obtaining unit 820 is configured to obtain a predicted value of a first-type pixel in the current picture block
according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm, where
the current picture block includes the first-type pixel and second-type pixel, and the second-type pixel is a pixel in the
current picture block except the first-type pixel. The dequantization unit 830 is configured to dequantize quantized
transform coefficients of the current picture block to obtain transform coefficients. The inverse transform unit 840 is
configured to inversely transform the transform coefficients to obtain reconstructed residual values of the first-type pixel.
The first reconstruction unit 850 is configured to add the reconstructed residual values of the first-type pixel and the
predicted value of the first-type pixel to obtain a reconstructed value of the first-type pixel. The second reconstruction
unit 860 is configured to obtain a reconstructed value of the second-type pixel according to reference pixels of the picture
block and/or the reconstructed value of the first-type pixel by using an interpolation method.
[0162] Therefore, in this embodiment of the present invention, a first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, second pixels (the other part of pixels) are directly reconstructed by using an interpolation
method that is based on reference pixels and/or the reconstructed part of pixels. Therefore, a bitrate is reduced. By
means of the method for classifying a code block into two types of pixels and separately decoding the two types of pixels
in different manners, flexible decoding can be performed, and decoding efficiency can be improved.
[0163] It should be understood that the current picture block may be any one or one type of picture block in a current
frame. The picture block in this embodiment of the present invention may be in multiple sizes, for example, may be in
a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This embodiment of the present invention
is not limited thereto.
[0164] It should be noted that a first-type pixel may be a pixel at any location in the current picture block. For example,
the first-type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a
lower right diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less
than a quantity of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16,
15/32, 3/4, 1/4, or the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in
the picture block except the first-type pixel.
[0165] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. In an example
of this embodiment, a classification case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0166] It should be understood that classification of first-type pixels and second-type pixels in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0167] It should be understood that the intra-frame prediction algorithm may include directional prediction, DC predic-
tion, or planar prediction in H.265/HEVC or H.264/AVC (Advanced Video Coding, Advanced Video Coding); or may be
intra-frame prediction that is based on template matching, or the like. This is not limited in this embodiment of the present
invention.
[0168] It should be understood that when the predicted value of the first-type pixels is generated by using the intra-
frame prediction algorithm, a predicted value of the second-type pixel may be further generated.
[0169] It should be further understood that according to this embodiment of the present invention, a decoding device
and an encoding device may be a same device, or a decoding device and an encoding device may be different devices.
This is not limited in this embodiment of the present invention.
[0170] Optionally, in another embodiment, the decoder 800 further includes a placement unit. Specifically, the place-
ment unit is configured to place the transform coefficients at first-type preset locations in a transform coefficient matrix
in a transform coefficient scanning order, where transform coefficients at second-type preset locations in the transform
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coefficient matrix are set to preset values, and a sum of a quantity of the second-type preset locations and a quantity of
the first-type preset locations is equal to a total quantity of transform coefficients in the transform coefficient matrix.
[0171] Optionally, in another embodiment, the decoder 800 further includes a first determining unit. Specifically, the
first determining unit is configured to determine the interpolation method according to the intra-frame prediction algorithm,
where an interpolation manner in the interpolation method is the same as an interpolation manner included in the intra-
frame prediction algorithm.
[0172] Alternatively, in another embodiment, the decoder 800 further includes a second determining unit. Specifically,
the second determining unit is configured to determine the interpolation method according to a bit-stream of the picture
block.
[0173] It should be understood that the decoder 800 shown in FIG. 8 can implement the processes completed by the
decoder in the method embodiment in FIG. 6. For other functions and operations of the decoder 800, refer to the
processes of the decoder in the method embodiment in FIG. 6. To avoid repetition, details are not described herein again.
[0174] FIG. 9 is a schematic block diagram of an encoder according to another embodiment of the present invention.
An encoder 900 shown in FIG. 9 includes a processor 910, a memory 920, and a bus system 930.
[0175] Specifically, the processor 910 invokes, by using the bus system 930, code stored in the memory 920 to obtain
reference pixel values of a current picture block; obtain a predicted value of a first-type pixel in the current picture block
according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm, where
the current picture block includes the first-type pixel and second-type pixel, and the second-type pixel is a pixel in the
current picture block except the first-type pixel; obtain residual values of the first-type pixel according to the predicted
value of the first-type pixel and an original pixel value of the first-type pixel; obtain transform coefficients according to
the residual values of the first-type pixel; quantize the transform coefficients to obtain quantized transform coefficients;
reconstruct the first-type pixel according to the quantized transform coefficients and the predicted value of the first-type
pixel, to obtain a reconstructed value of the first-type pixel; and obtain a reconstructed value of the second-type pixel
according to the reconstructed value of the first-type pixel by using an interpolation method.
[0176] Therefore, in this embodiment of the present invention, transform and quantization processing is performed
only on residual values of a first-type pixel to obtain a bit-stream. Residual values of an entire picture block do not need
to be all encoded. Therefore, flexible encoding can be implemented, and encoding efficiency can be improved.
[0177] Further, in this embodiment of the present invention, the first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, a second-type pixel (the other part of pixels) is directly reconstructed by using an inter-
polation method that is based on reference pixels and/or the reconstructed part of pixels. By means of the method for
classifying a code block into two types of pixels and separately encoding and reconstructing the two types of pixels in
different manners, a bitrate can be reduced, and encoding efficiency can be improved.
[0178] The method disclosed in the foregoing embodiment of the present invention may be applied to the processor
910, or may be implemented by the processor 910. The processor 910 may be an integrated circuit chip, and has a
signal processing capability. In an implementation process, the steps in the foregoing method may be completed by
means of an integrated logic circuit of hardware in the processor 910 or an instruction in a form of software. The processor
910 may be a general purpose processor, a digital signal processor (English: Digital Signal Processor, DSP for short),
an application-specific integrated circuit (English: Application Specific Integrated Circuit, ASIC for short), a field pro-
grammable gate array (English: Field Programmable Gate Array, FPGA for short) or another programmable logic device,
a discrete gate or a transistor logic device, or a discrete hardware assembly. The processor 910 may implement or
perform the methods, the steps, and the logical block diagrams disclosed in the embodiments of the present invention.
The general purpose processor may be a microprocessor, or the processor may be any conventional processor, or the
like. The steps of the method disclosed with reference to the embodiments of the present invention may be directly
performed and completed by a hardware decoding processor, or may be performed and completed by a combination
of a hardware module and a software module in a decoding processor. The software module may be located in a mature
storage medium in the art, such as a random access memory (English: Random Access Memory, RAM for short), a
flash memory, a read-only memory (English: Read-Only Memory, ROM for short), a programmable read-only memory
or an electrically erasable programmable memory, or a register. The storage medium is located in the memory 920. The
processor 910 reads information from the memory 920, and completes the steps of the foregoing method in combination
with hardware of the processor 910. In addition to a data bus, the bus system 930 may further include a power bus, a
control bus, a status signal bus, and the like. However, for clear description, various types of buses in the figure are
marked as the bus system 930.
[0179] It should be understood that the current picture block may be any one or one type of picture block in a current
frame. The picture block in this embodiment of the present invention may be in multiple sizes, for example, may be in
a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This embodiment of the present invention
is not limited thereto.
[0180] It should be noted that a first-type pixel may be a pixel at any location in the current picture block. For example,
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the first-type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a
lower right diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less
than a quantity of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16,
15/32, 3/4, 1/4, or the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in
the picture block except the first-type pixel.
[0181] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. In an example
of this embodiment, a classification case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0182] It should be understood that classification of first-type pixels and second-type pixels in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0183] It should be understood that the intra-frame prediction algorithm may include directional prediction, DC predic-
tion, or planar prediction in H.265/HEVC or H.264/AVC (Advanced Video Coding, Advanced Video Coding); or may be
intra-frame prediction that is based on template matching, or the like. This is not limited in this embodiment of the present
invention.
[0184] It should be understood that when the predicted value of the first-type pixel is generated by using the intra-
frame prediction algorithm, a predicted value of the second-type pixel may be further generated.
[0185] It should be further understood that according to this embodiment of the present invention, a decoding device
and an encoding device may be a same device, or a decoding device and an encoding device may be different devices.
This is not limited in this embodiment of the present invention.
[0186] Optionally, in another embodiment, the processor 910 is further configured to determine the interpolation method
according to the intra-frame prediction algorithm, where an interpolation manner in the interpolation method is the same
as an interpolation manner included in the intra-frame prediction algorithm.
[0187] Optionally, in another embodiment, the processor 910 is specifically configured to perform subtraction between
the original value of the first-type pixel and the predicted value of the first-type pixel to obtain the residual values of the
first-type pixel.
[0188] Optionally, in another embodiment, the processor 910 is specifically configured to: obtain residual values of B
pixels in the second-type pixel according to the residual values of the first-type pixel, where B is a positive integer that
is not less than 1; and transform the residual values of the first-type pixel and the residual values of the B pixels to obtain
the transform coefficients, where a quantity of fixed 0 coefficients in the transform coefficients is equal to B.
[0189] Further, in another embodiment, a quantity of the residual values of the first-type pixel is A. The B pixels in the
second-type pixel are corresponding to the B residual values. The A residual values are in a one-to-one correspondence
with the pixels in the first-type pixel, and the B residual values are in a one-to-one correspondence with the B pixels.
The processor 910 is specifically configured to: determine a B3A matrix corresponding to the quantity A of the residual
values of the first-type pixel and a quantity B of the residual values of the B pixels in the second-type pixel; multiply the
B3A matrix by a column vector that includes the A residual values of the first-type pixel, to obtain a column vector that
includes the residual values of the B pixels in the second-type pixel; and obtain the residual values of the B pixels in the
second-type pixel according to the column vector that includes the residual values of the B pixels in the second-type pixel.
[0190] Alternatively, in another embodiment, the processor 910 is specifically configured to: subtract a predicted value
of each pixel from an original value of each of at least one pixel in the second-type pixel, to obtain a residual value of
each pixel, where the predicted value of each pixel is obtained by using the intra-frame prediction algorithm; and transform
the residual values of the first-type pixel and a residual value of the at least one pixel in the second-type pixel to obtain
the transform coefficients.
[0191] Optionally, in another embodiment, the processor 910 is specifically configured to quantize the transform co-
efficients in a transform coefficient scanning order to obtain the quantized transform coefficients.
[0192] Further, in another embodiment, the processor 910 is specifically configured to obtain the quantized transform
coefficients according to the following formula: 
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where 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization error
of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform matrix and a location of
the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type pixels, and N is a total quantity of
first-type pixels and second-type pixels.
[0193] Optionally, in another embodiment, the processor 910 is specifically configured to: dequantize the quantized
transform coefficients to obtain reconstructed transform coefficients; inversely transform the reconstructed transform
coefficients to obtain reconstructed residual values of the first-type pixel; and add the reconstructed residual values of
the first-type pixel and the predicted value of the first-type pixel to obtain the reconstructed value of the first-type pixel.
[0194] Optionally, in another embodiment, the processor 910 is further configured to generate a bit-stream according
to the quantized transform coefficients, so that a decoding device reconstructs the current picture block according to the
bit-stream.
[0195] Optionally, in another embodiment, the processor 910 is specifically configured to encode the quantized trans-
form coefficients and information about the intra-frame prediction algorithm by using an entropy encoding method, to
obtain the bit-stream.
[0196] Alternatively, in another embodiment, the processor 910 is specifically configured to encode information about
the intra-frame prediction algorithm, the quantized transform coefficients, and information about the interpolation method
by using an entropy encoding method, to obtain the bit-stream.
[0197] It should be understood that the encoder 900 shown in FIG. 9 is corresponding to the encoder 700 shown in
FIG. 7, and can implement the processes completed by the encoder in the method embodiment in FIG. 1 to FIG. 5. For
other functions and operations of the encoder 900, refer to the processes of the encoder in the method embodiment in
FIG. 1 to FIG. 5. To avoid repetition, details are not described herein again.
[0198] FIG. 10 is a schematic block diagram of a decoder according to an embodiment of the present invention. A
decoder 1000 shown in FIG. 10 includes a processor 1010, a memory 1020, and a bus system 1030.
[0199] Specifically, the processor 1010 invokes, by using the bus system 1030, code stored in the memory 1020 to
obtain reference pixel values of a current picture block; obtain a predicted value of a first-type pixel in the current picture
block according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm,
where the current picture block includes the first-type pixel and a second-type pixel, and the second-type pixel is a pixel
in the current picture block except the first-type pixel; dequantize quantized transform coefficients of the current picture
block to obtain transform coefficients; inversely transform the transform coefficients to obtain reconstructed residual
values of the first-type pixel; add the reconstructed residual values of the first-type pixel and the predicted value of the
first-type pixel to obtain a reconstructed value of the first-type pixel; and obtain a reconstructed value of the second-type
pixel according to the reconstructed value of the first-type pixel by using an interpolation method.
[0200] Therefore, in this embodiment of the present invention, a first-type pixel is reconstructed according to quantized
transform coefficients and a predicted value of the first-type pixel (one part of pixels), to obtain a reconstructed value of
the first-type pixel. In addition, second pixels (the other part of pixels) are directly reconstructed by using an interpolation
method that is based on reference pixels and/or the reconstructed part of pixels. Therefore, a bitrate is reduced. By
means of the method for classifying a code block into two types of pixels and separately decoding the two types of pixels
in different manners, flexible decoding can be performed, and decoding efficiency can be improved.
[0201] The method disclosed in the foregoing embodiment of the present invention may be applied to the processor
1010, or may be implemented by the processor 1010. The processor 1010 may be an integrated circuit chip, and has
a signal processing capability. In an implementation process, the steps in the foregoing method may be completed by
means of an integrated logic circuit of hardware in the processor 1010 or an instruction in a form of software. The
processor 1010 may be a general purpose processor, a digital signal processor (English: Digital Signal Processor, DSP
for short), an application-specific integrated circuit (English: Application Specific Integrated Circuit, ASIC for short), a
field programmable gate array (English: Field Programmable Gate Array, FPGA for short) or another programmable
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logic device, a discrete gate or a transistor logic device, or a discrete hardware assembly. The processor 1010 may
implement or perform the methods, the steps, and the logical block diagrams disclosed in the embodiments of the present
invention. The general purpose processor may be a microprocessor, or the processor may be any conventional processor,
or the like. The steps of the method disclosed with reference to the embodiments of the present invention may be directly
performed and completed by a hardware decoding processor, or may be performed and completed by a combination
of a hardware module and a software module in a decoding processor. The software module may be located in a mature
storage medium in the art, such as a random access memory (English: Random Access Memory, RAM for short), a
flash memory, a read-only memory (English: Read-Only Memory, ROM for short), a programmable read-only memory
or an electrically erasable programmable memory, or a register. The storage medium is located in the memory 1020.
The processor 1010 reads information from the memory 1020, and completes the steps of the foregoing method in
combination with hardware of the processor 1010. In addition to a data bus, the bus system 1030 may further include
a power bus, a control bus, a status signal bus, and the like. However, for clear description, various types of buses in
the figure are marked as the bus system 1030.
[0202] It should be understood that the current picture block may be any one or one type of picture block in a current
frame. The picture block in this embodiment of the present invention may be in multiple sizes, for example, may be in
a size of 333, 434, 838, 16316, 32332, 64364, 834, 438, 16312, or 939. This embodiment of the present invention
is not limited thereto.
[0203] It should be noted that a first-type pixel may be a pixel at any location in the current picture block. For example,
the first-type pixel may be at a location such as a right boundary, a lower boundary, a center, a lower left diagonal, a
lower right diagonal, or the like in the current picture block. A quantity of first-type pixels is greater than 0 and is less
than a quantity of pixels in the entire current picture block. For example, the quantity of first-type pixels is 1/2, 7/16,
15/32, 3/4, 1/4, or the like of the quantity of pixels in the entire current picture block. The second-type pixel is a pixel in
the picture block except the first-type pixel.
[0204] FIG. 2 is a classification example of first-type pixels and second-type pixels in a 434 picture block according
to an embodiment of the present invention. Eight examples in FIG. 2(a) to FIG. 2(h) are given in FIG. 2. In an example
of this embodiment, a classification case of first-type pixels and second-type pixels in FIG. 2(a) may be used.
[0205] It should be understood that classification of first-type pixels and second-type pixels in a larger picture block
may be considered as a combination of multiple small picture blocks. For example, pixel classification of an 838 picture
block or a larger picture block may be a combination of pixel classification of four or more picture blocks each with a
size that is smaller than a size of the picture block. For example, pixel classification of an 838 block in an example in
FIG. 3(a) is obtained by repeatedly using the pixel classification of the 434 block in an example in FIG. 2(a), that is,
pixel classification of each of four 434 blocks in the 838 block is performed by using the pixel classification method of
the 434 block in the example in FIG. 2(a). Alternatively, pixel classification of an 838 block or a larger block may be
performed in another manner, for example, in a pixel classification manner in FIG. 2b, FIG. 2c, or FIG. 2d. Same pixel
classification may be used for all intra-frame prediction modes, or different pixel classification may be used for each
intra-frame prediction mode, or same pixel classification may be used for several intra-frame prediction modes. For brief
description, an example of using the pixel classification method in FIG. 2(a) for a 434 picture block is mainly used in
the following embodiment to describe a specific processing method.
[0206] It should be understood that the intra-frame prediction algorithm may include directional prediction, DC predic-
tion, or planar prediction in H.265/HEVC or H.264/AVC (Advanced Video Coding, Advanced Video Coding); or may be
intra-frame prediction that is based on template matching, or the like. This is not limited in this embodiment of the present
invention.
[0207] It should be understood that when the predicted value of the first-type pixel is generated by using the intra-
frame prediction algorithm, a predicted value of the second-type pixel may be further generated.
[0208] It should be further understood that according to this embodiment of the present invention, a decoding device
and an encoding device may be a same device, or a decoding device and an encoding device may be different devices.
This is not limited in this embodiment of the present invention.
[0209] Optionally, in another embodiment, the processor 1010 is further configured to place the transform coefficients
at first-type preset locations in a transform coefficient matrix in a transform coefficient scanning order, where transform
coefficients at second-type preset locations in the transform coefficient matrix are set to preset values, and a sum of a
quantity of the second-type preset locations and a quantity of the first-type preset locations is equal to a total quantity
of transform coefficients in the transform coefficient matrix.
[0210] Optionally, in another embodiment, the processor 1010 is further configured to determine the interpolation
method according to the intra-frame prediction algorithm, where an interpolation manner in the interpolation method is
the same as an interpolation manner included in the intra-frame prediction algorithm.
[0211] Alternatively, in another embodiment, the processor 1010 is further configured to determine the interpolation
method according to a bit-stream of the picture block.
[0212] It should be understood that the decoder 1000 shown in FIG. 10 is corresponding to the decoder 800 shown
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in FIG. 8, and can implement the processes completed by the decoder in the method embodiment in FIG. 6. For other
functions and operations of the decoder 1000, refer to the processes of the decoder in the method embodiment in FIG.
6. To avoid repetition, details are not described herein again.
[0213] It should be understood that "an embodiment" or "one embodiment" described in this whole specification does
not mean that particular features, structures, or characteristics related to the embodiment are included in at least one
embodiment of the present invention. Therefore, "in an embodiment" or "in one embodiment" appearing throughout this
specification does not necessarily refer to a same embodiment. In addition, these particular features, structures, or
characteristics may be combined in one or more embodiments in any appropriate manner. It should be understood that
sequence numbers of the foregoing processes do not mean execution orders in various embodiments of the present
invention. The execution orders of the processes should be determined according to functions and internal logic of the
processes, and should not be construed as any limitation on the implementation processes of the embodiments of the
present invention.
[0214] In addition, the terms "system" and "network" in this specification may be used interchangeably in this specifi-
cation. The term "and/or" in this specification describes only an association relationship for describing associated objects
and represents that three relationships may exist. For example, A and/or B may represent the following three cases:
Only A exists, both A and B exist, and only B exists. In addition, the character "/" in this specification generally indicates
an "or" relationship between the associated objects.
[0215] It should be understood that in the embodiments of the present invention, "B corresponding to A" indicates that
B is associated with A, and B may be determined according to A. However, it should be further understood that determining
B according to A does not mean that B is determined according only to A; that is, B may alternatively be determined
according to A and/or other information.
[0216] A person of ordinary skill in the art may be aware that, in combination with the examples described in the
embodiments disclosed in this specification, units and algorithm steps may be implemented by electronic hardware,
computer software, or a combination thereof. To clearly describe the interchangeability between the hardware and the
software, the foregoing has generally described compositions and steps of each example according to functions. Whether
the functions are performed by hardware or software depends on particular applications and design constraint conditions
of the technical solutions. A person skilled in the art may use different methods to implement the described functions
for each particular application, but it should not be considered that the implementation goes beyond the scope of the
present invention.
[0217] It may be clearly understood by a person skilled in the art that, for the purpose of convenient and brief description,
for a detailed working process of the foregoing system, apparatus, and unit, refer to a corresponding process in the
foregoing method embodiments, and details are not described herein again.
[0218] In the several embodiments provided in this application, it should be understood that the disclosed system,
apparatus, and method may be implemented in other manners. For example, the described apparatus embodiments
are merely examples. For example, the unit division is merely logical function division and may be other division in actual
implementation. For example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual couplings or direct
couplings or communication connections may be implemented through some interfaces, indirect couplings or commu-
nication connections between the apparatuses or units, or electrical connections, mechanical connections, or connections
in other forms.
[0219] The units described as separate parts may or may not be physically separate, and parts displayed as units
may or may not be physical units, that is, may be located in one position, or may be distributed on a plurality of network
units. Apart or all of the units may be selected according to actual needs to achieve the objectives of the solutions of
the embodiments of the present invention.
[0220] In addition, function units in the embodiments of the present invention may be integrated into one processing
unit, or each of the units may exist alone physically, or two or more units are integrated into one unit. The integrated unit
may be implemented in a form of hardware, or may be implemented in a form of a software function unit.
[0221] With descriptions of the foregoing embodiments, a person skilled in the art may clearly understand that the
present invention may be implemented by hardware, firmware, or a combination thereof. When the present invention is
implemented by software, the foregoing functions may be stored in a computer-readable medium or transmitted as one
or more instructions or code in the computer-readable medium. The computer-readable medium includes a computer
storage medium and a communications medium. The communications medium includes any medium that enables a
computer program to be transmitted from one place to another. The storage medium may be any available medium
accessible to a computer. The following provides an example but does not impose a limitation: The computer-readable
medium may include a RAM, a ROM, an EEPROM, a CD-ROM, another optical disc storage or disk storage medium,
another magnetic storage device, or any other medium that can carry or store expected program code in a form of an
instruction or a data structure and can be accessed by a computer. In addition, any connection may be appropriately
defined as a computer-readable medium. For example, if software is transmitted from a website, a server, or another
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remote source by using a coaxial cable, an optical fiber cable, a twisted pair, a digital subscriber line (DSL), or wireless
technologies such as infrared ray, radio and microwave, the coaxial cable, optical fiber cable, twisted pair, DSL or wireless
technologies such as infrared ray, radio and microwave are included in fixation of a medium to which they belong. For
example, a disk (Disk) and disc (disc) used in the present invention includes a compact disc (CD), a laser disc, an optical
disc, a digital versatile disc (DVD), a floppy disk, and a Blu-ray disc. The disk generally copies data by a magnetic means,
and the disc copies data optically by a laser means. The foregoing combination should also be included in the protection
scope of the computer-readable medium.
[0222] In summary, what is described above is merely example embodiments of the technical solutions of the present
invention, but is not intended to limit the protection scope of the present invention. Any modification, equivalent replace-
ment, or improvement made without departing from the spirit and principle of the present invention shall fall within the
protection scope of the present invention.

Claims

1. An intra-frame encoding method, comprising:

obtaining reference pixel values of a current picture block;
obtaining a predicted value of a first-type pixel in the current picture block according to the reference pixel values
of the current picture block by using an intra-frame prediction algorithm, wherein the current picture block
comprises the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the current picture
block except the first-type pixel;
obtaining residual values of the first-type pixel according to the predicted value of the first-type pixel and an
original pixel value of the first-type pixel;
obtaining transform coefficients according to the residual values of the first-type pixel;
quantizing the transform coefficients to obtain quantized transform coefficients;
reconstructing the first-type pixel according to the quantized transform coefficients and the predicted value of
the first-type pixel, to obtain a reconstructed value of the first-type pixel; and
obtaining a reconstructed value of the second-type pixel according to the reconstructed value of the first-type
pixel by using an interpolation method.

2. The method according to claim 1, wherein before the obtaining a reconstructed value of the second-type pixel
according to the reconstructed value of the first-type pixel by using an interpolation method, the method further
comprises:

determining the interpolation method according to the intra-frame prediction algorithm, wherein an interpolation
manner in the interpolation method is the same as an interpolation manner in the intra-frame prediction algorithm.

3. The method according to claim 1 or 2, wherein the obtaining transform coefficients according to the residual values
of the first-type pixel comprises:

obtaining residual values of B pixels in the second-type pixel according to the residual values of the first-type
pixel, wherein B is a positive integer that is not less than 1; and
transforming the residual values of the first-type pixel and the residual values of the B pixels to obtain the
transform coefficients, wherein a quantity of fixed 0 coefficients in the transform coefficients is equal to B.

4. The method according to claim 3, wherein a quantity of the residual values of the first-type pixel is A, the B pixels
in the second-type pixel are corresponding to the B residual values, the A residual values are in a one-to-one
correspondence with the pixels in the first-type pixel, the B residual values are in a one-to-one correspondence with
the B pixels, and the obtaining residual values of B pixels in the second-type pixel according to the residual values
of the first-type pixel comprises:

determining a B3A matrix corresponding to the quantity A of the residual values of the first-type pixel and a
quantity B of the residual values of the B pixels in the second-type pixel;
multiplying the B3A matrix by a column vector that comprises the A residual values of the first-type pixel, to
obtain a column vector that comprises the residual values of the B pixels in the second-type pixel; and
obtaining the residual values of the B pixels in the second-type pixel according to the column vector that comprises
the residual values of the B pixels in the second-type pixel.
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5. The method according to claim 1 or 2, wherein the obtaining transform coefficients according to the residual values
of the first-type pixel comprises:

subtracting a predicted value of each pixel from an original value of each of at least one pixel in the second-
type pixel, to obtain a residual value of each pixel, wherein the predicted value of each pixel is obtained by using
the intra-frame prediction algorithm; and
transforming the residual values of the first-type pixel and a residual value of the at least one pixel in the second-
type pixel to obtain the transform coefficients.

6. The method according to any one of claims 1 to 5, wherein the quantizing the transform coefficients to obtain
quantized transform coefficients comprises:

quantizing the transform coefficients in a transform coefficient scanning order to obtain the quantized transform
coefficients.

7. The method according to claim 6, wherein the quantizing the transform coefficients in a transform coefficient scanning
order to obtain the quantized transform coefficients comprises:

obtaining the quantized transform coefficients according to the following formula: 

wherein 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized
transform coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on
a quantization error of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform
matrix and a location of the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type
pixels, and N is a total quantity of first-type pixels and second-type pixels.

8. The method according to any one of claims 1 to 7, wherein the obtaining residual values of the first-type pixel
according to the predicted value of the first-type pixel and an original pixel value of the first-type pixel comprises:

subtracting the predicted value of the first-type pixel from the original value of the first-type pixel, to obtain the
residual values of the first-type pixel.

9. The method according to any one of claims 1 to 8, further comprising:

generating a bit-stream according to the quantized transform coefficients, so that a decoding device reconstructs
the current picture block according to the bit-stream.

10. The method according to claim 9, wherein the generating a bit-stream according to the quantized transform coeffi-
cients comprises:

encoding the quantized transform coefficients and information about the intra-frame prediction algorithm by
using an entropy encoding method, to obtain the bit-stream.

11. The method according to claim 9, wherein the generating a bit-stream according to the quantized transform coeffi-
cients comprises:
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encoding information about the intra-frame prediction algorithm, the quantized transform coefficients, and in-
formation about the interpolation method by using an entropy encoding method, to obtain the bit-stream.

12. An intra-frame decoding method, comprising:

obtaining reference pixel values of a current picture block;
obtaining a predicted value of a first-type pixel in the current picture block according to the reference pixel values
of the current picture block by using an intra-frame prediction algorithm, wherein the current picture block
comprises the first-type pixel and a second-type pixel, and the second-type pixel is a pixel in the current picture
block except the first-type pixel;
dequantizing quantized transform coefficients of the current picture block to obtain transform coefficients;
inversely transforming the transform coefficients to obtain reconstructed residual values of the first-type pixel;
adding the reconstructed residual values of the first-type pixel and the predicted value of the first-type pixel to
obtain a reconstructed value of the first-type pixel; and
obtaining a reconstructed value of the second-type pixel according to the reconstructed value of the first-type
pixel by using an interpolation method.

13. The method according to claim 12, wherein before the inversely transforming the transform coefficients, the method
further comprises:

placing the transform coefficients at first-type preset locations in a transform coefficient matrix in a transform
coefficient scanning order, wherein transform coefficients at second-type preset locations in the transform co-
efficient matrix are set to preset values, and a sum of a quantity of the second-type preset locations and a
quantity of the first-type preset locations is equal to a total quantity of transform coefficients in the transform
coefficient matrix.

14. The method according to claim 12 or 13, wherein before the obtaining a reconstructed value of the second-type
pixel according to the reconstructed value of the first-type pixel by using an interpolation method, the method further
comprises:

determining the interpolation method according to the intra-frame prediction algorithm, wherein an interpolation
manner in the interpolation method is the same as an interpolation manner comprised in the intra-frame prediction
algorithm.

15. The method according to claim 12 or 13, wherein before the obtaining a reconstructed value of the second-type
pixel according to the reconstructed value of the first-type pixel by using an interpolation method, the method further
comprises:

determining the interpolation method according to a bit-stream of the picture block.

16. An encoder, comprising:

a first obtaining unit, configured to obtain reference pixel values of a current picture block;
a second obtaining unit, configured to obtain a predicted value of a first-type pixel in the current picture block
according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm,
wherein the current picture block comprises the first-type pixel and a second-type pixel, and the second-type
pixel is a pixel in the current picture block except the first-type pixel;
a first determining unit, configured to obtain residual values of the first-type pixel according to the predicted
value of the first-type pixel and an original pixel value of the first-type pixel;
a transform unit, configured to obtain transform coefficients according to the residual values of the first-type pixel;
a quantization unit, configured to quantize the transform coefficients to obtain quantized transform coefficients;
a first reconstruction unit, configured to reconstruct the first-type pixel according to the quantized transform
coefficients and the predicted value of the first-type pixel, to obtain a reconstructed value of the first-type pixel; and
a second reconstruction unit, configured to obtain a reconstructed value of the second-type pixel according to
the reconstructed value of the first-type pixel by using an interpolation method.

17. The encoder according to claim 16, further comprising:
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a second determining unit, configured to determine the interpolation method according to the intra-frame pre-
diction algorithm, wherein an interpolation manner in the interpolation method is the same as an interpolation
manner comprised in the intra-frame prediction algorithm.

18. The encoder according to claim 16 or 17, wherein the transform unit is specifically configured to: obtain residual
values of B pixels in the second-type pixel according to the residual values of the first-type pixel, wherein B is a
positive integer that is not less than 1; and transform the residual values of the first-type pixel and the residual values
of the B pixels to obtain the transform coefficients, wherein a quantity of fixed 0 coefficients in the transform coefficients
is equal to B.

19. The encoder according to claim 18, wherein a quantity of the residual values of the first-type pixel is A, the B pixels
in the second-type pixel are corresponding to the B residual values, the A residual values are in a one-to-one
correspondence with the pixels in the first-type pixel, the B residual values are in a one-to-one correspondence with
the B pixels, and the third obtaining unit is specifically configured to: determine a B3A matrix corresponding to the
quantity A of the residual values of the first-type pixel and a quantity B of the residual values of the B pixels in the
second-type pixel; multiply the B3A matrix by a column vector that comprises the A residual values of the first-type
pixel, to obtain a column vector that comprises the residual values of the B pixels in the second-type pixel; and
obtain the residual values of the B pixels in the second-type pixel according to the column vector that comprises
the residual values of the B pixels in the second-type pixel.

20. The encoder according to claim 16 or 17, wherein the transform unit is specifically configured to: subtract a predicted
value of each pixel from an original value of each of at least one pixel in the second-type pixel, to obtain a residual
value of each pixel, wherein the predicted value of each pixel is obtained by using the intra-frame prediction algorithm;
and transform the residual values of the first-type pixel and a residual value of the at least one pixel in the second-
type pixel to obtain the transform coefficients.

21. The encoder according to any one of claims 16 to 20, wherein the quantization unit is specifically configured to
quantize the transform coefficients in a transform coefficient scanning order to obtain the quantized transform co-
efficients.

22. The encoder according to claim 21, wherein the quantization unit is specifically configured to obtain the quantized
transform coefficients according to the following formula: 

wherein 

and
Cm is an mth transform coefficient in the scanning order except the fixed 0 coefficients, Cm is a quantized transform
coefficient of Cm, Q(*) is a quantization processing function, Δm is a correction term that depends on a quantization
error of a transform coefficient after Cm, bm,j is a weighting coefficient that depends on a transform matrix and a
locations of the first-type pixel in the scanning order, m = 1, 2, ..., M, M is a quantity of first-type pixels, and N is a
total quantity of first-type pixels and second-type pixels.

23. The encoder according to any one of claims 16 to 22, wherein the first determining unit is specifically configured to
perform subtraction between the original value of the first-type pixel and the predicted value of the first-type pixel,
to obtain the residual values of the first-type pixel.

24. The encoder according to any one of claims 16 to 23, further comprising:

a generation unit, configured to generate a bit-stream according to the quantized transform coefficients, so that
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a decoding device reconstructs the current picture block according to the bit-stream.

25. The encoder according to claim 24, wherein the generation unit is specifically configured to encode the quantized
transform coefficients and information about the intra-frame prediction algorithm by using an entropy encoding
method, to obtain the bit-stream.

26. The encoder according to claim 24, wherein the generation unit is specifically configured to encode information
about the intra-frame prediction algorithm, the quantized transform coefficients, and information about the interpo-
lation method by using an entropy encoding method, to obtain the bit-stream.

27. A decoder, comprising:

a first obtaining unit, configured to obtain reference pixel values of a current picture block;
a second obtaining unit, configured to obtain a predicted value of a first-type pixel in the current picture block
according to the reference pixel values of the current picture block by using an intra-frame prediction algorithm,
wherein the current picture block comprises the first-type pixel and a second-type pixel, and the second-type
pixel is a pixel in the current picture block except the first-type pixel;
a dequantization unit, configured to dequantize quantized transform coefficients of the current picture block to
obtain transform coefficients;
an inverse transform unit, configured to inversely transform the transform coefficients to obtain reconstructed
residual values of the first-type pixel;
a first reconstruction unit, configured to add the reconstructed residual values of the first-type pixel and the
predicted value of the first-type pixel to obtain a reconstructed value of the first-type pixel; and
a second reconstruction unit, configured to obtain a reconstructed value of the second-type pixel according to
the reconstructed value of the first-type pixel by using an interpolation method.

28. The decoder according to claim 27, further comprising:

a placement unit, configured to place the transform coefficients at first-type preset locations in a transform
coefficient matrix in a transform coefficient scanning order, wherein transform coefficients at second-type preset
locations in the transform coefficient matrix are set to preset values, and a sum of a quantity of the second-type
preset locations and a quantity of the first-type preset locations is equal to a total quantity of transform coefficients
in the transform coefficient matrix.

29. The decoder according to claim 27 or 28, further comprising:

a first determining unit, configured to determine the interpolation method according to the intra-frame prediction
algorithm, wherein an interpolation manner in the interpolation method is the same as an interpolation manner
comprised in the intra-frame prediction algorithm.

30. The decoder according to claim 27 or 28, further comprising:

a second determining unit, configured to determine the interpolation method according to a bit-stream of the
picture block.
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